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Abstract

Objectives. In the current study, the risk coefficients of nitric oxide (NO), folate, homocysteine levels and lipid
peroxidation in postmenopausal osteoporotic women were determined.

Material and Methods. Bone mineral density was determined by dual-energy X-ray absorptiometry. The levels
of serum lipid peroxidation products such as the thiobarbituric acid adduct of malondialdehyde (MDA) were
measured spectrophotometrically. Plasma folate and homocysteine (Hcy) levels were measured by enzyme chemi-
luminescence immunoassay. Plasma nitrite levels were measured with the Griess reaction

Results. The odds ratios and 95% Confidence Intervals (CI) of the variables MDA, folate, NO, body-mass index
(BMI), menopause age and age were found significant. MDA, NO and folate variables were found statistically sig-
nificant in the analysis of receiver operating charecteristic (ROCs). The areas under the curve (AUCs, 95% CI) of
MDA, NO and folate were found to be statistically significant.

Conclusions. The current study indicates that NO, MDA and folate are risk variables for postmenopausal osteo-
porosis (Adv Clin Exp Med 2013, 22, 3, 403-409).
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Streszczenie

Cel pracy. W pracy oceniono czynniki ryzyka, takie jak stezenie tlenku azotu (NO), kwasu foliowego, homocyste-
iny i peroksydacje lipidow, w okresie pomenopauzalnym u kobiet chorych na osteoporoze.

Material i metody. Gesto$¢ mineralng koéci zmierzono za pomoca dwuwigzkowej absorpcjometrii rentgenowskie;.
Stezenia produktow peroksydacji lipidow, takich jak addukt aldehydu malonowego (MDA) i kwasu tiobarbituro-
wego, zmierzono spektrofotometrycznie. Stezenie kwasu foliowego i homocysteiny (Hcy) zmierzono za pomoca
testu immunoenzymatycznego chemiluminescencji. Stezenie azotynéw w osoczu zmierzono za pomocg reakgji
Griessa.

Wiyniki. Ilorazy szans i 95% przedzialy ufnosci (CI) zmiennych MDA, kwas foliowy, NO, wskaznik masy ciala
(BMI), wiek menopauzy oraz wiek byly znaczace. Stwierdzono, ze zmienne MDA, NO i kwas foliowy sg istotne
statystycznie w analizie krzywej ROC. Obszary pod krzywa (AUC, 95% CI) MDA, NO i kwasu foliowego okazaly
si¢ istotne statystycznie.
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Whioski. Wyniki badania wskazuja, ze NO, MDA i kwas foliowy sg czynnikami ryzyka osteoporozy pomenopau-

zalnej (Adv Clin Exp Med 2013, 22, 3, 403-409).

Stowa kluczowe: tlenek azotu, kwas foliowy, aldehyd malonowy, homocysteina, osteoporoza.

Osteoporosis, a major public health problem,
is a systemic skeletal disease characterized by low
bone mass and microarchitectural deterioration of
bone tissue [1, 2]. Several risk factors have been
identified for osteoporosis such as age, low body
mass index (BMI), current smoking, alcohol inta-
ke and low bone mineral density (BMD). Defici-
encies in folate lead to increased serum concentra-
tions of homocysteine (Hcy), which is associated
with bone disorders. Hey accumulates collagen in
bone and contributes to decrease in bone strength.
As Tyagi et al. (2011) wrote: ,,The mechanism of
Hcy induced bone loss and remodeling is unclear
... Elevated levels of Hcy are associated with va-
rious bone abnormalities, such as osteopenia and
osteoporosis [3, 4]. The thiol groups in Hey under-
go auto-oxidation, thus triggering oxidative stress
and causing the production of reactive oxygen
species (ROS). Super oxide anion may react with
nitric oxide to produce peroxynitrite with redu-
ced NO bio-availability [5], which may impair the
osteoblast-osteoclast balance with unpredictable
consequences on bone remodeling” [3]. Folic acid
(FA) is a naturally occurring dietary component
that reduces the levels of Hcy by increasing the rate
of recycling of Hcy to methionine [6]. It is known
that Hcy-lowering therapy can favorably influen-
ce the course of osteoporosis [7]. In addition, Hey
deficiencies are associated with increased levels of
bone turnover markers [8].

During the remodelling cycle, bone is conti-
nuously resorbed by osteoclasts and new bone is
formed by osteoblasts; this is regulated by local
factors such as nitric oxide (NO) [9]. NO is a free
radical, synthesized from L-arginine by NO synt-
hases. It has been shown that NO has significant
modulatory effects on bone metabolism [10, 11]. It
is produced constitutively by osteoblasts [12] and
stimulates their proliferation in vitro [13].

Malondialdehyde (MDA), the end product of
lipid peroxidation, plays an important role in the
process of bone loss and is a measure of osteoclas-
tic activity [14, 15].

Hcy is a thiol-containing amino acid that
forms in the process of methionine metabolism.
The remethylation pathway that exists for the deg-
radation of Hcy uses folate as a cofactor. Recently,
Hcy levels and plasma folate concentrations have
been shown to be associated with fracture risk or
lower BMD [16, 17].

BMD measurement is widely used for detect-
ing osteoporosis, and dual-energy X-ray absorb-

siometry (DXA) is a non-invasive method that
provides precise BMD assessment [1]. It is likely
that BMD is lower in postmenopausal than in pre-
menopausal subjects [18].

In the current study, the risk coefficients of ni-
tric oxide, folate, homocysteine levels and lipid per-
oxidation in postmenopausal osteoporotic women
were studied by using the logistic regression meth-
od. Receiver Operating Charecteristic (ROCs) and
areas under the curves (AUCs) also were used to de-
termine the discriminitive ability of the variables.

Material and Methods
The Subjects

Postmenopausal women aged 45-65 years
(n=126) who were admitted to the out-patient clin-
ic of gynecology department of faculty of medici-
ne of Dicle University in between April-October
2008 were enrolled in this study. Exclusion criteria
were alcohol consumption, tobacco use, postme-
nopausal hormone replacement therapy, systemic
diseases, such as diabetes mellitus and renal failu-
re. All of the subjects had experienced natural me-
nopause; menopause was defined as 1 year with no
menstrual bleeding. Routine biochemical analyses
(including glucose, urea, creatine, liver function
tests, free calcium, and phosphorus) and complete
blood count of the subjects were assessed as nor-
mal. None of the subjects took any medications
likely to affect BMD or calcium metabolism du-
ring the study. Baseline characteristics including
age, age at menopause, weight, height and body
mass index (BMI) were recorded for each subject.
A self-administered questionnaire was used to
collect information about the subjects’ history as
hormone use, smoking status, caffeine consump-
tion, regular alcohol intake, and daily use of milk
or milk products. The study was explained to each
subject, and written informed consent was read
and signed by all the participant, in accordence
with the Declaration of Helsinki.

Anthropometric Measurements

The participants’ weight was measured to the
nearest 0.1 kg, and their height was measured to
the nearest 0.1 cm with a wall-mounted stadio-
meter (Seca Model 786, Vagel & Halke, Hamburg,
Germany) with the subjects wearing light clothing
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and no shoes. Their BMIs (in kg/m?) were then
calculated as weight (kg) divided by the square of
the height (m?).

DXA Scanning

Bone mineral density was determined by du-
al-energy X-ray absorptiometry (DXA, Discovery
QDR 4500A series, Hologic, Waltham, MA, USA,
Software 12.3.3 version). Spinal and femoral sites
were measured in slow mode and supine positi-
on. BMD (g/cm?) was calculated from the bone
mineral content (BMC) and bone area (BA). All
measurements and analyses were performed by
the same experienced investigator. The NHANES
III spine and hip reference population for young
women (age range 20-40 years) was used. T-Sco-
res were calculated by using a standard formula:
[T-score = BMD of participant mean-mean BMD
of reference population/SD of BMD of reference
population]. The diagnostic criteria were derived
from World Health Organization criteria for post-
menopausal women. Osteoporosis is diagnosed if
the bone density at any site has a T-score less than
or equal to -2.5. Normal bone density is a T-score
greater than —1.0 [19]. The subjects were divided
into two groups according to their T-scores: nor-
mal and osteoporotic postmenopausal women.

Blood Samples

Fasting venous blood samples of the subjects
were collected and centrifuged at 3500 rpm for
10 min at room temperature. The samples were
stored at —70°C until analysis.

The levels of serum lipid peroxidation pro-
ducts such as the thiobarbituric acid adduct of
malondialdehyde (TBA-MDA) were measured
spectrophotometrically by a modification of the
method described by Buege and Aust [20]. The
spectrophotometric measurements were done
with Shimadzu UV-1208 spectrophotometer (Ja-
pan). The concentrations of lipid peroxidation
products were calculated as MDA concentration
using the extinction coefficient for the MDA~ thi-
obarbituric acid complex of 1.56x105 L/mol cm at
535 nm.

Plasma tHcy was measured using commerci-
ally available kits on an autoanalyzer (Immulite
2500, USA) by enzyme chemiluminescent immu-
noassay. Plasma folate was analyzed using com-
mercially available kits on an autoanalyzer (Roche
E 170, USA), also by enzyme chemiluminescent
immunoassay.

Plasma nitrite levels were measured with the
Griess reaction [21]. As described in a previous
article [22], reduction of nitrate to nitrite was ac-

complished by catalytic reaction using cadmium.
The nitrite produced was determined by diazoti-
sation of sulfanilamide and coupling to naphthy-
lethylene diamine. Absorbance of this complex
was measured at 545 nm. A standard curve was
established with a set of serial dilutions (10%-10-
> mol/l) of sodium nitrite. A linear regression was
performed using the peak area from the nitrite
standard. The resulting equation was then used to
calculate the sample concentrations. The results
were expressed as pimoles per liter plasma.

Statistical Analysis

The mean and standard deviation (x¥ + SD) for
continuous variables were calculated. The norma-
lity of the variables was analyzed by the Kolmo-
gorov-Smirnov test. The means of variables for
the groups of postmenopausal women with and
without osteoporosis were tested using Student’s
t-test for independent groups.

Binary logistic regression analysis was used to
determine the risk factors in osteoporotic postme-
nopausal women according to total hip T-scores.
The subjects’ age, menopause age, folate levels, ho-
mocysteine levels, NO levels, BMI and MDA were
included when the backward stepwise logistic reg-
ression analysis was performed. The variables we-
re considered statistically significant for the model
atp < 0.05. ROC curves and areas under the curves
were assessed for age, menopause age, folate, NO,
BMI and MDA that were found to be significant in
the logistic regression model. The ROC curve was
applied for folate, NO, and MDA that had high
AUCs values. Odds ratios were calculated by the
logistic regression method. Two-sided p-values
were considered statistically significant at p < 0.05.
The statistical analyses were carried out using the
statistical packages for SPSS 15.0 for Windows
(SPSS, Inc., Chicago, IL, USA).

Results

There were significant differences between the
two groups, in age, menopause age, BMI, MDA,
folate, NO (P < 0.05). The osteoporotic markers
were presented in Table 1. Differences in femur
BMD (FBMD), vertebra BMD (VBMD), vertebra
BMC (VBMC), femur BMC (FBMC) and vertebra
T-score (VT-score) were also found to be statisti-
cally significant (p < 0.001).

Table 2 shows the risk ratios extracted by us-
ing logistic regression method in postmenapousal
women with or without osteoporosis. The results
showed that MDA, folate, NO, BMI, menapouse
age and age are significant risks in postmenapousal
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Table 1. Characteristics and the results of comparison between normal and osteoporotic postmenopausal women

Tabela 1. Charakterystyka i poréwnanie wynikow kobiet po menopauzie zdrowych i chorych na osteoporoze

Normal Osteoporosis t p

(Zdrowe) (Chore na osteoporoze)

x+ 8D
Age - years (Wiek - lata) 55.40 + 7.88 62.88 £ 6.59 2.862 0.022
Menopause age - year 49.06 + 4.07 46.64 + 4.69 1.96 0.046
(Wiek menopauzy - lata)
BMI (kg/m?) 32.02 + 8.05 27.29 + 4.06 2.026 0.030
MDA (nmol/l) 4.053 £ 1.04 5.150 + 0.86 4.034 <0.001
Folate - ng/ml 9.18 £ 1.76 7.56 £ 1.39 3.605 0.001
(Kwas foliowy - ng/ml)
NO (pmol/l) 10.35 £ 2.03 11.89 +2.21 2.545 0.014
Homocysteine (umol/I) 10.61 + 3.80 11.08 £5.85 0.308 0.760
VBMD (g/cm?) 091 +0.13 0.71 + 0.62 6.673 <0.001
FBMD (g/cm?) 0.98 +0.14 0.82 +£0.91 4.485 <0.001
VBMC (g) 50.42 + 10.22 37.76 £ 5.69 5.300 <.001
FBMC (g) 41.51 £9.95 33.73 +4.78 3.480 <.001
VT-score -1.22+0.71 -3.008 + 0.57 5.260 <.001
FT-score 0.304+.16 -0.952+.45 4.421 < 0.001

BMI: body-mass index.

MDA: malondialdehyde.

BMD: bone mineral density.

BMC: bone mineral content.
FT-VT-score: femur - vertebra T-score.

BMI - wskaznik masy ciala.

MDA - malonaldehyd.

BMD - mineralna gesto$¢ koci.
BMC - mineralna zawartos¢ kosci.

FT-VT-score — ubytek tkanki kotnej wyrazony w wartosciach odchylenia standardowego

w relacji do tzw. szczytowej masy kostnej

women with osteoporosis. The odds ratios and
95% confidence intervals (CI) of those variables
(MDA, folate, NO, BMI, menapouse age and age)
were found to be significant and were as follows:
1.682 (1.06-2.66), 1.373 (1.01 —1.87), 1.575 (1.29
~1.93), 1.925 (1.57 — 2.35), 1.526 (1.28 - 1.82) and
1.261 (1.07 - 1.49), respectively. The ratio of cor-
rect classification was 0.9675 (Table 2).

The variables found significant in the analy-
sis of logistic regression were then analysed using
ROCs. The ROC curves are presented in Figure 1.
MDA, NO and folate were the variables that were
found to be significant in the analysis of ROCs.
The AUCs (95%CI) values of MDA, NO and fo-
late were found to be significant, as follows: 0.782
(0.657 - 0.907), 0.713 (0.568 - 0.857) and 0.744
(0.608 - 0.880), respectively.

Discussion

In the current study, the variables which con-
stituted risk for osteoporosis in post menopausal
women were determined by using logistic regres-
sion and receiver operating characteristic (ROCs)
with the areas under the curves (AUCs). The sta-
tistical analyses for NO, folate and MDA revealed
statistically significant results for postmenopausal
osteoporotic women.

As Armour et al. wrote: “Nitric oxide (NO) is
a pleiotropic signaling molecule that has potent
effects on osteoblast and osteoclast activity in vi-
tro” [23]. Previous studies conducted on both ani-
mal and human models have shown that NO is an
important regulator on bone cell function [9, 11,
24]. Hao et al. noted that “NO has biphasic effects
on osteoclastic bone resorption, and low concen-
trations of NO augment interleukin-1-induced
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Table 2. The results of logistic regression and odds ratios

Tabela 2. Wyniki regresji logistycznej oraz ilorazy szans

Variables (Zmienne) B SE Wald OR (95% CI) P
MDA 0.522 0.234 4.97 1.682 (1.06-2.66) 0.027
Folate (Kwas foliowy) 0.322 0.156 4.26 1.373 (1.01-1.87) 0.021
NO (Tlenek azotu) 0.457 0.101 20.47 1.575 (1.29-1.93) < 0.001
BMI 0.655 0.102 41.24 1.925 (1.57-2.35) <0.001
Menopause age 0.423 0.093 22.09 1.526 (1.28-1.82) < 0.001
(Wiek menopauzy)

Age (Wiek) 0.232 0.085 7.449 1.261 (1.07-1.49) < 0.001
Correct classification (Poprawna klasyfikacja): 96.75%

Source of the
1,0 Curve
= MDA (nmol/L)
""" NO (pmol /L)
0,8 = = Folate (ng/ml)
= Reference Line
-]
‘-1
» 0,64
)
)
=
n
-]
90,4
w
0,29
0,0 1 T T T T T

0,e

1 - Specificity

MDA(nmol/L) 782
NO (pmol/L) 713
Folate (ng/ml) 744

Test result Vaniable(s) AUC Standard Error  p

.064
074
.069

0,8 1,0
95% CI
Lower Upper
.001 657 907
.010 568 857
.003 608 880

Fig. 1. ROC curves, AUC values and standard error, p value and 95% CI of AUC of MDA, NO and folate
Ryc. 1. Krzywe ROC, wartosci AUC i blad standardowy, warto$¢ p oraz 95% CI AUC dla MDA, NO i kwasu foliowego

bone resorption” [25]. However, as Van’t Hoff et
al. pointed out, “High concentrations of NO in-
hibit osteoclast formation and activity” [11].
Increasing levels of MDA (in plasma and er-
ythrocyte) have been shown to be a result of lipid
peroxidation in osteoporotic females compared
with a non-porotic control group [14, 15]. Son-
takke and Tare [26] found elevated levels of MDA
in a group of postmenopausal osteoporotic indivi-
duals compared to healthy controls, indicating the
potential role of lipid peroxidation in bone meta-
bolism. However, Maggio et al. [27] has reported

similar MDA levels in aged osteoporotic women
compared to non-porotic controls.

In highly stressed conditions like increased os-
teoclastic activity, NO can react with oxygen-deri-
ved free radicals such as superoxide anions to form
highly reactive molecules. The production of such
toxic moieties may contribute to the tissue damage
by inducing lipid peroxidation [14, 15]. This may
explain the increased NO and MDA levels in os-
teoporotic women.

Ravaglia et al. [28] found that low serum folate is
responsible for the risk of osteoporotic fracture, indi-
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cating the role of folate in BMD. Cagnacci et al [29]
observed a significant relation between folate and
BMD in the lumbar spine, as plasma folate levels we-
re decreased in the osteoporotic group as compared
with the non osteoporotic controls. This coincides
with a study of 271 postmenopausal Iranian women
by Golbahar et al., in which BMD exhibited a positi-
ve correlation with serum folate [30].

In the current study, the risk ratios of NO, MDA
and folate in postmenopausal women with osteo-
porosis were found to be significant (1.575, 1.682
and 1.373, respectively). These risk ratios show the
real amount of NO, MDA and folate in osteoporot-
ic women. The present study has established that
these important risk variables have the discrimina-
tive ability to identify women with or without os-
teoporosis. In fact, the discriminative ability (AUCs
values) of MDA, NO, and folate were found to be
0.78,0.71 and 0.74, respectively, in the results of the
ROC:s. These distinct outcomes show the risk of os-
teoporosis in postmenopausal women in detail.

Recent data suggest that homocysteine (Hcy)
and folate affect bone metabolism in humans [17].
Yilmaz et al. showed that serum Hcy levels were
significantly higher in postmenopausal osteopo-
rotic women than their non-osteoporotic counter-
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