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Abstract
Background. The positive effect of human cystatin C on the development of Alzheimer’s disease has been 
reported, as it inhibits the formation of β-amyloid oligomers and amyloidogenesis. Cystatin C has been 
found to have a neuroprotective effect by inhibiting cysteine proteases, inducing autophagy and neurogen-
esis. There is a growing interest in the procognitive properties of colostrum-based specimens, which could 
delay dementia and ameliorate memory deterioration.

Objectives. The aim of the study was to evaluate the influence of ovocystatin and a Coloco peptide com-
plex on the cognitive functions in reference to Colostrinin, using a model of young (4 month-old) and old 
(10-month-old) Wistar rats. 

Material and methods. In the present study, the effects of ovocystatin [100 µg/rat] and the Coloco 
peptide [4 µg/rat]derived from colostrum were assessed with respect to the reference specimen, Colostrinin  
[4 µg/rat]. The specimens were administered intraperitoneally and orally for 12 days. Cognitive functions 
were assessed using the Morris water maze (MWM).

Results. The group of young rats that received ovocystatin orally obtained significantly better results in 
the MWM compared to the placebo group (p < 0.05). Similarly, the group of young rats receiving Coloco 
orally obtained better results in the MWM compared to the placebo group and to the group of rats receiv-
ing Colostrinin (p < 0.05). There were no statistically significant differences in the oral and intraperitoneal 
administration of ovocystatin, Coloco and Colostrinin in the group of old rats. 

Conclusions. The obtained results suggest that oral administration of ovocystatin and Coloco has benefi-
cial effects on the cognitive functions of young rats.  

Key words: ovocystatin, Coloco, Colostrinin (cln), Morris water maze, cognitive decline
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Population aging results in an increased occurrence 
of cognitive impairment and dementia. There has been 
a recent growing interest in biologically active substances 
present in food such as proteins and peptides. Biological-
ly active substances present in chicken eggs contain cys-
teine protease inhibitors, including egg white cystatin–
ovocystatin.1 Ovocystatin, with a  molecular weight of 
13 147 Da, is 44% homologous in terms of the aminoacid 
sequence, 62-63% homologous in terms of the structural 
sequence and reveals similar biological functions as hu-
man cystatin C (Cys C) (molecular weight of 13 343-13 
359 Da).2–4 As inhibitors of cysteine proteases, cystatins 
have the ability to inhibit enzymes such as papain or B, H, 
L and S cathepsins. An imbalance between proteases and 
their inhibitors may lead to the development of patholog-
ical conditions in humans.3,5

Numerous reports on Cys C suggest it has an important 
role in neurodegenerative diseases, such as Alzheimer’s 
disease. Cys C present in all tissues and body fluids has 
a wide range of biological properties, such as an antimi-
crobial and antiviral activity, a  role in bone remodeling, 
neogenesis, modulation of the immune system, and the 
growth and proliferation of cells.6,7 Cys C co-deposits with 
amyloid-β in the brains of people suffering from Alzheim-
er’s disease and elderly people not diagnosed with demen-
tia. Moreover, when Cys C binds to β-amyloid, it inhibits 
its oligomerization and amyloidogenesis, and in doing so 
protects the brain from the toxic effects of β-amyloid.6–8 
There have also been numerous reports concerning an 
association between a  polymorphism in the Cys C gene 
(CST3) and Alzheimer’s disease. As association between 
the level of Cys C in the blood and cerebrospinal fluid and 
cognitive impairment in the course of Alzheimer’s disease 
has been found. The serum concentration of Cys C is low 
when Alzheimer’s disease is asymptomatic, and decreases 
in the cerebrospinal fluid in patients with Alzheimer’s 
disease.9,10 Additionally, attention is drawn to other pro-
tective mechanisms that Cys C has in neurodegenerative 
diseases, such as cysteine protease inhibition, inducing 
autophagy and neurogenesis.6,7 Therefore, ovocystatin 
may have an influence on cognitive functions.

There has also been a growing interest in the proline-
rich polypeptide complex (PRP), discovered for the first 
time in ovine colostrums by Janusz et al.11 It has since 
been discovered that mammals other than sheep have 
analogues of colostral prolin-rich polypeptide (PRP) com-
plex as a component of their colostrums.12 A PRP complex 
is an important immunomodulator that may induce mat-
uration and differentiation murine thymocytes, promote 
peripheral blood leukocyte proliferation, induce various 
cytokines and is a  potent antioxidant that significantly 
reduces 4-hydroxynonenal (4HNE)-mediated cellular 
damage in cell culture.11,13–15 Utilizing high-performance 
chromatography and mass spectroscopy, several dozen 
constituent peptides of colostral PRP later named Colos-
trinin®, have been identified.16 Subsequent studies showed 

that bovine colostrum may be considered as a  suitable 
source for PRP production by means of methanol/etha-
nol extraction – Colostrinin or using aceton for fraction-
ation.17,18 The later preparation has been named Coloco. 
The bovine preparations consist predominately of low 
molecular weight peptides of which both electrophoretic 
patterns and amino acid composition revealed a high de-
gree of similarity to those of ovine Colostrinin®. A typical 
for ovine Colostrinin® high level of prolin residues (about 
20%) and acidic amino acids (about 18%) and low percent-
ages of alanine, glycine, arginine, methionine and histi-
dine, and an absence of tryptophane and cysteine residues 
was also found to be a  characteristic feature for bovine 
preparations regardless of cow breeds. The employed 
methods of PRP separation and purification appeared to 
be reproducible and allow to obtain the PRP preparations 
very much similar to each other in terms of both chemical 
composition and biological activity.

The existing in vitro and in vivo studies suggest procog-
nitive properties of Colostrinin. Popik et al. confirmed 
the positive effect of Colostrinin on cognitive functions 
in aged rats.19,20

 Double-blinded studies carried out on patients with 
mild and moderate Alzheimer’s disease showed that the 
oral administration of Colostrinin improves or stabilizes 
the state of the patient.21,22 Bilikiewicz et al. (2004) con-
firmed a positive effect of Colostrinin on cognitive func-
tions as well as everyday functioning.23 In vitro studies 
showed that the nonapeptide fragment of the PRP com-
plex (Val-Glu-Ser-Tyr-Val-Pro-Leu-Phe-Pro) may directly 
interact with β-amyloid and hence prevent the formation 
of toxic deposits.24 Here we present the first study analyz-
ing the Coloco a peptide preparation, separated from cow 
colostrum according to the procedure described in the 
patent pending.18

The aim of the study was to assess the impact of ovo-
cystatin (an analogue of the human cystatin C) and the 
Coloco peptide complex (obtained from colostrum) with 
reference to Colostrinin, on the cognitive functions of 
young and old rats.

Material and methods

Study groups

The study was carried out on male Wistar rats [young 
(4-month-old) and old (10-month-old)] at the Experi-
mental Laboratory of the Department of Pathology at the 
Wroclaw Medical University. The rats were kept in cages 
of 2 in standard laboratory conditions, where the room 
temperature was around 22°C and there was a 12-h light 
cycle from 7:00 am to 7:00 pm. The animals were pro-
vided with food and water ad libitum.

The rats were assigned to study groups where drugs 
were administered either intraperitoneally (IP) or orally 
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(O) at random. The specimens were administered in the 
following doses per animal: ovocystatin [100 μg], Co-
loco [4 μg], Colostrinin (CLN) [4 μg] and the placebo 
[0.9% NaCl] at 0.5 mL/kg over 12 days.

Groups consisted of 7 individuals apart from the sub-
groups of old rats receiving CLN orally and the placebo 
both orally and intraperitoneally. In these groups there 
were 6 rats.

The cognitive functions of the rats were assessed in the 
Morris water maze. The animals’ body mass was assessed 
prior to and after the cognitive tests. Physical activity 
was measured before the rats were subjected to the Mor-
ris water maze test. All rats were transferred to the study 
room at least 60 min prior to commencing the test.

Open field test – physical activity

Physical activity was assessed in the open field test (dis-
tance, average speed of movement). The rats were placed in 
an open box individually and were observed for 10 min. The 
box was cleaned using an alcohol-based agent after each rat.

Morris water maze (MWM)

Each rat was administered the specimen 30 min prior to 
undergoing the MWM test. The animal was then placed 
in a  round water pool (182 cm wide, 30 cm deep) with 
a stable platform 10 cm wide, and the rat’s head was di-
rected to the wall of the pool. The pool water was at room 
temperature (22°C) and was colored black with non-toxic 
paint to obtain a contrast between it and the white fur of 
the rat. Three days of adaptation and 9 days of acquisi-
tion training preceded the probe trial. The animals began 
each session during acquisition training from a different 
position (N, S, W, E). If the rat reached the platform be-
fore 120 s, it remained on the platform for 5 s and then 
was removed from the pool. On the other hand, if the rat 
did not reach the platform, it was guided to it, and re-
mained on it for 20 s before being taken out of the pool.

On day 13 (probe trial) the test was carried out with-
out the platform. On day 14, (probe with a visible plat-
form) the behavior of the rat when the position of the 
platform was changed (visible 1  cm above the water 
level) was tested. The measurement system that was ap-
plied included the Sony Color SSC-DC378P camera and 
a workstation, equipped with v. 2.5 of SMART software 
(PanLab, Spain).

Reagents

A  proline-rich polypeptide complexes (PRP) Colos-
trinin and Coloco were isolated from bovine colostrum 
according to Kruzel et al. and Polanowski et al., respec-
tively.17,18

Ovocystatin, monomeric form, was separated from 
chicken egg white as described in Gołąb et al.25

Statistical analysis

Data for the group of young and old rats was analyzed 
separately. In addition, control study subgroups were 
compared with each other. Ovocystatin was analyzed in-
dependently of Coloco and CLN. The oral and intraperi-
toneal routes of administration were also analyzed inde-
pendently of one another. Parameters that changed with 
time (body weight, physical activity, Morris water maze 
parameters) were statistically analyzed using repeated 
measures ANOVA. An analysis of multiple repetitions 
was used as a  post-hoc test with the Holm correction.  
On the day of running the Morris water maze test, the pa-
rameters were analyzed using classic ANOVA (1 or 2-way 
ANOVA). In two groups, depending on the results of the 
F test for the equality of variances, statistical analysis was 
carried out using the Student’s t-test or the Welch test. 
The level of statistical significance was set at α  =  0.05. 
Statistical analysis was carried out using v. 3.0.2 of the R 
statistical software for Windows (The R Foundation for 
Statistical Computing, Vienna, Austria), and v. 12.7.7 of 
MedCalc for Windows (MedCalc Software, Mariakerke, 
Belgium).

The study was carried out with the permission of the 
I  Local Ethics Committee for Animal Experiments in 
Wrocław at the Institute of Immunology and Experimen-
tal Therapy of the Polish Academy of Sciences in Wrocław 
(permission no. 46/2012;74/2012;75/2012).

Results

The effect of using the formulations  
on body mass

The administration of ovocystatin intraperitoneally to 
young and old rats had no effect on their weight in the 
different subgroups compared to the placebo (p > 0.05). 
However, the body mass of young rats increased with time 
(p = 0.001), whereas the body mass of old rats decreased 
with time when ovocystatin was administered intraperi-
toneally (p = 0.007). Administering ovocystatin orally to 
young and old rats did not affect their body mass. Howev-
er, the body mass of animals in both age groups increased 
with time during the study period (p = 0.002).

An intraperitoneal administration of Coloco and CLN 
did not affect weight in the subgroups of young and old 
rats. A  significant association between body mass and 
group is associated with the loss of body mass of the old 
rats receiving the placebo (p = 0.039). Administering the 
formulations orally had no effect on the body mass of 
young and old rats either. There was a significant interac-
tion between time and the formulation used in the group 
of old rats receiving CLN, which was caused by a differ-
ence in body mass measurements in the first and second 
recordings (data not shown).
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Assessing locomotor activity  
in the open field test

The group of young rats assigned to the subgroup re-
ceiving ovocystatin intraperitoneally was significantly 
slower (p  =  0.006) and covered a  significantly shorter 
distance (p = 0.006) than animals in the placebo group.  
In the group of old rats, no differences in the average 
speed and distance travelled were noted.

The subgroup of young rats receiving ovocystatin orally 
was significantly slower (p = 0.0017) and traveled a signifi-
cantly shorter distance (p = 0.0017) than animals in the 
placebo group, and old rats from the subgroup receiving 
ovocystatin orally were significantly faster (p = 0.032) and 
moved a longer distance (p = 0.03) than the placebo group.

The groups of young and old rats receiving Coloco and 
CLN orally did not differ in terms of their average speed 
and distance traveled (p > 0.05). The group of young rats 
receiving Coloco in the form of an intraperitoneal in-
jection was significantly slower and travelled a  shorter 
distance than the group receiving CLN (p  =  0.0017) or 
the placebo (p = 0.0017). The group of old rats receiving 

Coloco intraperitoneally had significantly higher aver-
age speed values than the CLN group (p = 0.027) and 
lower than the placebo group (p = 0.046). The group of 
old rats from the placebo subgroup travelled a longer dis-
tance than those from the CLN (p = 0.027) and Coloco 
(p = 0.045) subgroups, where all the animals received the 
formulations intraperitoneally (Fig. 1–2).

The effect of the formulations on cognitive 
function in the Morris water maze

Acquisition training

In the group of young rats, intraperitoneal and oral 
administration of ovocystatin, Coloco and CLN did not 
shorten the time of the animals to find the platform, in 
comparison to the placebo group (p > 0.05). It was notice-
able that the length of time it took the rats, both young and 
old, to find the platform decreased with each day of train-
ing (p < 0.05). The group of young rats receiving Coloco 
intraperitoneally was significantly slower than the group 
receiving CLN (p = 0.022). However, these subgroups were 
not differ significantly from the control group. There were 
no differences between the remaining subgroups of young 
and old rats (p > 0.05). Wishaw’s error, which defines 
with what precision a  given individual finds the hidden 
platform, did not show any significant differences in the 
subgroups of young and old rats receiving oral and intra-
peritoneal specimens. The parameter showed an upward 
trend over training time in all groups receiving specimens 
intraperitoneally and in the subgroup of young rats receiv-
ing ovocystatin intraperitoneally (data not shown).

Probe trial

There was a significant difference in the percentage of 
time spent in the target sector (PT%) and the percentage of 
the distance covered in the target sector (D%) between the 
group of young rats receiving ovocystatin orally and the 

Fig. 1. Open Field Test – travelled distance

Fig. 2. Open Field Test – average speed

*p < 0.05; IP – intraperitoneally administration; O – orally administration. 
Data are expressed as mean ± SEM.

*p < 0.05; IP – intraperitoneal administration; O – oral administration.  
Data are expressed as mean ± SEM.

Fig. 3. Morris Water Maze – probe trial. Percentage of permanence time at 
target sector (PT%) – IP administration

Data are expressed as mean ± SEM.
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placebo group (p = 0.0027 and p = 0.010 respectively). The 
group of young rats receiving Coloco orally differed signif-
icantly from both the placebo group (p = 0.0048) and the 
group receiving CLN (p = 0.0415) in terms of the percent-
age of time spent in the target sector (PT%). A significant 
difference in the percentage of distance covered in the tar-

get sector (D%) in the subgroup of young rats receiving Co-
loco orally compared to the placebo (p = 0.0037) was noted  
(Fig. 3–6).

Probe with visible platform

The subgroup of young rats receiving ovocystatin intra-
peritoneally took longer to find the platform when com-
pared to the placebo group (p = 0.042). In the case of the 
old rats, there were no differences between the subgroups 
(p > 0.05) regarding the time needed to find the platform. 
Old rats found the platform faster than young rats in the 
subgroups of rats receiving the placebo (p = 0.025). No 
differences were found between the groups of young and 
old rats receiving ovocystatin orally (p > 0.05) (Fig. 7–8).

No differences were found in the groups of young and 
old rats receiving Coloco, CLN and the placebo (p > 0.05). 
The subgroup of old rats receiving the placebo intra-
peritoneally found the platform faster than young rats 

Fig. 4. Morris Water Maze – Probe trial. Percentage of permanence time  
at target sector (PT%) – Orally administration

Fig. 7. Morris Water Maze - Probe with visible platform. 
Latency to find visible platform - IP administration  

Fig. 5. Morris Water Maze – Probe trial. Percentage of permanence 
travelled distance at target sector (D%) – IP administration

*p < 0.05; Data are expressed as mean ± SEM.

Fig. 8. Morris Water Maze - Probe with visible platform. Latency  
to find visible platform - Orally administration

Fig. 6. Morris Water Maze – Probe trial. Percentage of permanence 
travelled distance at target sector (D%) – Orally administration

*p < 0.05; Data are expressed as mean ± SEM.

*p < 0.05; Data are expressed as mean ± SEM.

Data are expressed as mean ± SEM.

Data are expressed as mean ± SEM.
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(p = 0.032). The oral administration of Coloco, CLN and 
the placebo did not lead to any significant changes in the 
measured parameters (p > 0.05) (Fig. 7–8).

Discussion

The present results suggest ovocystatin obtained from 
chicken eggs and colostrum-based Coloco may have po-
tential procognitive properties when given orally to the 
group of young rats. Unexpectedly, the administration of 
ovocystatine at a dose of 100 µg/rat and Coloco at 4 µg/rat 
resulted in an increased ability to concentrate in young 
individuals, even though it was speculated before carry-
ing out the study that these specimens would have a posi-
tive effect on the cognitive functions of older individuals. 
The MWM and a modified scheme of this test, used in 
previous studies concerning CLN (a reference specimen 
in this study), were used to assess the procognitive prop-
erties of the studied specimens.19 The MWM allows the 
assessment of hippocampal-dependent spatial memory. 
The applied model of dementia allows the assessment 
of the activity of the studied specimens, and their influ-
ence on the deterioration, both natural and pathological, 
of an organism’s cognitive functions.19,20 It also allows 
the identification of the influence of the specimens on 
the ability to concentrate in the case of young individu-
als. Although the results obtained in an animal model 
may not have direct implications in humans, it has been 
shown that the use of CLN in patients leads to cognitive 
improvements.21–23

It is also important to assess locomotor activity and ex-
clude possible effects of the aging process on it, using the 
open field test. This test is also used in studies concern-
ing anxiety. In the group of old rats, as opposed to the 
group of young rats, no differences were found, suggest-
ing that the aging process did not affect locomotor activ-
ity. The observation of a certain locomotor activity in the 
group of young and old rats shows whether the animals 
have a  sufficient physical condition to undergo further 
studies in the MWM. This study did not evaluate the ef-
fect of a given specimen supplementation on locomotor 
activity. However, in this study, the lack of a difference in 
the average swimming speed during the MWM workout 
between groups receiving the specimens and the placebo 
is consistent with earlier studies using CLN, and suggests 
a lack of effect of specimen supplementation on physical 
activity.13

Due to a  significant structural similarity of ovocys-
tatin – a chicken cystatin and human Cys C, an attempt 
was made to determine the optimal route of administra-
tion of ovocystatin and its impact on the cognitive func-
tion.26 To date, the effect of direct administration of cys-
tatin into the hippocampus was analyzed by Nagai et al.  
The study revealed a loss of neurons in the dentate gyrus 
in the brains of Sprague-Dawley rats, although an immu-

nohistochemical analysis showed no β-amyloid forma-
tion.27 However, in vivo studies in the case of an overex-
pression of human Cys C in the brains of transgenic mice 
with a  mutation in the amyloid precursor protein have 
shown that Cys C inhibits the deposition of β-amyloid.  
It may also regulate processes of β-amyloidosis in the brain, 
and may therefore have potential therapeutic use.28,29  
In the present study, ovocystatin administered intraperi-
toneally was not found to have procognitive properties.

The results of the MWM carried out without a  plat-
form may be used as the basis for further studies regard-
ing the procognitive effect of ovocystatin administered 
orally.

So far, the correlation of Cys C with cognitive functions 
has been examined using the MWM, where the relation-
ship of Cys C with cathepsin B with regard to the level of 
β-amyloid was studied in a mouse model of Alzheimer’s 
disease.30 It is one of few studies analyzing Cys C and in-
dicates its negative impact on the disease, which is con-
trary to the results of the present study.

In addition, the results obtained on the day when the 
platform was visible showed that young rats receiving 
ovocystatin intraperitoneally looked for the platform 
longer, especially when it was positioned in the opposite 
zone. This may mean that the animals remembered the 
previous location of the platform and spent more time 
trying to find it. A similar tendency, although not statisti-
cally significant, was seen in the group of young rats re-
ceiving ovocystatin orally.

World reports on the effects of the proline rich poly-
peptide complexes on cognitive functions indicate their 
procognitive properties both in humans and animals.19–23 
The obtained results of the MWM without the platform 
suggest its effectiveness when given orally. Furthermore, 
no procognitive function was found in the group of old 
rats. The results of the group of young rats suggest that it 
may affect concentration.

The study has a number of limitations. One of these is 
a small study group. Also, the study was carried out using 
only 1 dose of each of the specimens. Possibly, increas-
ing the range of dosages as well as the duration of use 
will contribute to achieving more promising results. Ad-
ditionally, the study is limited to an animal model, which 
is subject to physiological aging and dementia. Therefore, 
it seems reasonable to continue the study using an animal 
model of Alzheimer’s disease. Further studies concerning 
ovocystatin and Coloco in terms of cognitive disorders 
and neurodegenerative diseases are required. Taking into 
account a positive trend found in this study in the group 
of old rats (although not statistically significant), it seems 
necessary to continue the study using this age group.

In conclusion, the obtained results indicate procogni-
tive properties of ovocystatin and Coloco and may con-
tribute to further research concerning the impact of 
these specimens on cognitive functions and their mecha-
nisms of action.
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Abstract
Background. Angiogenesis is the process of new vessel formation originating from the existing vascular 
network. It plays an important role in the growth and spread of malignancies, including brain tumors. 
The process of angiogenesis is characterized by increased expression of vascular endothelial growth factor 
(VEGF) and basic fibroblast growth factor (bFGF), and by the release of their soluble forms into circulation.

Objectives. The aim of the study was to evaluate serum levels of VEGF and bFGF in children with malignant 
and benign brain tumors.

Material and methods. The study group (group N) included 106 children diagnosed with brain tu-
mors. The children in group N were classified according to tumor pathology into 3 subgroups: N1 (n = 63):  
patients with malignant tumors, excluding anaplastic astrocytoma (AA) and glioblastoma multiforme 
(GBM); N2 (n  =  25): patients with benign tumors; and N3 (n = 18): patients with high grade gliomas  
(AA and GBM). VEGF and bFGF were determined by ELISA in blood samples before the initiation of chemo-
therapy. VEGF and bFGF levels were compared within the subgroups in relation to tumor grading and the 
extent of surgery.

Results. The median VEGF in patients with brain tumors was significantly higher than in the control group. 
The median levels of VEGF and bFGF in subgroup N1 were significantly higher than in the control group. 
The differences in VEGF and bFGF concentrations between the subgroups in relation to the extent of tumor 
resection were not significant.

Conclusions. Significantly higher plasma VEGF levels in children with brain neoplasms may reflect en-
hanced angiogenesis in the tumors.

Key words: children, vascular endothelial growth factor, brain tumor, basic fibroblast growth factor
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Angiogenesis is the process of new vessel formation 
originating from the existing vascular network. It plays 
an important role in the growth and spread of malig-
nant tumors. Neovascularization is stimulated by en-
vironmental factors and mediated by oncogenes and 
cytokines. Hypoxia is the strongest local environmental 
factor that induces angiogenesis. It activates the expres-
sion of vascular endothelial growth factor (VEGF), thus 
stimulating tumor cells to produce and release cyto-
kines, which trigger neovascularization.1–3 The activa-
tion of some oncogenes, such as KRAS, HRAS, SRC and 
bcl-2, is responsible not only for malignant transforma-
tion, but also for VEGF transcription, which promotes 
angiogenesis.4 VEGF and basic fibroblast growth factor 
(bFGF) are crucial for angiogenesis.5,6 Angiogenesis in-
creased by tumors appears to be an important risk fac-
tor for the progression, recurrence and metastases of 
different tumors, including brain tumors.1–3,7,8 Brain 
tumors constitute 35–40% of all solid tumors, and ap-
proximately 22–28% of all cancers in children.9 Despite 
significant progress in the treatment of brain tumors, 
which currently includes neurosurgery, chemotherapy 
and radiotherapy, the outcomes are still unsatisfactory, 
and therefore, research for new therapies against brain 
tumor continues.10 Recently, numerous researchers have 
focused on angiogenesis in brain tumors and the use of 
pro-angiogenic factor inhibitors in treating them, in 
children as well as adults.9,11–19 The number of reports 
on angiogenesis in brain tumors in children is very lim-
ited, which indicates a  need to address the topic. The 
aim of the present study was to evaluate serum levels of 
VEGF and bFGF in children diagnosed with malignant 
and benign brain tumors.

Material and methods

The study included 106 children (61 boys – 57.5%; and 
45 girls – 42.5%), aged from 7 months to 19 years (mean 
8.9 years) with brain tumors (group N). The children in 
group N were divided according to pathological diagnosis 
into the following three subgroups: 

• subgroup N1 (n = 63): patients with malignant tumors, 
excluding anaplastic astrocytomas (AA) and glioblasto-
mas multiforme (GBM). This subgroup included medul-
loblastomas (n = 30), anaplastic ependymomas (n = 11), 
germinomas (n = 5), pineoblastomas (n = 2), choroid plex-
us carcinomas (n = 2) and morphologically unidentified 
brain stem tumors (probably malignant gliomas, based 
on MRIs) (n = 13);

• subgroup N2 (n  =  25): patients with benign tumors 
(pilocytic astrocytomas);

• subgroup N3 (n = 18): patients with high grade glio-
mas (AA and GBM). 

Additionally, based on the extent of surgical resection, 
the following subgroups were identified: subgroup PR: 

partial resection (n  =  62); subgroup TR: total resection 
(n = 18); subgroup STR: subtotal resection (n = 7); sub-
group B: biopsy (n  =  6); and subgroup NV: not verified 
(n = 13). 

All the patients were treated according to the Uniform 
Protocol for the Treatment of Brain Tumors in Chil-
dren developed by the Polish Pediatric Neuro-Oncology 
Group.9 The control group (group C) consisted of 34 chil-
dren aged from 2 to 17 years (mean age: 8.5 years) diag-
nosed with functional gastrointestinal disorder.

Serum levels of proangiogenic cytokines, VEGF and 
bFGF were determined in the study group before chemo-
therapy. All serum levels were determined using immu-
noenzymatic assay (ELISA) kits (R&D Systems, Minne-
apolis, USA). 

The statistical analysis of the data obtained was per-
formed using STATISTICA software, v. 10 (SatSoft Inc., 
Tulsa, USA). The statistical analysis included the Mann-
Whitney U-test and Kruskal–Wallis test, followed by the 
Dunn post-hoc test. A p-value < 0.05 was considered sta-
tistically significant. 

The study protocol was approved by the Local Bioeth-
ics Committee. Each patient’s parents or carers signed 
informed consent for participation in the study. Consent 
was also obtained directly from older children. 

Results

The serum VEGF and bFGF levels in the entire study 
group of patients with malignant and benign brain tu-
mors (group N) and the subgroups (N1, N2 and N3) as 
compared to the control group (group C) were analyzed. 

The median serum VEGF level was 260.9 pg/mL (range: 
17.8–2000 pg/mL) in group N and 194.1 pg/mL (range: 
31.4–448.1 pg/mL) in group C. The difference was statis-
tically significant (p = 0.05; Table 1).

The median bFGF levels in group N and group C 
were similar: 7.64 pg/mL (range: 0.05–79.23 pg/mL) and 
7.64 pg/mL (range: 2.7–48.7) respectively (Table 1). 

The analysis of VEGF and bFGF within the subgroups 
according to tumor grading revealed statistically signifi-
cant differences between the control group and subgroup 
N1 (p = 0.03 and p = 0.04, respectively; Table 1). The dif-
ference in VEGF levels between subgroups N2 and N3 
was also statistically significant (p = 0.005; Table 1). 

There were no statistically significant differences in 
VEGF and bFGF concentrations between the subgroups 
according to tumor resection (Table 2).

Discussion

Gliomas are the most common brain tumors in chil-
dren, constituting over 50% of all tumor cases. These can 
be further divided into low grade gliomas (LGG), which 
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include pilocytic astrocytomas (WHO grade I) or diffuse 
astrocytomas (WHO grade II), and high grade gliomas 
(HGG), which include anaplastic astrocytomas (WHO 
Grade III) and glioblastomas multiforme (WHO Grade 
IV). The 5-year survival rates are 80–90% in LGG, 20–40% 
in anaplastic astrocytoma and 5–15% in glioblastoma.10,20 

Diffused brain stem gliomas are associated with the worst 
prognosis. The total survival in these cases is 9 months – 
a  truly poor treatment outcome that has remained un-
changed for many decades.9,21,22 

Among all types of cancer in 
children, brain tumors are asso-
ciated with the worst prognosis 
and constitute the most common 
cause of disease-related mortal-
ity in children.9 Contrary to the 
authors’ assumptions, the study 
results did not reveal higher se-
rum levels of VEGF and bFGF 
in high grade gliomas (WHO III 
and WHO IV). However, this can 
potentially be attributed to the 
low number of patients in the 
HGG subgroup. Furthermore, 
the serum levels of the param-
eters analyzed were higher in the 
malignant tumor subgroup than 
in the benign tumor subgroup; 
the difference, however, was not 
statistically significant. Addi-
tionally, higher pro-angiogenic 
protein levels were observed in 

the entire study group as compared to the control group, 
but the difference was statistically significant only for 
VEGF. It is hard to relate these findings to the published 
data, as the rare publications discussing angiogenesis 
in brain tumors in children are mostly focused on anti-
angiogenic cancer therapy in relation to the use of the 
same agents in adult patients. Therefore, the discus-
sion presented herein aims to explain the importance of 
investigating the significance of the observed elevated 
VEGF and bFGF levels. 

Table 1. Serum vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) levels 
in children with brain tumors and in the control group. Subgroup N1: patients with malignant tumors, 
excluding anaplastic astrocytomas (AA) and glioblastomas multiforme (GBM); N2: patients with benign 
tumors; and N3: patients with high grade gliomas (AA and GBM). The data are presented as median values 
with 25–75 percentiles in parentheses

Study groups VEGF (pg/mL) bFGF (pg/mL)

Group N (n = 106)   
(children with brain tumors)

260.9*
(17.8–2000.0)

7.64
(0.05–79.2)

Subgroup N1 (n = 63)
(patients with malignant 
tumors, excluding anaplastic 
astrocytomas (AA) and 
glioblastomas multiforme)

234.9*
(28.3–2000.0)

7.53*
(0.05–79.2)

Subgroup N2 (n = 25)
(patients with benign tumors)

193.3**
(40.1–509.4)

8.05**
(0.6–25.2)

Subgroup N3 (n = 18)
(patients with high grade 
gliomas (AA and GBM)

179.0**
(17.8–453.3)

5.92**
(0.3–21.4)

Control group (n = 34)
224.1

(31.4–448.1)
7.64

(2.1–19.5)

*p < 0.05 vs the control group; **p < 0.05 N2 vs N3.

Table 2. Serum vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) levels and the extent of surgery

Proangiogenic 
cytokines Type of resection Mean SD Median Minimum Maximum

VEGF
pg/mL

total resection 286.73 266.40 220.65 34.90 796.80

partial resection 192.88 288.87 128.80 14.60 2000.00

biopsy 215.85 90.82 183.95 150.50 345.00

not verified 209.91 134.75 185.45 28.30 424.20

subtotal resection 427.03 506.70 121.40 82.40 1200.00

FGF
pg/mL

total resection 11.08 6.09 9.57 2.88 23.18

partial resection 6.90 7.40 5.05 0.05 47.29

biopsy 5.34 3.45 4.74 2.15 9.73

not verified 5.96 4.98 5.43 0.27 13.85

subtotal resection 11.70 8.81 12.54 1.30 25.51

*p < 0.05 vs the control group; **p < 0.05 N2 vs N3.
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patients with GBM can facilitate prediction and may be 
used for monitoring remission. 

There are considerably fewer reports addressing the 
role of bFGF in brain tumor angiogenesis. The obser-
vation by Loilome et al. that blocking the FGF signaling 
pathway in GBM as a  monotherapy slows down tumor 
growth therefore appears to be particularly important.32 
The same study also confirms the involvement of bFGF 
in stimulating tumor growth. As the role of angiogenesis 
in brain tumor growth is established and indisputable, at-
tempts have been made to use anti-angiogenic agents in 
cancer treatment. However, these attempts have not yet led 
to a  breakthrough in brain tumor therapy. Additionally, 
some researchers have reported anti-angiogenic agents as 
toxic.12,13,17,22,26 

Bevacizumab – a humanized monoclonal anti-VEGF an-
tibody – was the first anti-angiogenic treatment to be used 
in high grade gliomas. Numerous trials of this antibody 
in glioma therapy are being carried out, and although the 
preliminary data appear to be promising, we still have to 
wait for the final conclusions.11,13,14,17,22 Many authors, for 
instance Hamerlik et al., have observed that solid tumors re-
spond better to anti-VEGF therapy, including blocking an-
tibodies or tyrosine kinase inhibitors, when it is combined 
with radiation therapy or administered prior to RT, due to 
the radiosensitizing effect.27 At the same time, along with 
hopes regarding anti-angiogenic therapy for brain tumors, 
doubts have arisen that it may paradoxically promote tumor 
growth, as the induced tumor necrosis with the associated 
hypoxia are significant triggers of pro-angiogenic factor re-
lease.5,7,18,37–39 In 2014, an article by a Dutch research team 
addressing the issue of anti-angiogenic tumor therapy in pe-
diatric brain tumors attempted to determine whether this 
type of therapy was effective.20 It should be noted that most 
observations regarding angiogenesis in brain tumors are de-
rived from studies in adult populations, whereas the number 
of studies addressing this issue in children is very limited. 
The article raised reasonable doubt regarding the enrolment 
of pediatric patients in clinical studies that involve the ad-
ministration of anti-angiogenic agents.20

Given the unsatisfactory treatment outcomes in brain 
tumors in children, especially HGG and infiltrative brain 
stem tumors, any attempt to research new therapeutic ap-
proaches or strategies matters. This is the idea the pres-
ent authors had in mind when choosing to address the is-
sue of angiogenesis in brain tumors in children. Since the 
findings of this study appear ambiguous, it seems appro-
priate to continue the research on a larger patient sample. 
The best option would be to conduct a multicenter study.

Conclusions

The significant VEGF level elevation in children with 
malignant tumors suggests its importance in brain tu-
mor oncogenesis. Further studies with larger groups of 

The vascular network density in WHO II gliomas re-
sembles that of healthy cerebral tissue. It increases signifi-
cantly in WHO III gliomas (AA) to achieve peak value in 
GBM (WHO IV). Many researchers have reported a nega-
tive correlation between the vascular network density in 
tumor biopsy specimens and patient survival.23,24 In order 
to improve treatment outcomes in malignancies associat-
ed with the poorest prognoses, it is essential to implement 
new therapeutic approaches. This has led to researchers’ 
interest in the phenomenon of angiogenesis in brain tu-
mors, as anti-angiogenic treatment has become a  hope 
of improving the prognosis in CNS tumors.4,8–21,23–29  
The main source of interest in tumor angiogenesis was the 
hypothesis presented by Judah Folkman, who assumed that 
since tumor growth is blood supply-dependent, blocking 
angiogenesis may be a strategy to inhibit tumor growth.30

VEGF is the strongest factor triggering normal and 
pathological angiogenesis and stimulating cancer cells 
to proliferate. It is produced by endothelial cells, myo-
cytes, macrophages, mastocytes, lymphocytes (CD4 
cells), plasmocytes and tumor cells, whereas leukocytes 
and blood platelets are responsible for its transportation.  
The second best known factor stimulating normal and 
abnormal angiogenesis is bFGF, which is produced by 
fibroblasts, macrophages and tumor cells, while leuko-
cytes and blood platelets are responsible for its transpor-
tation.3,5,20,23,25–32 VEGF, whose expression increases with 
hypoxia, necrosis or p53 gene inactivation, regulates an-
giogenesis in high grade gliomas and presents their ma-
lignant nature. At the same time, bFGF involved in an-
giogenesis in gliomas shows synergism with VEGF.19,22,33 
Angiopoietins regulate angiogenesis in astrocytomas 
to the greatest extent, so the involvement of VEGF and 
bFGF appears to be less significant.33 In meningiomas, 
though, VEGF overexpression is observed; however, it is 
not triggered by hypoxia, as in gliomas, but rather by the 
concomitant overexpression of platelet-derived growth 
factor (PDGF) or epidermal growth factor (EGF).7  
The pro-angiogenic activity of VEGF in GBM is con-
firmed by the detection of over 50 times higher VEGF 
mRNA expression in tumor cells than in healthy cere-
bral tissue.22 Gupta et al. assessed the density of vascu-
lar network in different cases of glioma relative to their 
VEGF expression, demonstrating a  positive correlation 
between the 2 factors with the highest values in HGG; 
this was in line with reports by Berkman et al. and 
Takano et al.23,24,30 Maiuri et al. presented interesting 
findings, demonstrating that in LGGs that transformed 
into HGGs, the baseline VEGF expression was higher 
than in other benign tumors, which may constitute an 
essential risk factor for malignant transformation.34,35 
Additionally, Krauze et al. demonstrated a  significant 
elevation of urine VEGF concentration in patients with 
GBM treated with radiotherapy (RT) for tumor progres-
sion (69.5% of 202 patients).36 They suggested that regu-
lar measurements of urinary VEGF concentration in 
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patients should be conducted to determine the signifi-
cance of the observed elevated VEGF and bFGF levels in 
the diagnostic process.
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Abstract
Background. Hepatitis E virus (HEV) infection is an emerging problem in industrialized countries, includ-
ing Europe. Little data exists on HEV seroprevalence in Poland.

Objectives. The aim of this study was to assess the prevalence of anti-HEV IgG antibodies in Polish patients 
infected with the human immunodeficiency virus (HIV) and blood donors.

Material and methods. Two hundred and ten individuals (n = 105 of HIV-infected patients and n = 105 
of age- and sex-matched blood donors from the same area; 178 men and 32 women), aged 18-50 (median 
age: 38 years), were tested for the presence of anti-HEV IgG antibodies with the EUROIMMUN Anti-Hepatitis 
E Virus (HEV) ELISA (IgG) tests (Lübeck, Germany). Additionally, some simple clinical and laboratory data 
was collected.

Results. The overall anti-HEV IgG prevalence was 2.4% (5/210). One HIV-positive patient (0.95%) and  
4 blood donors (3.8%) were seropositive (p = 0.1745). All the HEV-exposed individuals were men with 
a history of travel abroad and no icteric disease in the past.

Conclusions. Exposure to HEV infection among Polish HIV patients and blood donors seems to be uncom-
mon. Data on this issue is scarce and conflicting for HIV-infected individuals. Further investigations apply-
ing different serological tests and concomitant HEV RNA testing are needed to reliably assess the risk and 
practical impact of HEV infection in Poland.
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The hepatitis E virus (HEV) is a  small virus classified 
within the Hepeviridae family. HEV infection is consid-
ered as an emerging problem in developed parts of the 
world.1 Many cases of locally acquired acute hepatitis  E 
have been recognized in Europe.2 Moreover, in some spe-
cific populations of immunocompromised individuals (in-
cluding HIV-infected patients), HEV infection can cause 
chronic hepatitis with the potential for progression toward 
liver cirrhosis.3,4 Data on the exposure of Polish HIV pa-
tients to HEV infection is limited to 1 uncontrolled study.5 
To the best of our knowledge, there are no Polish reports 
discussing this issue in relation to blood donors (BDs). 

Objective

The aim of this study was to investigate the prevalence 
of anti-HEV IgG antibodies (anti-HEV) in Polish HIV pa-
tients and in a comparable group of healthy BDs.

Material and methods

During a 5-month period (from March 2015 to July 2015), 
we tested 210 individuals, that is, 105 HIV-infected Polish 
patients of Joseph Strus Multidisciplinary City Hospital 
in Poznań, western Poland, and 105 age- and sex-matched 
healthy BDs from the same area for the presence of anti-
HEV IgG (anti-HEV) antibodies using a commercial ELISA 
kit (Anti-Hepatitis E Virus (HEV) ELISA [IgG]; EUROIM-
MUN Medizinische Labordiagnostika AG, Lübeck, Ger-
many), in accordance with the manufacturer’s instructions 
(we performed the quantitative version of the testing with 
results equal to or higher than 2.2 IU/mL being interpreted 
as positive). This test is based on recombinant target anti-
gens of HEV genotypes 1 and 3 expressed in E. coli. 

Screening for HIV, HBV and HCV infection was done with 
chemiluminescent microparticle immunoassays (ARCHI-
TECT system, Abbott Laboratories; Wiesbaden, Germany or 
Sligo, Ireland). For HIV-RNA, HBV-DNA and HCV-RNA as-
sessment in blood donors, Cobas TaqScreen MPX v. 2.0 kits 
(Roche Diagnostics GmbH, Mannheim, Germany) were used. 
All BDs were negative in the screening and nucleic acid testing. 

This work was approved by the Bioethics Committee of 
Poznan University of Medical Sciences (reference number 
157/15). All patients and blood donors signed an informed 
consent.

The test for proportions was performed with STATIS-
TICA v. 12 (StatSoft, Inc., Tulsa, USA) software; it was con-
sidered significant at p < 0.05.

Results

Both study groups consisted of 89 men (84.8%) and 
16 women (15.2%), aged 18–55 (mean 37.7 ± 7.7 years). 

Among HIV-positive patients, 57 (54.3%) were men having 
sex with men (MSM), 21 (20%) were heterosexuals with 
no history of injection drug use, 18 individuals (17.1%) 
declared parenteral use of psychoactive substances and 
9 men (8.6%) were bisexual. Seventy-one patients were un-
der antiretroviral therapy (67.6%). Their mean CD4 count 
was 504 ± 300 cells/mm3 (range 14–1212; median 459).  
In 16 patients (15.2%), the CD4 value was < 200 cells/mm3.
Four HIV individuals were HBsAg-positive (3.8%), 24 of 
the tested were anti-HCV-positive (22.9%) and only one 
out of 105 patients was found to be both HBsAg and anti-
HCV-positive. The alanine aminotransferase (ALT) level 
ranged from 8 to 306 IU/L (median 30 IU/L), and in 73 of 
the HIV-infected persons (69.5%), ALT values were nor-
mal on the day of the assessment of anti-HEV. 

The overall HEV IgG seroprevalence was 2.4% (5/210). 
Only 1 out of the 105 HIV+ patients (0.95%) was anti-
HEV-positive. He was a 30-year-old MSM, in whom HIV 
infection was diagnosed 10 months before his inclusion 
in this study and no treatment was started until the date 
of the CD4 count assessment concomitant with anti-
HEV testing. His CD4 value was 236 cells/mm3. No in-
creased aminotransferases activity or bilirubin level were 
observed in this patient. He reported no icteric disease 
in the past. Of note, the patient revealed he had traveled 
abroad, also to highly-endemic HEV infection areas in 
developing countries. 

Among BDs, 4 out of 105 persons (3.8%) were anti-
HEV positive. All seropositive individuals were men aged 
34–55 (mean 42 years) with a history of multiple blood 
donation and no significant medical record. All of them 
had visited some European countries only. There was no 
significant difference in HEV seroprevalence between 
the HIV-positive patients and BDs (p  =  0.1745; the test 
for proportions). 

Discussion

In different investigations from western Europe for HIV-
positive individuals, the HEV seroprevalence varied from 1% 
in Scotland and Croatia to 10% in Spain.6–9 In our neighbor 
countries, Pischke et al. found anti-HEV positivity of 4.9%, 
whereas Balayan et al. reported the value of 11.1% in Ger-
man and Russian HIV-infected patients, respectively.10,11 
In BDs, the HEV seroprevalence assessed with the use of 
highly-sensitive tests varied from 4.7% in Scotland to 52.5% 
in the hyper-endemic area of south-western France.12,13  
In Germany, this value was 5.9–6.8%.14,15

Only a few studies have compared the frequency of an-
ti-HEV positivity in HIV-infected individuals with con-
trols, suggesting similar or higher HEV seroprevalence in 
HIV-positive patients.16–18 

The results of the current analysis are strikingly dif-
ferent from conclusions suggested by our previous study 
about anti-HEV prevalence in Polish patients, including 
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HIV-positives; in the latter group, these antibodies were 
detected in 21.3% out of 61 cases.5

It is known that the performances of various assays 
used for HEV seroprevalence assessment can differ sig-
nificantly, but some recent data suggests that EUROIM-
MUN kits have similar sensitivity to tests of other manu-
facturers’.13,19–22 However, the comparative specificity of 
anti-HEV kits has not been extensively investigated and, 
in our opinion, it could be a possible source of the signifi-
cant discrepancy in the only 2 available HEV seropreva-
lence estimates in Polish HIV patients. This issue has not 
been ultimately resolved and requires further study. 

The current study has several limitations: first, the 
number of the tested participants was relatively low; sec-
ond, the upper value of the age range (55 years; due to the 
age profile of BDs) could, at least partially, influence the 
HEV seroprevalence data in terms of the lower frequency 
of anti-HEV in younger individuals reported by many 
other authors;9,21,23 third, no HEV-RNA detection was 
performed in this study. Although HEV-RNA positivity 
is infrequent in asymptomatic inhabitants of Western 
countries, it is the direct indicator of potential risks relat-
ed to HEV infection (chronic hepatitis E in HIV patients 
and transfusion-related risk for immunocompromised 
recipients of blood products). 

Conclusions

The results of the current study suggest that exposure 
to HEV infection among Polish HIV patients and BDs 
is uncommon. In view of the fact that available data on 
this issue is scarce and conflicting for HIV-infected in-
dividuals, further investigations with the use of different 
serological tests and concomitant HEV-RNA testing are 
needed to reliably assess the risk and the practical impact 
of HEV exposure in Poland.
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Abstract
Background. The increasing incidence of metabolic diseases such as obesity or diabetes have made them 
a major public health problem. Increasing oxidative stress induced by reactive oxygen species, which initiate 
the oxidative adverse changes in the cell, is mentioned, among other risk factors, to underlie these diseases. 
Vitamin A, C and E are listed among the non-enzymatic mechanisms counteracting this phenomenon.  
Vitamin D deficiency is also associated with cardiovascular diseases.

Objectives. The aim of the study was to assess the risk of vitamin A, C, E and D deficit in the plasma of 
metabolic syndrome (MS) patients.

Material and methods. The study included 191 patients with MS and 98 subjects without MS. Log-
linear analysis was used in the assessment of mutual interactions between the vitamin concentration and 
the analysis of classification by ROC curves to predict the frequency of vitamin deficiency in MS patients.

Results. A  correlation was found between the plasma level of vitamins in the group of MS patients.  
Vitamin A  concentration correlated with that of vitamin C (r = 0.51, p = 0.0000), vitamin D (r = 0.49,  
p = 0.0000) and E (r = 0.32, p = 0.0001). The plasma level of vitamin D correlated with the level of vita-
min E (r = 0.46, p = 0.00000) and vitamin C (r = 0.37, p = 0.0000). Regression analysis showed a cor-
relation between the concentration of the tested vitamins in patients with MS. Interactions were observed 
between vitamins C and A and between C and D. HDL cholesterol level was lower in patients with vitamin 
A deficiency compared to patients with its normal level.

Conclusions. The plasma levels of vitamin A, C, E and D were significantly lower in patients with MS than 
in healthy subjects and they mutually correlated with each other. The normalization of glucose and HDL 
level may contribute to the regulation of the concentration of vitamin A in patients with MS.
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The increasing incidence of metabolic diseases such as 
obesity or diabetes have made them a major public health 
problem. The accumulation of metabolic risk factors for 
atherosclerosis, known as metabolic syndrome (MS), has 
been known for a  long time. Increasing oxidative stress 
induced by reactive oxygen species (ROS), which initiate 
the oxidative adverse changes in the cell, is mentioned, 
among other risk factors, to underlie these diseases. Free 
radicals damage the structure and function of nucleic 
acids, lipids, proteins and sugars, which in turn leads to 
changes in the genetic material and to the incidence of 
cancer, cardiovascular, respiratory and eye diseases and 
may accelerate the aging process. To defend itself against 
ROS, the body uses its own antioxidant system as well as 
antioxidants consumed in the diet. Vitamin A, C and E 
are listed among the non-enzymatic mechanisms coun-
teracting this phenomenon.1,2 

Vitamin D deficiency is associated with cardiovascular 
diseases. Its receptors are located in many organs and tis-
sues and numerous studies have shown that there is an 
inverse correlation between serum 25 (OH) D level and 
the occurrence of MS. Vitamin D is involved in the reg-
ulation of blood pressure and it is thought to influence 
lipid metabolism and insulin secretion. Furthermore, 
numerous studies have shown that its concentration in 
obese individuals, especially those with abdominal obe-
sity, is significantly lower than among those of normal 
body composition. Thus, plasma 25(OH)D level has a sig-
nificant impact on all components of MS. Supplementa-
tion of vitamin D, alone or in combination with Ca, as 
a  strategy for the prevention of cardiovascular diseases 
has raised considerable debate.3,4

The aim of the study was to assess the risk of vitamin A, 
C, E and D deficit in the plasma of MS patients.

Material and methods 

Study population

The study included 191 patients with MS recruited 
from the Department of Internal Medicine and Nephro-
diabetology, Medical University of Łódz, 101 men and 90 
women, aged 30–65 years (mean 56.73 ± 7.51 years). 

The control group consisted of 98 subjects, 54 men and 
44 women, aged 41–65 years (mean 57.45 ± 5.24 years), 
clinically healthy, without MS. 

All of them were nonsmokers and in the last year they 
had not taken any dietary supplements.

Metabolic syndrome (definition)

The MS diagnosis was based on IDF (International 
Diabetes Federation) criteria, stating the type of central 
obesity (waist circumference in women ≥ 80 cm, in men 
≥ 94 cm) and 2 of the following risk factors: triglycerides 

≥ 1.7 mmol/L or treatment of this disorder, low HDL cho-
lesterol (in women < 1.3 mmol/L, in men < 1.0 mmo/L) 
or treatment of the disorder, fasting glucose lev-
el ≥ 6.1 mmol/L or treated type 2 diabetes, blood pressure  
≥ 130/85 mm Hg or treatment of hypertension.5 

Biochemical analyses

The mean of 3 blood pressure readings (systolic and 
diastolic) were measured using a  mercury sphygmoma-
nometer.

Fasting blood glucose was determined with a reaction 
between glucose and ATP catalyzed by hexokinase; TG 
concentration was enzymatically measured with cou-
pled reactions in which TG was hydrolyzed to produce 
glycerol; TC was measured with reactions using choles-
teryl ester hydrolase, cholesterol oxidase, and peroxi-
dase; HDL was measured using a  heparin-manganese 
precipitation method; LDL was assessed using the Frie-
dewald equation. 

The concentration of 25-hydroxy vitamin D (25-OH-D) 
was assessed with the application of the LIAISON® (Dia-
Sorin, Saluggia, Italy) test using chemiluminescent im-
munoassay (CLIA) technology. A plasma level of 25(OH)
D above 30 ng/mL was considered normal, between  
20 ng/mL and 30 ng/mL – suboptimal (hypovitaminosis) 
and below 20 ng/mL – insufficient (deficiency).3

In all patients, the determinations of the plasma level 
of vitamin A, C and E were performed by spectrophoto-
metric method using a spectrophotometer T60V (PG In-
struments, Leicestershire, UK) according to the modified 
Rutkowski et al. method.6–8 Plasma levels of the inves-
tigated vitamins were given in µmol/L. Plasma vitamin 
deficiency was stated for vitamin A < 0.9 μmol/L, for vi-
tamin C < 36.1 μmol/L and for vitamin E < 12 μmol/L.6–8

Anthropometry analyses

Height was measured using a  fixed stadiometer and 
weight was taken with individuals wearing light clothes 
and no shoes on a digital scale with a capacity of 200 kg 
and accurate to the nearest 100 g. Body mass index (BMI) 
was calculated as weight (kg) divided by height in meters 
squared. Waist circumference was measured at the mid-
point between the bottom of the rib cage and above the 
top of the iliac crest during minimal respiration.

Statistical analyses

Statistical analysis was performed using STATISTICA 
v. 7.1 PL and Office 2010 software. The normal distribu-
tion was determined using the Shapiro-Wilk test. The 
variables not normally distributed underwent logarith-
mic transformation (log10) before statistical analysis. The 
comparison between the means of 2 independent groups 
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was performed using Student’s t test and Mann-Whitney 
U test for continuous variables, and chi-square test was 
applied for dichotomic ones. Correlations were assessed 
by Pearson’s coefficient (r). 

Log-linear analysis was used in the assessment of mu-
tual interactions between the vitamin concentration and 
the analysis of classification by ROC curves (Receiver 
Operating Characteristic) to predict the frequency of vi-
tamin deficiency in MS patients. 

Logistic regression analysis with the estimation of the 
odds ratio was applied in the assessment of the effect 
of MS parameters on the risk of vitamin A, C, E and D 
deficiency. P < 0.05 was considered as statistically sig-
nificant.

The study was approved by the Bioethics Committee 
of the Medical University of Łódz (No. RNN/556/10/KB). 

Results

The study included 191 patients with MS and 98 con-
trols without MS. Table 1 presents the characteristics of 
the tested subjects. As expected, BMI, waist circumfer-
ence, systolic and diastolic blood pressure, the level of 
blood glucose, TG and LDL cholesterol were higher in 
MS patients, whereas HDL level was lower than in sub-
jects without MS. There were no significant differences 
in total cholesterol concentration in MS patients and 
controls. The gender and age of the tested subjects did 
not differentiate significantly the investigated param-
eters. Mean concentrations of all the studied vitamins 
were significantly lower in patients with MS than in the 
control group. Deficiency of the tested vitamins was ob-
served significantly more frequently among the MS pa-

tients (Table 1). Gender and age did not affect 
either the mean concentrations of the tested 
vitamins or the incidence of their deficiency.

A correlation was found between the plas-
ma level of the vitamins in the group of MS 
patients. Vitamin A concentration correlated 
with that of vitamin C (r = 0.51, p = 0.0000), 
vitamin D (r = 0.49, p = 0.0000) and E 
(r = 0.32, p = 0.0001). The plasma level of vi-
tamin D correlated with the level of vitamin E 
(r = 0.46, p = 0.00000) and vitamin C (r = 0.37, 
p = 0.0000). No correlation was observed be-
tween the plasma level of vitamins C and E. 

Regression analysis showed a  correlation 
between the concentration of the tested vita-
mins in patients with MS. Interactions were 
observed between vitamins C and A  and 
between C and D (Fig. 1). Moreover, on the 
basis of the data on vitamin A, C, E and D de-
ficiency/normal plasma levels, the predicted 
incidence was determined of their deficiency 
in patients with MS. The highest predictive 
value was obtained for vitamin E, then for vi-
tamins C and D and the lowest for vitamin A 
(Fig. 2). 

The vitamin C level was lower in patients 
with vitamin A  deficiency in relation to pa-
tients with normal vitamin A level (22.20 ± 3.60 
μmol/L vs 32.88 ± 10.99 μmol/L, p = 0.0003) 
and the concentration of vitamin A was lower 
in patients with vitamin C deficiency com-
pared to patients with its normal level (1.34 ± 
0.42 μmol/L vs 1.77 ± 0.29 μmol/L, p = 0.009). 
It has been demonstrated that vitamin C de-
ficiency increased 3.5-fold the risk of vitamin 
A deficiency in patients with MS. 

HDL cholesterol level was lower in pa-
tients with vitamin A  deficiency compared 
to patients with its normal level (0.76 ± 0.41 
mmol/L vs 1.10 ± 0.29 mmol/L, p = 0.03).  

Table 1. Selected baseline characteristics of study participants

Characteristics
MS (n = 191) Without MS (n = 98)

p-value
mean ± SD/% (n) mean ± SD/% (n)

Age [years] 56.73  ±  7.51 57.45  ±  5.24 0.5347a

Sex [% women] 47.12 (90) 44.90 (44) 0.3187a

BMI [kg/m2] 35.16  ±  5.91 28.04  ±  2.52 < 0.0001a

Waist [cm] 114.34  ±  10.78 95.96 ± 11.21 < 0.0001a

SBP [mm Hg] 145.98 ± 17.45 127.87 ± 11.65 < 0.0001b

DBP [mm Hg] 88.72 ± 9.25 81.52 ± 7.47 < 0.0001b

GLc [mmol/L] 7.68 ± 2.28 5.12 ± 0.57 < 0.0001b

TG [mmol/L] 1.98 ± 0.72 1.45 ± 0.16 < 0.0001b

TC [mmol/L] 4.39 ± 1.16 4.49 ± 0.79 0.8171a

HDL [mmol/L] 1.07 ± 0.21 1.32 ± 0.31 < 0.0001a

LDL [mmol/L] 2.93 ± 0.84 2.76 ± 0.72 < 0.0001a

25(OH)D [ng/mL] 13.54 ± 7.91 27.71 ± 10.26 < 0.0001a

Vitamin A [μmol/L] 1.368 ± 0.35 1.821 ± 0.575 < 0.0001a

Vitamin C [μmol/L] 31.14 ± 8.91 57.83 ± 17.85 < 0.0001a

Vitamin E [μmol/L] 12.69 ± 2.46 25.61 ± 2.98 < 0.0001a

25(OH)D deficiency [%] 81.15 (155) 23.47 (23) < 0.0001c

Vitamin A deficiency [%] 15.71 (30) 1.02 (10 < 0.0001c

Vitamin C deficiency [%] 79.58 (152) 8.16 (8) < 0.0001c

Vitamin E deficiency [%] 40.31 (77) 1.02 (1) < 0.0001c

a – Student’s t test; b – Mann-Whitney U test; c – χ2 test.
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It was also found that individuals with vitamin A  defi-
ciency have higher glucose concentration than MS pa-
tients with normal vitamin A level (8.91 ± 3.58 mmol/L 
vs 6.75 ± 5.56 mmol/L, p = 0.04) and hyperglycemia in-
creased 6-fold the risk of vitamin A deficiency.

Discussion

Reactive oxygen species (ROS), a  natural product of 
cellular metabolism, may have a beneficial effect on cell 
function (to help fight infections, as secondary transmit-
ters stimulating cellular signal transduction pathways) or 
can be an etiological factor of metabolic disorders. 

Adverse effects are associated with excessive lipid per-
oxidation, protein and DNA damage which disrupts prop-
er cell functioning. The effect of ROS activity depends 
on the efficiency of antioxidant mechanisms in the cell.  
In addition to the enzymatic mechanisms, such as su-
peroxide dismutase, glutathione peroxidase and catalase, 
there are non-enzymatic mechanisms, which include vi-
tamins A, C and E. 

Antioxidant vitamins are an important element of 
the body’s non-enzymatic antioxidant barrier and their 
proper concentration determines the protection against 
ROS. It has been shown from our previous studies and 
the studies by other authors that the concentrations of 
vitamins A, C and E are lower in patients with cardiovas-

Fig. 1. Log-linear correlation between the level of vitamin A, C, E and D in the plasma of MS patients

Fig. 2. Predicted prevalence of vitamin A, C, E and D  
deficiency in MS patients
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cular diseases than in healthy subjects, even with their 
appropriate intake from diet.1,2,9 Cardiovascular and 
metabolic diseases are also thought to be associated with 
vitamin D deficiency. Although vitamin D is not included 
among antioxidant vitamins, it has been shown from re-
search studies carried out in different countries that vi-
tamin D has an impact on the components of MS and 
its concentration in patients with metabolic disorders is 
significantly lower than in healthy individuals.4,10 In our 
study, we attempted to assess the risk of deficiency of 
these vitamins in patients with MS. 

Among MS patients, we found a significant deficiency 
of all the investigated vitamins, both with regard to their 
mean concentrations (significantly lower compared to 
healthy subjects) and the frequency of their deficiency 
levels. Low levels of vitamin A, C and E in patients with 
cardiovascular diseases have been observed by other au-
thors, but there have been no studies that would assess 
the scale of the phenomenon, that is the prevalence of the 
deficiency of antioxidant vitamins in the population of 
healthy subjects and those with MS.11–14 Vitamin D has 
been discussed in the literature more often. Its low lev-
els in MS patients have been demonstrated in numerous 
studies and the prevalence of its deficiency is defined as 
common not only among patients with cardiovascular 
diseases, but also in the healthy population.15–20

The problem of simultaneous occurrence of the defi-
ciency of antioxidant vitamins in MS patients requires 
further research. In our study, we have shown a correla-
tion between vitamin A, C, E and D level in patients with 
MS. The strongest correlations were observed between the 
plasma level of vitamin A and D, D and E, and A and C. 
We have also evaluated the risk of the deficiency of the test-
ed vitamins in patients with MS and the highest prediction 
value of deficiency level was obtained for vitamin E, where-
as the lowest was for vitamin A. Moreover, we have shown 
that the concentration of vitamin C was lower in patients 
with deficiency of vitamin A and vitamin C deficiency 3.5-
fold increased the risk of vitamin A deficiency. 

In the available literature there are studies on the in-
teractions that occur between antioxidant vitamins to 
prevent mutual degradation or promote regeneration. Vi-
tamin C is an essential cofactor in many processes of sys-
temic biosynthesis. It participates in metabolic processes 
as a substance transferring electrons, interacts in the syn-
thesis of collagen, and is involved in the metabolism of 
fats, cholesterol and bile acids. Vitamin C has proven to 
be one of the most potent antioxidants. The coupled pair 
of its forms, oxidized and reduced, creates a redox system 
capable of reducing ROS that are toxic to cells.1,9 Further-
more, it has been shown that ascorbic acid is involved in 
the regeneration of hydrophobic antioxidants, such as 
α-tocopherol and β-carotene from the radical form. It is 
assumed that this reaction takes place on the surface of 
cell membranes. Ascorbate reduces the tocopherol radi-
cal creating an ascorbyl radical. This reaction is possible 

because of chroman rings in tocopherol molecules which 
face the outside of the cell membrane and can react with 
ascorbate found in an aqueous medium. Also, vitamin E 
protects retinol esters from oxidation, which is condu-
cive to maintaining its proper concentration.21 In our 
study, we found no correlation between the concentra-
tion of vitamin C and vitamin E. This could result from 
the fact that in MS patients ascorbic acid regenerating 
α-tocopherol undergoes degradation.22 

Among the components of MS, the level of glucose 
and HDL-cholesterol affected the concentration of vi-
tamin  A. Thus, subjects with vitamin A  deficiency had 
lower HDL-cholesterol levels and higher glucose concen-
tration. It was also shown that hyperglycemia increased 
up to 6-fold the risk of vitamin A  deficiency in these 
patients. Vitamin A is a set of compounds that includes 
retinol, retinal and carotenoids. Vitamin A’s antioxidant 
properties have been frequently reported in vivo and in 
vitro.23,24 They are exhibited at low (physiological) oxygen 
partial pressure. Retinol can react with peroxide radicals 
(ROO•), thereby it interrupts the chain reaction of lipid 
peroxidation to form hydroperoxides (ROOH). Further-
more, vitamin A is capable of directly reacting with ROS 
to form a 5,6-epoxide retinoid.24 Carotenoids also exhibit 
potent antioxidant properties. In addition to their capac-
ity to scavenge peroxyl radicals (ROO•) they are effective 
singlet oxygen quenchers.23 An inverse correlation be-
tween vitamin A and E level and the risk of cardiovascu-
lar diseases was found in many case-control and prospec-
tive observational studies.1,9,12 This protective effect was 
attributed to their antioxidant properties. However, clini-
cal trials that evaluated interventions designed to con-
firm the cause-effect nature of these correlations failed 
to confirm the results of observational studies.25 The re-
ports of New York researchers from Weill Cornell Medi-
cal College showed that a low level of vitamin A can lead 
to degradation of pancreatic β cells producing insulin in 
patients with type 2 diabetes. This means faster progres-
sive development of the disease and a higher risk of com-
plications.26 The research was conducted on laboratory 
animals diagnosed with pancreatic β-cell atrophy after 
elimination of vitamin A from the diet. After its reintro-
duction into the diet, pancreatic β cells began to regen-
erate. Numerous clinical studies have demonstrated the 
important role of vitamin A in the production of pancre-
atic cells in fetal life, but there are no studies that would 
confirm this relationship in adults. Still, it has not been 
clarified whether vitamin A  deficiency results from its 
participation in the pathogenesis of diabetes, inadequate 
intake from the diet or from metabolic defect. The ques-
tion of the possible involvement of vitamin A deficiency 
in the pathogenesis of diabetes mellitus type 1 and 2 will 
require further studies. 

Further research is also needed to assess the validity 
and effectiveness of possible implementation of antioxi-
dant vitamin supplements in these patients. Although 



M. Godala, et al. The risk of plasma vitamin deficiency586

our studies suggest such a  need, the results of studies 
available in the literature on the effect of vitamin supple-
ments on cardiovascular complications are contradicto-
ry. Some authors showed a reduction in oxidative stress, 
decrease of the risk of cancer and cardiovascular diseases 
and reduced overall mortality after application of anti-
oxidant vitamin (A, C and E) supplements.22,27,28 Other 
studies have demonstrated that the effect of vitamins de-
pends on many factors, such as smoking, exposure to en-
vironmental chemicals, rate of the deficiency of supple-
mented vitamins or a dose of vitamin preparations and 
their type.29,30 Uncontrolled and excessive use of anti-
oxidant vitamin supplements, especially in patients with 
corrected deficiency, often results in a  different effect, 
i.e. the intensification of oxidative stress and increased 
risk of cardiovascular complications. Exceptionally fre-
quently, these types of adverse effects are attributed to 
vitamin C and E.28–30 Thus, the key issue when planning 
vitamin supplementation in patients with MS seems to be 
the dosage and preparation composition determined on 
an individual basis.

Conclusions 

The plasma levels of vitamin A, C, E and D were signifi-
cantly lower in patients with MS than in healthy subjects 
and they mutually correlated with each other. Particular 
correlation was found between vitamin A and C, at the 
same time vitamin C deficiency increased 3.5-fold the 
risk of vitamin A deficiency in these patients. Moreover, 
we have shown that hyperglycemia increased the risk of 
vitamin A deficiency and the concentration of HDL cho-
lesterol was significantly lower in patients with this vita-
min deficiency. Thus, the normalization of glucose and 
HDL level may contribute to the regulation of the con-
centration of vitamin A in patients with MS.
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Abstract
Background. Radiochemotherapy in cervical cancer was implemented to clinical practice based on 5 ran-
domized clinical trials, published at the end of the 20th century, which showed improvement in the total 
and symptomless survivals by about 10–18%. The increase of therapeutic index of such treatment can take 
place only when the efficiency of the treatment outweighs the increase of its toxicity. Thus, it is necessary to 
monitor treatment reaction during radiochemotherapy.

Objectives. The aim of this study was to assess the acute post-radiation reaction during radiochemo-
therapy for cervical cancer and the to analyze the reasons of the unplanned course of combined treatment.

Material and methods. A group of consecutive 176 cervical cancer patients in the clinical stage from IB 
to IIIB acc. to FIGO classification who underwent radiochemotherapy were taken under prospective observa-
tion in Clinical Gynecologic Radiotherapy Ward of the Lower Silesian Cancer Center in Wrocław between April 
2010 and September 2012. Early post-radiation reaction was assessed in RTOG/EORTC scale once a week.

Results. During the treatment early post-radiation reaction of upper part of alimentary duct was observed 
in 74.4% of the patients, the reaction of lower part of gastrointestinal tract in 51.2%, and in bladder 44.8%. 
The most frequent symptoms of post-radiation reaction are: nausea (73.3% of the patients), diarrhea 
(51.2%) and vomiting (20.9%). Leucopenia was observed in 97.1% of the patients, granulocytopenia in 
70.4%, anemia in 69.2%, and thrombocytopenia in 25.5%. The planned dose of radiotherapy was adminis-
tered completely in 90.1% of the patients. A break in radiotherapy was necessary in 15.7% of the patients. 
In total, 44.8% of the patients did not receive radiochemotherapy according to the plan, because of the side 
effects of the treatment (most often leucopenia, thrombocytopenia and gastrointestinal reaction).

Conclusions. The presented data shows that radiochemotherapy causes the intensification of acute side ef-
fects of treatment and may cause unplanned course of treatment and prolongation of the total treatment time.
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According to the Polish National Cancer Registry in 
2013 there were 2,909 cases of cervical cancer and 1,669 
died of this neoplasm. It is the 6th cause of sickness in 
Polish women and the 7th cause of the deaths caused by 
neoplasms.1 In total, in 2012 there were more than half 
a million of new cases worldwide.2

Radiochemotherapy in cervical cancer was implemented 
to clinical practice based on 5 randomized clinical trials of 
the third phase, published at the end of 20th century, which 
showed improvement in total and symptomless survivals 
by about 10–18% with optimal application of combination 
treatment.3–7 Presently, in low stages of cervical cancer ad-
vancement (IA, IB1 i IIA1 acc. to FIGO) surgical treatment 
is the action of choice. In patients with risk factors found in 
the histopathological examination, adjuvant treatment is 
applied – radiotherapy or radiochemotherapy.8,9 In higher 
stages (IIA2- IVA) combined radiochemotherapy based on 
cisplatin is the action of choice. 8–9

The efficiency of radiochemotherapy is based on spatial 
interaction, independent extermination of cancer cells, 
radio-sensitizing operation of some cytostatics, and also 
on radio-protective operation of some substances.10,11 
Bentzen listed 5 main principles of operation of this 
treatment form – amplification of the cytotoxic effect, 
spatial interaction, biological cooperation, modulation in 
time and protection of healthy tissues.12

It should be stressed that in Poland the percent of 5-year 
survivals is significantly lower (54% vs 67%) in comparison 
with European data.2 Implementation of radiochemother-
apy to the treatment standard of cervical cancer in 2000 
has not yet caused a clear improvement in this aspect.13,14 
It does not mean, however, that such improvement will 
not come. The increase of therapeutic index in the case 
of combination treatment application can take place only 
when the the advantages of the treatment outweigh the 
increase of its toxicity. Thus, it is necessary to monitor 
treatment reaction during radiochemotherapy. It seems 
very probable, however, that the reason for lower than 
expected efficiency of radiochemotherapy in our coun-
try results from disturbances in the planned course of 
treatment caused by acute reactions appearing during the 
therapy. The present analysis is based on the experience 
of the former Clinical Gynecologic Radiotherapy Ward 
of the Lower Silesian Cancer Center in Wrocław, Poland.

Material and methods

The aim of this study was to assess the degree of the 
intensity of acute post-radiation reaction during radio-
chemotherapy on a  malignant cervical cancer and the 
analysis of the reasons for the course of treatment, which 
is discordant to the accepted plan of treatment.

A group of consecutive 176 cervical cancer patients in 
the clinical advancement from IB to IIIB acc. to FIGO 
classification who underwent radiochemotherapy were 

taken under prospective observation at former Clinical 
Gynecologic Radiotherapy Ward of the Lower Silesian 
Cancer Center in Wrocław between April 2010 and Sep-
tember 2012. Four patients did not complete the com-
bined treatment (2 because their cancer spreading, 1 
because of acute renal failure, 1 because of myocardial 
infarction) and were excluded from statistical analysis 
which was run for 172 patients.

The age ranged from 29 to 76 years (average – 53.8 
years). The characteristics of the material is contained 
in Table 1. In 33 patients (19.2%) radiochemotherapy was 
applied as a complimentary treatment after a surgery and 
in 139 (80.8%) as an independent treatment of radical as-
sumption.

In the examined patients teletherapy and brachytherapy 
were applied. Teletherapy was planned based on comput-
er tomography. GTV, CTV, PTV area and critical organs 
(bladder, rectum, intestines, femoral heads) were indicat-
ed. Radiation with external beams concerned the pelvis 
area (neoplastic infiltration and pelvis lymph glands) in all 
patients, and in 14 patients (8.1%) it was the area of para-
aortic lymph glands. One hundred twenty-four patients 
(72.1%) were radiated using a classic conformal technique 
(3D), and 48 patients (27.9%) using dynamic techniques, 
11 patients (6.4%) using IMRT technique, and 37 (21.5%) 
RAPID ARC arch. The choice of the technique was relat-
ed to their different availability in the center in different 
time. The total doses planned to the pelvis area were: in 
170 patients (98.8%) 50.4Gy in 28 fractions, in 1 patient 

Table 1. Characteristics of the patients in the aspect of clinical 
advancement according to  FIGO class., histopathological type  
and the degree of histological malignancy

Parameter Number of 
patients (n)

Percent 
share (%)

Degree of cinical 
advancement 
according to FIGO

I 36 20.9

II 73 42.4

IIIA 4 2.3

IIIB 59 34.3

Histopatological 
type

squamous cel 
carcinoma

160 93

adenocarcinoma 8 4.7

0ther 4 2.3

Degree of 
histopatological 
malignancy

G1 8 4.7

G2 44 25.6

G3 25 14.5

not defined 95 55.2
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45Gy in 25 fraction and in one patient 59.4Gy in 33 frac-
tions, and for the area of paraortic lymph gland 45Gy in 
25 fractions. External radiation was performed once a day, 
5 times a week with X photons with the energy of 10–18 
MeV, on the accelerator of CLINAC type. HDR brachy-
therapy using Irydium192 was applied in 170 patients 
(98.8%). Brachytherapy was introduced on various stages 
of the treatment depending on anatomical conditions, and 
the doses varied from 15 to 36Gy in 2–6 fractions. Sys-
temic treatment was run using cisplastin administered in-
travenously in 7 day intervals in the dose of 40mg/m2 p.c. 
starting from the first day of radiotherapy. The treatment 
plan had 5-6 courses of chemotherapy.

Early post-radiation reaction was assessed in all the pa-
tients in RTOG/EORTC scale according to the prepared 
card of post-radiation reaction (Fig.1) once a week. The 
reaction from the bladder, upper and lower part of ali-
mentary tract, intensity of nausea, vomiting and diarrhea 
and hematological reaction within 3 cell lines – leuko-
cyte, erythrocyte, and megakaryocyte – was assessed. 
Hematological parameters were always assessed a day be-
fore and the day after the subsequent chemotherapy cycle 
and individually according to the indications.

Average values (x), median (M), scope (min-max), bot-
tom and top quartile (25Q-75Q) and standard deviation 
(SD) of continuous parameters were calculated for all the 
groups. The obtained data underwent statistical analysis 
in which the test χ2 with Yates’ adjustment, Fisher test 
and Pearson’s or Spearman’s r correlation coefficient 
were used. The verification of the hypothesis on equality 
of the average of the tests was run using ANOVA variance 
analysis or Kruskal-Wallis sum test. Statistical analysis 
was performed using a computer packet of statistical pro-
grams EPIINFO v. 7.1.1 (from 2-07-2013).

Results

During the treatment, early post-radiation reaction 
of upper part of alimentary duct was observed in 128 
patients (74.4%), the reaction of lower part of gastroin-
testinal tract in 88 patients (51.2%), and in bladder in 
77 patients (44.8%). The most frequent symptoms of 
post-radiation reaction are: nausea (126 patients, 73.3% 
examined), diarrhea (88 patients, 51.2%) and vomiting  
(36 patients, 20.9%). Detailed data concerning the intensi-
ty of post-radiation reaction in alimentary duct and blad-
der is presented in Table 2.

During radiochemotherapy, hematological changes 
were observed in 170 from 172 patients (98.8%). In 97.1% 
of the patients leucopenia was observed, in 70.4% granu-
locytopenia, in 69.2% anemia, and in 25.5% thrombocy-
topenia. Disorders within two cell lines were observed in 
88 patients (51.2%): in 6 (3.5%) patients they concerned 
white blood cell and megakaryocyte line, in 82 (47.7%) 
white blood cell and red blood cell line, and within all 

Table 2. Degree of  intensity of the early post-radiation reaction  
in gastrointestinal tract and bladder in RTOG/ EORTC scale

Location of 
the reaction

Degree of 
the reaction 

intensity 
according to 
RTOG/EORTC

Number of 
patients (n)

Percent share 
(%)

Upper part of 
gastroin- 
testinal tract

G0 44 25.6

G1 32 18.6

G2 94 54.7

G3 2 1.2

G4 0 0

Lower part of 
gastroin- 
testinal tract

G0 84 48.8

G1 5 2.9

G2 74 43

G3 8 4.7

G4 1 0.6

Bladder

G0 95 55.2

G1 8 4.7

G2 69 40.1

G3 0 0

G4 0 0

Nausea

G0 46 26.7

G1 78 45.3

G2 32 18.6

G3 16 9.3

G4 0 0

Vomits

G0 136 79.1

G1 21 12.2

G2 15 8.7

G3 0 0

G4 0 0

Diarrhea

G0 84 48.8

G1 63 36.6

G2 22 12.8

G3 2 1.2

G4 1 0.6
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3 lines they were noticed in 35 (20.3%) patients. Detailed 
data related to post-radiation reaction from the side of 
bone marrow is presented in Table 3.

The relationship between the intensity of selected 
parameters of post-radiation reaction and radiochemo-
therapy performed after surgical treatment (adjuvant 

radiochemotherapy), radiation of the paraaortic lymph 
glands and the applied teletherapy technique (3D tech-
nique, IMRT technique, RapidArc technique) was ana-
lyzed. The analysis showed a  statistically significant 
(p = 0.00317) dependence of the diarrhea intensity on ad-
juvant radiochemotherapy and a  statistically significant 
(p = 0.0221) dependence of vomiting intensity on paraor-
tic lymph glands radiation. Among patients radiated us-
ing dynamic techniques, the post-radiation reaction of 
the gastrointestinal tract and bladder was observed more 
seldomly than in patients radiated using a classic confor-
mal 3D technique, but the difference was not statistically 
significant (Table 4).

Intensification of post-radiation reaction in a  statisti-
cal significant or close to statistically significant degree 
correlated with a  break in radiotherapy (lower part of 
gastrointestinal tract p = 0.0177, vomiting p = 0.0208, di-
arrhea p = 0.00461, granulocytopenia p= 0.0114, throm-
bocytopenia p = 0.00000, anemia p = 0.00550, leukopenia 
p = 0.0795). Statistically significant dependence of breaks 
in irradiation, adjuvant radiochemotherapy, radiation of 
paraortic lymph glands and kind of teletherapy technique 
was not observed.

The influence of the patients̀  age on the radiochemo-
therapy tolerance was also observed. It did not influence 
the frequency of radiochemotherapy breaks, but together 
with the increase dose and the number of administered 
chemotherapy courses distinctly decreased (relatively 
p  =  0.014 and p  =  0.0508). Only the intensification of 
post-radiation reaction from the lower gastrointestinal 
tract and diarrhea were statistically positively significant 
in correlation with age (relatively p = 0.0120, r = 0.19 and 
p = 0.0150, r = 0.19). No relationships between other pa-
rameters of post-radiation reaction and the patients’ age 
were observed.

In 155 patients (90.1%) the planned dose of radiother-
apy was administered completely. Minimal administered 
dose of teletherapy was 43.2Gy/ 24 fractions, maximal 
57.6Gy/ 32 fractions, average dose was 50.3 Gy, and the 
modal one 50.4 Gy.

In 9 patients (5.4%) the undesirable effects of ra-
diation resulted in the administration of lower doses 
than planned earlier – in 7 patients (4.2%) leucopenia, 
in 3  (1.8%) trombocytopenia, in 3 (1.8%) diarrhea, in 
1  (0.6%) intestinal obstruction. Increasing the dose of 
radiation resulted among others from an interval in ra-
diotherapy (6 patients) and from the necessity of using 
boost (1 patient). A break in radiotherapy was necessary 
in 27 (15.7%) patients. The most frequent reasons were: 
leukopenia (16 patients, 9.3%), trombocytopenia (12 pa-
tients 7%), diarrhea (7 patients, 4.1%), anemia (4 patients, 
2.3%), infection of lower air ducts (2 patients, 1.2%).  
In individual patients the reasons for the break were 
the following: pulmonary embolism, hemorrhage cer-
vix cancer requiring surgical intervention, hemorrhage 
from gastrointestinal tract and appendicitis. In 11 pa-

Table 3. Degree of intensity of early post-radiation reaction from bone 
marrow side in RTOG/ EORTC scale

Parameter of 
reaction

Degree of 
intensity of 
the reaction 
according to 
RTOG/EORTC

Number of 
patients (n)

Percent share 
(%)

WBC
(leukocytes)

G0 5 2.9

G1 19 11

G2 86 50

G3 61 35.5

G4 1 0.6

GRAN
(granulocytes)

G0 51 29.7

G1 39 22.7

G2 57 33.1

G3 23 13.4

G4 2 1.2

PLT
(platelets)

G0 128 74.4

G1 27 15.7

G2 14 8.1

G3 3 1.7

G4 0 0

HGB
(hemoglobin)

G0 53 30.8

G1 92 53.5

G2 27 15.7

G3 0 0

G4 0 0

HCT
(hematocrit)

G0 66 38.4

G1 71 41.3

G2 9 5.2

G3 26 15.1

G4 0 0
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tients (6.6%) more than one reason of the interval oc-
curred, including 5 patients (2.9%) with pancytopenia. 
Minimal time of the interruption was 2 days and maxi-
mal 21, an average time of the break was 9.56 days, the 
median equals 10 days, (SD 4.44). Seven-days interval or 
a shorter one was taken in 8 (4.6%) patients and the one 
longer than 7 days in 19 (11%) of the examined patients.

During the combined treatment 5–6 cisplastin courses 
were planned. One chemotherapy course was adminis-
tered to 5 patients (2.9%), 2 courses in 4 (2.3%), 3 courses 
in 10 (5.8%), 4 courses in 40 (23.3%), 5 courses in 98 (57%) 
and 6 courses in 15 (8.7%). The average administered dose 
of cytostatic was 309.3 mg. Leukopenia, thrombocytope-
nia, anemia, reaction of ali-
mentary duct and also the 
symptoms of renal failure, 
infection of lower pulmo-
nary system, no consent 
to continue chemotherapy, 
pulmonary occlusion, hy-
persensitive reaction to cis-
plastin were related to the 
decrease of the number of 
chemotherapy courses. The 
influence of the intensity of 
diarrhea on the adminis-
tered number of chemother-
apy courses (p = 0.0852) was 
close to being statistically 
significant.

In 14 patients (8.1%) the interval in radiotherapy was 
related to the decrease of the number of chemotherapy 
courses, in 2 patients (1.2%) decrease of the radiotherapy 
dose and the number of chemotherapy took place, in 1 pa-
tient (0.6%) decrease of the dose and an interval in radio-
therapy occurred. In total, 77 patients (44.8%) did not re-
ceive radiochemotherapy in accordance with the assumed 
plan, because of the side effects of the treatment (most of-
ten it was leucopenia, thrombocytopenia and gastrointes-
tinal reaction). Hematological reaction dominated among 
the reasons of diminishing the dose of chemotherapy and 
radiotherapy and additional intervals during radiotherapy. 
The reasons were presented in details in Table 5.

Table 4. Intensity of post radiation reaction depending on the radiotherapy technique

3D n = 124 (%) DYN n = 48 (%)
p-value

0 1 2 3 4 0 1 2 3 4

Reaction bladder 50.8 4.8 44.4 0 0 66.7 4.1 29.2 0 0 0.165

Reaction gastrtointestinal 
tract upper

23.4 17.7 57.3 1.6 0 31.3 20.8 47.9 0 0 0.505

Reaction gastrointestinal 
tract lower

44.4 4.0 47.6 4.0 0 60.4 0 33.3 6.3 0 0.125

Nausea 25.0 44.4 19.4 11.3 0 31.3 47.9 16.7 4.2 0 0.453

Vomits 77.4 13.7 8.9 0 0 83.3 8.3 8.3 0 0 0.611

Diarrhea 44.4 40.3 12.9 1.6 0.8 60.4 27.1 12.5 0 0 0.325

WBC 3.2 12.9 46.0 37.1 0.8 2.1 6.3 60.4 31.3 0 0.447

GRAN 31.4 19.4 35.5 12.9 0.8 25.0 31.3 27.1 14.6 2.1 0.414

PLT 75.8 16.1 6.5 1.6 0 70.8 14.6 12.5 2.1 0 0.622

HGB 31.5 51.6 16.9 0 0 29.2 58.3 12.5 0 0 0.676

HT 39.5 37.1 5.6 17.7 0 35.4 52.1 4.2 8.3 0 0.240

Table 5. The reasons of radiotherapy course inconsistent with the plan

Reasons 
Diminishing the dose of 

radiotherapy Interval in radiotherapy Diminishing the number 
of chemotherapy courses

n % n % n %

Leukopenia 7 4.1 16 9.3 37 21.5

Thrombocytopenia 3 1.7 12 7 9 5.2

Anemia 0 0 4 2.3 4 2.3

Pancytopenia 0 0 5 2.9 0 0

Diarrhea 3 1.7 6 3.5 5 2.9

Other 1 0.6 6 3.5 8 4.7



B. Izmajłowicz, et al. Tolerance of RTCT in cervical cancer patients592

Discussion of results

Randomized clinical tests showing higher efficiency 
of radiotherapy related to the simultaneous application 
of systemic treatment mentioned at the beginning only 
partly touched the problem of post-radiation reactions.3–7 
Meta-analyses published later confirmed the results 
showing the improvement of total survivals by 10–12% 
and symptomless survivals by 13-16%.15–19 It is estimated 
that before publishing these results radiochemotherapy 
was applied in less than 30% of the patients, and after 
1999 this number increased to over 60%.20 The improve-
ment of survivals in the groups with radiochemotherapy 
was related to the intensification of post-radiation reac-
tions from gastrointestinal and urinary tracts and espe-
cially to hematological reaction.3–7,15–19,21 Detailed data 
related to post-radiation reactions in the research men-
tioned above, meta-analyses and their comparison to 
own results are presented in Tables 6 and 7.

The radiotherapy technique may be significant to 
the frequency and intensity of post-radiation reactions.  
In conformal techniques, especially in IMRT and Rapi-
dArc techniques, the volume of radiated critical organs 
(small intestine, large intestine, bladder, bone marrow) 
compared to the conventional technique decreases by 
10–60%.22–24 Reports related to post-radiation reactions 
depending on the radiation technique are contradictory. 
Gandhi et al. proved that in patients who undergo ra-
diochemotherapy using the conventional technique, the 

post-radiation reaction in gastrtointestinal tract in the G 
≥ 2 degree was present in 63.6% of the patients and in 
the IMRT technique in 31.8% the patients, the reaction 
in G ≥ 3 degree respectively in 27.3% and 4.5% pts.25 Hui 
et al. proved that for the bone marrow the values V10, 
20, 30, 40, 50, 30, 40, 50 are more advantageous in IMRT 
technique compared to 3D technique, which is also re-
lated to the decrease of hematological complications.26 
Similarly, Simpson et al. proved such a  dependency for 
the volume of intestine receiving the dose above 45Gy 
and the intensification of post radiation reaction.27  
Erpolat et al. proved, however, that post-radiation reaction 
in G ≥ 2 degree in 3D technique compared with IMRT 
technique related to anemia was present respectively in 
2% and 27% of the patients, as for leukopenia respectively 
in 41.5% and 53%, as for neutropenia respectively in 12% 
and 24.5% of the patients and as for thrombocytopenia 
respectively in 0 and 4.5%. The values of V10, 20, 30, 40 
were better in IMRT technique, but they did not relate to 
the diminished post-radiation reactions.28 In the group 
tested by us the patients were radiated using 3D confor-
mal technique, dynamic techniques – IMRT or Rapid-
Arc. Dosimetric analysis of the dependency of radiated 
volume of critical organs, doses and intensity of post-ra-
diation reaction was not carried out. The post-radiation 
reaction from gastrointestinal tract and urinary bladder 
was present more rarely in patients radiated using dy-
namic techniques than 3D technique, but this difference 
was not statistically significant.

Table 6. Post-radiation reactions in alimentary duct and urinal tract during radiotherapy

Reactionzyn G SWOG 
87–97 GOG 123 GOG 85 GOG 120 Pearcey 

et al. Lukka et al. Kirwan 
et al.

Kumaran 
et al. Results

Alimentary 
ductarmowy 

1 not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

9- 15%

17.5%

not 
reported

73%

2 45.9%

3
17% 14% 24% 15–43% 40% 1.5%

1.5%

4 1.2%

Diarrhea

1

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

54.4% 36.3%

2 20.3% 12.8%

3 15.2% 1.2%

4 1.2% 0.6%

Vomits

1

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

73.4% 12.2%

2 19% 8.7%

3 0 0

4 0 0

Urinary tract

1

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

1–8%

45%

not 
reported

44.8%
2

3
8% 0

4
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The presented data suggests that radiochemotherapy 
causes the intensification of acute side effects of the treat-
ment and may prolong the total treatment period, which 
would not be advantageous. It is assumed that the total 
time of radiotherapy in cervical cancer patients should 
not exceed 8 weeks.29–31 Prolongation of the total treat-
ment time over 55–60 days causes a decrease of the lo-
cal cure and distant survivals by 1% for each day over  
55–60 days.31 In the groups of patients who underwent 
radiochemotherapy the treatment time ranges from 35 
to 92 days (average time 51- 52 days).32,33 Some research-
ers point out, however, that prolongation of radiochemo-
therapy duration, contrary to the prolongation of inde-
pendent radiotherapy, does not influence the treatment 
results (recurrence in the radiated area, DFS, OS).32 Dis-
continuous radiation during radiochemotherapy takes 
place in 3–20% of the patients.33–35 In the present study 
the interval took place in 15.7% of the patients, which is 
within the ranges quoted above.

The difference concerns the number of courses of che-
motherapy. According to the literature, 70–92% of the 
patients receive the planned number; in the present study 
5 courses of DDP were received by 65.7% of the patients, 
which can be crucial for the efficiency of the treatment, 
since receiving fewer than 5 chemotherapy courses is re-
lated with a worse prognosis for the patients.33–36

According to the literature the age and undergone sur-
gery do not influence the planned course of radiochemo-
therapy.34,35 Similarly, in our own research the surgery 

and age did not influence the interval in radiotherapy, al-
though the age influenced the number of chemotherapy 
courses.

According to the data from the literature and our own 
research, hematological complications and ones related 
to gastrointestinal tract are the most often reasons for 
the treatment course not going according to the primary 
plan.34,35 Special attention should be paid to the hemo-
globin level during radiochemotherapy. The hemoglobin 
level > 10 mg% before and during radiotherapy and nadir 
during radiotherapy is an independent prognostic and 
predictive factor, as it influences the longer total surviv-
als, and the value of hemoglobin in the last 2 weeks of 
treatment has special meaning.37–41 In the present study 
anemia was present in about 70% of the patients (stage 
G1 and 2).

According to Jakubowicz, about 78% of cervix cancer pa-
tients receive the whole treatment; in the present study the 
amount of patients were at a much lower percent – 65.2%.42 
This fact can be very significant in evaluating reason for 
the significant difference between the treatment of cervix 
cancer in Poland and in Europe, as it can be assumed that 
Wrocław center does not differ much in this aspect from 
other centers in the country. The low percent of patients 
receiving the whole planned treatment, prolongation of 
the total therapy time and decreasing the number of che-
motherapy courses undoubtedly influence negatively the 
survivals of patients. The assessment of survivals, however, 
was not the subject of the present study.

Table 7. Hematological complications during radiochemotherapy

? ? SWOG 
87–97 GOG 123 GOG 85 GOG 120 Pearcey 

et al. Lukka et al. Kirwan 
et al.

Kumaran 
et al.

Own 
results

Hematological

1 not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

18–47%
not 

reported
not 

reported

54.6%
2

3
17% 21% 24% 27–46% 40% 44.2%

4

Leukocyty

1

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

49.4%

not 
reported

61%
2

3
16.4% 36%

4

Hemoglobin

1

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

39.3%

not 
reported

69.2%
2

3
6.5% 0%

4

Platelets

1

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

not 
reported

20.5%

not 
reported

23.8%
2

3
1.7% 1.7%

4
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Abstract
Background. Nitric oxide (NO) and endothelin-1 are potentially significant factors contributing to the 
pathogenesis of post-angioplasty restenosis. It may be postulated that low-level laser therapy (LLLT) can 
favorably influence the process of restenosis by affecting those factors.

Objectives. The aim of the study was to evaluate the effect of LLLT applied during percutaneous coronary 
intervention (PCI) on the factors participating in the homeostasis of vascular tone – NO and endothelin-1.

Material and methods. In a  randomized, prospective study of 52 subjects undergoing PCI, an addi-
tional 808 nm intravascular LLLT was applied at a dose of 9 J/cm2 in the lesion part. The control group 
was 49 subjects with PCI only. We assessed the concentration of nitrites/nitrates reflecting NO metabo-
lism as well as endothelin-1 in both groups before PCI, and at 6 h, 12 h and 1 month after the procedure.  
In addition, half a year after PCI, a follow-up angiography was performed.

Results. Statistically higher nitrite/nitrate concentrations were observed in the laser group as compared 
to the control group in all tests except the pre-PCI assays. Endothelin-1 levels were significantly higher in 
the laser group 6 h after PCI with a significant decrease in subsequent tests, which was not observed in the 
control group. The restenosis rate was 15.0% in the laser group and 32.4% in the control group (however 
the difference was not statistically significant).

Conclusions. LLLT applied during the PCI procedure can influence the process of restenosis by modifying 
NO and endothelin-1 concentrations.

Key words: low-level laser therapy, coronary angioplasty, restenosis, nitric oxide, endothelin-1
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One of the main factors affecting the long-term effi-
cacy of percutaneous coronary intervention (PCI) is re-
stenosis in the treated region. The mechanism of this 
phenomenon is multifactorial and has not yet been fully 
explored. Nitric oxide (NO) and endothelin-1, factors in-
volved in vascular homeostasis, play an important role 
in the pathogenesis of restenosis. NO dilates vessels, 
shows anti-aggregating properties and exerts a beneficial 
effect on the regeneration and proliferation of vascular 
endothelium, thus inhibiting restenosis.1,2 Endothelin-1 
contracts vessels, shows pro-aggregating, mitogenic and 
atherogenic effects, and accelerates the processes leading 
to restenosis.3,4 There are clinical trials, including self-
reported ones, whose results indicate that low-level laser 
therapy (LLLT) during PCI inhibits restenosis.5–7 In this 
paper, we present the effects of LLLT on NO and endo-
thelin-1 concentrations in patients undergoing PCI.

Material and methods

The study group

The study was conducted on a  group of 101 subjects  
(26 women and 75 men; mean age 57 ± 11 years) with sta-
ble coronary artery disease who had undergone successful 
coronary angioplasty. When balloon angioplasty alone was 
effective (i.e. residual stenosis did not exceed 30%), a stent 
was not implanted. When residual stenosis was greater 
than 30%, or if there was a significant coronary artery dis-
section, a stent implantation was additionally performed. 
In this study, only bare-metal stents (BMS) were applied. 
In the study group, 29 subjects underwent balloon angio-
plasty alone and 72 subjects had stents implanted. 

The exclusion criteria for this study included unstable 
coronary artery disease, diabetes or other conditions 
which may affect patient survival. In addition, the study 
excluded cases of angioplasty for stenosis in the left main 
coronary artery or an ostial lesion, at the bifurcation, with 
significant calcification and chronic total occlusion, and 
when the reference artery diameter was less than 2.5 mm.

Prior to the procedure and during the follow-up, all pa-
tients received dual anti-platelet therapy (acetylsalicylic 
acid and P2Y12 inhibitor), statin, and, if possible, angio-
tensin converting enzyme inhibitors and β-blockers.

A coin flip method was used to randomize the quali-
fied subjects into 2 groups. In effect, 52 subjects received 
PCI with LLLT. The remaining 49 patients constituted 
a  control group. In both groups, there were no statisti-
cally significant differences in potential risk factors for 
restenosis such as sex, age, presence of hypertension, pre-
vious myocardial infarction, history of smoking or lipid 
profile disorders (Table 1).

After 6 months, a  control coronary angiography was 
performed to assess the degree of stenosis in the treated 
region. Quantitative coronary angiography (QCA), sup-

plied with the angiography equipment (General Electric, 
Fairfield, Connecticut, USA) was used for the measure-
ment of reference values of coronary artery diameter 
stenosis grade and length. These measurements were 
performed before and after angioplasty and follow-up an-
giography after 6 months. 

The measured values included the percentage of the 
stenosis, MLD (minimum luminal diameter) and RD 
(reference diameter). MLD values were used in calculat-
ing the increase in luminal diameter immediately after 
the procedure (acute gain) or loss of luminal diameter at 
6 months (late lumen loss) and the late lumen loss index, 
which is the quotient of the late lumen loss value by acute 
gain value.8 Restenosis was diagnosed when a follow-up 
examination revealed a narrowing of at least 50%. 

Table 1. Demographic, clinical and procedural characteristics  
of analyzed groups

Parameter Laser group Control 
group p-values

Total number of patients
women
men

52
12
40

49
14
35

0.687

Age for the total group 
(years)

57.3 ± 11.3 60.7 ± 9.5 0.106

Coronary artery disease 
CCS I
CCS II
CCS III
CCS IV

12
21
12
7

6
22
14
7

0.757

Arterial hypertension 24 30 0.505

Tobacco smoking 34 31 0.956

Total cholesterol [mg/dL]
LDL cholesterol [mg/dL]
HDL cholesterol [mg/dL]
Triglycerides [mg/dL]

199.9 ± 52.0
123.4 ± 43.5

46.4 ± 9.7
151.5 ± 87.2

198.3 ± 45.4
123.7 ± 38.6

42.7 ± 8.1
156.4 ± 83.6

0.870
0.871
0.160
0.773

Dilated artery 
LAD
RCA
Cx

29
12
11

23
13
13

0.667

Lesion supplied with 
balloons

LAD
RCA
Cx

7
4
3

3
6
6

0.227

Lesion supplied with 
stents

LAD
RCA
Cx

22
9
7

20
7
7

0.940

CCS – Canadian Cardiovascular Society class; LAD – left anterior 
descending artery; RCA – right coronary artery; Cx – circumflex  
coronary artery.
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Ethics statement

All experiments were conducted and approved in ac-
cordance with the guidelines of the Bioethics Commit-
tee at Wroclaw Medical University and adhered to the 
principles of the Declaration of Helsinki and Title 45 U.S. 
Code of Federal Regulations, Part 46, Protection of Hu-
man Subjects (revised November 13, 2001, effective De-
cember 13, 2001). All participants provided their written 
consent to participate in the study. The written consent 
had been approved by the Ethics Committee.

Radiation therapy

The radiation procedure was performed with the use of 
our own method. After the successful expansion of the 
vessel, a  low-pressure balloon catheter was introduced 
into the region of the lesion. The catheter had an inbuilt 
optical fiber and an integrated diffuser at the end, corre-
sponding to the length of the balloon. The diffuser emit-
ted laser radiation perpendicularly to the long axis of the 
catheter and, as the balloon filled, it centered the diffuser 
in the vessel lumen. The area of the lesion was irradiated 
with a 5 mm margin proximally and distally to the steno-
sis. Optical fiber and a  semiconductor laser (Optel, Po-
land) emitting 808 nm radiation were optically connect-
ed (pig-tailed). Laser radiation power was 100 mW/cm2 

in the diffuser, and the total energy of the irradiated coro-
nary artery surface was 9 J/cm2. This radiation technique 
has also been presented in other publications.4,7,9–11 

Biochemical tests

Plasma concentration of endothelin-1 was measured 
and assessed with an enzyme-linked immunosorbent as-
say (ELISA) by Biomedica (Vienna, Austria). 

Since nitric oxide is oxidized to nitrites (NO2¯) and ni-
trates (NO3¯), its concentration was obtained by use of 
an indirect method for determination of the NO3¯ and 
NO2¯ ions in a colorimetric assay based on tests by R&D 
Systems (Minneapolis, USA). Blood was sampled before 
the angioplasty and then at 6 and 12 h after the PCI and 1 
month after the procedure.

Statistical analysis

Statistical analysis was performed by STATISTICA PL 
v. 6.0 software package (StatSoft, Poland). The data was 
expressed as mean ± SD. The distribution of variables 
was verified with the Shapiro-Wilk test. In the case of 
independent quantitative variables with normal distri-
bution, Student’s t-test or ANOVA analysis were used, as 
appropriate. For non-parametric analyses, the U Mann-
Whitney test or non-parametric Kruskal-Wallis ANOVA 
test were used whereas in the case of dependent quantita-
tive variables, the Wilcoxon matched pairs test or non-
parametric Friedman ANOVA variance analysis were 
used. Statistically significant differences were marked 
with Newman-Keuls post-hoc test. The level of p < 0.05 
was considered statistically significant.

Results

In the period between angioplasty and a follow-up an-
giography at 6 months, 1 subject died. The patient was in 
the control group and the cause of death was a myocar-
dial infarction in a region other than the coronary artery 
which had been expanded. After 6 months, angiography 
was performed in 40 patients from the laser group and 
restenosis was found in 6 cases (15.0%). In the control 

Table 2. Comparison of the angiographic data obtained by quantitative coronary angiography (QCA)

Parameter Laser Group Control group p-values

Reference diameter of blood vessel [mm] 3.20 ± 0.44 3.11 ± 0.43 0.756

MLD before procedure [mm] 0.83 ± 0.45 0.85 ± 0.42 0.685

MLD following the procedure [mm] 2.71 ± 0.38 2.52 ± 0.37 0.314

MLD in control angiography [mm] 2.18 ± 0.70 1.76 ± 0.74 < 0.05

 Acute gain after PCI [mm] 1.88 ± 0.68 1.67 ± 0.73 0.462

Late Lumen Loss in control examination [mm] 0.53 ± 0.68 0.76 ± 0.76 < 0.01

Late Lumen Los Index in control examination 0.28 ± 0.39 0.46 ± 0.43 < 0.005

MLD – minimum luminal diameter; PCI – percutaneous coronary intervention.
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availability and attenuating the increase 
in endothelin-1 levels. 

The negative effect of endothelin-1 on 
blood vessels may be associated not only 
with its vasoconstrictory properties, but 
also with its mitogenic effects. There 
have been a  few reports of an increase 
in the concentration of endothelin-1  
after angioplasty, which results from 
mechanical damage to the vascular wall, 
but it does not appear significant in all 
papers.12–14 In this study, there was no 
statistically significant increase in the 
levels of endothelin-1 after PCI in either 
group, although the difference between 
groups at 6 h after surgery was signifi-
cant – a higher mean concentration was 
observed in the laser-treated group. This 
effect can probably be associated with 

a slightly higher vascular injury in the irradiated patients, 
because in addition to angioplasty, a special balloon was 
used for exposure. In subsequent tests, there was a  sig-
nificant reduction in mean plasma endothelin-1 but still 
no differences were observed between the two groups.

Nitric oxide shows beneficial effects during angioplas-
ty.1 It may also positively influence the regeneration and 
proliferation of endothelial cells and inhibit the patholog-
ical remodeling of the artery.2 In this study, we observed 
a decrease in the average nitrite/nitrate concentrations in 
both groups within several hours (6 and 12 h) after the 
procedure, which may be associated with endothelial 
damage. However, the decrease was significantly small-
er in the irradiated group, which can be explained with 
the stimulating effects of laser radiation. Furthermore, 
the follow-up after 1 month revealed that mean nitrite/
nitrate levels in the laser-treated group significantly ex-
ceeded the initial values, while in the second group they 
were lower than at baseline. 

Laser radiation may exert biochemical effects as it has 
an impact on cytochromes, resulting in increased NO 
production, as shown in several reports.15–17 It was further 
observed in animal studies, where a relationship between 
the increase in NO concentration as a result of irradia-
tion, and the reduction of restenosis were observed.18,19 
Our results of this human study confirm those reports.

So far, there have been only a few publications regard-
ing the use of LLLT during angioplasty. Previous experi-
mental studies involved radiation at 632 nm wavelength 
(helium-neon laser), then radiation at 650 nm (semicon-
ductor laser) in animals and clinical trials.5,6,20–23 In our 
model, we used radiation at 808 nm wavelength, since the 
available literature has no reports on the most effective 
radiation wavelength and energy dose in this type of pro-
cedure.7,24 The need for a single radiation therapy forced 
the use of a  relatively large dose of radiation. It should, 
however, be noted that a certain amount of the radiation 

group, angiography was performed in 37 cases and reste-
nosis was found in 12 patients (32.4%). These differences 
were not statistically significant. 

In the irradiated group, smaller average narrowing of 
the lumen (32.0% vs 43.5% in the control, p < 0.05) result-
ing from a smaller average stenosis in patients diagnosed 
with restenosis (59.1% vs 78.8%, respectively, p  <  0.01) 
was observed. The differences in the 2 groups of patients 
without restenosis were not statistically significant (27.5% 
vs 32.2%, p > 0.05).

Vessel QCA values including the average measurements 
of lumen size, its growth and loss before and after the 
treatment and in the follow-up for both groups, are shown 
in Table 2 and the biochemical data is presented in Table 3.

Endothelin-1 levels between the two groups showed sta-
tistically significant differences at the 6th hour. The analysis 
of the concentration of endothelin-1 in each of the groups 
revealed statistically significant differences between the re-
sults obtained after 6 h, after 12 h, and 1 month after the 
procedure in the laser group. In the control group, no signif-
icant differences were observed between the tests. The ob-
served differences between the 2 groups, within the groups, 
and between successive tests are presented in Fig. 1. 

The comparison of the nitrite/nitrate levels in both 
groups revealed statistically significantly higher values in 
the laser-treated group relative to the control group be-
tween each of the tests except the one performed prior to 
the procedure. The nitrite/nitrate levels revealed statis-
tically significant differences between each test in each 
group and in all cases. The results are presented in Fig. 2.

Discussion

This is the first study to demonstrate that the protec-
tive effect of LLLT on restenosis following PCI may be 
mediated by preventing the decrease in nitric oxide bio-

Table 3. Results of biochemical analyses

Parameter Examination Laser group Control group p-values

Endothelin-1
[pg/mL]

0 1.01 ± 0.48 0.80 ± 0.51 0.082

6 h 1.20 ± 0.26 0.66 ± 0.25 p < 0.001

12 h 0.89 ± 0.40 0.96 ± 0.57 0.149

1 m 0.79 ± 0.31 0.60 ± 0.13 0.090

Nitrites/nitrates
[µmol/L]

0 39.7 ± 1.80 41.9 ± 2.1 0.064

6 h 29.9 ± 1.1 27.0 ± 0.6 p < 0.001

12 h 32.0 ± 1.4 25.0 ± 1.0 p < 0.001

1 m 63.7 ± 4.5 38.4 ± 2.2 p < 0.001
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Fig. 1. Comparison of the endothelin-1 levels between analyzed groups at 
particular steps of study protocol

Fig. 2. Comparison of the nitrite/nitrate levels between analyzed groups 
at particular steps of study protocol

is absorbed or reflected (isolated cells, calcification of the 
stent structure if applicable), which reduces the effec-
tive dose. Unfortunately, this amount is not possible to 
estimate. It seems that it is important to use an energy 
capacity that does not exceed 100 mW/cm2. At a higher 
power density values may cause an adverse thermal ef-
fect, which intensifies the process of restenosis. 

To conclude, the results of our study show that LLLT ap-
plied during the PCI procedure can influence the process 
of restenosis by modifying NO and endothelin-1 release.
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Abstract 
Background. The activity and the role of methylarginine in diabetic patients are subject to continuous 
research. The mechanism through which diabetes or insulin resistance increases asymmetric dimethylargi-
nine (ADMA) serum levels is not fully understood. Studies indicate increased ADMA serum levels in patients 
with hypertension, hypercholesterolemia and hyperhomocysteinemia. 

Objectives. The aim of the study was to assess the changes in ADMA levels and its derivatives related 
to the current disease process, as well as the levels of selected prothrombotic factors and their changes 
induced by physical activity.  

Material and methods. The study included 44 patients: group A (22 patients) – patients with diabetes 
with no vascular complications with mean age of 55.83 ± 7.37 years; and group B (22 patients) – healthy 
volunteers with the mean age of 51.16 ± 6.39 years. The authors’ questionnaire was used to collect socio-
demographic data in the study group. Physical exercise (Nordic walking) was practiced once per day for 
30 min, 5 times a week. The assessment of peripheral blood parameters was performed using the ABX 
MICROS OT 16-parameter hematology analyzer. Additionally, chromatographic assay of serum levels of  
L-arginine, ADMA and symmetric dimethylarginine (SDMA) was performed.  

Results. There were statistically significant differences in ADMA levels in the respondents with type 2 
diabetes vs healthy volunteers after training (0.763 ± 0.043 vs 0.532 ± 0.046; p = 0.001). 

Conclusions. ADMA and SDMA levels in diabetic patients significantly exceeded standard values.  
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Although methylarginines have been known for a  long 
time, they have gained more interest since 1992, when Pat-
rick Vallance et al. were the first to note that ADMA inhibits 
nitric oxide production. Vallance P. demonstrated that pa-
tients with end-stage renal disease show a 10-fold increase in 
asymmetric dimethylarginine (ADMA) serum levels.1 The 
researchers suggested that the premature atherosclerosis in 
these patients might have been partly associated with a dys-
functional L-arginine-NO system due to high ADMA lev-
els.1 A number of studies showed increased ADMA serum 
levels in patients with hypertension, hypercholesterolemia, 
hyperhomocysteinemia, diabetes and insulin resistance.2–7

Stuhlinger et al. observed increased ADMA levels in pa-
tients with insulin resistance and in diabetic patients.5–7  
In patients with type 2 diabetes, a single high-fat meal rap-
idly increased ADMA levels, which resulted in reduced 
endothelial function-related vascular relaxation.8 The 
mechanism through which diabetes or insulin resistance 
increases ADMA serum levels is not fully understood.9 

Diabetes is a chronic disease associated with long-term 
metabolic impairment causing changes in macro- and mi-
crocirculation, which leads to irreversible damage to mul-
tiple organs. Type 2 diabetes, also known as adult-onset 
or noninsulin-dependent diabetes, accounts for approxi-
mately 90–95% of all cases. It results from an interaction 
between genetic predisposing factors and environmental 
factors, primarily including excessive accumulation of en-
ergy substrates. It is believed that progressive dysfunction 
of pancreatic beta cells and concomitant insulin resistance 
are responsible for the development of this condition. 
Chronic hyperglycemia results in the dysfunction, damage 
and failure of many organs, especially the eyes, kidneys, as 
well as cardiovascular and nervous system complications.10

Particular attention is paid to vascular complications in 
type 2 diabetic patients. Endothelial dysfunction is often 
an essential element in long-term disease. The function 
of free radicals and defense processes in the form of anti-
oxidant defense systems are also important. Nitric oxide is 
a kind of free radicals sweeper and shows antiproliferative 
activity. The products of non-enzymatic glycation of pro-
teins affect endothelial dysfunction and NO inactivation 
in type 2 diabetic patients. Furthermore, decreased activity 
of the enzyme dimethylarginine dimethylaminohydrolase 
(DDAH), an enzyme responsible for degrading asymmetric 
dimethylarginine (ADMA), which is an inhibitor of vas-
cular NO synthesis, was observed under oxidative stress 
conditions. Accumulation of ADMA can contribute to 
vasodilator dysfunction in diabetes.11 Chronic hyperglyce-
mia and accumulation of glycation end products can cause 
structural and functional impairment of platelets as well 
as their excessive aggregation in diabetic patients. The en-
dothelial response involves secretion of vasomotor agents 
that have effects on coagulation and fibrinolysis.12 Von 
Willebrand factor (vWF) is a glycoprotein synthesized in 
the subendothelial space and megakaryocytes. It mediates 
platelet adhesion to endothelial cells as well as transport of 

coagulation factor VIII. Its levels are associated with BMI, 
age and hypertension. It has been shown that this factor has 
prognostic value in cardiovascular diseases.13

Health effects of physical activity are discussed in mul-
tiple fields of medicine. Individuals with the symptoms 
of metabolic syndrome are usually recommended to ex-
ercises for longer durations but with lower intensity. The 
American College of Sports Medicine recommends that 
exercise should be performed 3–5 times a week for at last 
20–60 min. Regular physical activity decreases blood 
pressure, normalizes carbohydrate and lipid metabolism, 
as well as improves the endothelial function and oxygen-
ation of tissues. These changes are very significant as they 
contribute to longevity and improve the comfort of life.14 

Normal endothelial function ensures vascular homeo-
stasis. Endothelial activation and the release of multiple 
transmitters trigger the development of atherosclerotic le-
sions, which are extremely dangerous in diabetic patients.15

The aim of this study was to evaluate the components 
of ADMA depending on the current disease process as 
well as to attempt to identify a relationship between the 
effects of physical training on changes in the levels of 
ADMA and its derivatives. Additionally, vWF and fibrin-
ogen were investigated as indicators of severe prothrom-
botic processes in type 2 diabetic patients.

Material and methods

The study group included type 2 diabetic patients without 
vascular complications (group A, n = 22), 9 females and 13 
males aged 40 to 60 years (mean age 55.83 ± 7.37 years) and 
with diabetes duration of 5 up to 15 years (mean duration 
5.32 ± 1.70 years). Patients in this group had negative results 
of the ischemic heart disease, normal resting ECG results, 
no symptoms of peripheral vascular disease and limit values 
of ankle brachial index (0,9), average intima-media thick-
nesses (Avg-IMT) of carotid artery in duplex-doppler USG, 
normal urinary albumin excretion rate and no diabetic 
rethinopathy. Diabetes was diagnosed according to the cur-
rent guidelines of Polish Diabetology Association.

Fig. 1. Qualification process for the study group
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The control group included healthy volunteers (group B, 
n = 22), 12 females and 10 males aged 40 to 60 years (mean 
age 51.16 ± 6.39 years) matched with the study population 
in terms of age and gender.

Careful analysis of disease course, a thorough physical 
examination, BMI determination, repeated measuremens 
of blood pressure and rest electrocardiography were per-
formed in all patients previously enrolled in the study.

The inclusion criteria were as follows:
• type 2 diabetes with duration more than 5 years;
• age above 18;
• lack of clinical symptoms of lower limbs ischemia;
• treatment with oral therapy and insulin.
Criteria for exclusion from the study:
• active infection;
• dysfunction of organ movement;
• congestive heart failure of NYHA grade > II;
• acute coronary syndrome in last 4 weeks;
• poorly controlled diabetes assessed as HbA1c > 7.5%;
• dementia/mental disability confirmed in medical 

documentation or in MMSE (Mini-Mental State Exami-
nation) questionnaire. Table 1 shows the characteristics 
of the study groups in terms of gender, age, BMI, waist 
and hypertension.

Study design

Eligible patients who signed informed consent par-
ticipated in the uncontrolled non-randomized interven-
tional study. Patients were instructed on how to march 
with trekking sticks during their hospital stay. In the next 

3 days their training was supervised by a physiotherapist 
and corrected if needed. The level of glucose was estimat-
ed after the effort directly and an hour later. In the case of 
a severe decrease in glucose level, the hypoglycemic ther-
apy was modified for the needs of exercising. The per-
son exercising had to perform the exercises for 6 weeks, 
5 days per week, for 30 min, and to record glucose lev-
els according to suggestions. After 6 weeks of non-su-
pervised training, all patients underwent examination 
including blood test (biochemistry) during an outpatient 
visit. The control group was not subjected to the physical 
training program, but was only used as a benchmark for 
the compared groups of diabetic patients. 

In the morning, all subjects had their venous blood col-
lected from the elbow to assess peripheral blood cell count 
using the ABX MICROS OT 16-parameter instrument: 
hematologic, lipid metabolism, creatinine, urea, uric acid 
and fibrinogen levels. An additional measurement of 
HbA1c percentage was performed in diabetic patients. 

Concentrations of ADMA, SDMA and L-arginine in 
blood plasma were indicated with the application of the 
HPLC method with fluorescent detection. SPE (solid 
phase) extraction method was applied in preparation of 
the plasma for analysis, using Varian’s SCX 50 columns. 
Before being dispensed onto the Water Co.’s Symmetry 
C18, 150 × 4.6 mm, 5 um chromatographic column, the 
obtained analytes were subjected to a  process of deri-
vatisation, with OPA reagent (o- diphtalaldehyd). Test 
samples and standards were eluated form the column in 
isocratic system, with the solution of 12% v/v acetonitrile 
in K-phosphate buffer (50 mM, pH 6.6), flow 1.1 mL/min 
and temperature of 35°C. The wavelengths of the detec-
tor’s excitation and emission were 340 and 450 mm re-
spectively. Varian’s equipment, consisting of Pro Star 240 
pomp, Pro Star 363 spectrofluorescent detector, Pro Star 
410 automatic sample changer and Star Chromatography 
Workstation software v. 6.3, was used in HPLC analysis. 
The obtained values are expressed in μmol/L.

Serum levels of vWF, the marker of vascular endothe-
lial cell activation/destruction, were assessed in the blood 
sampled in the morning, from the antecubital vein into 
tubes containing 3.2% sodium citrate. Within 30 min 
from the collection, the blood was centrifuged for 15 min 
at 3,000 × g. The obtained plasma was stored at -80°C 
until designation. The studies were conducted with the 
application of ELISA method, using Diagnostica Stago’s 
Asserchrom® VWF: Ag sets (catalogue number: REF 
00942). The values of concentration are expressed in % of 
the standard values.

Behring Coagulation Timer’s equipment was used for 
the examination of fibrinogen concentration. The study 
was conducted in the laboratory of the University Clinic 
Hospital in accordance with the procedures applicable in 
the institution. 

An original questionnaire, investigating sociodemo-
graphic structure of the examined groups, their age, level 

Table 1. Clinical characteristics of subjects 

Parameters

Study groups

Significance 
of differences

type 2 
diabetes 

group 
(group A)

control group  
(group B)

N 22 22

Females 9 12

Males 13 10

Age (years) 55.83 ± 7.37 51.16 ± 6.39 A vs B; ns

Time since 
diabetes 
diagnosis (years)

5.32 ± 1.70

BMI (kg/m²) 30.91 ± 5.76 27.66 ± 4.27 A vs B; ns

Waist (cm) 102.00 ± 9.84 99.83 ± 9.01 A vs B; ns

Hypertension (%) 72.7% 18%

The results are shown as mean values ± standard deviation; ns – not 
statistically significant.
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of education and place of living was used in the study. 
Signs of the disease, its duration, course of previous 
treatment and co-occurring illnesses were subjects of the 
analysis. 

The study was approved by the local Bioethics Com-
mittee of the Medical University in 

The following tests were used for statistical analysis: 
the Mann-Whitney U test – a nonparametric alternative 
to t-Student test for two independent samples. Kruskal-
Wallis test, Wilcoxon test, Spearman’s nonparametric 
correlation coefficient. The significance level accepted in 
the study was p < 0.05.

Results

We found that compared with controls, diabetic pa-
tients showed higher BMI and waist circumference 
(30.91 ± 5.76 vs 27.66 ± 4.27 kg/m²; 102.00 ± 9.84 vs 
99.83 ± 9.01 cm). The prevalence of hypertension was 
also higher in diabetic patients (72,7% vs 18%) Subjects 
in the control group had high normal blood pressure 
or grade 1 hypertension (according to ESH) lowered by 
pharmacological treatment (Table 1).

Statistically significant differences between diabet-
ics and controls could be observed in relation to HbA1c 
(8.46 vs 6.20, p = 0.01), HDL (42.16 vs 54.08, p = 0.0083), 
triglycerides (212 vs 124, p = 0.001) and creatinine (1.02 
vs 0.88, p = 0.031). Changes in the serum levels of other 

biochemical markers were within the range of generally 
accepted laboratory standards (Table 2).

ADMA and SDMA serum levels in diabetic patients 
were statistically significantly higher compared to con-
trols (p = 0.001). L-arginine levels in patients were lower 
than those in controls, but the differences did not reach 
statistical significance. There was a  statistically signifi-
cant difference in vWF between the groups (p  =  0.03). 
The concentration of von Willebrand factor was higher 
in the group of patients with type-2 diabetes. (Table 3). 

Among the selected laboratory assessments of meta-
bolic control of diabetes, statistical significance was 
reached by a negative correlation related to ADMA and 
HDL cholesterol levels (correlation coefficient -0.615, 
p = 0.05). There was a statistically significant correlation 
between SDMA and creatinine levels (correlation coef-
ficient 0.582, p  =  0.05). The other evaluated biochemi-
cal parameters did not show any significant relationship 
with ADMA in the study groups (Table 4). 

In the group of patients, ADMA serum levels tended 
to decrease due to physical training, but the difference 
was statistically insignificant; the levels were still higher 
compared to those in controls, but the difference from 
the standard was statistically significantly lower com-
pared to baseline (p = 0.01). Physical exercise had greater 
effects on SDMA reduction, and the difference from the 
values before physical training was statistically signifi-
cant in group A (p = 0.04). A significant training-related 
decrease in vWF levels in the group of patients (p = 0.01) 
resulted in data similar to those obtained in the control 
group. In the case of fibrinogen, the difference between 
the physical exercise group and healthy volunteers was 
not statistically significant (Table 5).

Table 2. Basic laboratory parameters in patient populations 

Parameters

Study groups
Significance 

of 
differences

type 2 diabetic 
patients (group 

A)

controls (group 
B)

N 22 22

Leukocytosis 
(thousand/µL)

7.63 ± 1.83 5.68 ± 1.32 A vs B; ns

Platelets 
(thousand/µL)

204.41 ± 38.44 232.5 ± 65.48 A vs B; ns

Fasting glycaemia 
(mg/dL)

153.83 ± 25.95 96.91 ± 5.58 A vs B; ns

HbA1c (%)
8.46 ± 3.06
[IRQ 6;6.5;7]

6.20 ± 0.83
A vs B;  

p = 0.01

Total cholesterol  
(mg/dL)

207.833 ± 51.742 200.41 ± 43.37 A vs B; ns

HDL (mg/dL) 42.16 ± 4.93 54.08 ± 12.63
A vs B;  

p = 0.0083

LDL (mg/dL) 122.41 ± 38.36 131,16 ± 35,81 A vs B; ns

Triglycerides 
(mg/dL)

212 ± 103.69 124 ± 48.66
A vs B;  

p = 0.001

Creatinine  
(mg/dL)

1.02 ± 0.19 0.88 ± 0.12
A vs B;  

p = 0.031

The results are shown as mean values ± standard deviation; ns – not 
statistically significant.

Table 3. ADMA and selected prothrombotic parameters  
in the groups of patients  

Parameters

Study groups

Significance 
of differences

type 2 
diabetic 
patients 

(group A)

controls 
(group B)

ADMA (µmol/L) 0.794 ± 0.050 0.532 ± 0.046
A vs B;  

p = 0.001

SDMA (µmol/L) 0.842 ± 0.103 0.443 ± 0.071
A vs B;  

p = 0.001

L-arginine 
(µmol/L)

70.620 ± 15.413 82.760 ± 24.901 A vs B; ns

vWF (%) 201.24 ± 87.28 148.06 ± 90.34
A vs B;  

p = 0.03

Fibrinogen (g/L) 3.62 ± 0.60 2.53 ± 0.43 A vs B; ns

The results are shown as mean values ± standard deviation; ns – not 
statistically significant.
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Table 4. Relationship between ADMA and laboratory parameters 

Study groups Type 2 diabetic patients (group A) Controls (group B)

N 22 22

Parameter ADMA (µmol/L) SDMA (µmol/L)
L-arginine 
(µmol/L)

ADMA (µmol/L) SDMA (µmol/L)
L-arginine 
(µmol/L)

Total cholesterol (mg/dL) -.151 .431 -.217 -.204 .266 .301

HDL (mg/dL) -.615* -.113 .088 -.102 .470 .144

LDL (mg/dL) .007 .476 -.091 -.394 -.105 .503

TG(mg/dL) -.490 .259 -.371 .106 .252 -.315

Glycaemia (mg/dL) -.147 .266 -.406 .155 -.232 .014

HbA1c (%) -.228 .021 -.175 .131 -.285 -.214

Creatinine (mg/dL) -.519 .582* -.144 .123 -.389 -.221

Leucocytes (thousand/µL) .154 -.252 .441 -.046 -.011 -.266

Uric acid (mg/dL) -.326 .411 -.365 .071 -.130 -.018

Albuminuria (g/dL) .126 .315 .133 .394 .357 0.000

The results are shown as mean values ± standard deviation; ns – not statistically significant.

Discussion

Asymmetric dimethylarginine (ADMA) is a naturally 
occurring amino acid in the human body. It is detected in 
blood serum and multiple organs, and is excreted in the 
urine. Methylarginines, which are similar to L-arginine, 
but differ in the presence of 1 or 2 methyl groups, are 
strong endogenous inhibitors of nitric oxide – a  strong 
vasodilator and anti-atherogenic factor. So far, it has not 
been established whether ADMA generation is constant 
or if the increased PRMT (protein methyltransferase) 
expression leads to a  significant increase in ADMA se-
rum levels. Also, it is not clear whether increased pro-
tein catabolism has any effects on ADMA serum levels.  
According to literature reports, the route of methylated 
arginine excretion is also responsible for the impairment 
of the excretory route, which is the main cause of in-
creased ADMA and SDMA levels in patients with chron-
ic renal impairment. It is estimated that humans gener-
ate approximately 300 µmol of ADMA per day, of which 
about 250 µmol is metabolized by DDAH (dimethylargi-
nine dimethylaminohydrolase), and 50 µmol is excreted 
in the urine.16

Traditional risk factors for atherosclerosis, which can 
lead to vascular endothelial damage, are based on con-
tinuous generation of nitric oxide (NO). ADMA, which 
blocks its formation, initiates and maintains atheroscle-
rotic development. Increased ADMA levels in diabetic 
patients indicate an ongoing atherosclerotic process.17 

Both macro- and microangiopathic complications have 
significant effects on the quality of life and functioning 
of patients, acting as a predictor of further life duration. 
Our study showed increased ADMA serum levels in type 
2 diabetic patients (0.794 vs 0.532, p = 0.001) compared 
to controls. Despite the fact that SDMA has no inhibi-
tory effects on nitric oxide synthase (NOS) and is almost 
fully excreted via the kidneys, its levels in the study group 
were significantly higher compared to healthy volunteers 
(0.842 vs 0.443, p = 0.001).

Abbasi and Lin also confirmed increased ADMA levels 
in patients with insulin resistance as well as in diabetic 
patients.6 Although the mechanism underlying the in-
crease in ADMA in diabetic patients is not fully under-
stood, it is assumed that glucose has inhibitory effects on 
DDAH activity. In the study by Achan, whose aim was 
to assess the physiological processes following ADMA 
administration in healthy volunteers (achieving a 3-fold 
increase in ADMA serum levels), reduced heart rate, de-
creased ejection fraction, increased peripheral resistance 
and elevated blood pressure were observed.18

In our study, a  significant relationship between HDL 
and ADMA may be observed in the analysis of cholester-
ol fractions relative to ADMA and its derivatives. This is 
a negative correlation of -0.615 (p = 0.05). No other corre-
lations related to these variables were found. Anti-athero-
genic functioning of HDL cholesterol involves antiphlo-
gistic, antioxidative, and vascular diastolic mechanisms 
and adjusting the function of vascular endothelium.  
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The results of the Treating to New Targets (TNT) study 
testify to the significant role of this fraction of lipids in in-
hibition of atherogenesis. The analysis of the data showed 
that despite the decrease of the LDL cholesterol concen-
tration below 70 mg/dL, there still exists a  high risk of 
cardio-vascular disease connected with the low concen-
tration of HDL cholesterol – the difference in the risk be-
tween persons from the lowest and the highest quintile 
of HDL cholesterol concentration, after controlling for 
sex, age, BMI, tobacco smoking, glucose, triglycerides, 
diabetes, myocardial infarction, and arterial hyperten-
sion, was 39%, independently from the treatment with 
statins.3,19 The quoted authors’ observations were con-
firmed by the present surveys. In both groups of analyzed 
patients, the concentration of HDL-fraction cholesterol 
was significantly lower in comparison with healthy per-
sons (p = 0.0083; p = 0.0087). The values of the standard 
triglyceride concentration in the blood serum were also 
higher in these patients (p = 0.001; p = 0.015).

Chan et al. demonstrated in their studies that LDL cho-
lesterol, by increasing the activity of type I protein meth-

yltransferase, enhances ADMA production, whereas by 
decreasing the activity of DDAH, it reduces its metabo-
lism.19 These mechanisms account for increased ADMA 
levels in patients with hypercholesterolemia.

Vascular endothelium, which plays a  significant role 
in the pathogenesis of vascular lesions in the course of 
diabetes, not only acts as a specific barrier, but, through 
multiple interactions at the molecular level, it primarily 
regulates homeostasis and normal blood flow, as well as 
proliferation of the endothelial cells of vascular walls; it 
also affects vascular wall permeability and the inflamma-
tory response via multiple mediators.20 Its damage results 
in the release of substances considered to be an indica-
tor of endothelial function, such as vWF, into the blood-
stream. It is responsible for proper adhesion of platelets 
to the subendothelium and protects factor VIII by form-
ing inactive complexes with this factor. Kotschy et al. ob-
served higher levels of vWF in a group of diabetic patients 
compared to controls (p < 0.000).21 There was no such re-
lationship for gender or age of the subjects. As in the case 
of concomitant proliferative retinopathy, hypertension or 

Table 5. The effects of physical training on ADMA parameters and prothrombotic factors  

Parameter Type 2 diabetic patients 
(group A) Controls (group B) significance of 

differences

N 22 22

ADMA (µmol/L)

before training 0.794 ± 0.050

0.532 ± 0.046 p = 0.01after training 0.763 ± 0.043

significance of differences Ns

sDMA (µmol/L)

before training 0.842 ± 0.103

0.443 ± 0.071 p = 0.01after training 0.733 ± 0.090

significance of differences p = 0.04

L-arginine (µmol/L)

before training 70.620 ± 15.413

82.760 ± 24.901 nsafter training 79.229 ± 12.830

significance of differences p = 0.05

vWF(%)

before training 201.24 ± 87.28

148.06 ± 90.34 nsafter training 163.06 ± 55.13

significance of differences p = 0.01

Fibrinogen (g/L)

before training 3.62 ± 0.60

2.53 ± 0.43 nsafter training 3.24 ± 0.72

significance of differences ns

The results are shown as mean values ± standard deviation; ns – not statistically significant.
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smoking tobacco had no significant effects on vWF levels 
in diabetic patients.

Our results confirmed the above-mentioned relation-
ships. The vWF values were higher in diabetic patients 
than in healthy volunteers (201.24 vs 148.06, p  =  0.03), 
and the differences were statistically significant, which 
may indicate vascular endothelial cell damage. Similar 
results were obtained by Fujiwara et al., who observed 
higher vWF levels in patients with type 2 diabetes addi-
tionally complicated by retinopathy.22

There are various metabolic changes during physical 
exercise, depending on training duration.23 At each train-
ing stage, there is an increase in the energy demand in the 
working muscles, the source of energy changes – initially 
glycogen is a source of energy, but after approximately 30 
min it is replaced by substrates from blood and free fatty 
acids. Long-term improvement in glycemic control in pa-
tients who exercise systematically is more likely to result 
from cumulative effects of the individual training ses-
sions than from overall improvement in the fitness level 
of the patient.23

Our results confirmed the reduction in vWF levels 
(201.24 vs 163.06%; p  =  0.01) due to physical training. 
The differences were statistically significant. Intensive, 
exhausting training causes hypercoagulation, especially 
in individuals who do not train regularly. This results 
from the overproduction of thrombin, increased aggre-
gation of platelets as well as increased activity of coagu-
lation factors, especially factor VIII and vWF. Increased 
fibrinolytic activity was also observed following physi-
cal exercise. However, these changes were reversible.  
At rest, these parameters returned to normal or even 
decreased. Considering the long-term physical exer-
cise, adaptive changes may reduce the risk of cardiovas-
cular events and thrombosis.24–26 Own studies did not 
prove, as programmed physical training influenced the 
results of ADMA in the essential way. The values of this 
parameter fell down from 0.794 imperceptibly ±  0.050 
vs 0.763  ±  0.043  µmol/L. Schlager et al. achieved dif-
ferent results in their study.27 Physical training lasting 
6  months reduced the ADMA level simultaneously en-
larging angiogenesis and improving the endothelial func-
tion. Teplan et al. reached similar results.28 They noticed 
the downgrade of ADMA from 3.50 ± 0.45 vs 2.11 ± 0.35 
µmol/L in patients after kidney transplant who exer-
cised regularly.28 Also, Mittermayer et al. confirmed the 
downgrade of this parameter after regular exercise.29 Our 
studies showed changes in SDMA and L-arginine levels, 
which occurred due to planned, physical training. SDMA 
decreased from 0.842 to 0.733 (p = 0.04) and the changes 
were significant both in the patient group and when com-
pared to controls. L-arginine level increased from 70.620 
to 79.229 (p = 0.05). Fibrinogen values slightly decreased 
and did not show statistical significance when the physical 
exercise group was compared to the healthy volunteers. 
Since it is impossible to compare the obtained results, fur-

ther exploration of the subject matter with a higher num-
ber of respondents as well as an analysis of other, also im-
portant, variables is necessary. It may be assumed, based 
on the changes in the levels of endothelial homeostatic 
processes, that the severity of inflammatory processes 
decreased, and the additional modification of the lipid 
process could only have beneficial effects on the human 
organism.30,31

Conclusions 

Increased concentration of ADMA and negative corre-
lation with the HDL rigor confirm relationship of disor-
ders in endothelial function with incorrect metabolism of 
lipids at patients with type 2 diabetes.

The decrease of vWF level in the consecution of regular 
physical training shows on his profitable influence on the 
functional condition 

We demonstrated decreased severity of thrombotic 
processes (vWF) resulting from regular physical activity, 
which had additional positive effects on the metabolic 
profile of the disease. 
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Abstract
Background. Pancreatolithiasis occurs in less than 1% of the general population and is mainly recognized 
in patients with chronic pancreatitis. Selection of the appropriate treatment method depends on the loca-
tion, size and number of stones.

Objectives. The aim of the study was to analyze data concerning patients with pancreatic duct stones 
who were hospitalized at Wroclaw Medical University’s Department of Gastroenterology and Hepatology 
from 2010 to 2014.

Material and methods. The study presents data on 16 patients with pancreatic duct stones, who con-
stituted 7% of all 228 patients with chronic pancreatitis hospitalized at the Department in the study period. 
The clinical data were compared with findings reported in the literature.

Results. Epigastric pain was the most common symptom reported by patients with pancreatolithiasis. 
The sensitivity of imaging tests in the diagnosis of pancreatic duct stones was as follows: abdominal ul-
trasonography – 31%, endoscopic retrograde cholangiopancreatography (ERCP) – 67%, computed tomo- 
graphy – 71%, endoscopic ultrasonography – 73%. In 6 patients ERCP and sphincterotomy were performed 
along with stenting of the main pancreatic duct. Three other subjects were qualified for surgical treatment. 
In 7 selected patients conservative treatment and further observation were applied.

Conclusions. Endoscopic ultrasonography is characterized by high sensitivity in the diagnosis of pancreatic 
duct stones. ERCP is the first-line treatment in the case of a small number of stones with sizes below 5 mm 
located in the head or body of the pancreas. In the case of stones with sizes ≥ 5 mm, extracorporeal shock 
wave lithotripsy should be performed before endoscopic drainage during ERCP. Stenosis of the main pan-
creatic duct is the key risk factor for the recurrence of pancreatolithiasis.

Key words: pancreatic duct stone, pancreatolithiasis, chronic pancreatitis, endoscopic retrograde cholan-
giopancreatography
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Results

Ultrasound examinations of the abdominal cavity con-
firmed pancreatic duct stones in only 5 patients out of 16 
suffering from the disease. In every patient with a strong 
suspicion of pancreatic duct stones, at least 2 imaging ex-
aminations were performed. EUS showed stones in 8 out 
of 11 patients. Computed tomography (CT) of abdominal 
cavity confirmed pancreatic duct stones in 5 out of 11 pa-
tients. The diameter of the stones revealed ranged from 
5 to 13 mm (Fig. 1 and 2). Data concerning sensitivity of 
the imaging tests, which were calculated as the ratio be-
tween true positive results and the sum of true positive and 
true negative results, are presented in Table 2.

Eight patients were qualified for ERCP; however, 2 of 
them refused to give their consent for the procedure, so 
it was performed on 6 patients. In 1 of these patients the 
pancreatic stones were removed during the first attempt. 
The rest of the patients required repetitions of the proce-
dure from 2 to 8 times due to difficulties in cannulation 
of the main pancreatic duct and stone evacuation, or re-
currences. Three patients underwent successful removal 
of stones (< 5 mm) from the pancreatic duct before stent-
ing (Fig. 3). No complications were reported during the 
post-procedural examinations. Seven patients were quali-
fied for conservative treatment and further observation, 
while in 3 subjects surgical treatment was recommended.  
The therapeutic approaches used are presented in Table 3.

Pancreatolithiasis manifests itself in the presence of 
stones in the pancreatic duct (called true stones) or cal-
cification spread throughout the pancreatic parenchyma 
(called false stones). Pancreatolithiasis occurs in less than 
1% of the general population. It is mainly recognized in pa-
tients with chronic pancreatitis, and in this group it occurs 
in 50-90% of the subjects.1 In the diagnostics of pancreatic 
duct stones, endoscopic ultrasonography (EUS) and mag-
netic resonance cholangiopancreatography (MRCP) have 
the highest levels of sensitivity.2 Endoscopic retrograde 
cholangiopancreatography (ERCP) along with endoscopic 
sphincterotomy (ES) followed by stone extraction, in some 
cases also combined with extracorporeal shock wave litho-
tripsy (ESWL), is the preferred treatment for pancreatic 
duct stones.3 The high rates of recurrence of pancreatoli-
thiasis constitute a severe problem. The proper qualifica-
tion of patients for surgical treatment is challenging.

The aim of this study was to analyze the data concern-
ing patients with pancreatic duct stones hospitalized in 
the Department of Gastroenterology and Hepatology of 
Wroclaw Medical University (Wrocław, Poland) from 
2010 to 2014, and to compare the clinical data to the find-
ings reported in the literature.

Material and methods

The article presents the data concerning 16 patients 
with pancreatic duct stones who were hospitalized in the 
Department of Gastroenterology and Hepatology of Wro-
claw Medical University from 2010 to 2014. The study 
was conducted according to the Declaration of Helsinki 
and informed consent from each patient was obtained be-
fore performing any procedure.

The study group comprised 7% of the total of 228 pa-
tients with chronic pancreatitis hospitalized at the Depart-
ment during the study period. Among the patients there 
were 9 women and 7 men ranging in age from 30 to 77 
years (mean age: 54 years). The subjects’ body mass index 
(BMI) varied from 12 to 29 kg/m2 (mean BMI: 22.4 kg/m2). 
Alcohol-related chronic pancreatitis was confirmed in  
6 patients (37%) based on the clinical history.

Genetic tests were performed in 2 young patients to de-
tect hereditary chronic pancreatitis, since that disease was 
present in their families. In 50% of the patients (8 subjects), 
idiopathic chronic pancreatitis was diagnosed. Half of all 
the patients were diagnosed with cholecystolithiasis, 2 of 
them suffered from concomitant choledocholithiasis. Pan-
creatic cysts in the course of chronic pancreatitis were di-
agnosed in 5 patients; in 3 of these cases the cysts were lo-
cated in the head of the pancreas, whereas in 2 they were on 
the border between the head and the body of the pancreas. 
Diabetes was present in 6 patients (37%). Pancreatic cancer 
was not diagnosed in any of the 16 patients. Epigastric pain 
was the most common symptom, reported by 14 patients 
(87%). Half of these subjects reported pain radiating to the 

left scapula, which became more severe after ingestion of 
high-fat food. Other symptoms included frequent nausea, 
observed in 5 patients (31%), vomiting in 3 patients (18%), 
steatorrhea in 4 patients (25%) and jaundice in 2 patients 
(12%). Diabetic polyneuropathy was diagnosed in 1 patient 
(6%). Abnormalities in the patients’ laboratory test results 
are presented in Table 1.

Table 1. Abnormal laboratory test results in patients with  
pancreatic duct stones  

Laboratory tests Number of patients 
(out of 16 total)

Percentage of 
patients (%)

↓ Hemoglobin 8 50

↑ Serum lipase and 
amylase

8 50

↑ ESR, CRP 3 19

↑ Urinary amylase 2 12

↑ GGTP, alkaline 
phosphatase

2 12

↑ Bilirubin 2 12

↑ Ca 19-9 2 12

ESR – erythrocyte sedimentation rate; CRP – C reactive protein; 
GGTP – gamma-glutamyl transpeptidase.
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Table 2. Sensitivity of imaging tests in patients with  
pancreatic duct stones

Type of imaging tests

Number of patients 
with confirmed 

pancreatolithiasis/ 
number of patients 

in whom the test was 
performed

Test 
sensitivity 

(%)

Abdominal 
ultrasonography (USG)

5/16 31

Endoscopic 
ultrasonography (EUS)

8/11 73

Computed tomography 
(CT)

5/7 71

Endoscopic retrograde 
cholangiopancreatography 
(ERCP)

4/6 67

Table 3. Therapeutic approaches used in patients with  
pancreatic duct stones

Therapeutic approach
Number of 

patients out of 16 
total

ERCP with sphincterotomy + pancreatic duct 
stenting

3

ERCP with sphincterotomy + endoscopic 
drainage + pancreatic duct stenting

3

Surgical treatment 3

Conservative treatment and observation 7

Fig. 1. Endoscopic retrograde cholangiopancreatography image of 
chronic pancreatitis. Dilatation of the main pancreatic duct and its 
secondary branches. Stone shadows are visible in the proximal part  
of the pancreatic duct

Fig. 2. Main pancreatic duct dilatation in its proximal part projecting onto 
the common bile duct. There are stones visible in the pancreatic duct and 
stenosis of the main pancreatic duct between the body and tail of the 
pancreas with prestenotic dilatation in the tail

Fig. 3. Endoscopic image of pancreatic duct stones. The calculi  
removed from the main pancreatic duct are visible close to  
the major duodenal papilla

Discussion

The pathogenesis of pancreatic  
duct stones

The main pathogenetic factors in chronic pancreatitis 
and coexisting pancreatolithiasis include alcohol, gall-
stone disease and genetic preconditions. According to the 
"necrosis–fibrosis theory", inflammation and tissue ne-
crosis cause the formation of scars around the pancreatic 
ducts, followed by stenosis and obstruction of the ducts, 
resulting in a slowdown of pancreatic juice flow and stone 
formation. Another key factor in the pathogenesis is lito-
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statin deficiency, resulting in calcium carbonate precipi-
tation and increased protein deposition. It is notewor-
thy that alcohol causes a  reduction in litostatin levels.4  
Hypercalcemia, e.g. in the course of primary hyperpara-
thyroidism, also favors the production of protein deposits.3 
Genetic predispositions for pancreatolithiasis, leading to 
an imbalance between proteases and their inhibitors, in-
clude mutation of serine protease genes (SPINK1), PPSS1 
and CFTR genes, as well as a deficiency of alfa-1 prote-
ase inhibitor. It has been also suggested that glycoprotein 
GP-2 plays a role in the pathogenesis of pancreatic stone 
formation.5

Diagnosis

Epigastric pain radiating to the left scapula and to the 
back is the main symptom of pancreatolithiasis. The pain 
usually exacerbates after ingestion of high-fat food and 
may be accompanied by nausea and vomiting. Mechani-
cal jaundice can also be observed; it was present in 2 pa-
tients in the present study (12%). Abdominal ultrasound 
may reveal dilatation of the pancreatic duct with the pres-
ence of stones. Due to its availability, low cost, reproduc-
ibility and noninvasive character, abdominal ultrasound 
is the first-line diagnostic approach in pancreatolithia-
sis.2 However, the sensitivity of classic ultrasonography is 
much lower than EUS, MRCP or CT.2,6

Calcifications of the pancreas may be also visible in 
a plain abdominal radiogram in as many as 30% of pa-
tients with chronic pancreatitis.7 ERCP is both a diagnos-
tic and a  therapeutic procedure, allowing to determine 
the location, size and number of pancreatic stones and 
to distinguish true stones from false ones.8,9 MRCP is 
a  noninvasive, purely diagnostic method. Boduła et  al. 
evaluated the sensitivity and specificity of MRCP in 
the diagnostics of pancreatobiliary diseases as 100% 
and 62.5%, respectively.10 Intraductal ultrasonography 
(IDUS), which provides an image of structures present in 
pancreatic ducts, is available in very few centers.11 Furu-
kawa et al. conducted a comparative study that rated the 
sensitivity and specificity of various imaging tests as fol-
lows: CT – 64.3% sensitivity and 66.7% specificity; EUS – 
92.9% and 58.3%, respectively; ERCP – 85.7% and 66.7%, 
respectively; and IDUS – 100% and 91.7%, respectively.12

Treatment

Selection of the appropriate treatment method for pan-
creatolithiasis depends on the location, size and number 
of stones. The European Society of Gastrointestinal En-
doscopy recommends ERCP as the first-line treatment in 
cases of small numbers of stones with a diameter below 
5 mm located in the proximal part and the body of the 
pancreas. When the diameter of the stones is ≥ 5 mm and 
they block the main pancreatic duct, performing extra-
corporeal shock wave lithotripsy (ESWL) before ERCP 

is recommended.13 Kondo et al. showed that pancreatic 
duct stenting before ESWL decreased the total amount 
of shock waves required to fragment the stones and 
shortened the duration of the therapy.14 In cases where 
these methods fail, patients may be qualified for surgery.  
The Partington-Rochelle modification of the Puestow 
procedure, which includes lateral pancreaticojejunosto-
my, is the most typical surgical technique.15,16

The recurrence rate of pancreatolithiasis is much higher 
in patients with main pancreatic duct stenosis than in pa-
tients without stenosis (50 vs 13%).17 In another study with 
ERCP combined with ESWL, recurrence was observed in 
22% of the patients.18 Post-procedural pain occurs less fre-
quently after surgery than after endoscopic treatment.19–21

Conclusions

In the present study, pancreatic duct stones were ob-
served in 7% of the patients with chronic pancreatitis. 
Endoscopic ultrasonography has high sensitivity in de-
tecting pancreatic duct stones. The main method of 
treatment is ERCP along with sphincterotomy and stone 
removal, sometimes preceded by ESWL. In more difficult 
cases surgical treatment is required.
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Abstract
Background. Patellar fractures account for approximately 1% of all fractures. Due to the patella’s impor-
tance as regards the extensor mechanism, effort should be made to preserve the patella. Several operative 
treatment methods have been introduced for patella fractures.

Objectives. This study aims to compare the clinical effect of a titanium cable tension band and nickel-
titanium (NiTi) patella concentrator (NT-PC) in treating patella fractures.

Material and methods. Thirty-nine patients with patella fractures were enrolled in this retrospective 
study. All the patients were treated via the open reduction internal fixation procedure using a titanium cable 
tension band or NT-PC. All the patients were followed up over an average period of 13 months. The main 
outcome measures were operation time, time of fracture union, postoperative complications, and Böstman 
knee scores. Statistical analyses were conducted between the 2 groups.

Results. All the patients were operated on successfully. The operation time of the NT-PC treatment group 
was less than that of the titanium cable tension band treatment group (p < 0.05). The mean scores at the fi-
nal follow-up were 28.2 and 27.6 points in the titanium cable tension band and NT-PC groups, respectively. 
No significant difference was observed between the excellent and good results (p > 0.05).

Conclusions. Both titanium cable tension band and NT-PC showed good efficacy for the treatment of 
patellar fractures. NT-PC fixation, a new option for the treatment of patella fractures, is a simple and effec-
tive fixation method.

Key words: patellar fracture, clinical grading scale of Böstman, patella concentrator

DOI
10.17219/acem/ 62692

Copyright
Copyright by Author(s) 
This is an article distributed under the terms of the  
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Original papers

Comparison of titanium cable tension band and nickel-titanium 
patella concentrator for patella fractures
Quan-Ming ZhaoA, B, D, F, Xiao-Feng Gu A, Li ChengB, De-Hong Feng C

Department of Orthopedic Surgery, Wuxi People’s Hospital, Nanjing Medical University, Wuxi City, China

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;  
D – writing the article; E – critical revision of the article; F – final approval of article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2017;26(4):615–619



Q. Zhao, et al. NiTi patella concentrator616

The patella is the largest sesamoid bone of the human 
skeleton system. It serves as a  fulcrum for the extensor 
mechanism between the quadriceps tendon and patellar 
tendon, and provides the mechanical advantage and le-
verage that increase the force of knee extension.1,2 Patel-
lar fractures account for approximately 1% of all the frac-
tures, and males are affected twice as often as females.3 
The injury mechanism may be either direct or indirect, 
and direct trauma is the most common. Additionally, 
patella fractures can also occur as complications after 
a total knee replacement surgery or patellar tendon graft 
transplantation.4,5

Because of the patella’s importance in the extensor 
mechanism, efforts are made to restore the patella to its 
proper position in case of a fracture. The goal of the ther-
apy is the anatomical reduction of both the fracture and 
articular surface of the patella in addition to the stable 
fixation of the fracture, facilitating the early rehabilita-
tion of the knee. Surgical treatment becomes necessary 
when the fracture displacement exceeds 3 mm or the 
articular incongruity exceeds 2 mm. Several operative 
treatment methods have been introduced for comminut-
ed fractures, including lag screws, Kirschner wires, ten-
sion band fixation with wires or nonabsorbable sutures 
with or without screws, and cerclage wiring or a  com-
bination of the above.6,7 Although metal implants have 
generally been used for this method of fixation, numer-
ous complications including postoperative pain, K-wire 
migration, and other complications related to their use 
are fairly common; therefore, a revision surgery is neces-
sary to remove the implants.8 Moreover, far more serious 
complications such as intra-articular migration of a bro-
ken wire have also been reported. 

Titanium cable is a  new metal implant with superior 
strength and fatigue resistance; it has replaced wires in 
upper cervical fusion, arthroplasty, and periprosthetic 
fractures because of its excellent mechanical properties. 
Recently, a titanium cable tension band has been devel-
oped to treat patellar fracture with satisfactory results. 
The characteristics of a titanium cable allow it to fix pa-
tellar fractures more firmly without any loosening com-
pared to stainless steel wires. The tensile strength and 
fatigue resistance of a braided titanium cable are 3–6 and 
9–48 times more than a traditional stainless steel mono-
filament wire with a comparable diameter, respectively. 
When the same force was applied to a stainless steel wire 
and titanium cable for 24 h, a crack appeared in the stain-
less steel wire, but not in the titanium cable. Therefore, 
titanium cable tension band can overcome the disadvan-
tages of common mental implants such as stainless steel 
wires, K-wires, and screws.9,10 

A  nickel-titanium (NiTi) patella concentrator (NT-PC) 
has been designed for the initial and continuous compres-
sion of patellar fractures.11 NT-PC consists of 2 basis pa-
tellae claws, 3 apex patella claws, and a conjunctive waist. 
NT-PC is constructed using nitinol plates of different 

sizes that have undergone different heat treatments. The 
final product exhibits a one-way shape memory effect at 
a phase transformation temperature and reversible defor-
mation. During the implantation, the NT-PC is unfolded 
in aqua astricta.12 The patella concentrator can be easily 
placed onto a  fractured patella. After the operation, the 
concentrator is warmed and recovers its original shape 
with a compressive force that fixes the concentrator tightly 
onto the patella until the fracture is healed.13 NT-PC is 
manufactured according to the anatomical and mechani-
cal characteristics of the patella, which holds the pressure 
on both the ends of the fracture through the formation of 
a strong and steady fixation.14 According to these charac-
teristics, NT-PC has many advantages including initiative, 
persistence, multidirectional and centripetal compressive 
force. NT-PC provides a new method for the treatment of 
patellar fracture. In this study, we analyzed and compared 
the clinical effect of titanium cable tension band and NT-
PC. The aim of this study was to evaluate the efficacy of 
NT-PC in the treatment of patellar fracture.

Material and methods

Patients

Sixteen male and 23 female patients with displaced 
transverse or comminuted patella fractures (36 closed 
and 3 open) were screened in this retrospective study. 
Their ages ranged from 21 to 65 years (mean 45.6 years). 
All the patients had unilateral patellar fracture caused 
by direct or indirect violence. Patients were allocated to 
2 groups: the titanium cable tension band group (21 pa-
tients) and the NT-PC group (18 patients) between Au-
gust 2011 and June 2014. There was no significant dif-
ference in gender, mechanism of the injury or fracture 
classification between the two groups. All the patients 
were followed up over an average period of 13  months 
(range, 6–18 months) after the surgery. Anteroposterior 
and lateral radiographs were obtained at 3 days, 4 weeks, 
8 weeks, and 12 weeks after the surgery, followed by half-
yearly follow-ups. The roentgenographic results were 
independently assessed by radiologists who were not 
involved in the study. Postoperative complications such 
as infection, loosening, or breakage of the implants were 
recorded. The function of the knee was evaluated using 
Böstman knee scores. 

Surgical method

All surgical procedures were carried out by or under 
the supervision of experienced senior surgeons. The 
patients of the titanium cable tension band group were 
operated on in a  supine position. After the preparation 
and intravenous administration of chemoprophylaxis, 
a  thigh tourniquet was inflated. The fracture was ex-
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posed through midline longitudinal incision. When the 
retinaculum was disrupted, the reduction maneuver in-
volved passing a temporary suture around the patella to 
stitch the fragments together. Then, the articular surface 
was palpated, and the reduction was adjusted accordingly 
through arthrotomy. The final reduction was checked us-
ing an image intensifier. A cable was passed circumfer-
entially around the patella forming an “O,” and the other 
titanium cable strengthened the fixation with an “8” form 
in prepatellar. The cables were tensioned to 30 lbs. The 
articular surface was checked again using palpation and 
image intensifier, and the knee was flexed to 90° to con-
firm that the fragments do not separate more than 1 mm 
before crimps were applied and the excess cables were 
cut. The soft-tissue envelope on the patella was then re-
paired with a suture, and the wound was closed in layers.

To the NT-PC group, similar to the titanium cable ten-
sion band group, a longitudinal midline skin incision was 
made over the patella to reach the fracture site, and the 
hematoma was drained. Care was taken to avoid damage 
to the vessels of the genicular arteries, followed by an en-
bloc preparation of the fasciocutaneous layers under the 
bursa prepatellaris. Under direct vision, an anatomical 
reconstruction was performed using one or several bone 
reduction forceps; the smaller fracture fragments were 
reduced by the suture of the fasciocutaneous layers with 
an absorbable surgical suture. Thus, a complex fracture 
pattern was simplified. An appropriately sized NT-PC 
was selected and soaked in 0°C–4°C ice salt water. Small 
longitudinal incisions were made at the upper and lower 
ligaments of the patella. The open branch and waist of 
the NT-PC was split with the opening tongs prior to in-
sertion into the upper and lower borders of the patella. 
Heat (45°C) was applied to the NT-PC through a saline 
gauze to restore the original shape and close around the 
patella tightly. The anatomical reduction of the articular 
surface was checked by X-ray and digital palpation of the 
patellofemoral joint inside the knee. Finally, the quality 
of the reduction was rechecked, and the knee was gently 
flexed to assess the stability of the fixation. The soft-tis-
sue envelope on the patella was then repaired by suturing, 
and the wound was closed in layers. 

Postoperative management

Both active and passive knee motion exercises began 
1 day after the surgery. On postoperative day 1, isomet-
ric exercises involving the quadriceps were initiated.  
On postoperative day 2, partial or full weight-bearing ex-
ercises were started under the protection of a hinge brace. 
On postoperative day 3, walking exercises were performed 
using crutches. One month after the surgery, normal dai-
ly activities for the participants were permitted. Three 
months after the surgery, modest sports activities were 
permitted. X-ray examination was performed through 
outpatient recheck to observe the fracture healing.

Results

The mean operation times were 68 min (range, 52– 
–76 min) in the titanium cable tension band group and 
56 min (range, 50–68 min) in the NT-PC group. A sta-
tistical difference was observed between the 2 groups 
(p  <  0.05). The mean times between the operation and 
union were 60 days (range, 53–72 day) in the titanium ca-
ble tension band group and 63 days (range, 51–78 day) in 
the NT-PC group. No statistical difference was observed 
in bone union between the 2 groups (p > 0.05). No post-
operative complications such as infection, dislocation, or 
breakage of the implants were observed through the final 
follow-up examination in the 2 groups (Fig. 1 and 2). 

According to the method of Böstman et al., satisfac-
tory results were obtained for the recovery of the knee 
function. The mean score at the final follow-up was 28.2 
points (range 25–30 points) in the titanium cable ten-
sion band group. Nineteen patients (90.5%) had an excel-
lent result, 2 patients (9.5%) had a  good result, and no 
patients had an unsatisfactory result. The mean score at 
the final follow-up was 27.6 points (range 25–30 points) 
in the NT-PC group.15 Fifteen patients (83.3%) had an ex-
cellent result, 3 patients (16.7%) had a good result, and 
no patients had an unsatisfactory result. No significant 
difference was observed in the excellent and good results 
(p > 0.05) (Table 1).

Discussion

In this study, 2 different methods used for the internal 
fixation of patella fractures were compared. The clinical 
effects of 2 established methods, titanium cable tension 
band and NT-PC fixation, were analyzed. No significant 
difference in the functional results was observed between 
the 2 methods. For the titanium cable tension band fixa-
tion, the functional results were excellent (81%) and good 
(19%). For the NT-PC fixation, the functional results were 
excellent (81%) and good (19%). This indicates a similar 
clinical effect of titanium cable tension band and NT-PC 
in treating patella fractures.

The tension band technique is most often used for pa-
tella fractures with satisfactory results.16 However, con-
ventional metal implants such as stainless steel wires, 
K-wires, and screws cause numerous complications in-
cluding postoperative pain, K-wire migration, and other 
complications. A revision surgery is necessary to remove 
the implants. Besides, although a stainless steel wire has 
a certain elasticity, it does not close the patella surface. 
Moreover, a stainless steel wire is tightened by hand, and 
it is not easy to control the degree of tightness. A stain-
less steel wire may cut the patella surface if it is too tight; 
thus it is not appropriate for patients with osteoporosis. 
On the other hand, a stainless steel wire does not act as 
a tension band if it is too loose. 
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a)

d)

b)

e)

c)

f)

Table 1. Details of the clinical grading scale of Böstman et al.

Range of movement (ROM)
full extension and the ROM > 120° or 
within 10° of the normal side 
full extension, movement 90° to 120°

6
3

Pain 
none or minimal on exertion
moderate on exertion
in daily activity

6
3
0

Work
original job
different job
cannot work

4
2
0

Atrophy, difference of circumference of 
thigh 10 cm proximal to the patella

< 12 mm
2–25 mm
> 25 mm

 

4
2
0

Assistance in working
none 
can part of the time
can all the time

4
2
0

Effusion
none
reported to be present
present

2
1
0

Giving way
none
sometimes
in daily life

2
1
0

Stair-climbing
normal
disturbing
disabling

2
1
0

Total score
excellent
good
unsatisfactory

30 to 28
27 to 20

< 20

Fig. 1. X-ray images of NT-PC treatment of patellar fracture. A 56-year-old 
male patient injured in a traffic accident

a) and b): presurgery; c) and d): four-weeks postsurgery; e) and f):  
twelve-weeks postsurgery.

Fig. 2. X-ray images of titanium cable tension band treatment of patellar 
fracture. A 68-year-old male patient injured by falling down

a) and b): presurgery; c) and d): four-weeks postsurgery; e) and f):  
twelve-weeks postsurgery.

Titanium cable tension band is the ideal method of 
treatment for a patella fracture, and it fully utilizes the 
advantages of a K-wire tension band. More importantly, 
a titanium cable has many advantages. First, it has a small 
size, good biocompatibility, nontoxic side effects; the his-
tocompatibility of titanium is good enough to minimize 
the scar tissue caused by internal implants. Second, a ti-
tanium cable is produced from titanium metal, and its 
tensile strength, fatigue resistance, and wear resistance 
are better than that of a stainless steel wire. Moreover, the 
strength of a titanium cable is similar to that of a corti-
cal bone. When tightened, a titanium cable can be closely 
attached to the bone and does not break. Additionally, 
special equipment is used to tighten a titanium cable ten-
sion band. An operator can control the degree of tight-
ness to the maximum extent; this is especially important 
for osteoporotic patients.17,18 Because of these advantages 
of a titanium cable, patellar fractures can be fixed more 
firmly without causing loosening, thus facilitating the 
early functional exercise of the knee joint.

Similarly, NT-PC fixation provides an efficient method 
for the treatment of patellar fractures, especially for the 
comminuted fracture of patella. The shape is similar to 
a  starfish with a  total of 5 claws radiated, and the out-
line approaches the physiological radian of the patella. 
Because NT-PC has mechanical and anatomical charac-
teristics, it has a dual function of reduction and fixation. 
Additionally, NT-PC provides a multidirectional, concen-
tric, and continuous force to encircle the heart to press 

a)

d)

b)

e)

c)

f)
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the broken ends of the fracture automatically, thus pro-
viding sufficient fracture stability. Further, the anatomy 
of the articular surface of the patellofemoral can further 
restore the knee joint activities according to the princi-
ples of the tension band of patella claws. 

Particularly, NT-PC has a  shape memory function, 
producing memory and resilience when the temperature 
changes from low to high. In the process, NT-PC applies 
force from different directions to the center of the patella, 
thus firmly fixing the fracture and resisting the stress of 4 
quadriceps. Moreover, it is unnecessary to drill and wedge 
other auxiliary internal fixation during the reduction.  
The operation is simple, and the operation time is short. 
The operator only needs to arrange the claws precon-
toured in advance around the patellar fracture, fixing it 
firmly; therefore, no further damage is done to the blood 
supply of the patella, contributing to fracture healing.

However, nickel ions released from alloys are potent 
allergens or haptens that can trigger skin inflammation.  
The clinical symptoms of nickel allergy include rashes, 
swelling, pain and etc. They penetrate the skin and ac-
tivate epithelial cells that produce various cytokines or 
chemokines.19 So NT-PC has the danger of nickel allergy 
potentially.

This is the first study to compare the curative effects 
of 2 types of internal fixation for treating patella fracture, 
not reported earlier. This study is limited by a small num-
ber of patients. Further studies should be conducted in 
the future.

In conclusion, the 2 different fixation methods for the 
treatment of patellar fractures, titanium cable tension 
band and NT-PC, showed good results. NT-PC fixation, 
a  new option for the treatment of patellar fractures, is 
a reliable method.
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Abstract 
Background. Anemia is a disease that is long and often repetitive and can result in a great burden to the 
national economy. The most frequent nutritional deficiency anemias in children are related with iron and 
vitamin B12 deficiencies.  

Objectives. The aim of this study was to determine the oxidative stress, hepcidin, and nesfatin-I levels 
in childhood iron and vitamin B12 deficiency anemias.  

Material and methods. The study had 3 groups of 15 children, iron anemia deficiency group, vitamin 
B12 deficiency group and a control group.  

Results. The TBARS and nesfatin-I levels were significantly higher in the iron and vitamin B12 deficiency 
groups and the total antioxidant levels were significantly lower when compared to the control group.  
In contrast, the plasma hepcidin levels were significantly lower in the iron deficiency group (p < 0.01) 
when compared to the control group; however, no significant differences were observed in the vitamin B12 
deficiency group. Plasma homocysteine levels were significantly higher in the vitamin B12 deficiency group 
when compared to the control group (p < 0.001), but no differences were determined between the iron 
deficiency and control groups.  

Conclusions. Our results showed that there are high levels of oxidative stress in childhood iron and vitamin 
B12 deficiency anemias, and we propose that plasma hepcidin and homocycteine levels may be useful 
in the differential diagnosis of childhood nutritional deficiency anemias. Nesfatin-1 hormone levels were 
identified for the first time in childhood iron deficiency and vitamin B12 deficiency anemias within this 
study and this hormone may also be useful in the differential diagnosis of anemias.  

Key words: oxidative stress, hepcidin, nesfatin-I, childhood anemia
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Nutritional anemia is the most common blood related 
disorder in the world due to the inadequate intake of nu-
trients such us iron, folic acid and vitamin B12. Accord-
ing to the World Health Organization (WHO), 1/4 of the 
world’s population has iron deficiency anemia.1 Iron, be-
cause of its ability to exchange electrons, plays an impor-
tant role in oxygen transport, energy production, deok-
siribonucleic acid (DNA), ribonucleic acid (RNA) and 
protein synthesis, which is why in iron deficiency anemia, 
hypochromic, microcytic anemia occurs.2 Although iron 
deficiency anemia is observed in all age groups, it is more 
prevalent in the 6–24 months age group and in adoles-
cence it is recognized as the most common cause of ane-
mia.3 It is diagnosed by measuring hemoglobin levels, in 
which a concentration less than 14 g/dL in males and 12 
g/dL in females is considered diagnostic.4

Vitamin B12 is a  water soluble vitamin synthesized 
mainly by microorganisms and its deficiency develops 
mainly due to inadequate intake of animal protein lead-
ing to megaloblastic anemia.5 The most important func-
tion of vitamin B12 is in the construction of DNA which 
is essential for the division and proliferation of cells and 
also for erythropoiesis. The physiological range of serum 
vitamin B12 is 200–900 pg/mL and levels below these 
display vitamin B12 deficiency symptoms.6

Hepcidin is a recently discovered hormone which is syn-
thesized in the liver and is an antimicrobial protein dis-
playing antibacterial and antifungal properties and main-
tains iron balance in the microorganism thus regulating 
its metabolism. When iron stores are adequate hepicidin 
production is increased in the liver and erythropoietic 
signals lead to the reduction in its synthesis. Hence, it can 
regulate the way iron is transported from enterocytes to 
the plasma in the small intestine. During anemia, a con-
dition in which hypoxia and iron stores are low, hepcidin 
production is reduced; furthermore, hepcidin creates an 
important link between the body’s defense, inflammation, 
and iron metabolism.7,8 A previous study has shown that 
during infection and inflammation, hepcidin synthesis is 
significantly increased due to stimulation by IL-6.9

Nesfatin-1 is a satiety molecule that was first described 
in 2006. It is present in the hypothalamus and consists of 
82 amino acids.10 It is found not only in the brain tissue but 
also in peripheral tissues such as the adipose tissue, stom-
ach, pancreatic islets, liver, and the testis. Redundancy of 
nesfatin-1 causes loss of appetite and a decrease in body 
weight, In addition to this anorexigenic effect, it also pro-
motes cardiac function, reduces the blood glucose level, 
and induces fear and anxiety-like behaviors; hence, it is 
a multifunctional peptide with anorectic effects.10

The increase in the amount of oxidative stress reactive 
oxygen species (ROS) is a condition characterized by a dis-
order of the antioxidant mechanisms.11 Free oxygen radi-
cals are being deactivated by the antioxidant system in the 
organism and a balance between oxidative stress and anti-
oxidant systems is maintained; if this balance is disturbed, 

tissue damage may occur. Toxicity that is generated by free 
oxygen radicals increases in the presence of transition met-
als such as iron or copper.12 It has been demonstrated that 
people who are iron deficient have abnormalities, in eryth-
rocytes, and in protective mechanisms against oxidative 
damage. On the other hand, an increase in iron deposition 
creates hydroxyl radicals with Fenton and Haber-Weiss re-
actions, leading to DNA damage and cytotoxicity.13

The possible impact of oxidative damage due to iron 
and vitamin B12 deficiency in children and the resulting 
damage to the children’s physical and mental develop-
ment has not yet been fully clarified. The determination 
of oxidative damage due to childhood anemias can pos-
sibly make a significant contribution to the diagnosis and 
treatment of this disease. 

For this reason, this study was conducted in order to 
determine the oxidative stress levels, hepcidin, and nes-
fatin-I hormone levels in childhood iron and vitamin B12 
deficiency anemias. For the determination of oxidative 
stress, thiobarbituric acid derivatives (TBARS), and total 
antioxidant capacity (TAC) levels were determined. 

Material and methods

This study was approved by the Ethics Committee from 
Bülent Ecevit University School of Medicine and was con-
ducted on a  group of children aged 4–9 years (average 
mean age 6.1 ± 1.4 years) that came to the Çankırı State 
Hospital Pediatric Outpatient Clinic between September 
2011 and May 2012. Fifteen children were assigned to each 
of the 3 groups, iron deficiency anemia, vitamin B12 defi-
ciency anemia, and an apparently healthy group (control 
group). The exclusion criteria included children suffer-
ing from inflammatory diseases, children with a  known 
chronic disease and who had taken antibiotics in the last 
4 weeks. Iron deficiency anemia group was composed of 
children who had hemoglobin (Hb) level of < 11.5 g/dL, 
serum iron < 30 mg/dL and ferritin < 15 ng/mL and, vita-
min B12 deficiency group had Hb level of < 11.5 g/dL, and 
vitamin B12 levels of < 200 pg/dL. 

Three mL of venous blood was taken from the children 
and placed in tubes containing anticoagulant and the 
plasma was separated for biochemical analysis. In order 
to inhibit fragmentizing of nesfatin-1 hormone by serine 
protease 2 mg/mL 4-[2-aminoethyl benzene] sulfonyl flu-
oride (AEBSF) was added to anticoagulant tubes. Plasma 
samples were placed into the eppendorf tube and stored 
at -80°C, until analyses.

Laboratory methods

Plasma iron, ferritin, hemoglobin and vitamin B12 lev-
els were performed on an automated analyzer (Roche, DP 
Moduler System, Tokyo, Japan) using commercial test 
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kits. For the quantitative measurement of TBARS, Oxise-
lect™ TBARS Assay Kit (Cell Biolabs, USA) were used. 
The Oxiselect™ TBARS Assay Kit is a tool for the direct 
quantitative measurement of malondialdehyde (MDA) in 
biological samples. Plasma TAC levels were measured by 
using Rel Assay Diagnostics kit (Mega Tıp, Turkey). This 
method was based on bleaching the distinct color of the 
2.2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 
radical cation via the effects of the antioxidants.

Plasma homocysteine levels were determined using 
Axis (IBL, Germany) homocysteine enzyme-immunoas-
say kit. Hepcidin (DRG International Inc., USA) and Nes-
fatin-I hormone levels were measured by enzyme linked 
immunosorbent assay (ELISA) using a  commercially 
available kit (Phoenix Pharmaceuticals Inc., USA). The 
procedures for determining the hormone levels were per-
formed as recommended in the relevant catalogues, using 
micropleyt reader (μQuant Elisa reader, Bio-Tek, USA). 

Statistical analysis

The data obtained in this study was evaluated us-
ing a  statistical computer package (SPSS 13 for Win-
dows standard version). Data averages were expressed as  
± standard error. The normality tests of the data was sub-
jected to statistical differences between groups, by a one-

way analysis of variance (ANOVA), and the Duncan test 
as a post-test was applied.

Results

Serum iron (Fe), hemoglobin (Hb), ferritin and B12 val-
ues of the iron deficiency group, vitamin B12 deficiency 
group and control are presented in Table 1. In the study, 
while iron, hemoglobin, and ferritin levels were signifi-
cantly lower (p < 0.001) in the iron deficiency group, in 
vitamin B12 deficiency group hemoglobin and vitamin 
B12 levels were significantly lower when compared to the 
control group (p < 0.01, p < 0.001) respectively. 

The TBARS and nesfatin-I  levels were significantly 
higher in the iron and vitamin B12 deficiency groups and 
the total antioxidant levels were significantly lower when 
compared to the control group (p < 0.001, p < 0.01) re-
spectively. 

In contrast, the serum hepcidin levels were significant-
ly lower in the iron deficiency group (p < 0.01) compared 
to the control; however, no significant differences were 
observed when vitamin B12 deficiency group was com-
pared to the control group. Serum homocysteine levels 
were significantly higher in the vitamin B12 deficiency 
group when compared to the control group (p < 0.001), 
but no differences were apparent between the iron defi-

Table 1. Iron and vitamin B12 status parameters in anemia and control groups

Parameters Control group Iron deficiency anemia Vitamin B12 deficiency anemia

Fe (µg/dL) 55.1 ± 20.5 26.2 ± 17.3* 60.8 ± 23.9

Hb (g/dL) 13.8 ± 3.4 7.9 ± 4.2* 10.1 ± 2.7

Ferritin (ng/mL) 34.7 ± 12.3 11.3 ± 4.7* 35.9 ± 15.4

Vitamin B12 (pg/dL) 281 ± 101 265 ± 94 148.1 ± 87*

*signs indicate statistical differences among the groups (p < 0.05). Fe; iron, Hb; hemoglobin.

Table 2. Oxidative stress, hepcidin, and nesfatin-I status  in anemia and control groups

Parameters Control group Iron deficiency anemia Vitamin B12 deficiency anemia

TBARS (nmol/L) 2.01 ± 0.6 2.97 ± 0.5* 3.14 ± 0.8*

TAC (mmol/L) 1.35 ± 0.4 0.76 ± 0.2* 0.84 ± 0.3*

Homocycteine (μmol/L) 10.3 ± 6.2 11.7 ± 5.6 33.1 ± 9.7*

Hepcidin (ng/mL) 206.2 ± 41 163.7 ± 64* 218.5 ± 43

Nesfatin-I (ng/mL) 1.81 ± 1.0 3.63 ± 1.5* 3.51 ± 1.3*

*signs indicate statistical differences among the groups (p < 0.05). TBARS – thiobarbituric acid derivatives; TAC – total antioxidant capacity.
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ciency group and the control group. TBARS, TAC, hepci-
din, nesfatin-I and homocysteine levels of children who 
have childhood iron deficiency anemia and vitamin B12 
deficiency are given in Table 2. 

Discussion

Iron deficiency anemia and vitamin B12 deficiency is 
largely associated with people of low socio-economic 
background and people living in less developed countries. 
It is also prevalent in developed countries due to nutri-
tional deficiencies or disorders, and is the most common 
type of anemia diagnosed.14

During the metabolic and physiological processes in 
the body, large numbers of detrimental reactive oxygen 
species are produced and may lead to pathological reac-
tions due to oxidative reactions. These free radicals are 
neutralized within the body by enzymatic or non-enzy-
matic antioxidant mechanisms. Reactive oxygen species 
has been shown to damage the membrane of the erythro-
cytes, resulting in the alteration of their structure.15

In this study, children with iron deficiency anemia and 
vitamin B12 deficiency anemia displayed significantly 
higher oxidative stress levels as measured by TBARS lev-
els compared to the control group (p < 0.001), and the 
total antioxidant capacity levels were found to be signifi-
cantly lower than those in the control group (p < 0.01). 
In agreement with our study, their study in patients with 
iron deficiency anemia also reported an increase in the 
levels of oxidant products, such as malondialdehyde and 
a decrease in the levels of the antioxidant enzymes, such 
as glutathione peroxidase.16 In anemias, due to Thalas-
semia and G6PD enzyme deficiency, it has been shown 
that oxidative stress increases and antioxidant capacity 
is reduced.17 In contrast, Acharya et al. reported an in-
crease in the levels of antioxidant enzymes in patients 
with iron deficiency anemia, and they suggested that 
this was due to overcompensation against the induced 
oxidative stress.18 Al-Maskari et al. reported that hy-
perhomocysteinemia with folate and vitamin B12 defi-
ciency causes oxidative stress and there is also a parallel 
decline in the total antioxidant capacity.19 In the study 
reported here, high levels of TBARS present in vitamin 
B12 deficiency anemia and the levels of homocysteine in 
patients with high and low levels of TBARS and TAC are 
in agreement with Al-Maskari et al.19 In this study, high 
TBARS identified in B12 deficiency anemia groups and 
homocysteine   levels is compatible with the observed low 
TAC levels.

Oxidative stress   is induced as a result of the elevation 
of homocysteine, which   in plasma is oxidized rapidly to   
disulfide homocysteine. During this reaction, reactive 
oxygen species (ROS) are formed as hydrogen peroxide 
radical.20 Homocysteine   metabolism is associated with 
metabolism B12, and vitamin B12 deficiency leads to an 

increase in homocysteine levels and thus to an increase 
in amount of ROS derivatives. Therefore, in our study, in 
children with vitamin B12 deficiency, it was found that 
serum homocysteine   levels were significantly higher 
(p < 0.001) than those in the control group; when levels in 
children with iron deficiency anemia were compared with 
the control group, there was no statistically significant 
change. This is in agreement with Savage et al., who in 
their study of 406 people, also reported high levels of ho-
mocysteine in vitamin B12 deficiency anemia patients.21

Hepcidin is a  peptide hormone synthesized from the 
liver. It is removed from the blood and excreted in the 
urine, and is a major regulator of systemic iron balance.22 
Ulukol et al., in a  study conducted on 16 children with 
anemia and 54 without anemia, have shown that serum 
hepcidin levels in patients with anemia are lower than 
those in the non-anemic group.23 Also, in the study re-
ported here, hepcidin levels were significantly lower in 
the group with iron deficiency anemia compared to the 
control group, which seems to support the study of Ulu-
kol et al. In the conducted study in children with vitamin 
B12 deficiency anemia, serum hepcidin levels were simi-
lar to those of the control group.

Nesfatin-1 is a  peptide hormone that is produced in 
the brain of mammals and is responsible for the produc-
tion of body fat and the regulation of appetite. The stud-
ied conducted have shown that excess nesfatin-1 in the 
brain leads to a loss of appetite, less frequent hunger, and 
a drop in body fat and weigh.10 Abacı et al. determined 
that serum nesfatin-1 values in obese children are also 
decreased.24 In iron and vitamin B12 deficiency anemia, 
symptoms such as loss of appetite, fatigue and weakness 
are observed. Therefore, in our study, the presence of 
nesfatin-1 levels were significantly higher in the anemia 
groups when compared to the control group (p < 0.001) 
and may be associated with the loss of appetite that is ob-
served in anemias, resulting in fatigue, and growth retar-
dation.

Our results showed that oxidative stress occurs in chil-
dren with iron deficiency and vitamin B12 deficiency 
anemias has been identified with high TBARS levels and 
low total antioxidant capacity levels. And we propose that 
measuring plasma hepcidin and homocycteine levels may 
be useful in the differential diagnosis of childhood nutri-
tional deficiency anemias. And nesfatin-1 hormone levels 
were identified for the first time in childhood iron defi-
ciency and vitamin B12 deficiency anemias within this 
study and this hormone may be responsible for the symp-
toms of the disease.

But there is insufficient data in the literature about the 
roles of hormone hepcidin, which is an antimicrobial hor-
mone, and nesfatin-I in the pathophysiology of anemias. 
Therefore, there is a need for further studies to determine 
the relationship between the nesfatin-I and hepcidin hor-
mones and the mechanism of weight loss in childhood 
anemias.
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Abstract
Background. The relationship between reproductive factors, including pregnancy and delivery, and the 
number of teeth in postmenopausal women remains to be revealed.

Objectives. The aim of this study was to evaluate the relationship between age at first and last delivery, 
parity and the number of natural teeth in postmenopausal women, using nationally representative data.

Material and methods. Data from the Korea National Health and Nutrition Examination Survey between 
2010 and 2012 were used, and the analysis in this study was confined to a total of 4,060 respondents who 
had gone through menopause and had no missing values for the reproductive factors and outcome vari-
ables. The total number of natural teeth was then calculated after excluding third molars, and frequency of 
tooth brushing was recorded as oral health behavior. Univariate and multivariate logistic regression analyses 
were used to assess the associations between the number of natural teeth and reproductive factors.

Results. Both a woman’s age at her last childbirth and the number of pregnancies had statistically signifi-
cant effects on the number of natural teeth remaining after menopause. With each one-year increase of 
age at a woman’s last delivery, the number of natural teeth decreased by a value of 0.12 (p < 0.05). Similar 
trends were seen with increases in parity, which resulted in decreases in the number of natural teeth by 0.65 
(p < 0.05). The odds ratios of the percentage of individuals with a 20 or fewer teeth tended to increase with 
increases in the woman’s age at her last childbirth.

Conclusions. This study identified an association between the number of natural teeth and a woman’s age 
at her last childbirth as well as between the number of natural teeth and parity. Higher ages at last child-
birth and higher parity were found to be potential risk indicators for tooth loss in postmenopausal women.

Key words: epidemiology, hormone replacement therapy, menopause, parity, tooth loss
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had gone through menopause (aged 46 to 75 years) and 
had no missing values for reproductive factors and out-
come variables. Data regarding reproductive factors were 
collected by asking the participants to recall their age 
at their first and last deliveries, their age at menopause, 
and their gravidity and parity. All the participants in the 
survey signed informed consent forms prior to participa-
tion. The survey was reviewed and approved by the Insti-
tutional Review Board of the Korea Centers for Disease 
Control and Prevention.

Sociodemographic and lifestyle variables

All the participants were asked about sociodemograph-
ic and lifestyle variables by trained interviewers. Educa-
tion level was categorized into 2 groups using the criteria 
of middle school graduate or less. Monthly household 
income was divided into quartiles after adjusting for the 
number of family members. The lowest quartile included 
households with a monthly income < 1092.40 USD. Par-
ticipants were categorized into 2 groups depending on 
the amount of alcohol consumed per day for a month be-
fore the interview, using the criteria of ≥ 30 g/day or less.10 
Smoking status was categorized into 2 groups – those 
who had never smoked and those who had – according to 
the respondents’ answers on the self-reporting question-
naire. Based on responses to a modified form of the In-
ternational Physical Activity Questionnaire for Koreans, 
individuals were regarded as regular physical exercisers 
if they performed moderate exercise more than 5 times 
per week for over 30 min per session or performed vigor-
ous exercise more than 3 times per week for over 20 min  
per session.11 

Measurements and definition of obesity

Anthropometric measurements were performed by 
a  trained staff member. Body weight and height were 
measured to the nearest 0.1 kg and 0.1 cm, respectively, 
with the participants in light indoor clothing without 
shoes. Body mass index was calculated as body weight 
(kg) divided by the squared height (m2). Waist circumfer-
ence was measured at the narrowest point between the 
lower edge of the rib cage and the iliac crest with the par-
ticipant in a standing position.12,13

Biochemical measurements

The physical measurements of the participants were 
done by trained staff members in the Division of Chronic 
Disease Surveillance under the Korea Centers for Dis-
ease Control and Prevention and the Korean Ministry of 
Health and Welfare. 

A standard mercury sphygmomanometer (Baumanom-
eter; W.A. Baum Co., Inc., Copiague, NY, USA) was used 
for blood pressure measurement. Systolic blood pres-

Menopause is the event marking the cessation of ovarian 
activity sufficient to support monthly menstrual cycles.1 
Menopause is reported to occur at approximately 50 years 
of age, usually between 45 and 54 years in a healthy, well-
nourished population worldwide.2,3 The median age at 
menopause is earlier for women with an earlier age at their 
first childbirth, women with a  late age at menarche and 
women who have had no children; menopause tends to 
occur at later ages among women with higher parity.2,4–6 
Smoking and poor socioeconomic status are also associ-
ated with earlier menopause.3 The suggestion that race/
ethnicity may be a significant independent predictor of the 
timing of natural menopause has also been reported.5 

Previous studies have shown that the incidence of delivery 
during adolescence or at an advanced age was significantly 
higher in subjects with osteoporosis than in those without 
osteoporosis.7,8 It was suggested that pregnancies during 
adolescence and pregnancies at an advanced maternal age 
may result in unfavorable birth outcomes as well as mater-
nal complications, including adverse bone health effects.7 

However, the relationship between reproductive factors, 
including the history of pregnancy and delivery, and the 
number of teeth in postmenopausal women is unclear. 
This study therefore evaluated the relationship between 
age at first and last deliveries, parity and the number of 
natural teeth in postmenopausal women using nationally 
representative data.

Material and methods

Overview of the survey and participants

The data used in this study were derived from the Ko-
rea National Health and Nutrition Examination Survey 
(KNHANES), which was conducted between 2010 and 
2012 by the Division of Chronic Disease Surveillance 
under the Korea Centers for Disease Control and Preven-
tion and the Korean Ministry of Health and Welfare.9  
The KNHANES is a nationwide survey of non-institution-
alized civilians that uses a stratified and multi-stage prob-
ability sampling design with a  rolling survey sampling 
model. The sampling units were based on the population 
and housing census from the National Census Registry in 
Korea, which includes age, gender and geographic area. 
To represent the Korean population with sample partici-
pants, all the statistics in the survey were calculated using 
sample weights that consider survey non-response, the 
complex survey design and post-stratification. 

Menopause and hormone  
replacement therapy

Initially, a total of 14,396 women over 19 years old par-
ticipated in the KNHANES survey. The analysis in this 
study was confined to a total of 4,060 respondents who 
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sure and diastolic blood pressure were measured twice 
at 5-min intervals, and the average values were used for 
the analysis. 

To measure concentrations of serum fasting plasma 
glucose, total cholesterol, triglycerides and high-density 
lipoprotein-cholesterol, a  blood sample was collected 
from the antecubital vein of each participant after fast-
ing for > 8 h. Blood samples were analyzed within 24 h of 
transportation. Levels of serum fasting plasma glucose, 
total cholesterol, triglycerides and high-density lipopro-
tein-cholesterol were measured with a Hitachi Automatic 
Analyzer 7600 (Hitachi, Tokyo, Japan) by enzymatic 
methods using commercially available kits (Daiichi, To-
kyo, Japan).14

Description of metabolic syndrome, 
diabetes and hypertension

Metabolic syndrome was defined according to the 
American Heart Association/National Heart, Lung, and 
Blood Institute Scientific Statement criteria for Asians.15 
According to these criteria, three or more of the follow-
ing criteria must be fulfilled to be diagnosed with meta-
bolic syndrome: waist circumference ≥ 90 cm in men and 
≥ 80 cm in women; fasting triglycerides ≥ 150 mg/dL or use 
of lipid-lowering medication; high-density lipoprotein-
cholesterol < 40  mg/dL in men and < 50  mg/dL in wom-
en or use of medication; blood pressure ≥ 130/85 mm Hg 
or use of antihypertensive medication; and fasting blood 
glucose ≥ 100 mg/dL or current use of anti-diabetes med-
ication. Diabetes was diagnosed when fasting blood sugar 
was > 126 mg/dL or when the individual was currently 
using anti-diabetic medications.16 Hypertension was 
defined as a systolic blood pressure of > 160 mm Hg or 
a diastolic blood pressure of > 90 mm Hg or the current 
use of systemic antihypertensive drugs.17 

Oral health behavior and number  
of natural teeth

In the KNHANES, the time of day when tooth brush-
ing was done (before or after breakfast, lunch and dinner 
and before bedtime) was recorded as oral health behav-
ior. The current study used this data to calculate the total 
number of times the teeth were brushed per day as the 
frequency of daily tooth brushing. 

The oral health data included variables that recorded 
the status for each of the 32 teeth as one of the four cat-
egories: primary tooth present, permanent tooth present, 
tooth not present or permanent dental root fragment 
present. In the present study, a natural tooth was consid-
ered present if the status was one of the first 2 categories, 
and absent if the status was one of the last 2 categories; 
the total number of natural teeth was then calculated 
after excluding third molars. Based on this information, 
the participants were classified into one of two groups: 

≥ 21 or ≤ 20. An isomeric tooth pair was defined as pres-
ent if the same types of teeth (for example the right cen-
tral incisor, right lateral incisor, right canine, right first 
premolar, etc.) were present on both the maxilla and the 
mandible, and 14 pairs were considered the maximum 
number. As part of the KNHANES quality control, train-
ing was provided to each examiner to minimize errors in 
the measurement of the number of teeth remaining. 

Statistical analyses

All data are presented as means ± standard error or 
as percentages (standard error). If necessary, logarith-
mic transformation was performed to achieve a normal 
distribution. Student’s t-test or a  one-way analysis of 
variance was used to investigate differences in the pres-
ence of periodontal treatment needs according to the 
variables. Univariate and multivariate logistic regres-
sion analyses were used to assess associations between 
the number of natural teeth and hormone replacement 
therapy. The adjusted odds ratio and 95% confidence in-
terval of the individuals with 20 or fewer natural teeth 
were calculated using a  multivariate logistic regression 
model. Model 1 was unadjusted. Model 2 was adjusted 
for age, smoking, drinking, exercise, education and in-
come. Model 3 was adjusted for age, smoking, drinking, 
exercise, education, income, body mass index, metabolic 
syndrome and hormone replacement therapy. Statistical 
analyses were performed using the survey procedure of 
a  statistical software package (SAS v. 9.2 for Windows, 
SAS Institute, Cary, NC, USA) to account for the complex 
sampling design. Two-sided p-values of < 0.05 were con-
sidered statistically significant.

Results

Table 1 describes the baseline characteristics of the 
study participants according to the number of natural 
teeth remaining. The mean age, waist circumference, 
metabolic syndrome and income were significantly lower 
in participants with 21 or more natural teeth. The fre-
quency of tooth brushing per day and frequency of dental 
checks within a year were significantly higher in partici-
pants with 21 or more natural teeth. Trends in age at first 
and last delivery and parity showed significant differ-
ences between the individuals with 20 teeth or fewer and 
those with more than 21 teeth.

The percentages of individuals with given numbers 
of teeth categorized by reproductive factors is shown in 
Fig. 1. The percentage of individuals with 28 teeth or 21–27 
teeth increased with increases in age at the first deliv-
ery. However, individuals with 28 teeth or 21–27 teeth 
decreased with increases in age at the last delivery. The 
percentage of individuals with 28 teeth or 21–27 teeth 
seemed to decrease with increases in parity.
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Fig. 1. The percentage of individuals according to the number of teeth: 
a) the percentage of individuals according to the number of teeth, 
categorized by their age at their first delivery; b) the percentage of 
individuals according to the number of teeth, categorized by their age 
at their last delivery; b) the percentage of individuals according to the 
number of teeth, categorized by parity 

a)

b)

c)

Table 1. Baseline characteristics of the study group according  
to the number of natural teeth 

Variables
The number of natural teeth

≤ 20 ≥ 21 p-value*

Unweighted (n) 1.159 2.901

Age (years) 64.8 ± 0.3 58.3 ± 0.2 < 0.0001

Body mass index  
(kg/m2)

24.6 ± 0.1 24.4 ± 0.1 0.1881

Waist circumference 
(cm)

84.1 ± 0.4 81.9 ± 0.2 < 0.0001

Metabolic syndrome 57.8 (2.0) 44.8 (1.2) < 0.0001

Alcohol drinking 
(> 15 g/day)

0.1 (0.1) 1.0 (0.3) 0.0018

Smoking (ever) 6.6 (1.1) 5.3 (0.6) 0.2469

Stress (yes) 27.9 (1.5) 25.9 (1.0) 0.2964

Spouse (yes) 68.6 (1.7) 79.9 (1) < 0.0001 

Occupation (yes) 47.3 (2) 49.7 (1.2) 0.2573

Exercise (yes) 15.7 (1.5) 17.3 (1) 0.3243

Frequency of tooth 
brushing per day

2.15 ± 0.03 2.25 ± 0.02 0.0023

Dental checkup 
within a year (yes)

15.6 (1.3) 21.9 (1) < 0.0001

Income (the lowest 
quartile)

43.7(1.7) 20.9 (1) < 0.0001

Education (middle-
school graduate or 
lower)

10.6 (1.3) 33.1 (1.2) < 0.0001

Age 
at first 
childbirth

–19 8.2 (1) 5.2 (0.5)

< 0.0001
20–24 58.6 (1.9) 48.7 (1.2)

25–29 29.3 (1.8) 39.3 (1.2)

30– 3.9 (0.8) 6.7 (0.6)

Age 
at last 
childbirth

–24 5.2 (0.9) 9.9 (0.8)

< 0.0001
25–29 35.4 (1.8) 46.4 (1.1)

30–34 37.5 (1.7) 31.6 (1.1)

35– 21.9 (1.5) 12.1 (0.8)

Parity

1.2 23.8 (1.7) 54.9 (1.3)

< 0.00013.4 52.6 (1.8) 36.8 (1.2)

≥ 5 23.6 (1.6) 8.3 (0.6)

Data are presented as means ± standard error (SE) or percentages (SE); 
*p-values were obtained by independent t-test for continuous variables 
or chi-square test for categorical variables.
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Table 2 shows the multivariate regression analysis of age 
at first and last deliveries, parity and the number of natural 
teeth after adjustments. A woman’s age at her last delivery 
and the number of pregnancies had statistically significant 
effects on the number of natural teeth. With each increase 
of one year in a woman’s age at her last delivery, the number 

Table 2. Multivariate regression analysis of participants' age at first/last 
delivery, parity and number of natural teeth 

Variables
The number 

of natural 
teeth

p-value
The number 
of isomeric 

tooth pairs *
p-value

Model** 

age 
at first 

childbirth
0.06 ± 0.04 0.1116 0.03 ± 0.02 0.1594

age 
at last 

childbirth
-0.12 ± 0.03 < .0001 -0.08 ± 0.02 < 0.0001

parity -0.65 ± 0.14 < .0001 -0.4 ± 0.08 < 0.0001

*An isomeric tooth pair was defined as present if the same types of teeth  
(forexample; right central incisor, right lateral incisor, right canine, etc.) were 
present on both the maxilla and the mandible, and the maximum number  
was 14 pairs; **Model: age, smoking, drinking exercise, education, income, body 
mass index, metabolic syndrome and hormone replacement therapy adjusted.

of natural teeth decreased by a value of 0.12 (p < 0.05). Simi-
lar trends were seen with increases in parity, which resulted 
in decreases in the number of natural teeth to 0.65 (p < 0.05). 
Similar trends were seen with an increase in parity, which 
resulted in a decrease of the number of natural teeth by 0.65 
(p < 0.05). A woman’s age at her first delivery did not have 
significant effects on the number of natural teeth. 

Table 3 shows the adjusted odds ratios and 95% confi-
dence intervals from the multivariate logistic regression 
analyses for individuals with 20 or fewer natural teeth in 
relation to age at first childbirth, age at last childbirth and 
parity. According to the trend analysis, the odds ratios of 
the percentage of individuals with ≤ 20 teeth tended to in-
crease with increases in age at last childbirth. The adjusted 
odds ratios and 95% confidence intervals of the individu-
als with ≤ 20 teeth were 1.094 (1.073, 1.115), 1.042 (1.017, 
1.068) and 1.034 (1.008, 1.06) for Model 1, Model 2 and 
Model 3, respectively. The odds ratios of the percentage of 
individuals with 20 or fewer teeth tended to increase with 
increases in parity. The adjusted odds ratios and 95% con-
fidence intervals of the individuals with ≤ 20 teeth were 
1.634 (1.517, 1.76), 1.158 (1.07, 1.253) and 1.136 (1.044, 
1.236) for Model 1, Model 2 and Model 3, respectively.

Table 3. Adjusted odds ratio and 95% confidence interval of individuals with ≤ 20 natural teeth in the multivariate logistic regression model 

Variables
Odd ratios (95% 

confidence of 
interval)

p-value Odd ratios (95% 
confidence of interval) p-value

Odd ratios (95% 
confidence of 

interval)
p-value

Age at first 
childbirth*

0.985 (0.953,1.019) 0.3824

Age at last 
childbirth*

1.034 (1.008,1.06) 0.0102

Parity* 1.136 (1.044, 1.236) 0.0031

model 1 model 2 model 3

Age 1.118 (1.100, 1.136) < 0.0001 1.111 (1.092, 1.13) < 0.0001 1.106 (1.086, 1.126) < 0.0001

Smoking 1.833 (1.059, 3.173) 0.0303 1.872 (1.089, 3.216) 0.0232 1.882 (1.086, 3.261) 0.0242

Drinking 0.934 (0.734, 1.188) 0.5774 0.944 (0.741, 1.203) 0.6406 0.942 (0.739, 1.201) 0.6292

Exercise 1.141 (0.876, 1.485) 0.3269 1.161 (0.895, 1.506) 0.2619 1.132 (0.871, 1.47) 0.3539

Education (high-
school graduate 
or higher)

0.468 (0.342, 0.64) < 0.0001 0.442 (0.323, 0.605) < 0.0001 0.485 (0.353, 0.665) < 0.0001

Income (the 
lowest quartile)

1.206 (0.979, 1.486) 0.0778 1.238 (1.007, 1.523) 0.043 1.202 (0.976, 1.48) 0.0833

Body mass index 0.981 (0.947, 1.017) 0.3015 0.982 (0.949, 1.018) 0.3223 0.979 (0.945, 1.015) 0.2469

Metabolic 
syndrome

1.130 (0.903, 1.414) 0.2866 1.144 (0.913, 1.434) 0.2434 1.128 (0.901, 1.413) 0.2944

Hormone 
replacement 
therapy

0.557 (0.416, 0.748) < 0.0001 0.574 (0.428, 0.770) 0.0002 0.575 (0.428, 0.772) 0.0002

*Model 1: no adjustment; model 2: age, smoking, drinking exercise, education, income adjusted; model 3: age, smoking, drinking exercise, education, 
income, body mass index, metabolic syndrome and hormone replacement therapy adjusted.
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Discussion

This study aimed to identify the relationship between 
the number of natural teeth in postmenopausal Korean 
women and their reproductive history, specifically their 
age at their first childbirth, age at last childbirth and the 
number of pregnancies. The analysis revealed that an in-
creased risk of tooth loss was associated with a history of 
delivery at an advanced maternal age, but it was not asso-
ciated with a woman’s age at her first delivery. Similarly, 
increased parity was associated with an increased risk of 
tooth loss.

An earlier report showed that higher-parity Japanese 
women are more likely to lose teeth, especially posterior 
isomeric pairs.18 Similarly, the number of teeth negatively 
correlated with the number of children among white and 
black non-Hispanic American women and among Dan-
ish women.19,20 However, another report found no evi-
dence supporting the hypothesis that the more children 
a woman has the more teeth she loses.21 This nationwide, 
population-based and representative sample of Koreans 
clearly revealed that higher parity and a  history of de-
livery at an advanced maternal age were associated with 
a loss of teeth.

The mechanism underlying the association between 
the number of teeth and a woman’s age at her last child-
birth and parity has not been fully revealed yet. There is 
a saying that a mother loses one tooth every time she gives 
birth to a child.18,20 Pregnancy and parturition are known 
to have a tremendous effect on maternal health.18 Some 
consider that pregnancy and lactation, with the associ-
ated calcium depletion, could aggravate the development 
of caries.22 During pregnancy, certain salivary cariogenic 
microorganisms may increase in number, while salivary 
pH decreases.23 Moreover, pregnancy entails physiologi-
cal adaptations in the maternal immune system.24 

Sex hormone concentrations during pregnancy may 
also play an important role in the pathogenesis of preg-
nancy-associated gingivitis or periodontitis.25 The ratio 
of anaerobic to aerobic bacteria and the proportional lev-
els of Bacteroides intermedia have been reported to be 
increased during pregnancy.26 The level of progesterone 
available in active form and the dysfunction of inflam-
matory cells may result in an increased chronic reaction, 
leading to a clinically exaggerated appearance of inflam-
mation.27 Sex hormone fluctuation during pregnancy 
may involve changes in gingival tissue turnover.25 Even 
though the inflammation of periodontal tissues that oc-
curs during pregnancy may be temporary and abates af-
ter childbirth, the destruction of periodontal tissue per-
sists after childbirth.18

The functional dentition concept emphasized that 
a person needs a minimum number of natural teeth to 
have adequate dental function without the aid of pros-
thetic replacements.28,29 An earlier report suggested that 
people are able to chew most foods when they have more 

than 20 teeth; thus, 21 teeth became a cut-off value, since 
having 21 or more teeth is considered functional denti-
tion.30

There are a few limitations that should be considered 
when reviewing the findings of this study. First, the de-
sign of the study was cross-sectional, and exposure and 
outcome are measured at the same time, which means 
that their inter-related sequences are unknown.31 Sec-
ond, the data regarding reproductive history were col-
lected by self-reporting, and was therefore subject to 
recall bias; there may have been disparities between the 
data details and the actual reproductive history.7 How-
ever, the KNHANES data are highly reliable because they 
were obtained from a nationwide, population-based and 
representative sample of Koreans, and the analysis used 
sample weights and adjustments for the complex sample 
design of the survey.32,33 

Conclusions

This study investigated the relationship between the 
number of teeth in postmenopausal women and their age 
at their first/last deliveries and parity. It yielded several 
important findings, the most significant being the identi-
fication of an association between the number of natural 
teeth and a  woman’s age at her last delivery, as well as 
between the number of natural teeth and parity. Higher 
ages at last delivery and higher parity were found to be 
potential risk indicators for tooth loss in postmenopausal 
women.
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Abstract
Background. Atherosclerosis and atherosclerosis-related complications are the main cause of death in 
the world. Vascular injury in response to inflammation and enhanced oxidant stress promotes endothelial 
dysfunction and leads to atherosclerotic lesions.

Objectives. Low-dose treatment with darbepoetin-α may be a potential therapeutic tool for endothelial 
injury and atherosclerosis.

Material and methods. In order to study the effect of darbepoetin-α on endothelial injury and athero-
sclerosis, we used ApoE-/- mice as the atherosclerotic mice model. We monitored atherosclerosis and plaque 
formation histochemically in ApoE knockout mice at early and late stages of atherosclerosis. Darbepoetin-α 
was injected intraperitoneally at a dose of 0.1 μg/kg to ApoE-/- mice. The results of 2 ApoE-/- mice groups 
injected with darbepoetin-α (early and late stages of atherosclerosis) were compared to the results of the 
corresponding saline injected ApoE-/- mice groups and the control (C57BL/6) mice.

Results. Lipid profile (total cholesterol, triglyceride), inflammation (CRP, IL-6, histamine), endothelial in-
jury (ICAM-1, selectin) and oxidative stress markers (lipid peroxidation, protein oxidation) were significantly 
increased in 4 atherosclerotic groups compared to the control group. Short-term darbepoetin-α had no 
marked effects on indicators of inflammation and endothelial injury in the ApoE knockout mice groups 
compared to the ApoE knockout mice not treated with darbepoetin-α, however, darbepoetin-α significantly 
decreased 8-isoprostane and protein carbonyl content. Long term darbepoetin-α treatment reduced oxida-
tive stress in ApoE-/- mice.

Conclusions. This study contributes to understanding and elucidating the biochemical changes occurring 
during early and late stages of atherosclerosis development regarding lipid profile, inflammation, endothe-
lial injury and oxidative stress markers.

Key words: oxidative stress, atherosclerosis, endothelial dysfunction, darbepoetin-α, ApoE knockout mice
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The prevalence of cardiovascular diseases (CVD) rises 
with ageing, and atherosclerosis is the the major underly-
ing cause of CVDs. Atherosclerosis affects large and me-
dium-sized arterial vessels. Interactions of genetic and 
environmental factors play a major role in atherosclerosis 
development. Atherosclerosis is defined by vascular in-
flammation, endothelial dysfunction, accumulation of 
lipids, cholesterol and cellular debris within the intima 
of the artery wall. This accumulation results in vascular 
remodeling, blood flow abnormalities, plaque formation, 
luminal blockage and decreased distribution of oxygen to 
target tissues.1 

The proposed initial step of atherogenesis is endothe-
lial dysfunction inducing a number of compensatory re-
sponses and leading to the alteration of normal vascular 
homeostatic properties.2 Atherosclerotic lesions develop 
as a result of inflammatory stimuli, subsequent release of 
various cytokines, proliferation of smooth muscle cells, 
synthesis of connective tissue matrix and accumulation 
of macrophages and lipids. It is now recognized that in-
flammation plays a pivotal role in early atherogenesis.3 

ApoE knockout (ApoE−/−) mice are used most common-
ly for the study of in vivo experimental models for human 
atherosclerosis.4 The mouse is the major mammalian 
model organism for the discovery of genes and mecha-
nisms related to atherosclerosis. Several candidate genes 
suspected of contributing to the progression of atheroscle-
rosis have been tested through the development and anal-
ysis of gene deficient or transgenic mice. “The generation 
of ApoE knockout (ApoE−/−) mice has been one of the most 
critical advances in the elucidation of factors affecting ath-
erogenesis”.5,6 The ApoE knockout (ApoE−/−) mice model 
is presently the most prevalent murine model in cardio-
vascular research and has given extensive insights into 
atherosclerosis. “These mice develop spontaneous ather-
osclerotic plaques with many features similar to human 
lesions and allow follow-up of atherosclerosis process from 
its earliest stages; moreover it can be used as an ideal mod-
el for biomarker discovery”.7,8 ApoE−/− mice exhibit chronic 
hypercholesterolemia and develop early and spontaneous 
atherosclerotic lesions.9 Organic fluids like serum repre-
sent the most convenient samples because of their easy 
access, providing a means to explore possible markers for 
atherosclerosis and identify the most appropriate ones for 
clinical use. Furthermore, such biomarkers have the poten-
tial to provide information about different atherosclerosis 
stages and clinical help from a prognostic point of view. 

Darbepoetin-α is a  hyperglycosylated erythropoie-
sis stimulating protein that has an almost 3-fold longer 
mean terminal half-life than recombinant human eryth-
ropoietin, which allows for less frequent dosing. Dar-
bepoetin-α has been defined as tissue protector in the 
kidney and preserves capillary network. Darbepoetin-α 
protects renal tissue against the adverse effects of ischae-
mia, provides well-tolerated therapy for the treatment of 
chemotherapy-induced anemia and reduces lipopolysac-

charide-induced hepatocellular apoptosis.10–12 Darbepo-
etin-α reduces infarcted myocardium size, weakens car-
diomyocyte apoptosis and enhances cardiac function.13 
The effects of darbepoetin-α on the biochemical param-
eters of atherosclerosis and histopathological lesions in 
apolipoprotein E knockout (ApoE−/−) mice are not known. 
In this study, we investigated the effects of darbepoetin-α 
treatment during atherosclerosis progression and devel-
opment in ApoE knockout mice fed with a standard diet 
compared to wild-type C57BL/6 mice having the same 
genetic profile as the control group. Our aim was to reveal 
the possible differences in various biochemical param-
eters regarding lipid profile, inflammation, endothelial 
injury and oxidative stress in ApoE−/− and control mice 
groups and to understand the effect of darbepoetin-α on 
the studied parameters. Histological assessment of the 
atherosclerotic lesions was carried out in the sections ob-
tained from the aortic arch (arcus aortae) and subjected 
to immunohistochemical staining from the ApoE−/− mice 
at 8, 12 and 20 weeks of age, to demonstrate overt signs 
of atherosclerotic changes, lipid formation and foam cells 
during atherosclerosis progression. 

Material and methods

Laboratory animals

All experimental protocols conducted on mice were 
performed in mice were maintained in accordance with 
the Guide of the Animal Care and Use Committee of Ak-
deniz University and were used in accordance with an an-
imal study proposal approved by the NIAID Animal Care 
and use Committee (NIH Publication no.86-23, revised 
1996) and the ‘‘Principle of Laboratory Animal Care’’ 
(NIH publication no. 86–23, revised 1985). Genetically 
modified male homozygous ApoE-/- mice were obtained 
from Taconic Laboratories (Ejby, Denmark) and the con-
trol group having the same genetic background except for 
the ApoE gene (C57BL/6) were obtained from Akdeniz 
University, Experimental Animal Laboratory, Antalya, 
Turkey, at 3–4 weeks of age.14 The animals were kept un-
der controlled 12 h light–dark cycles, 23 ± 1°C constant 
temperature and 50 ± 5% humidity conditions with free 
access to chow diet and water. 

Drug treatment

The ApoE_/_ mice were split into 4 groups (10 animals 
each) which were injected with darbepoetin-α or saline 
for a period of 8 or 20 weeks (initial and advanced stag-
es of atherosclerosis, respectively). The darbepoetin-α 
(Aranesp, Amgen, Thousand Oaks, USA) was dissolved 
in saline and used in a dose of 0.1 mg/kg/week. The drug 
solution was freshly prepared on every injection day and 
administered to the mice intraperitoneally.15 The dose 
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was adjusted according to the body weight of each mouse 
during the treatment period. 

Histological examination of the aorta

For histological examinations to show initial, interme-
diate and advance atherosclerotic lesion, the ApoE knock-
out mice were sacrificed at the termination of 8, 12 and 20 
weeks of darbepoetin-α treatment. The hearts and aorta 
of the mice were carefully removed and dissected free 
from connective tissue from the brachiocephalic trunk to 
the iliac bifurcation point, washed with cold saline and 
fixed with 10% neutral buffered formalin, then processed 
for embedding in paraffin wax.14 For histological as-
sessment of atherosclerosis, the samples were processed 
in accordance with the usual manner and embedded in 
paraffin and cut into 4 µm sections. The tissue sections 
were stained with hematoxylin and eosin. Stained tissue 
sections were visualized using light microscopy (Leica).

Blood sample collection 

Blood samples were collected from the abdominal aor-
ta at the end of the 8th and 20th weeks of darbepoetin-α 
or saline treatment of the ApoE−/− mice and control mice 
(C57BL/6) under ether anesthesia, and centrifuged at 
3000 rpm for 10 min. Each serum sample was separated 
and stored in aliquots at -80°C with addition of a protease 
inhibitor cocktail (Catalog no. #S8820, Sigma-Aldrich, 
St. Louis, USA) to avoid protein degradation during the 
preparation of the samples.16

Biochemical analysis

Triglyceride assay

Triglyceride levels were determined using the enzymat-
ic colorimetric method of the Roche Diagnostics assay kit 
(Catalog no. #11730711, Indianapolis, Indiana, USA) in 
the Roche Hitachi Modular P800-ISE autoanalyzer. 

Cholesterol assay

Cholesterol levels were determined using the enzy-
matic colorimetric Roche Diagnostics assay kit (Catalog 
no. #11491458, Indianapolis, USA) in the Roche Hitachi 
Modular P800-ISE autoanalyzer. 

Protein carbonyl colorimetric assay 

Protein-bound carbonyls were measured using a pro-
tein carbonyl assay kit (Catalog no. #1005020, Cayman 
Chemical, Ann Arbor, USA). The utilized method was 
based on the covalent reaction of the carbonylated pro-
tein side chain with 2,4-dinitrophenylhydrazine (DNPH) 

and detection of the produced protein hydrazone at an 
absorbance of 370 nm. The results were calculated using 
the extinction coefficient of 22 mM-1 cm-1 for aliphatic 
hydrazones and expressed as nmol/mg protein.

8-isoprostane assay

Serum 8-iso-prostaglandin F2a was measured using an 
enzyme immunoassay (EIA) kit (Catalog no. #516351, Cay-
man Chemical, Ann Arbor, USA). The protocol of the kit is 
based on the competition between 8-isoprostane and 8-iso-
prostaneacetylcholinesterase conjugate (Tracer) for limited 
8-isoprostane-specific rabbit anti-serum binding sites. 

Interleukin-6 (IL-6) assay

A  mouse IL-6 ELISA kit (Catalog no. #550950, BD 
OptEIA, BD Biosciences, USA) was used for the quan-
titative detection of serum IL-6. An IL-6 coated plate 
specific for monoclonal antibody was utilized. Each IL-6 
present in the serum binds to the immobilized antibody. 
Streptavidin horseradish peroxidise (HRP) conjugate was 
mixed with biotinylated anti-mouse IL-6 antibody, pro-
ducing an antibody-antigen-antibody “sandwich”. The 
plate was washed and TMB solution was added, which 
produced color in direct proportion to the amount of 
IL-6 present in the original sample, and absorbances 
measured at 450 nm.

Histamine assay

Histamine levels were determined using an assay kit 
(Catalog no. #A05890, SPI BIO, Massy, France). This 
method depends on the competition between unmarked 
derivatized histamine and acetylcholinesterase linked 
to a histamine tracer for a limited number of mouse an-
ti-histamine antibody sites. 

Mouse C-reactive protein (CRP) assay

CRP levels were measured using an assay kit (Catalog 
no. #41-CRPMS-E01, Alpco Diagnostics, Salem, USA). 
The CRP present in serum reacts with the anti-CRP an-
tibodies coated to the surface of the wells. After washing, 
anti-CRP antibodies conjugated with horseradish perox-
idase were added, forming complexes with the previously 
bound CRP. Enzyme bound to the immunosorbent was 
assayed by the addition of a chromogenic substrate. The 
bound enzyme quantity depends on the concentration of 
CRP in the serum. 

E-selectin assay

E-selectin levels were evaluated with a  quantitative 
sandwich enzyme immunoassay kit (Catalog no. #MES00, 
R&D Systems, Minneapolis, USA). A  microplate was 
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endothelial space, formation of a lipid core, thickening of 
the intima-media and narrowing of the lumen.14 Chang-
es in the histopathological grade of atherosclerosis was 
significantly different among the groups. No atheroscle-
rotic lesions were observed in the control mice. The me-
dian value of the aorta lumen was highest in the aorta of 
the control mice and lowest in the 20 week-old ApoE-/- 

mice. The first atherosclerotic lesions were developed 
and characterized in the 8-week-old ApoE-/- mice group. 
Lipid laden macrophage formation was observed in the 
12-week-old ApoE-/- mice group. Extracellular lipid for-
mation and foam cells were seen in the 20-week-old 
ApoE-/- mice. 

Biochemical analyses 

Triglyceride levels

Triglyceride levels in the darbepoetin-α-treated and 
non-treated atherosclerotic ApoE−/− mice groups at the 
initial and advanced stages of atherosclerosis were sig-
nificantly increased compared to the control (C57BL/6) 
group (p < 0.001) (Fig. 2). Darbepoetin-α treatment 
caused a  significant increase in triglyceride levels com-
pared to the non-treated ApoE knockout mice group at 
the initial atherosclerotic stage (p < 0.05). In contrast, 
triglyceride levels were not significantly affected by the 
darbepoetin-α treatment in the advanced stage groups. 
The triglyceride levels of the darbepoetin-α-treated and 
non-treated ApoE knockout mice groups at the advanced 
atherosclerotic stage were significantly higher compared 
to the darbepoetin-α-treated and non-treated ApoE 
knockout mice groups at the initial atherosclerotic stage 
(p < 0.05). 

Cholesterol level 

Serum cholesterol levels of the darbepoetin-α-treated, 
and non-treated ApoE knockout mice groups at the initial 
and advanced stages of atherosclerosis were significantly 
increased compared to the C57BL/6 mice (p < 0.001), as 
shown in Fig. 3. Cholesterol levels were not significantly 
affected by darbepoetin-α treatment in ApoE knockout 
mice groups at the initial and advanced atherosclerotic 
stages (p > 0.05). Darbepoetin-α-treated, and non-treated 
ApoE-/- mice groups at the advanced stage had signifi-
cantly higher cholesterol levels compared to the darbe-
poetin-α-treated, and non-treated ApoE knockout mice 
groups at the initial stage (p < 0.05). 

Protein carbonyl levels 

Protein carbonyl levels were markedly higher in the 
4 ApoE-/- mice groups compared to the C57BL/6 mice 
group (p < 0.001), as shown in Fig. 4. Darbepoetin-α treat-
ment decreased the protein carbonyl level in the ApoE-/- 

pre-coated with a monoclonal antibody specific to mouse 
E-selectin. An immobilized antibody was utilized for 
binding of any mouse E-selectin present in the serum.  
After the washing steps, E-selectin specific enzyme-linked 
monoclonal antibody was added to the wells. Following 
a wash, a substrate solution was added to the wells. The 
enzyme reaction yielded a blue product that turned yel-
low when the Stop Solution was added. The intensity of 
the color was proportional to the amount of mouse E-se-
lectin bound in the first step. The minimum detectable 
dose of mouse E-selectin was 2.8–4.7 pg/mL. The mean 
minimum detectable dose was 3.8 pg/mL.

ICAM-1 (CD54) ELISA assay

Mouse sICAM-1 (CD54) levels in the serum were de-
termined using the Thermo Scientific™ Mouse-Soluble 
ICAM-1 (CD54) ELISA Assay kit (Catalog no. #633215, 
Pierce Biotechnology, USA). The procedure was per-
formed according to the instructions of the manufactur-
er. The asssay range was 25.6–1000 ng/mL.

Statistical analysis

Statistical analyses were carried out using SPSS packed 
program v. 17 (IBM, Chicago, USA). Data was expressed 
as mean ± standard deviation (SD). Normal distribution 
and differences between variances were determined us-
ing Kolmogorov–Smirnov and Levene tests, respective-
ly. For comparisons between the 2 groups, the Student’s 
t-test and Mann–Whitney U-test were used as appropri-
ate. For subgroup analyses, the Kruskal–Wallis test was 
used to determine significant differences. The Mann–
Whitney U-test was used to determine differences be-
tween the groups if a significant difference was found in 
the Kruskal–Wallis test. P-value < 0.05 was considered 
statistically significant.

Results

Animal data

At the end of the study, the body weights were not sig-
nificantly different among the groups. We did not ob-
serve any differences in animal behavior or activity in 
ApoE-/- mice compared to the controls.

Histopathological findings

Atherosclerotic lesions of the aortic arch are shown for 
the control (C57BL/6) mice (Fig. 1a), 8-week-old ApoE-/- 

mice (Fig. 1b), 12-week-old ApoE-/- mice (Fig. 1c) and 
twenty-week-old ApoE-/- mice (Fig. 1d). The ApoE-/- mice 
developed early atherosclerotic lesions in the aortic root, 
characterized by accumulation of foam cells in the sub-
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mice groups at both the initial and advanced atheroscle-
rotic stages, but this diminution was significant only in 
the ApoE-/- mice group at the advanced atherosclerotic 
stage (p < 0.05). 

8-isoprostane level

8-Isoprostane levels were significantly higher in 4 ApoE-/- 

mice groups compared to the C57BL/6 mice group 
(p < 0.001), as shown in Fig. 5. Darbepoetin-α treatment 
significantly decreased 8-Isoprostane levels in the ApoE-/- 

mice groups at the initial and advanced atherosclerotic 
stages compared to the corresponding non-treated ApoE-/- 

mice groups at the initial and advanced atherosclerotic 
stages (p < 0.01 and p < 0.05 respectively).

Interleukin-6 (IL-6) level

IL-6 levels were significantly enhanced in  4 ApoE-/- 

mice groups compared to the C57BL/6 mice group 
(p < 0.001), as shown in Fig. 6. The highest level was found 
in the non-treated ApoE-/- mice group at the advanced 
atherosclerotic stage. There was no marked difference 

in IL-6 levels among 4 ApoE-/- mice groups (p  >  0.05). 
Darbepoetin-α treatment decreased IL-6 levels in ApoE-/- 

mice groups at the initial and advanced atherosclerotic 
stages compared to the corresponding non-treated ApoE 

knockout mice groups at the initial and advanced ather-
osclerotic stages, but these decreases were not significant 
(p > 0.05). 

Histamine level

Histamine levels were significantly higher in 4 ApoE-/- 

mice groups compared to the C57BL/6 mice group 
(p < 0.05), as shown in Fig. 7. The highest level was found 
in the non-treated ApoE knockout mice group at the 
advanced atherosclerotic stage compared to the other 
3  ApoE knockout mice groups, although these differ-
ences among 4 ApoE-/- mice groups were not significant 
(p > 0.05). Darbepoetin-α treatment decreased histamine 
levels in ApoE-/- mice groups at the initial and advanced 
atherosclerotic stages compared to the corresponding 
non-treated ApoE-/- mice groups at the initial and ad-
vanced atherosclerotic stages, but these decreases were 
not significant (p > 0.05).

Fig. 1. A cross section of the aortic arch from control (C57BL/6) and ApoE-/- mice representing atherosclerosis progression. (a) The histological appearance 
of the aortic root of the control (C57BL/6) mice (b) 8-week-old ApoE-/- mice group (c) 12-week-old ApoE-/- mice group (d) 20-week-old ApoE-/- mice group
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Fig. 2. Triglyceride levels of the control (C57BL/6), IA (initial atherosclerotic 
ApoE-/- mice group treated with saline), IAD (initial atherosclerotic ApoE-/- 
mice group treated with darbepoetin-α), AA (advanced atherosclerotic 
ApoE-/- mice group treated with saline) and AAD (advanced atheroscle- 
rotic ApoE-/- mice group treated with darbepoetin-α). Data is expressed as 
mean ± standard deviation (SD)

Fig. 4. Serum carbonyl levels of the control (C57BL/6), IA, IAD, AA and AAD 
groups. Data is expressed as mean ± standard deviation (SD)

Fig. 6. IL-6 level of the control (C57BL/6), IA, IAD, AA and AAD groups.  
Data is expressed as mean ± standard deviation (SD)

Fig. 3. Cholesterol level of the control (C57BL/6), IA, IAD, AA and AAD 
groups. Data is expressed as mean ± standard deviation (SD)

Fig. 5. 8-isoprostane levels of the control (C57BL/6), IA, IAD, AA and AAD 
groups. Data is expressed as mean ± standard deviation (SD)

*p < 0.001, darbepoetin-α-treated and non-treated ApoE-/- mice groups 
at the initial and advanced atherosclerotic stages vs the control group;  
**p < 0.05, darbepoetin-α-treated vs. non-treated ApoE-/- mice groups  
at the initial atherosclerotic stage; ***p < 0.05, darbepoetin-α-treated and 
non-treated ApoE-/- mice groups at the advanced stage vs darbepoetin-
α-treated and non-treated ApoE-/- mice groups at the initial stage.

*p < 0.001, darbepoetin-α-treated and non-treated ApoE-/- mice groups 
at the initial and advanced atherosclerotic stages vs the control group; 
**p < 0.05, darbepoetin-α-treated vs non-treated ApoE-/- mice groups  
at the advanced atherosclerotic stage.

*p < 0.001, darbepoetin-α-treated and non-treated ApoE-/- mice groups  
at the initial and advanced atherosclerotic stages vs the control group.

*p < 0.001, darbepoetin-α-treated and non-treated ApoE-/- mice groups 
at the initial and advanced atherosclerotic stages vs the control group; 
**p < 0.05, darbepoetin-α-treated and non-treated ApoE-/- mice groups  
at the advanced stage vs darbepoetin-α-treated and non-treated ApoE-/- 
mice groups at the initial stage.

*p < 0.001, darbepoetin-α-treated and non-treated ApoE-/- mice groups 
at the initial and advanced atherosclerotic stages vs. the control group; 
**p < 0.01, darbepoetin-α-treated vs non-treated ApoE-/- mice groups 
at the initial atherosclerotic stage; ***p < 0.05, darbepoetin-α-treated vs 
non-treated ApoE-/- mice groups at the advanced atherosclerotic stage.

C-reactive protein (CRP) levels

CRP levels were significantly higher in the four ApoE-/- 
mice groups compared to the C57BL/6 mice group 
(p < 0.01), as shown in Fig. 8. CRP level was significantly 
higher in the non-treated ApoE knockout mice group at the 
advanced stage compared to the non-treated ApoE knock-
out mice group at the initial stage (p < 0.01). Darbepoetin-α 
treatment decreased CRP levels in ApoE knockout mice 
groups at the initial and advanced atherosclerotic stages 
compared to the corresponding non-treated ApoE knock-
out mice groups at the initial and advanced atherosclerotic 
stages, but these decreases were not significant (p > 0.05).

E-selectin level

The levels of E-selectin were markedly higher in 4 ApoE-/- 

mice groups compared to the C57BL/6 mice group 
(p  <  0.01), as shown in Fig. 9. There was a  non-signifi-
cant increase in E-selectin level in the non-treated ApoE 
knockout mice group at the advanced stage compared to 
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the non-treated ApoE knockout mice group at the initial 
stage (p > 0.05). Darbepoetin-α treatment nonsignificantly 
decreased the E-selectin level in ApoE-/- mice groups at the 
advanced atherosclerotic stage compared to the non-treat-
ed ApoE knockout mice group at the advance atheroscle-
rotic stage. 

ICAM-1 (CD54) level

Soluble intercellular cell adhesion molecule levels were 
significantly higher in 4 ApoE-/- mice groups compared 
to the C57BL/6 mice group (p < 0.01), as shown in Fig. 10. 
There was a  marked increase in ICAM-1 level in the 
non-treated ApoE knockout mice group at the advanced 
stage compared to the non-treated ApoE-/- mice group at 
the initial stage (p < 0.05). Darbepoetin-α treatment de-
creased ICAM-1 level in ApoE-/- mice groups at the initial 
and advanced atherosclerotic stages compared to the cor-
responding non-treated ApoE knockout mice groups at 
the initial and advanced atherosclerotic stages, but these 
decreases were not significant (p > 0.05).

Discussion 

Our study explained the differences in various bio-
chemical parameters regarding lipid profile, inflamma-
tion, endothelial injury and oxidative stress in ApoE−/− 
mice receiving darbepoetin-α or saline and the effects of 
darbepoetin-α on the studied parameters. C57BL/6 mice, 
having the same genetic background except the ApoE 
gene served as the control group.14 Histological assess-
ment of the atherosclerotic lesions to demonstrate overt 
signs of atherosclerotic changes, lipid accumulation, 
foam cell and plaque formation during atherosclerosis 
progression was carried out in the sections obtained from 
the aortic arch (arcus aortae) and subjected to immuno-
histochemical staining from the ApoE−/− mice at 8, 12 
and 20 weeks of age. From the initial to advanced stage of 
atherosclerosis, the median value of the aorta lumen was 

Fig. 7. Serum histamine level of the control (C57BL/6), IA, IAD, AA and AAD 
groups. Data is expressed as mean ± standard deviation (SD)

Fig. 8. CRP level of the control (C57BL/6), IA, IAD, AA and AAD groups. 
Data is expressed as mean ± standard deviation (SD)

Fig. 9. Serum E-selectin level of the control (C57BL/6), IA, IAD, AA and AAD 
groups. Data is expressed as mean ± standard deviation (SD)

Fig. 10. sICAM-1 level of the control (C57BL/6), IA, IAD, AA and AAD 
groups. Data is expressed as mean ± standard deviation (SD)

*p < 0.05, darbepoetin-α-treated and non-treated ApoE-/- mice groups  
at the initial and advanced atherosclerotic stages vs the control group.

*p < 0.01, darbepoetin-α-treated and non-treated ApoE-/- mice groups 
at the initial and advanced atherosclerotic stages vs the control group; 
**p < 0.01, Non-treated ApoE-/- mice group at the advanced stage vs non-
treated ApoE-/- mice group at the initial stage.

* p < 0.01, darbepoetin-α-treated and non-treated ApoE-/- mice groups at 
the initial and advanced atherosclerotic stages vs the control group.

*p < 0.01, darbepoetin-α-treated and non-treated ApoE-/- mice groups 
at the initial and advanced atherosclerotic stages vs the control group; 
**p < 0.05, non-treated ApoE-/- mice group at the advanced stage vs non-
treated ApoE-/- mice group at the initial stage.

diminished, indicating narrowing of the lumen gradually. 
Atherosclerotic lesion development was first seen at the 
age of 8 weeks in the ApoE-/- mice. At the 20th week of age, 
ApoE knockout mice developed foam cells in the aortic 
arch. Our observations are in accordance with the stud-
ies of Jawien et al., who reported that the ApoE knockout 
mice model is the only one that develops large-scale ac-
celerated atherosclerotic lesions.17 
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Apolipoprotein E gene mutations increase cholesterol 
and triglyceride levels leading to accelerated atheroscle-
rosis.18 In fact, the ApoE-/- mice used in our study had 
hypercholesterolemia and hypertriglyceridemia and 
developed accelerated atherosclerosis.9 The increas-
es in triglyceride and cholesterol levels were in parallel 
with the stages of atherosclerosis in the ApoE knockout 

mice. We evaluated the short and long term responses of 
darbepoetin-α on the characteristics of atherosclerosis 
in ApoE−/− mice. Darbepoetin-α treatment significantly 
increased triglyceride and cholesterol levels compared to 
the saline-treated ApoE−/− mice groups at the initial and 
advanced stages of atherosclerosis. 

We determined oxidative stress parameters such as 
8-isoprostane as a  lipid peroxidation index and protein 
carbonyl as a protein oxidation index in the control and 
ApoE-/- mice groups. 8-isoprostane and protein carbonyl 
levels were significantly increased in the ApoE-/- mice 
groups compared to the C57BL/6 mice group, indicat-
ing an increase in oxidative stress during atherosclero-
sis development. Darbepoetin-α treatment significantly 
lowered enhanced oxidative stress marker levels in the 
ApoE knockout mice in comparison to the saline-inject-
ed ApoE-/- mice. The decreases in 8-isoprostane levels by 
darbepoetin-α treatment were significant in the ApoE-/- 
mice groups at the initial and advanced atherosclerotic 
stages, but the decreases in protein carbonyl levels were 
significant in the ApoE-/- mice group only at the advanced 
atherosclerotic stage compared to the corresponding 
non-treated ApoE knockout mice groups at the initial and 
advanced atherosclerotic stages. Our findings of dimin-
ishing oxidative stress markers in ApoE-/- mice receiving 
darbepoetin-α at the initial or advanced atherosclerotic 
stages, when compared to the corresponding non-treated 
ApoE-/- mice groups, indicate the antioxidative effects of 
darbepoetin-α. 

Although long term darbepoetin-α treatment reduced 
oxidative stress parameters in ApoE knockout mice, and 
it did not change the markers of lipid profile (compared 
to the untreated, advanced atherosclerotic group) and en-
dothelial injury, similar to the reports by Monostori et al. 
and Parissis et al.19,20 Increased plasma protein carbonyls 
in patients with hypercholesterolemia have been report-
ed, indicating that the plasma protein carbonyl is a sensi-
tive index of oxidative stress.20,21

Our findings showed that IL-6 and CRP levels, well 
known inflammation markers, were raised in parallel 
with the stage of atherosclerosis in the non-darbepoe-
tin-α-treated ApoE knockout mice group.22 Darbepoe-
tin-α treatment decreased these inflammation markers 
in the ApoE-/- mice both at the advanced and initial ath-
erosclerosis stages. Related to our findings, Wilund et 
al. published that IL-6 and CRP were enhanced in ApoE 

knockout mice compared to ApoE+/+ mice.23 In accord-
ance with our findings, Arend et al. reported a significant 
decrease in CRP expression in darbepoetin-α-treated 

ApoE-/- mice.24 In a  study performed by Huang et al. it 
was reported that basal serum IL-6 levels of ApoE knock-
out mice were akin to those in C57BL mice.25

Histamine and its receptors are formed in atheroscle-
rotic lesions, and their signaling and following proinflam-
matory and proatherogenic gene expression are involved 
in the progress of atherogenesis. Wang et al. showed that 
histamine was associated with the development of ather-
osclerosis in ApoE knockout mice by regulating the gene 
expression of inflammatory modulators independent of 
serum cholesterol levels. In addition, histamine partici-
pates in hyperlipidemia-induced atherosclerosis.26 Huang 
et al. reported that serum histamine in ApoE knockout 

mice was markedly increased compared to the level in 
control (C57BL) mice.27 Serum histamine, CRP and IL-6 
levels were shown to be increased in acute coronary syn-
drome and stable coronary artery disease.28 In our study, 
darbepoetin-α treatment decreased histamine levels in 
ApoE-/- mice groups at the initial and advanced athero-
sclerotic stages compared to the corresponding non-treat-
ed ApoE-/- mice, although these decreases were not statis-
tically significant. E-selectin, IL-6 and histamine levels 
were not affected significantly by darbepoetin-α admin-
istration between ApoE-/- mice groups at both initial and 
advanced stages. 

During the progression of atherosclerosis from the in-
itial stage to the advanced stage, elevated E-selectin and 
ICAM-1 levels were observed in the non-treated ApoE-/- 

mice. We found increased E-selectin and ICAM-1 lev-
els as indicators of endothelial injury in the non-treated 
ApoE knockout mice group at the advanced stage of ath-
erosclerosis compared to the non-treated ApoE knockout 
mice group at the initial stage, but only the increase in 
ICAM-1 level was significant. Elevated ICAM-1 levels in 
ApoE-/- mice were also reported by Liyama et al.29 Ru-
bio-Guerra et al. found a significant correlation between 
maximal carotid artery intimal-medial thickness and 
ICAM-1 levels, whereas correlation was not observed 
with E-selectin in patients with diabetes-associated ath-
erosclerosis.30 In our study, darbepoetin treatment led to 
a non-significant decrease in ICAM-1 level in the ApoE-/- 
mice group compared to the corresponding non-darbep-
oetin-α treated ApoE-/- mice at both initial and advanced 
atherosclerosis stages. Arend et al. reported that ICAM 
protein expression in the aorta did not differ markedly 
between the nephrectomized or darbepoetin-α-treated 
groups, neither in the intramyocardial arteries and aortic 
plaque nor in the aortic endothelium of ApoE-/- mice.24 

Endothelial function is impaired in the earlier stages 
of atherogenesis and is strongly correlated with several 
risk factors. Endothelial dysfunction predisposes to long-
term atherosclerotic lesions and has been proposed as an 
important diagnostic and prognostic factor. The produc-
tion of oxidative reactive radicals induces dysfunction of 
the endothelium, the first step of atherogenesis. In such 
studies, the specificity of the preferred parameters for the 
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definition of atherosclerosis needs to be tested in speci-
mens. “The biochemical analyses revealed that several pa-
rameters in serum might be involved in the development 
and/or progression of atherosclerosis in ApoE-/- mice and 
these parameters could be affected by the darbepoetin-α 
treatment”.16 

In our study, we compared the selected markers of lipid 
profile, inflammation, endothelial injury and oxidative 
stress in atherosclerotic ApoE knockout mice treated or 
non-treated with darbepoetin-α. We revealed that long 
term darbepoetin-α treatment reduced oxidative stress 
and inflammation in ApoE-/- mice, but did not influence 
lipid profile (compared to the untreated advanced ath-
erosclerotic group) and endothelial injury significantly. 
Our study demonstrated the efficacy of darbepoetin-α in 
reducing CRP and protein carbonyl levels in ApoE knock-
out mice during atherosclerosis progression. We con-
clude that darbepoetin-α is efficient in reducing inflam-
mation and oxidative stress, which are potent inducers of 
atherosclerosis in ApoE-/- mice.
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Abstract
Background. The FEM is often used in investigations of dentin loading conditions; however, its anisotropy 
is mostly neglected.

Objectives. The purpose of the study was to evaluate the anisotropy and the elastic properties of an 
equivalent homogenous material model of human dentin as well as to compare isotropic and anisotropic 
dentin FE-models.

Material and methods. Analytical and numerical dentin homogenization according to Luciano and Bar-
bero was performed and E-modulus (E), Poisson’s ratios (v) G-modulus (G) were calculated. The E-modulus 
of the dentin matrix was 28.0 GPa, Poisson’s ratio (v) was 0.3; finite element models of orthotropic and 
isotropic dentin were created, loaded and compared using Ansys® 14.5 and CodeAster® 11.2 software.

Results. Anisotropy of the dentin ranged from 6.9 to 35.2%. E-modulus and G-modulus were as follows: 
E1 = 22.0–26.0 GPa, E2/E3 = 15.7–23.0 GPa; G12/G13 = 6.96–9.35 GPa and G23 = 6.08–8.09 GPa (high-
est values in the superficial layer). In FEM analysis of the displacement values were higher in the isotropic 
than in the orthotropic model, reaching up to 16% by shear load, 37% by compression and 23% in the case 
of shear with bending. Strain values were higher in the isotropic model, up to 35% for the shear load, 31% 
for compression and 35% in the case of shear with bending. The decrease in the volumetric fraction and 
diameter of tubules increased the G and E values.

Conclusions. Anisotropy of the dentin applied during FEM analysis decreased the displacements and strain 
values. The numerical and analytical homogenization of dentin showed similar results. 

Key words: finite element method, anisotropy, dentin, homogenization

DOI
10.17219/acem/67441

Copyright
Copyright by Author(s) 
This is an article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Original papers

The mechanical properties of human dentin for 3-D finite 
element modeling: Numerical and analytical evaluation
Wojciech Grzebieluch1, A–D, F, Romuald Będziński2, E, F, Tomasz Czapliński3, B–D, Urszula Kaczmarek1, D–F

1 Department of Conservative Dentistry and Pedodontics, Wroclaw Medical University, Poland
2 Division of Biomedical Engineering, Department of Mechanical Engineering, University of Zielona Góra, Poland
3 Nobo Solutions S.A. Wrocław, Poland

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2017;26(4):645–653



W. Grzebieluch, et al. Properties of human dentin for FEM modeling646

Dentin is the main mineralized hard dental tissue sup-
porting structure of the tooth. Its mechanical properties 
are related to microstructural alterations due to ageing, 
carious lesions, and restorative procedures.

One of the most common methods of modeling the 
micromechanical behavior of composites and biologi-
cal structures is the finite element method (FEM).1–5  
The FEM enables the modeling of very complex struc-
tures (e.g. teeth) and gives an accurate description of the 
local strain and stress inside the non-homogenous mate-
rial.3–6 Depending on the research topic, finite element 
(FE) models in macro-, meso- and microscales can be 
used.3,7–9 However, FE models of the biological structure 
are usually performed using a simplified approach. The 
employed method may play different roles depending on 
the model type, physics-related problems or the inves-
tigation’s objectives. There are a  few main mechanical 
parameters connected with the physical problems and 
qualities which can have a direct link to the obtained re-
sults, including dentin properties, which are usually as-
sumed to be homogeneous, isotropic and linear elastic.3–7 
Expanding such a  method into biomechanics requires 
a  significant and continuous improvement of modeling 
techniques with respect to the individual anatomic and 
pathological characteristics of human tissues.

The micromechanical approach enables the prediction 
of the effective elastic properties of the material, based 
on its microstructure and the material properties of its 
components; this process is called homogenization. Nu-
merical homogenization is based on the concept of Rep-
resentative Volume Element (RVE). RVE is a  statistical 
representation of the microstructure on a  macro level.  
In addition, if the microstructure shows a  certain peri-
odicity, as in the case of dentin, the periodic boundary 
conditions of RVE can be imposed.10 One alternative to 
the numerical method is to use an analytical method in 
solving the micromechanical problem. Many analyti-
cal techniques of homogenization have been based on 
the equivalent Eigenstrain method, which considers the 
problem of a single ellipsoidal inclusion embedded in an 
infinite elastic medium.11 Among such analytical meth-
ods, one of the most efficient is the Mori-Tanaka method, 
which takes into account the interactions between inclu-
sions. The main advantage of the Mori-Tanaka method is 
the delivery of an explicit formula for effective stiffness of 
the tensor and for local stresses and strains.12,13

This approach provides the opportunity to simplify the 
numerical model and, at the same time, takes into con-
sideration the orthotropic nature of dental tissue. Ho-
mogenization enables the prediction of effective elastic 
properties by considering the mechanical properties of 
the dentin matrix and dentinal tubules fraction. It can 
take into account the location-dependent variations of 
dentinal tubules number and diameter.

Despite many years of development and application of 
the tooth numerical analysis, anisotropy of both dentin 

and enamel is neglected. Basically, it can be assumed that 
the simplified impact on the results of strain distribu-
tions remains unknown. It can be regarded reasonable 
to develop the research methodology reflecting the com-
plex structure and nonlinear properties of dentin during 
FE analyses and identify how tissue anisotropic proper-
ties affect strains and displacement distributions in the 
complex system of materials with different strain-stress 
characteristics.

The 2 purposes of this study were to evaluate the degree 
of anisotropy and determine the qualitative and quanti-
tative elastic properties of a location-dependent homog-
enous material equivalent to dentin and to calculate the 
differences between the isotropic and layered orthotropic 
models of dentin.

Material and methods

Two experiments were carried out in order to obtain an 
equivalent homogenous location-dependent material mod-
el of human dentin. The whole dentin, due to its composed 
structure, was divided into 3 layers: top (superficial external 
1/3 dentin close to enamel), middle (middle 1/3 dentin) and 
bottom (internal 1/3 dentin close to dental pulp).

The elastic properties of the entire dentin and its layers 
were numerically and analytically determined by the ho-
mogenization method, and differences between the iso-
tropic and orthotropic models of the dentin tissue were 
analyzed.

Experiment 1: Dentin homogenization

Analytical method of dentin homogenization

The proposed analytical homogenization of the den-
tin structure was based on the equivalent Eigenstrain 
method, and took into account the periodic boundary 
conditions.11 The dentin structure was assumed to be 
a transversely isotropic medium with one axis of symme-
try, parallel to the direction of the dentinal tubules.14,15 
In this case, the micromechanical model used for ho-
mogenization was a  unidirectional structure with long 
cylindrical voids embedded in an isotropic matrix. The 
micromechanical model allowed the strain concentra-
tion tensor and corresponding effective stiffness tensor 
(material properties) of the dentin structure to be deter-
mined according to Luciano and Barbero:10

Where: P is a 4 rank tensor, which describes the geom-
etry of the voids, microstructures, and the distribution 
of the voids, Vf the volume fraction of the voids (lumen 
tubules), C f, C ms the 4 rank stiffness tensors of the voids 
(lumen tubules) and matrix (dentin), both isotropic.

1 1[( ) ( )]m m f
fC C V C C P− −= − − − −
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The input data for human dentin (the dimension and 
density of the dentinal tubules) used in this study for 
the analytical homogenization method are listed in Ta-
ble 1.16–20 Young’s modulus (E) of the homogenous dentin 
matrix (intertubular and peritubular dentin) surround-
ing the dentinal tubules was equal to 28.0 GPa according 
to Kinney et al.21

Numerical method of dentin homogenization

The prediction of effective material properties of a den-
tin sample was conducted with the help of the RVE con-
cept, which enabled the modeling of periodic symmetry 
structures.10 For the numerical homogenization proce-
dure the FEM was used to model the RVE of the dentin 
structure (Fig. 1). The numerical homogenization proce-
dure was performed with the help of the FEM with addi-
tional consideration of the periodic boundary condition 
on the RVE. The periodic boundary conditions were im-
posed on a representative FE-model of dentin structure, 
according to Luciano and Barbero, as followed:10

Where: ui
+j,ui

-j was the imposed displacements of the 
opposite sides of the RVE cell (side +j and side -j), ∆xk

j the 
distance between the opposite sides of the RVE cell, eik 
the mean strain in the assessed RVE cell.

This formulation enabled constant distribution of the 
strain over the whole RVE to be enforced for each direc-
tion. At the same time, the strains in other directions were 
restrained, which enabled the calculation of average stress. 
This procedure had to be performed 6 times in order to 
determine all the independent components of the stiffness 
tensor of the transversely isotropic material. This meant 
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Fig. 1. Modeling of dentin structure - the method chain from a single RVE 
cell (dimensions example for tubule diameter 2.4 μm, axes are visible) (A); 
dentin layer (B); equivalent orthotropic & homogenous material model (C); 
global FE model of the tooth (D)
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that the 6 independent boundary values problems needed 
to be solved in order to get a full description of the den-
tin material. The numerical homogenization procedure 
was performed with the help of the FEM and Ansys® 14.5 
(Ansys,  Inc., USA) and CodeAster® 11.2 (EDF) software. 
The same input parameters were used for analytical ho-
mogenization (Table 1). Young’s modulus (E) was equal to 
28.0 GPa, according to Kinney et al.21 Poisson’s ratio was 
equal to 0.3.

Three FE-models were prepared: one for each of the 
top, middle and bottom layers of the dentin structure 
(Fig. 1). Each model reflected the specific geometry pa-
rameters, such as the average diameter of dentin tubules 
and the volumetric fraction of dentinal tubules in the 
whole dentin structure.

The results of such analytical and numerical homog-
enization were used to calculate the anisotropy (%) of the 
dentin structure as followed:

Where: a is anisotropy (relative), E1 the reference value 
of Young’s modulus, Ex = E2 = E3 value of Young’s modu-
lus (perpendicular to E1).

Experiment 2: Finite element analysis of 
the dentin model

The 3-dimensional FE models consisting of a  simple 
cube of bulk dentin were created and analyzed using 
Code Aster 11.4. The cube had 3 mm sides and was 
divided into 3 equal parts to represent the top, middle 
and bottom layers of the dentin structure (Fig. 2). An 
FE simulation of the evaluated material properties was 
performed for the orthotropic material model and the 

isotropic simplified material model (2 models were ana-
lyzed). With both models (iso- and orthotropic), 3 load 
types were analyzed: (1) a  shear only with a  shear load 
of 1.0 MPa applied in X direction on the top surface (the 
bottom surface nodes were fixed in the X-direction, oth-
er nodes were fixed on the Y and Z axes), (2) a vertical 
compression of 1.0 MPa applied towards the Z axis on 
the top surface (the bottom surface nodes were fixed in 
all directions), (3) shear with bending with a shear load of 
1.0 MPa applied on the top surface, with bottom surface 
nodes fixed in all directions and other nodes free in the 
3 axes. The input data for human dentin were presented 
in Table 2. The data for the orthotropic model obtained 
during experiment 1 was used.

Results

Experiment 1: Dentin homogenization

The results of analytical and numerical homogeniza-
tion were presented in Table 3. An example of the results 
of the FE analysis of the micromechanical model of the 
dentin structure was shown in Fig. 3. The effective mate-
rial properties of the dentin structure were determined 
for the top, bottom and middle dentin layers (from the 
pulp up to the dentin’s exterior surface). A description of 
the location of dentin layers was presented in Fig. 1.

Experiment 2: Finite element analysis of 
the dentin model

The displacements and strains recorded on the cross 
section of the model’s surface for the isotropic and or-
thotropic models at different loading conditions were 

( ) 100El Exa
El
−

= ×

Fig. 2. FE mesh representing the cube model of the dentin; 3 layers of the 
dentin; axes of the model and loading directions are visible

Fig. 3. Numerical determination of the RVE mean strain – exemplary 
results of dentin microstructure under: a) and b) tension, c) shear
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Fig. 4. Finite element analysis of isotropic and orthotropic dentin model: a) displacement during shear loading, b) 1st principal strain during shear  
loading, c) displacement during vertical compression, d) 1st principal strain during vertical compression, e) displacement during shear with bending,  
f) 1st principal strain during shear with bending

Table 2. Material properties of dentin tissue used during FEM analysis

Material designation Exx [GPa] Eyy [GPa] Ezz [GPa] vxy [-] vyz [-] vxz [-] Gxy [GPa] Gyz [GPa] Gxz [GPa]

Isotropic dentine 18.0 18.0 18.0 0.3 0.3 0.3 6.9 6.9 6.9

Orthotropic 
dentine

top 23.1 23.1 26.0 0.31 0.3 0.3 8.9 9.3 9.3

middle 19.1 19.2 24.1 0.3 0.3 0.3 7.3 8.1 8.1

bottom 15.7 15.7 22.0 0.31 0.3 0.3 6.0 7.0 7.0

a) d)

e)b)

c) f )
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presented in Fig. 4. An analysis of displacements showed 
higher values in the isotropic model. The differences 
reached up to 16% by shear load (Fig. 4a), 37% by com-
pression (Fig. 4c) and 23% in the case of shear with bend-
ing (Fig. 4e). Similarly, the strain analysis revealed higher 
strain values in the isotropic model. Strain values were 
higher, up to 35% for the shear load (Fig. 4b), 31% for com-
pression (Fig. 4d) and 35% in the case of shear with bend-
ing (Fig. 4f).

Discussion

Dentin is a hard tissue that constitutes the bulk of the 
tooth structure and is composed of approximately 70% 
inorganic material (hydroxyapatite crystals), 20% organic 
material (mainly collagen type I), and 10% water by vol-
ume. It contains a  large number of tubules whose den-
sity and diameter decrease from the pulp to the denti-
noenamel junction. The dentinal tubules contain the 
odontoblastic processes, dentinal fluid and nerve fibres, 
and extend in an S-shaped fashion into the coronal den-
tin, following a straight course into the radicular dentin. 
Their wall is formed by very dense, uniformly mineral-
ized peritubular dentin, and they are separated from each 
other by less densely mineralized intertubular dentin.22 
The properties of dentin are described as the response of 
the tooth to the applied loads, and enable the prediction 
of tooth strain and fracture resistance. The commonly 
measured effective properties are Young’s modulus, ten-
sile and comprehensive strength and fracture toughness, 
reflecting the complex interactions of the dentin constit-
uents and the microstructure. The properties depend on 
tubule density and orientation as well as the local density 
of the mineral phase caused by the remodeling process. 
The elastic properties of dentin influencing the tooth 
strength are usually described as stiffness including 
Young’s modulus, shear modulus and Poisson’s ratio.14

The dentin microstructure, in combination with the 
whole tooth geometry, causes considerable variations in 
the results of experimental measurements of the dentin 
properties.11,14 Dental models, like other models from the 
fields of biology or medicine, have a complex geometry. 
However, their geometry is relatively easier nowadays 
thanks to 3D scanners (micro-CT and CT), which of-
fer an easy and fast way to build virtual geometry in any 
computer-aided engineering (CAE).6,7 On the other hand, 
the physical description of the material and boundary 
conditions are often significantly simplified. Some typi-
cal FE model inputs may be simplified and/or reduced to 
the essential parts. However, it is relatively difficult to 
simplify the material properties without changing the 
natural behavior of the object.

The properties of dentin are usually derived from ex-
perimental measurements, which have their own limita-
tions and yield a wide range of results. The complex in-

ner structure of the dentin produces anisotropy, which 
should be taken into account in the studied samples. All 
difficulties occur especially when the samples are lim-
ited because of the shape and size (such as human teeth). 
Conducting experiments, therefore, involves the use  
of more sophisticated methods in order to deliver more 
reliable results. The load and boundary conditions are 
complex, as are the contact surfaces of the teeth. There-
fore, the loads may be represented in non-uniform pres-
sure distribution applied to the suitable sites (physiologi-
cally loaded or reflecting in vitro experiments, depending 
on the modeling type). During FE simulations the most 
important parameters to set are the mechanical proper-
ties. Both quantitative values and qualitative descriptions 
(e.g. isotropy, anisotropy, axes orientation) are needed.  
In most of the FEM studies evaluating dental restoration, 
the dentin is modeled as an isotropic material. The finite 
element analysis of the dentin model carried out in our 
study showed higher strain values in the isotropic model. 
The significant difference observed between the isotro-
pic and anisotropic dentin model revealed the necessity 
of an estimation of the dentin anisotropy impact on the 
global FEM model while the tooth restoration analysis.

The homogenization methods are mainly based on the 
more or less accurate modeling of the non-homogenous 
composite microstructure and therefore frequently re-
ferred to as micromechanical models. Determination of 
the material parameters (e.g. Young's modulus, Poisson’s 
ratio, thermal expansion coefficient) is performed mathe-
matically by averaging the strain tensor of material prop-
erties for individual phases over selected volume (RVE).

Micromechanical models can be divided, with re-
gard to the applied methods, into 3 main groups: em-
pirical, analytical and numerical. The analytical models 
are particularly noteworthy because of the possibility  
of easy calculations and a  small amount of calibration 
experiments in the empiric models required. Most of 
the analytical methods of homogenization are based 
on the equivalent Eigenstrain method, described math-
ematically as a  singular elliptic inclusion in the elastic 
infinitely large matrix. Similarly, the numerical homog-
enization determines the effective elastic parameters 
for non-homogeneous material based on the properties  
of material phases and their geometry or internal struc-
ture. The numerical homogenization also uses the con-
cept of the RVE and assumes that the material is statis-
tically homogeneous at the macro-size level. Numerical 
micromechanical models are based mainly on the Finite 
Element Method (FEM). Furthermore, numerical meth-
ods of homogenization allow easy inclusion of various 
geometric details with complicated shapes. Unfortu-
nately, FE modeling of RVE requires significant effort for 
modeling and CPU computing time.

Our findings showed comparable results for numeri-
cal and analytical homogenization and displayed the 
transversely anisotropic behavior of dentin material.  
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An increase of Young’s modulus value (maximum on the 
top layer) alongside a decrease in the volumetric fraction 
and diameter of tubules was observed. The increase in E1 
of 18% and E2 and E3 of 47% on the top layer was also ob-
served. A decrease of the volumetric fraction and diameter 
of tubules also induced an increase of the shear modulus 
(G) values. On the top layer of the dentin, the values of G12 
and G13 were increased by 34% and G23 by 48% (Table 3).

Based on our data we could suggest that the increase of 
the tubule diameter (and volumetric fraction of tubules) 
led to the increase in anisotropy and the decrease in the 
E-modulus value.

Anisotropy of the dentin varied from min. 6.9% in the 
top layer to max 35.2% at the bottom layer. The mean val-
ues of anisotropy obtained analytically and numerically 
were comparable but they were higher than relatively low 
anisotropy (~10%) suggested by Kinney et al.23 Our results 
underlined the high impact of the dentinal tubules on the 
elastic properties and anisotropy of the dentin. This was in 
opposition to Kinney et al., who stated that the intertubu-
lar dentin matrix governed the elastic behavior of dentin, 
and that the tubules did not introduce elastic anisotropy.21 
The earlier published dentin tensile strength results con-
firmed the anisotropic behavior of the dentin and the in-
fluence of the tubules direction on the strength.19,24

The high anisotropy value may be also explained by 
the simplification of geometry when dentinal tubules 
are modeled as straight tubes. However, the influences 
of the S-shaped dentinal tubules on the results have not 
been evaluated in this paper. It should also be noted that 
the tubules’ natural orientation could vary widely across 
a  specimen, so potentially an anisotropy may be unde-
tected in a mechanical test of larger specimens.25 Miura et 
al., in order to create multi-scale tooth model, measured 
E and G modules using microindentation.26 They ob-
tained high anisotropy values amounting to E 17.07 GPa, 
G 1.7 GPa longitudinally and E 5.61 GPa and G 6.0 GPa 
transversally to the tubules. Unfortunately, the informa-
tion about measuring locations in the tooth structure was 
not available.

The dentin anisotropy is also detectable during flex-
ural strength tests; Shinno et al. registered the flexural 
strength of the anti-plane longitudinal vs transverse 
group that amounted to be 210 ± 67 MPa and 114 ± 36 
MPa, respectively.27

As mentioned above, the decrease in the volumetric 
fraction and diameter of the tubules induces the increase 
of the shear modulus (G) and Young’s modulus values. 
Considering the data obtained with the use of the ana-
lytical homogenization procedure, we could state that 
within the same layer of dentin an increase of the tubules’ 
diameter (i.e. increase of volumetric fraction of tubules) 
resulted in the increase of anisotropy and the decrease 
of the E-modulus value. Those results, combined with 
the large deviation of reported mechanical tests results, 
suggested the necessity for an analysis of the relation be-

tween the tubules’ diameter (and volumetric fraction of 
tubules) and mechanical test data.

Shinno et al. reported that a high density of dentinal tu-
bules also decreased the flexural strength of the dentin.27 
At the same time, the ageing of the dentin, with the ob-
turation of the tubules, resulting from higher mineraliza-
tion, could diminish the flexural strength. Panfilov et al. 
showed higher tensile strength of mature rather than 
teenage dentin (549.5 ± 26.9 MPa vs 445.2 ± 30.9 MPa, 
respectively).28

Within the limitations of this study we can suggest the 
transversely isotropic behavior of dentin and the anisot-
ropy ranged from 6.9 to 35.2%, depending on the dentin 
location. The numerical and analytical dentin homogeni-
zation presented similar results. The decrease in volume 
and diameter of tubules resulted in some increase of the 
shear modulus (G) and Young’s modulus (E) values. Both 
methods give the same level of anisotropy, with relatively 
small variation. We could assume that the analytical de-
termination of the dentin properties is simpler, more ef-
fective and faster, and therefore allows for a recalculation 
of numerous geometric scenarios. The numerical homog-
enization requires a new FE model for each new geomet-
ric concept leading to a significant increase in the over-
all cost. However, the analytical model becomes much 
more complicated (or even unfeasible) for non-parallel or  
S-shaped tubules, when the numerical homogenization is 
still applied.

We have attempted to create an anisotropic dentin 
model imaging its natural nonlinear characteristics 
and analyze the impact of physiological anisotropy on 
the dentin strain. The comparison of the isotropic and 
anisotropic dentin model revealed significant differenc-
es in strain, especially in the area with a high density of 
dentinal tubules. The finite element analysis showed up 
to over 30% higher strain values in the isotropic model 
compared to the anisotropic one. It is worth mentioning 
that Kishen and Vedantam, as in our study, found that the 
anisotropy of the dentin and changes in the modules E 
and G (gradients of moduli) during FEM analysis caused 
significant decrease in displacement and strain values.8 
Kishen and Vedantam also emphasized the importance 
of hydrostatic pressure of the dentinal tubule fluid, which 
was neglected during our study.8 The significant differ-
ence observed between the isotropic and anisotropic den-
tin model pointed to the necessity for an estimation of 
the impact that the dentin anisotropy in the global model 
has on the FEM analysis results of the tooth restoration.

The anisotropy of the dentin and changes in modules E 
and G should be taken into account in future FEM analy-
sis studies. Hence, further study should be directed to-
wards an analysis of the global model of the tooth (whole 
tooth structure), while applying anisotropy of the dentin 
and the moduli gradients. This procedure, after model 
calibration, may be useful in the analysis of the restored 
teeth and during optimization of restorative process.
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Abstract
Background. Cholesterol homeostasis is dependent upon the sterol regulatory element binding protein 2 
(SREBP-2) regulatory system and the functioning of plasma proprotein convertase subtilisin/kexin type 9 
(PCSK9). Many studies have also reported that low density lipoprotein receptor (LDLR) levels in cellular 
membranes are related to the functioning of these proteins.

Objectives. The aim of this study was to investigate the association of lipid profiles with circulating PCSK9 
protein values and SREBP-2 expression levels in normal subjects.

Material and methods. The study involved 120 randomly chosen healthy subjects. Their lipid profiles 
were measured using routine laboratory techniques, and the plasma PCSK9 protein and SREBP-2 expression 
levels were determined by ELISA and real time quantitative PCR methods, respectively. A statistical analysis 
was carried out using a statistical software package. 

Results. Linear regression analyses showed a significant correlation between total cholesterol and PCSK9 
(3.54 ± 1.31 ng/mL), as well as between total cholesterol and SREBP-2 (0.1–35.38) (p = 0.002 and p = 0.02, 
respectively). Furthermore, multiple regression analyses showed strict correlations between PCSK9 and 
cholesterol-related parameters especially the total cholesterol/HDL-C ratio (β = 3.53, p = 0.001). There 
was no significant correlation between circulating PCSK9 and SREBP-2 expression levels (r = 1.2, p = 0.3).

Conclusions. The study results revealed that serum cholesterol-related parameters are strictly associated 
with plasma PCSK9 values, suggesting that PCSK9 function has a greater effect on serum total cholesterol 
levels than SREBP-2 expression does. Furthermore, the total cholesterol/HDL-C ratio was a better indicator 
for evaluating PCSK9 level than total cholesterol.
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Plasma PCSK9

PCSK9 ELISA kits (Abnova, Taiwan) were used in accor-
dance with the manufacturer’s instructions. A  standard 
linear curve was used to identify the plasma PCSK9 level. 

RNA extraction and cDNA synthesis

Total RNA was extracted from buffy coat samples using 
standard kits according to the manufacturer’s instruc-
tions (Total RNA Extraction Kit, Arya tous, Mashhad, 
Iran). The RNA quantity and quality was determined 
using a NanoDrop spectrophotometer (NanoDrop Prod-
ucts, Thermo Fisher Scientific Inc., Wilmington, USA) 
and agarose-gel electrophoresis (2%). cDNA was synthe-
sized using a standard kit in accordance with the manu-
facturer’s instructions (PrimeScript Double Strand cDNA 
Synthesis Kit, Takara Bio Inc., Kusatsu, Japan).

The SYBR green real-time  
quantitative PCR method

SREBP-2 gene expression level was determined using the 
QuantiFast SYBR Green PCR Kit (Qiagen, Hilden, Ger-
many) and was normalized with reference gene (β-ACTIN, 
5’-TCCCTGGAGAAGAGCTACG-3’, 5’-GTAGTTTCGT- 
GGATGCCACA-3’). The primers for SREBP-2 gene 
(5’-CTACGGTGCAGACAGTTGCT-3’, 5’-CCAGGGTTG-
GTACTTGAAGGG-3’) were designed with Genamics Ex-
pression Software v. 1.1 (Genamics™, New Zealand). The 
temperature cycles (n = 35) were performed at 95˚C for 10 s 
and 63˚C for 30 s. (E = efficiency; ΔCT = CTRef – CTTar; 
CT = cycle threshold; Ref =  reference gene; Tar =  target 
gene) was used to compare the gene expression levels.

Statistical analysis

The statistical analysis was performed using SPSS soft-
ware v. 16 (SPSS Inc., Chicago, IL, USA). The data distri-
bution was evaluated using the Kolmogorov–Smirnov test. 
PCSK9 protein and SREBP-2 expression levels between 
genders and BMI groups (< 30 and ≥ 30) were statistically 
evaluated by Student’s t-test and the Mann-Whitney U-test. 
Linear regression analyses were performed for PCSK9 pro-
tein and SREBP-2 expression levels and other biochemical 
(LDL-C, total cholesterol, total cholesterol/HDL-C ratio 
and LDL-C/HDL-C ratio) and demographic (age, gender 
and BMI) parameters. Multiple regression analyses were 
performed after the elimination of insignificant parameters 
obtained from the linear regression analyses. Four param-
eters (LDL-C, total cholesterol, total cholesterol/HDL-C 
ratio and LDL-C/HDL-C ratio) were applied for the PCSK9 
protein expression levels, and 3 parameters (triglyceride, 
total cholesterol and total cholesterol/HDL-C ratio) were 
applied for the SREBP-2 expression levels. P values lower 
than 0.05 were considered statistically significant.

Atherosclerosis is the primary cause of coronary artery 
diseases (CAD) and death in the world.1 Population stud-
ies have reported the classic factors involved in the ath-
erosclerosis process, including age, gender, lifestyle, blood 
pressure, obesity, diabetes, lipid profile and genetic de-
fects. Many studies have also confirmed that inflammato-
ry events can trigger the development of atherosclerosis.2 

Among the various hypotheses describing the ath-
erosclerosis process, the development of atherosclerotic 
plaque and remodeling is the most widely accepted. Mo-
lecular events show that lipid accumulation, especially 
low-density lipoprotein (LDL) particles and its modified 
forms in subendothelial macrophages develop foam cells, 
forming the core of atherosclerotic plaques.3 The macro-
phages scavenge the particles via LDL receptors (LDLR).4 
Studies have also reported that the LDLR level is depen-
dent upon the function of factors such as sterol regula-
tory element binding protein-2 (SREBP-2) and proprotein 
convertase subtilisin/kexin type 9 (PCSK9). The reduced 
cellular cholesterol pool induces SREBP-2 expression, re-
sulting in an increase in LDLR level.5,6

Studies have also revealed that the SREBP-2 regula-
tory system is involved in cholesterol homeostasis and is 
related to 3 main factors: SREBP-2, PCSK9 and LDLR.7 
Based on these descriptions, the authors posited that se-
rum LDL-C levels in normal high-cholesterol cases may 
be related to LDL uptake and may be affected by SREBP-2 
expression and PCSK9 protein levels.

Material and methods

Subjects

The study involved 120 healthy adult subjects 
(BMI  >  20) selected by a  physician. The subjects had 
no clinical problems (lupus, liver or kidney diseases or 
myocardial infarction) in their medical interviews. The 
ethics committee at Iran University of Medical Sciences 
approved the study, and informed consent was obtained 
from all the subjects.

Samples

Both coagulated and EDTA-containing whole blood 
samples (5 mL each) were prepared from all the partici-
pants. Sera and buffy coat fractions were separated and 
preserved at -80˚C.

Biochemical measurements

Each participant’s serum lipid profile, including total 
cholesterol (TC), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C) and low-density lipoprotein 
cholesterol (LDL-C) levels, was directly measured by rou-
tine laboratory techniques.



Adv Clin Exp Med. 2017;26(4):655–659 657

Table 1. Study population characteristics

Parameter Mean ± SD/(n)

Age (years) 44.74 ± 11.49

Gender (male/female) (65/55)

BMI (kg/m2) 29.95 ± 3.64

Total Cholesterol, TC (mg/dL) 184.22 ± 59.57

LDL-C (mg/dL) 120.43 ± 26.91

HDL-C (mg/dL) 54.88 ± 10.64

Triglyceride, TG (mg/dL) 211.15 ± 124.27

LDL-C/HDL-C ratio 2.26 ± 0.68

Total Cholesterol/HDL-C ratio 3.43 ± 1.87

Table 2. PCSK9 protein and SREBP-2 expression levels

Parameter (n) SREBP–2 (EΔCT)  
(min–max)

PCSK9 (ng/mL)  
mean ± SD

Gender
male (65)
female (55)
p-value

0.1–35.31
0.1–27.29

0.009

3.37 ± 1.25
3.77 ± 1.36

0.1

Total (120) 0.1–35.38 3.54 ± 1.31

BMI
< 30 (77)
≥ 30 (43)
p-value

0.1–35.2
0.26–27.9

0.72

3.49 ± 1.29
3.66 ± 1.35

0.5

Total (120) 0.1–35.38 3.54 ± 1.31

Table 3. Linear regression analyses between plasma PCSK9 level and 
study parameters

Parameter Correlation 
coefficient (r-value) p-value

Age (year) 0.15 0.10

Body mass index  
BMI (kg/m2)

0.05 0.54

Triglyceride (mg/dL) 0.07 0.44

HDL-C (mg/dL) -0.01 0.89

LDL-C (mg/dL) 0.31 0.001

Gender  
(male 1, female 2)

0.15 0.1

Total cholesterol 
(mg/dL)

0.29 0.002

LDL-C/HDL-C ratio 0.26 0.005

Total cholesterol/
HDL-C ratio

0.32 0.001

Results

The study population

Table 1 shows some of the biochemical and demo-
graphic characteristics in study population. 

Plasma PCSK9 

The results showed that the plasma PCSK9 protein lev-
els did not differ significantly between gender and BMI 
subgroups (p < 0.2 and p < 0.6, respectively), although the 
PCSK9 level was higher in women with BMI values over 
30 (Table 2). The linear regression analyses showed that 
circulating PCSK9 levels were significantly correlated to 
LDL-C (r = 0.31, p = 0.001), total cholesterol (r  =  0.29, 
p  =  0.002), total cholesterol/HDL-C ratio (r  =  0.26, 
p = 0.005) and LDL-C/HDL-C ratio (r = 0.32, p = 0.001) 
(Table 3). Moreover, the multiple regression analysis for 
the significant parameters showed that the circulating 
PCSK9 level is strictly correlated with the total choles-
terol/HDL-C ratio (β = 3.53, p = 0.001) (Table 4).

SREBP-2 expression 

The results showed that SREBP-2 expression was signifi-
cantly higher in men than in women (p = 0.009). Further-
more, the results showed significant linear correlations be-
tween SREBP-2 expression and other parameters, including 
triglyceride (r = 0.34, p = 0.001), total cholesterol (r = 0.21, 
p  =  0.02) and total cholesterol/HDL-C ratio (r  =  0.16, 
p = 0.04) (Table 5). The multiple regression analysis of tri-
glyceride, total cholesterol and the total cholesterol/HDL-C 
ratio showed that the SREBP-2 expression level is more re-
lated to triglyceride (β = 0.07, p = 0.004) (Table 6). No sig-
nificant linear correlation (r = 0.2, p = 0.3) was observed 
between the plasma PCSK9 protein and SRBPE-2 expres-
sion levels (Fig. 1). 

Fig. 1. Linear correlation between circulating PCSK9 protein  
and SREBP-2 expression levels
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Table 4. Multiple regression analysis for plasma PCSK9 level

Parameter β SE p-value

LDL-C (mg/dL) 0.104 0.025 0.007

Total cholesterol  
(mg/dL)

0.059 0.015 0.001

LDL-C/HDL-C ratio -5.079 1.299 0.005

Total cholesterol/
HDL-C ratio

3.533 0.853 0.001

Table 6. Multiple regression analysis for SREBP-2 expression 

Parameter β SE p-value

Total cholesterol  
(mg/dL)

0.01 0.001 0.05

Total cholesterol /
HDL-C ratio

-0.009 0.008 0.366

Triglyceride (mg/dL) 0.07 0.001 0.004

Table 5. Linear regression analyses between SREBP-2 expression  
level and study parameters

Parameter Correlation 
coefficient (r-value) p-value

Age (year) 0.08 0.36

Body mass index,  
BMI (kg/m2)

0.006 0.95

Triglyceride (mg/dL) 0.34 0.001

HDL-C (mg/dL) 0.033 0.72

LDL-C (mg/dL) 0.14 0.12

Gender  
(male 1, female 2)

-0.11 0.22

Total cholesterol  
(mg/dL)

0.21 0.02

LDL-C/HDL-C ratio 0.07 0.45

Total cholesterol/
HDL-C ratio

0.16 0.04

Discussion

Experimental studies on the role of PCSK9 in cholester-
ol homeostasis have revealed that PCSK9 acts as a plasma 
chaperone for LDLR internalization and LDLR lysosomal 
degradation.8 Furthermore, finding the sterol regulatory 
element (SRE) within the PCSK9 promoter showed that 
PCSK9 expression level is related to the SREBP-2 tran-
scription factor.9 In the present study, the participants’ 
lipid profiles, PCSK9 protein levels and SREBP-2 expres-
sion levels were evaluated. Some studies have suggested 
that the effect of PCSK9 on cellular membrane LDLR lev-

els might be different in extra-hepatic tissues producing 
steroids10,11 In the present study, the circulating PCSK9 
level was significantly correlated with LDL-C and total 
cholesterol levels, confirming other studies12,13 The re-
sults also revealed that the PCSK9 level is strictly cor-
related with the total cholesterol/HDL-C ratio, which 
might be a better indicator for assessing PCSK9. The data 
also showed a linear correlation, but not a significant one, 
between the plasma PCSK9 protein and SREBP-2 expres-
sion levels. Since liver tissue is the primary site for PCSK9 
expression14, it might be due to physiological characteris-
tics of extra-hepatic tissues that excess SREBP-2 increas-
es LDL uptake due to LDLR over-expression.15,16 There is 
a controversy over the function of PCSK9 and SREBP-2, 
since the former internalizes LDLR while the latter in-
duces it. Furthermore, regression analyses showed that 
circulating PCSK9 is more closely associated with serum 
cholesterol-related parameters than SREBP-2 expression 
levels are. The authors suggested that cholesterol homeo-
stasis could be due to degradation of LDLR rather than 
SREBP-2 induction. In agreement with this hypothesis, 
Dong et al. suggested that PCSK9 plays a significant role 
in LDLR degradation in hamsters.17

Moreover, many studies have reported the increase of 
SREBP-2 in response to reduced intracellular cholesterol 
levels.18 The results of the present study show a weak cor-
relation between total cholesterol and SREBP-2 expres-
sion levels. The authors suggested that the induction of 
intracellular cholesterol synthesis by SREBP-2 reduces 
the need of extracellular cholesterol source in accordance 
with PCSK9 function. 

Conclusions

In conclusion, the results of the current study revealed 
that serum cholesterol-related parameters are associated 
with circulating PCSK9 protein. Furthermore, total cho-
lesterol/HDL-C ratio was strictly correlated with PCSK9 
function. Many studies have reported that SREBP-2 is 
able to increase PCSK9 and LDLR expression levels so 
that they can inversely affect serum LDL-C levels. The 
present authors suggest that PCSK9 function has a great-
er effect on serum total cholesterol levels than SREBP-2 
expression.
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Abstract 
Background. Henoch–Schönlein purpura (HSP) is a multisystem, small vessel, leucocytoclastic vasculitis. 
It is predominantly a childhood vasculitis, rarely reported in adults. Studies have shown that several differ-
ent genetic factors such as genes involved in inflammatory system and renin-angiotensin system (RAS) are 
important in the pathogenesis of Henoch–Schönlein purpura. 

Objectives. The purpose of this study was to evaluate the independent effect of 3 gene polymorphisms 
including CCL2-2518 C/T, VEGF-634G/C and ACE(I/D) with HSP disease and their possible joint interactions 
in developing the disease.  

Material and methods. In this case-control study 47 HSP cases and 74 unrelated healthy controls were 
enrolled for evaluation. All individuals were genotyped for CCL2-2518C/T, VEGF-634G/C and ACE(I/D) gene 
polymorphisms. The possible association of these polymorphisms with susceptibility to develop HSP dis-
ease independently and in different joint combinations was evaluated.  

Results. The frequencies of TT genotype and T allele of CCL2-2518C/T gene polymorphism and CC genotype 
and C allele of VEGF-634G/C gene polymorphism were significantly high in HSP children (p-values = 0.005 
and = 0.007 respectively). Interestingly, studying the joint interaction of these 2 genotypes (CC genotype 
of VEGF G-634C and TT genotype of CCL2 C-2518T) in this cohort showed a more significant effect in the 
development of the disease (p < 0.000, OR = 6.009). The frequency of TT genotype of CCL2 gene when 
combined with II genotype of ACE gene in HSP children was significantly higher (p < 0.000, OR = 4.213).  

Conclusions. The results of this pilot study provide evidence of the possible gene–gene interaction effects 
of CCL2, VEGF and ACE genes in developing HSP disease.  

Key words: CCL2, VEGF, Henoch–Schönlein purpura, gene–gene interaction effect, ACE
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Henoch–Schönlein purpura (HSP) is a leukocytoclastic 
vasculitis of small blood vessels usually occurring be-
tween 3 and 15 years but it could be developed at any age. 
This systemic vasculitis is characterized by palpable pur-
pura, arthritis or arthralgias, gastrointestinal and renal 
involvement.1,2

It has been shown that multiple different genes and 
their interactions with environmental factors are in-
volved in the susceptibility to HSP.3 Therefore, genetic 
background is an important factor in the pathogenesis of 
this immune-mediated inflammatory disease.4

Inflammatory mediators such as transforming growth 
factor (TGF)-b, vascular endothelial growth factor 
(VEGF) and some pro-inflammatory chemokines in-
crease in the serum of HSP patients.5–7 

The MCP-1/CCL2 produced by macrophages, endothe-
lia and some other cells is chemo-attractant cytokine that 
has important role in immune-regulatory and inflamma-
tory processes by attracting monocytes to the region of 
inflammation.8 MCP-1-2518 polymorphism is located in 
promoter region of the gene and its role in the develop-
ment of HSP disease has been evaluated previously.9

Vascular endothelial growth factor (VEGF) is a  cyto-
kine with angiogenic activity which could have a  cru-
cial role in inflammatory reaction in different disorders.  
It has been proposed that VEGF-634G/C polymorphism, 
which affects the expression level of the gene, could have 
an association with the development of the disease.10

Angiotensin I-converting enzyme (ACE) is a key com-
ponent of the renin-angiotensin system. This system 
regulates vascular homeostasis and inflammation. In-
creasing the level of ACE leads to vascular inflammation 
due to cytokine release.11 Polymorphism of the ACE gene 
(I/D) and its role in HSP disease has been studied in pa-
tients from different populations.12,13

Considering that HSP disease is a complex disease in-
volving different genetic factors, we planned to evaluate 
the possible associations of these polymorphisms with 
the susceptibility to HSP independently and in different 
joint combinations. 

Material and methods

Patients

The studied population consisted of 47 patients (28 males 
and 19 females, with a mean age of 8.14 years) who were di-
agnosed by specialists for HSP. The control group consisted 
of 74 healthy adults with no renal, vasculitic, allergic or in-
flammatory diseases. The majority of patients (95.74%) had 
palpable purpura. Gastrointestinal complications in 63.82% 
and joint pain in 44.68% of the patients were observed. This 
study was approved by the Ethics Committee of Tabriz Uni-
versity of Medical Science and an informed written consent 
was obtained from all patients’ parents.

Genetic analysis

Genomic DNA was extracted from whole blood ac-
cording to standard DNA extraction protocol.14

Each individual was genotyped for CCL2 -2518 C/T and 
VEGF -634 G/C polymorphisms by polymerase chain re-
action (PCR)-restriction fragment length polymorphism 
(RFLP) as described previously.15,16 In brief, to genotype 
for CCL2 -2518, the PCR product was digested by PvuII 
restriction enzyme. The PCR product from individuals 
with C/C genotype was digested into 121 & 172bp. In in-
dividuals with T/T genotype 293bp, the PCR product was 
left intact.15 In order to genotype for VEFG -634 poly-
morphism, the amplified fragments were digested with 
BsmfI restriction endonuclease. The GG genotype was 
cut into two fragments of 250bp and 93bp, while the CC 
genotype displayed a single fragment of 343bp.16 

The I/D polymorphism in ACE gene was determined 
by applying PCR as described previously.17

Table1. Genotype and allele distributions of the patients  
and controls in 3 polymorphisms

Genotypes  
& alleles N (%) p-value Odds 

ratio

VEGF-634G/C case control

GG 7 (14.89) 19 (25.67) 0.021* 0.507

GC 27 (57.45) 45 (60.81) 0.347 0.870

CC 13 (27.66) 10 (13.51) 0.007* 2.448

G 41 (43.62) 83 (56.08) 0.036* 0.606

C 53 (56.38) 65 (43.92) 0.030* 1.650

CCL2 -2518C/T case control

CC 1 (2.13) 8 (10.81) 0.010* 0.180

CT 15 (31.91) 31 (41.89) 0.057* 0.650

TT 31 (65.95) 35 (47.29) 0.005* 2.159

C 17 (18.08) 47 (31.75) 0.018* 0.474

T 77 (81.91) 101 (68.24) 0.015* 2.107

ACE I/D case control

II 14 (29.79) 16 (21.62) 0.109 1.538

ID 16 (34.04) 28 (37.84) 0.295 0.848

DD 17 (36.17) 30 (40.54) 0.336 0.831

I 44 (46.81) 60 (40.54) 0.210 1.291

D 50 (53.19) 88 (59.46) 0.183 0.775

*p-value less than 0.05.
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Three-locus (TT CCL2/II ACE/ GC VEGF) joint ef-
fect was significantly different in 2 groups (p  =  0.043, 
OR = 2.821) (Table 2). 

Discussion

Different studies clearly show that genetic and non-ge-
netic factors play important roles in the development of 
HSP disease. In this paper we focus on the possible in-
teraction effects of SNPs from 3 different genes among 
HSP patients from Iranian Azeri Turkish population.  
We propose that an investigation of gene-gene interactions 
would expand our current understanding about the devel-
opment of HSP disease. The impact of 3 different SNPs 
including CCL2 C-2518T, VEGF G-634C and ACE I/D was 
independently evaluated and their possible joint interac-
tions were explored. Furthermore, different combinations 
of their genotypes were also studied in this cohort. On the 
basis of these results, individuals carrying CC genotype 
of VEGF G-634C (p = 0.007, OR = 2.448) and TT geno-
type of CCL2 C-2518T (p = 0.005, OR = 2.159) exhibited 
twice the susceptibility for developing the disease. Inter-
estingly, studying joint interactions of these 2 genotypes 
(CC genotype of VEGF G-634C and TT genotype of CCL2 
C-2518T) in our cohort showed that individuals with CC-
TT genotype have six times increased possibility of devel-
oping the disease (p < 0.000, OR = 6.009). The association 
with ACE I/D gene was only found when it was joint with 
CCL2 -2518 gene polymorphism. II genotype of ACE in 
joined with TT genotype of CCL2 C-2518T showed statis-
tically significant effect on the development of HSP dis-
ease (p < 0.000, OR = 4.213). 

HSP is known as a multi-factorial disease, thus the in-
volvement of multiple SNPs from a variety of genes and 
their joint-interaction affecting the development of the 
disease is possible. 

Pro-inflammatory cytokines and complement family 
are possible factors involved in the pathogenesis of HSP. 
Increased levels of VEGF have been reported in some 
systemic vasculitis such as Behcet’s disease and HSP. 
VEGF−634 G/C polymorphism of this gene has been re-
ported as a genetic variant that may contribute to the de-
velopment of the disease.5,18

Rueda et al and Zeng et al. have already reported that 
the frequency of VEGF-634 C allele is significantly in-
creased in HSP patients.10,19

Yu et al.’s results showed elevations of the chemokine 
MCP1 in patients with acute HSP and they reported that 
T allele of this polymorphism was associated with the 
disease.9 Increased risk of developing HSP for individu-
als carrying both CC genotype of VEGF G-634C and TT 
genotype of CCL2 C-2518T indicate that there is a possi-
ble gene-gene interaction between these 2 genotypes (ad-
ditive effect) and this joint effect could be either between 
genes or their encoded proteins. 

Statistical analysis

All statistical analyses were performed by R (R Core 
Team [2014]. R: A  language and environment for statis-
tical computing. R Foundation for Statistical Comput-
ing, Vienna, Austria. URL http://www.R-project.org/).  
We used logistic regression analysis in case-control studies. 
To evaluate gene-gene interaction, all possible subgroups 
were created and χ2 test was used to compare these groups.

Results

Analysis for CCL2 C-2518T showed that TT genotype 
and T allele of this polymorphism is significantly high in 
HSP patients (p = 0.005 and 0.015 respectively), while the 
frequency of CC genotype and C allele in patients is less 
than that of control group (Table 1).

Genotypic and allelic analysis in VEGF -634G/C poly-
morphism showed significant difference between case 
and control group. CC genotype and C allele of this poly-
morphism is more frequent in patients (p = 0.10 and 0.018 
respectively) (Table 1).

The frequency of the II genotype and I  allele of ACE 
gene in patients with Henoch-Schönlein purpura was 
higher than that of the control but the difference was not 
significant.

Studying joint interaction yielded significant results 
for two-locus analysis (TT CCL2/ II ACE and TT CCL2/
CC VEGF) in the overall analysis (p = 0.000, OR = 6.009). 

Table 2. Joint effects among -2518 C/T CCL2, -634C/G VEGF  
and ACE I/D genes

Genotypes  
& alleles N (%) p-value Odds 

ratio

ACE & CCL2 case control

II/TT 11 (23.40) 5 (6.76) 0.000* 4.213

II/TC 3 (6.38) 10 (13.51) 0.049* 0.436

ACE & VEGF case control

ID/GG 2 (4.25) 9 (12.16) 0.027* 0.321

CCL2 & VEGF case control

TT/CC 12 (25.54) 4 (5.40) 0.000* 6.009

TT/GG 1 (2.13) 10 (13.51) 0.002* 0.139

VEGF/ ACE/ 
CCL2 case control

GC/II/TT 5 (10.64) 3 (4.05) 0.043* 2.821

GC/II/AG 1 (2.13) 9 (12.16) 0.004* 0.157

*p-value less than 0.05.
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Although some previous studies were unable to con-
firm any association between ACE I/D gene polymor-
phism and HSP disease, a study on a Chinese cohort have 
shown that the frequency of D allele was higher than that 
of control group.12,20,21

The ACE I/D SNP was not associated with HSP in our 
population; however, joint interaction analysis of ACE 
I/D and CCL2 C-2518T showed a  significantly higher 
frequency of II genotype of ACE I/D in coexistence with 
TT genotype of CCL2 C-2518T in patients. This joint 
association shows the possible existence of epistasis be-
tween these two genes. Since endothelial cell activation 
and vasculitis of the small blood vessels occurs in HSP, 
RAS genes including ACE gene polymorphisms seem to 
be biologically and clinically relevant to the development 
of the disease.

 CCL2 has also an important role in the development of 
auto-inflammatory disorders including HSP. Our study 
evaluates potential interaction of CCL2 and ACE genes. 

This is the first pilot study that evaluated independent 
and joint interactions of these three polymorphisms 
(-2518 C/T CCL2, -634C/G VEGF and ACE I/D) in re-
gards to the susceptibility to HSP disease.
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Abstract
Background. Depressive symptoms have been linked with insulin resistance in middle-aged and elderly 
populations. A strong relationship between peripheral insulin resistance and glucose homeostasis imbal-
ance has been well established in previous studies. The role of serum fructosamine and fasting blood glu-
cose (FBG) in elevating glucose homeostasis has been documented in the literature.

Objectives. The aim of the study was to examine the association of serum fructosamine and FBG with 
major depressive disorder (MDD).

Material and methods. The study analyzed the clinical characteristics and biochemical parameters of 
305 patients with MDD and 312 healthy individuals.

Results. Serum concentrations of lipoprotein-cholesterol (HDL-C), total protein (TP) and creatinine 
(Cr) were found to be significantly different between the two groups. Serum fructosamine and fasting 
blood glucose (FBG) concentrations were high in patients with MDD compared with healthy individuals 
(2.3 ± 0.26 vs 2.1 ± 0.27, p = 0.018; 4.7 ± 0.45 vs 4.5 ± 0.45, p < 0.001). The levels of serum fructosamine 
and FBG were also significantly higher in patients with MDD when all participants were stratified by gender. 
Age was found to be positively correlated with FBG, serum fructosamine and Cr (r = 0.203, p < 0.001;  
r = 0.129, p = 0.025; r = 0.129, p = 0.024), and negatively correlated with TP (r = -0.114, p = 0.047)  
in patients with MDD. However, there were no correlations between age and FBG, serum fructosamine or Cr 
in the healthy controls. In a multivariate logistic regression analysis, increased serum fructosamine and FBG 
concentrations were positively associated with MDD independently of age and gender, after adjustment for 
age and potential confounding factors (OR = 6.313, CI95 %:2.953–13.393, p < 0.001; OR = 2.251, CI95 %: 
1.464–3.462, p < 0.001).

Conclusions. The study results suggest that increased serum fructosamine and FBG concentrations are 
associated with depressive conditions, which may influence glucose metabolism and impair glucose ho-
meostasis in patients with MDD.
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ney dysfunction, pregnancy, acute or chronic infections, 
malignant tumors, immune diseases, a history of trauma, 
and the use of psychiatric medications. 

Fasting venous blood was collected from all the par-
ticipants, and the values of fructosamine, low density 
lipoprotein-cholesterol (LDL-C), total cholesterol (TC), 
high density lipoprotein-cholesterol (HDL-C), fasting 
blood glucose (FBG), total protein (TP), triglyceride (TG) 
and creatinine (Cr) were measured using automated bio-
chemical analysis (Cobas 8000 modular analyzer, Hoff-
man-La Roche AG, Basel, Switzerland ).

Statistical analysis

SPSS 16.0 software (SPSS Inc., Chicago, USA) was used 
to analyze the data. Continuous variables were presented 
as mean ± standard deviation. The Kolmogorov-Smirnov 
test was used to examine the normality of the data. Stu-
dent’s t-test, the chi2 test and the Mann-Whitney U test 
were used to compare the baseline information, and 
Student’s t-test was used to compare the levels of serum 
fructosamine and FBG in male and female MDD patients 
with those of healthy males and females. To further as-
sess the association of age with biochemical parameters, 
correlations between age and biochemical parameters 
were checked using the Pearson approach. Binary logistic 
regression analysis was also used to identify the under-
lying factors associated with MDD. A p value <0.05 was 
regarded as statistically significant.

Results 

Cumulative results for all the parameters were ana-
lyzed in 238 males and 379 females. The laboratory pa-
rameters and demographic characteristics of the par-
ticipants are shown in Table 1. In the baseline data, the 
serum concentrations of HDL-C, TP and Cr were found 
to be significantly different between the two groups. No-
tably, serum fructosamine and FBG concentrations were 
significantly higher in the patients with MDD than in 
the healthy individuals. A decision was made to separate 
the study population into genders to compare the differ-
ences in serum fructosamine and FBG concentrations. 
Since depression has a higher prevalence in females than 
males, when all the individuals were stratified by gender 
the results showed that the serum concentrations of fruc-
tosamine and FBG were also significantly higher in the 
patients with MDD compared with the healthy subjects 
(Fig. 1 and 2).

Knowing that some biochemical parameters, such as 
FBG, fructosamine and lipids may be influenced by age, 
a  linear analysis was performed for both the MDD pa-
tients and the healthy controls; the results indicated that 
age was positively correlated with TC, LDL-C, TG in 

A  large body of epidemiologic data indicates that de-
pressive conditions severely influence human physical 
health. Data show that inflammatory cytokines are con-
sidered to play a central role in mediating depression by 
communicating peripheral inflammation to the brain.1 
Growing evidence has underlined an association between 
psychosocial factors and cardiovascular disease (CVD).2 
Unfortunately, there is a consensus that depression may 
contribute to the clinical outcomes in several chronic 
diseases, such as diabetes, chronic kidney diseases (CKD) 
and CVD.2,3 Very recently, a  noteworthy prevalence of 
metabolic syndrome (MS) was observed in patients with 
depression.3

Poor blood glucose homeostatic regulation in the body 
may result in adverse clinical outcomes. Serum fructos-
amine is a glycoprotein formed through a nonenzymatic 
mechanism, and it is clinically used to estimate glycemic 
control over the previous two to three weeks in patients 
with diabetes.4 Earlier investigations have shown that se-
rum concentrations of fructosamine are negatively corre-
lated with estimated glomerular filtration rate (GFR) in 
non-diabetic individuals, and are associated with micro-
vascular complications and retinopathy in both diabetic 
and non-diabetic individuals.5–8 Fasting blood glucose 
(FBG) is closely associated with reduced GFR in elderly 
healthy Chinese patients, and elevated FBG at admission 
is a  predictor of all-cause mortality in patients with di-
lated cardiomyopathy.9,10 Interestingly, depressive  symp-
toms have been linked with insulin resistance in middle-
aged and elderly populations.11 Rafacho et al. suggested 
a  strong relationship between peripheral  insulin resis-
tance and glucose homeostasis imbalance.12 The role of 
serum fructosamine and FBG in elevated glucose homeo-
stasis has been documented in the literature.13 Therefore, 
the present study examined the association of serum fruc-
tosamine and FBG with major depressive disorder (MDD).

Material and methods

This study retrospectively analyzed demographic 
data and biochemical parameters in 305 patients with 
MDD and 312 healthy individuals. The average age 
was 36.8 ± 9.70 years in all the participants, 39.9 ± 8.47 
years in the patients with MDD and 33.8 ± 9.86 among 
the healthy individuals. The diagnosis of MDD was es-
tablished according to DSM-IV criteria.14,15 The study 
complied with all the relevant national regulations, insti-
tutional policies and in accordance the tenets of the Hel-
sinki Declaration regarding research involving humans, 
and was approved by the Ethics Committee of the Affili-
ated Hospital of Youjiang Medical University for Nation-
alities (Baise, Guangxi, China). 

Criteria for exclusion from the present study included 
other primary psychiatric disorders, diabetes mellitus, 
hypertension, CVD, endocrine diseases, MS, liver or kid-
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Table 1. Laboratory parameters and demographic characteristics in 
patients with major depressive disorder and healthy individuals

MDD patients
Controls

n = 305 n = 312 p-value

Gender (male/female) 66/239 172/140 < 0.001

Age(y) 39.9 ± 8.47 33.8 ± 9.86 < 0.001

Body mass index (kg/m2) 24.0 ± 2.63 24.1 ± 3.01 0.852

Total cholesterol (mmol/L) 4.2 ± 0.75 4.1 ± 0.81 0.346

Low density lipoprotein 
cholesterol (mmol/L)

2.6 ± 0.63 2.5 ± 0.68 0.066

High density lipoprotein 
cholesterol (mmol/L)

1.3 ± 0.34 1.2 ± 0.33 0.002

Fasting blood-glucose 
(mmol/L)

4.7 ± 0.45 4.5 ± 0.45 < 0.001

Total protein (g/L) 66.8 ± 5.05 69.9 ± 5.20 < 0.001

Triglycerides (mmol/L) 1.0 ± 0.34 1.00 ± 0.34 0.202

Creatinine (mmol/L) 58.2 ± 12.47 64.3 ± 13.56 < 0.001

Serum fructosamine (mmol/L) 2.3 ± 0.26 2.1 ± 0.27 0.018

Table 2. Serum fructosamine and fasting blood glucose associated with 
major depressive disorder in the multivariate regression analysis 

Parameters OR CI 95% p-value

Gender 0.142 0.092–0.220 < 0.001

Age 
(years)

1.059 1.037–1.082 < 0.001

Fasting blood-glucose 
(mmol/L) 

2.251 1.464–3.462 < 0.001

Serum fructosamine  
(mmol/L)

6.313 2.953–13.393 < 0.001

both the MDD patients and the healthy individuals. In-
terestingly, age was found to be positively correlated with 
FBG, serum fructosamine and Cr (r = 0.203, p < 0.001; 
r = 0.129, p = 0.025; r = 0.129, p = 0.024) and negatively 
correlated with TP (r = -0.114, p = 0.047) in the patients 
with MDD. However, there were no correlations between 
age and FBG, serum fructosamine or Cr in the control 
group. Potential confounding factors, including age, were 
therefore adjusted in the multivariate logistic regression 
analysis. The results of multiple logistic regression analy-
ses revealed that increased serum fructosamine and FBG 
concentrations were independently associated with MDD 
(Table 2).

Discussion

In the present study, a statistically significant associa-
tion was found between elevated serum fructosamine, 
FBG concentrations and MDD in multiple logistic re-
gression analyses, and a higher prevalence of MDD was 
observed in elderly females. 

Depressive conditions have been recognized to be 
a risk factor for the development and progression of some 
chronic diseases, especially for cardiovascular disease.  
In earlier trials, several longitudinal studies reported an 
association between depression and coronary heart dis-
ease in patients with diabetes.16,17 It has recently been 
highlighted that depression increases the risk of CVD in 

Fig. 1. Increased serum fructosamine concentrations in MDD patients 
were shown when the study participants were stratified by gender

Fig. 2. Increased fasting blood glucose concentrations in MDD patients 
were shown when the study participants were stratified by gender
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the presence or absence of heart disease.18 The associa-
tion between depression and future coronary heart dis-
ease (CHD) has been a noteworthy research topic.18 In the 
present study, increased fructosamine and FBG concen-
trations were observed in the patients with MDD. Several 
possible interpretations can be put forward to explain 
the reasons for high levels of fructosamine and FBG in 
patients with depression. First, oxidative stress and in-
flammatory factors in MDD patients have been consid-
ered an underlying mechanism explaining the relation-
ship between depressive conditions and cardiovascular 
disease.19 Importantly, there is now growing evidence 
linking oxidative stress to insulin resistance through 
direct and indirect mechanisms, and the inflammatory 
cascades have also been associated with increased insu-
lin resistance.20,21 On the other hand, depressive condi-
tions can suppress hyperactivity of the hypothalamic-
pituitary-adrenocortical (HPA) axis, which is a risk factor 
for insulin resistance.22 Moreover, serotonin dysfunction 
in the nervous system has been reported in patients with 
depression, and selective serotonin re-uptake inhibitors 
used as antidepressant agents can improve insulin sensi-
tivity independently of body weight.23 Remarkably, fasting 
insulin concentrations are significantly higher in patients 
with depressive symptoms compared with those without 
depressive symptoms.11 Pan et al. also observed a positive 
correlation between  depressive  symptoms and  insulin 
resistance  among middle-aged and elderly Chinese pa-
tients.11 Clearly, a depressive condition may increase in-
sulin resistance in MDD patients without diabetes.24

Insulin resistance plays a crucial role in the pathogen-
esis of diabetes. It has been suggested that common gly-
cemic load measurements, such as postload glucose, FBG 
and fructosamine, are strongly associated with the risk 
of diabetes.25,26 Previous studies have indicated that se-
rum fructosamine levels are positively correlated with in-
creased insulin resistance.25 In addition, it is well known 
that insulin resistance increases FBG levels in both dia-
betics and the non-diabetic population. Thus, increased 
fructosamine and FBG levels may be induced by insulin 
resistance in patients with MDD, and the relationship 
may influence glucose metabolism and impair glucose 
homeostasis.

In the present study, lipid parameters were measured, 
which assessed the nutritional status of all the partici-
pants. Among these lipid parameters, higher levels of 
HDL-C have been reported to be associated with worse 
moods and higher levels of depression and anxiety.27 
Those results were consistent with the trend toward high 
HDL-C values in the MDD patients in the present study. 
Interestingly, in the baseline information low TP and 
Cr were noted in the MDD patients compared with the 
healthy individuals, although there were no statistically 
significant differences in the multivariate logistic regres-
sion analysis. In malnutrition states, the low TP and Cr 
levels in MDD patients may be attributed to anorexia 

nervosa in patients with MDD. Accompanying anorex-
ia nervosa is prevalent among MDD patients, and MDD 
is a  psychiatric condition often associated with dietary 
restrictions, appetite disturbances and a less healthy diet, 
which may contribute to low TP and Cr in patients with 
MDD.28,29

Several limitations of the present study should be not-
ed. Firstly, both glycosylated hemoglobin and insulin re-
sistance levels in patients with MDD were missing from 
the results. Secondly, the study did not discuss other psy-
chological and environmental variables that may influ-
ence the relationship between glucose parameters and 
depression. In addition, accompanying anorexia nervosa 
in MDD patients should have been considered a  con-
founder in the current study. However, the data suggest 
that increased serum fructosamine and FBG concentra-
tions are associated with depressive conditions, which 
may influence glucose metabolism and impair glucose 
homeostasis in patients with MDD.
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Abstract
Background. The impact of metformin on body weight is variable in T2DM patients among studies. The 
reasons for the discrepancies are still unknown.

Objectives. We aimed to find out the possible predictive factors of weight change induced by metformin 
based on an analysis of a phase IV open-labeled trial.

Material and methods. We performed a  sub-analysis from a  prospective, multi-center phase IV 
open-labeled study in which 371 Chinese newly-diagnosed type 2 diabetes patients received 16 weeks’ 
extended-release metformin monotherapy. The clinical characteristics including weight and laboratory as-
sessments of subjects were collected every 4 weeks. The weight changes from baseline to week 4, 8, 12 
and 16 were calculated respectively. The patients were divided into 4 groups by quartile statistics method 
according to magnitudes of weight change.

Results. Of 371 enrolled patients, 324 patients had the weight records from baseline to week 16.  
The weight decreased gradually with each visit (p < 0.001) and the average weight loss was 2 kg after 
16 weeks’ treatment of metformin. The patients with higher BMI and bigger waist circumference at baseline 
showed a more pronounced weight loss. However, the magnitudes of weight loss were independently as-
sociated with BMI at baseline only.

Conclusions. Metformin can lead to weight loss gradually in newly-diagnosed type 2 diabetes patients. 
The magnitude of weight loss was independently and only associated with baseline BMI.

Key words: obesity, weight loss, metformin, Asia diabetes
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Lines of evidence have shown that metformin not only 
consistently lowers blood glucose, but also reduces the 
risk of cardiovascular diseases, micro-vascular diseases 
and cancer.1–3 Compared to sulfonylureas, metformin 
seldom causes weight gain and hypoglycemic attacks.4 
As a result, metformin is recommended as the first-line 
glucose-lowering medication by almost all international 
guidelines.5 In China, recent evidence shows that the 
glycemic response to metformin monotherapy is similar 
among normal weight, overweight and obese patients.6 
Consistently, the guidelines of the Chinese Diabetes So-
ciety (CDS) in 2010 also recommended metformin as the 
first-line drug in patients with newly-diagnosed type 2 
diabetes regardless of BMI.7 

However, a national survey conducted in China showed 
that only 52% of prescriptions were in line with the guide-
lines.7 One of the important reasons is that some prescrib-
ing doctors worry about the well-known “side-effect” of 
metformin (weight reduction), since Asians have lower 
BMI than Caucasians and the cut-off of BMI for defining 
obesity is different among regions. Patients with “normal 
weight” in Asia may be defined as lean patients in Europe 
and America, who were seldom investigated in connec-
tion withthe effects of metformin. Weight loss, the ben-
eficial “side-effect” of metformin on patients excessive 
weight loss with “normal weight” in Europe and America, 
may cause in Asian patients with “normal weight”. There-
fore, it is necessary to investigate the effects of metformin 
on weight in Chinese patients with type 2 diabetes with 
normal weight and overweight. 

Our study aimed to analyze the effect of metformin 
on body weight change and to investigate the risk factors 
associated with the magnitude of metformin-induced 
weight loss in newly-diagnosed Chinese type 2 diabetes. 

Material and methods

Design and participants

We analyzed the data from a prospective, multi-center, 
phase IV, open-label study carried out in 371 Chinese pa-
tients aged 23–77 years who were newly diagnosed with 
type 2 diabetes. This study was registered at Clinical-
Trials.gov, NCT 00778622 and conducted at 20 sites in 
China between November 19, 2009 and March 15, 2011. 
The protocol was approved by the Ethics Committee 
from each clinical site. Metformin (metformin XR [Glu-
cophage® XR], Bristol Myers Squibb) was administered at 
an initial dose of 500 mg/day taken orally with the evening 
meal. After 1 week, dosage was titrated upwards in incre-
ments of 500 mg weekly until the maximum daily dose of 
2,000 mg/day was reached, unless intolerance or hypo-
glycemia was experienced. From week 4, the maximum 
daily dose was 2,000 mg/day if FPG was > 7.0 mmol/L  
(126 mg/dL). 

Statistical analyses

The data was analyzed using SPSS 16.0 (IBM, Inc, 
New York, USA). Continuous variables were expressed 
as mean ± SD. Since TG did not follow a normal distri-
bution, the values were log transformed and displayed 
as averages and upper and lower quartiles. The changes 
of weight loss with time were analyzed using the mixed 
effect model. The differences of continuous param-
eters between the 2 groups were evaluated by t-test.  
The differences of proportions between the 2 groups were 
analyzed by χ2 test. The differences of continuous param-
eters that had normal distribution among the groups were 
analyzed by ANOVA test. Pearson’s correlation analysis 
was carried out to analyze the relationship between 2 
variables that meets normal distribution, while Spear-
man correlation analysis was used for those variables that 
didn’t meet normal distribution. A stepwise linear regres-
sion analysis was performed to determine the indepen-
dent factors associated with weight loss. 

Results

Effect of 16-week metformin monotherapy 
on weight of patients with newly-
diagnosed type 2 diabetes

The mean weight of the subjects at baseline was 
72.4 ± 13.1 kg, 71.2 ± 12.6 kg at week 4, 70.5 ± 13.3 kg 
at week 8, 70.2 ± 12.7 kg at week 12 and 70.0 ± 12.7 kg at 
week 16, respectively. The mixed effect model test showed 
that weight decreased with time (Fig. 1A, p < 0.001). 

According to recommendations by the Working Group 
on Obesity in China, 18.5 kg/m2 ≤ BMI ≤ 23.9 kg/m2 is 
defined as normal weight, and > 24 kg/m2 and > 28 kg/m2  
are defined as overweight and obese, respectively.8 We 
found that after metformin treatment, the proportion 
of obese patients decreased (p = 0.005). The proportion 
of overweight patients with also decreased, whereas the 
proportion of patients with normal weight increased, al-
though not significantly (Fig. 1B). Only three subjects fill 
into the “lean” group after treatment, since they had had 
a relatively low BMI at baseline (18.6 kg/m2, 19.3 kg/m2 

and 18.5 kg/m2, respectively). Their BMI were 18.2 kg/m2, 
18.1 kg/m2 and 18.3 kg/m2, respectively, at week 12 and 
unchanged at week 16. 

Characteristics of patients with different 
response of weight change to metformin 
treatment

To explore the baseline characteristics of patients with 
different response of weight change to metformin treat-
ment, we divided them into 4 groups by the quartile 
method based on the magnitude of weight loss at week 16: 
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Fig. 1. The weight change over time after metformin treatment.  A) The weight change trend by visit (mix effect model). B) proportion of patients in 4 
groups based on BMI. “Lean” was defined as BMI < 18.5 kg/m2, “Normal” was defined as 18.5 kg/m2 < BMI < BMI 28 kg/m2; *represents p < 0.05 </BMI

Fig. 2. Correlation of weight (A), serum albumin level (B), BMI (C) and waistline (D) at baseline with the magnitude of weight loss.  
Pearson’s correlation coefficient (r) is shown
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Table 1. Clinical characteristics of patients in the 4 groups 

? Group 1 (n = 84) 
WL < = 0.5 kg

Group 2 (n = 91) 
 0.5 kg < WL < = 2.0 kg

Group 3 (n = 79)  
2.0 kg < WL < = 4.0 kg

Age (years) 50.57 ± 10.57 53.71 ± 10.44 53.97 ± 10.27

BMI (kg/m2) 25.52 ± 3.27 25.71 ± 3.49 26.23 ± 3.82

Waistline (cm) 90.89 ± 8.58 90.58 ± 10.51 92.77 ± 9.37

SBP (mm Hg) 125.81 ± 15.13 130.93 ± 15.97 128.48 ± 15.86

DBP (mm Hg) 79.80 ± 9.22 81.00 ± 8.60 79.94 ± 10.12

Weight (kg) 70.11 ± 12.02 70.08 ± 13.91 71.74 ± 12.46

HIP (cm) 97.38 ± 8.19 98.52 ± 9.07 97.53 ± 8.52

GHBA1c (%) 8.43 ± 0.82 8.48 ± 0.80 8.38 ± 0.80

FBG (mmol/L) 8.71 ± 2.02 8.71 ± 2.06 8.65 ± 2.04

UA (mmol/L) 300.63 ± 107.72 292.10 ± 132.38 279.16 ± 132.57

ALT (U/L) 29.60 ± 14.29 28.41 ± 13.52 28.39 ± 15.45

CRE (umol/L) 65.58 ± 14.60 72.33 ± 18.38 68.30 ± 19.37

Cumulative dosages (mg) 169708.3 ± 18886.50 173505.5 ± 17930.81 171158.2 ± 18543.70

TC (mmol/L) 5.09 ± 1.10 5.05 ± 0.91 5.05 ± 1.18

LDL (mmol/L) 3.20 ± 0.87 3.17 ± 0.82 2.98 ± 0.87

LgTG (mmol/L) 0.60 ± 0.55 0.58 ± 0.60 0.55 ± 0.67

HDL (mmol/L) 1.13 ± 0.24 1.13 ± 0.25 1.14 ± 0.27

AE of gastrointestinal 14.26 15.45 13.41

GHBA1c reduction (%) 1.78 ± 0.84 1.92 ± 0.90 1.81 ± 0.96

FBG reduction (mmol/L) 1.86 ± 2.10 2.07 ± 1.92 2.08 ± 1.92

group 1 (n = 84), in which the subjects had a weight loss 
≤ 0.5 kg, group 2 (n = 91), in which subjects had 0.5 kg  
< weight loss ≤ 2.0 kg, group 3 (n = 79) in which subjects 
had a 2.0kg < weight loss ≤ 4.0 kg, and group 4 (n = 70) in 
which subjects had a weight loss > 4 kg (Table 1). There 
was no difference in age, systolic pressure, diastolic pres-
sure, prevalence of hypertension, TCHOL, HDL-C, TG, 
LDL-C, fasting glucose and HBA1c. Compared to the 
subjects with the lowest quartile, the patients with the 
highest quartile magnitude of weight loss had the heavi-
est weight (p = 0.0001), highest BMI (p = 0.0002), largest 
waistline (p = 0.016) and lowest level of serum albumin 
(p = 0.013) at baseline.

We also compared the changes of metabolic parameters, 
drug dosages and gastrointestinal intolerances among the 
4 groups. There were no differences among the groups 
regarding the improvement of glucose control, as neither 
the change of HbA1c (plasma glucose concentration) nor 
FBG (fasting blood glucose) showed differences among 
the four groups. There were also no differences among 
the groups of drug administered dosages (p = 0.4603) and 
gastrointestinal intolerances (p = 0.0645).

The correlations of the clinical parameters to the mag-
nitude of weight loss are shown in Table 2 and Fig. 2.  
Weight loss was correlated with weight (r  =  0.257, 
p  =  0.000), BMI (r  =  0.135, p  =  0.020) and waistline 
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(r  =  0.156, p  =  0.007) at baseline, whereas inversely as-
sociated with the serum albumin (r = -0.207, p = 0.000) 
at baseline. 

Predictors for weight loss induced by 
metformin treatment 

We then performed a stepwise linear regression anal-
ysis to identify predictors for magnitude of weight loss 
after 16-week metformin treatment using independent 
variables including age, HbA1c, fasting glucose, lipid 
measurements, systolic pressure, diastolic pressure, se-
rum albumin at baseline, the incident rate of gastrointes-
tinal AE (adverse events) and the cumulative dosages of 
metformin. The analysis revealed that only baseline BMI 
was an independent factor contributing to magnitude of 
weight loss (Table 3). 

Discussion

In this post-hoc analysis, we focused on the clinical 
characteristics associated with weight loss during met-
formin treatment. Our results showed that 16-week met-
formin treatment could induce a mean 2.4 kg weight loss. 
The magnitude of weight loss is positively associated 
with the baseline weight. Interestingly, it is inversely as-
sociated with the serum albumin level at baseline and the 
incident rate of gastrointestinal AE. To our knowledge, 
few studies have investigated the predictors of weight loss 
induced by metformin. Moreover, this is the first report 
that serum albumin level is inversely and independently 
associated with the magnitude of weight loss induced by 
metformin. 

Although a few studies have shown that there is no dif-
ference of weight change between metformin and placebo 
treatment in type 2 diabetes, in agreement with our study, 
the majority of studies have shown a  moderate weight 
loss after metformin treatment.9–17 The discrepancy may 
be ascribed to different ethnicities and characteristics 
of subjects enrolled in the different studies. The mag-
nitude of weight loss varies slightly among the studies. 
Our study showed that 16-week metformin monotherapy 
caused a  weight loss of 2.4 kg in Chinese patients with 
newly-diagnosed type 2 diabetes. Similarity, the Diabetes 
Prevention Program (DPP) study showed that, within the 
first 3 years, metformin treatment induced weight loss of 
approximately 2.9 kg. This weight loss effect persisted up 
to 8 years.17 Another study performed in Chinese patients 
showed that metformin lead to approximately 1.88 kg and 
1.89 kg of weight loss after 24-week and 48-week treat-
ment, respectively.18 

Although metformin could induce a moderate weight 
loss, as our and most other studies have demonstrated, 
the International Diabetes Federation, American Diabe-
tes Association and European Association for the Study 

Table 2. Weight loss determinants by correlation coefficient 

r p-value

Age 0.009 0.873

Weight 0.257 0.000

BMI 0.135 0.020

Waistline 0.156 0.007

Serum albumin -0.207 0.000

Hypertension -0.024 0.682

GHBA1c -0.043 0.467

FBG 0.068 0.249

UA -0.006 0.918

Cumulative dosages 0.047 0.423

LDL-C -0.041 0.486

TG 0.088 0.134

CRP 0.077 0.527

HDL 0.104 0.077

TCHOL -0.020 0.730

Table 3. Possible predictors of weight loss after 16-week  
metformin therapy 

Variable entered Standardized 
coefficients p-value

Intercept -2.89
0.0149

BMI 0.22

of Diabetes recommend metformin as the first-line 
treatment in all newly-diagnosed patients, regardless of 
weight.12–17,19 However, few studies have assessed met-
formin in Asian countries, including China. Because of 
the differences of ethnicity and lifestyle, Asian popula-
tions have lower BMIs and lower rates of obesity com-
pared to populations in Western countries.20 The cut-off 
point of “normal weight” from overweight for Asians 
(BMI  ≤  23.9  kg/m2) is lower than that for Caucasians 
(BMI ≤ 24.9 kg/m2).21,22 Only half of the patients with 
newly-diagnosed type 2 diabetes have followed the guide-
lines in China.7 The low compliances of both prescribing 
doctors and patients may be mainly ascribed to a lack of 
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strong evidence on the effects of metformin on weight in 
Chinese patients with normal weight. The present analy-
sis has addressed this issue. Our results showed that pa-
tients who were heavier at baseline achieved more weight 
loss after 16-week metformin treatment. Moreover, there 
is a  linear correlation between weight at baseline and 
weight loss after 16-week metformin treatment. After 
16-week metformin treatment, the proportion of obese 
subjects decreased, whereas the proportion of subjects 
with normal weight increased slightly. The most modest 
weight loss or unchanged weight (weight loss ≤  0.5 kg) 
happened among the patients with lowest weight and 
BMI at baseline. Therefore, as almost all international 
guidelines recommend, Asian patients with relatively 
lower BMIs may be treated with metformin without wor-
rying about excessive weight loss. 

The most common adverse events of metformin are 
mild to moderate gastrointestinal symptoms, which are 
well documented.4 However, the effects of gastrointesti-
nal AE on weight are still unknown. Uncomfortable gas-
trointestinal symptoms, including vomiting, nausea and 
diarrhea, may reduce food intake for a certain period un-
til the symptoms become tolerable, in which case, a high-
er rate of gastrointestinal AE may cause more weight loss. 
On the other hand, these gastrointestinal symptoms may 
also lead to lower compliance and affect the absorption 
efficiency of metformin in the epithelium of the intes-
tine for a long time, which would lead to less weight loss. 
Therefore, the effects of gastrointestinal AE on weight 
depend on combinational actions. Our analysis shows 
that the weight loss induced by metformin is not associ-
ated with its gastrointestinal AE. 

Consistent with another study, we did not find a cor-
relation between glucose control and weight reduction.18  
In addition, weight loss did not correlate with the accu-
mulated administration dosages of metformin. There-
fore, it is possible that metformin can be developed as an 
anti-obesity agent independent of its hypoglycemic effect. 
Further studies are required to demonstrate the possible 
efficiency and safety of metformin as a  credible weight 
loss drug in obesity, independent of treating diabetes. 

Although weight loss is often reported in patients with 
type 2 diabetes treated with metformin, the mechanisms 
of metformin-induced weight loss are still unclear. A re-
cent work has suggested that metformin reduces weight 
through affecting appetite signals in the brain, fat oxi-
dation and fat storage in the liver.23 Understanding the 
metformin-induced weight loss mechanisms may lead to 
developing optimal treatment strategies for preventing 
type 2 diabetes and obesity. 

The limitation of our study is that there was no pla-
cebo-controlled group, for ethical reasons. Therefore, we 
could not exclude the effect of lifestyle change on weight, 
since all participants were advised to be on a diet and ex-
ercise regularly. However, the AHEAD study has proved 
that lifestyle modification only is difficult to prevent the 

weight of obesity from rebounding.24 Another limitation 
is that we follow the patients with newly-diagnosed type 
2 diabetes for only 16 weeks. Long term investigation of 
the predictive factors of weight loss should be acquired. 
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Abstract
Background. Rural areas in Poland are inhabited by over 15 million people, i.e. 39.5% of Polish population, 
including about 5 million rural residents in the Podlaskie province. The incidence of obesity is associated 
with increased prevalence of obesity-related conditions. Studies that have been conducted do not confirm 
the efficacy of conservative treatment of obesity, but show that bariatric procedures produce the best long-
term results.

Objectives. The aim of the study was to present the effects of bariatric obesity treatments (laparoscopic 
adjustable gastric banding [LAGB], sleeve gastrectomy [SG], Roux-en-Y gastric bypass [RYGB]) on body 
mass index (BMI), selected diabetes control parameters, dyslipidemia, hepatic and renal enzymes, blood 
count and hypertension control.

Material and methods. The study group comprised a total of 100 consecutive patients from rural areas 
qualified for bariatric procedures. Most of the patients (69.07%) underwent SG; 11.34% underwent LAGB; 
and 19.59% underwent RYGB. Comorbidities included hypertension (35%), type 2 diabetes (52%) and hy-
perlipidemia (15%). Glucose, insulin, HbA1C, alanine and aspartate aminotransferase, bilirubin, total and 
fraction cholesterol, creatinine, urea, uric acid and CRP levels, as well as blood count and blood pressure 
values, were assessed prior to surgery and during follow-up visits 3 and 6 months after the procedures. 
BMI, percentage of excess weight loss (%EWL) and percentage of excess body mass index loss (%EBMIL) 
were assessed.

Results. Consistent, significant decreases in BMI were observed 3 months (39.31 ± 4.70) and 6 months 
(35.74 ± 4.52) after surgery. The largest BMI reduction at the 6-month follow up was observed for SG 
(12.29%), and the smallest was observed for LAGB (9.02%).

Conclusions. Improvements in the general health status of the patients were observed, as well as normal-
ization of metabolic parameters (glucose, cholesterol, triglycerides, hepatic enzymes).

Key words: obesity, bariatric surgery, remission, rural population, type 2 diabetes mellitus
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Obesity is a multifactorial, progressive disease charac-
terized by an excessive accumulation of adipose tissue.1 
According to the World Health Organization (WHO), 
the number of patients with obesity has increased glob-
ally, with a body mass index (BMI) > 40 kg/m2 found in 
400 million people.2 Polish studies published in 2011 by 
the Central Statistical Office showed that obesity affects 
16.4% of the adult Polish population. The incidence of 
overweight and obesity is similar in urban and rural ar-
eas. Rural areas of Poland are inhabited by over 15 million 
people, i.e. 39.5% of the Polish population, including about 
5 million rural residents in the Podlaskie province.3,4 

The incidence of obesity is associated with increased 
prevalence of obesity-related conditions (e.g. type 2 diabe-
tes, hypertension, hyperlipidemia, heart diseases, stroke, 
asthma, degenerative diseases of the spine, obstructive 
sleep apnea, depression). A  shorter life expectancy (by 
about 20 years) as well as increased mortality confirm 
the extent of the problems in this group of patients. Man-
agement of patients with obesity requires cooperation 
among many specialists, including cardiologists, inter-
nists, diabetologists, psychiatrists and surgeons.5,6 Stud-
ies that have been conducted do not confirm the efficacy 
of conservative treatment, but show that bariatric proce-
dures produce the best long-term results.7

The current European recommendations for the sur-
gical treatment of obesity indicate that a number of dif-
ferent techniques are available. Restrictive techniques in-
volve a reduction in gastric capacity, limiting the amount 
of ingested food. The most common procedures include 
laparoscopic adjustable gastric banding (LAGB); vertical 
banded gastroplasty (VBG); and sleeve gastrectomy (SG). 
Methods for limiting absorption from the gastrointestinal 
tract reduce the duration of the digestion process, which 
results in fewer calories and nutrients being absorbed by 

the body. These procedures include jejunoileal intestinal 
bypass (JIB); biliopancreatic diversion (BPD); and duode-
nojejunal bypass (DJB). Combination techniques, such as 
Roux-en-Y gastric bypass (RYGB) and biliary pancreatic 
diversion with duodenal switch surgery (BPD/DS), reduce 
both the amount of food and the number of calories ab-
sorbed as a result of GI tract modification.8,9

Although the efficacy of bariatric procedures for obe-
sity and concomitant disease control is supported by 
a number of studies, assessment of the role of these surgi-
cal techniques is insufficient. The prevalence and conse-
quences of obesity in rural areas have been assessed in 
only a few studies worldwide.10–13 

The aim of this study was to present the effects of bar-
iatric obesity treatment (LAGB, SG and RYGB) on BMI, 
selected diabetes control parameters, dyslipidemia, he-
patic and renal enzymes, blood count and hypertension 
control.

Material and methods 

The study group comprised a total of 100 consecutive 
patients from rural areas (with up to 5,000 inhabitants) 
who qualified for bariatric procedures at the Medical 
University of Bialystok Clinical Hospital (Białystok, Po-
land) between January 2013 and December 2014. Two 
patients decided against undergoing surgery. The study 
group included 29 men (mean age 49 ± 11.4) and 71 wom-
en (mean age 45 ± 11.2). The patients’ BMI was calculated 
during their first visit to qualify for surgery. The mean 
preoperative BMI was 47.15 ± 5.51 kg/m2, and mean body 
weight was 132.21 kg. 

In 72% of the patients, health problems were the rea-
son for seeking bariatric surgery. Comorbidities included 

Table 1. Weight reduction parameters

Parameters LAGB med. ± SD SG med. ± SD RYGB med. ± SD Total med. ± SD p-value

BMI (kg/m2)  
before surgery 

43.41 ± 3.40 48.55 ± 5.52 44.95 ± 4.21 47.26 ± 5.42

type of surgery  
– p = 0.0164  

time since surgery  
– p < 0.0001

BMI (kg/m2)  
3 months after surgery 

37.26 ± 3.78 40.10 ± 4.77 37.69 ± 4.36 39.31 ± 4.70

BMI (kg/m2)  
6 months after surgery

34.39 ± 3.49 36.26 ± 4.78 34.71 ± 3.92 35.74 ± 4.52

% EWL  
3 months after surgery

30.36 ± 11.14 33.52 ± 9.63 34.93 ± 11.75 33.47 ± 10.24
time since surgery  

– p < 0.0001

% EWL  
6 months after surgery

44.59 ± 13.52 49.95 ± 13.75 49.96 ± 11.49 49.36 ± 13.26
time since surgery  

– p < 0.0001

% EBMIL  
3 months after surgery

34.41 ± 11.24 36.88 ± 12.19 39.41 ± 12.67 37 ± 12.14
time since surgery  

– p < 0.0001

% EBMIL  
6 months after surgery

53.59 ± 18.30 51.90 ± 15.88 54.0 ± 13.86 55 ± 15.60
time since surgery  

– p < 0.0001
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5 days; and those who underwent RYGB were released af-
ter 6 or 8 days.

Statistical analysis

The χ2 test was used to assess correlations between 
qualitative independent variables. Normal distribution 
was verified using the Lilliefors test (an adaptation of the 
Kolmogorov-Smirnov test) and the Shapiro-Wilk test. 
To compare ordinal variables and quantitative variables 
with non-normal distribution, the nonparametric Mann-
Whitney test was used in cases of 2 groups; in cases of 
more than 2 groups, the nonparametric ANOVA Krus-
kal-Wallis test with post-hoc analysis of multiple com-
parisons of mean ranks for all samples. To compare de-
pendent variables, the Wilcoxon matched-pairs test was 
used in cases of 2 variables, and the Friedman ANOVA 
test in cases of many variables.

The results were statistically significant at p < 0.05. The 
statistical analysis was performed using STATISTICA 
v. 10.0 software (StatSoft, Tulsa, USA) and SPSS Statistics 
21.0 (IBM Corp., Armonk, USA). 

Results 

Reductions in body weight 

Most of the patients in the study group underwent SG 
(69.07%); 11.34% underwent LAGB, and 19.59% RYGB. 
The weight loss outcomes were assessed 3 and 6 months 
after surgery. The study group as a whole was assessed; 
outcomes in the LAGB, SG, RYGB groups and among 
the female/male participants were compared. Highly 
significant BMI differences (p < 0.001) were observed in 
the subsequent tests performed after surgery. Consistent, 
significant decreases in BMI were observed 3 months 
(39.31 ± 4.70) and 6 months (35.74 ± 4.52) after surgery. 
The largest BMI reduction at the 6-month follow up as-
sessment was noted in the patients who had SG (12.29%), 
and the smallest BMI reduction was observed in those 
who had LAGB (9.02%). SG patients had a  mean body 
weight loss of 24.17 kg and 35 kg after 3 and 6 months, 
respectively. A  mean body weight loss of 18.5 kg after 
3 months and 38 kg after 6 months was observed in RYGB 
patients. LAGB resulted in a body weight loss of 17.54 kg 
after 3 months and 28 kg after 6 months.

The time since surgery had significant (p < 0.001) ef-
fects on both %EWL and %EBMIL. The study considered 
a loss of at least 50% EWL in a year as a surgery-efficacy 
criterion, and this was achieved after 6 months in 44.59% 
of the LABG patients, 49.95% of the SG patients and 
49.96% of the RYGB patients. The study considered a loss 
of less than 25% EWL as a surgery-failure criterion; there 
were no such cases in the study group. The results are 
presented in Table 1.

hypertension (35%), type 2 diabetes (52%), and hyperlip-
idemia (15%). Preoperative eradication was performed in 
5% of patients due to the presence of Helicobacter pylori. 
Glucose, insulin, HbA1C, alanine and aspartate amino-
transferase, bilirubin, total and fraction cholesterol, cre-
atinine, urea, uric acid and CRP levels, as well as blood 
count and blood pressure values, were assessed prior to 
surgery and during follow-up visits 3 and 6 months af-
ter the procedures. BMI was assessed, and the percent-
age of excess weight lost (%EWL) was calculated using 
the following formula: %EWL = (initial weight – current 
weight)/(initial weight – ideal body weight) × 100. Excess 
BMI loss (%EBMIL) was calculated with the following 
formula: %EBMIL=100-[(current BMI-25/baseline BMI-
25) ×100]. 

Inclusion criteria for the surgery were age > 18 years, 
BMI > 35, at least 1 comorbidity (e.g. arterial hyperten-
sion, diabetes) and at least 1 conservative therapy attempt 
in the patient’s history. Exclusion criteria were mental 
disorders, alcohol dependence, injury, surgery or hospi-
talization within the last month, cancer and/or genetic 
diseases. 

Before surgery, all the patients received a  written in-
formation package on lifestyle and eating habit changes 
required after bariatric surgery. The package was taken 
home by each patient to be used in the future. The Bio-
ethics Committee of the Medical University of Bialystok 
approved the study protocol.

Blood specimen collection

Blood specimens (10 mL) were collected after 8 to 12 h 
of overnight fasting. The specimens were collected from 
the forearm area by qualified medical personnel and were 
immediately transported to the analytical laboratory, 
where they were analyzed.

Surgical procedures 

Laparoscopic adjustable gastric banding (LAGB) was 
performed by placing a  silicone band around the up-
per part of the stomach. The diameter of the band was 
controlled by a liquid feed through a port implanted un-
der the skin above the left costal arch and connected by 
a drain with the band. The band divided the stomach into 
2 parts: an upper part, with a volume of about 25–40 mL, 
and a much larger bottom part. 

Sleeve gastrectomy (SG) involved a  total laparoscopic 
vertical resection of the stomach from the greater cur-
vature. 

The Roux-en-Y gastric bypass (RYGB) consisted of 
3 stages: gastric reduction, gastroenterostomy, and an in-
testinal anastomosis of the enzymatic loop with the ali-
mentary loop, all procedures performed laparoscopically.

Patients undergoing LAGB were discharged after 
2 days; those undergoing SG were discharged after 4 or  
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Diabetes

In the study population, 51 patients were receiving 
treatment for type 2 diabetes, with a mean diabetes dura-
tion of 2.0 to 12.5 years. LAGB was performed on one of 
these patients, SG on 38 and RYGB on 12. Blood glucose 
levels of < 1 00 [mg/dL] and HbA1c levels < 6.5% were 
considered normal, in accordance with the National In-
stitutes of Health guidelines.14 Highly significant differ-
ences (p < 0.001) were observed in blood glucose levels 
in subsequent tests. The mean preoperative glucose lev-
els (120.55 ± 39.19 mg/dL) were higher than the mean 
glucose levels 3 (101.58 ± 21.92 mg/dL) and 6 months 
(98.16 ± 12.30 mg/dL) after surgery. The patients’ mean 
insulin levels decreased from 13.69 ± 5.61 mU/L before 
surgery to 11.40 ± 3.07 mU/L 6 months after. The mean 
preoperative HbA1c was 6.98 ± 0.68, and it significantly 
decreased (p < 0.001) after surgery, to 6.87 ± 0.52 after 
3 months and 6.65 ± 0.37 after 6 months. Insulin resis-
tance (IR) assessment was performed using homeosta-
sis model assessment (HOMA) and quantitative insulin 
sensitivity check index (QUICKI), calculated based on 
the basis of serum glucose and insulin levels.15 A  sig-
nificant decrease (p  <  0.001) in HOMA IR, which was 
4.84 ± 2.59 prior to surgery and 2.87 ± 0.80 6 months af-
ter. The QUICKI index stabilized at 0.24 ± 0.01 6 months 
after surgery (Table 2).

The levels of different laboratory findings in men and 
women were analyzed. Reduced insulin and HbA1c lev-
els, as well as changes in HOMA IR and QUICKI, were 
found in both groups, but the differences were not sta-
tistically significant. Glucose levels were found to be 

significantly higher in men than in women, both prior 
to surgery as well as 3 and 6 months (p < 0.002) after.  
The data its presented in Table 3. 

Hypertension

The study population included 23 patients diagnosed 
with and being pharmacologically treated for hypertension. 
Hypertension was defined as mean systolic blood pressure 
greater than 139 mm Hg and/or diastolic blood pressure 
higher than 89 mm Hg. The classifications of hypertension 
proposed in the 2003 ESH/ESC Guidelines were used for 
the group of patients included in the 6-month blood pres-
sure follow-up.16 The time elapsed since surgery was found 
to have significant effects (p < 0.001) effects on mean sys-
tolic and diastolic pressure. The mean preoperative systolic 
blood pressure was 140; 3 months after surgery it was 137, 
and 6 months after surgery it was 129. Mean diastolic blood 
pressure in the perioperative period was 89; it was 86 3 

Table 2. Parameters of diabetes control in the study group

Parameters Before surgery, 
med. ± SD

3 months after surgery, 
med. ± SD

6 months after surgery, 
med. ± SD p-value

Glucose [mg/dL] 120.91 ± 38.88 103.66 ± 22.62 98.29 ± 12.22 < 0.001

Insulin [mU/L] 13.69 ± 5.61 13.08 ± 4.66 11.40 ± 3.07 ns

HbA1c % 6.98 ± 0.68 6.87 ± 0.52 6.65 ± 0.37 < 0.001

HOMA IR 4.84 ± 2.59 3.70 ± 1.73 2.87 ± 0.80 < 0.001

QUICKI 0.22 ± 0.02 0.23 ± 0.02 0.24 ± 0.01 < 0.001

Table 3. Glucose levels in the females and males in the study group

 Glucose levels Females Males p-value

Before surgery Glucose [mg/dL] 112.07 ± 27.69 141.43 ± 53.81 0.009

3 months after surgery Glucose [mg/dL] 96.17 ± 9.83 114.89 ± 34.73 0.008

6 months after surgery Glucose [mg/dL] 95.75 ± 10.98 104.11 ± 13.52 0.002

Fig. 1. Mean blood pressure levels in the study group before and after 
bariatric surgery
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it decreased to 34.11 ± 18.78 Ul/L after 3 months, and to 
23.34 ± 11.53 Ul/L after 6 months (p = 0.001). The analysis 
of bilirubin levels showed a decrease at the 6-month fol-
low-up, but the difference was not statistically significant 
(Table 5).

Renal parameters

No differences were found between the mean preop-
erative level of uric acid (5.43 ± 1.28 mg/dL) and the level 
3 months after surgery. However, a significant decrease to 
5.08 ± 1.27 mg/dL was noted after 6 months. The analy-
ses of creatinine and urea showed no statistically signifi-
cant differences (Table 6).

Blood counts

Complete blood counts showed a highly significant dif-
ference (p < 0.001) in WBC levels. The mean preoperative 
WBC level did not differ from the level observed 3 months 
after surgery, but a significant decrease from 7.45 ± 2.17 
to 6.57 ± 1.47 was noted at the 6-month follow-up. Other 
blood count parameters (RBC, hemoglobin and platelets), 
remained unchanged (Table 7). 

C-reactive protein (CRP)

The mean preoperative CRP level in the study group 
was 9.15  ±  9.92 mg/L, which increased to a  mean of 
9.29 ± 11.89 mg/L 3 months after surgery, then decreased 
to a mean value of 8.58 ± 12.36 mg/L 6 months after sur-
gery. These changes were not statistically significant.

Table 4. Dyslipidemia assessment in the study group

Parameters Before surgery 3 months after surgery 6 months after surgery p-value

Total cholesterol [mg/dL] 207.35 ± 33.64 194.11 ± 37.60 194.92 ± 33.87 < 0.001

HDL [mg/dL] 50.09 ± 5.74 52.48 ± 4.92 55.66 ± 4.44 < 0.001

LDL  [mg/dL] 171.86 ± 17.75 169.06 ± 6.58 165.41 ± 4.66 < 0.001

Triglycerides [mg/dL] 175.00 ± 26.65 161.24 ± 11.72 101.24 ± 13.68 < 0.001

QUICKI 0.22  ±  0.02 0.23  ±  0.02 0.24  ±  0.01 < 0.001

Table 5. Hepatic parameters in the study group

Hepatic parameters Before surgery 3 months after surgery 6 months after surgery p-value

AST  [Ul/L] 26.01 ± 11.37 22.28 ± 10.14 21.81 ± 8.65 0.002

ALT  [Ul/L] 34.11 ± 18.59 25.89 ± 16.81 23.30 ± 11.41 0.001

Bilirubin 0.92 ± 3.46 0.60 ± 0.30 0.58 ± 0.27 ns

months after surgery, and 82 6 months after surgery (Fig. 1). 
The surgery type had no significant effect on changes in 
blood pressure.

Dyslipidemia

The basic assessment of patients’ lipid profiles involved an 
assay of total cholesterol, LDL and HDL cholesterol, as well 
as triglyceride levels. Statistically significant differences 
(p < 0.001) in total cholesterol levels were noted. The mean 
preoperative levels (207.35 ± 33.60 mg/dL) were signifi-
cantly higher than the findings at the 6-month follow-up. 
A statistically significant correlation (p < 0.001) was found 
between time and the change in the fractions of HDL 
and LDL cholesterol. Mean HDL was 50.09 ± 5.74 mg/dL 
prior to surgery, 52.48 ± 4.92 mg/dL 3 months after sur-
gery, and 55.66 ± 4.44 mg/dL after 6 months. Mean LDL 
was 175.00 ± 26.65 mg/dL prior to surgery, and it de-
creased significantly (p < 0.001) to 165.41 ± 4.66 mg/dL 
6 months later. Mean triglyceride levels of 175.00 ± 26.65 
decreased to 161.24 ± 11.72 3 months after surgery, and to 
101.24 ± 13.68 after 6 months (p < 0.001) (Table 4). 

Hepatic parameters

The 2 hepatic enzymes assessed – i.e. aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) – 
showed significant differences in the subsequent follow-ups. 
The mean preoperative AST level was 34.11 ± 18.78 Ul/L; 
it decreased to 22.18 ± 10.21 Ul/L after 3 months, and to 
21.80 ± 8.78 Ul/L after 6 months (p  =  0.002). Similarly, 
the mean preoperative ALT level was 34.11 ± 18.78 Ul/L; 
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Discussion

Currently, obesity is a major public health concern due 
to the number of correlations with chronic diseases. Al-
though obesity affects a  large proportion of the entire 
population, an increase in the incidence of obesity has 
been observed in rural areas. This issue has been high-
lighted by research conducted in Poland, the US, India, 
and China.3,13,17,18 It could be the result of rural residents 
adopting unhealthy habits that previously were present 
primarily in urban areas (e.g. frequent TV watching, low 
physical activity, high-calorie meals). The number of 
women with obesity is somewhat higher than the number 
of obese men, which was confirmed by the present study 
(29% men, 71% women). 

A study by Gajewska et al. shows the 2008 rates of hos-
pitalization in Poland that were due to obesity, and took 
the place of residence into consideration.19 The study 
found that treatment was undertaken more frequently by 
urban than by rural residents (19.9 vs 14.4 per 100,000). 
Bariatric procedures represent one of the options in the 
treatment of obesity. These procedures require a skilled 
surgical team, the involvement of many specialists, and 
should be performed in referral centers. Patients need to 
be aware that surgery does not mean treatment is com-
pleted; they must understand that they are expected to 
cooperate in terms of lifestyle and diet changes, as well 
as regular follow-up visits. Socio-economic factors may 
prevent rural residents from maintaining long-term bar-
iatric monitoring.

The laparoscopic technique is presently used for the 
majority of bariatric procedures. Restrictive LAGB 
and LSG procedures do not result in significant mal-
absorption and show high efficacy for weight loss.20–22  

All 3 types of procedures used in the present study were 
performed laparoscopically by the same surgical team at 
the Medical University of Bialystok Clinical Hospital. 

LAGB is a reversible method, and does not require nu-
tritional supplementation in the postoperative period. 
The efficacy of LAGB and LSG was compared among US 
patients with severe obesity by Varela, who concluded 
that although both surgical techniques were safe and 
effective, LSG ensures greater weight loss over a 2-year 
follow-up period.23 The RYGB technique combines lim-
ited gastric capacity with reduced absorption, and there-
fore has a  high efficacy. This type of surgery leads to 
anatomical alterations, frequently irreversible. Several 
studies have assessed the use of RYGB and compared its 
outcomes with those of other bariatric procedures.24–27 
RYGB was shown to very effectively reduce body weight; 
however, a higher incidence of complications associated 
with anastomotic leakage, pulmonary embolism, deep 
vein thrombosis, as well as frequent wound infections 
and postoperative hernia was observed. In the present 
study, the patients were qualified for the procedures on 
the basis of the current guidelines and a number of tests 
developed by a specialist panel, as well as consultations 
and each patient’s personal commitment.28 The possibili-
ties for continuing follow-up visits at the referral center 
were evaluated in detail, taking into account the often-
distant places of residence of those in the study group. 

Comparative studies conducted in a number of bariat-
ric centers indicate that SG and RYGB result in greater 
weight reduction than LAGB.24–27 The present study ob-
tained similar results. The largest BMI reduction at the 
6-month follow up was observed for SG (12.29%), and the 
smallest BMI reduction was observed for LAGB (9.02%). 
The patients who qualified for SG had a mean preopera-

Table 6. Renal parameters in the study group

Renal parameters Before surgery 3 months after surgery 6 months after surgery p-value

Creatinine  
[mg/dL]

0.84 ± 0.36 0.80 ± 0.15 0.81 ± 0.31 ns

Urea [mg/dL] 31.06 ± 9.42 31.37 ± 13.8 32.08 ± 12.1 ns

Uric acid [mg/dL] 5.74 ± 3.31 5.47 ± 1.47 5.34 ± 2.79 ns

Table 7. Blood count assessment in the study group

Parameters Before surgery 3 months after surgery 6 months after surgery p-value

WBC 7.48 ± 2.17 7.27 ± 1.42 6.56 ± 1.46 0.001

RBC 4.80 ± 0.45 4.79 ± 0.37 4.85 ± 0.38 ns

HGB 13.63 ± 1.20 14.77 ± 12.10 13.57 ± 1.00 ns

PLT 275.96 ± 62.22 278.18 ± 47.52 267.04 ± 53.83 ns
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tive BMI of 48.55 ± 5.52, which decreased to 36.26 ± 4.78 
6 months after surgery. The mean BMI in the RYGB pa-
tients was 44.95 ± 4.21 prior to surgery and 34.71 ± 3.92 
after 6 months; the mean BMI in the LAGB patients 
was 43.41 ± 3.40 prior to surgery and 34.3 ± 3.49 after 6 
months. These results indicate a correlation between the 
time elapsed since the surgery and the reduction in body 
weight. Other studies have shown similar results after 
a longer follow-up period.24–28

Earlier studies have shown a marked improvement and 
normalization of parameters assessing diabetes control 
following bariatric treatment.29,30 The present study as-
sessed only SG and RYGB in this respect, because LAGB 
was used in only 1 patient with type 2 diabetes. A  sta-
tistically significant reduction (p < 0.001) in insulin and 
HbA1c levels was noted at the 6-month follow-up. Sta-
tistically significant reductions (p < 0.001) in HOMA IR 
(from 4.84 ± 2.59 to 2.87 ± 0.80) and altered QUICKI in-
dex (from 0.22 ± 0.02 to 0.24 ± 0.01) were also observed. 
Type 2 diabetes remission was observed in patients after 
both SG and RYGB. The effect of lower caloric intake fol-
lowing surgery was considered one of the mechanisms 
involved in the rapid decrease in insulin resistance. Lim-
ited food intake can result in plasma glucose and insulin 
normalization even prior to weight loss. The so-called 
surgical impact, i.e. postoperative stress inducing the re-
lease of catecholamines, which may inhibit insulin secre-
tion, could also play a role. 

In the same teaching hospital where the present study 
was conducted, Hady et al. assessed the effects of LAGB 
on concomitant type 2 diabetes in 100 patients, based on 
a 6-month follow-up period.31 Parameters such as insulin 
and glucose levels, as well as HOMA IR were assessed. 
LAGB was shown to improve patient health status and 
normalize type 2 diabetic parameters. 

In relation to cardiovascular risk, the present study 
showed a significant increase (p < 0.001) in HDL choles-
terol levels, from 50.09 ± 5.74 mg/dL prior to surgery to 
55.66 ± 4.44 mg/dL 6 months after the procedure. Fur-
thermore, significant decreases (p < 0.001) were noted in 
total and LDL cholesterol, as well as triglyceride levels. 
Similar results were obtained by Hady et al. for LAGB 
after a  6-month follow-up period, with a  significant 
improvement in the lipid profile, decreased total and 
LDL cholesterol, as well as lowered triglyceride levels.31 
A  3-month observation conducted by Waldmann et al. 
following SG procedures showed an approximate 20% 
reduction in TG and slightly decreased HDL cholesterol 
levels.32 A  review of 26 studies assessing the outcomes 
of bariatric procedures over a  2-year follow-up period 
performed by Al Khalifa et al. showed resolution or im-
provement of hyperlipidemia in 83.5% of the patients.33 
Benaiges et al. found less improvement in hyperlipidemia 
in SG patients (75%) than in patients who had undergone 
RYGB (100%).34 According to those authors, the reduced 
LDL cholesterol levels observed following RYGB may be 

associated with the malabsorption induced by this surgi-
cal technique. A  large amount of data support this hy-
pothesis.2 

There are studies that support the positive effects 
of bariatric surgery on non-alcoholic hepatic steatosis 
through bodyweight reduction and metabolic syndrome 
improvement.35 The present analysis shows a significant 
improvement in parameters representing risk factors for 
this disease. Statistically significant reductions in hepat-
ic enzymes were noted, regardless of surgery type: ALT 
(from 34.11 ± 18.59 to 23.30 ± 11.41; p = 0.002), and AST 
(from 26.01 ± 11.37 to 21.81 ± 8.65; p = 0.001). 

Some studies indicate obesity and RYGB as risk factors 
for urolithiasis and other urinary conditions. Maalouf, 
et al. confirmed an increased tendency to urolithiasis 
following RYGB.36 In the present study, a  decrease was 
found in uric acid levels during the 6-month follow-up 
(from 5.74 ± 3.31 to 5.34 ± 2.79). 

Basic blood counts confirmed decreased WBC levels at 
the 6-month follow-up (7.48 ± 2.17 vs. 6.56 ± 1.46), which 
was statistically significant (p < 0.001). No statistically 
significant changes in CRP levels were noted during the 
6-month follow-up period, although reductions were ob-
served. The short (6-month) follow-up period was a limi-
tation of the present study. 

Conclusions

The present study confirms the positive effect of bariatric 
procedures such as LAGB, SG and RYGB on body-weight 
reduction over a 6-month follow-up period. Improvements 
were also found in the general health status of the patients, 
as well as normalization of metabolic parameters (glucose, 
cholesterol, triglycerides, hepatic enzymes). 

Although LAGB, SG, and RYGB are safe procedures 
with similar weightloss outcomes, LAGB or SG may 
prove to be better options in rural patient populations 
due to the complexity of the RYGB procedure and poten-
tial nutrition-related complications following RYGB. Sur-
gical techniques should be individually chosen for each 
patient; the distance of the patient’s place of residence 
from the treatment facility and the patient’s difficulties 
in participating in an outpatient monitoring program 
following bariatric surgery should be considered when 
qualifying patients for bariatric procedures.
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Abstract
Background. Many surgical procedures in soft tissue are performed using diode lasers. Recently, a novel 
diode laser operating at 445 nm wavelength was introduced in dentistry.

Objectives. The aim of our study was to evaluate the time of surgery and an increase in temperature of 
titanium implants during its uncovering using 445 and 980 nm wavelengths.

Material and methods. The research included 45 pig mandibles (n = 45). The specimens were randomly 
divided into 3 groups (n = 15) according to the laser irradiation mode and wavelength; G1 – 445 nm laser, 
power: 3 W, continuous wave (CW), distance: 2 mm, power density: 7460 W/cm2, fiber: 320 µm, non-
contact mode; G2 – 445 nm laser (power: 2 W, CW, power density: 4970 W/cm2, fiber: 320 µm, contact 
mode; G3 (control) – 980 nm laser, power: 2.5 W, CW, power density: 15920 W/cm2, fiber: 200 µm, contact 
mode. The temperature was measured with a 2 K-type thermocouples (a P1 at collar and a P2 at mid height 
of the implant).

Results. The mean temperature rises measured by the P1 thermocouple were 16.9°C, 36.1°C and 21.6°C 
in the G1, G2 and G3 group, respectively. Significant differences in temperature rise were found between 
the G1 and G2 group (p  =  0.0007) and the G2 and G3 group (p  =  0.01). The mean temperature rises 
measured by the P2 thermocouple were 1.8°C, 1.4°C and 5.6°C in the G1, G2 and G3 group, respectively.  
Significant differences in temperature rise were found between the G1 and the G2 or G3 group (p = 0.0001). 
The significant differences among the study groups in average time necessary for uncovering the implants 
amounted to 69.7, 54.4 and 83.6 s, respectively (p < 0.05).

Conclusions. The application of the 445 nm diode laser in non-contact mode reduced the temperature 
rise of the implants. The additional pulse intervals during laser irradiation with wavelength of 445 nm when 
operating in contact mode are needed.

Key words: temperature, 445 nm diode laser, 980 nm diode laser, second stage surgery, implant uncovering
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Many in vitro and in vivo studies performed over the 
last few decades have resulted in improvements in im-
plant design and surface properties, achieving a  tight 
connection between living bone and the implant surface, 
i.e. osseointegration, no longer poses a  challenge. The 
complication rates in implant osseointegration vary from 
0% over a 5-year follow up period to the highest rate in 
a 10-year follow up period being 29%.1,2 Furthermore, the 
5-year implant survival rates for the implants placed in 
the mandible and maxilla reached 99.1% and 84.9%, re-
spectively.3,4 Recent studies showed that sufficient peri-
implant bone amount as well as thick soft tissue biotype 
have a tremendous impact on long term implant survival 
rates. In recent years, scientific interest in the field of the 
influence of lasers in reducing postoperative pain and im-
proving healing are being observed.

Many clinical trials have confirmed that using diode 
lasers reduces pain during surgery and ensures better 
wound healing, decreasing swelling, edema and scarring, 
as well as providing better coagulation.5–7 The treatment 
protocols by means of semiconductor lasers is effective in 
removing peri-implant bacteria living on implants, main-
taining the sterility of the treatment area and ensuring 
bio-stimulation, vaporization, coagulation and photo-
ablation of the treated tissues.8 

There are a few different techniques which can be used 
for second stage implant surgery, e.g. uncovering with 
a scalpel, tissue punch, thermo-optically powered (TOP) 
technology or laser.9–11 However, the use of lasers in sec-
ond-stage implant surgery in the scientific literature is 
still limited to cases with sufficient amount of the peri-
implant attached gingiva.12

Some studies have shown that the Er:YAG laser induced 
minimal peri-implant temperature increase, has the posi-
tive effects for pain decrease and facilitates a prosthetic 
impression procedure.13,14 Other studies using a CO2 la-
ser proved its disadvantage: an increase in the titanium 
implant temperature. There is only one study in the liter-
ature, conducted by Fornaini et al., regarding the surgical 
use of the KTP laser for implant second stage surgery.15

Soft tissue vaporization with the use of diode lasers 
has been widely described in the literature.5–8 Diode la-
sers play a significant role in soft tissue vaporization and 
in the decontamination of infected implant surfaces.5,13 
However, particular attention should be paid to prevent-
ing overheating of the bone when applying these devices 
during surgical procedures.16 Due to direct bone-implant 
contact and the special composition of the soft tissue in 
the implant neck area, the blood flow in this area is re-
duced, which increases the risk of thermal injuries being 
transmitted by the implant to the bone tissue. Eriksson et 
al., in a series of studies, found that increasing the tem-
perature of bone tissue by 10°C for 60 s causes perma-
nent changes in the bone structure.17,18 Therefore, a tissue 
temperature gradient (∆Ta) below 10°C should be regard-
ed as optimal and safe. 

Different diode laser wavelengths are utilized during 
soft tissue surgery but studies regarding its use for uncov-
ering implants are scarce.9,19 To the best of the authors’ 
knowledge, this is the first ex-vivo study describing the 
use of a blue laser wavelength (445 nm) when uncovering 
implants for second stage surgery. 

Objective

The aim of our study was to evaluate increases in im-
plant temperature, taking into account the different 
diode laser wavelengths (445 nm and 980 nm) and re-
garding the contact and non-contact operation modes.  
In particular, we measured the time it takes for the tem-
perature of an implant to rise by 10°C after 60 s of irra-
diation and evaluated the laser power settings needed to 
prevent thermal injury when an implant is being uncov-
ered for second stage surgery. Additionally, the time of 
the surgical procedure and occurrence of carbonization 
were assessed.

Material and methods

Sample preparation

The research included 45 mandibles (n = 45) of recent-
ly slaughtered pigs, of the Złotnicka Biała breed, intend-
ed for consumption and which had been obtained from 
a butcher. The skin of each mandible in the area between 
the incisor (I1) and the first molar (M1) tooth was cut 
off. The specimens were randomly divided into 3 groups 
(n = 15) according to the laser wavelength and operation 
mode, then were washed under tap water and left for 4 h 
before the research commenced. In every specimen, prep-
aration of the soft tissues in the region of the canine (C) 
and first molar (P1) tooth gave access to the buccal and 
lingual part of the mandibular alveolar ridge. Ethical ap-
proval was not required for this animal ex vivo study.

Surgical procedure

In the study area of the mandible, a  full thickness soft 
tissue flap was made by one horizontal and two vertical 
cuts using a 15C scalpel blade. The soft tissue flap was de-
tached and an implant bed length of 10 mm was prepared 
by means of a drill, according to the manufacturer’s proto-
col (Dentium Co., Seoul, Korea). A hole (3 mm in diameter) 
was drilled in each mandible at mid height of the buccal 
side of the implant bed with a trephine bur so as to place 
a K thermocouple Probe P2, type TP-02 (Zhangzhou Wei-
hua Electronic Co., Fujian, China). The Superline implants 
(Dentium Co., Seoul, Korea) made of grade IV pure titani-
um, 10 mm in length and 4.0 mm in diameter, were placed 
in touch with the middle part of the implant. Next, a sec-
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ond K-type, P1 temperature probe, type TP-01 (Zhangzhou 
Weihua Electronic Co., Fujian, China) was placed close to 
the implant collar and stabilized by a cover screw. The flap 
was then repositioned and sutured to the soft tissue us-
ing a non-absorbable suture (Dafilon®, Braun, Germany). 
Next, the implants were uncovered using different diode 
lasers with wavelengths of 445 and 980 nm (Fig. 1).

Measurement procedure

The specimens were placed in a container with water 
at a  temperature of 22°C for 20 min and the tempera-
ture was monitored with a  Medicare Clinical Products 
(MCP) Gold mercury thermometer (Medicare Products 
Inc., New Delhi, India). The temperature of the implant 
was measured by means of a calibrated digital Thermom-
eter CHY802W (CHY Firemate C0., Tainan City, Taiwan) 
with the two temperature probes of the K thermocouple 
probes , TP-02 and TP-01 type (Zhangzhou Weihua Elec-
tronic Co., Fujian, China). The measurement error was 
0.3°C. The temperature was measured in a  continuous 
manner by means of probes attached to the collar and 
at mid height of the implant. The thermocouples were 
covered by a thermo-conductor paste ART.AGT-057 (AG 
Termopasty, Sokoły, Poland ) to ensure good thermal flow. 
The thermal conductivity of the paste was 0.243 Cal /g K. 
The results in temperature rise after 60 s of laser irra-

diation were recorded (if the 
time of the surgical procedure 
was below 60 s, the irradiation 
of the implant was continued 
to reach the target time of 1 
min). The time of the peri-im-
plant soft tissue incision was 
measured with a sports stop-
watch SP17 XL-009A (Fuzhou 
Swell Electronic Co., Ltd , Fu-
jian, China). 

Study groups

The study specimens (n =45) were divided into 3 
groups: G1 (n = 15), G2 (n = 15) and G3 (n = 15).

Group G1: Diode laser, 445 nm (SIROLaser Blue, 
Dentsply Sirona, Germany), operation mode: continuous 
wave (CW), power: 3 W in non-contact mode, distance: 
2 mm, power density: 7460 W/cm2, tip angle set at 90°, 
fiber: 320 µm.

Group G2: Diode laser, 445 nm (SIROLaser Blue, 
Dentsply Sirona, Germany), operation mode: continu-
ous wave (CW), power: 2 W in contact mode, distance: 
0 mm, power density: 4970 W/cm2, tip angle set at 90°, 
fiber: 320 µm.

Group G3: Diode laser, 980 nm (SmartM, Lasotronix, 
Polska), operation mode: continuous wave (CW), power: 
2.5 W in contact mode, distance: 0 mm, power density: 
15920 W/cm2, tip angle set at 90°, fiber: 200 µm (Table 1).

Statistical analysis

The outcomes obtained were subjected to statistical 
analysis by means of STATISTICA v. 12 (StatSoft®, Tulsa, 
USA) software. The mean increase in temperature of the 
implants was assessed using the one-way ANOVA test. 
Pair comparisons were carried out based on the Tukey 
post-hoc test at significance levels p = 0.05.

Results

The analysis of the temperature rise after 60 s of laser 
irradiation measured by P1 thermocouple revealed a sig-
nificantly lower temperature for G1 – 445 nm diode laser 
operating in non-contact mode (mean 16.9°C, p = 0.0007) 
or G3 group – a  980 nm diode laser operating in con-
tact mode (mean 21.6°C, p  =  0.01) as compared to G2 
group, a 445 nm diode laser operating in contact mode 
(mean 36.1°C). The difference in the mean temperature 
rise among groups G1 and G3 was insignificant (p = 0.59) 
(Table 2). 

The analysis of the temperature rise measured by the 
P2 thermocouple revealed significantly higher tempera-
ture for group G3 (mean 5.6°C) as compared to G2 (mean 

Table 1. Parameters of lasers used in the study

Device Wavelength Glass fiber 
diameter Mode Frequency Power (W)

Power 
density  
(W/cm2)

Diode laser 445 nm 320 µm non-contact CW 3 7460

Diode laser 445 nm 320 µm contact CW 2 4970

Diode laser 980 nm 200 µm contact CW 2.5 15920

W – Watt; nm – nanometers; µm – micrometers; CW – continuous wave; W/cm2 – Watt/square cm.

Table 2. Mean temperature gradient and standard deviation measured  
by TP-01 P1 K-thermocouple after 60 s of laser irradiation during an 
implant uncovering in the G1, G2 and G3 groups

Study groups N
Thermocouple 
P1∆Ta(°C)(mean 

+ SD)
p-value

Group 1 15 16.9 + 8.01
ANOVA analysis,  

p = 0.0006

Group 2 15 36.1 ± 18.98 G1 vs G2, p = 0.0010

Group3 15 21.6 ± 8.57 G2 vs G3, p = 0.0100

All groups 45 24.9 ± 15.04 G1 vs G3, p = 0.5900

°C – degrees Celsius; ΔT – temperature gradient; CW – continuous wave; 
SD – standard deviation; N – number.
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Fig. 1. Surgical and measurement procedure used in the study. A) The study area in the pig’s mandible; B) An alveolar ridge; C) The implant bed preparation; 
D, E) The implant placement; F) Thermocouples attached to the implant; G) Reposition of the flap prior to a laser irradiation; H) The unveiling of the implant 
using diode laser

Fig. 2. The mean temperature rise in Celsius (°C) measured by TP01 Ps 
k-thermocouple at mid height of the implant during its uncovering  
in G1, G2, G3 groups

Fig. 3. The mean time in seconds required to an implants uncovering  
by means of a Diode lasers with a different parameters

1.4°C) and G1 (mean 1.8°C) (p = 0.0001). However, there 
was no differences in temperature increase between 
groups G1 and G2 (p = 0.78) (Fig. 2).

The time required for implant uncovering during irra-
diation using a 445 nm diode laser operating in contact 
mode (mean 54.4 s) was significantly shorter as compared 
to a 445 nm diode laser operating in non-contact mode 
(mean 69.7 s, p = 0.0126) and a 980 nm diode laser (mean 

83.6 s, p = 0.0252). Furthermore, our findings show that 
there also is significant difference between groups G2 
and G3 (p = 0.0001) (Fig. 3).

We also observed greater signs of carbonization occur-
rence during soft tissue cutting by means of a diode laser 
with a wavelength of 445 nm operating in contact mode 
as compared to a 980 nm laser or a blue laser operating in 
non-contact mode (Fig. 4).
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Discussion

To the best of our knowledge, no comparison has yet 
been made ex vivo in the literature between the effects 
of blue (445 nm) diode laser irradiation in increasing the 
temperature of titanium implants for second stage surgery. 
Nonetheless, the impact of blue lasers on implant temper-
ature has already been analyzed in relation to laser pow-
er.13,19–22 The main objective of this study was to determine 
effective and safe energy settings for a 445 nm diode laser 
operating in contact and non-contact mode for implants 
made from pure titanium (grade IV) in comparison with 
an infrared wavelength of 980 nm. 

In their comparative analysis of temperature increases 
when uncovering implants for second stage surgery in an 
animal ex-vivo model, Fornaini et al. stated that 810 nm 
diode lasers resulted in a higher rise in tissue temperature 
than Er:YAG and CO2-lasers.19 Fornaini et al. also empha-
sized that a diode laser operating in contact mode causes 
the implant’s mean temperature to increase 12.67°C and 
21.5°C, as measured by the thermocouple (3 mm below the 
implant’s collar) and by a thermal camera (on a soft tissue 
level), respectively.19 The results measured by the thermo-
couple (mean 12.67°C) are similar to those obtained in our 
study for a  445 nm diode laser operating in non-contact 
mode (mean 16.9°C) and are much different as compared to 
the same laser but operating in contact mode (mean 36.1°C). 
The differences could be related mainly to the different 
wavelength but also to the position of the thermocouples. 
In our study, the probe was placed more superficially than 
in Fornaini’s et al. study.19 This position of the probe is as-
sociated with much more heat accumulation, which implies 
a greater temperature increase. Furthermore, the mean time 
of the procedure in the study conducted by Fornaini et al. 
was 90.8 s.19 These results are similar to our study in terms 
of the 980 nm wavelength (83.6 s). In the present study, the 
mean times of the implant uncovering for the blue diode la-
ser operating in contact and non-contact mode were shorter 
and amounted to 54.4 and 69.7 s, respectively.

In another in vitro study when thermocouples were 
placed in a  calf tongue, Mergio et al. concluded that 
a temperature rise by 21°C (∆Ta) could be recorded after 
diode laser application (808 nm) using a power setting of 
3W.23 Our findings show a  similar temperature rise for 
a 2.5 W diode laser with a wavelength of 980 nm.

In our previous ex-vivo study in a pig model, we conduct-
ed the direct irradiation of the implants composed of grade 
IV titanium by means of a diode laser with a wavelength of 
980 nm (3W), which resulted in a temperature rise of 10°C 
after 17–18 s.13 In the present work, the temperature gradi-
ent was measured in a continuous manner without inter-
vals when uncovering implants for second stage surgery. 
The heat accumulation by the soft tissue and the light ab-
sorption/scattering ratio could be related to peri-implant 
bone necrosis due to heat transfer. Therefore, the pauses 
during the laser tissue irradiation seem to be a key factor 
in preventing thermal injury.24

Janda et al., in their study of the assessment of thermal 
effects on ex vivo muscle tissue by different medical laser 
systems (Ho:YAG – 2080 nm, Nd:YAG – 1064 nm and di-
ode lasers – 830 and 940 nm) operating in contact mode 
revealed large thermal damage at the surface of the tissue 
for the diode and Nd:YAG lasers.25 The tissue specimens 
showed severe carbonization at the surface with only small 
adjacent coagulation areas after application of the diode la-
ser in contact mode. In our present study, we noted greater 
carbonization occurrence for a 445 nm diode laser operat-
ing in contact mode as compared to the same wavelength 
but in non-contact mode.

In their recent research, Fornaini et al. compared, on an 
ex vivo model, the effectiveness of 5 different fiber-deliv-
ered laser wavelengths (450, 532, 808, 1064 and 1340 nm) 
used in bovine tongues to prepare a linear cut of 5 cm in 
length, at a speed of 5 mm/s.26 The results of this research 
showed the best quality of the cut and the lowest tempera-
ture increase in the specimens obtained with a 450 nm di-
ode laser (2W, CW, contact-mode). They found an increase 
in temperature of the bovine’s tongues by 8.8–11.6°C for 

Fig. 4. Signs of a thermal damage in the soft tissue. A) Diode laser (445 nm) operating in contact mode; B) Diode laser (980 nm) operating in contact mode; 
C) Diode laser (445 nm) operating in non-contact mode
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the wavelength of 450 nm. In our present paper, we noted 
a  different value of the temperature rise in the implants 
probably because of the different laser cut line prepared 
during soft tissue vaporization. However, our analysis 
also showed a  lower temperature increase in the tissues 
prepared with a blue diode laser (445 nm) as compared to 
a near-infrared wavelength (980 nm).

Fornaini et al. in 2016 also published an ex vivo study 
which compared the efficacy of four diode laser wave-
lengths (810, 980, 1470 and 1950 nm) for the ablation of 
soft tissues in bovine tongue.27 They recorded the most 
significant deep temperature increase by the 980 nm di-
ode laser at 4 W  (∆Ta = 17.3°). The application of laser 
light with a wavelength of 980 nm induced a higher ther-
mal rise in the soft tissue, which was also confirmed in 
our present study in comparison to a blue diode laser.

El-Kholey in his in vivo study of the effects of the use 
of diode laser on 30 patients (45 implants) showed that 
the use of a diode laser for second stage implant surgery 
can minimize surgical trauma, eliminate the need for 
anesthesia, improve visibility during surgery due to the 
absence of bleeding, and eliminate postoperative discom-
fort.9 During the surgery, a saline drip was applied to the 
surgical site and the laser irradiation was intermittently 
stopped every 20–30 s to avoid any increase in tempera-
ture of a soft tissue or bone. The only limitation to the use 
of this technique is a lack of sufficient keratinized tissues 
around the implant. In our presented paper, laser beam 
application was done in continuous mode without cool-
ing and pulse intervals that could result in higher heat 
accumulation in the tissues and implants.

The safe distribution of heat in tissues is a  main goal 
when operating high intensity lasers in bone or soft tissue. 
According to an in vivo study presented by Augustin et al., 
the cellular death caused by heat is immediately evident 
with temperatures above 70°C.28 However, in line with the 
conclusions reached by Ericsson et al., an increase in the 
tissue temperature over 47°C (∆Ta > 10°C) cause irrevers-
ible changes in the bone structure.17,18 Therefore, within 
the limitations of this ex vivo study, a temperature gradi-
ent below the critical 10°C seems to be safe for using a laser 
during second stage surgery. Unfortunately, in this study 
the mean temperature gradient measured for all study 
groups was over ∆Ta = 10°C. The lowest mean temperature 
value (16.9°C) was obtained by the 445 nm diode laser (non-
contact mode, 3W). However, it should be highlighted that 
the surgical procedure was performed without cooling or 
pulse intervals, which induces greater heat accumulation 
in the target tissues. Moreover, our present work was an ex 
vivo study with all the typical limitations, e.g. the differ-
ent chemical composition and biological properties of the 
“ex vivo” specimens as compared to “in vivo” tissue, mainly 
due to the absence of blood circulation. 

Nevertheless, we obtained significant differences 
among the new blue diode laser operating in non-contact 
(16.9°C, 3W) and contact mode (36.1°C, 2W). Olivi et al. 

reported that at 2-mm tip-to-tissue distance, fluence de-
creased by 68% from its level at the tip surface; at 3 mm, it 
decreased by 78%.29 Thus, irradiation of the target tissue 
from a  distance could lead to a  lower temperature rise 
due partly to energy loss during laser operations in non-
contact mode. In the present paper, we also found a lower 
mean temperature rise for the 980 nm wavelength (2.5 W) 
as compared to the 445 nm diode laser (2 W), both oper-
ating in contact mode. There is a fundamental difference 
among absorption and scattering phenomenons depend-
ing on the wavelength range. In the visible region of the 
light spectrum (400–600 nm), both absorption and scat-
tering occur and light penetrates soft tissue to a  depth 
of 0.5–2.5 mm, but in the red to near infrared region 
(600–1500 nm), scattering prevails and light penetrates 
to a depth of 8–10 mm.30 Thus, the lower loss of energy 
(low scattering) transmitted by a laser with a wavelength 
of 445 nm as compared to the 980 nm laser (high scat-
tering) could result in greater heat accumulation by the 
target tissue and a higher temperature rise in the collar 
part of the implant. Furthermore, the higher temperature 
increase at the mid implant level for the 980 nm diode la-
ser could be induced by higher scattering and penetration 
into the tissues by the near infrared wavelength. The use 
of a diode laser when uncovering implants makes it pos-
sible to vaporize soft tissue layer by layer without damage 
to the bone underneath. Wound healing with low shrink-
age makes it possible to take an implant impression in the 
same session after its uncovering by means of these de-
vice.31,32 However, additional studies using a diode laser 
with a wavelength of 450 nm are needed to confirm the 
results of this study in animal and human in vivo models.

Conclusions

The application of a diode laser with a wavelength of 
445 nm in non-contact mode significantly reduced the 
temperature increase in titanium implants during their 
uncovering as compared to a 980 nm wavelength diode 
laser. The use of the 445 nm diode laser in contact mode 
resulted in the highest temperature rise. It must be taken 
into consideration to do more intervals during diode la-
ser irradiation with a wavelength of 445 nm when operat-
ing in contact mode.

The results of a temperature rise by 10°C seems to be 
unsafe for clinical use with the parameters utilized in this 
study when operating diode lasers without irradiation in-
tervals.
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Abstract
Background. Management of febrile neutropenia in pediatric patients is challenging. Chest X-ray and CT 
scan help to identify infective foci; however, exposure to radiation is a risk factor for development of second-
ary cancer. For this reason, attention is paid to reducing radiation exposure.

Objectives. The aim of the study was to define the role of LDCT examination in the early detection of pul-
monary lesions in children during oncology or autoimmune treatment complicated by neutropenia-related 
fever. Additionally, we focused on the possibility to optimize image quality in low-dose protocols.

Material and methods. The study included 138 pediatric patients (mean age 8.08 years) with fever of 
38.2°C or higher with an absolute neutrophil count of 10 mm with or without surrounding GGO or cavita-
tions was sensitive at 77% and specific at 65% for fungal infection insert after neutrophil count: < 500/pL 
 who underwent chest X-ray and LDCT in the maximal interval of 24 h. CT findings were compared with 
initial and final diagnosis as well as with clinical information. 

Results. LDCT detected pulmonary abnormalities in 116 patients (84.06%) showing ground-glass opaci-
ties (GGO) (n = 79), nodules (n = 60) and air-space consolidations (n = 58). Radiologists correctly di-
agnosed infective lesions in 94 out of 116 patients (81.03%). The presence of random or pleural-based 
nodules. Diagnosis of pyogenic infection based on the presence of air-space consolidation, pleural effusion, 
GGO or centrilobular nodules showed a sensitivity of 78% and specificity of 67%, whereas patchy or diffuse 
GGO, interstitial thickening and/or air-space consolidation showed a high sensitivity of 81% and specificity 
of 68% for Pneumocystis jirovecii pneumonia.

Conclusions. LDCT is an excellent modality in the diagnostic algorithm in patients with febrile neutro-
penia. It allows early detection and detailed characterization of pulmonary abnormalities. Using contrast, 
unenhanced CT examinations can further reduce radiation dose and diminish the number of complications 
without a negative influence on the diagnostic process.

Key words: febrile neutropenia, pulmonary infection, low dose CT, pediatric neoplasms, hematologic diseases

DOI
10.17219/acem/68292

Copyright
Copyright by Author(s) 
This is an article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Original papers

Low-dose computed tomography in assessment of pulmonary abnormalities 
in children with febrile neutropenia suffering from malignant diseases
Urszula Zaleska-Dorobisz1, A, D, F, Cyprian Olchowy1, B, E, Mateusz Łasecki1, C, Dąbrówka Sokołowska-Dąbek1, A, D,  
Aleksander Pawluś1, C, D, Jowita Frączkiewicz2, B, C, E, Ewa Gorczyńska2, A, B

1 Department of Radiology, Wroclaw Medical University, Poland
2 Department of Pediatric Stem Cell Transplantation, Hematology and Oncology, Wroclaw Medical University, Poland

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2017;26(4):695–701



U. Zaleska-Dorobisz, et al. LDCT in assessment of pulmonary complications696

High-dose combination therapy in cancer patients may 
lead to side effects which require rapid diagnosis and ad-
equate treatment. One of the most common complications 
resulting from myelosuppression is neutropenia rooted in 
the use of cytotoxic or immunosuppressive polytherapy for 
malignant or autoimmune diseases. Bacterial pathogens, 
mainly gram-positive aerobes, are responsible for approxi-
mately 90% of infections in the early phase of neutropenia.1,2 
Overall, the mortality rate in neutropenic patients varies be-
tween 8 and 21% depending on the specific neoplastic dis-
ease, patients’ general condition, type of infectious compli-
cation and presence of other diseases. The main risk factors 
for febrile neutropenia among oncology patients are cyto-
toxic chemotherapy and steroids as well as bacterial, viral or 
fungal infections. Neutropenia-related fever has been also 
described in pediatric non-HIV-infected patients.3,4

The precise identification of the pathogen is often dif-
ficult. First, a rising number of infections are polymicro-
bial, resulting in difficulties in choosing specific treatment 
which produce good outcomes and few side effects. Sec-
ondly, broad spectrum antibiotics predispose to superadd-
ed fungal infections. And thirdly, many infections mimic 
graft-versus-host disease, radiation toxicity, drug toxicity 
or even pulmonary hemorrhage, which delays proper diag-
nosis and treatment.

The clinical course of pulmonary complications in chil-
dren with febrile neutropenia is usually severe. In addition 
to some typical symptoms including sudden onset and dys-
pnea, signs of peritoneal irritation in the case of abdomi-
nal involvement, a  septic fever, neurological dysfunctions, 
pleural or peritoneal effusion and paralytic ileus may be 
observed. An early and correct diagnosis is critical to intro-
duce proper treatment and avoid surgical procedures. The 
basic examination during diagnosis of pulmonary patholo-
gies is still a standard chest X-ray, then thoracic computed 
tomography (CT). Both X-ray and CT of the chest can help 
in early detection of an infective focus and its presumptive 
characterization, as advances in diagnostic imaging have sig-
nificantly improved visualization of the lungs and mediasti-
nal structures on CT images. Although multisector CT is 
more accurate than chest radiography, the higher radiation 
dose imparted with standard-dose thin-section CT is a ma-
jor limitation.5 A high dose of radiation has the potential 
to cause cancer, particularly in children, who have a greater 
risk per unit dose, when multiple scans are required. The 
radiosensitivity in children is widely discussed. Current es-
timations show that about 25% of cancer types occurring in 
children are more susceptible than in adults. Additionally, 
a one-year-old child is as much as 10 times more susceptible 
to radiation-induced cancer than an adult.6,7

CT has become a frequent and essential first-use diagnos-
tic modality. It not only detects the abnormality with a high 
degree of sensitivity and specificity, but also differentiates 
between types of infection and between infectious and non-
infectious etiologies. It can detect pulmonary infiltrates at 
an earlier stage than a chest X-ray while awaiting the micro-

biological report.3 Because of this increased use of CT, deliv-
ering the same quality imaging while keeping radiation dose 
to an absolute minimum has become an important feature 
of the diagnostic process and has led to the development of 
several low-dose computed tomography (LDCT) protocols. 
In our study, we aimed to define the role of LDCT examina-
tion in the early detection and characterization of pulmo-
nary infections and the differential diagnosis of respiratory 
system diseases in children during oncology or autoimmune 
treatment complicated by neutropenia-related fever. 

Material and methods

The study group consisted of 138 patients (49 girls and 
89 boys) with age range from 9 months to 18 years (mean 
8.08; median 7) with febrile neutropenia in the course of 
the malignancy process treated in the Department and 
Clinic of Pediatric Oncology, Hematology and Bone Mar-
row Transplantation in Wrocław between November 1st,  
2011 and June 23rd, 2014. The most frequent oncolog-
ic diagnoses were acute lymphocytic leukemia (ALL), 
acute myelogenous leukemia (AML) and neuroblastoma.  
The characteristics of the oncologic diseases in the study 
group are summarized in Table 1. 

All of the children included presented respiratory prob-
lems such as cough, dyspnea, respiratory distress or pleu-
ral pain. Other nonspecific symptoms, including vomiting, 
diarrhea, obstruction and gastrointestinal infection, were 
reported by 32 subjects (23.19%). Acute abdominal pain 
occurred in 34 patients (24.64%). 

Every patient was tested for basic hematological mark-
ers: hemoglobin (g/dL), red and white blood cell count, 
granulocytes, lymphocytes and platelet count. Febrile neu-
tropenia in children was defined as a temperature rise up 
to 38.2°C or more with an ANC of 500/pL or less on the 
same day of fever or the next day.

All patients underwent X-ray of the chest and low-dose 
computer tomography (LDCT) examinations. Chest X-ray 
was taken using at least one projection depending on the 
patient age (AP or PA). Diagnostic imaging findings and 
initial diagnosis were compared with the final diagnosis 
based on further examinations.

CT examination images were taken with a 128 raw So-
matom Definition AS+ (Siemens Healthcare GmbH, Er-
langen, Germany) scanner at 120 KV and changeable (de-
pending on patient size) current at mAs values of 25, 50, 
75 and 100. The images were reconstructed with a  slice 
thickness of 0.6 and 1.25 mm for each mAs value. A con-
trast agent (Ultravist or Omnipaque) was administered 
with a constant speed of 1.5 mL/s and total volume l mL/kg 
body weight before the scanning. CT images were assessed 
by an experienced chest radiologist. To reduce the radia-
tion dose, iterative protocol SAFIRE 3 was carried out. 

For CT examination, total dose length product (DLP) 
ranged from 44 to 150 mGy*cm (estimated effective dose 
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consent for this study was waived because of the 
retrospective nature of the study. The study was 
conducted in accordance with the Declaration of 
Helsinki.

The obtained CT results were compared with 
findings in the plain films and with the overall 
patient status. If the patient had more than one 
CT scan of the chest, the CT done closest in time 
to the onset of the febrile episode and diagnos-
tic microbiological tests was chosen for analysis. 
The final diagnosis of pulmonary infection was 
based on bronchoalveolar lavage (BAL) cultures, 
sputum, blood culture or response to specific 
treatment (e.g. cotrimoxazol therapy in the case 
of PCP infections).

The data was collected and analyzed. To com-
pare CT with the plain film results, a  t-test for 
paired samples was carried out. Summary values 
were given as percentages and a mean.

The criteria for statistical significance were 
set at p < 0.05. Statistical analysis was carried 
out with STATISTICA software v. 10 (StatSoft, 
Tulsa, USA).

Results

Chest X-ray findings

In the study group, 80 (57.97%) patients had normal 
X-ray of the chest, while 58 (42.03%) presented abnor-
malities such as air-space consolidations (n = 29; 21.01%), 
nodules (n = 4; 2.89%), cavitations (n = 2; 1.44%), reticu-
lonodular shadows (n = 3; 2.17%), bronchiectasis (n = 3; 
2.17%), pleural effusion (n = 14; 10.14 %), and lymphade-
nopathy (n  =  3; 2.17%). Of the patients with a  normal 
chest radiograph, subsequent CT of the chest showed 
pulmonary abnormalities in 58 patients.

CT findings

CT detected pulmonary abnormalities in 116 (84.06%) 
of the 138 patients, such as ground glass opacity (GGO) 
(n = 79; 57.25%), nodules (n = 60; 43.48%), and air-space 
consolidations (n = 58; 42.03%). Examples of abnormalities 
found on CT images are presented in Fig. 1, 2, 3 and 4.

To compare the CT and plain film results, examinations 
with the findings suggestive of the inflammatory process 
were analyzed. A t-test for paired samples revealed a statis-
tically significantly higher sensitivity for the relevant chest 
findings of CT in comparison to plain film, p < 0.001.

Final diagnosis

Bacterial pneumonia was suspected on the basis of ra-
diological findings in 81 patients. It was confirmed in 

Table 1. Types on oncologic diseases in the study group

Malignancy No patients (n) Sex (m : f) Mean age

ALL 48 31 (34.8%) : 17 (34.7%) 6.6 (m – 6.7; f – 6.5)

AML 31 17 (19.1%) : 14 (28.6%) 10.2 (m – 7.9; f – 13.1)

NBL 26 16 (18.0%) : 10 (20.4 %) 2.8 (m – 3.0; f – 2.5)

Ewing 
sarcoma

11 9(10.1%) : 2 (4.1%) 12.1 (m – 11.5; f – 15.2)

HD 10 7 (7.9%) : 3 (6.1%) 13.2 (m – 12.4; f – 15.1)

NHL 7 5 (5.6%) : 2 (4.1%) 10.2 (m – 10.2; f – 10.3)

RMS 3 2 (2.3%) : 1 (2.0%) 16.6 (m – 16.5; f – 17.0)

PNET 1 1 (1.1%) : 0 m – 10.6

CML 1 1 (1.1 %) : 0 m – 12.3

ALL – acute lymphocytic leukemia; AML – acute myelogenous leukemia;  
NBL – neuroblastoma; HD – Hodgkin disease; NHL – non–Hodgkin lymphoma;  
RMS – rhabdomyosarcoma; PNET – peripheral primitive neuroectodermal tumor;  
CML – chronic myelogenous leukemia.

Table 2. Final diagnosis in 116 (84%) patients with abnormal results of low 
dose computed tomography

Final diagnosis Number of patients (%)

Bacterial infection
group A b hemolytic streptococci
coagulase positive staphylococci
Klebsiella pneumoniae
Pseudomonas aeruginosa

26 (22.41)
22 (18.97%)
1 (0.86%)
2 (1.72%)

Pneumocystis jiroveci 8 (6.90%)

Fungal infection
Aspergillus fumigatus
Candida albicans

14 (12.07%)
1 (0.86%)

Viral infection
cytomegalovirus 
herpes simplex virus

3 (2.59%)
2 (1.72%)

Mycobacterium tuberculosis 3 (2.59%)

Mycobacteriosis 3 (2.59%)

Unknown etiology 5 (4.31%)

0.748–2.55 mSv) depending on the patient's size, while for 
X-ray examination it was from 0.08 to 0.1 mSv. Thus, ra-
diation dose was lower for the X-ray, but its sensitivity in 
detecting lung lesions and the possibility of their charac-
teristics was considerably limited.

The study was approved by the Commission of Bio-
ethics at Wroclaw Medical University. Written informed 
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Fig. 1. A 12-year-old female patient with febrile neutropenia (ANC = 315/pL). Axial and coronal CT scans reveal a nodule (15 mm in diameter) in the basal 
segment of the left lung. The nodule is surrounded by a halo of ground-glass attenuation, typical for angioinvasive aspergillosis

Fig. 2. A 17-year-old male patient with febrile neutropenia 45 days after bone marrow transplantation. Axial CT scan, sagittal and coronal reconstruction 
show atelectatic changes and large areas of lung tissue consolidation mostly in the left lung. Fluid is visible in the left pleural cavity (16 HU)
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Fig. 3. A 13-month-old male patient with febrile neutropenia. CT scan shows large areas of lung tissue consolidation with partial air bronchogram  
within large and medium bronchi consistent with pneumonia. Small bronchi cannot be seen – alveolar bleeding cannot be excluded.  
Image blurring due to motion artifact

Fig. 4. A 13-year-old male patient with febrile neutropenia (ANC = 430/pL).  
Axial CT scan shows multiple areas of ground glass opacities. Patient 
presented with persistent cough and chest pain

microbiological tests (sputum, BAL, blood cultures) in 
51 patients. Positive response to the antibacterial treat-
ment was considered as confirmation of bacterial infec-
tion and it occurred in 20 patients. The fungal etiology 
of pulmonary changes revealed in CT examination was 
suspected in 16 patients. It was confirmed by mycol-
ogy and/or molecular tests in 15 cases. In 3 additional 

cases, positive response to antifungal treatment was 
observed. Cytomegalovirus pneumonia and HSV pneu-
monia were suspected in 6 and confirmed by BAL in 5 
patients. Tuberculosis was suspected in 3 cases and in 
both confirmed in lung biopsy (transbronchial or sur-
gical). Pneumocystis jirovecii pneumonia occurred in 
8 patients. Among febrile neutropenic patients with 
no radiological findings in the lungs, foci of infection 
were identified in other organs (abdomen, brain, nasal 
sinuses, etc.) in 13 patients. No potential cause of high 
fever was identified in 5 patients and classified as un-
known etiology. Using LDCT, radiologists were able to 
correctly characterize the infective lesions in 94 out of 
116 patients (81.03%). The summary of final diagnoses is 
presented in Table 2.

Discussion

Pulmonary complications are common in patients with 
febrile neutropenia and underlying cancer disease. In pa-
tients with acute leukemia, pneumonia develops in 17–24% 
of patients.9–11 Tenholder and Hooper reported pulmonary 
complications in up to 98% of leukemic patient autopsies.12 
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Symptoms from the respiratory tract require urgent atten-
tion, because the mortality rate due to pulmonary compli-
cations reaches 38% in these high-risk patients.9

The high incidence of pulmonary complications in pa-
tients with febrile neutropenia indicates that an initial 
examination carried out with the aim of finding the site 
of infection should focus on the lungs. Additionally, the 
poor prognosis in hematologic patients with pulmonary 
complications that develop during chemotherapy-in-
duced neutropenia has been reported by many authors.10 
Many of these patients are also in poor condition, which 
makes it impossible to perform invasive diagnostic exam-
inations; therefore, X-ray of the chest and CT imaging are 
frequently used during initial diagnosis. 

In children with febrile neutropenia and respiratory 
signs and symptoms, early detection of a  focus of infec-
tion and its characterization is important for further man-
agement; however, the sensitivity and specificity of radio-
graphic examinations can vary and remain unsatisfactory. 
Heussel et al. showed the presence of pulmonary lesions 
on CT scans in more than 50% of patients with febrile neu-
tropenia who had normal chest radiographs.13 Donowitz 
et al. reported abnormal findings on chest X-rays in only 
22% children and Kang et al. in 31.74% subjects with fe-
brile neutropenia and hematological malignancies.14,15 CT 
can also detect pneumonia earlier than chest X-ray in chil-
dren with pulmonary infections.3 Therefore, CT is often 
performed in patients with febrile neutropenia and normal 
or questionable chest radiography findings. In our study 
group of 138 patients with febrile neutropenia, X-ray of the 
chest revealed abnormalities in 58 (42.03%) children, while 
simultaneously performed CT detected pulmonary abnor-
malities in 116 (84.06%) of them.

The value of CT in fast and reliable diagnosis in pedi-
atric patients with neutropenia is undisputed. However, 
the method has its cons and the most important is radia-
tion. Since the discovery of the harmful effects of using 
X-ray imaging, researchers have started to optimize the 
image quality along with minimizing the radiation dose. 
The concept of ALARA was developed on this premise, 
which has made it possible to achieve images adequate for 
diagnostic purposes and keep the radiation dose as low 
as reasonably achievable. Protecting patients from the 
risks of using X-ray imaging is especially important in 
children, who are more susceptible than adults. Children 
have a higher risk of developing cancer due to radiation 
exposure because of longer life expectancy than in adults, 
and more frequent cell division, which makes them more 
sensitive to radiation. Thankfully, the development of CT 
scanners and using iterative protocols lead to a  signifi-
cant reduction of the radiation dose. Using a modern 128 
raw CT scanner with iterative protocol SAFIRE 3 made it 
possible to reduce the total dose in comparison with the 
total dose delivered during X-ray examination. 

Another issue is using intravenous iodinated contrast 
agents. They allow the radiologist to assess mediastinal 

structures in a more detailed way, to depict slightly en-
larged lymphatic nodes, diagnose potential mediastinal 
pathologies (like abscesses) or evaluate the heart and 
great vessels. Modern contrast agents are considered 
safe; however, some complications can occur, including 
anaphylaxis or renal damage. Additionally, the use of io-
dinated contrast agents leads to an increase in radiation 
doses. In our study, none of the examined patients had 
crucial findings in the mediastinum. Enlarged mediasti-
nal lymphatic nodes were reported in 3 patients; however, 
these findings have not influenced the final diagnosis, 
which was established due to lung examination.

Conclusions

LDCT is an excellent modality in the diagnostic al-
gorithm in pediatric patients with febrile neutropenia.  
It allows early detection and detailed characterization of 
pulmonary abnormalities. CT is the most sensitive tech-
nique in detecting and describing parenchymal disease. 
Understanding the CT appearance of these lesions en-
ables an accurate diagnosis and optimizes management 
of pediatric patients with febrile neutropenia. Moreover, 
due to unsatisfying plain film sensitivity, it looks rea-
sonable to abandon this method in diagnosing pediatric 
patients with neutropenic fever. This strategy will make 
it possible to avoid unnecessary radiation and lead to 
a shortened time to first diagnosis in CT. Performing CT 
scan without IV contrast administration, to avoid its side 
effects and to reduce radiation dose, should be recom-
mended in patients with neutropenic fever.
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Abstract
The roles of STAT (signal transducers and activators of transcription) proteins are widely discussed in relation 
to other agents like IFN-γ that are involved in cardiovascular diseases. STAT3 protects cardiomyocytes dur-
ing endotoxic shock and ischemia and prolongs survival of these cells by activation of antiapoptotic genes 
like Bcl-2 and c-Fos. Moreover, IL-6 dependent expression of STAT3 is probably responsible for hypertrophy 
of cardiomyocytes. On the contrary, STAT1 mediates cell death by induction of caspase-1. STAT6 probably 
enhances cellular damage in myocardial infraction, which is significantly reduced in mice with the knockout 
STAT6 gene. Considering these facts, we attempted to review in this paper the role of STAT proteins in myo-
cardial remodeling, highlighting STAT3 as a potent mediator of cardioprotection. Our review also aims to 
acquaint a broad audience of internal medicine practitioners with the STAT3-related molecular mechanisms 
that underlie the therapeutic properties of such widely administered drugs as angiotensin II type 1 (AT1) 
receptor antagonists and HMG-CoA reductase inhibitors, such as losartan and lovastatin.
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STAT (signal transducers and activators of transcrip-
tion) proteins transduce signals from the cell membrane 
to the nucleus. They also induce gene transcription. 
There are 7 members of the STAT protein family: STAT1, 
STAT2, STAT3, STAT4, STAT5a, STAT5b and STAT6. 
We can distinguish a few functional sites of the STAT pro-
tein. The first one is a SH2 (Src Homology 2) domain that 
binds a membrane receptor (usually gp-130 in the case of 
STAT3). The transactivation domain interacts with nucle-
ar DNA. A C-terminal end of the STAT protein contains 
tyrosine and serine residues.1 Phosphorylation of the ty-
rosine residue activates STAT proteins which translocate 
from cytoplasm to nucleus. A serine residue acquires phos-
phate indirectly by kinases MAP (mitogen activated kinas-
es), e.g. ERK1 (Extracellular Regulated Kinase), ERK2, p38, 
JNK (c-Jun N-terminal/stress-activated protein kinase) or 
H7-SK (H7-Sensitive Kinase), but STAT2 does not contain 
the serine residue.2,3 Phosphoserine contributes to the re-
cruitment of transcription cofactors, for instance coactiva-
tor CBP.4 Janus kinases (JAK) are necessary for the type II 
cytokine receptors to activate STAT. However, receptors 
of tyrosine kinase activity (e.g. EGFR - Epidermal Growth 
Factor Receptor and PDGFR - Platelet-Derived Growth 
Factor Receptor) can stimulate STAT without the involve-
ment of any intermediate messengers.1 In that case, STATs 
join to form dimmers and enter the nucleus, where they 
regulate the transcription of certain genes. As a result, they 
control the biosynthesis of their surface antigens, enzymes 
and other proteins. STAT proteins are involved in differen-
tiation, proliferation, apoptosis and angiogenesis.1,5

The antiapoptotic 
properties of STAT

Cultured murine cardiac myocytes express the mRNA 
of c-Fos and ANF. These factors contribute to myocar-
dial hypertrophy only if a function of STAT3 that is me-
diated by gp130 after stimulation by IL-6 is not impaired 
by, for example, an adenoviral introduction of mutated-
type STAT3 cDNA into cardiomyocytes.6 In addition, 
dominant-negative STAT3 limited the expression of 
VEGF mRNA in the cultured cardiomyocytes of 1-2-day-
old Wister rat lines after the stimulation of leukemia in-
hibitory factor (LIF) and also inhibited the expression of 
VEGF which was not induced by LIF in mutant transgenic 
mice with the STAT3 knockout gene. Therefore STAT3 is 
thought to take part in the angiogenic processes of cardiac 
vasculature.7 Transgenic (TG) mice with constitutively 
active STAT3 (caSTAT3) had more developed capillary 
vasculature of the heart and express VE-cadherin on en-
dothelial cells very intensively.8 Moreover, development 
of the vascular network is remarkably impaired in mice 
without the STAT3 gene, which explains why these ani-
mals were more sensitive to ischemic damage and suffered 
from myocardial infractions to a greater extent than mice 

with functional molecules of STAT3.9 In rat neonatal car-
diomyocytes, constitutively active STAT3 causes cytopro-
tective effects in case of hypoxia and following reoxygen-
ation that, in vivo, result from ischemia and reperfusion.10 
STAT3 upregulates expression of manganese superoxide 
dismutase (MnSOD), which is completely suppressed in 
cardiomyocytes by a  transfection of the dominant nega-
tive STAT3. Less creatine phosphokinase escapes from 
cardiomyocytes after exposure to reactive oxygen spe-
cies only if caSTAT3 was introduced in these cells. Thus, 
damage of cardiac myocytes seems to be limited by the 
detoxicative properties of STAT3 that are aimed at ROS.10 
Overexpressed cardiac-specific STAT3 (STAT3-TG) up-
regulates production of atrial natriuretic factor (ANF), 
β-myosin heavy chain (MHC), and cardiotrophin (CT)-1 
in rat cardiomyocytes.11 A cell injury that is generated by 
the antitumor agent doxorubicin is effectively attenuated 
by STAT3-TG, whose deficiency limits the survival of mice 
that were treated with this drug.12 In human end-stage di-
lated cardiomyopathy (DCM), there was a  lower activity 
of JAK2 and a diminished immunoreactivity of STAT3 in 
cardiomyocytes, which indicates a possible disturbance of 
the gp-130 mediated JAK2/STAT3 pathway.13 A  STAT3-
deficient murine myocardium was far more sensitive to 
the inflammatory damage caused by lipopolysaccharide in 
comparison with hearts with a normal expression of the 
gene. The knockout of STAT3 resulted in an increase of fi-
brosis and cardiac myocytes’ apoptosis as a consequence of 
the upregulated production of TNF-α by cardiomyocytes.14 
A delayed tyrosine phosphorylation of STAT3 is mediated 
indirectly by angiotensin II (AngII) via induction of IL-6, 
CT-1 and LIF mRNA expression. Subsequently, these fac-
tors are released by cardiomyocytes and can affect them in 
an autocrine or paracrine way, which results in activation 
of STAT3.15 Angiotensin II stimulates STAT1 and STAT2 
by recruitment of JAK2 and Tyk2 in half an hour, and later, 
after 2 h, it independently contributes to the phosphoryla-
tion of STAT3.16 Endothelin-1 interferes in the LIF-induced 
JAK/STAT pathway. However, despite the abrogation of 
STAT3, endothelin-1 causes hypertrophy of cardiac myo-
cytes in an independent manner.17,18 In one study, it was 
found that STAT3 switched on survival gene Bcl-2 and in-
hibited expression of the counteracting BAX gene, which 
reduced the amount of cardiomyocytes that were undergo-
ing cell death in circumstances of hypoxia and subsequent 
reoxygenation.16

The proapoptotic function 
of STAT proteins

STAT1 mediates the cell death of cardiomyocytes via 
induction of the caspase-1 gene in response to IFN-γ and 
in response to ischemia and reperfusion.19 Serine-727 
phosphorylation of STAT1 contributes to expression of 
the Fas ligand and Fas receptor, whose signals determine 
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NYHA stage of heart failure and higher levels of IL-6 omi-
nously affect patients’ survival. In the elderly population, 
increase of IL-6 causes a high risk of future heart failure.25 
IL-6 is the only one which mediates its effects via STAT3 
action, as IL-6 mediated acute inflammation and subse-
quent reactive STAT3-dependant cardiomyocyte prolif-
eration were induced in neonatal mouse myocardium by 
microinjected immunogenic zymosan A  to open a  new 
horizon for cardiac regenerative medicine.26

Before some of the major clinical implications of STAT3 
are presented here, it should be emphasized that STAT3 
is recognized as a key but also truly pleiotropic, cardio-
protective molecular factor acting as a transcriptional re-
pressor in regulation of the ubiquitin-proteasome system, 
controller of cellular homeostasis of cardiomyocytes, in-
ducer of gene expression by non-canonical pathways and 
mediator of nongenomic actions covering microtubule 
stability, mitochondrial respiration, and autophagy, with 
an impact on proliferation, differentiation and survival in 
cardiac myocytes and fibroblasts.27,28

First of all, cardiac fibroblasts, as major cardiac remodel-
ing drivers, actively participate in myocardial remodeling 
in hyperglycemia and hypertension.29 Together, high levels 
of angiotensin II and glucose levels occur in diabetes, so it 
is not surprising that myocardial remodeling is so acceler-
ated in diabetes. Hyperglycemia and Ang II increased ty-
rosine phosphorylation of both JAK2 and STAT3, and also 
enhanced collagen I deposition in cardiac fibroblasts dia-
betes.29 However, when atrial muscle tissue and patients’ 
sera were investigated, it turned out that the activity of 
STAT3 and JAK2 was higher in nondiabetic patients (ND) 
than in individuals with uncontrolled diabetes (UD) in 
these cellular contents.30 Furthermore, the antiapoptotic 
proteins Mcl-1, Bcl-2 and p-Akt were elevated, while the 
expressions of apoptotic proteins p-Bc12/Bc12 and caspase 
3 were reduced in UD in comparison to ND.30 In addition, 
cardiopulmonary bypass (CPB) event was associated with 
lower phosphorylation levels of STAT3 compared to pa-
tients with no CPB.30

STAT3 protects the myocardium and counteracts car-
diac remodeling in acute myocardial cardiac event injury.31 
STAT3 rapid phosphorylation follows ligation of mice 
coronary artery and intrinsic activation of STAT3 persists 
in the subacute phase of myocardial infarction. Several 
consequences followed the knocking of STAT3 activity by 
tamoxifen in rodent myocardium (tamoxifen (TM)-induc-
ible cardiac-specific STAT3 knockout (STAT3 iCKO) mice). 
Namely, capillary density was lowered. Moreover, MI asso-
ciated mortality was elevated. Furthermore, severe cardiac 
hypertrophy was induced in the border zone close to MI 
focus. Finally, cardiac fibrosis was favored by increased ex-
pressions of fibrosis-related gene transcripts, including ma-
trix metalloproteinase 9, procollagen 1, and procollagen 3.31

Atrial fibrillation (AF) is such an important factor of 
cardiovascular disease-related morbidity and mortality 
that Zheng et al. investigated the role of AT1, Ang II and 

cell death, and are transmitted after coupling this receptor 
with an activator of caspases – the FADD protein that is 
also stimulated by TNF-α.20 The antiapoptotic effects were 
attributed to the LIF-induced expression of Bcl-xL with 
very questionable signal mediation by STAT1 through 
gp130.21 Later studies clarified that gp-130 is associated 
with STAT3 rather than STAT1 and that cardiothropin-1 
(CT-1) is a  cytokine that antagonizes the gp-130 recep-
tor and stimulates STAT3 and c-Fos-dependent survival 
of cardiomyocytes.7,8,11 As opposed to the cardioprotec-
tive involvement of STAT3 and probably STAT5a in isch-
emic preconditioning, the STAT6 gene is also activated in 
ischemia and reperfusion events.17,18,24 Namely, when the 
STAT6 gene was completely knocked out of mice, it re-
sulted in a limitation of myocardial infraction.24 So STAT6 
seems to have reverse properties to STAT3 and STAT5, 
which regulate the survival of cardiomyocytes.

The therapeutic implications of 
STAT proteins - current state of the 
art and future perspectives

The inflammatory background of cardiac remodeling 
should be emphasized in this review.25 Particularly, there is 
a magnitude of proteins that take part in events leading to 
heart failure, e.g. tumor necrosis factor alpha (TNF-α), Fas 
(apoptosis stimulating fragment) protein, TRAIL (TNF-α 
related apoptosis-inducing ligand) protein, activin A,  
C-reactive protein, lipoprotein-associated phospholi-
pase a2 (Lp-PLA2), myeloperoxidase and pentraxin-3, to 
mention the most important ones.25 Interleukin 6 (IL-6) 
also belongs to this group.25 IL-6 is strongly linked to the 

Fig. 1. Impact of STAT1 and STAT3 on cardiomyocytes

Ischemia and reperfusion, and also IFN-γ, trigger upregulation of STAT1, 
which interacts with the FAS receptor and FASL complex. STAT1 stimulates 
an increase of caspase-1 activity. Caspase-1 together with FAS receptor 
and FASL complex lead to cell death. LIF1 and CT-1 via gp130 and Ang II 
with IL-6 induce activation of STAT3. STAT3 upregulates Bcl-2 and C-fos 
and downregulates MnSOD and Bax. STAT3 mediated actions contribute 
to hypertrophy and survival of cardiomyocytes.
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STAT3 in atrial cardiomyocytes that underwent fibrilla-
tion as a consequence of ischemic hypoxia. By stimulation 
of its receptor AT1, Ang-II activated STAT3 via its tyro-
sine and serine phosphorylation in these myocytes. STAT3 
affected the transcription of MMP1 and MMP2 of atrial 
fibroblasts. Finally, Ang II favored a potent signal for apop-
tosis: namely it contributed to translocation of cytochrome 
C mitochondria to the cytoplasm of atrial myocytes and 
this action was abolished by losartan. Thus, STAT3 is re-
garded as a crucial molecule on the Ang-II/AT1 receptor/
STAT3 signaling pathway, which is engaged in remodeling 
of the cardiac atrium.32 Interleukin-27 (IL-27), a  recently 
discovered member of the IL-6 family, is elevated in pa-
tients with coronary heart disease.33 IL-27 was proved to 
activate STAT3 by receptor subunit gp130, and this activa-
tion was reversible with application of a gp130-neutraliz-
ing antibody in rodent hearts. IL-27 and IL-6 were shown 
to remarkably limit cell damage after induction of severe 
hypoxia in H9c2 cardiomyoblasts and primary rat neona-
tal cardiomyocytes by appreciation of lactate dehydroge-
nase release and crystal violet staining in experimentally 
induced ischemia/reperfusion (IR) injury.33

Before discussing the relationships of STAT3 with phar-
macological agents, it is worth noting what STAT3 has in 
common with “sports”.34 STAT3 plays a role in the prophy-
laxis and prevention of cardiac insufficiency with linkage 
to physical exercise.34 Namely, after physical activity (pre-
cisely, the treadmill exercise of mice), the phosphorylated 
(p) signal transducer and activator of transcription 3 was 
increased in the gastrocnemius and heart muscles, with 
an elevation of serum IL-6 and IL-6 receptor (IL-6R), and 
IL-6R of gastrocnemius and heart muscle origin. Such re-
markable findings could signify that keeping our skeletal 
muscles in good shape helps our myocardium in its cardio-
protective aspect via elevation of circulating IL-6.34 Some-
what in line with the findings of McGinnis et al., it was 
revealed that if ischemia/reperfusion events are triggered 
in a remote organ, the myocardium can acquire a higher 
resistance to ischemic injury as a result.34,35 Under remote 
ischemic preconditioning (RIPC), there was decrease of 
serum troponin I levels with an accompanying increase of 
STAT5 phosphorylation in patients undergoing coronary 
artery bypass surgery in comparison with control patients 
without RIPC.35 In a  pig experimental model of remote 
ischemic preconditioning, it was proved that RIPC lim-
ited infarct size and augmented STAT3 phosphorylation 
while STAT5 remained decreased in the early phase of re-
perfusion in both the RIPC and control groups. Such car-
dioprotection can be transferable with plasma from pigs 
to isolated rat hearts. Moreover, it was concluded that the 
cardioprotective effect of STAT3 signaling and function is 
the same in RIPC and ischemic postconditioning.36

There are plenty of pharmacological ways to regulate 
STAT3 activity, so our task was to focus only on those ex-
amples which are most essential for internal medicine 
practitioners. If mocetinostat (a  selective HDAC inhibi-

tor tested in oncologic disorders) was injected intraperi-
toneally, pSTAT3 and histone deacetylases (HDAC1 and 
HDAC2), pro-fibrotic markers, collagen-1, fibronectin Con-
nective Tissue Growth Factor (CTGF) and IL-6 levels were 
decreased in cardiomyocytes, while cardiac fibroblasts ex-
pressed less of collagen I and III, fibronectin and TIMP-1 
(tissue inhibitors of metalloproteinas-1) in rats which devel-
oped congestive heart failure CHF as a consequence of MI 
(myocardial infarction) due to coronary artery occlusion.37 
With a decrease of levels of these factors, fibrotic scar to-
tal collagen quantity was limited. Thus, it can be concluded 
that the anti-fibrotic properties of mocetinostat are medi-
ated by a decrease of IL-6/STAT3 signaling in CHF.37

Wang L. et al. studied the impact of losartan (a selec-
tive angiotensin II type 1 (AT1) receptor antagonist) on 
myocardial interstitial fibrosis in male Wister rats with 
streptozotocin (STZ)-induced diabetes and the accom-
panying cardiomyopathy (DCM).38 In opposition to rats 
with DCM but without losartan treatment, the myocar-
dial levels of p-JAK2 and p-STAT3 decreased in DCM 
rodent hearts as a result of losartan treatment, with a de-
cline of TGF-β1 cardiac collagen quantity and LVEDP 
(left ventricular end-diastolic pressure) with augmenta-
tion of LVSP (left ventricular systolic pressure) ± dp/dt.38

Lovastatin transiently increased the level of phosphory-
lated STAT3 as well as protein phosphatase 1 until miR-21 
microRNA levels were significantly diminished.39 On the 
other hand, simvastatin decreased expression of pSTAT3 
in cardiomyocytes, which was previously elevated in hy-
pertrophy of the heart. Simvastatin was shown to counter-
act that kind of cardiac hypertrophy, which can be induced 
by isoproterenol in rats.40

Fig. 2. Current therapeutic implications of STAT3 on cardiomyocytes

Ang II and lovastatin were both shown to increase the phosphorylated 
level of STAT3 in myocardial cells. However, only Ang II was shown to 
increase cardiomyocyte apoptosis via stimulation of the translocation of 
cytochrome C from mitochondrium to cytoplasm. In contrast, losartan 
inhibits the translocation of cytochrome C from mitochondrium to 
cytoplasm. Thus, losartan exerts anti-apoptotic properties on cardiac 
myocytes. Simvastatin limited expression of pSTAT3 in cardiomyocytes 
which was previously elevated in isoproterenol (ISO)-evoked hypertrophy 
of the rodent heart.40 Simvastatin was shown to counteract that kind of 
cardiac hypertrophy.
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Conclusion

STAT proteins are engaged in the differentiation and 
survival of cellular components not only in the vascular 
bed but also in the cardiac walls.41 Induction of STAT 
proteins was traditionally associated with inflammatory 
response.25,42 Their overexpression can affect the regula-
tion of ischemic cardiac damage during hypoxia. So in the 
future, STAT proteins could serve as targets for different 
sorts of treatment that would slow down the progress of 
coronary atherosclerosis and reduce hypoxic injury of the 
heart. To sum up, pathways of intracellular signaling can 
be elucidated thanks to STAT proteins in the heart. Par-
ticularly STAT3 is emerging as the most essential repre-
sentative of this protein family for both classical pharma-
cological counteractions of myocardial remodeling with 
such drugs as losartan or lovastatin and for such novel 
experimental modes of treatment as microRNAs.
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Abstract 
The aim of the study is to present a strategy of rehabilitation in multiple sclerosis on the basis of the lat-
est developments in the field of physiotherapy. The publications on the problem discuss a wide range of 
methods of physiotherapy that can be used in order to reduce the degree of disability and alleviate the 
symptoms associated with the disease. The complexity of the disease, the difficulty in determining the ap-
propriate treatment and a wide range of symptoms require a comprehensive approach to the patient, which 
would include both pharmacology and neurorehabilitation. Rehabilitation, which includes psychotherapy 
and symptomatic therapy, is regarded nowadays as the best form of treatment for multiple sclerosis. An in-
depth diagnostic assessment of functional status and prognosis should be carried out before the start of the 
rehabilitation process. The prognosis should take into account the mental state, the neurological status and 
the awareness of the patient. The kinesiotherapy program in multiple sclerosis is based on a gradation of 
physiotherapy which assumes a gradual transition from basic movements to more complex ones till global 
functions are obtained. The most appropriate form of treatment is functional rehabilitation combined with 
physical procedures. Recent reports indicate the need for aerobic training to be included in the rehabilitation 
program. The introduction of physical activities, regardless of the severity of the disease, will reduce the 
negative effects of akinesia, and thus increase the functional capabilities of all body systems.
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Multiple sclerosis is a  chronic inflammatory demy-
elinating disease of the central nervous system (CNS) 
the etiology of which is not fully understood and whose 
course is difficult to predict. The pathology and symp-
toms of the disease were first described by Jean-Martin 
Charcot in 1868. It is believed that a key role in the for-
mation of demyelinating lesions may be played by au-
toimmune processes as well as environmental and ge-
netic factors. The research into the pathophysiology of 
multiple sclerosis indicate that demyelinating changes 
affect the cerebral cortex and gray matter, including 
basal nuclei and cerebellar cortex.1 The process of in-
flammation, which is associated with the presence of 
pro-inflammatory cytokines and T-lymphocytes and 
macrophages, damages the blood - brain barrier, which 
is associated with neuronal malfunctioning and swell-
ing, which in turn can can result in a  relapse of the 
disease.2 Pathologists indicate that it may be oligoden-
drocytes, cells responsible for the construction of the 
myelin sheath around the axon, that cause the immune 
response. Damage to the myelin sheath and neurode-
generative processes lead to a reduction in the number 
of synapses and axons, and eventually to the loss of 
nerve cells.3 Viral infections, deficiency of vitamin D 
and the action of sex hormones are listed among many 
causes of the disease. Viral infections in combination 
with genetic factors may initiate an autoimmune pro-
cess. An increasing rate of MS cases may also be associ-
ated with reduced exposure to the radiation of the sun. 
Insufficient exposure to sun radiation results in vitamin 
D deficiency, which reveals an immunoregulatory ac-
tion preventing autoimmune inflammation of the brain 
and spinal cord. Sex hormones constitute an important 
factor influencing the development of MS, which is re-
flected in the increase of MS cases among women. Stud-
ies have shown that women suffering from MS who have 
higher levels of estradiol and low levels of progesterone 
experience a greater severity of the disease.4,5

Multiple sclerosis is a disease that affects young peo-
ple. The occurrence of the disease in the world varies 
depending on latitude: the incidence increases with the 
rising latitude and the number of MS cases decreases 
nearer to the equator, which proves the correlation be-
tween MS and exposure to sun radiation. Currently, 
there are about 2.5 million people suffering from MS 
around the world and the numbers are growing. In Eu-
rope or the U.S. the incidence is 40–150 patients per 
100,000 inhabitants, while in Poland this figure is 55–57 
per 100,000 inhabitants, which means that the country 
is at high risk of MS occurrence.6 The Caucasian race 
is the most vulnerable. The disease affects people of 
productive age leading to their disability. The greatest 
number of cases are observed between 20 and 40 years 
of age. MS is also diagnosed in children as childhood 
form of MS. People over 50 may be diagnosed with the 
late form of MS.7

Rehabilitation in multiple sclerosis

Multiple sclerosis affects most aspects of life of both 
the patients and their families. The complexity of the 
disease, the difficulty in determining the appropriate 
treatment and a wide range of symptoms call for a com-
prehensive approach to the patient, which would involve 
both pharmacology and neurorehabilitation. Physiother-
apy, which is an integral part of rehabilitation, consists 
in kinesitherapy, physical therapy, massage and hydro-
therapy. Physiotherapy in multiple sclerosis is aimed at 
improving mobility through compensation mechanisms 
that involve the activation of capabilities of effectors and 
behavior, which results in the patient regaining function-
ing, not movement. All applications included in physio-
therapy should be recommended in such a way as to act 
upon the largest possible number of motor deficits. The 
introduction of physical activity, regardless of the sever-
ity of the disease, will reduce the negative effects of aki-
nesia, and thus increase the functional capabilities of all 
body systems.8 

In the period of acute illness, it is necessary to avoid im-
mobilization of patients due to the consequences of aki-
nesia. Physiotherapy of these patients involves frequent 
changes of body position in order to prevent bed sores, 
prevention of contractures using passive exercises, and 
the implementing breathing exercises to prevent compli-
cations of the respiratory system. What is essential in pa-
tient care is the prevention of infections of the urogenital 
system and assistance in activities of daily living.

The rehabilitation program should take into consider-
ation the phase of the disease, degree of disability and 
neurological deficits. The therapy at the time of remis-
sion is therefore based on the degree of impairment and 
the objectives of treatment. The rehabilitation in this 
phase of the disease is conducted in hospitals, outpa-
tients and the home, depending on the functional sta-
tus of the patient. Before the implementation of phys-
iotherapy, an in-depth diagnostic assessment of the 
functional status and prognosis should be carried out. 
The prognosis should take into account the mental state, 
the neurological status and the state of cognitive func-
tions of the patient.9 The rehabilitation program is often 
hampered by fatigue associated with the disease, which 
limits not only the possibility of movement of the patient 
but also their mental functions. Improving motor skills 
of MS patients aims at enhancing muscle strength, nor-
malizing muscle tension, improving coordination and 
balance, preventing urinary incontinence, increasing or 
maintaining the range of motion in the joints, prevent-
ing muscle atrophy and counteracting the consequences 
of immobilization. The continuity of the rehabilitation 
process should involve exercises that would eliminate 
the problems resulting from the disease. Therefore, daily 
rehabilitation would consist of balance and coordination 
exercises as well as breathing, stretching and relaxation 
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exercises. It would also include aerobic training, un-
loaded exercises, exercises which strengthen particular 
groups of muscles, and improve proprioception. The rate 
of exercise and load should be such as not to cause fa-
tigue and overheating of the body, which could result in 
increased muscle tension. 

Impairment-based approach

Kinesis program is based on a pyramid of physiotherapy 
planning in multiple sclerosis, which assumes a gradual 
transition from basic movements to more complex ones 
until global functions are reached. The most appropriate 
form of therapy, that is functional rehabilitation, aims at 
the recovery of lost functions by performing movements 
in three dimensions.10 The methods designed to recre-
ate natural human movement include Proprioceptive 
Nuromuscular Facilitation (PNF) and Bobath Neurode-
velopmental Treatment (NDT). These neurophysiologi-
cal methods allow the recovery of impaired functions of 
the body by using appropriate patterns of movement and 
techniques of coordination, stabilization and relaxation. 
It has been observed that the movements performed in 
everyday life are diagonal and multiplane. Therefore, pat-
terns of movement for the upper limb, lower limb, neck 
and head have been developed. One of the techniques 
that both the methods employ is a manual technique of 
facilitation of movement (PNF). The purpose of this tech-
nique is to assist the patient to correctly perform a move-
ment in a particular activity, thus preventing a pathologi-
cal position of the body and assisting in the initiation and 
finishing of movement.11 The PNF method also includes 
gait re-education and exercises of facial muscles. It elimi-
nates dysfunction of chewing, swallowing and breath-
ing. Bobath neurodevelopmental concept assumes that 
the essence of motor deficits resulting from impairment 
in the CNS is a dysfunction in posture reflexes that are 
needed to coordinate movements in space. The correct 
muscle tension and active movements can be acquired by 
inhibiting the pathological patterns of posture. The ad-
vantage of these methods is the ability to work in various 
positions, including lying position on the mattress, which 
allows for the adjustment of the method of rehabilitation 
to the functional status of the patient. The use of these 
methods and their efficiency of the therapy has been con-
firmed in evidence based medicine (EBM).12 

Problems with balance and coordination are common 
symptoms of the disease that cause difficulty in move-
ment, so the inclusion of balance and coordination ex-
ercises into the therapy is necessary. These exercises 
increase stability during gait, prevent falls and enhance 
posture control. Coordination exercises consist of motor 
acts of specified complexity, which improve coherence of 
movement and reduce energy consumption which is due 
to deficiency of coordination. Coordination and balance 

exercises are carried out according to the Frenkel meth-
od, in which footprints painted on the floor are used to 
learn proper gait. The exercises are performed in 3 phases 
(right foot steps forward, shift weight, left foot joins the 
right one). Learning to sit down and stand up is part of 
this method. The movement is divided into three phases 
(feet withdrawn, forward leaning of the trunk, straighten-
ing of the legs and getting up). Balance and proprioceptive 
exercises in patients with stability in standing position 
are carried out with the use of stabilometric and posturo-
metric platforms based on the biofeedback method. The 
examinations conducted with these devices prove better 
control of the posture in patients with multiple sclerosis.13 
Coordination and balance exercises can be combined 
with a proprioception exercises that can be performed in 
sitting or standing positions. Proprioreception disorders 
are common symptoms of multiple sclerosis. They influ-
ence various stages of rehabilitation. The implementation 
of neuromuscular control training in the early stages of 
rehabilitation reduces the risk of further injuries resulting 
from loss of balance.14 Hippotherapy is an alternative form 
of exercise which improves balance and stability in pa-
tients with MS. Better balance and gait were observed in 
patients undergoing hippotherapy when compared to the 
control group in which classical physiotherapy was used.15

One of the many symptoms related to MS is spasticity, 
which often makes rehabilitation and care difficult and 
most importantly deepens the patient disability. Spastic 
paresis affects both lower and upper limbs with greater 
severity of pathological tension in the lower extremities. 
It occurs in 40–60% of patients with multiple sclerosis.  
It is a symptom of the impairment of upper motor neuron 
which reveals excessive activity of alpha cells of the ante-
rior horn of the spinal cord. Mild spasticity is a beneficial 
phenomenon as it improves blood circulation in the limbs 
and prevents muscular atrophy. High degree of spasticity 
(3 or 4 in Ashworth scale) causes contractures, joint defor-
mities and bedsores which lead to infections. Apart from 
pharmacotherapy, physiotherapy plays an important role 
in the cases of severe spasticity. The plan of the rehabilita-
tion program should take into account the fact that the use 
of physical applications before kinesiotherapy has positive 
effects while greater physical efforts can increase muscle 
tension.16 The physical application which is used before 
kinesiotherapy is cooling the defined areas of the body, 
and even the spinal cord is treated with low temperatures. 
This is to produce the effect of local anesthesia in periph-
eral sensory receptors. The use of cold reduces responses 
to active stretching. Passive stretching is a contraindica-
tion, as it reduces the excitability of the motor neurons 
and maintains elasticity properties of muscles and joints. 
Cryotherapy is applied in the form of an ice-slush bath, 
ice massage, coldpacks (bags with frozen silicone gel), 
cryogenic suits and compression cryocuffs. Cryotherapy 
is also applied systemically in patients with MS to obtain 
an analgesic effect as well as reduce fatigue syndrome.17 
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shortened by 0.5 s till it reaches continuous emission. The 
analgesic effect results from the secretion of endogenous 
opiates from the group of β-endorphins, from the hyper-
polarization of nerve endings, and also from a  mecha-
nism for reducing the permeability of cell membranes.21 
Although magnetostimulation has only recently started 
to be used in treatment, it is widely used in MS patients, 
as has been indicated in numerous publications. The in-
duction value in magnetostimulation does not exceed 100 
μT, the carrier frequency is about 3000 Hz, and the basic 
frequency amounts to several Hz. The general effects of 
magnetostimulation include the stimulation of life pro-
cesses and the maintainance of homeostasis. In multiple 
sclerosis therapy, it is used in the form of systemic mag-
netostimulation applicator used as a  mat. This results 
in the reduction of muscular tension, relaxation, which 
leads to the reduction of fatigue syndrome.22 The stud-
ies of magnetostimulation have confirmed the efficacy 
of this treatment for the secretion of hormones such as 
melatonin is related to an analgesic effect and serotonin 
the increase of which improves well-being and mood.23 
Transcranial stimulation is used in order to stimulate the 
selected areas of the cerebral cortex. This process is used 
primarily in the treatment of retrobulbar optic neuritis 
in order to improve the conductivity of the optic tract. 
The application of reptitive transcranial magnetic stimu-
lation (rTMS) in patients with MS resulted in a reduction 
of spasticity in the lower limbs and improvement of the 
neurogenic bladder dysfunction.24

MS patients also undergo therapy with the use of laser 
light. Due to the fact that laser treatment produced ben-
eficial effects in other diseases, it has been included in the 
rehabilitation program for MS patients. Laser radiation 
of low and medium power induces, first of all, changes 
at the cellular level and furthermore demonstrates anal-
gesic, anti-inflammatory and anti-oedematous actions. 
Laser biostimulation causes the creation of biologically 
active compounds and, as a  result, leads to changes in 
cell metabolism. The regenerative effect of laser radiation 
is important for patients with MS due to the fact that it 
enhances the regeneration of demyelination in the CNS, 
which reduces nerve conduction. Biostimulating laser 
light affects the regeneration of nerves by stimulating 
the growth of Schwann cells enhancing nerve conduc-
tion. Helium-neon lasers of 10 mW power and 632 nm 
wavelength are used in the therapy in the form of “contact 
point” method. The area of the paraspinal nerve trunks 
along the line in the C-Th and Th-L regions are irradi-
ated.25 Cold lasers, where cold is applied in combination 
with laser radiation, are also used as they decrease mus-
cle tension and produce an analgesic effect.26 

The rehabilitation program should also include the 
pelvic diaphragm muscle exercises due to the neurogenic 
bladder dysfunction, which occurs in 78% of patients with 
MS. Sphincter disorders occurring in the form of urinary 
incontinence or retention cause discomfort for patients 

Other physical methods used in the treatment of spas-
ticity are electrotherapy and magnetic therapy. Electrical 
stimulation of neuromuscular system (NMES), transcu-
taneous electrical nerve stimulation (TENS), Hufschmidt 
method and functional electrical stimulation (FES) are 
listed among the applications of electrotherapy. Electrical 
stimulation seems to be the best method because damage 
to Upper Motor Neuron does not alter the excitability of 
the muscles to electrical stimuli, so that the impaired bio-
electrical function of muscles can be replaced. The treat-
ment parameters are determined on the basis of EMG or 
chosen according to the generally accepted standards. 
Electrical stimulation is applied with implant electrodes 
and methods of transcutaneous stimulation. Both meth-
ods result in a reduction of muscle tension, which leads 
to a  wider range of motion in the joints and improved 
gait efficiency. The use of implant electrodes runs the 
risk of complications such as displacement of electrodes 
or the occurrence of adverse reaction of the body to the 
implant.18 Transcutaneous electrical nerve stimulation 
(TENS) is a method that has been used in the treatment 
of pain in patients with MS. Electrodes are placed in areas 
of pain or along the nerves. A segmental arrangement, on 
a specific dermatome, is also in use. The frequency ranges 
from 1 to 100 Hz, and the value of intensity is determined 
for the patients according their individual feelings. Huf-
schmidt method is also used to normalize muscle ten-
sion through the stimulation of spastic muscles and their 
antagonists. Double square-wave impulses are used to 
achieve a functional balance between agonists and antag-
onists. This method allows for proprioceptive facilitation 
and affects alpha motorneurons.19 Functional electrical 
stimulation (FES) employs ministimulators that are ap-
plied to paretic muscles beyond the control of the central 
nervous system. The most frequent uses of FES treat the 
peroneal nerve in patients with hemiparesis in order to 
improve the various phases of gait. The electrical stimu-
lation is carried out with rectangular pulse current with 
a frequency of 20–50 Hz and an impulse duration of 0.1–
0.2 ms. Magnetic fields of low and high frequencies are 
also applied in patients with multiple sclerosis. Since the 
introduction of alternating magnetic fields into physio-
therapy, the term magnetic therapy has referred to the ac-
tion of magnetic field with induction values   above 100 μT. 
The application of fields with induction 100 μT is referred 
to as magnetic stimulation. The advantage of the appli-
cation of magnetic fields is the fact that they are pain-
less, athermal and permeable through the patient’s tissue.  
In magnetotherapy, the frequency ranges from 2 Hz to 60 
Hz, and the induction can be up to 20 mT. The applied 
impulses can have a  triangular, rectangular, sinusoidal 
and trapezoidal shapes.20 This application in patients 
with MS is used to control pain and decrease muscle ten-
sion. In the case of spasticity, the intermittent mission of 
magnetic fields is used starting with a 3 s break and then 
in each subsequent application the break is gradually 
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and limit their participation in activities of daily living 
and social activities. Kegel isometric exercises, which in-
volve tensing and relaxation of certain groups of muscles, 
are performed to exercise the pelvic diaphhragm, which 
results in an increase in muscle mass and strengthening 
and the growth of the resting tension of these muscles. 
The exercises allow for a  prolonged contraction of the 
muscles, improving control of neuro-muscular and con-
nective tissue to stabilize the pelvis, which, in turn, im-
proves the mechanism of urination. Pelvic diaphragm 
muscle training should be combined with enhancement 
of deep muscles such as transversus abdominis mainly 
due to the synergistic action of these structures. Co-acti-
vation of these muscles is reduced or abolished in people 
with urinary incontinence.27 In addition, the training 
should also include gluteal muscles, the adductor muscle 
and the ischiocrural muscle group. The simultaneous use 
of Kegel exercises, EMG biofeedback and electrical stim-
ulation (NMES) produces very good results.28

The neurological diseases, including MS, also cause re-
spiratory disorders, which include difficulties in respira-
tion due to inspiratory muscle weakness. Patients with dys-
phagia are at risk of aspiration of fluids resulting from the 
weakening of the muscles of the upper respiratory tract. 
The introduction of breathing exercises in the early stages 
of multiple sclerosis may prevent further complications. 
During the relapse, the patient usually remains in bed; 
therefore, breathing exercises often become the only form 
of activation. Breathing exercises are also used in patients 
with impaired speech in the form of speech therapy.29

In patients with multiple sclerosis, impaired gait is 
a  consequence of neurological deficits such as balance 
and coordination disorders, spasticity, visual disturbanc-
es, paraparesis and hemiparesis. Deteriorated locomotion 
or movement in the form of pathological gait significantly 
reduces the quality of life of patients with MS and makes 
them dependent on family or friends. It is, therefore, nec-
essary to include re-education of gait in the rehabilita-
tion program. The re-education of gait should be pre-
ceded by a thorough analysis, which would aim to assess 
the disorder in different phases of gait compared to the 
normal gait pattern. One of the methods of re-education 
is learning to walk on a  treadmill with body weight re-
lief. This allows for the improvement of gait parameters 
and increases strength and endurance of the muscles of 
the lower limbs. LOKOMAT is a more advanced device 
which consists of a  treadmill relief system and a  com-
puter control system of the movement of the lower limb 
orthoses connected to sensors.30

Another stimulus in the field of physiotherapy, which 
comprehensively acts on the body of the patient, is hy-
drotherapy. The physical properties of water such as hy-
drostatic pressure, hydrodynamic pressure, viscosity and 
buoyancy make the unloaded gymnastics of the motor 
system feasible so that it is possible to obtain a  greater 
range of joint movement without pain components.  

Hydrotherapy reduces the sensitivity of muscle fibers 
and skin receptors by reducing the activity of gamma 
neurons, which is manifested by a  decrease in spastic-
ity. The temperature of water plays the key role for pa-
tients with multiple sclerosis due to the possibility of the 
occurrence of Uhthoff ’s symptom; therefore, hot baths 
should be avoided. Thus, complete and partial baths at 
a temperature of 34–36°C are applied. The water at this 
temperature inhibits the flow of afferent impulses from 
proprioceptors to the CNS, which has and analgesic and 
relaxing action. Studies in patients with MS show that hy-
drotherapy greatly improves independence and mobility 
and reduces the symptoms of depression and fatigue.31 

Task-oriented approach

Physical activity, which the World Health Organiza-
tion recommends, is an essential part of maintaining the 
efficiency of the cardio-respiratory system and general 
health. The WHO recommends performing any physi-
cal activity of moderate intensity for 30 min a day, 5 days 
a week or 20 min a day for 3 days a week with high intensi-
ty. Regular physical activity in the form of sport or recre-
ation results in significant health benefits. The introduc-
tion of physical exercise into the plan of physiotherapy 
for patients with multiple sclerosis have until recently 
aroused controversy, as there was a  belief that physical 
effort may initiate a relapse of the disease. However, some 
studies published in recent years have refuted these ar-
guments. On the contrary, they confirmed the efficacy 
of aerobic training in MS patients. The introduction of 
fitness training for patients with MS is conditioned by 
the requirement to maintain strict selection criteria for 
physical effort, which guaranties an increase in efficiency 
without exposing the patients to the possibility of pro-
gression of the disease. The training should take several 
weeks or even months. Most frequently a  treadmill or 
a cycloergometer are used in this type of exercise.9

Physical activity in patients with multiple sclerosis 
improves not only their physical capacity, but also their 
mood and attitude towards the exercises. Better cardio-
respiratory efficiency has been proven to enhance the 
cerebrovascular function, which suggests that movement 
can also significantly improve the brain function in pa-
tients with multiple sclerosis.32 Aerobic training increas-
es muscle strength of the lower limbs, which manifests 
itself in reducing spasticity without the risk of relapse or 
the symptoms of fatigue.33

Recent recommendations for patients with multiple 
sclerosis suggest performing physical activities 2–3 times 
per week at an intensity of 50–70% of VO2max corre-
sponding to 60–80% of maximum heart rate. The dura-
tion of the exercise should not exceed the initial period of 
40 min. The intensity should increase gradually depend-
ing on the degree of disability. The training should also 
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include alternating resistance exercises at an 24–48 h in-
terval. Progressive resistance training induces a compen-
satory growth of muscle fibers. It is recommended that 
fitness exercises should be performed by patients with 
the EDSS result of less than 7.34 

The presence of chronic fatigue syndrome, the Uhthoff 
symptom and pain may limit the rehabilitation program in 
the scope of physical activity. Studies indicate that patients 
who do not perform a physical activity have a significantly 
reduced quality of life and a greater degree of disability in 
comparison with the group that practices regularly.35

Discussion

The aforementioned literature points to the fact that 
multiple sclerosis patients require a wide range of reha-
bilitation proceedings. It also demonstrates difficulty in 
developing a  personal rehabilitation program by thera-
pists and doctors. Many researchers have noted the scale 
of the problem, which manifests itself in numerous sci-
entific publications, conferences and symposiums dedi-
cated to the topic. In his work, Wiles provides a summary 
of research presenting the standards of treatment in MS 
and an assessment of physiotherapeutic methods.36There 
is a correlation between the degree of disability and the 
quality of life of patients. Rość proved that the quality 
of life depends on the degree of physical disability as-
sessed with the Kurtzke Expanded Disability Status Scale 
(EDSS).37 In his research, Brochet presents a decrease in 
quality of life due to the pain that affects daily living.38 
Numerous studies indicate that MS has a  negative im-
pact on physical and mental functioning of patients. The 
aim of doctors and physiotherapists in their work is the 
implementation of new methods of therapy to alleviate 
symptoms and, consequently, improve the quality of life. 

Over the last few years, research has demonstrated 
a significant difference in the functional status between 
MS patients who undergo rehabilitation and those who 
are not rehabilitated. The inpatient rehabilitation has 
been proven to be more efficient than the outpatient 
counterpart. The current algorithm is based on symp-
toms and tasks. The symptom-based therapy is oriented 
towards reducing disability through targeting current 
neurological deficits. Functional rehabilitation and phys-
iotherapy play an important role here. In contrast, the 
task-based therapy involves the introduction of physical 
effort, which has not been recommended so far, into the 
rehabilitation program. The role of daily physical activity, 
which is related to the functional status of the patient, 
has been underlined as well as the impact of physical in-
activity on the reduction of the cardiopulmonary fitness 
level.39 Recent reports indicate that physical activity of 
patients with multiple sclerosis can be increased by pro-
viding them with some behavioral interventions.40 
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Abstract
Atherosclerosis is a  progressive, chronic inflammation in artery walls. Oxidized low density lipoproteins 
(ox-LDL) play an important role in atherosclerotic plaque formation. ox-LDL are taken up by macrophages 
mainly through scavenger receptors, among which CD36 is considered to be the most important. Animal 
studies have shown that crossing atherogenic mice with a strain lacking the expression of CD36 prevent-
ed the development of atherosclerosis despite a diet rich in saturated LCFA. In humans, autopsy studies 
performed in obese patients have demonstrated increased expression of CD36 receptor on macrophages, 
comprised within atherosclerotic plaques. Until recently it had been believed that CD36 is a major player 
in atherosclerosis progression in humans. However, recent studies challenge this conviction, showing in-
creased incidence of coronary heart disease in the subgroup of patients with decreased expression of CD36.  
This article reviews the role of CD36 receptor in the development of atherosclerosis. The authors also discuss 
current possibilities to interfere with CD36, their potential benefits and hazards.
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Cardiovascular diseases are the main cause of death 
in Poland. It is often the process of atherosclerosis which 
leads to heart attack, stroke, heart failure or arrhythmias. 
Atherosclerosis is a  multifactorial, progressive disease 
involving endothelial dysfunction and chronic inflam-
mation of the arteries. Monocytes transformed into mac-
rophages accumulate oxidized low-density lipoproteins 
(ox-LDL) in the vessel wall, forming foam cells. Mono-
cytes and macrophages express plasmalemmal receptors 
participating in the uptake of ox-LDL. When overloaded 
with fatty acids, macrophages transform into foam cells. 
These cells are the most important in the development of 
atherosclerosis.

CD36 receptor, its structure and role

CD36 belongs to class B scavenger receptors, which 
chemically or oxidatively bind modified lipoproteins, 
polyanions and apoptotic cells.1,2 It is a membrane glyco-
protein with a mass of 88 kDa, composed of a single pro-
tein chain.3,4 CD36 is present on the surface of a number 
of cells, such as adipocytes, monocytes, macrophages, 
platelets, endothelial, cardiac, skeletal and smooth mus-
cle cells, dendritic cells, retinal pigment epithelium and 
hematopoietic precursors of red cells (Table 1).1,2,5,6 It is 
a multifunctional receptor with the independent ability to 
bind to three major classes of ligands (modified phospho-
lipids, long chain fatty acids (LCFA) and proteins contain-
ing structural domains of thrombospondin homologs) 
which include: ox-LDL, oxidized and negatively charged 
phospholipids, thrombospondin, collagen, apoptotic cells, 
hexarelin, red cells infected with plasmodium malariae or 
the outer segment of the retinal pigment epithelium.1,2,7 

CD36 has 85% homology with FAT/CD36 protein – fatty 
acid translocase. It belongs to the transmembrane trans-
porter proteins, facilitating the transport of LCFA.8

Pro-atherosclerotic effect  
of CD36 receptor

Excessive uptake of LCFA results in their accumulation 
in the cells, contributing to lipotoxicity and secondarily 
to the development of metabolic diseases like obesity, 
atherosclerosis or diabetes, with their consequences such 
as coronary heart disease and ischemic stroke. CD36 
binds ox-LDLs after recognizing them through lipid com-
ponents, namely negatively charged phospholipids. Lack 
of the lipid component of ox-LDLs inhibits their uptake 
by CD36 receptor and, as a result, reduces lipoprotein ac-
cumulation in macrophages.2 After entering monocytes 
or macrophages, LCFA are bound by cytoplasmic fatty 
acid binding proteins (FABPc) and then, depending on 
the needs of the cell, they are targeted to suitable intra-
cellular locations for rendering: oxidation in mitochon-
dria and peroxisomes or storage (mainly esterified) in the 
endoplasmic reticulum and the cytoplasm.9

In vitro, macrophages devoid of CD36 receptor, incubat-
ed with increased concentrations of ox-LDL, did not show 
increased intracellular transport of ox-LDL. These mac-
rophages did not accumulate cholesterol esters and they 
did not undergo transformation into foam cells.10 CD36 
facilitates translocation of LCFA in adipocytes, hepato-
cytes, and heart and skeletal myocytes, where LCFA are 
important substrates for energy production.1 Thus CD36 
receptor participates in lipid utilization within muscles, 
fat energy storage and fat absorption in the intestines.4 

Table 1. The role of CD36 receptor in different cells

Cell type Role of CD36 receptor

Adipocytes
CD36 receptor is 85% homology with FAT/CD36 protein – fatty acid translocase. It takes part in long-chain fatty  
acid uptake.8

Macrophages

Uptake of ox–LDL on the surface of macrophages and cholesterol esters accumulation.51 CD36 removes death cells.1 It takes 
part in destruction of dying neutrophils by monocytes. It supports macrophages phagocytic abilities through creation of 
complexes with vitronectin receptors (αv, β3). It recognizes specific oxidated phospholipids and lipoproteins  
on fagocytic cells through its functions as a scavenger receptor.3

Platelets
Activation of blood platelets in response to ox-LDL through signaling events that include the activation of c-Jun N-terminal 
kinas, Src kinases, and extracellular signal-regulated kinase.52

Erythrocytes

CD36 receptor activates erythrocytes infected with plasmodium malaria.1 CD36 receptor was identified as a receptor for 
the sequence of plasmodium malaria infected erythrocytes which affects the adhesion of infected blood cells to the 
endothelium of vessels in various organs such as heart, lung, liver and brain. Membrane protein-1 of plasmodium malaria 
infected erythrocytes is one of the main ligands for CD36 receptor.53

Endothelial cells

CD36 is a mediator in activity of thrombospondin and collagen in the process of angiogenesis inhibition.2 It was identified 
as a receptor of endothelial cells for TSP-1 and -2 (thrombospondin 1 and 2) which is necessary for TSP antiangiogenetic 
activity. Angiogenetic activity of CD36 in endothelial cells is a result of its ability to activate specific cascade signal caused 
by proangiogenetic response directed to apoptotic response.3,54,55

Muscle cells
CD36 receptor is 85% homology with FAT/CD36 protein – fatty acid translocase. Its main role is cellular transportation  
of longchain fatty acids.8
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macrophages requires PAFR and CD36 recruitment into 
the same specific membrane microdomains (lipid rafts). 
oxLDL induced the expression of IL-10 mRNA only in 
HEK293T expressing both receptors CD36 and PAFR. 
In their experiments, they also observed a  decrease of 
IL-10 production and oxLDL uptake caused by lipid raft 
disruption by treatment with methyl-β-cyclodextrin and 
an increase of oxLDL uptake when both receptors were 
present.16 By contrast, the blockage of CD36 reduced the 
secretion of IL-1β, IL-6 and IL-8 and foam cell formation 
in human macrophages.17

Based on the results of the above studies, it can be con-
cluded that reduction of CD36 receptor expression on 
macrophages prevents the development of atherosclero-
sis. This has opened up the scope for further research on 
the regulation of CD36 expression to prevent atheroscle-
rosis in humans.

However, Moore et al. showed that CD36 deficiency 
does not necessarily lead to a reduction in atherosclerotic 
lesions.18 They showed increased accumulation of foam 
cells at the aortic sinus in CD36-ApoE double knockout 
mice compared to ApoE-KO mice.18 Further confusion 
was caused by a  Japanese study in 40 humans deficient 
in CD36 receptor. They were shown to have significantly 
higher incidence of coronary heart disease than the gen-
eral population, suggesting that CD36 deficiency might 
in fact be atherogenic.19 

Factors regulating the expression 
of CD36 receptor

Expression of the CD36 gene is mainly controlled by 
the lipogenic transcription factor PPARγ, liver X receptor 
(LXR), nuclear pregnane X receptor (PXR) and testicular 
orphan nuclear receptor 4 (TR4).4,20

PPARγ (nuclear peroxisome proliferator-activated re-
ceptor gamma) has ligands such as 15-deoksyΔ12,14-
prostaglandin J2 and thiazolidinediones (drugs used to 
treat type 2 diabetes). PPARγ together with CD36 func-
tion by positive feedback: the increased activity of PPARγ 
leads to increased expression of CD36 in macrophages.21 
What is more, studies in recent years show that PPAR di-
rectly affects CD36 expression and mediate oxLDL upta-
ke in monocytes, which promotes foam cell formation.17 
It is known that HDL has anti-atherogenic properties, ho-
wever, the mechanism has not been fully elucidated. HDL 
probably reduces the accumulation of lipids in adipocytes 
by phosphorylation of PPAR.22 In contrast, Zhong et al. 
suggest that HDL may increase oxLDL uptake in inflam-
matory adipocytes stimulated by endotoxin lipopolysac-
charide, which causes an increase in the expression of 
PPAR and CD36.23 

Another factor regulating the expression of CD36 re-
ceptor is HDL (high density lipoproteins). At higher con-
centrations, HDL decrease the expression of CD36 by 

Upon interaction with ox-LDL, CD36 initiates a  sig-
naling cascade, leading to ox-LDL uptake and foam cell 
formation. Cytoskeletal changes and inhibition of cell 
migration contribute to the trapping of foam cells within 
the atherosclerotic plaque. Interaction of ox-LDL with 
CD36 localized on macrophages triggers signals for the 
reaction, which is pro-inflammatory and pro-atheroscle-
rotic. The signaling pathway involves activation of MAP 
kinases, Src family kinases and Vav family guanine nucle-
otide exchange factors, leading to internalization of the 
ligand, foam cell formation and inhibition of migration.11

In vivo, the impact of CD36 on the development of 
atherosclerosis has been studied in mice with congenital 
deficiency of this receptor on macrophages. A significant 
reduction in atherosclerotic lesions (by 88%) was demon-
strated.10 In order to assess the importance of CD36, an 
atherogenic strain of mice lacking apolipoprotein E, was 
crossed with mice deficient in CD36. Mice deficient both 
in apolipoprotein E and CD36 showed no tendency to the 
development of atherosclerotic plaques, despite a diet rich 
in saturated LCFA. The extent of atherosclerotic lesions 
in the aorta was on average lower by 77% as compared to 
the mice lacking only apolipoprotein E.12 

In addition to inhibition of lipid storage by macro-
phages, mice deficient in CD36 receptor demonstrated 
improved insulin signaling.13 This implies the role of 
CD36 receptor in insulin resistance development.

Animal studies have shown that CD36 participates 
in  the inflammatory process by regulating membrane 
calcium influx. CD36 takes part in the activation of 
membrane calcium channels in response to endoplasmic 
reticulum stress. This results in phosphorylation of cyto-
plasmic phospholipase A2 and its translocation to mem-
branes in a CD36-dependent manner. The subsequent re-
lease of arachidonic acid from phospholipids contributes 
to the generation of eicosanoids mediating the pleiotropic 
inflammatory effects. A major prostanoid metabolite of 
arachidonic acid formed with the participation of cyclo-
oxygenases – prostaglandin E2 – is a potent proinflam-
matory mediator.14 This study suggests that CD36 takes 
part in the development of atherosclerosis by regulating 
the intracellular influx of calcium and synthesis of pros-
taglandin E2 from arachidonic acid.

In humans, autopsy studies performed on atheroscle-
rotic arteries in obese people with dyslipidemia showed 
increased expression of CD36 receptor on macrophages 
comprised within atherosclerotic plaques. In contrast, the 
expression of CD36 on macrophages present in the walls 
of arteries without atherosclerotic lesions was negligible.15

The stimulation of macrophages with oxLDL induced 
foam cell formation and cytokine secretion. Rios et al. 
showed that blocking CD36 and PAFR (platelet activating 
factor) decreases oxLDL uptake and IL-10 production by 
macrophages as well as PAFR and CD36 are colocalized 
in human atherosclerotic plaques.16 They found that up-
take of oxLDL and IL-10 production induced by oxLDL in 
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increasing the phosphorylation of PPARγ. This results in 
reduced transcription of CD36 mRNA.24

Expression of CD36 is enhanced by such pro-inflam-
matory cytokines as IL-1 (interleukin-1), IL-4 and IL-18, 
as well as M-CSF (macrophage colony-stimulating factor) 
and GM-CSF (granulocyte-macrophage colony-stimu-
lating factor).25–29 And increased concentration of pro-
inflammatory cytokines leads to increased expression of 
CD36 on the surface of macrophages and stimulates the 
accumulation of ox-LDL.21,24,30

CD36 expression is reduced by TGF-β (transforming 
growth factor beta) through phosphorylation of MAPK 
(mitogen-activated protein kinases), followed by phos-
phorylation of PPARγ and reduced gene transcription of 
CD36 in macrophages.31 Also bacterial lipopolysaccha-
rides (LPS) and interferon gamma (IFN-γ) inhibit CD36 
synthesis by reduction in mRNA expression in macro-
phages.26,27,32 The reduced accumulation of cholesterol 
in macrophages treated with IFN-γ and TNF-α, was also 
showed. This combined treatment of IFN-γ and TNF-α in 
mRNA reduced the CD36 expression on macrophages.33

Recent studies indicate that human neutrophil peptides 
(HNPs) take part in atherosclerosis development.34,35 
Quinn et al.36 suggest that the HNP induces increase of 
CD36 expression in the surface of macrophages and as a 
result contributes to the increased amount of foam cell 
formation.

Research on double knockout nuclear pregnane X re-
ceptor (PXR) and ApoE mice showed the influence of 
PXR on the expression of CD36. Deficiency of PXR did 
not change the plasma levels of cholesterol and triglyc-
eride in ApoE mice, but PXR and ApoE deficient mice 
had significantly decreased atherosclerotic lesions in the 
arteries.37 Moreover, expression of CD36, lipid accumu-
lation and CD36-mediated oxidized LDL uptake in the 
peritoneal macrophages of PXR and ApoE mice were re-
duced by PXR deficiency. One of the human PXR antago-
nists is bisphenol A (a chemical substance used in many 
consumer products). In PXR-humanized ApoE deficient 
mice, exposure to bisphenol A significantly increased the 
atherosclerotic lesion area in the aortic root and brachio-
cephalic artery as well as increased CD36 expression and 
lipid accumulation in macrophages.38 This suggests that 
deficiency of PXR reduces the risk of atherosclerosis de-
velopment which may be due to decreased CD36 expres-
sion and reduced lipid uptake in macrophages.37

Méndez-Barbero et al. found that CD36 expression also 
depends on RCAN1 (regulator of calcineurin 1 activity).39 
RCAN1 genetic deletion decreased the expression of 
CD36 receptor on macrophages, reduced oxLDL uptake 
and inhibited macrophage migration, which contributes 
to reducing the size and severity of atherosclerosis in 
ApoE deficient mice.39

Interestingly, AdipoR2 (adiponectin receptor 2) defi-
ciency results in reduced atherosclerosis in the brachio-
cephalic artery in ApoE deficient mice. The macrophages 

from AdipoR2-/-ApoE-/- mice had lower expression of 
CD36 compared to AdipoR2+/+ApoE-/- after incubation 
with oxidized LDL.40

The authors have suggested that IRGM1 (a member of 
the immunity-related small GTPase family) plays a role 
in the regulation of oxLDL uptake by macrophages as 
a  regulator for the CD36 receptor in the pathogenesis 
of atherosclerosis.41 IRGM1 regulates CD36 function by 
controlling F-actin polymerization, and loss of IRGM/
IRMG1 (IRGM in humans) significantly decreases ox-
LDL uptake in both mice and humans.41

Drugs modifying CD36 expression

Statins

Drugs lowering blood cholesterol concentration i.e., 
statins – indirectly decrease CD36 expression on mono-
cytes and macrophages through reduction in the activ-
ity of PPARγ. Statins also exert their anti-atherogenic 
action by inhibiting cholesterol synthesis and their anti-
inflammatory and antithrombotic activity.42 The effect 
of reducing the expression of CD36 by the statins is also 
confirmed by other researchers who have evaluated the 
expression of CD36 in monocytes isolated directly from 
the fresh anticoagulated blood of patients with acute cor-
onary syndromes (ACS), and then repeated the test after 
6 months of treatment with atorvastatin patients (ad-
ministration of a statin). They showed significantly lower 
expression of CD36 after treatment with atorvastatin, 
which suggests that atorvastatin significantly reduces the 
expression of CD36. These studies also indicate the par-
ticipation of CD36 in the development of both atheroscle-
rosis and ACS in humans.43 Further studies have provid-
ed information that statins can activate PPARγ not only 
in macrophages but in other vascular cells. Fukuda et al. 
have observed that statins (fluvastatin and pitavastatin) 
can activate PPARγ in smooth muscle cells from the hu-
man aorta, thereby confirming the anti-atherogenic ef-
fects of this drug group.44

Thiazolidinediones

Thiazolidinediones are synthetic PPARγ ligands which 
increase the activity and expression of PPARγ and lead 
to enhanced expression of CD36 resulting finally in in-
creased intracellular transport of ox-LDL.24,45,46 Despite 
this, thiazolidinediones inhibit atherosclerosis, prob-
ably by decreasing expression of other scavenger recep-
tors, e.g. class A, so that the total uptake of ox-LDL does 
not change.47 Some clinical trials indicate that thiazoli-
dinediones decrease triglycerides and LDL-cholesterol 
in serum and at the same time increase serum levels of 
HDL-cholesterol in type 2 diabetes.48 These drugs stimu-
late the expression of proteins controlling the ejection of 
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cholesterol from the cells with the involvement of apoli-
poprotein A1. As a result, thiazolidinediones reduce the 
accumulation of cholesterol esters in macrophages and 
inhibit their transition into foam cells.49 These drugs also 
inhibit the activation of macrophages by reducing the se-
cretion of pro-inflammatory factors such as TNF-α (tu-
mor necrosis factor alpha), IL-4 (interleukin-4) and IL-6 
(interleukin-6) and the decreased activity of some tran-
scription factors.45,47,49 

Studies on testicular orphan nuclear receptor 4 (TR4) 
knockout mice indicate that it affects the expression of 
CD36. Transcription factor TR4 directly associated with 
CD36 regulates gene expression on macrophages. TR4-
knockout mice showed reduced CD36 expression on 
macrophages. Thus TR4 can affect foam cell formation 
by modulating the expression of CD36. Moreover, it was 
shown that polyunsaturated fatty acids (PUFAs) such as 
omega-3 and -6 and thiazolidinediones (rosiglitazone) 
can enhance CD36 activation through TR4.24

Arginine

Arginine, whose supplementation protects endothelial 
function, also has an indirect effect on the development 
of atherosclerosis. Arginine contributes to the reduction 
of platelet aggregation and adhesion of mononuclear en-
dothelial cells in hypercholesterolemia.7 The authors ob-
served an increase of CD36 protein expression in the aor-
ta of fat diet rats compared to a control group of rats, and 
a decrease in the arginine group compared to the fat diet 
group of rats.50 Similar results were obtained in rat blood 
mononuclear cell experiments. CD36 mRNA expression 
increased in blood mononuclear cells in fat diet rats com-
pared to control rats and decreased in the arginine group 
compared to the fat diet rats. CD36 mRNA expression in 
rats in both the arginine and control groups was similar. 
Based on these results, the authors suggest that, indirec-
tly, arginine may reduce the development of atheroscle-
rosis by reducing CD36 expression in blood mononuclear 
cells and the aorta of fat diet rats.50

Conclusions

Atherosclerosis is a chronic progressive disease that be-
gins in childhood. Knowledge about its exact pathomech-
anism might produce a tool to prevent it and perhaps also 
to treat it. CD36 is a  major protein involved in ox-LDL 
uptake into macrophages. Animal studies suggest an 
important role of CD36 receptor in the development of 
atherosclerosis. Lack of CD36 expression on the surface 
of macrophages has prevented the development of ath-
erosclerosis in mice.4 However, recently, the methods of 
these studies have been challenged and contradictory re-
sults have been described. Therefore, it is important to 
discover the exact role of CD36 receptor in the develop-

ment of atherosclerosis on animal models as this knowl-
edge will allow us to conduct human-targeted research 
and establish more effective methods of treatment. The 
incidence of coronary heart disease has been described 
to be higher in patients with decreased CD36 expression 
than in the general population. These findings define the 
urgent need to clarify the involvement of CD36 receptor 
in atherosclerosis initiation and progression in humans. 
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Abstract
Tissue conditioners (TCs) are short-term soft liners, formed in situ from a mixture of a polymer powder 
and a  liquid plasticizer. This article reviews the recent advances in the composition, functions, clinical 
use, gelation process, and physical properties of TCs and their effects on denture bases and oral mucosa.  
TCs are used to improve the fit and function of an ill-fitting denture. They can also be used to treat abused 
mucosal tissues underlying ill-fitting acrylic dentures as temporary expedients. TCs are recommended as 
provisional liners to maintain the fit of removable dentures and to prevent mechanical irritation from the 
denture. TCs may also be used to rehabilitate cancer patients. The polymer powder, used in the formulation 
of TCs generally consists of polyethyl methacrylate (PEMA) and the liquid plasticizer is ester-based in ethyl 
alcohol solution without an acrylic monomer. The plasticizers are low molecular weight aromatic esters. 
Mixing of the powder and liquid results in polymer chain entanglement and the formation of a coherent gel 
characterized by viscoelastic behavior appropriate to its intended clinical use. The loss of surface integrity 
and surface roughness of TCs are regarded as the main problems in the denture bearing oral mucosa condi-
tions resulting in inflammation of oral mucosa of the denture-bearing area - denture stomatitis. TCs provide 
an even distribution of masticatory force, accurately modeling itself to the changes which occur during the 
healing of lesion of substrate and can act therapeutically by incorporating antifungal or antibacterial agents.
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Tissue conditioners (TCs) are short-term soft liners 
made from amorphous polymers, formed in situ from 
a mixture of a polymer powder and a liquid plasticizer.1,2 
They are routinely used to improve the fit and function of 
an ill-fitting denture prior to replacement. They can also be 
used to treat abused mucosal tissues underlying ill-fitting 
acrylic dentures as temporary expedients. Additionally, 
these materials are recommended for making functional 
impressions.3-5 The following preparations are among the 
wide range of available commercial products: Visco-gel 
(De Trey), Coe-Comfort (GC America), FITT (Kerr), GC 
Soft-Liner (GC Europe NV), SR-Ivoseal (Ivoclar), Tissue 
Conditioner (Shofu), Hydro-Cast (Sultan Chemists). 

The loss of resilience, water sorption, support of bacte-
ria and yeasts growth, color change, and loss of adhesion 
to the denture base resin are the main problems during 
the clinical use of TCs. As a result, the materials require 
regular replacement at short intervals.2,3 

This article reviews the recent advances in composi-
tion, functions, clinical use, gelation process, and physi-
cal properties of TCs and their effects on denture bases 
and oral mucosa. 

Composition of TCs

The polymer powder, used in the formulation of TCs, 
generally consists of polyethyl methacrylate (PEMA) 
of molecular weights ranging between 1.79  ×  105 and 
3.25 × 105. The liquid plasticizer is ester-based in ethyl 
alcohol solution without an acrylic monomer. The plas-
ticizers are low molecular weight aromatic esters, such 
as dibutyl phthalate, butyl phthalyl butyl glycolate, butyl 
benzyl phthalate, and benzyl benzoate.5-7 Their role is 
to lower the polymer glass transition temperature of the 
acrylic polymer, softening the otherwise rigid polymer.2,3 
Mixing of the powder and liquid results in a  polymer 
chain entanglement and the formation of a coherent gel 
characterized by viscoelastic behavior appropriate to its 
intended clinical use.8,9 The PEMA particles are slowly 
penetrated by the large molecules of the ester-based plas-
ticizer, while the alcohol swells the polymer and hence 
accelerates plasticizer penetration to produce a  clini-
cally acceptable gelation time. Polymethyl methacrylate 
(PMMA), a commonly used acrylic polymer, is unsuitable 
in this application, because it is insoluble in ethanol. 2,10,11 

Plasticizers, in the absence of ethanol, do not produce 
clinically acceptable gelation time because of the slow 
penetration of polymer particles by large plasticizer mol-
ecules.2,3 It has been shown that the molecular weight of 
polymer powder, plasticizer type, ethanol content and 
powder liquid ratio can affect the viscoelastic properties 
of the TC as determined by a dynamic mechanical test. 
In addition, the gelation of a PEMA based system can be 
controlled over a wide range by varying the polymer mo-
lecular weight and in particular, the ethanol content.6,8

Other factors also impact the gelation process such as: 
molecular weight and the size of polymer powder parti-
cles, the proportion of liquid and powder, the plasticizer 
content and the temperature in which the process oc-
curs.8,10 It was shown that the gelation time is reduced 
with the increase in polymer molecular weight and with 
the increase in the powder/liquid ratio as well as the in-
crease ethanol content in the liquid component. A  re-
duction in the average size of the polymer molecule also 
reduces the time of the gelation.2,3,8,10 It has been stated 
that the increase in temperature reduces the gelation 
time; hence, the process is faster at the temperature of the 
mouth cavity compared to normal room temperature.8 
The type and the amount of softeners also have an im-
pact on the time of the gelation.9 Parker et al.showed that 
the higher degree of polymer comminution, the more 
rapid the gelation.10 The ethanol in the liquid component, 
which acts as the softener, is an important factor in the 
process of the gelation. However, within the mouth cav-
ity, its rapid evaporation and removal by rinsing, leads to 
hardening and increased porosity of the TC, which limits 
its useful life in the mouth cavity due to the loss of its de-
sirable flexible and plastic state. As a result, a change in 
the relining layer is required every 3-5 days.10,11 The high 
content of ethanol has an impact on the weight loss and 
on the material shrinkage in the mouth cavity.10 It has 
been demonstrated that the greatest amount of ethanol 
is released from the surface of the tissue conditioner in 
the first 12 h after prosthetic relining.12 It has been stated 
that a high ethanol content in the TC increases the mate-
rial plasticity and flexibility after gelation. Whereas the 
type of the softener used impacts the plasticity, it does 
not change the material flexibility during the period of 
usage. Murata et al. claimed that the application of the 
right proportion of powder and liquid enhances the flex-
ibility of the TC after the gelation.11 Because of the differ-
ences in the physical properties and the chemical compo-
sition of various TCs, the authors recommend choosing 
materials according to the intended use and desirable 
flexible properties.

Physical properties of TCs

The limitations of TCs result from the effects of the 
oral cavity environment on physical properties of TCs 
which necessitate frequent replacement of the material. 
The ethanol and plasticizers leach into the saliva, which 
is then absorbed by the polymeric phase of the gel.13-15 
It has been shown that over a  period of 1  week, water 
sorption increased from 0.2 to 5.6 mg/cm, and solubility 
ranged from 0.03 to 0.40 mg/cm for various commercial 
products.16–18

One of the main problems with silicone-based TCs 
concerns bonding to the denture base surface. It has 
been shown that “adhesion” between the lining mate-



Adv Clin Exp Med. 2017;26(4):723–728 725

rial and base of the denture is the most common source 
of failure of a  resilient-lined denture. As a  result, this 
creates a potential space for denture plaque and calcu-
lus formation and leads to micro leakage.2,19,20 There-
fore, effective bonding is important for the longevity of 
resilient-lined dentures, and long-term bonding can be 
achieved only by preventing leakage of fluids between 
the liner and denture base.20 Bonding can be improved 
by providing a  rough surface acrylic denture base.  
Adhesion to a roughened surface has been reported to 
be approximately double that of a smooth surface while 
a slightly irregular surface provided improved mechani-
cal retention for a soft material. The bond strength can 
also be improved with airborne particle abrasion or laser 
treatment of the denture base which provide an irregu-
lar surface and enhanced mechanical retention.2,3,21-23 

Such treatments, when implemented before the appli-
cation of a resilient liner, result in lower peel strengths 
than in an untreated resin surface.2 However, the den-
ture lining layer must be of sufficient bulk (a thickness 
of 2-mm is recommended) to be clinically acceptable.2,15 
Glantz et al. evaluated the effects of TC on the deforma-
tion of maxillary complete dentures during maximum 
force delivery and chewing food test specimens.24 They 
reported that the deformation of relined dentures under 
masticatory function was larger than that of unrelined 
dentures with the deflection increasing as the thickness 
of the lining layer increased.2,3 It was found that mi-
crowave post-polymerization treatment on the flexural 
strength improves the longevity of the denture bases re-
lined with TC.2,3

Worth noting is the dimensional instability and the 
weight of TC layer. These features change with time, be-
cause of water absorption and the solubility of the ma-
terial in the mouth cavity. When a polymer has a high 
capacity for water absorption, this leads to an increase 
in the volume of the TC, whereas the loss of ethanol and 
softeners results in material shrinkage. These processes 
impact not only the susceptibility, flexibility, and surface 
roughness but also the relative stability of relining mate-
rial.3,25 Murata et al.13 compared the linear dimensional 
stability of: Coe-Comfort, FITT, GC Soft-Liner, Hydro-
Cast, SR-Ivoseal and Visco-gel. Samples of the above con-
ditioners were kept in distilled water for 21 days. With the 
exception of Ivoseal, all the products experienced shrink-
age and weight loss. The lowest shrinkage (1.16–1.61%) 
occurred in the first 24 h after preparation. The authors 
suggested that the time of forming the functional im-
pression in oral cavity should not exceed 24 h when us-
ing the above materials. It is also essential to provide the 
laboratory with the impression within a short period of 
time in order to create a  plaster model. The impact of 
the TC hardness on the molding plaster models was as-
sessed. The results showed that there was no detrimental 
effect of the TC on the surface of molding plaster model, 
compared to silicone impression models.25 

Due to the loss of elastic properties required for the 
therapy, the usable period of TCs in the mouth cavity 
should be accordingly short. Surface-coated TCs may 
provide an extended period of resiliency and a  longer 
life under clinical conditions. The rationale for using 
surface-coated TCs was based on a  longer retention of 
softness, which may be attributed to reduction in plasti-
cizer leaching, as well as the penetrant (alcohol). It is also 
possible that surface-coated TCs prevent the absorption 
of salivary inorganic salts, which may contribute to the 
hardening process.12,26

The advantages of protective preparations, such as Mo-
nopoly and Permaseal, has been demonstrated with the 
layer material Coe-Comfort.27 Permaseal and, to a lesser 
extent Monopoly, which maintains its softness for longer 
periods, and hence extends the useful life of the condi-
tioner in the mouth cavity. The effects of the above prep-
arations may result from a  reduction in leaching of the 
softeners and alcohol as well as the reduction of water ab-
sorption through the surface of the TC.27,28 The layer also 
protects the surface of the TC from the absorption of salt 
in saliva, which may lead to hardening of the material.12 

It was reported that coating the surface of a  TC with 
Monopoly increases the life of the resilient up to 1 year. 
The smooth surface of coating also reduced the incidence 
of bacterial and fungal growth. In a similar way Monopoly 
has also been applied to the surface of an acrylic resin nasal 
obturator to achieve a smooth polished surface.2,29 Addi-
tionally, it was found that TCs coated with Monopoly may 
lose alcohol but did not absorb water in vitro and there was 
no loss of plasticizer over a 30-day test period.2,28,29

When using a TC on the acryl dental base surface, it is 
recommended that the prosthesis base be of an appro-
priate thickness, as plasticizers released from the TC’s 
surface can diffuse into the acrylic material, changing its 
properties. This can lead to deformation and fracture of 
the dental base, particularly after prolonged use.3,13

TC and denture stomatitis

The loss of surface integrity and surface roughness of 
TCs are regarded as the main problems in denture bear-
ing oral mucosa conditions, resulting in the inflamma-
tion of oral mucosa of the denture-bearing area – denture 
stomatitis.30,31 The frequency of this ailment, which may 
also be caused by mechanical irritation form the den-
ture, is rated as 40–65% among the acrylic denture wear-
ers.32,33 TCs provide an even distribution of masticatory 
force, accurately modeling itself to the changes which oc-
cur during the healing of lesion of substrate and can act 
therapeutically by the incorporation of an antifungal or 
antibacterial drugs. Conditioners provide a  particularly 
useful alternative for patients who do not wear dentures 
during the healing period of prosthetic substrate before 
relining the old denture.34–36
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activity against biofilms of various Candida species de-
veloped on heat-cured poly(methyl methacrylate) discs in 
vitro.46 Schneid47 demonstrated that a  sustained release 
delivery system incorporating antifungal agents – ny-
statin, chlorhexidine, clotrimazole and fluconazole into 
a  number of TCs significantly inhibited the growth of 
Candida albicans, although the hardness of the material 
increased. On the other hand, Toda et al.found that in-
corporating an antimicrobial polymer – 10% poly (2-tert-
butilaminoethyl) methacrylate (PTBAEMA) into one TC 
– Coe Soft increases the wettability and roughness of 
the TC surface and decreases the adhesion of Streptococ-
cus mutans and Stapphylococcus aureus to the surface.35 

No anti-microbial effect was observed against Candida 
albicans. It has also been suggested that anti-microbial 
agents, such as silver zeolite, be incorporated into the TC 
powder, since a TC containing Ag-zeolite showed a dose-
dependent inhibitory effect on Candida albicans.40 

Clinical applications of TCs

The soft resilient nature of TCs on the acrylic denture 
surface facilitates a whole range of diagnostic and treat-
ment modalities. They are used to restore the condition 
of inflamed denture bearing oral mucosa, and in taking 
functional impressions. They may also be used as provi-
sional liners to improve the fit of the acrylic dentures, to 
prevent mechanical irritation from the denture plate, and 
for trial evaluation of border extensions. TCs may also 
be used to modify dentures during implant surgery and 
rehabilitate cancer patients requiring obturation. Their 
physical properties of TCs, such as viscoelastic proper-
ties and dimensional stability, vary depending on the 
materials used.13,15,19 Thus, a single type of TC may not 
be capable of fulfilling all of the applications adequately. 
The ideal resilient denture liners should possess higher 
elasticity during mastication and then behave viscously 
to distribute the functional and nonfunctional forces 
and relieve the pain.2,3,48 When used for interim relining, 
the material should be dimensionally stable to prevent 
changes in the vertical dimension of occlusion. It should 
also be compatible with the dental stones.15,23 

The essential issue is to maintain denture hygiene with 
the relining material on the fitting surface of the denture. 
Prostheses should be thoroughly cleaned before relin-
ing and patients should be informed about the neces-
sity of ensuring regular hygiene of the oral cavity during 
the treatment. An adverse impact of liquid cleaners for 
prosthesis and certain antiseptic drugs on TC surface 
has been observed. These accelerate the leaching of the 
components from the conditioner.14,21 Materials for bio-
logical tissue regeneration are susceptible to mechanical 
damage. Therefore, gentle cleaning of relining prosthesis 
using a cotton cloth or gauze is recommended as well as 
disinfection in a 0.2% solution of chlorhexidine. 

Okita et al.37 found that the preparations Coe-Comfort, 
FITT, Soft-Liner and Visco-gel, exhibit cytotoxic activ-
ity in vitro. The cytotoxicity of the above conditioners is 
higher than the cytotoxicity of acrylic resin. An adverse 
effect on tissues can be seen in releasing the softeners 
from the conditioner surface (phthalates) from the TC 
surface. Moreover, it has been shown in vitro that cer-
tain phthalate esters exhibit estrogenic activity and in 
vitro proliferation of estrogen-dependent MCF-7 cells.26 
Hence, new compounds, such as dibutyl citrate or dibutyl 
sebacate, are sought as replacements for toxic phthalates. 
This may lead to the creation of a new generation of TCs, 
free from cytotoxic phthalic acid esters.38,39 In addition, 
it has been shown that some plasticizers have the ability 
to slow the in vitro growth of Candida albicans. Micro-
scopic examinations have revealed that the form of fun-
gal growth, on the sample surface of TCs, also depends on 
the type of plasticizer used.26

Through the loss of ethanol and plasticizers, the TC 
surface becomes hard and porous which enhances sedi-
mentation of the denture base. At the same time, the 
acrylic denture base which is lined with a TC layer may 
become a rich reservoir for bacteria and fungi.3,35 Hence, 
during treatment, there is a need to replace the TC layer 
within a strictly specified time. 

The efficacy of adding antibacterial and antifungal drug 
to TCs has been assessed. One of the evaluated products 
was Zeomic (Sinanen Zeomic Co.) – crystalline aluminum 
silicate containing silver ions acting as an antiseptic. It has 
been demonstrated that this formulation slows the growth 
of Candida albicans, Staphylococcus aureus and Pseudomo-
nas aeruginosa in vitro39,40 as well as improving the elastic 
properties of some TCs. This has been explained by the 
fact that Zeomic increases the penetration of the plasticizer 
within the polymer chain.41 Although the release of silver 
ions leads to a cytotoxic effect, but because it has a short-
term effect, the health risk seems to be insignificant. 

Chow et al.42 showed that 5% of itraconazole added to 
Coe Soft or FITT materials maintains the highest activity 
in the first 3 days, after which the relining material must 
be replaced to ensure a good therapeutic effect.

It has also been shown that the rough surfaces of the 
denture base may facilitate bacterial and fungal growth 
by enhancing the adhesion of microorganisms onto re-
silient lining materials and may expose the patients to 
infections and could cause Candida-associated denture 
stomatitis.43–45

Fungal growth on TC surfaces can cause irritation of 
the oral mucosa. Adhesion of Candida albicans to the 
surface of TCs is a result of cell proliferation and matrix 
production.32,31,45 Radnai et al. found that chlorhexidine 
digluconate gel added to TC had no inhibitory effect on 
the growth of Candida albicans, but the incorporation 
of miconazole gave a  dose-related inhibitory effect on 
candidal growth in vitro. Moreover, Gebremedhin et al.45 
demonstrated that miconazole exhibits high antifungal 
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In conclusion, it should be emphasized that biological 
materials for tissue regeneration lose their beneficial den-
ture physical properties in a short period of time; hence, 
they are designed only for short-term denture relining. 
It is worth mentioning that in the case of prolonged use, 
the materials are mechanically irritating on the mucosa, 
causing the accumulation of denture plaque on the sur-
face and an increase of denture stomatitis symptoms.
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Abstract
Diagnosis of celiac disease in adults is currently based on serologic tests in combination with histopatho-
logical assessment of small intestinal biopsy specimens. High titers of celiac-specific antibodies in immu-
nocompetent patients with villous atrophy in a good quality biopsy sample allow us to state a confident 
diagnosis. The relief of symptoms and histological improvement after embarking on a gluten free diet fur-
ther support the initial diagnosis. However, in some cases, these conditions are not fulfilled, which requires 
a critical evaluation of laboratory and histopathology results and a consideration of other potential causes 
for the observed pathologies. To avoid diagnostic uncertainty, both biopsy and laboratory testing should 
be performed on a diet containing gluten. Immune deficiency, cross reaction of antibodies and possibili-
ties of seronegative or latent celiac disease should be considered while evaluating serology results. Uneven 
distribution and variable intensity of histopathological changes in the small intestine along with multiple 
disorders presenting a similar specimen image may lead to invalid biopsy results. Additional laboratory test-
ing and careful examination of a patient’s history may deliver important data for a differential diagnosis and 
a more specific biopsy evaluation. Persistence or recurrence of symptoms, despite the ongoing treatment, 
requires a revision of the initial diagnosis, an evaluation of the gluten free diet and a search for concurrent 
disorders or complications.

Key words: celiac disease, villous atrophy, lymphocytic duodenosis, non-celiac enteropathy, non-respon-
sive celiac disease
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Introduction

Celiac disease (CD) is a  chronic small intestinal im-
mune-mediated enteropathy triggered by the exposure 
to dietary gluten in genetically predisposed individuals.1 

Diagnosis of CD is valid in patients who, while remaining 
on gluten containing diet, present positive serology and 
obvious celiac histopathology. These patients can read-
ily initiate a  gluten free diet (GFD). Strict adherence to 
a GFD in every case is important, as untreated CD may 
lead to severe complications, e.g. increased risk of malig-
nancies, bone fractures or infertility.2 However, in some 
cases, laboratory and histological findings are inconsis-
tent with symptoms presented by patients and are insuf-
ficient for straightforward diagnosis. Different factors 
can influence serology or histopathological results re-
ducing their sensitivity and specificity. A variety of other 
disorders with similar symptoms and histopathology can 
mimic CD and should be considered in the differential 
diagnosis. In these equivocal cases, a detailed investiga-
tion is required, using ancillary testing and different di-
agnostic approach.

Serologic testing for celiac disease

The preferred single test for detecting CD is IgA anti-
tissue transglutaminase antibody (TTG IgA), which is 
characterized by high sensitivity (93%) and specificity 
(95%).3,4 Another commonly used test is IgA anti-endo-
mysial antibody (EMA), which is the most specific of all 
assays.4 However, the latter test is technically more dif-
ficult, as it requires an immunofluorescence technique, 
which is a  qualitative method; therefore, it is observer 
dependent and less objective. This makes EMA less time 
and cost efficient compared to ELISA based TTG test.4 
Although these tests are both very effective, serology 
alone is not sufficient to confirm the diagnosis (at least 
in adult patients).4

False positive results

False positive results can occur due to a  cross reac-
tion of antibodies in such conditions as enteric infection, 
chronic liver disease, congestive heart failure or hyper-
gammaglobulinemia.5 

False negative results 

The most important factor for reliable serology results 
is that the patient needs to be on gluten containing diet 
before testing, as being on a low-gluten diet is the main 
reason for false negative serology.5 False negative results 
may be associated with IgA deficiency, which is more 
common in CD patients than in the general population, 
since 2–3% of the patients are affected.3 To ensure all pa-

tients with IgA deficiency are properly tested for CD it is 
recommended to either measure serum IgA level in all 
patients or include both IgA and IgG based testing.3,5 In 
IgA deficient patients, an IgG based test (anti-deamidat-
edgliadin peptide [DGP] IgG antibodies or TTG IgG anti-
bodies) should be performed.3 The most effective combi-
nation of immunoassays is TTG IgA and DGP IgG.4

The antibody titers correspond with the degree of vil-
lous atrophy and in less destructive lesions are often low-
level or negative.6-8 Therefore, negative serology does 
not exclude diagnosis and if suspicion of CD is high, in-
testinal biopsy should be performed even if serology is  
negative.3

Seronegative celiac disease

Seronegative celiac disease (SNCD) is defined by the 
absence of TTG antibodies in the presence of a positive 
histopathology and antigen (HLA) haplotype DQ2 and/or 
DQ8.8 This condition may be caused by strong antigen-
antibody affinity resulting in mucosal deposition of tissue 
transglutaminase (tTG)/anti-tTG immuno-complexes 
and lack of passage of antibodies to circulation.8 Detec-
tion of these deposits in small intestinal biopsy strongly 
suggests CD.9 Another possible explanation might be an 
incomplete maturation of plasma cells with a consequent 
failure of antibodies production.8 Although SNCD is un-
common, it is responsible for 6–28%2,10 of seronegative 
villous atrophy and is, therefore, one of the main reasons 
for this condition.10

Latent or potential celiac disease

There are several reasons for positive serology without 
villous atrophy, a condition defined as latent or potential 
CD.1 In these patients mild histological changes, such as 
increased intraepithelial lymphocytes (IELs) can be pres-
ent.11 Because lesion distribution in CD is often uneven, 
villous atrophy may be localized solely in duodenal bulb 
or distal parts of jejunum, thus missed by biopsy. There-
fore, if this condition persists, repeated biopsy or capsule 
endoscopy might be necessary.2

Histopathological changes  
in celiac disease

The small intestinal mucosa is made up of villi which 
extend above the surface mucosa and the crypts of Li-
eberkühn, which extends below the surface.6 The normal 
villous to crypt ratio ranges from 3:1 to 5:1.12 The villous 
epithelium is composed primarily of absorptive cells and 
goblet cells, with IELs between them. These are mainly 
CD3+ and CD8+ T lymphocytes, usually distributed in 
decrescendo-like pattern with higher count at the basis of 
the villi and decreasing towards the tip. The normal IELs 



Adv Clin Exp Med. 2017;26(4):729–737 731

count is now considered as less than 25 per 100 entero-
cytes.13 Plasma cells, lymphocytes and little amount of 
eosinophils and macrophages are usually present in the 
lamina propria.6

An approach to biopsy

Small bowel biopsy is considered to be the gold stan-
dard for diagnosis of CD.5 Because histopathological 
changes related to CD are patchy, multiple biopsies of 
the duodenum, including one or two biopsies of the bulb 
and at least 4 biopsies of post-bulbar duodenum should 
be performed.3 Duodenal bulb is the first contact point of 
gluten and in 9–13% of patients may be the only location 
of villous atrophy.3,14,15 However, inflammatory changes 
of peptic injury and distortion of villi in areas overlying 
Brunner glands or lymphoid follicles may cause certain 
difficulties in interpretation of duodenal bulb speci-
mens.12,15

Lymphocytic duodenosis

Histological changes associated with CD can be classi-
fied according to Marsh/Oberhuber or Corazza classifi-
cation (Table 1).3 Marsh I lesion, also known as lympho-
cytic duodenosis (LD), is characterized by normal villous 
architecture and > 25 IELs per 100 enterocytes.16 This 
is a common condition, with a prevalence of 5.4% in the 
general population.17 Revealing LD in duodenal biopsy 
with positive serology may represent CD, but further in-
vestigation is required to support the diagnosis.3

Different studies evaluated CD prevalence in 9% up to 
40% of patients with LD.18 Common reasons for this pa-
thology are also Helicobacter pylori and other gastrointes-

tinal infections, small intestinal bacterial overgrowth, use 
of nonsteroidal anti-inflammatory drugs or proton pump 
inhibitors, hypogammaglobulinemia, autoimmune or 
chronic inflammatory disorders. In most cases no cause 
for LD is found and these changes usually disappear on 
repeated biopsy.6,16,18,19 There is a high prevalence of pa-
tients fulfilling irritable bowel syndrome (IBS) criteria in 
this group.16 In fact, the association between IBS and LD 
has been reported in several studies, where immunocyto-
chemical staining for T cells (CD3) was performed.16,19-21 

However, in the study in which standard haematoxylin 
and eosin (H&E) staining was used none of the investi-
gated samples exceeded 25 IELs per 100 enterocytes.22

Borderline cases

As mentioned above, serology correlates with degree of 
mucosal injury; therefore, negative serology does not ex-
clude CD in patients with LD.16,18 In equivocal cases, the 
patient’s history should be revisited. If there is no apparent 
cause of LD and CD is suspected, HLA typing and repeat-
ed biopsy after gluten challenge should be performed.16 
Recent study shows that intake of ≥ 3 g of gluten a  day 
(amount equal to 1.5 slices of bread) will induce histopath-
ological findings consistent with celiac disease in approxi-
mately 90% of patients after 14 day trial.23 Extending the 
challenge for another 6 weeks in patients who tolerate the 
challenge well may further improve diagnostic sensitivity. 
If repeated biopsy and serology after gluten challenge are 
negative, CD is unlikely. Final follow-up serologic test is 
performed after 6-12 months of gluten containing diet.23 
Another approach, where initial response to a GFD is as-
sessed seems less accurate, as 38% of patients with LD who 
improve on a GFD are HLA DQ2/DQ8 negative.16

Non-celiac gluten 
sensitivity

In the case of negative testing for 
CD and wheat allergy (WA), non-
celiac gluten sensitivity (NCGS) 
should be considered. This con-
dition may also reveal mildly in-
flamed mucosa, although IELs 
count is not as high as in patients 
with CD. Typically, symptoms 
disappear after gluten elimina-
tion. An open gluten challenge 
(monitored reintroduction of glu-
ten containing food) or preferably 
double blinded gluten challenge is 
performed after at least 3  weeks 
on a  GFD. Relapse of symptoms, 
with onset hours to days after glu-
ten exposure, confirms the diag-
nosis.24,25

Table 1. Summary of histological classifications frequently used for celiac disease3

Marsh modified 
(Oberhuber)

Histologic criterion

Corazza
increased 

intraepithelial 
lymphocytes*

crypt hyperplasia villous atrophy

Type 0 no no no none

Type 1 yes no no
grade A

Type 2 yes yes no

Type 3a yes yes yes (partial)
grade B1

Type 3b yes yes yes (subtotal)

Type 3c yes yes yes (total) grade B2

* > 40 intraepithelial lymphocytes per 100 enterocytes for Marsh modified (Oberhuber); 
> 25 intraepithelial lymphocytes per 100 enterocytes for Corazza.
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common were seronegative celiac disease, medication re-
lated villous atrophy, common variable immunodeficiency 
(CVID), autoimmune enteropathy, giardia infection and 
lymphoma.10 Immune mediated enteropathy, differently 
called unclassified sprue, was a diagnosis of exclusion.10

Uncertain cases management

As mentioned above, in patients remaining on a  glu-
ten containing diet, positive serology and obvious celiac 
histopathology is sufficient to confidently state diagnosis 
of CD and introduce a GFD. In equivocal cases, further 
investigations should be performed to exclude other po-
tential causes for present pathologies (Table 3). If CD re-
mains possible, these patients should embark on a GFD.15 
Histological changes in response to a  GFD in patients 
with VA strongly support diagnosis.3 In contrast to pre-
vious recommendations, follow-up biopsy should not be 
performed before 6 months on a GFD as in this period 
a complete recovery of duodenal mucosa is infrequently 
achieved.29 In questionable cases, gluten challenge after 
at least 2 years on a GFD can be performed to support the 
diagnosis (Fig. 1).9

Symptomatic improvement on a GFD or exacerbation 
after gluten challenge has very low positive predictive 
value and should not be used as diagnostic criteria.3,9

Villous atrophy

Definite diagnosis of CD in adults is made in the pres-
ence of villous atrophy (VA) in duodenal biopsy.2 VA is de-
fined as flattening of surface secondary to the shortening 
and blunting of the intestinal villi and is associated with 
an increase in crypt cell mitoses and crypt elongation.12 
To correctly assess VA in duodenal biopsy, good quality 
samples, properly oriented by qualified technician are es-
sential.2,12 Tangential sectioning and insufficient size of 
samples may lead to misinterpretation and overdiagnosis 
of VA.26 Although CD is the most common cause of vil-
lous atrophy, there are many other conditions with simi-
lar histopathology.27 Therefore, in the absence of positive 
serology, this condition, defined as seronegative villous 
atrophy (SVA), should be further investigated. Performing 
HLA DQ2/DQ8 typing in the first step can exclude CD 
in case of negative result. Careful review of the patient’s 
history may deliver clinical clues to narrow down the pos-
sible causes. Additional testing for parasites, bacterial or 
viral infections, anti-enterocyte antibodies or serum im-
munoglobulin level is suggested. Finally, biopsy speci-
mens should by reviewed by experienced gastrointestinal 
pathologists in search for specific histological features 
(Table 2).10,28 In previously conducted research, definitive 
etiology for VA was found in 85% of patients, of which most 

Fig. 1. Diagnostic algorithm for celiac disease

CD – celiac disease; GFD – gluten free diet; LD- lymphocytic duodenosis; SNVA – seronegative CD; # - normal architecture and increased intraepithelial 
lymphocytes (IELs) (≥ 25/100 enterocytes) or villous atrophy +/- increased IELs; * definitions and management in Table 3.
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Table 2. Histological mimics of CD in seronegative patients with normal architecture and increased intraepithelial lymphocytes  
(IELs) (≥ 25/100 enterocytes) or villous atrophy +/- increased IELs

Suspected etiology Villous morfology Other histological findings Clues

Drugs

Medication related

increased IELs (PPIs) +/- VA 
(e.g.azathioprin, colchicine, 
ipilimumab, mycophenolate,  
NSAIDs, olmesartan32 ,  
telmisartan33, methotrexate10)

prominent neutrophilic 
inflammation (NSAIDs)34,  
+/- increased subepithelial  
collagen (olmesartan)32

improvement after drug discontinuation

Infections

Helicobacter pylori (HP) 
gastritis

increased IELs  in an architecturally 
normal duodenal mucosa32 – improvement after HP eradication35

Giardia lamblia infection
usually normal mucosa, variable  
VA in a minority of cases32, 

IELs not markedly increased36

trophozoites on the surface of villi, 
reactive lymphoid follicles36

positive stool for parasites and ova exam 
(2-3 samples) and/or antigen detection37

Post viral enteropathy
diffuse, moderate to marked VA with 
increased IELs32 increased crypt mitoses12 acute, self-limiting illness28, anti-gliadin 

antibodies may be slightly increased12

Small intestinal bacterial 
overgrowth

normal to moderate blunting of villi, 
may have an increased number of 
IELs and/or neutrophils38

normal to increased number of 
plasma cells in lamina propria38

positive hydrogen breath test, positive 
duodenal aspirate

AIDS enteropathy
normal villous architecture  
to partial VA12

depletion in mucosal CD4 T 
lymphocytes, increase in CD8 
lymphocyte count, increased crypt 
depth with normal mitoses per 
crypt12

opportunistic infections, such as 
microsporidiosis, cyclosporidiosis, 
leishmaniosis, isosporiasis, 
cryptosporidiosis, mycobacterial or CMV 
infections may be present12

Whipple’s disease
shortened, blunted villi, 
increased IELs

infiltration of foamy macrophages 
into lamina propria that contain 
intracellular PAS positive granules, 
bacterial rods within macrophages, 
plasma cells or in extracellular 
space34

other clinical findings include 
arthropathies, lymphadenopathy, fever, 
and hyperpigmentation of sun-exposed 
skin, cardiovascular and neurologic 
pathologies39

Tropical sprue
mild to moderate blunting of villi, 
increased IELs38 total VA is rare32

changes are equally prominent in 
the jejunum and ileum in addition 
to the duodenum32, increased 
numbers of plasma cells and 
eosinophils in lamina propria38

travel to endemic areas (Central and 
South America and South and Southeast 
Asia), B12 and folate deficiencies, 
megaloblastic anemia, atrophic glossitis, 
megaloblastic cytological changes, 
response to antibiotics38

Autoimmune disease

Autoimmune 
enteropathy

usually flat villi, may have slightly 
increased number of IELs, usually has 
cryptitis (neutrophils)38

GVHD-like apoptosis with 
lymphocytes infiltrating crypt bases, 
lack of goblet cells, endocrine cells 
and Paneth cells if anti-goblet cell 
antibodies present38

history of autoimmune conditions28, 
lack of any triggering food protein12, 
presence of anti-enterocyte antibodies, 
anti-goblet cell antibodies, anti-
parietal cell antibodies38, anti-gliadin 
antibodies may be present12, associated 
with immunodeficiency states and 
thymomas38

Extraintestinal 
autoimmune disorders

increased number of IELs and variable 
degree of VA32 –

Hashimoto thyroiditis, Graves’ 
disease, rheumatoid arthritis, lupus 
erythomatosus, multiple sclerosis, 
psoriasis, ankylosing spondylitis  
or progressive systemic sclerosis,  
type 1 diabetes

CD – celiac disease; VA – villous atrophy; IELs – intraepithelial lymphocytes; PPIs – proton pump inhibitors; NSAIDs – nonsteroidal anti-inflammatory drugs; 
ESR – erythrocyte sedimentation rate; ASCA – anti-Saccharomyces cerevisiae antibodies; CMSE – cow’s milk protein sensitive enteropathy.
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Table 2. Histological mimics of CD in seronegative patients with normal architecture and increased intraepithelial lymphocytes  
(IELs) (≥ 25/100 enterocytes) or villous atrophy +/- increased IELs (cont.)

Suspected etiology Villous morfology Other histological findings Clues

Immune disorders

Common variable 
immunodeficiency

variable degree of VA+/- increased 
IELs40

nodular lymphoid hyperplasia, 
absence of plasma cells41, 
polymorphonuclear infiltrate, graft-
versus-host disease–like lesions42

fulfilled diagnostic criteria: 
hypogammaglobulinaemia (IgG below 
5 g/L), no other cause identified for 
immune defect,  recurrent, severe or 
unusual infections, poor response to 
vaccination41, may coexist with  
G. lamblia infection or celiac disease

Neoplasia 

Enteropathy-type 
intestinal T cell 
lymphoma (EITCL) / 
enteropathy associated 
T-cell lymphoma (EATL)

VA, distorted architecture, 
ulcerations12 clonal proliferation 
of phenotypically, abnormal 
intraepithelial lymphocytes (IELs)43

neoplastic lymphocytes, non-
specific mononuclear infiltrate in 
lamina propria, the adjacent intact 
mucosa shows the histological 
features of CD12

signs of obstruction, perforation or 
haemorrhage, a palpable tumour may be 
found12

Immunoproliferative 
small intestinal disease 
(IPSID)

villous blunting or VA12

dense infiltration of dysmorphic 
plasma cells and centrocyte-like 
lymphocytes in the lamina  
propria12

thickening, erythema and nodularity of 
the mucosal folds may be seen in the 
duodenum and upper jejunum12, affects 
mainly older children and young adults; 
obstruction and abdominal masses are 
typical for the advanced stage presence 
of anomalous α heavy chain protein in the 
serum (20% to 90% of patients) common 
parasitic infestations44

Other

Peptic duodenitis
normal IELs12, variable VA32, may be 
associated with VA of the mucosa of 
the distal duodenum32

prominent neutrophilic 
inflammation32,  extensive gastric 
metaplasia and Brunner’s gland 
hyperplasia34, oedema, acute 
inflammation in the lamina propria 
and epithelium, erosions32

peptic ulcer disease or improvement with 
acid suppressive therapy28

Crohn’s disease
normal12 /increased IELs, variable 
degree of architectural distortion32

focal acute inflammation 
(cluster of neutrophils) flanked 
by almost normal appearing 
mucosa +/-granulomas12, apthous 
ulceration, fissure formation., 
pyloric metaplasia, fibrosis34,  
lymphoplasmacytosis32

elevated ESR/ASCA, multilevel 
involvement of the intestine28

Eosinophilic 
gastroenteritis

variably perturbed architecture12 eosinophilic infiltration of small 
bowel mucosa28

elevated peripheral eosinophil count, 
no evidence of parasitic, intestinal or 
extraintestinal disease12,
multiple allergies28

Food allergies
increased IELs sometimes minimal 
architecture distortion, partial VA 
(CMSE)12

lymphonodular hyperplasia, lesions 
most prominent in duodenal 
bulb, may extend to all parts of 
gastrointestinal tract (CMSE)12

multiple allergies, atopy, serum IgE allergy 
testing28

Collagenous sprue “flat” biopsy appearance45 subepithelial collagen deposits28

collagen deposits may also be present 
in the colon (i.e. collagenous colitis) 
or stomach (i.e. collagenous gastritis), 
positive endomysial antibodies45

CD – celiac disease; VA – villous atrophy; IELs – intraepithelial lymphocytes; PPIs – proton pump inhibitors; NSAIDs – nonsteroidal anti-inflammatory drugs; 
ESR – erythrocyte sedimentation rate; ASCA – anti-Saccharomyces cerevisiae antibodies; CMSE – cow’s milk protein sensitive enteropathy.
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Table 3. Suggested diagnostic path in symptomatic patients diagnosed for celiac disease (CD) with equivocal results

Results Diagnosis Further investigations Possible cause

sero +, VA -, IELs + probable CD2 consider other causes of LD*, HLA typing,  
trial with GFD

lesions in different part of small 
intestine, other causes of LD*

sero -, VA +, IELs +/- seronegative VA
consider other causes of VA*, HLA typing,  
asses gluten ingestion, trial with GFD

false negative serology, poor quality 
biopsy sample, SNCD, nonceliac 
villous atrophy*

sero -, VA -, IELs + lymphocytic duodenosis (LD)

consider other causes of LD*, perform gluten 
challenge, HLA typing, exclude WA (specific prick 
test, wheat specific serum IgE), consider NCGS 
(gluten challenge after GFD)

NCGS, WA, other causes of LD*

sero +, VA -, IELs -# latent/potential CD
maintain on GCD, HLA typing, repeat biopsy and 
serology, perform capsule endoscopy and/or 
enteroscopy

lesions in different part of small 
intestine, false positive serology

CD – celiac disease; sero – serology; VA – villous atrophy; IELs – intraepithelial lymphocytes; WA – wheat allergy; NGCS – non-celiac gluten sensivity;  
SNCD –  seronegative celiac disease; HLA – human leukocyte antigen; GCD – gluten containing diet; * other causes of LD/VA in Table 2; # may present 
increased IELs according to some sources.10

Fig. 2. Management of non-responsive celiac disease 

GFD – gluten free diet; NRCD – non-responsive celiac disease;  
VA – villous atrophy; RCD (I; II) – refractory celiac disease (type I; II); 
*perform endoscopic or imaging procedures; such as magnetic 
resonance imaging (MRI); computed tomography (CT);  
enterography; double or single balloon enteroscopy; positive  
emission tomography (PET).27

Non-responsive celiac disease

Typically, in CD patients there is a substantial clinical 
and serological improvement after weeks or months on 
a  GFD.30 However, as much as 4–30% of patients have 
persistent symptoms, signs, or laboratory abnormalities 
in spite of 6–12 months of treatment.2,3 These patients 
may be affected by non-responsive celiac disease (NRCD) 
and should be further diagnosed to find its cause.

The first step is confirmation of CD diagnosis by re-
viewing patient’s initial biopsy and serology. If diagnosis 
is confident, then adherence do a GFD should be evaluat-
ed. Gluten ingestion is the most common cause of NRCD 
and is responsible for 36–51% of cases.30 There is no objec-
tive laboratory method to detect gluten contamination.31  
Although positive CD serology often indicates gluten 
exposure, 19–30% of patients present positive serology 
despite complete gluten exclusion.30 Moreover, negative 
serology may not reveal intermittent or low-level gluten 
intake.3 Therefore, a detailed examination of the patient’s 
diet by an expert dietitian in search for potential gluten 
sources is necessary.2,3 The next step is to repeat the 
small intestinal biopsy with colonic biopsies in the case 
of persistent diarrhea.3 If there is no villous atrophy, other 
conditions responsible for persisting symptoms should 
be considered.3 One scenario is that primarily asymp-
tomatic CD coexist with other disease that have similar 
symptoms but no evident villous atrophy, e.g. food intol-
erances, small intestinal bacterial overgrowth, micro-
scopic colitis, eosinophilic enteritis, IBS, Crohn’s disease, 
bile salt malabsorption, hyperthyroidism.2,3,31 Another 
option is that secondary changes, such as lactose intol-
erance or pancreatic exocrine deficiency persist despite 
villous recovery.31

The presence of VA on repeated biopsy may result ei-
ther from initial misdiagnosis (Table 2), concurrent au-
toimmune disease that does not respond to a GFD or re-
fractory celiac disease (RCD).3,31 Endoscopic and imaging 
procedures should be employed to exclude malignancy as 
a  cause of recurrent symptoms, particularly in patients 
presenting significant unexplained weight loss, bowel ob-
struction, gastrointestinal bleeding, anorexia, pruritus, 
fever, nocturnal diaphoresis or abdominal pain.30 Finally, 
RCD remains diagnosis of exclusion (Fig. 2).
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Refractory celiac disease

RCD is defined as persistent or recurrent malabsorp-
tion symptoms and signs with VA despite a  strict GFD 
for more than 12 months.1 This condition affects ap-
proximately 1–2% of CD patients and is responsible for 
10–18% of NRCD cases.15,30 It is typically diagnosed at 
the age of 50 years onwards and is exceptional in child-
hood.30,31 The majority of patients present recurrent 
symptoms years after initial clinical response to a GFD 
(secondary RCD). Primary RCD is less common and re-
lates to a subset of patients that initially fail to respond to 
a GFD.30 Identifying abnormalities in IELs differentiate 
between 2 subcategories of RCD. Loss of CD 3 or CD 8 
surface markers detected by immunohistochemistry or 
flow cytometry, as well as T-cell receptor chains clonal 
rearrangement indicated by molecular methods are char-
acteristic for RCD type II.3,30 These patients have poorer 
prognosis in relation to RCD type I patients, because of 
a much more frequent transformation into enteropathy-
associated T-cell lymphoma (EATL).30

Conclusions

In summary, although CD diagnosis is usually based 
on typical symptoms and consistent laboratory and 
histological findings, there are unclear cases in which 
more detailed examination is required. Each diagnostic 
method is susceptible to different factors influencing its 
outcome, which should be considered while assessing 
the results. Careful and accurate diagnostic approach re-
duces the risk of misdiagnosis. Specific histopathological 
image in combination with clinical clues help to differen-
tiate CD from its mimics and allow for correct treatment. 
Persistence or recurrence of symptoms despite ongoing 
treatment requires revision of initial diagnosis, evalua-
tion of adherence to a GFD and searching for concurrent 
disorders or complications. 
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Abstract
Kupffer cells (KCs) are macrophages that are found in the sinusoids of the liver. KCs are a crucial part of the 
innate immune system, acting as scavengers and phagocytes. KCs and sinusoidal endothelial cells together 
form the first immune barrier of the portal system. Studies show that KCs can not only maintain homeosta-
sis in the immune response, but also facilitate the pathogenesis of type B and type C hepatitis (HBV/HCV) 
through their antigen-presenting function and secretion of soluble mediators. KCs can express toll-like re-
ceptors (TLRs), Fas ligand (FasL) and programmed cell death ligand 1 (PD-L1), and secrete large amounts 
of inflammatory factors leading to immune tolerance toward HBV/HCV. On the one hand, KCs contribute to 
the clearance of HBV/HCV due to their nature as innate immune cells. At the same time, KCs induce immune 
tolerance toward HBV/HCV, which leads to chronicity of the infection. The dual role of KCs in the immune 
response toward HBV/HCV means it is a gigantic challenge for scientists to illuminate the detailed mecha-
nisms involved, but it also offers important potential therapeutic targets.
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Worldwide, more than 500 million people are suffering 
from chronic infection with type B or type C hepatitis 
(HBV/HCV), especially in developing countries.1 Such in-
fections may gradually induce liver fibrosis and cirrhosis, 
and eventually hepatocellular carcinoma among the in-
fected patients. Research into the pathogenesis of HBV/
HCV is urgently needed. 

Kupffer cells (KCs) are among the innate immune cells 
found in the liver. KCs make up 80–90% of macrophages 
and compose 15% of the cells in the liver. KCs are a cru-
cial part of the systemic mononuclear phagocyte system, 
playing a  significant role in the development of liver 
diseases. As an innate immune cell, KCs are capable of 
pathogen capturing, recruiting additional immune cells 
and antigen-presenting cells that are essential in the 
clearance of HBV/HCV.2 This is the beneficial side of KCs 
in the immune response to HBV/HCV. However, studies 
have also proven the role of KCs in inducing immune tol-
erance toward HBV/HCV.3 The dual role of KCs in the 
immune response to HBV/HCV infection makes it dif-
ficult for scientists to thoroughly study the mechanisms 
involved, and KCs are inevitably part of the study of the 
pathogenesis of HBV/HCV. 

The immune response mediated 
by KCs in HBV/HCV infection

Little evidence has been reported to elucidate the 
mechanism by which HBV/HCV particles may stimu-
late KCs. The complicated protein structure of HBsAg 
is conducive to KCs and epithelial cells up-taking the 
hepatitis B virus, after which KCs initiate clearance of 
virus. Scientists have tested liver samples from patients 
chronically infected with HBV/HCV, and the number of 
KCs observed is apparently larger than in healthy people.4 
Furthermore, exposing KCs to HBsAg in vitro can cause 
stronger production of pro-inflammatory cytokines.5 
This is especially true in the hepatic portal area. In the 
immune-active phase of chronic hepatitis B infection KCs 
are much more numerous than in the immune-suppres-
sion phase. When compared with splenic and peritoneal 
macrophages, KCs outweigh them in the ability to up-take 
particles in circulation and can produce more reactive 
oxygen species (ROS).6 The existing evidence shows that 
KCs may be able to control HBV/HCV infection through 
cytokine production, synergistic effects with other cells 
and mediation of virus-specific immunity.

KC receptors activated during  
HBV/HCV Infection

Macrophages have been shown to express scavenger 
receptors, toll-like receptors (TLRs), RIG-like receptors 
(RLRs), NOD-like receptors (NLRs) and C-type lectins 
both in vivo and in vitro.7 However, few studies have been 

carried out to clarify whether such receptors are also 
expressed by KCs. In human, rat and mice KCs, the ex-
pression of C-type lectins and scavenger receptors closely 
related to the mediation of phagocytosis has been con-
firmed.8 Human KCs have been proven to express TLR 
2-4, while expression of TLR1-9 and retinoic-acid-induc-
ible geneI(RIG-I) have been detected in KCs from rats and 
mice.9,10 KCs also express mannose receptors and CD14.3 
The detailed mechanisms of the interaction between KC 
receptors and HBV/HCV viral protein still remain to be 
elucidated. Although researchers have not found any di-
rect evidence from KCs, studies on THP-1 monocytes, 
monocytes and dendritic cells have shown that surface 
receptors binding with HBV or HBV proteins will even-
tually activate the cells through TLRs, HSPG, CD14 and 
mannose receptors.11 For example, HBcAg can be recog-
nized by THP-1 monocytes through TLR2 and heparan 
sulfate proteoglycan (HSPG), and the activated THP-1 
cell will produce interleukin-6 (IL-6), IL-12p40 and tu-
mor necrosis factor-alpha (TNF-α).11,12 

The mechanism of the interaction between HCV and 
KCs has been elucidated more clearly than the mecha-
nism of HBV infection. HCV infects hepatocytes through 
binding with HSPG, low-density lipoprotein receptors 
and scavenger receptor B1, which are also expressed by 
KCs. HCV-E2 binding to KCs is CD81-dependent when 
it is co-incubated with KCs. DC-SIGN is also activated to 
facilitate the binding of HCV and KCs. HCV can activate 
KCs to produce cytokines such as IL-1β, IL-6, IL-10 and 
TNF-α, through TLR2 and TLR4.13 

Signaling pathway activation during  
HBV infection 

Further studies on the signaling pathways activated 
during HBV infection are still needed. Hösel et al. showed 
that HBV particles and HBsAg induce CD68+ non-pa-
renchymal cells from the liver to secrete IL-1β, IL-6, che-
mokine (C-X-C motif) ligand 8 (CXCL8) and TNF-α by 
activating the nuclear factor kappa B (NF-кB) pathway.14 
The IL-6 and TNF-α secreted is able to inhibit the rep-
lication of HBV in hepatocytes, while TNF-α causes no 
damage to the target cells.15 Once KCs recognize HBV, 
the NF-кB pathway is activated, accompanied by the pro-
duction of certain inflammatory cytokines, such as IL-6, 
IL-8, IL-1 and TNF-α. The IL-6 secreted by KCs control 
HBV gene expression and replication in hepatocytes on 
the transcription level. Hösel et al. pointed out that the 
recognition of HBV by cells like KCs and the accompa-
nying temporary activation of the NF-кB pathway may 
ensure homeostasis and the survival of the infected cells, 
guaranteeing a  favorable environment for HBV repli-
cation. This is a  brand new mechanism to support the 
replication of HBV through the production of cytokines. 
Attenuated early immune response generated by IL-6 is 
favorable for HBV.14 
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interfere with the TLR pathway, the RIG-I pathway and 
the follow-up pro-inflammatory activity of hepatocytes 
or immune cells.22 Blood-borne pathogens, including 
HBV/HCV, take advantages of KC endocytosis to enter 
the liver and to escape the host cell’s immune system. KCs 
are continuously exposed to a variety of pathogens from 
the gut. In order to prevent excessive inflammation that 
would cause liver damage, KCs initiate immune toler-
ance to limit the effect of sustained activation of the im-
mune system.23 Pathogen-associated molecular patterns 
(PAMPs) can activate KCs and promote the secretion of 
IL-6 by binding to pattern recognition receptors (PRRs) 
on the surface of KCs. This process in turn enhances the 
pathogen-binding ability and phagocytosis of KCs, and 
reduces the expression of harmful proteins in the acute 
phase, including the complement system, C reactive pro-
tein and TNF-α. The activation of PRRs initiates KCs’ 
expression of IL-10, TGFβ and prostaglandin. Arginase 
and indoleamine 2,3-dioxygenase (IDO) from the liver 
can suppress the reproduction of pathogens, but mean-
while they inhibit the metabolism of amino acids that are 
crucial to the replication of immune cells.24 Overall the 
expression of PRRs activates innate immunity and allows 
systemic antibacterial activity, and also limit the local 
adaptive immune response.

The TLR pathway

The TLR family plays an indispensable role in the in-
nate immune system of mammals.25 At least 10 members 
of the TLRs family have been discovered, and it has been 
confirmed that many of them are expressed by KCs. Im-
mune tolerance of HBV mediated by TLRs is mainly real-
ized by 2 mechanisms. One is to reduce TLRs on surface 
of immune cells, including KCs. The other is to reduce 
the effect of TLRs in the innate immune system. Visva-
nathan et al. found reduced expression of TLR2, TLR3 
and TLR4 on KCs in HBeAg+ patients.26 TLR2-mediated 
phosphorylation of p38 mitogen-activated protein ki-
nases (MAPKs) and c-Jun N-terminal kinases (JNKs) and 
the production of IL-6, TNF-α and IL-12 were inhibited 
in monocytes when they were co-incubated with HB-
sAg and HBeAg. Subsequent experiments demonstrated 
that the activation level of JNK in monocytes and CD14+ 
macrophages declined significantly.27 It is safe to specu-
late that through TLRs, HBeAg may down-regulate the 
surveillance capability in HBV-infected KCs and even-
tually lead to immune escape. Wu et al. confirmed that 
TLR3 and TLR4-activated KCs can inhibit the replica-
tion of the HBV virus. The antiviral effect of TLR3 is 
achieved through binding to its ligand and production 
of IFNβ.28 Although the antiviral effects of KCs can be 
achieved through the activation of TLRs, 5–10% of HBV 
patients still develop the immune tolerant phase. Stud-
ies have confirmed that certain viruses could sabotage 
the host’s immune defense by delaying the functioning 

Signaling pathway activation during  
HCV infection

Once CD14+ KCs or other macrophage-derived mono-
cytes are bound to HCV core protein and NS3, they can 
produce inflammatory cytokines, including IL-1β, IL-6, 
interferon beta (IFNβ) and TNF-α, to inhibit HCV repli-
cation, accompanied by secretion of immune-suppressing 
mediator IL-10. HCV core protein and a type of ligand of 
TLR2 are involved in immune regulation. Tu et al. found 
that when recombinant HCV core protein was added to 
a  culture, human KCs would significantly increase the 
production of IL-1β, TNF-α and IL-10.11 After bonding to 
HCV core protein, KCs activate a myeloid differentiation 
molecular 88 (MYD88) dependent pathway to produce 
a  large number of pro-inflammatory cytokines. Mean-
while, HCV core protein can bind to the C1q complement 
receptor expressed by macrophages and dendritic cells, 
which leads to a reduction in IL-12 secretion.16 

The TLR-signaling pathway is also crucial in KCs’ interac-
tion with HCV. KCs can recognize NS3 through TLR4, while 
TLR4 can transfer the signaling to KCs, activating NF-кB and 
promoting secretion of TNF-а.17 KC-derived TNF-α could 
increase the permeability that allows HCV to enter host cells 
more easily. Lipopolysaccharide (LPS) could stimulate KCs 
to produce TNF-α, indirectly promoting HCV infection.18

Interactions between KCs and other cells 
in the immune response

KCs could indirectly take part in the liver immune re-
sponse via secretion of related cytokines to recruit leuko-
cytes to the liver and activate them as well, thus interact-
ing with hepatocytes, resident immune cells and infiltrating 
leukocytes.19 CXCL8 produced by KCs can recruit natural 
killer (NK) cells and NK T cells to the liver in the early stage 
of infection, and then such cells can be activated by cyto-
kines.20 Dendritic cells can also be attracted to the liver by 
KCs, leading to an antigen-specific T cell response. KCs pres-
ent HBV/HCV to CD4+ and CD 8+ T cells through their 
antigen-presenting function, and promote the production 
of IFN-γ. In addition, KCs can express cytotoxic molecules 
such as TNF-related apoptosis-inducing ligand (TRAIL), Fas 
ligand (FasL), granzyme B, perforin and ROS, promoting ly-
sis of infected hepatocytes. However, once non-specific KC-
mediated cytolysis of hepatocytes is initiated, the lysis effect 
will no longer be limited to infected hepatocytes.21 KC cy-
totoxicity therefore leads to more severe damage to organs. 

Immune tolerance mediated  
by KCs in HBV/HCV

Despite the fact that KCs have the ability to clear the 
HBV/HCV virus, in actual conditions the virus interferes 
with KCs’ pro-inflammatory role to escape the host’s im-
mune response. Studies have shown that HBV/HCV may 
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of TLRs in the innate immune system.29 TLR-mediated 
antiviral activity, along with the expression of IFN-β, in-
terferon regulatory transcription factor 3 (IRF-3), NF-κB 
and ERK1/2 MAPKs, was almost completely inhibited by 
HBeAg, HBsAg and viral particles in HBV-treated liver 
non-parenchymal cells, including KCs. The mean fluo-
rescence intensity in the immunofluorescent staining of 
TLR3 in monocytes from the peripheral blood of HBV 
infected patients was lower than in the control group.30 
Along with the obvious reduction of TLR in HBeAg+ pa-
tients, pro-inflammatory cytokines and other cytokines 
secreted by KCs also decrease. Thus the inhibitory effect 
of KCs on the replication of the virus is severely reduced.

In HCV infection, the increase in TLRs on the surface 
of KCs and secretion of inflammatory factors increase 
the risk of liver damage. The activation of TLR 1-9 on 
non-parenchymal liver cells, including KCs, leads to the 
production of IFN-β in mice, which inhibits the replica-
tion of HCV.31 Studies have shown that the level of TLR3 
and TLR7 in HCV-infected patients’ peripheral blood 
are both lower than in healthy controls, and that these 
levels correlate with the level of IFN-α.3 The reduction 
of TLRs on KCs may be closely related to immune toler-
ance toward and chronicity of HCV. In vitro experiments 
have shown that TLR7 mRNA decreases in hepatocytes 
infected with HCV; after the HCV infection is cleared, 
TLR7 expression recovers.32 If a  single TLR signaling 
pathway in KCs is continuously activated, tolerance of 
that pathway might be induced and its reactivity might 
be reduced. Chung et al. found that when they stimulated 
the TLR2 signaling pathway activated by HCV with li-
gands of TLR2 and TLR4, this led to a  decrease in the 
IL-6 produced by APC.33 This phenomenon shows that 
activation of one TLR signaling pathway can inhibit other 
TLR signaling pathways through negative feedback regu-
lation, which is considered one of the mechanisms that 
might induce chronicity of HCV infection.

IL-10 and TGF-β 

HBV/HCV can not only interfere with TLR signaling 
pathways in KCs, but also affect the secretion of KC-de-
rived anti-inflammatory factors, including both IL-10 and 
TGF-β, inducing immune tolerance in the liver.3 IL-10 is 
a kind of soluble protein secreted by immune cells, includ-
ing KCs, and it has strong immunosuppressive properties. 
The development of inflammation is controlled by the 
concomitant production of IL-10 and TGF-β, or by non-
or-low response of KCs to subsequent stimulation. This 
low-response state to PAMPs in KCs is called endotoxin 
tolerance, and is caused by negative regulation of the TLR 
signaling pathway, soluble immune regulatory molecules 
or even epigenetic modification.34 A higher level of IL-10 
mRNA expression was detected in monocytes from 
chronic HCV patients.35 Studies have shown that HCV 
core protein induces KCs to secrete IL-10, in order to sup-

press secretion of pro-inflammatory factors.36 IL-10 can 
also down-regulate major histocompatibility complex 
(MHC) class II molecules and costimulatory molecules, so 
interaction between KCs and NK cells, as well as their an-
tigen-presenting function, can be suppressed.35 IL-10 can 
not only terminate the immune response of T cells, but 
can also suppress T cells’ immune activities toward the vi-
rus.37 The direct influence of IL-10 on antigen-presenting 
cells can reduce the expression of the stimulating factor, 
inhibiting the secretion of cytokines and eventually mak-
ing it hard to activate T cells.35 In an HBV-infected mouse 
model, when KCs were removed, the production of IL-10 
and IFN-γ decreased sharply. Researchers co-cultured KCs 
and CD4+T cells, and found that KCs from mice infected 
with HBV could induce CD4+T cells to produce IL-10 
and generate Tr1-like cells.38 Thus it can be concluded 
that immune tolerance of HBV/HCV is partly achieved 
through the secretion of IL-10 by KCs.

TGF-β is a  crucial cytokine for maintaining immune 
tolerance by mediating the proliferation, differentiation 
and survival of lymphocytes in the immune system.39  
It has been reported that when stimulated by HBV, Kupffer 
cells produce TGF-β instead of pro-inflammatory cyto-
kines IL-1 and IL-6.40 TGF-β can activate hepatic stel-
late cells (HSCs) to secrete extracellular matrix protein, 
which initiates cirrhosis. This phenomenon may help to 
answer the question of why minimal necro-inflammation 
is detected in chronic HBV-infected patients’ liver tissue, 
while liver fibrosis is obvious. In addition, some studies 
have shown that KCs from HBV-infected mice produced 
TGF-β rather than pro-inflammatory factors.14 TGF-β 
can inhibit T cell proliferation by decreasing IL-2 through 
the SMAD3 gene and via down-regulation of cyclin D2 
and cyclin E, cyclin-dependent kinase 4 (CDK4) and c-
myc.41 The inhibitory effects of TGF-β are also detected 
in the differentiation of T cells. It is safe to assume that 
KCs can suppress the adaptive immune response toward 
HBV through the production of TGF-β. 

The PD-1/PD-L1 signaling pathway 

Programmed cell death protein (PD-1), a  crucial im-
mune suppressive molecule, is a  member of the CD28 
family. PD-1 widely exists in T cells, B cells and myeloid 
cells, especially in activated T cells. PD-1 binds to two 
specific types of ligands: programmed cell death ligand 1  
(PD-L1) and PD-L2. PD-L1 can be detected in non-paren-
chymal liver cells like sinusoidal endothelial cells and KCs. 
The level of PD-1, PD-L1 and PD-L2 in patients suffering 
chronic hepatitis is much higher than that in healthy peo-
ple, and correlates with the severity of the disease.42 In in-
fections or inflammations, KCs inhibit the replication of 
activated T cells and their immune function through the 
PD-1/PD-L1 signaling pathway and interaction between 
cells mediated by the T cell immunoglobulin and mucin-
domain containing-3 (TIM-3) protein. An increase in ga-
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pase-1 or the NLRP3 inflammasome in KCs, eventually 
causing inflammation and fibrogenesis. The maturation 
of IL-1β induced by HCV was suspended in caspase-1 or 
NLRP3 knockdown mice.47 The HCV virus can also block 
IL-1β directly by suppressing the activity of NF-κB, so the 
secretion of pro-inflammatory factors by KCs is severely 
inhibited. In patients infected with HCV, the level of IL-1β  
and caspase-1 in KCs decreases significantly after they 
are treated with pyrrolidineditiocarbamate and/or bafilo-
mycin A.48 The increase in the NLRP3 inflammasome 
mRNA in the livers of chronic HBV patients illustrates 
the up-regulation of NLRP3 expression in KCs, which 
has been proven by immunohistochemistry.49 As a result, 
HBV/HCV tolerance might be induced by blocking IL-1β 
through suppression of the NLRP3 inflammasome in KCs.

Conclusions

Due to the dual role of KCs in the immune response 
to HBV/HCV, it is exceedingly difficult for researchers 
to elucidate the detailed mechanisms involved. Studies 
on the role of KCs in viral hepatitis are beneficial to the 
body of knowledge on this disease, and can help us not 
only to get a better understanding of the pathogenesis of 
HBV/HCV, but also to find potential therapeutic targets 
that are theoretically possible. For example, researchers 
found they could prevent the exhausting of T lympho-

lectin-9, the ligand of TIM-3, can be detected in chronic 
HCV patients.43 Using immunofluorescence, researchers 
found that KCs might be a  source of galectin-9, which 
could induce the apoptosis of HCV- specific cytotoxic T 
lymphocytes. A double block of TIM-3 and PD-L1/2 had 
a synergistic effect on the recovery of HBV-specific CD8+ 
T cells.43 A  high level of PD-1 expression was found in 
apoptotic T lymphocytes; the number, antiviral effect 
and immune function of T lymphocytes were obviously 
promoted when the PD-1/PD-L1 signaling pathway was 
blocked by a PD-L1 antibody. Thus it may be concluded 
that negative regulation of the replication and immune 
function of T lymphocytes depends on the activation of 
the PD-1/PD-L1 signaling pathway by the binding of PD-
L1 expressed by KCs and PD-1 expressed by T lympho-
cytes. HBV’s escape from host immune surveillance, the 
chronicity of HBV infection and immune tolerance are 
closely related to the PD-1/PD-L1 signaling pathway. Al-
though it has been stated that HCV core protein can in-
duce PD-L1 expression, it is not clear whether it is caused 
by the direct influence of the virus or the negative feed-
back system induced by continuous infection.3

The Fas/FasL system 

The Fas/FasL system is the mechanism that mainly 
mediates cell apoptosis. The apoptosis of a host’s cells is 
a crucial part of the pathogenesis of viral infection. When 
cells are infected with HBV, the abnormality in the ex-
pression and distribution of Fas/FasL leads to host cell 
apoptosis; thus, hepatocytes are damaged. When the 
body is infected with HBV, a high expression of Fas is de-
tected in hepatocytes, and KCs promote the secretion of 
FasL. The higher the expression rate of Fas/FasL is, the 
higher the degree of inflammation and tissue damage.44 

The Fas/FasL system is a  double-edged sword in the 
immune system of the liver. On the one hand, FasL ex-
pressed by KCs can bind to Fas expressed by hepatocytes 
infected with HBV to promote apoptosis of the infected 
hepatocytes, contributing to the clearance of HBV.45  
On the other hand, Fas is also expressed on lymphocytes, 
thus apoptosis of hepatocytes is accompanied by the 
apoptosis of lymphocytes, which can devastate specific 
humoral and cellular immunity.46 Unfortunately the lat-
ter effect can be stronger than the former. Fas/FasL-me-
diated apoptosis of lymphocytes is beneficial to immune 
tolerance, so KCs may induce tolerance of HBV partly 
though the Fas/FasL system. 

The NLRP3 inflammasome 

HBV/HCV can activate the NLRP3 inflammasome, and 
at the same time they also inhibit the activity of the NLRP3 
inflammasome in KCs, suppressing their secretion activ-
ity. Negash et al. found that KCs can secrete IL-1β, which 
induces a variety of pro-inflammatory mediators via cas-

Fig. 1. Negative feedback regulation of the TLR signaling pathways exists 
in KCs. Activation of one specific TLR signaling pathway can inhibit other 
TLR signaling pathways. Anti-inflammatory cytokines IL-10 and TGF-β 
secreted by KCs can inhibit immune cells, including NK and T cells, in 
the immune response to HBV/HCV. PD-L1 and FasL produced by KCs 
can induce the apoptosis of T cells and B cells, which eventually leads 
to immune tolerance to HBV/HCV. FasL can also lead to the apoptosis of 
HBV/HCV-infected hepatocytes, facilitating the clearance of HBV/HCV
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cytes and promote the clearance of the HBV/HCV virus 
by blocking IL-10 receptors. Mechanisms that can be car-
ried out just by blocking a single factor will undoubtedly 
bring promising progress to the treatment of HBV/HCV.  
The effect of the PD/PD-L1 signaling pathway is to sup-
press the immune function of HBV specific T cells, which 
is crucial to the chronicity of HBV infection. Interfering 
with this signaling pathway can provide significant ther-
apeutic benefits. It is an inescapable conclusion that KCs 
are the hinge of the immune response toward HBV/HCV 
infection, so more effort should be devoted to elucidating 
the role of KCs in the pathogenesis of HBV/HCV.
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