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Abstract
Population aging that we are currently witnessing has led to an increase in chronic age-related diseases, with
dementia and depression being highlighted. Several studies establish a relationship between dementia and
depression, although without defining the mechanism that links them. Some studies establish depression
as a prodrome of dementia, while others consider it a risk factor for dementia. One of the events that is common
between dementia and depression is the inflammatory process. In depression, an increase in inflammatory
cytokines has been described, which would justify the serotonergic, noradrenergic and dopaminergic dysfunction of depression. This increase entails altering the activity of the hypothalamic–pituitary–adrenal (HPA) axis,
thus linking chronic stress to depression, and the consequent weakening of the blood–brain barrier (BBB),
facilitating the passage of pro-inflammatory factors. In this line, recent studies suggest that inflammation
could direct the development of the pathogenesis of dementia, particularly Alzheimer’s disease (AD), once
the pathology has begun. In addition, sustained exposure to pro-inflammatory cytokines characteristic
of aging could alter the microglial function and the expression of enzymes responsible for amyloid peptide
metabolism, aggravating the pathological process. In view of the involvement of the inflammatory process
in both conditions, it is necessary to investigate the events which both conditions share, such as the inflammatory process, to know the involvement of the inflammatory process in both dementia and depression, possible
relationship of these 2 conditions, and consequently, to establish the clinical approach to both conditions.
Key words: dementia, Alzheimer’s disease, inflammation, depression
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Introduction
Aging is an important contributing factor in the onset
and development of various neurological disorders, such
as cognitive impairment or dementia. However, dementia
is not a natural or inevitable consequence of aging. In fact,
other clinical conditions, in this case pathological processes, have been described as being associated with an increased risk of cognitive impairment/dementia, including
depression, hypertension, diabetes, hypercholesterolemia,
and obesity.1
During aging, the brain undergoes a progressive decline
in energy use,2 and according to the free radical theory
of aging, free radicals and related oxidants, both environmental and derived from cellular metabolism, would be
the main cause of cellular damage, also due to their accumulation over time. Thus, the changes in energy metabolism associated with aging would be responsible for
the associated functional and structural cellular problems.
In other words, during the last third of our lives, our brain
accumulates structural and functional damage that reduces our adaptive homeostatic capacity, 3 which possibly
makes it more susceptible to harmful stimuli.
In this context, one of the most affected cell types that are
susceptible to such lesions are neurons, as well as different
types of glial cells. Thus, in the aging brain, there is an increase in microglia, associated with a decrease in their function. Indeed, with aging, they lose their flexibility to move,
which decreases their efficiency in defending the central
nervous system (CNS),4 as well as their ability to block exogenous invasion or endogenous metabolites such as β-amyloid
peptides.5,6 In this regard, one of the most relevant facts about
aged microglia is the elevated expression of pro-inflammatory molecules, such as MHC-II, CD16/32 and CD86. Even
the secretion of pro-inflammatory cytokines, such as tumor
necrosis factor alpha (TNF-α), interferon gamma (IFN-γ),
inducible nitric oxide synthase (iNOS), interleukin-6 (IL-6),
and interleukin-1β (IL-1β), increases significantly in response
to harmful stimuli.7
A possible interpretation of this shift from a microglial
profile to an inflammatory or sensitization profile is based
on 3 factors: 1) the increase in inflammatory markers and
mediators; 2) the decrease in threshold and activation time;
and 3) the increase in response and inflammation after
this activation.8,9
In this regard, Chung et al.10 established how age increases this sensitized state10,11 – microglia develop
an “alert, primed” phenotype, which contributes to the increased inflammatory state of the aging brain, as indicated
by the increased inflammatory mediators and altered microglia phenotype (that occurs with age/aging). In this situation, results obtained in aged rodents following immune
challenge, i.e., infection, show depressive-like behavioral
complications and cognitive deficits.12
In the case of astrocytes, during aging, they also
change their secretory phenotype to a pro-inflammatory
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phenotype under chronic stress. Even the aforementioned oxidative stress could induce astrocytes to secrete pro-inflammatory factors, such as IL-6, monocyte
chemoattractant protein (MCP)-1 and metalloproteinase
(MMP)-9, contributing to the inflammation in the senile
brain, and altering the integrity of the blood–brain barrier (BBB).13
At this point, with the disruption of BBB integrity,
it is important to note the enormous importance of the BBB
in maintaining metabolic homeostasis in the CNS14 and,
consequently, the increased exposure of brain tissue
to toxic molecules or inflammatory signals that circulate
in the blood when BBB is disrupted.
Conditions associated with impaired BBB integrity include oxidative stress,15 the presence of advanced glycation end products (AGEs) and their receptor (RAGE),16
increased production of pro-inflammatory cytokines,17
and vascular dysfunction, as well as chronic stress, depression or dementia.18,19
Having described the role of aging as a contributing factor in various neurological disorders, such as cognitive
impairment or dementia, it is necessary to understand its
relationship to various clinical situations or pathological
processes, including depression and dementia.
In the case of depression and dementia, we must bear
in mind that there is no single mechanism that explains
both pathologies, although similar neurobiological changes
or even a similar pattern of neuronal damage have been
described for both conditions, thus deepening our understanding of a complex relationship between both pathologies. Cognitive changes are common in the context of depression, and mood-altering symptoms of this condition
often accompany cognitive disorders of dementia.20–23 Our
research group has found that the presence of depression
increases the risk of dementia by 16%. However, we have
also noted factors that condition this relationship, such
as age or the presence of other diseases, for example, type II
diabetes.24
Both dementia and depression present biological mechanisms that link them, such as vascular disease, atrophy
of the hippocampus, a larger deposit of β-amyloid plaques,
and inflammatory alterations.25,26 In this sense, according
to the latest studies, and as we have explained throughout
this section, the inflammatory process is an important key
effector in both processes.27,28
This common point between depression and dementia
is a promising research focus with clear clinical applicability for addressing both conditions.

Depression and inflammation
Although the main approach to depression is based
on the historically accepted “monoamine depletion hypothesis,”29,30 this hypothesis is not sufficient to explain
the depressive disorder; especially in the last 20 years,
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several studies are pointing to the involvement of the inflammatory process in the disorder. This fact would
justify the serotonergic, noradrenergic and dopaminergic dysfunction31,32 inherent to depression; thus, we can
speak of an “inflammatory hypothesis”. Authors such
as Liu et al.28 link depression to the inflammatory process through increased levels of pro-inflammatory cytokines such as TNF-α and IL-6, decreased circulating levels
of IL-1β and IL-8 in blood and cerebrospinal fluid,33 and increased corticotropin-releasing hormone levels; the latter
results in an increase in the activity of the hypothalamic–
pituitary–adrenal (HPA) axis, which in turn introduces
stress into the process.
Chronic stress induces the weakening of BBB (described
in animal experiments) and the consequent passage of circulating pro-inflammatory mediators.34 Therefore, authors
such as Dudek et al.34 describe how stress-induced alteration of BBB permeability is linked to the inflammation
of endothelium and involvement of tight junctions.
Furthermore, as noted above, increased IL-6 and C-reactive protein (CRP) levels could predict the development
of depressive symptoms.35,36 Both molecules are predictive,
indicating that inflammation precedes depression, but are
also associated with cognitive symptoms of depression.37
Therefore, the passage of peripheral myeloid cells into
the brain in depressive processes would constitute an important clue supporting the existence of a central inflammatory response in depression that would be mainly driven
by peripheral inflammatory events.38
The verification of this inflammatory response in depression suggests the possible existence of other causal biological pathways/processes in depressive processes39 and
opens the door to the improvement of the response of current antidepressant therapies since, as reported by authors
such as Miller and Raison, 31 30–50% of depressed people
do not respond to commonly prescribed antidepressant
treatments and only 30% of patients remit.

Dementia and inflammation
In recent years, the inflammatory process has become important in the neurodegenerative pathology of Alzheimer’s
disease (AD). Inflammation can “conduct” the pathogenesis
of AD once the pathological process has begun.40,41 Even
the studies conducted by Lee et al.42 highlight the ability
of pro-inflammatory microglia activation to aggravate and
initiate the pathological process. At present, AD is considered
to be a tauopathy initiated by β-amyloid peptide accompanied
by neuroinflammation, thus connecting the 3 pathophysiological and anatomopathological events typical of AD.42–45
In elderly population, age affects the microglial function
and is associated with an alteration in amyloid metabolism,
aggravated by sustained exposure to pro-inflammatory cytokines, such as TNF-α, and the whole process can inhibit
microglial function.46
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In this regard, the disruption of BBB by inflammatory mediators during the progression of AD has been
described. In the BBB, the neurovascular unit (NVU)
is responsible for neurovascular coupling, i.e., the interaction of neuronal (neurons and glia) and vascular tissues (endothelial cells, pericytes and adventitial
cells).14 Several authors show how this coupling is impaired in AD,47 suggesting the important role of NVU
in the progression of cognitive impairment. Other situations in which this coupling is also altered, and which
are also related to AD, are hypertension48 and ischemic
stroke 49 (postmortem studies emphasize the important
role of vascular pathology in a significant percentage
of AD patients). 50
In this way, aging appears to be an aggravating factor
in the development of neurodegenerative diseases such
as AD. In addition, and based on the studies reviewed, aging also contributes to an increase in vulnerability to certain conditions such as depression,51,52 through sustained
activation of pro-inflammatory signals (Fig. 1).

aging
pro-inflammatory state
depression

?

dementia AD

quality of health throughout life
Fig. 1. Scheme linking aging, depression and dementia
AD – Alzheimer’s disease.

Given this knowledge, it is necessary to develop new
research lines in order to establish the link between depression and dementia; and, based on what is known, to establish strategies of modulation of pro-inflammatory states
that could modify the prevalence of neurodegenerative
diseases such as dementia.
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Abstract
Background. Currently, data on sacubitril/valsartan therapy from the real-world settings are scarce and
the predictors of a good clinical responsiveness to this drug are unknown.
Objectives. To assess efficacy and safety profile of sacubitril/valsartan and to identify predictors for a better
clinical outcome.
Materials and methods. Clinical, laboratory and echocardiographic data of 95 chronic heart failure (CHF)
patients with reduced ejection fraction (HFrEF) were retrospectively analyzed. A good efficacy of sacubitril/
valsartan was defined as the fulfilment of at least 2 of the following criteria: improvement of left ventricular
ejection fraction (LVEF) or functional status, and reduction of N-terminal pro-brain natriuretic peptide (NTproBNP) levels or hospitalization rates.
Results. Under sacubitril/valsartan, major improvements were observed in LVEF, the New York Heart
Association (NYHA) class, NT-proBNP levels, and hospitalization rates. Patients with a good efficacy of sacubitril/valsartan were characterized by initially worse LVEF (median (interquartile range (IQR)): 29.0%
(23.0–33.0%) compared to 32.0% (28.5–38.0%) with more frequent nonischemic etiology (65.4% compared
to 41.9%) and hospitalizations for CHF/month (0.016 (0.004–0.057) compared to 0.000 (0.000–0.012)),
lower cholesterol (42.3% compared to 65.1%), higher C-reactive protein (CRP) levels at baseline (0.5 mg/L
(0.5–1.0 mg/L) compared to 0.5 mg/L (0.5–0.5 mg/L)), and a shorter timespan between CHF diagnosis and
the start of sacubitril/valsartan treatment (66.0 (11.0–127.0) compared to 111 (73.0–211.0) months) (p < 0.05
each). In a multivariate Cox analysis, only the last 2 parameters were shown to be independent predictors
of good clinical responsiveness to sacubitril/valsartan (hazard ratio (HR) = 1.263, 95% confidence interval
(95% CI) = [1.048; 1.521]; HR = 0.992, 95% CI = [0.987; 0.997], p < 0.05, respectively).
Conclusions. Sacubitril/valsartan improved LVEF, NYHA class, NT-proBNP levels, and hospitalization rates,
mostly without relevant side effects. The independent predictors of a good clinical efficacy were higher CRP
levels at baseline and a shorter delay between CHF diagnosis and the initialization of sacubitril/valsartan
therapy.
Key words: CRP, sacubitril/valsartan, NYHA class, chronic heart failure with reduced left ventricular ejection
fraction, hospitalization rates
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Background

Materials and methods

Sacubitril/valsartan has been proven to be effective
in the therapy of patients with chronic heart failure with
reduced ejection fraction (HFrEF).1 A post hoc analysis
of the PARADIGM-HF study showed that the patients with
HFrEF benefited equally in terms of the study endpoint,
composed of cardiovascular (CV) death or hospitalization
for heart failure (HF), regardless of baseline left ventricular
ejection fraction (LVEF).2 Moreover, benefits of sacubitril/
valsartan over enalapril were consistent across subgroups
of patients with different HF etiologies, although patients
with nonischemic cardiomyopathy (NICM) were younger,
more frequently female and had higher N-terminal probrain natriuretic peptide (NT-proBNP) levels in comparison with ischemic cardiomyopathy (ICM) patients.2
Furthermore, the presence of diabetes,2 hospitalizations
prior treatment 2 and the background pharmacological,
interventional or device therapy did not have any relevant
influence on the primary endpoint of the PARADIGM-HF
study.2,3 Also, the LVEF improvement, as a single endpoint
in other study, did not differ between patients with different HF etiologies and comorbidities such as diabetes,
arterial hypertension and atrial fibrillation. There was
only a trend toward LVEF improvement in patients treated
with medium/high doses of sacubitril/valsartan compared
to the patients treated with the low ones.4 Other authors
reported that the LVEF improvement of at least 5% was
more frequent in patients with lower LV dilation.5 Therefore, no relevant specific parameters were identified up
to date which would be connected to a significantly better
responsiveness to sacubitril/valsartan therapy.

Study population, inclusion/exclusion
criteria and data source

Objectives
The aim of our present study was to prove efficacy and
safety of sacubitril/valsartan therapy in an outpatient realworld setting with an emphasis on potential predictors
of a good clinical outcome under this medication.

All procedures performed in this study involving human participants were in accordance with the ethical
standards set by the institutional research committee
and with the 1964 Declaration of Helsinki and its later
amendments. The local Ethics Committee of the Medical
Faculty of the University of Münster, Germany, approved
the study design.
All patients treated in our outpatient chronic heart
failure (CHF) center between January 2018 and June
2019 were retrospectively screened for the therapy with
sacubitril/valsartan (Fig. 1). Within this period, patients
undergoing the sacubitril/valsartan therapy completed
their last follow-up visit. The baseline visit before the initiation of sacubitril/valsartan treatment took place either
within the abovementioned timeframe or before it, depending on the duration of the sacubitril/valsartan therapy
(the earliest timepoint of sacubitril/valsartan prescription:
mid-2016). Data collected within 3 months before the prescription of sacubitril/valsartan were considered baseline
data. The inclusion criteria were as follows: age ≥18 years;
clinical stability, defined as a status demanding no relevant
changes in medication; and/or hospitalization in the last
3 months before baseline and follow-up. Patients who did
not meet the inclusion criteria and for whom we were unable to collect all clinical, instrumental and laboratory
data were excluded from the study. The decision to prescribe the sacubitril/valsartan therapy in patients enrolled
was based on the European Society of Cardiology (ESC)
guidelines, which recommend sacubitril/valsartan therapy
in CHF patients with LVEF ≤ 40% who are still symptomatic despite adequate CHF therapy.6
Data sources included medical records from our clinic,
patient information supplied by other healthcare providers such as primary care physicians and cardiologists, and
the patient records from previous hospital admissions.

Fig. 1. Flowchart of the study design
CHF – chronic heart failure.
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Patient cohorts and analyzed variables

not fulfil these criteria constituted a group of a moderate
efficacy. The abovementioned clinical, laboratory and instrumental findings were compared between both groups
(Table 2).
Furthermore, side effects attributed to sacubitril/valsartan treatment were also evaluated (Table 3). When evaluating side effects, hypotension was defined as being clinically
relevant if it caused orthostatic dizziness, affected everyday
life and/or resulted in the reduction of HF medication.
Anemia de novo was assessed under sacubitril/valsartan
treatment according to the World Health Organization
(WHO) definition (hemoglobin concentration <12 g/dL for
women and <13 g/dL for men).8 The deterioration in kidney function and the acute kidney injury (AKI) were diagnosed based on the Kidney Disease: Improving Global
Outcome (KDIGO) criteria and defined as a reduction
in glomerular filtration rate (GFR), resulting in a decrease
in the classification of chronic kidney disease by at least
1 stage (deterioration in kidney function), and as an increase in serum creatinine of ≥0.3 mg/dL within 48 h,
or ≥50% within 7 days, or urine output of <0.5 mL/kg/h
for >6 h (AKI).9,10

Patient characteristics based on clinical, laboratory and
instrumental results were compared before the initialization of sacubitril/valsartan therapy and during this therapy,
at the last available follow-up within the data collection
period (Table 1).
Clinical parameters included age, gender, body mass index (BMI), etiology of cardiomyopathy, observation period
(timespan from the initial diagnosis to the start of sacubitril/valsartan treatment and the duration of sacubitril/
valsartan therapy), dyspnea in daily activities according
to the New York Heart Association (NYHA) classification, presence of cardiovascular risk factors, comorbidities,
medication, and cardiac electronical devices. Instrumental
diagnostics consisted of blood pressure and heart rate measurements, electrocardiogram (ECG), echocardiography,
and laboratory analyses.

Endpoints and definitions
To examine whether patients notably benefited from
the sacubitril/valsartan treatment, a score consisting
of an improved LVEF of at least 5%,2,3 decreased hospitalization rates for CHF (number of all hospitalizations
divided by the observation period in months), better physical capacity (defined as an improvement in stair climbing
of at least half a floor before stopping for dyspnea), and
reduced NT-proBNP blood levels (reduction by at least
50%)7 was used. Each attribute had a value of 1 point and
if the total count amounted to at least 2 points, such case
was assigned to a good efficacy group. Patients who did

Statistical analyses
The comparisons of qualitative dichotomous or polytomous variables between the same set of patients at baseline
and at follow-up were conducted by means of the McNemar and marginal homogeneity tests, respectively (Table 1).
For the calculations of potential differences between numerical parameters in patients prior to and under sacubitril/valsartan therapy, the Wilcoxon signed-rank test was

Table 1. Baseline characteristics and course of clinical, instrumental and laboratory findings under sacubitril/valsartan therapy
Parameter
Age [years], median (IQR)
Male gender, n (%)

Baseline
(prior to sacubitril/valsartan)
n = 95

Follow-up
(under sacubitril/valsartan)
n = 95

Test value

p-value

57.0 (50.0–69.0)

59.0 (52.0–70.0)

−7.716

<0.001*

71 (74.7)

–

–

–

BMI [kg/m²], median (IQR)

27.8 (25.0–31.8)

28.7 (25.4–32.0)

−2.296

0.022*

Time from diagnosis to sacubitril/valsartan start [months],
median (IQR)

92.5 (25.0–147.8)

–

–

–

–

17.0 (10.0–26.3)

–

–

53 (55.8)

–

–

–

Time from sacubitril/valsartan start to follow-up start
[months], median (IQR)
NICM, n (%)
LVEF (%), median (IQR)

30.5 (25.0–35.0)

35.0 (30.0–43.3)

−5.330

<0.001*

LVEF improvement ≥5%, n (%)

–

48 (50.5)

–

–

LVEF improvement ≥5%, median (IQR)

–

12.0 (9.0–21.0)

–

–

20 (21.1)
30 (31.6)
44 (46.3)
1 (1.1)

5.164
–
–
–
–

<0.001*
–
–
–
–

NYHA class
– NYHA I, n (%)
– NYHA II, n (%)
– NYHA III, n (%)
– NYHA IV, n (%)
Functional improvement (≥half a floor), n (%)
NT-proBNP [pg/mL], median (IQR)

7 (7.4)
21 (22.1)
62 (65.3)
5 (5.3)
–

50 (52.6)

–

–

843.0 (404.0–2591.0)

660.5 (231.5–2162.8)

−2.572

0.01*
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Table 1. Baseline characteristics and course of clinical, instrumental and laboratory findings under sacubitril/valsartan therapy – cont.
Parameter
NT-proBNP improvement ≥50%, n (%)
Hospitalizations for CHF per month, median (IQR)
Improvement in hospitalizations for CHF per month, n (%)

Baseline
(prior to sacubitril/valsartan)
n = 95

Follow-up
(under sacubitril/valsartan)
n = 95

Test value

p-value

–

27 (28.4)

–

–

0.009 (0.000–0.027)

0.000 (0.000–0.000)

−3.499

<0.001*

–

51 (53.7)

–

–

Medical history at baseline
Arterial hypertension, n (%)

63 (66.3)

–

–

–

Diabetes mellitus, n (%)

28 (29.5)

–

–

–

Dyslipidemia, n (%)

50 (52.6)

–

–

–

Smokers
– current smokers, n (%)
– previous smokers, n (%)

14 (14.7)
46 (48.4)

–
–

–
–

–
–

Familiar history of cardiovascular disease, n (%)

41 (43.2)

–

–

–

Chronic kidney disease (eGFR ≤ 60 mL/min/1.73 m2), n (%)

36 (37.9)

–

–

–

PAD, n (%)

20 (21.1)

–

–

–

45 (47.4)
0.0 (0.0–1.0)
0.0 (0.0–2.0)

–
–
–

–
–
–

–
–
–

CABG, n (%)

13 (13.7)

–

–

–

Stroke, n (%)

19 (20.0)

–

–

–

Hyperuricemia, n (%)

19 (20.0)

–

–

–

Obstructive lung diseases
– COPD, n (%)
– asthma, n (%)

11 (11.6)
7 (7.4)

–
–

–
–

–
–

OSAS, n (%)

21 (22.1)

–

–

–

93 (97.9)

95 (100.0)

–

–

0.5 (0.4–1.0)

0.5 (0.5–1.0)

−0.609

0.543

93 (97.9)

0 (0.0)

–

–

0.75 (0.5–1.0)

0.00

–

–

0 (0.0)

95 (100.0)

–

–

CAD, n (%)
– number of vessels, median (IQR)
– number of MI, median (IQR)

Medication
BB, n (%)
BB (% of target dose), median (IQR)
ACEI or ARB, n (%)
ACEI or ARB (% of target dose), median (IQR)
Sacubitril/valsartan, n (%)
Sacubitril/valsartan (% of target dose), median (IQR)
MRA, n (%)
MRA (% of target dose), median (IQR)
Diuretics, n (%)
Diuretics (% of target dose), median (IQR)
Amiodarone, n (%)
Oral anticoagulation, n (%)

0.00

0.65 ±0.30

–

–

80 (84.2)

80 (84.2)

–

–

1.0 (1.0–1.0)

1.0 (1.0–1.0)

−0.154

0.878

79 (83.2)

77 (81.1)

23.765

0.791

0.5 (1.0–2.0)

0.5 (1.0–2.0)

−0.665

0.506

14 (14.7)

14 (14.7)

–

–

43 (45.3)

43 (45.3)

–

–

BP and heart rate
Systolic BP [mm Hg], median (IQR)

117.5 (108.5–125.0)

110.0 (100.0–125.0)

−2.255

0.024*

Diastolic BP [mm Hg], median (IQR)

75.0 (70.0–80.0)

70.0 (68.5–80.0)

−0.502

0.616

Mean arterial pressure [mm Hg], median (IQR)

87.0 (82.3–93.3)

85.7 (76.7–93.3)

−1.290

0.197

Heart rate [bpm], median (IQR)

70.0 (60.0–76.0)

64.0 (58.0–74.0)

−2.803

0.005*

41 (43.2)

41 (43.2)

–

–

VA per month, median (IQR)

0.000 (0.000–0.004)

0.000 (0.000–0.000)

−0.206

0.837

Carrier of ICD, n (%)
– for primary prophylaxis
– for secondary prophylaxis

53 (55.8)
42 (44.2)
11 (11.6)

65 (68.4)
53 (55.8)
12 (12.6)

−2.840

0.005*

Left bundle branch block, n (%)

35 (36.8)

35 (36.8)

–

–

ECG/electronic cardiac device
Atrial fibrillation (paroxysmal or permanent), n (%)
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Table 1. Baseline characteristics and course of clinical, instrumental and laboratory findings under sacubitril/valsartan therapy – cont.
Parameter
Carrier of CRT (as ICD upgrade or primary CRT-D
implantation), n (%)

Baseline
(prior to sacubitril/valsartan)
n = 95

Follow-up
(under sacubitril/valsartan)
n = 95

Test value

p-value

19 (20.0)

29 (30.5)

54.052

0.002*

5 (5.3)

5 (5.3)

–

–

18 (18.9)

14 (14.7)

15.598

0.454

6 (6.3)

9 (9.5)

4.251

0.549

Carrier of PM, n (%)

Echocardiography
Moderate or severe mitral valve regurgitation, n (%)
Moderate or severe tricuspid valve regurgitation, n (%)
Moderate or severe aortic valve regurgitation, n (%)

2 (2.1)

2 (2.1)

–

–

LV enlargement, n (%)

mild: 14 (14.7)
moderate: 20 (21.1)
severe: 43 (45.3)

mild: 10 (10.5)
moderate: 24 (25.3)
severe: 33 (34.7)

−1.286

0.198

LA enlargement, n (%)

mild: 20 (21.1)
moderate: 20 (21.1)
severe: 27 (28.4)

mild: 10 (10.5)
moderate: 21 (22.1)
severe: 20 (21.1)

−3.178

0.001*

RV enlargement, n (%)

mild: 3 (3.2)
moderate: 10 (10.5)
severe: 3 (3.2)

mild: 4 (4.2)
moderate: 6 (6.3)
severe: 0 (0.0)

−1.325

0.185

RA enlargement, n (%)

mild: 11 (11.6)
moderate: 13 (13.7)
severe: 9 (9.5)

mild: 5 (5.3)
moderate: 6 (6.3)
severe: 8 (8.4)

−2.968

0.003*

1.2 (1.0–1.4)

1.3 (1.0–1.6)

−3.767

<0.001*

Urea [mg/dL], median (IQR)

20.0 (15.0–26.0)

18.0 (14.0–27.0)

−0.623

0.533

GFR [mL/min], median (IQR)

66.0 (51.0–80.8)

60.0 (43.0–76.0)

−4.150

<0.001*

Laboratory values
Creatinine [mg/dL], median (IQR)

Uric acid [mg/dL], median (IQR)

6.8 (5.7–8.3)

6.6 (5.2–7.7)

−1.087

0.277

Hemoglobin [g/dL], median (IQR)

14.4 (12.9–15.1)

13.7 (12.6–14.8)

−1.923

0.054

Aspartate transaminase [U/L], median (IQR)

30.0 (24.0–36.5)

27.0 (24.0–32.0)

−2.554

0.011*

4.4 (4.2–4.8)

4.5 (4.2–4.8)

−1.300

0.194

105.0 (79.5–156.0)

108.5 (74.0–128.0)

−1.415

0.157

0.5 (0.5–0.8)

0.5 (0.5–0.6)

−1.376

0.169

Potassium [mmol/L], median (IQR)
CK [U/L], median (IQR)
CRP [mg/dL], median (IQR)

ACEI – angiotensin-converting enzyme inhibitor; ARB – angiotensin II receptor blocker; BB – beta blocker; BMI – body mass index; BP – blood
pressure; CABG – coronary artery bypass graft; CAD – coronary artery disease; CHF – chronic heart failure; COPD – chronic obstructive pulmonary
disease; CRP – C-reactive protein; CK – creatinine kinase; CRT(-D) – cardiac resynchronization therapy (-implantable cardioverter defibrillator);
ECG – electrocardiogram; (e)GFR – (estimated) glomerular filtration rate; HCT – hydrochlorothiazide; ICD – implantable cardioverter defibrillator;
LA – left atrium; LV – left ventricle; LVEF – left ventricular ejection fraction; MI – myocardial infarction; MRA – mineralocorticoid receptor antagonist;
NICM – nonischemic cardiomyopathy; NYHA – level of cardiopulmonal fitness according to the New York Heart Association; NT-proBNP – N-terminal
pro-brain natriuretic peptide; OSAS – obstructive sleep apnea syndrome; PAD – peripheral artery disease; PM – pacemaker; RA – right atrium; RV – right
ventricle; VA – ventricular arrhythmias. Data are presented as median (interquartile range (IQR)) (Wilcoxon signed-rank test) or n (%) (McNemar test for
dichotomous variables and marginal homogeneity tests for polytomous variables). * – statistically significant value of p < 0.05. Target dose calculation
(for most important drugs; others calculated as equivalent doses): ramipril 10 mg = 1.0; enalapril 20 mg = 1.0; candesartan 32 mg = 1.0; valsartan
320 mg = 1.0; irbesartan 300 mg = 1.0; sacubitril/valsartan 2 × 97/103 mg = 1.0; hydrochlorothiazide 25 mg = 1.0; bisoprolol 10 mg = 1.0; metoprolol
190 mg = 1.0; carvedilol 50 mg = 1.0; spironolacton 25 mg = 1.0; eplerenon 25 mg = 1.0; torasemid 10 mg = 1.0; hydrochlorothiazide 25 mg = 1.0; xipamid
20 mg = 1.0; furosemid 40 mg = 1.0.

used (Table 1). In order to compare measures between
patients with a good and moderate sacubitril/valsartan efficacy, the Mann–Whitney U test for continuous variables
(Table 2) and the χ2 test for categorical data (Table 2,3)
were applied. Quantitative values were expressed as a median (interquartile range (IQR)), and categorical measures
were presented as a number of events (n) and their percentage in the total number of patients (%). Univariate (Table 4)
and multivariate (Table 5) Cox regression analyses were

performed for the identification of possible predictors
of a good efficacy of sacubitril/valsartan therapy. The proportional hazards (PH) assumption based on the scaled
Schoenfeld residuals showed a random pattern against
time. No adjustment for multiple testing was performed
since the analyses were regarded as explorative. Local,
unadjusted p-values <0.05 were considered statistically
significant. Statistical analysis was conducted using IBM
SPSS Statistics v. 26 software (IBM Corp., Armonk, USA).
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Table 2. Characteristics of patients with a good and moderate efficacy under sacubitril/valsartan
Good efficacy of
sacubitril/valsartan
n = 52

Moderate efficacy of sacubitril/
valsartan
n = 43

Test value

p-value

Mean age [years],
median (IQR)

prior s/v: 57.5 (50.0–69.8)
under s/v: 59.0 (50.5–71.5)

prior s/v: 57.0 (50.0–63.0)
under s/v: 58.0 (52.0–66.0)

−0.714
−0.752

prior s/v: 0.575
under s/v: 0.452

BMI [kg/m²], median (IQR)

prior s/v: 27.4 (24.2–33.3)
under s/v: 28.6 (25.1–34.3)

prior s/v: 28.4 (25.3–30.6)
under s/v: 28.7 (25.4–30.8)

−0.082
−0.572

prior s/v: 0.934
under s/v: 0.567

Parameters

Male gender, n (%)

38 (73.1)

33 (76.7)

0.168

0.682

Time from diagnosis to sacubitril/valsartan
therapy start (months), median (IQR)

66.0 (11.0–127.0)

111.0 (73.0–211.0)

−2.672

0.008*

Time from sacubitril/valsartan therapy start
to follow-up visit (months), median (IQR)

18.0 (8.0–27.0)

17.0 (10.0–23.0)

−0.300

0.764

34 (65.4)

18 (41.9)

5.257

0.022*

LVEF (%), median (IQR)

prior s/v: 29.0 (23.0–33.0)
under s/v: 38.0 (32.0–45.0)

prior s/v: 32.0 (28.5–38.0)
under s/v: 30.0 (25.0–39.0)

−2.768
−3.625

prior s/v: 0.006*
under s/v: <0.001*

NYHA class, n (%)

prior s/v: NYHA I: 5 (9.6)
NYHA II: 10 (19.2)
NYHA III: 34 (65.4)
NYHA IV: 3 (5.8)
under s/v: NYHA I: 17 (32.7)
NYHA II: 18 (34.6)
NYHA III: 17 (32.7)
NYHA IV: 0 (0.0)

prior s/v: NYHA I: 2 (4.6)
NYHA II: 11 (25.6)
NYHA III: 28 (65.1)
NYHA IV: 2 (4.7)
under s/v: NYHA I: 3 (7.0)
NYHA II: 13 (30.2)
NYHA III: 26 (60.5)
NYHA IV: 1 (2.3)

1.273
12.752

prior s/v: 0.736
under s/v: 0.005*

NT-proBNP [pg/mL], median (IQR)

prior s/v: 975.0 (470–3086.0)
under s/v: 471.0 (208.5–1089.3)

prior s/v: 783.5 (263.8–2190.0)
under s/v: 835.0 (341.0–2628.8)

−1.229
−1.772

prior s/v: 0.219
under s/v: 0.076

Hospitalizations for CHF per month,
median (IQR)

prior s/v: 0.016 (0.004–0.057)
under s/v: 0.000 (0.000–0.000)

prior s/v: 0.000 (0.000–0.012)
under s/v: 0.000 (0.000–0.033)

−3.882
−3.047

prior s/v: <0.001*
under s/v: 0.002*
0.822

NICM, n (%)

Medical history at baseline
Arterial hypertension, n (%)

35 (67.3)

28 (65.1)

0.051

Diabetes mellitus, n (%)

12 (23.1)

16 (37.2)

2.261

0.133

Dyslipidemia, n (%)

22 (42.3)

28 (65.1)

4.911

0.027*

Smokers
– current smokers, n (%)
– previous smokers, n (%)

8 (15.4)
25 (48.1)

6 (14.0)
21 (48.8)

0.038
–
–

0.981
–
–

Familiar history of cardiovascular disease,
n (%)

22 (42.3)

19 (44.2)

0.034

0.854

Chronic kidney disease (eGFR ≤ 60 mL/
min/1.73 m2), n (%)

19 (36.5)

17 (39.5)

0.090

0.764

PAD, n (%)

11 (21.2)

9 (20.9)

0.108

0.948

19 (36.5)
0.00 (0.00–2.00)
0.00 (0.00–0.75)
5 (9.6)

26 (60.5)
1.00 (0.00–2.00)
0.00 (0.00–1.00)
8 (18.6)

5.405
−1.529
−1.923
1.610

0.020*
0.126
0.055
0.204

Stroke, n (%)

9 (17.3)

10 (23.3)

1.064

0.588

Hyperuricemia, n (%)

10 (19.2)

9 (20.9)

0.042

0.837

Obstructive lung diseases
– COPD, n (%)
– asthma, n (%)

6 (11.5)
4 (7.7)

5 (11.6)
3 (7.0)

0.906
–
–

0.924
–
–

OSAS, n (%)

14 (26.9)

7 (16.3)

1.549

0.213

prior s/v: 51 (98.1)
under s/v: 52 (100.0)

prior s/v: 42 (97.7)
under s/v: 43 (100.0)

0.019
–

prior s/v: 0.892
–

prior s/v: 0.5 (0.3–1.0)
under s/v: 0.5 (0.4–1.0)

prior s/v: 0.5 (0.5–1.0)
under s/v: 0.5 (0.5–1.0)

−0.412
−0.265

prior s/v: 0.681
under s/v: 0.791

prior s/v: 51 (98.1)

prior s/v: 42 (97.7)

0.816

prior s/v: 0.366

prior s/v: 0.5 (0.5–1.0)

prior s/v: 0.8 (0.5–1.0)

−0.899

prior s/v: 0.369

under s/v: 52 (100)

under s/v: 43 (100)

–

–

CAD, n (%)
– number of vessels, median (IQR)
– number of MI, median (IQR)
– CABG, n (%)

Medication
BB, n (%)
BB (% of target dose), median (IQR)
ACEI or ARB, n (%)
ACEI or ARB (% of target dose), median
(IQR)
Sacubitril/valsartan, n (%)
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Table 2. Characteristics of patients with a good and moderate efficacy under sacubitril/valsartan – cont.
Parameters
Sacubitril/valsartan (% of target dose),
median (IQR)
Mineralocorticoid receptor antagonists,
n (%)
Mineralocorticoid receptor antagonists (%
of target dose), median (IQR)
Diuretics, n (%)
Diuretics (% of target dose), median (IQR)

Good efficacy of
sacubitril/valsartan
n = 52

Moderate efficacy of sacubitril/
valsartan
n = 43

Test value

p-value

under s/v: 0.5 (0.5–1.0)

under s/v: 0.5 (0.3–1.0)

−0.165

under s/v: 0.869

prior s/v: 44 (84.6)
under s/v: 44 (84.6)

prior s/v: 36 (83.7)
under s/v: 36 (83.7)

0.014
0.014

prior s/v: 0.905
under s/v: 0.905

prior s/v: 1.0 (1.0–1.0)
under s/v: 1.0 (1.0–1.0)

prior s/v: 1.0 (1.0–2.0)
under s/v: 1.0 (1.0–1.0)

−1.543
−0.150

prior s/v: 0.123
under s/v: 0.881

prior s/v: 43 (82.7)
under s/v: 40 (76.9)

prior s/v: 36 (83.7)
under s/v: 37 (86.0)

0.018
1.276

prior s/v: 0.894
under s/v: 0.259

prior s/v: 1.0 (0.5–2.0)
under s/v: 1.0 (0.5–2.0)

prior s/v: 1.0 (1.0–2.0)
under s/v: 1.0 (0.5–2.0)

−0.066
−0.249

prior s/v: 0.948
under s/v: 0.804

Amiodarone, n (%)

prior/under s/v: 6 (11.5)

prior/under s/v: 8 (18.6)

0.935

0.333

Oral anticoagulation, n (%)

prior/under s/v: 23 (44.2)

prior/under s/v: 20 (46.5)

0.049

0.824

BP and heart rate
Systolic BP [mm Hg], median (IQR)

prior s/v: 120 (108.0–125.0)
under s/v: 116.0 (104.0–130.0)

prior s/v: 115.0 (107.5–122.5)
under s/v: 110.0 (96.3–118.5)

−0.642
−2.415

prior s/v: 0.521
under s/v: 0.016*

Diastolic BP [mm Hg], median (IQR)

prior s/v: 75.0 (70.0–80.0)
under s/v: 76.0 (70.0–80.0)

prior s/v: 75.0 (69.0–80.0)
under s/v: 70.0 (65.0–80.0)

−0.060
−1.688

prior s/v: 0.952
under s/v: 0.091

Mean arterial pressure, median (IQR)

prior s/v: 87.3 (82.0–95.0)
under s/v: 90.0 (79.0–96.7)

prior s/v: 86.7 (82.3–93.3)
under s/v: 83.3 (76.7–90.0)

−0.335
−2.205

prior s/v: 0.737
under s/v: 0.027*

Heart rate [bpm], median (IQR)

prior s/v: 70.0 (60.5–79.5)
under s/v: 63.0 (58.0–72.0)

prior s/v: 68.0 (60.0–75.0)
under s/v: 65.0 (57.0–75.0)

−0.591
−1.063

prior s/v: 0.554
under s/v: 0.288

ECG/electronic cardiac device
Atrial fibrillation (paroxysmal
or permanent), n (%)

prior/under s/v: 22 (42.3)

prior/under s/v: 19 (44.2)

0.034

prior/under s/v:
0.854

VA per month, median (IQR)

prior s/v: 0.000 (0.000–0.000)
under s/v: 0.000 (0.000–0.000)

prior s/v: 0.000 (0.000–0.007)
under s/v: 0.000 (0.000–0.000)

−0.847
−0.376

prior s/v: 0.397
under s/v: 0.707

prior s/v: 26 (50.0)
under s/v: 33 (63.5)

prior s/v: 26 (60.5)
under s/v: 30 (69.8)

1.040
0.419

prior s/v: 0.308
under s/v: 0.517

prior/under s/v: 22 (42.3)

prior/under s/v: 13 (30.2)

2.662

prior/under s/v:
0.264

prior s/v: 7 (13.5)
under s/v: 12 (23.1)

prior s/v: 12 (27.9)
under s/v: 17 (39.5)

3.070
3.006

prior s/v: 0.080
under s/v: 0.083

prior/under s/v: 2 (3.8)

prior/under s/v: 3 (7.0)

0.463

prior/under s/v:
0.496

Carrier of ICD, n (%)
Left bundle branch block, n (%)
Carrier of CRT (as ICD-upgrade or primarily
CRT-D implantation), n (%)
Carrier of PM, n (%)

Echocardiography
Moderate to severe mitral valve
regurgitation, n (%)

prior s/v: 7 (13.5)
under s/v: 5 (9.6)

prior s/v: 11 (25.6)
under s/v: 9 (20.9)

2.251
2.398

prior s/v: 0.134
under s/v: 0.121

Moderate to severe tricuspid valve
regurgitation, n (%)

prior s/v: 3 (5.8)
under s/v: 3 (5.8)

prior s/v: 3 (7.0)
under s/v: 6 (14.0)

0.058
1.838

prior s/v: 0.810
under s/v: 0.175

Moderate to severe aortic valve
regurgitation, n (%)

prior s/v: 1 (1.9)
under s/v: 2 (3.8)

prior s/v: 1 (2.3)
under s/v: 0 (0.0)

0.019
1.689

prior s/v: 0.892
under s/v: 0.194

LV volume increase, n (%)

prior s/v:
mild: 9 (17.3)
moderate: 12 (23.1)
severe: 21 (40.4)
under s/v:
mild: 5 (9.6)
moderate: 11 (21.2)
severe: 18 (34.6)

prior s/v:
mild: 5 (11.6)
moderate: 8 (18.6)
severe: 22 (51.2)
under s/v:
mild: 6 (14.0)
moderate: 13 (30.2)
severe: 17 (39.5)

1.348
4.312

prior s/v: 0.718
under s/v: 0.230

LA volume increase, n (%)

prior s/v:
mild: 12 (23.1)
moderate: 10 (19.2)
severe: 14 (26.9)
under s/v:
mild: 5 (9.6)
moderate: 10 (19.2)
severe: 7 (13.5)

prior s/v:
mild: 8 (18.6)
moderate: 12 (27.9)
severe: 13 (30.2)
under s/v:
mild: 6 (14.0)
moderate: 10 (23.3)
severe: 13 (30.2)

1.565
6.919

prior s/v: 0.667
under s/v: 0.075
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Table 2. Characteristics of patients with a good and moderate efficacy under sacubitril/valsartan – cont.
Good efficacy of
sacubitril/valsartan
n = 52

Moderate efficacy of sacubitril/
valsartan
n = 43

Test value

p-value

RV volume increase, n (%)

prior s/v:
mild: 3 (5.8)
moderate: 5 (9.6)
severe: 3 (5.8)
under s/v:
mild: 2 (3.8)
moderate: 1 (1.9)
severe: 0 (0.0)

prior s/v:
mild: 0 (0.0)
moderate: 5 (11.6)
severe: 0 (0.0)
under s/v:
mild: 2 (4.7)
moderate: 5 (11.6)
severe: 0 (0.0)

5.309
3.837

prior s/v: 0.151
under s/v: 0.147

RA volume increase, n (%)

prior s/v:
mild: 6 (11.5)
moderate: 7 (13.5)
severe: 5 (9.6)
under s/v:
mild: 5 (9.6)
moderate: 2 (3.8)
severe: 3 (5.8)

prior s/v:
mild: 6 (14.0)
moderate: 7 (16.3)
severe: 5 (11.6)
under s/v:
mild: 1 (2.3)
moderate: 4 (9.3)
severe: 5 (11.6)

0.525
4.097

prior s/v: 0.913
under s/v: 0.251

prior s/v: 1.1 (0.9–1.4)
under s/v: 1.3 (1.0–1.5)

prior s/v: 1.2 (1.0–1.4)
under s/v: 1.3 (1.1–1.6)

−1.303
−1.078

prior s/v: 0.193
under s/v: 0.281

Urea [mg/dL], median (IQR)

prior s/v: 20.0 (14.0–29.5)
under s/v: 17.0 (14.0–27.8)

prior s/v: 20.0 (18.0–25.8)
under s/v: 20.5 (15.8–26.3)

−0.036
−1.081

prior s/v: 0.971
under s/v: 0.280

GFR [mL/min], median (IQR)

prior s/v: 67.0 (51.0–87.0)
under s/v: 60.0 (43.3–76.0)

prior s/v: 62.0 (51.0–76.0)
under s/v: 59.0 (42.0–73.0)

−0.837
−0.666

prior s/v: 0.402
under s/v: 0.505

prior s/v: 7.0 (5.7–9.0)
under s/v: 6.1 (5.1–7.5)

prior s/v: 6.7 (5.7–7.8)
under s/v: 6.8 (5.4–7.7)

−0.908
−0.780

prior s/v: 0.364
under s/v: 0.436

Hemoglobin [g/dL], median (IQR)

prior s/v: 14.1 (12.7–15.1)
under s/v: 13.7 (12.7–14.7)

prior s/v: 14.4 (13.1–15.3)
under s/v: 13.7 (12.4–15.1)

−0.582
−0.259

prior s/v: 0.560
under s/v: 0.796

Aspartate transaminase [U/L], median (IQR)

prior s/v: 30.0 (21.0–38.0)
under s/v: 26.0 (24.0–31.0)

prior s/v: 30.0 (25.0–36.0)
under s/v: 28.0 (23.0–33.0)

−0.343
−0.498

prior s/v: 0.731
under s/v: 0.619

prior s/v: 4.5 (4.2–4.8)
under s/v: 4.5 (4.3–4.7)

prior s/v: 4.4 (4.2–4.6)
under s/v: 4.5 (4.2–4.9)

−0.368
−0.203

prior s/v: 0.713
under s/v: 0.839

prior s/v: 102.5 (80.8–142.5)
under s/v: 106.0 (73.0–131.0)

prior s/v: 108.0 (72.2–186.0)
under s/v: 111.0 (74.0–128.0)

−0.810
−0.383

prior s/v: 0.418
under s/v: 0.701

prior s/v: 0.5 (0.5–1.0)
under s/v: 0.5 (0.5–0.6)

prior s/v: 0.5 (0.5–0.5)
under s/v: 0.5 (0.5–0.6)

−1.977
−0.386

prior s/v: 0.048*
under s/v: 0.700

Parameters

Laboratory values
Creatinine [mg/dL], median (IQR)

Uric acid [mg/dL], median (IQR)

Potassium [mmol/L], median (IQR)
CK [U/L], median (IQR)
CRP [mg/L], median (IQR)

ACEI – angiotensin-converting enzyme inhibitors; ARB – angiotensin-II-receptor blockers; BB – beta blocker; BMI – body mass index; BP – blood
pressure; CABG – coronary artery bypass graft; CAD – coronary artery disease; CHF – chronic heart failure; COPD – chronic obstructive pulmonary
disease; CRP – C-reactive protein; CK – creatinine kinase; CRT-D – cardiac resynchronization therapy (-implantable cardioverter defibrillator);
ECG – electrocardiogram; (e)GFR – (estimated) glomerular filtration rate; ICD – implantable cardioverter defibrillator; LA – left atrium; LV – left ventricle;
LVEF – left ventricular ejection fraction; MI – myocardial infarction; MRA – mineralocorticoid receptor antagonist; NICM – nonischemic cardiomyopathy;
NT-proBNP – N-terminal pro-brain natriuretic peptide; NYHA – level of cardiopulmonal fitness according to New York Heart Association; OSAS
– obstructive sleep apnoea syndrome; PAD – peripheral artery disease; PM – pacemaker; RA – right atrium; RV – right ventricle; s/v – sacubitril/valsartan;
VA – ventricular arrhythmias. Data are presented as median (interquartile range (IQR)) (Mann–Whitney U test) or n (%) (χ2 test). * – statistically significant
value of p < 0.05. Target dose calculation (for most important drugs; others calculated as equivalent doses): ramipril 10 mg = 1.0; enalapril 20 mg = 1.0;
candesartan 32 mg = 1.0; valsartan 320 mg = 1.0; irbesartan 300 mg = 1.0; 2 × sacubitril/valsartan 97/103 mg = 1,0; hydrochlorothiazide 25 mg = 1.0;
bisoprolol 10 mg = 1.0; metoprolol 190 mg = 1.0; carvedilol 50 mg = 1.0; spironolacton 25 mg = 1.0; eplerenon 25 mg = 1.0; torasemid 10 mg = 1.0;
hydrochlorothiazide 25 mg = 1.0; xipamid 10 mg = 0.5; furosemid 40 mg = 1.0.

Results
Patient characteristics
before and after the initiation
of sacubitril/valsartan therapy
Out of the total number of 479 CHF patients, 104 patients
were under sacubitril/valsartan treatment (Fig. 1). After
the exclusion of patients with missing data, 95 patients

were enrolled in our study. Within the period of data collection, no patient on sacubitril/valsartan therapy died.
The median duration of sacubitril/valsartan therapy
amounted to 17.0 (IQR: 10.0–26.3) months. Until then,
the sacubitril/valsartan treatment was intermittently
paused for a short period due to the side effects and thereafter prescribed again in 7 patients. In 3 cases, sacubitril/
valsartan treatment had to be permanently withdrawn
because of the drug intolerance and the data collection
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Table 3. Side effects under sacubitril/valsartan therapy
Total number of patients,
n = 95

Good efficacy of
sacubitril/valsartan, n = 52

Moderate efficacy
of sacubitril/valsartan,
n = 43

Test
value

p-value

Hypotension, n (%)

48 (50.5)
(thereof without clinical
relevance: 13 (13.7))

28 (53.8)
(thereof without clinical
relevance: 5 (9.6))

20 (46.5)
(thereof without clinical
relevance: 7 (16.3))

0.236

0.627

Orthostatic dizziness, n (%)

35 (36.8)
(thereof without clinical
relevance: 15 (15.8))

21 (40.4)
(thereof without clinical
relevance: 9 (17.3))

14 (32.6)
(thereof without clinical
relevance: 6 (14.0))

0.620

0.431

Kidney functional deterioration,
n (%)

29 (30.5)
(thereof with AKI: 4 (4.2))

19 (36.5)
(thereof with AKI: 1 (1.9))

10 (23.3)
(thereof with AKI: 3 (7.0))

1.958

0.162

Clinical symptom

Anemia de novo, n (%)

8 (8.4)

3 (5.8)

5 (11.6)

1.048

0.306

Hyperkalemia, n (%)

7 (7.4)

1 (1.9)

6 (14.0)

4.991

0.025*

Indefinite dizziness, n (%)

4 (4.2)

1 (1.9)

3 (7.0)

1.490

0.222

Headache, n (%)

2 (2.1)

2 (3.8)

0 (0.0)

1.689

0.194

Diarrhea, n (%)

2 (2.1)

2 (3.8)

0 (0.0)

1.689

0.194

Cough, n (%)

1 (1.1)

1 (1.9)

0 (0.0)

0.836

0.361

Angioedema, n (%)

0 (0.0)

0 (0.0)

0 (0.0)

–

–

2

AKI – acute kidney injury according to Kidney Disease: Improving Global Outcome (KDIGO) criteria. Data are presented as n (%) (χ test). * – statistically
significant value of p < 0.05.
Table 4. Univariate Cox regression analysis predicting good clinical efficacy of sacubitril/valsartan
Probability of a good sacubitril/valsartan efficacy

p-value

LVEF prior to sacubitril/valsartan

Parameters

HR = 0.982, 95% CI = [0.948; 1.018]

0.318

NICM

HR = 2.523, 95% CI = [1.371; 4.644]

0.003*

Hospitalizations for CHF per month prior to sacubitril/valsartan

HR = 1.632, 95% CI = [0.944; 2.818]

0.079

Dyslipidemia

HR = 1.872, 95% CI = [1.062; 3.302]

0.030*

CRP levels prior to sacubitril/valsartan therapy

HR = 1.289, 95% CI = [1.080; 1.539]

0.005*

Time from diagnosis to sacubitril/valsartan start

HR = 0.993, 95% CI = [0.989; 0.997]

<0.001*

CHF – chronic heart failure; CRP – C-reactive protein; LVEF – left ventricular ejection fraction; NICM – nonischemic cardiomyopathy. Data are presented
as hazard ratio (HR) with 95% confidence interval (95% CI) and p-values (univariate Cox regression analysis). * – statistically significant value of p < 0.05.
Table 5. Multivariate Cox regression analysis predicting a good clinical efficacy of sacubitril/valsartan; the final model
Parameters

Probability of a good sacubitril/valsartan efficacy

p-value

LVEF prior to sacubitril/valsartan

–

N/S: 0.928

NICM

–

N/S: 0.267

Hospitalizations for CHF per month prior to sacubitril/valsartan

–

N/S: 0.467

Dyslipidemia

–

N/S: 0.434

CRP levels prior to sacubitril/valsartan therapy

HR = 1.263, 95% CI = [1.048; 1.521]

0.014*

Time from diagnosis to sacubitril/valsartan start

HR = 0.992, 95% CI = [0.987; 0.997]

<0.001*

CHF – chronic heart failure; CRP – C-reactive protein; LVEF – left ventricular ejection fraction; NICM – nonischemic cardiomyopathy. Data are presented
as hazard ratio (HR) with 95% confidence interval (95% CI) and p-values for selected variables. For non-selected variables (N/S), p-values of score test are
displayed (multivariate Cox regression analysis). * – statistically significant value of p < 0.05.

was stopped at this timepoint. Baseline characteristics
of all patients enrolled in the study are listed in Table 1.
The patients were 57.0 (50.0–69.0) years old, mostly male,
with a high prevalence of cardiovascular risk factors and
presenting both ischemic and nonischemic etiologies
of CHF. Almost all patients received optimal CHF drug
therapy. The median time between the HF diagnosis and
the initiation of the sacubitril/valsartan therapy was 92.5
(25.0–147.8) months. In 5 patients in the good efficacy

group and in 3 patients in the moderate efficacy group,
sacubitril/valsartan was prescribed within 1 month after
the diagnosis of HF (de novo HF caused by either myocarditis, acute coronary ischemia or unclear nonischemic
cardiomyopathy). Under sacubitril/valsartan therapy,
the following parameters significantly improved: LVEF,
NYHA class, NT-proBNP levels, the hospitalization rates,
and the left (LA) and right (RA) atrial volumes, whereas
the left ventricular (LV) and right ventricular (RV) volumes
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demonstrated a decreasing trend. The heart rate was relevantly slower at a follow-up. Aspartate transaminase
blood concentrations significantly decreased, probably
as a reflection of a better cardiac function. In contrast,
kidney function defined as changes in serum creatinine
and GFR relevantly declined.

Characteristics of patients with a good
and moderate efficacy of sacubitril/
valsartan therapy, and possible predictors
of outcome
When comparing patients with a good to moderate sacubitril/valsartan efficacy at baseline, the first group was
characterized by relevantly worse LVEF of a predominantly
nonischemic etiology, higher hospitalization rates for CHF,
shorter period between CHF diagnosis and the initiation
of sacubitril/valsartan therapy, and lower cholesterol and
higher C-reactive protein (CRP) blood levels (Table 2).
The good efficacy group showed by definition significantly
higher LVEF, lower NYHA classes, reduced hospitalization
rates for CHF, and a strong trend toward decreasing NTproBNP levels at a follow-up.

Univariate and multivariate Cox regression
analyses of good efficacy
The parameters which significantly differed between
the groups with a good and moderate efficacy at baseline,
such as LVEF, NICM, hospitalizations for CHF, dyslipidemia,
CRP levels, and the time from diagnosis to the initiation
of sacubitril/valsartan treatment, were included in the univariate Cox regression analysis (Table 4). The multivariate
Cox regression analysis found only 2 parameters to be independently associated with a good efficacy (Table 5): higher
CRP levels prior to sacubitril/valsartan therapy (hazard
ratio (HR) = 1.263, confidence interval (95% CI) = [1.048;
1.521], p = 0.014), and a shorter time between CHF diagnosis and the initialization of sacubitril/valsartan treatment
(HR = 0.992, 95% CI = [0.987; 0.997], p < 0.001).

Side effects
The most common side effects of sacubitril/valsartan
treatment in our study were well-known adverse effects
of this medication, such as arterial hypotension, worsening of kidney function followed by (less frequent) anemia,
hyperkalemia, non-orthostatic dizziness, gastrointestinal
disorders, headache, and cough (Table 3). Clinically relevant angioedema was not detected in any case. Interestingly, comparing the side effects in patients with a good
to moderate efficacy, hyperkalemia was significantly more
common in patients benefiting less from valsartan/sacubitril. In contrast, a tendency toward a more deteriorated kidney function (but not AKI), as defined in “Endpoints and
definitions” section, was found in the good efficacy group.

Discussion
Our present study is a real-world research on sacubitril/
valsartan therapy, identifying the parameters of a good
clinical outcome under this treatment. In comparison with
the patient population from the PARADIGM-HF study,1
patients in our trial were in average younger, more frequently in NYHA class III than II, had more comorbidities,
presented more often NICM as a CHF etiology, and were
more frequently treated with mineralocorticoid antagonists and the implantable cardioverter-defibrillator (ICD)/
cardiac resynchronization therapy (CRT) (Table 1).
In line with other studies, sacubitril/valsartan improved
cardiac function with reversal of cardiac remodeling and
positively influenced functional status, NT-proBNP levels and hospitalization rates.1,2,11 The overall tolerance
of sacubitril/valsartan was good, without major adverse
effects, and did not differ between patients with a good
and moderate efficacy, except for more frequent hyperkalemia in the moderate efficacy group (Table 3), which could
be an effect of a slightly worse kidney function resulting
from more reduced LVEF, with a consequent hypotension
and/or more frequently present cardiovascular risk factors
for generalized atherosclerosis in this group. Anemia was
not pronounced in both groups at baseline and there was
no significant decrease in hemoglobin (Hb) levels under
sacubitril/valsartan therapy in either of the groups. This
is an important information, as it is known that anemia
increases hospitalization and mortality rates in CHF patients.12 However, this does not allow to draw any conclusions about the iron status in patients enrolled in this study,
since anemia is mostly driven by the upregulation of neurohumoral and inflammatory cytokines and a concomitant
renal disease in CHF patients, and not by iron deficiency.12
Iron deficiency itself is an independent risk factor of poor
outcomes in CHF patients with reduced LVEF, regardless
of Hb levels.13 So far, there are no data supporting relevant
adverse effects of sacubitril/valsartan on iron metabolism.
In total, 52 out of 95 patients (54.7%) reached the clinical
endpoint of a good efficacy of sacubitril/valsartan, defined
as an improvement of at least 2 parameters out of 4, including LVEF, NT-proBNP, NYHA class, and hospitalization rates. The decision to take into consideration at least
2 of the abovementioned parameters to judge the clinical efficacy under sacubitril/valsartan therapy was due
to the fact that single non-mortality-related endpoints may
be less reliable in adequately reflecting a good clinical responsiveness to therapy than composite endpoints. Indeed,
it is known that NYHA class change alone may not properly assess a good clinical effectiveness of the CHF treatment, as CHF patients may not accurately report on their
symptoms or may complain only few or even no symptoms
due to the avoidance of physical activity.14 Furthermore,
the addition of LVEF with NT-proBNP and hospitalization frequency under sacubitril/valsartan therapy to our
clinical endpoint, makes such an endpoint also relevant
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for the survival estimation, as both reduced LVEF and
increased hospitalization rates enhance mortality.1,15
Patients in a good efficacy group had significantly lower
LVEF, more NICM, more frequent hospitalization rates for
CHF, less dyslipidemia, higher CRP levels at baseline, and
a shorter time between CHF diagnosis and the start of sacubitril/valsartan therapy. Additionally, they were characterized by a tendency toward less frequent diabetes (Table 2).
A multivariate Cox regression analysis evaluating relevant parameters significantly different at baseline between the groups, demonstrated that only 2 factors, higher
blood CRP levels at baseline and a shorter time between
the diagnosis of CHF and the start of sacubitril/valsartan
therapy, were independent predictors of clinical success
under this therapy.
Sacubitril/valsartan, as a composite drug of sacubitril
and valsartan, was shown to exert, besides a positive influence on cardiac structure and function, also beneficial extracardiac impact such as metabolic effects with
HbA1c level reductions, suggesting potential pleiotropic
effects of this medication.2 Valsartan was demonstrated
to lower inflammatory levels and microalbuminuria in patients with metabolic syndrome,16 and had protective effects against smoking-induced LV systolic dysfunction
by attenuating oxidative stress, cardiomyocyte apoptosis
and inflammation.17 Similarly, the combination of a low
dose of fluvastatin and valsartan was proven to act antiinflammatory and antioxidative in apparently healthy
middle-aged men18 and in patients with type II diabetes.19
Moreover, the coadministration of captopril and valsartan reduced inflammation levels in patients after the interventional therapy for acute myocardial infarction.20
Studies on sacubitril/valsartan revealed that sacubitril/
valsartan ameliorated atherosclerosis and inflammation
in apoE−/− mice, as compared with valsartan alone.21 Sacubitril/valsartan improved renal function by reducing
the oxidative stress, inflammation and fibrosis beyond
the effects of therapy with valsartan alone.22 Furthermore,
sacubitril/valsartan prevented cardiac rupture after myocardial infarction, due to the inhibition of inflammation
and degradation response of macrophages.23
Thus, better effects of sacubitril/valsartan on clinical
outcome in patients with higher inflammatory levels prior
to sacubitril/valsartan therapy in our study could suggest
that sacubitril/valsartan acts in this patient subpopulation even more effectively, as it may additionally unfold
its further property, namely the anti-inflammatory one.
Indeed, higher inflammation levels in the good efficacy
group were decreased under sacubitril/valsartan therapy,
and reached the levels comparable to those in the moderate
efficacy group at the last follow-up in our study (Table 2).
Since the inflammation is associated with left ventricular
dysfunction 24,25 and higher mortality, 26 the attenuation
of this process could explain better results of sacubitril/
valsartan treatment in patients with enhanced inflammation before the start of sacubitril/valsartan therapy.
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The second parameter which positively influenced the responsiveness to sacubitril/valsartan therapy in our study
was a shorter time between the CHF diagnosis and the start
of sacubitril/valsartan treatment. It may be assumed that
this finding could be associated with the fact that early
after CHF diagnosis, the magnitude of heart structure and
function deterioration is not so high and the pathological
changes are still at least partly reversible, compared to those
in advanced CHF. In line with this assumption, sacubitril/
valsartan seemed to be less effective in NYHA class III and
IV patients for the primary endpoint of the PARADIGMHF study, but not for death from cardiovascular causes.2
However, because of the underrepresentation of NYHA
class III and IV in the PARADIGM-HF study, these results
should be proven in further trials. Similarly, the improvement of LVEF was associated with lower LV dilation prior
to sacubitril/valsartan treatment, 5 indicating that sacubitril/valsartan therapy should be initiated earlier, when
the cardiac remodeling is not advanced yet.5 This result
could also have another explanation connected to the findings stating that in acute HF with elevated BNP and NTproBNP levels, neprilysin catalytic activity is inhibited.27
Analogically, in advanced CHF with high BNP and NTproBNP blood concentrations, the neprilysin catalytic activity could be suppressed, thus potentially affecting the actions of sacubitril/valsartan. In contrast, risk scores such
as the Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC) score with independent predictors of all-cause
mortality, cardiovascular mortality and hospitalizations for
CHF including baseline characteristics, comorbidities and
concurrent medication, as well as the Eplerenone in Mild
Patients Hospitalization and Survival Study in Heart Failure
(EMPHASIS-HF) risk score with 10 independent risk factors showed that the subgroups of patients with different
quartiles benefited from sacubitril/valsartan over enalapril,
and the greatest absolute benefit was detected in patients
with the highest risk, defined, among others, by a more advanced, long-lasting HF.28 However, in the high-risk patient
groups, the levels of inflammation could have been higher
than in the other ones, so that the anti-inflammatory effect
of sacubitril/valsartan could possibly outweigh the attenuated effectiveness, due to a longer persistence of HF before
the start of sacubitril/valsartan therapy.
Another aspect of our finding is that the inclusion criteria for sacubitril/valsartan should not exclude patients who
do not perfectly match the inclusion criteria of the PARADIGM-HF study, or due to the concerns about potential
side effects. Also, hasty withdrawal or significant reduction of sacubitril/valsartan dose only because of minor,
clinically not significant adverse effects should be avoided.
Another important issue are patients in NYHA class I with
low NT-proBNP levels who were not enrolled in the PARADIGM-HF study. Since NYHA class or NT-proBNP levels do not reliably predict the clinical benefit of sacubitril/valsartan treatment, withholding this therapy from
those patients could possibly put them at risk of disease
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progression. Therefore, further investigations on this issue
are urgently needed, since the current European Guidelines
still recommend sacubitril/valsartan treatment in patients
with a persistence of symptomatic CHF who had to previously undergo angiotensin-converting enzyme inhibitor
(ACEI)/angiotensin receptor blocker (ARB) therapy.7

Limitations
Our study has some limitations, primarily arising from
its retrospective design and the associated bias. Additionally, the study’s meaningfulness could potentially be affected by a relatively small sample size and the limited
follow-up time. Furthermore, NYHA class reported by patients was not verified using functional tests. Also, as a single-center experience in an outpatient setting in Germany,
the results might represent local practice and cannot be
uncritically extrapolated to more advanced CHF stages
demanding hospitalizations. Moreover, a control group
treated with standard HF medication is lacking since, after
the approval of sacubitril/valsartan, all patients fulfilling
the indication criteria for sacubitril/valsartan in our outpatient section were gradually switched to this drug. Also,
the target dose of sacubitril/valsartan was not reached
in many cases because of already occurring side effects
or preventive actions aimed at avoiding possible adverse
effects under higher medication doses. However, according
to the PARADIGM-HF study, lower sacubitril/valsartan
doses are still effective and more beneficial in terms of outcome than the comparable ACEI/ARB doses. Another limitation of our study is the documentation of LV performance
through the assessment of LVEF, without the calculation
of strain in a speckle tracking analysis. Although the strain
measurement could be useful to better estimate the magnitude of LV dysfunction, such analysis was not routinely
performed in our patient collective, as it may be of a higher
importance in population with apparently preserved LV
function to detect early changes in LV.29 Moreover, the vast
majority of patients who fulfilled the criterion of the LVEF
improvement of at least 5%, had an increase in LVEF relevantly higher than 5% (median (IQR): 12% (9–21%)), so that
the potential errors in the LVEF estimation over the course
of time resulting from the inaccuracy of the method seem
to be limited.
Nevertheless, despite all the above limitations, our findings present real-world data which confirm the safety and
efficacy of this quite new drug, with an emphasis on potential factors predicting the best clinical results.

Conclusions
In conclusion, our present study found worse LVEF, increased hospitalization rates for CHF, less frequent hyperlipidemia and increased CRP at baseline together with
more predominant NICM and a shorter time between CHF

diagnosis and the start of sacubitril/valsartan therapy to be
associated with a good clinical response and outcome under
sacubitril/valsartan therapy, defined as an improvement
of at least 2 of the following parameters: LVEF, NT-proBNP,
NYHA class, or the hospitalization rates. However, only
increased CRP blood levels at baseline and a shorter time
from the CHF diagnosis to the initiation of sacubitril/valsartan therapy turned out to be independently associated
with a good clinical response to sacubitril/valsartan treatment in a multivariate Cox regression analysis. Thus, this
study may contribute to optimized patient selection and
help to predict clinical prognosis of patients undergoing
sacubitril/valsartan therapy. However, further prospective studies with a larger number of patients are required
to definitely prove these findings.
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Abstract
Background. Hematoma expansion (HE) is a relatively common complication after intracerebral hemorrhage.
Objectives. To explore the association between systemic inflammatory response syndrome (SIRS) and HE
in patients with intracerebral hemorrhage (ICH).
Materials and methods. From June 2013 to October 2020, the sociodemographic data and clinical data
of 780 ICH patients were collected. The logistic regression analysis with odd ratios (ORs) and 95% confidence
intervals (95% CIs) was performed to analyze the risk factors for HE in patients with ICH.
Results. Hematoma expansion occurred in 151 (19.36%) patients with ICH. Significant differences were
presented between SIRS and HE (OR = 2.549, 95% CI: [1.497; 4.342], p = 0.0006). After adjusting the covariates, a further analysis showed that the respiratory rate >20 beats/min (OR = 3.436, 95% CI: [1.981; 5.960],
p < 0.0001), white blood cell (WBC) > 12×109/L or WBC ≤ 4×109/L (OR = 2.489, 95% CI: [1.494; 4.149],
p = 0.0005) increased the risk for HE in ICH patients. Our study also found that the significant differences
between HE and non-HE patients in proportion of patients with history of diabetes mellitus, basal ganglia
hemorrhage, hypothalamus hemorrhage and fasting blood glucose (all p < 0.05) (OR = 2.076, 95% CI:
[1.274; 3.381], p = 0.0034), basal ganglia hemorrhage (OR = 2.512, 95% CI: [1.496; 4.218], p = 0.0005),
hypothalamus hemorrhage (OR = 2.121, 95% CI: [1.007; 4.466], p = 0.0479), high C-reactive protein (CRP)
(OR = 1.013, 95% CI: [1.002; 1.024], p = 0.0184), and hyperglycemia (OR = 1.099, 95% CI: [1.026; 1.178],
p = 0.0074) were associated with an increased risk of HE in ICH patients.
Conclusions. The SIRS is closely associated with the risk of HE. Respiratory rate >20 beats/min and WBC
count >12(109/L) or ≤4(109/L) increased the risk for HE in ICH patients. These findings can help to achieve
the early prevention of HE and improve the prognosis of ICH patients.
Key words: risk factors, C-reactive protein, SIRS, intracerebral hemorrhage, hematoma expansion
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Background

Materials and methods

Hematoma expansion (HE), which is defined as an increase in hematoma volume by >33% or an absolute increase in hematoma volume by >12.5 mL, is a relatively
common complication after intracerebral hemorrhage
(ICH).1 Several studies demonstrated that HE was closely
related to the neurologic deterioration, 2 poor neurologic functional outcome and ICH mortality. 3 Acute
HE is an important factor leading to the deterioration
of the clinical condition of stroke patients. Research has
shown that HE occurred in ICH patients and was a major
influence factor for early deterioration and poor clinical
prognosis. 3,4
A prior study found that the mortality rate of ICH patients in the HE group was 53.6%, while in the non-HE
group the mortality rate was 6.3%. 5 The HE has been
proven to be an independent predictive factor of 30-day
mortality and poor prognosis.6 Numerous studies focused on the risk factors for HE in ICH.7 Several laboratory indicators have been identified as risk factors for HE,
such as basal ganglia hemorrhage was associated with
HE,7 early peripheral blood neutrophilia was an imaging
marker of secondary damage to cerebral hematoma and
a risk factor for poor prognosis of ICH, 2,7 the increase
in the level of pro-inflammatory cytokine C-reactive protein (CRP) was a general risk factor for HE, 8 and so on.
To our knowledge, there were rare reports on the association between systemic inflammatory response syndrome
(SIRS) and HE. The SIRS was defined by the presence
of 2 or more of the following factors: body temperature <36°C or >38°C, respiratory rate >20 breaths per min,
heart rate >90 beats per min, or white blood cell (WBC)
count <4 × 109/L or >12 × 109/L in the absence of infection.9 Furthermore, SIRS is an immune-related aseptic
inflammatory response, which is common in various
critically ill patients.10 The SIRS is common in patients
with vascular disease.11 It was also found that SIRS was
observed in 14% of ICH patients on admission and was
related to the severity of stroke, infection and prognosis.12
However, the association between SIRS and HE in ICH
patients remains undetermined.

Patients

Objectives
To recognize the risk factors for HE in ICH patients
is of great importance for the early prevention of HE.
In this study, we assessed and retrospectively analyzed
the general data, imaging data and laboratory indicators
of patients with ICH, with the aim of identifying the association between SIRS and HE.

This was a retrospective study. The sociodemographic
and clinical data of 780 patients with ICH, who were diagnosed using baseline computed tomography (CT) scan
within 6 h after the symptoms onset at The First Affiliated Hospital, Zhejiang University School of Medicine,
Hangzhou, China, between June 2013 and October 2020,
were collected. Patients aged ≥18 years were included
in this study. Exclusion criteria: 1) patients with a secondary cause of their ICH such as potential aneurysm,
vascular malformations, neoplasms, head injury, venous
infarction, and hemorrhagic transformation of an ischemic stroke; 2) patients with the history of acute infection
or fever 1 month before ICH; 3) patients with cardiovascular and cerebrovascular diseases or surgical trauma within
3 months before ICH; 4) patients with severe hepatic and
renal dysfunction, and coagulation impediment; 5) patients with incomplete or missing information. All patients
voluntarily participated in the study and an informed consent was obtained from every patient or their next of kin
prior to the collection of data. The study was approved
by the Institutional Review Board of The First Affiliated
Hospital, Zhejiang University School of Medicine, Hangzhou, China (approval No. 201310-3).

Data collection
We collected sociodemographic and clinical data for
patients with ICH on admission, including age, gender,
smoking history (patients who smoked more than 100 cigarettes in their whole life), drinking history (patients who
had at least 12 drinks (12 ounces of beer, a 5 ounce glass
of wine or 1.5 ounces of liquor) of any type of alcoholic
beverage in any given year of their life), underlying diseases
conditions and SIRS data (body temperature, heart rate,
respiratory rate, and WBC count). The underlying diseases
included hypertension, diabetes, hemorrhagic stroke, and
ischemic stroke.
All patients underwent Glasgow Coma Scale (GCS)
and Graeb score13 assessment and blood pressure measurement. The Graeb score is based on the left, the right,
the 3rd and the 4th lateral ventricle score, and the possible
total score is 12 points.13 The score of 0 points indicates no
intraventricular hemorrhage, from 1 to 4 points indicates
mild intraventricular hemorrhage, from 5 to 8 points indicates moderate intraventricular hemorrhage, and from
9 to 12 points indicates severe intraventricular hemorrhage. Also, all patients underwent head CT examination
for midline shift within 3 h of symptoms onset. After that,
we collected 5 mL of venous blood from patients for blood
routine, liver and kidney function, coagulation function
and myocardial enzyme spectrum examination, and performed fasting blood glucose (FBG) test the next day.
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All patients underwent cranial CT scan again 24 h from
the symptoms onset to identify hematoma features: hematoma volume (ABC/2 method), midline shift and ICH
location. The ICH volumes of the CT scans were calculated using the ABC/2 formula. The HE was defined
as an increase in hematoma volume by >33% or an absolute increase in hematoma volume by >12.5 mL. The GCS
and Graeb score were used to measure the severity of ICH.
The laboratory indicators were as follows: international
normalized ratio (INR), platelet (PLT), hemoglobin (Hb),
neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte
ratio (PLR), body temperature, heart rate, WBC, neutrophils and lymphocytes (LC) count, and CRP.

Statistical analyses
The statistical analysis was conducted using IBM
SPSS v. 20.0 statistical software (IBM Corp., Armonk,
USA). All statistical tests were two-tailed. The data were
tested using Kolmogorov–Smirnov test for normality
(Table 1). The non-normal data were described using
median and quartiles (M (Q1, Q3)) and the comparison
between groups was performed with the Mann–Whitney U test. The numeric data were compared using
χ2 test and presented as n (%). The value of p < 0.05 was
considered statistically significant. The logistic regression was used to analyze the possible risk factors of HE
in ICH patients. The variables with significant differences
in univariate analysis were included in the multivariable
logistic regression for adjustment, and stepwise logistic regression was performed with significance level for
entry (SLENTRY) = 0.05, and significance level for entry
(SLSTAY) = 0.05 for entering and removing risk factors,

respectively. The presence of collinearity (having less than
2 variance inflation factors in Table 2,3), goodness-of-fit
and R 2 measure on the influencing factors of the multivariable logistic model were calculated.

Results
Baseline characteristics of patients
Seven hundred and eighty ICH patients were involved
in the study (498 males and 282 females), with the median
age of 63 years. There were 240 cases (30.77%) of smoking,
209 cases (26.79%) of drinking, 42 cases (5.38%) with history of hemorrhagic stroke, 57 cases (7.31%) with history
of ischemic stroke, 552 cases (70.77%) with the history
of hypertension, and 104 cases (13.33%) with the history
of diabetes mellitus. Among 780 ICH patients, 151 patients
(19.36%) experienced HE (HE group) and 629 patients
(80.64%) did not experience HE (non-HE group).

Univariate analysis for HE in ICH patients
The results of univariate analysis for HE in ICH patients were listed in Table 4, and the distribution of studied variables is demonstrated in Fig. 1A and Fig. 1B.
The values in the HE group were significantly higher
than those in the non-HE group in proportion of patients
with history of diabetes mellitus (χ2 = 6.919, p = 0.0085),
midline shift >0.5 cm (χ2 = 8.708, p = 0.0032), basal ganglia hemorrhage (χ2 = 9.000, p = 0.0111), body temperature >38 or <36°C (χ2 = 6.249, p = 0.0124), WBC count >12
or <4×109/L (χ2 = 7.039, p = 0.0080), and fasting blood

Table 1. Test of normal distribution within compared groups
Variables

Non-HE group

HE group

Statistics

p-value

Statistics

p-value

Age [years]

0.038

0.0300

0.106

<0.0100

Hematoma volume [mL]

0.182

<0.0100

0.199

<0.0100

SBP [mm Hg]

0.049

<0.0100

0.087

<0.0100

DBP [mm Hg]

0.055

<0.0100

0.060

>0.1500

GCS score

0.199

<0.0100

0.198

<0.0100

INR

0.459

<0.0100

0.425

<0.0100

PLT [109/L]

0.060

<0.0100

0.067

0.0910

Hb [mg/L]

0.091

<0.0100

0.092

<0.0100

Neutrophils count [109/L]

0.078

<0.0100

0.164

<0.0100

9

LC count [10 /L]

0.122

<0.0100

0.137

<0.0100

NLR [%]

0.146

<0.0100

0.251

<0.0100

PLR [%]

0.130

<0.0100

0.220

<0.0100

CRP [mg/L]

0.372

<0.0100

0.319

<0.0100

FBG [mmol/L]

0.136

<0.0100

0.142

<0.0100

HE – hematoma expansion; SBP – systolic blood pressure; DBP – diastolic blood pressure; GCS – Glasgow Coma Score; INR – international normalized
ratio; PLT – platelet; Hb – hemoglobin; LC – lymphocytes; NLR – neutrophil/lymphocyte ratio; PLR – platelet/lymphocyte ratio; CRP – C-reactive protein;
FBG – fasting blood glucose.
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Fig. 1A. Distribution of the studied variables
GCS – Glasgow Coma Score; INR – international normalized ratio; NLR – neutrophil/lymphocyte ratio.

glucose (Z = 2.831, p = 0.0046). Meanwhile, the values
in the HE group were significantly lower than those in
the non-HE group in proportion of patients smoking
(χ2 = 5.065, p = 0.0244), neutrophils count (Z = −4.403,
p < 0.0001), respiratory rate >20 breaths/min (χ2 = 39.959,
p < 0.0001), PLT (Z = −1.930, p = 0.0536), NLR (Z = −3.377,
p = 0.0007), and PLR (Z = −2.488, p = 0.0128).

Multivariate logistic regression analysis
for HE in ICH patients
According to the results of univariate analysis, the history of diabetes, smoking history, midline shift, ICH location, SIRS (body temperature, heart rate, respiratory
rate, WBC count), INR, PLT, neutrophils count, NLR,
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Fig. 1B. Distribution of the studied variables
SBP – systolic blood pressure; DBP – diastolic blood pressure;
PLT – platelet; Hb – hemoglobin; PLR – platelet/lymphocyte ratio;
CRP – C-reactive protein.
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Table 3. The influencing factors’ colinearity of multivariable logistic
regression for SIRS in ICH patients

Table 2. The influencing factors’ colinearity of multivariable logistic
regression for HE in ICH patients
Variables

Variables

TOL

VIF

Midline shift [cm]

0.899

1.112

ICH location: basal ganglia

0.917

1.091

1.072

ICH location: hypothalamus

0.920

1.087

1.159

Body temperature (>38°C or <36°C)

0.876

1.142

0.855

1.170

Respiratory rate (>20 breaths/min)

0.927

1.078

0.961

1.041

WBC (>12 × 109/L or <4 × 109/L)

0.960

1.042

0.947

1.056

Heart rate (>90 beats/min)

0.699

1.430

Neutrophils [10⁹/L]

0.680

1.472

CRP [mg/L]

0.926

1.080

FBG [mmol/L]

0.937

1.067

TOL

VIF

Midline shift [cm]

0.924

1.082

ICH location: basal ganglia

0.930

1.076

ICH location: hypothalamus

0.933

SIRS

0.863

Neutrophils [10 /L]
CRP [mg/L]
FBG [mmol/L]

9

HE – hematoma expansion; SIRS – systemic inflammatory response
syndrome; ICH – intracerebral hemorrhage; CRP – C-reactive protein;
FBG – fasting blood glucose; TOL – tolerance; VIF – variance inflation
factor.

SIRS – systemic inflammatory response syndrome; ICH – intracerebral
hemorrhage; WBC – white blood cell; CRP – C-reactive protein; FBG – fasting
blood glucose; TOL – tolerance; VIF – variance inflation factor.
Table 4. Baseline characteristics of HE and non-HE groups
df

Non-HE group (n = 629)

HE group (n = 151)

Statistics

p-value

Age, years, M (Q1, Q3)

Variables

1

63.00 (53.00, 71.00)

61.00 (51.00, 75.00)

Z = −0.488

0.6257a

Gender, n (%)
Male
Female

1

405 (64.4)
224 (35.6)

93 (61.6)
58 (38.4)

χ2 = 0.413

0.5204b

Smoke history, n (%)
No
Yes

1

424 (67.4)
205 (32.6)

116 (76.8)
35 (23.2)

χ2 = 5.065

0.0244b

Drinking history, n (%)
No
Yes

1

458 (72.8)
171 (27.2)

113 (74.8)
38 (25.2)

χ2 = 0.253

0.6147b

Medical history, n (%)
Hemorrhagic stroke, n (%)
No
Yes

1

598 (95.1)
31 (4.9)

140 (92.7)
11 (7.3)

χ2 = 1.327

0.2493b

Ischemic stroke, n (%)
No
Yes

1

587 (93.3)
42 (6.7)

136 (90.1)
15 (9.9)

χ2 = 1.906

0.1674b

Hypertension, n (%)
No
Yes

1

184 (29.3)
445 (70.7)

44 (29.1)
107 (70.9)

χ2 = 0.001

0.9780b

Diabetes mellitus, n (%)
No
Yes

1

555 (88.2)
74 (11.8)

121 (80.1)
30 (19.9)

χ2 = 6.919

0.0085b

Hematoma volume [mL], M (Q1, Q3)

1

12.86 (6.14, 28.17)

12.00 (5.21, 29.00)

Z = 0.019

0.9849a

Midline shift [cm], n (%)
≤0.5
>0.5

1

517 (82.2)
112 (17.8)

108 (71.5)
43 (28.5)

χ2 = 8.708

0.0032b

ICH location, n (%)
Basal ganglia
Hypothalamus
Other brain parts

2

336 (53.4)
215 (34.2)
78 (12.4)

101 (66.9)
36 (23.8)
14 (9.3)

χ2 = 9.000

0.0111b

SBP [mm Hg], M (Q1, Q3)

1

155.00 (145.00, 170.00)

156.00 (137.00, 170.00)

Z = −0.662

0.5080a

PLR, CRP, and FBG values were included in the multivariate logistics regression analysis, and the final regression
model included midline shift, ICH location, respiratory
rate, WBC and neutrophils count, CRP and FBG. The results of logistic regression analysis (Table 5) revealed that

the risk of HE in ICH patients with midline shift >0.5 cm
was 2.076 times higher than in ICH patients with midline
shift ≤0.5 cm (odds ratio (OR) = 2.076, 95% confidence
interval (95% CI): [1.274; 3.381], p = 0.0034). The risk
of HE in ICH patients with basal ganglia hemorrhage and
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Table 4. Baseline characteristics of HE and non-HE groups – cont.
df

Non-HE group (n = 629)

HE group (n = 151)

Statistics

p-value

DBP [mm Hg], M (Q1, Q3)

Variables

1

92.00 (82.00, 102.00)

90.00 (78.00, 102.00)

Z = −0.485

0.6278a

SIRS, n (%)
No
Yes

1

535 (85.1)
94 (14.9)

108 (71.5)
43 (28.5)

χ2 = 15.401

<0.0001b

Body temperature [°C], n (%)
36–38
>38 or <36

1

566 (90.0)
63 (10.0)

125 (82.8)
26 (17.2)

χ2 = 6.249

0.0124b

Heart rate [beats/min], n (%)
≤90
>90

1

132 (21.0)
497 (79.0)

31 (20.5)
120 (79.5)

χ2 = 0.015

0.9015b

Respiratory rate [breaths/min], n (%)
≤20
>20

1

63 (10.0)
566 (90.0)

45 (29.8)
106 (70.2)

χ2 = 39.959

<0.0001b

WBC count [109/L], n (%)
4–12
>12 or <4

1

475 (75.5)
154 (24.48)

98 (64.9)
53 (35.1)

χ2 = 7.039

0.0080b

Graeb score, n (%)
No intraventricular hemorrhage
Mild intraventricular hemorrhage
Moderate intraventricular hemorrhage
Severe intraventricular hemorrhage

3

448 (71.2)
98 (15.6)
64 (10.2)
19 (3.0)

108 (72.0)
23 (15.3)
13 (8.7)
6 (4.0)

χ2 = 0.645

0.886b

GCS score, M (Q1, Q3)

1

12.00 (9.00, 14.00)

13.00 (11.00, 14.00)

Z = 1.507

0.1317a

INR, M (Q1, Q3)

1

0.99 (0.95, 1.04)

0.98 (0.95, 1.02)

Z = −0.333

0.7388a

PLT [109/L], M (Q1, Q3)

1

187.00 (150.00, 235.00)

184.00 (136.00, 215.00)

Z = −1.930

0.0536a

Hb [mg/L], M (Q1, Q3)

1

140.00 (127.00, 154.00)

140.00 (126.00, 150.00)

Z = −0.237

0.8129a

Neutrophils count [109/L], M (Q1, Q3)

1

7.20 (4.80, 9.60)

5.40 (3.40, 8.90)

Z = −4.403

<0.0001a

LC count [10 /L], M (Q1, Q3)

1

1.20 (0.81, 1.70)

1.27 (0.80, 1.91)

Z = 1.146

0.2518a

NLR (%), M (Q1, Q3)

1

5.64 (3.12, 10.33)

3.53 (1.69, 11.88)

Z = −3.377

0.0007a

PLR (%), M (Q1, Q3)

1

136.54 (81.00, 206.80)

98.57 (62.59, 207.35)

Z = −2.488

0.0128a

CRP [mg/L], M (Q1, Q3)

1

0.00 (0.00, 2.30)

1.00 (0.00, 8.60)

Z = 4.270

<0.0001a

FBG [mmol/L], M (Q1, Q3)

1

5.90 (4.93, 7.50)

7.02 (5.13, 8.31)

Z = 2.831

0.0046a

9

a

– derived from Mann–Whitney U test; b – derived from χ2 test; M – median; HE – hematoma expansion; df – degrees of freedom; ICH – intracerebral
hemorrhage; SBP – systolic blood pressure; DBP – diastolic blood pressure; SIRS – systemic inflammatory response syndrome; WBC – white blood cell;
LC – lymphocytes; GCS – Glasgow Coma Score; INR – international normalized ratio; PLT – platelet; Hb – hemoglobin; NLR – neutrophil/lymphocyte ratio;
PLR – platelet/lymphocyte ratio; CRP – C-reactive protein; FBG – fasting blood glucose.

hypothalamus hemorrhage was respectively 2.512 and
2.121 times higher than in those with bleeding occurring in other parts of brain (OR = 2.512, 95% CI: [1.496;
4.218], p = 0.0005; OR = 2.121, 95% CI: [1.007; 4.466],
p = 0.0479). The association between SIRS patients and
the risk of HE was significant (OR = 2.549, 95% CI: [1.497;
4.342], p = 0.0006). The HE risk in patients decreased
by 15.5% for every 1×109/L increase in neutrophils count
(OR = 0.845, 95% CI: [0.792; 0.902], p < 0.0001), increased
by 1.3% for every 1 mg/L increase in CRP (OR = 1.013,
95% CI: [1.002; 1.024], p = 0.0184), and increased by 9.9%
for every 1 mmol/L increase in FBG (OR = 1.099, 95% CI:
[1.026; 1.178], p = 0.0074). The value of goodness-of-fit
was 7.704, p = 0.463 and R2 was 0.136 in the multivariable
logistic regression model.
After adjusting midline shift, ICH location, neutrophils count, CRP and FBG, the further analysis demonstrated that the risk of HE in ICH patients with respiratory
rate >20 breaths/min was 3.436 higher than in patients

with respiratory rate ≤20 breaths/min (OR = 3.436, 95% CI:
[1.981; 5.690], p < 0.0001). The risk of HE in ICH patients
with WBC count >12(109/L) or ≤4(109/L) is 2.489 times
higher than in those with WBC count 4–12 (10 9/L)
(OR = 2.489, 95% CI: [1.494; 4.149], p = 0.0005) (Table 6).
The value of goodness-of-fit was 10.953, p = 0.204 and R2
was 0.179.

Discussion
Intracerebral hemorrhage is associated with poor prognosis and high mortality. Its morbidity in China is far
higher than in Europe or in the USA.14 Hematoma expansion is a leading cause of poor prognosis and neurological
deterioration in patients with ICH, as well as an important
therapeutic goal of ICH.15 In this study, the results showed
that SIRS was significantly associated with the risk of HE.
The logistic regression analysis was performed to analyze
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Table 5. Multivariate logistic regression analysis for HE in ICH patients
df

β

SE

Wald

p-value

OR (95% CI)

Constant

Variables

−

−2.218

0.365

36.966

<0.0001

−

Midline shift [cm]

1

−

≤0.5

−

>0.5

−

ICH location

0.730

Ref

0.249

8.601

2

0.0034

Other brain parts

−

Ref

Basal ganglia

−

0.921

0.264

Hypothalamus

−

0.752

SIRS

1

0.936

Neutrophils count [10 /L]

1

CRP [mg/L]

1

FBG [mmol/L]

1

9

2.076 [1.274; 3.381]

−
12.126

0.0005

2.512 [1.496; 4.218]

0.380

3.912

0.0479

2.121 [1.007; 4.466]

0.272

11.863

0.0006

2.549 [1.497; 4.342]

−0.168

0.033

25.411

<0.0001

0.845 [0.792; 0.902]

0.013

0.006

5.555

0.0184

1.013 [1.002; 1.024]

0.095

0.035

7.185

0.0074

1.099 [1.026; 1.178]

HE – hematoma expansion; df – degrees of freedom; SE – standard error; SIRS – systemic inflammatory response syndrome; ICH – intracerebral
hemorrhage; CRP – C-reactive protein; FBG – fasting blood glucose; OR – odds ratio; 95% CI – 95% confidence interval.

Table 6. Multivariate logistic regression analysis for SIRS in ICH patients
df

β

SE

Wald

p-value

OR (95% CI)

Body temperature (>38°C or <36°C)

Variables

1

0.259

0.337

0.591

0.4422

1.295 [0.669; 2.507]

Respiratory rate (>20 breaths/min)

1

1.234

0.281

19.287

<0.0001

3.436 [1.981; 5.960]

WBC count (>12 × 109/L or <4 × 109/L)

1

0.912

0.261

12.249

0.0005

2.489 [1.494; 4.149]

Heart rate (>90 beats/min)

1

−0.326

0.287

1.289

0.2563

0.722 [0.411; 1.267]

SIRS – systemic inflammatory response syndrome; ICH – intracerebral hemorrhage; df – degrees of freedom; SE – standard error; WBC – white blood cell;
OR – odds ratio; 95% CI – 95% confidence interval. The model with adjustment of midline shift, ICH location, neutrophils, C-reactive protein (CRP) and
fasting blood glucose (FBG).

the risk factors for HE and the results indicated that midline shift >0.5 cm, basal ganglia hemorrhage, hypothalamus hemorrhage, respiratory rate >20 breaths/min, WBC
count >12(109/L) or ≤4(109/L), high CRP, and hyperglycemia were the risk factors for HE in patients with ICH.
Inflammation, which is the main pathological feature
of ICH and the leading factor of HE, plays a key role
in the development of hemorrhage-induced brain injury
and perihematomal edema.16 A number of studies have
shown that inflammatory markers such as interleukin 6
(IL-6), neutrophils count and CRP were significantly associated with a short-term poor prognosis of ICH.8,17,18
The neutrophils, as the biomarkers of the severity of systemic inflammation, generally promote the production
of chemokines, cytokines, reactive oxygen species (ROS),
and extracellular proteases in the brain.19 In addition,
the inflammatory response after ICH does not only occur
in a given part of the brain, but also causes systemic inflammation: the neutrophils promote the rapid recruitment
of peripheral cytokines and chemokines within a few hours
of the onset.20,21 Interestingly, our study indicated that
the HE risk in patients with ICH decreased by 15.5% for every 1×109/L increase in neutrophils count. This may be attributed to the small sample size, whereas well-designed
and larger sample studies for verification are still required.

Multiple researches reported that higher WBC count is
associated with more serious ICH in the case of decreased
consciousness, increased baseline hematoma volume and
existing intraventricular hemorrhage.22,23 Morotti et al.24
conducted a retrospective analysis to investigate the relationship between WBC count and HE using multivariate
logistic regression. The results showed that a higher WBC
count was associated with a lower risk of HE. Subsequently,
the inflammation was not only a nonspecific stress-related
response, but was also beneficial to ICH patients in improving the coagulation response and limiting HE. Conversely,
our study found that WBC count >12(109/L) or ≤4(109/L)
was associated with an increased risk of HE in patients
with ICH. This may have occured due to the different admission year of the selected patients.24 The medical equipment and conditions of patients admitted early may not be
as good as they are now, which means that our research
is more accurate and convincing.
Little research was available on the association between
respiratory rate and HE in ICH patients. Previous studies
showed that acute respiratory distress syndrome (ARDS)
normally occurred in 20% of patients with ICH. 25,26
The ARDS is a type of acute respiratory failure with severe hypoxemia and extremely difficult breathing as typical symptoms, and is associated with a high morbidity
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and mortality burden.27 Our study further investigated
the relationship between the respiratory rate and HE using
multivariate logistic regression analysis. The results demonstrated that the respiratory rate >20 breaths/min was
related to the increased risk of HE in patients with ICH.
To our knowledge, there were few studies investigating the association of SIRS with HE after ICH. A retrospective study of ICH patients at New York University
(NYU) Langone Medical Center Manhattan Campus
(New York, USA) found that SIRS was associated with HE
within the first 24 h of the onset of symptoms,28 which
was consistent with our findings. The SIRS is an immunerelated aseptic inflammatory response common in various
critically ill patients.10 The possible mechanisms of SIRS
include: a pro-inflammatory response of inflammatory
cytokines; an increased release of toxic substances such
as excitatory amino acids, nitric oxide and free radicals;
and an increased production of thrombin, which induces
glial in neuronal apoptosis of cells.11,29,30 Previous studies
focused on the association between SIRS and the outcomes
after ICH. Boehme et al.12 found that patients with SIRS
were at an increased risk of poor prognosis, but SIRS was
not an independent predictor of poor functional outcomes
after ICH. Melmed et al. suggested that the relationship
between SIRS and poor clinical outcome was mediated
by HE.28 An another study conducted by Hagen et al.11
explored the associations of SIRS with long-term functional outcome and contributing factors after ICH, the results of which showed independent associations of SIRS
with larger hematoma volumes. The present study investigated the relationship between the risk of HE in ICH
patients and body temperature, heart rate, respiratory
rate, and WBC count. The findings suggested that respiratory rate >20 breaths/min and WBC count >12(109/L)
or ≤4(109/L) were related to an increased risk of HE in patients with ICH.

Limitations
The strength of our study was a large sample size, which
made the results more powerful and convincing. Unfortunately, it was a retrospective study and some clinical
data were missing, such as the information on the use
of antiplatelet drugs and anticoagulant drugs before
the admission.

Conclusions
We have established that in patients with ICH, SIRS was
positively associated to the risk of HE, especially regarding the indicators of respiratory rate and WBC count,
which may help indentify the ICH patients. This finding
may achieve the early prevention of HE in ICH patients
and open targeted therapeutic regimens for improving
the prognosis of patients with ICH.
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Abstract
Background. The HS016 is an adalimumab biosimilar related to the immunoglobulin G1 (IgG1) antibody,
with a similar amino acid sequence.
Objectives. To quantify the diﬀerences in the pharmacokinetic (PK) parameters of HS016 and adalimumab
in healthy individuals and patients with ankylosing spondylitis (AS).
Materials and methods. The PK data for HS016 and adalimumab were obtained in a randomized, doubleblind, phase 1 clinical study in Chinese healthy subjects after a single-dose subcutaneous administration
(136 healthy subjects), and in a randomized, double-blind, phase 3 trial of AS patients who received subcutaneous injection of HS016 or adalimumab once every 2 weeks for 24 weeks (366 AS patients).
Results. The time course of HS016 and adalimumab was characterized by a one-compartment model with firstorder absorption and elimination kinetics. Age, body weight, creatinine clearance (CLcr) and anti-drug antibody
were covariates for the apparent clearance (CL/F); body weight and subject type were significant covariates for
the apparent volume of distribution (V/F). The V/F and CL/F were estimated at 11.3 L and 0.0102 L/h. The ratios
of the geometric least square (LS) means (HS016 compared to the adalimumab treatment group after multiple
doses) in healthy subjects were 97.14 (87.70, 107.59) for the concentration-time curve from time zero to the last
measurable concentration (AUC0–t) and 99.14 (90.03, 109.16) for the maximum serum drug concentration within
a steady-state dosing interval (Cmax, ss); the ratios (90% confidence interval (90% CI)) in AS patients were 97.03
[84.10; 111.96] for the AUC within the steady-state dose intervals (AUC0–tau) and 99.62 [88.09; 112.68] for Cmax, ss.
Conclusions. The systemic exposure of HS016 was similar to that of adalimumab in healthy subjects and
AS patients, demonstrating PK similarity.
Key words: HS016, adalimumab, population pharmacokinetics, biosimilar, patients with ankylosing spondylitis
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Background
Humira® (adalimumab) is a human monoclonal immunoglobulin G1 (IgG1) antibody that targets tumor necrosis factor alpha (TNF-α). It has profoundly improved
the therapy of inflammatory disease and has been approved
in the treatment of ankylosing spondylitis (AS) and numerous other conditions, including rheumatoid arthritis and
Crohn’s disease.1 Ankylosing spondylitis is considered to be
one of the most common members of the spondyloarthritis
(SpA) group of arthritic diseases,2 with a prevalence in China
of approx. 0.22%,3 a rate comparable to that in Asian countries and Caucasians.4 The access of patients to therapy with,
e.g., adalimumab for the treatment of chronic inflammatory
disorders is often limited due to the economic burden.5
The introduction of biosimilars will lower the treatment
costs for the much needed treatment.5 To obtain the marketing approval for a biosimilar drug, an assessment must
be made of the risk/benefit ratio based on the equivalence
studies and regulated clinical trials in accordance with
the requirements of the regulatory authorities.6–8
The HS016 is an adalimumab biosimilar developed
by Zhejiang Hisun Pharmaceutical Co., Ltd. (Taizhou,
China). In order to be approved for market, the biosimilarity between HS016 and the reference drug must be
demonstrated. Thus, a pharmacokinetic (PK) study with
HS016 and adalimumab as the reference drug was conducted in healthy volunteers,9 and a phase 3 study aimed
at evaluating a range of PK parameters and any safety issues was conducted in AS patients.10
Limited data can be used to accurately calculate PK parameters using population modeling, in contrast to the noncompartmental method. In addition, the inter-product and
inter-individual variability (IIV) allows for the quantification
and indentification of covariate factors, using the population method that may have an inﬂuence on the availability
of the test drug.11 The PK similarity analyses using nonlinear mixed-effects models have already been performed for
some other biosimilars.12,13 Therefore, in the present study,

the similarities in PK parameters between HS016 and adalimumab, both in healthy subjects and AS patients, were also assessed by a comparison of the predicted time-dependent drug
serum concentrations, evaluated with a PK population model
that used data from the 2 abovementioned clinical studies.

Objectives
The aim of this study was to incorporate data from previous studies in patients with AS and healthy male volunteers,
with the aim of creating a PK population model of HS016
and adalimumab, and describing the PK similarity between
HS016 and adalimumab, in order to understand the PK characteristics of these 2 drugs in a large Chinese population.

Materials and methods
Subjects
There were 2 studies included in this analysis. A brief
description of the study designs is provided below and
in Table 1.
First research (HS016-I), a phase 1 single-dose study,
compared the HS016 with adalimumab in healthy Chinese men.
The second research (HS016-III) was a phase 3 multipledose study that compared HS016 with adalimumab in Chinese patients with AS. Patients were stratified according
to their age (<40 years and ≥40 years) and C-reactive protein
(CRP) concentration (<28.0 mg/L and ≥28.0 mg/L). The age
range was 18–65 years and patients were diagnosed with
AS according to the 1984 modified New York criteria.14
The ethics committees of participating hospitals approved
the study protocols. The study was carried out in accordance
with the Declaration of Helsinki. The informed consent was
provided by all study participants before they underwent
any procedures.

Table 1. Overview of clinical trials
Study
No.

Population

Dosing

PK sampling

ADA sampling

HS016-I
(phase I)

Chinese healthy
men, n = 136
(68 for HS016 and
68 for Humira®)

single-dose
subcutaneous
injection of 40 mg
(strength:
40 mg/0.8 mL)

predose, 6, 12, 24, 48, 72, 96, 120, 144, 168, 192, 216, 336, 504,
672, 840, 1008, 1344, and 1680 h postdose

screening period,
predose, 336, 1008 and
1680 h postdose

HS016-III
(phase III)

patients with
ankylosing
spondylitis,
n = 366 (235 for
HS016 and
131 for Humira®)

multiple-dose
subcutaneous
injection of 40 mg
once every
2 weeks (strength:
40 mg/0.8 mL)

predose of 1st dose (day 1), day 15 (week 2), day 29 (week 4),
day 43 (week 6), day 64 (week 8), day 71 (week 10) (occasion 1);
predose of day 85 (week 12), 6, 10, 24, 72, 120, 168, 216,
264 h postdose (occasion 2);
predose of day 99 (week 14), day 113 (week 16), day 127
(week 18), day 141 (week 20), day 155 (week 22), day 169
(week 24) (occasion 3); within 4 weeks of last dose for early
withdrawal subjects

screening period, day 15
(week 2), day 29 (week 4),
day 64 (week 8), day 99
(week 12), day 127 (week 18),
and day 169 (week 24);
within 4 weeks of last dose
for early withdrawal subjects

PK – pharmacokinetic; ADA – anti-drug antibody.
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Sampling and bioanalytical methods
Samples of blood were collected from the subjects
in order to determine the range of PK parameters and for
the anti-drug antibody (ADA) analysis. The sampling data
are described in Table 1.
A validated quantitative enzyme-linked immunosorbent
immunoassay (ELISA) was employed to measure HS016
and adalimumab concentrations in human serum collected
from healthy subjects and patients in the HS016-I and
HS016-III studies. The lower limit of quantitation (LLOQ)
for both drugs was 15.625 ng/mL. The validation showed
that the results fell within standard accepted criteria.
Bridging electrochemiluminescence (Meso Scale Discovery, Rockville, USA) was used to detect anti-HS016 and
adalimumab antibodies.

Population pharmacokinetic analysis

IOVPk were assumed to have normally distributed interindividual and inter-occasion random variables, with zero
mean and variance of ωP2 and πP2 . Three occasions were
defined: one for the time before the intended week 12, one
for the time between the intended week 12 and week 14,
and the other one for the time after the intended week 14.
The residual variability was determined using a combined additive and proportional model (eq. 2):
Cij = Ĉij (1 + εPij ) + εaij

(2)

th

where Cij is the j observed drug concentration of an individual i; Ĉij is the jth model predicted concentration for
an individual i; and εPij and εaij are the proportional and
additive residual random errors for an individual i and
a measurement j, presumed to have independent and identical normal distributions: ε ~ NID: Normally and Independently Distributed (0, σ2).
Covariate analysis

Software
NONMEM v. 7.3.0 software (ICON, Dublin, Ireland) was
used to conduct population analyses of PK parameters and
simulations,15 together with PsN tool kit (v. 4.6.2) (a process embedded in NONMEM instead of an independent
software)16 and R v. 3.6.1 for Windows (R Foundation for
Statistical Computing, Vienna, Austria). The NONMEM
datasets were constructed using SAS v. 9.4 (SAS Institute,
Cary, USA).
PK structural model
The PK parameters of adalimumab have been widely reported and based on published data,17–19 and a one-compartment model was used to evaluate the elimination rate
of adalimumab in patients with hidradenitis suppurativa,
rheumatoid arthritis (RA) and Crohn’s disease. Also, only
1 declining phase of the logarithmic serum concentration
time course of adalimumab and its biosimilar was observed
in healthy subjects.20 Therefore, this model was tested, which
was fitted to the available data, and was parameterized according to the absorption rate constant (KA), the apparent
volume of distribution (V/F) and the apparent clearance
(CL/F) (ADVAN2, TRANS2), by employing a first order
conditional estimation method that utilized an interaction
(FOCE-I) fitting subroutine.
Statistical model
The IIV and the inter-occasion variability (IOV) of PK
parameters of adalimumab and HS016 were determined
using the exponential error model (eq. 1):
Pi,k = Ptv × exp( ηPi + IOVPk )

(1)

where Pi,k is the individual PK value for the ith individual
and kth occasion; Ptv is the population estimate; and ηPi and

The following covariates were tested: age, sex, baseline
body weight (BW) in kg, baseline body mass index (BMI)
and surface area of the body, subject type (healthy subjects compared to AS patients), treatment (adalimumab
compared to HS016), drinking or smoking habit, presence
of ADA (a subject with at least 1 ADA-positive sample relative to baseline at any time after the initiation of treatment),
baseline serum albumin, baseline alanine aminotransferase
(ALT), baseline alkaline phosphatase (ALP), baseline aspartate aminotransferase (AST), baseline CRP, baseline erythrocyte sedimentation rate, baseline total bilirubin, baseline
serum creatinine, baseline creatinine clearance (CLcr), and
the presence of concomitant medication (salazosulfapyridine, celecoxib, diclofenac, meloxicam, and methotrexate).
After the completion of the structural model establishment, empirical Bayes estimates for inter-individual
random eﬀects could be determined. For the hierarchical models, changes in the minimum value of the objective function (OFV) were analyzed using a χ2 test in order
to determine whether the data were statistically significant. The most significant covariate factor was retained
in the model once for each iteration, and then the forward
addition was repeated. Covariates were included if the OFV
decrease was >3.84 (χ2, p < 0.05). All influential covariates were retained in the model and then a full covariate
model was computed. The final model was established
using the backward elimination method. After each iteration, a single covariate was deleted from the full covariate
model to consider if it was necessary. If the OFV model
increased by >6.63 (χ2, p < 0.01) after removing 1 covariate, that covariate was considered significantly influential.
The covariates that were continuous, were incorporated using a power function centered around the value
of the median, thus (eq. 3):
Ptv = Ppop ×

(

Cov
θcov
Covariatemedian

)

(3)
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where Ptv is the typical value of the parameter with covariate value Cov; Ppop is the typical value of the PK parameter P; and θcov is the estimated exponent parameter
of the continuous covariate.
Categorical variables were modeled as follows (eq. 4):
(4)

Ptv = Ppop × (θcov)FLAG

where Ptv is the typical value of the parameter with covariate value cov; Ppop is the typical value of the PK parameter P; θcov is the estimated fraction parameter of the categorical covariate; and FLAG is either covariate value,
appropriately.
Evaluation of the model
Three techniques were used to evaluate the interim
and final models: (1) the examination of goodness-of-fit
(GOF) diagnostic plots; (2) the visual predictive check; and
(3) the bootstrap. A visual predictive check (VPC) was used
to assess the predictability of the PK model; 1000 simulated duplicates of PK datasets were generated using model
parameter estimates. Simulation predictions at 90% were
compared to the actual data by superimposing it on various
percentile intervals of simulated data (5%, 50% and 95%).
To assess the robustness of the PK population final model,
1000 bootstrap duplicates were built by random sampling
of the original data. The parameters were estimated for each
bootstrap duplicate and employed to determine the median
and 95% confidence intervals (95% CIs). The median and
95% CIs for the bootstrap PK parameters were calculated
as the 50th percentile, with a range of 2.5th to 97.5th of results
from each duplicate. Subsequently, a comparison was made
between the parameters derived from the original data and
the model-derived bootstrap parameters.

Pharmacokinetic similarity assessment
The main PK endpoints were: the concentration-time curve
(AUC) from time zero to area (AUC0–t); zero time to infinity
(AUC0–∞); the maximum serum drug concentration (Cmax)

after a single-dose in healthy men and AS patients; the AUC
within the steady-state dose intervals (AUC0–tau); and
the maximum serum drug concentration within a steadystate dosing interval (Cmax, ss) after multiple doses in AS patients. These values were calculated using the specific PK
parameters of the 2 drugs estimated using the model.
To assess the similarity of PK parameters between HS016
and adalimumab, a statistical evaluation based on the average equivalence was employed. The simulated PK parameters (Cmax, AUC0–t and AUC0–∞; Cmax, ss and AUC0–tau) between subjects treated with HS016 and adalimumab were
analyzed using the analysis of variance (ANOVA) with
the natural log-transformed values of all PK parameters
as dependent variables. The differences in natural logtransformed least square (LS) means between the treatments (HS016 and adalimumab) and associated 90% CIs
were estimated. The back transformation revealed the ratio
of the geometric LS means and related 90% CIs to the original parameters. The equivalence of PK between HS016
(test product) and adalimumab (reference product) were
concluded when the 90% CIs of the ratios of the geometric
means were entirely contained within 80% to 125%.7,8

Results
Subjects
A total of 8659 HS016 and adalimumab serum concentrations from 502 subjects were included in the analyses,
including 2352 concentrations from 136 healthy subjects
(1165 concentrations from 68 subjects for HS016, 1187 concentrations from 68 subjects for adalimumab) and 6307 concentrations from 366 AS patients (4023 concentrations
from 235 patients for HS016 and 2284 concentrations from
131 patients for adalimumab). The demographics of participants included in the PK population analysis at baseline,
stratified according to the study and treatment method, are
presented in Table 2. All of the covariates exhibited similar
distributions for the 2 treatments in each study.

Table 2. Summary of baseline demographics of the participants included in the pharmacokinetic (PK) population analysis stratified according to the study
and treatment
Study No.

HS016-I (healthy subjects)

HS016-III (patients)

All

Patient characteristics

HS016
(n = 68,
13.55%)

Humira®
(n = 68,
13.55%)

all
(n = 136,
27.09%)

HS016
(n = 235,
46.81%)

Humira®
(n = 131,
26.10%)

all
(n = 366,
72.91%)

HS016
(n = 303,
60.36%)

Humira®
(n = 199,
39.64%)

all
(n = 502,
100.00%)

Age [years]

26.0
(18–36)

25.0
(18–37)

25.0
(18–37)

30.0
(19–63)

30.0
(18–58)

30.0
(18–63)

29.0
(18–63)

28.0
(18–58)

29.0
(18–63)

Weight [kg]

62.70
(53–70)

62.65
(50.6–70)

62.70
(50.6–70)

65.00
(50–85)

65.00
(51–85)

65.00
(50–85)

64.70
(50–85)

64.00
(50.6–85)

64.15
(50–85)

BMI [kg/m2]

22.10
(20–25)

21.40
(20–24.6)

21.90
(20–25)

23.56
(18.07–
27.89)

23.12
(20.05–
27.98)

23.54
(18.07–
27.98)

23.00
(18.07–
27.89)

22.28
(20–27.98)

22.67
(18.07–
27.98)

1.71
(1.54–1.88)

1.72
(1.49–1.88)

1.71
(1.49–1.88)

1.75
(1.4–2.1)

1.76
(1.49–2.07)

1.75
(1.4–2.1)

1.73
(1.4–2.1)

1.75
(1.49–2.07)

1.74
(1.4–2.1)

Body surface area [m2]
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Table 2. Summary of baseline demographics of the participants included in the pharmacokinetic (PK) population analysis stratified according to the study
and treatment – cont.
Study No.

HS016-I (healthy subjects)

HS016-III (patients)

All

Baseline serum
albumin [g/L]

49.00
(43–53)

49.00
(44–53)

49.00
(43–53)

45.80
(35–54.6)

45.00
(33–53.2)

45.40
(33–54.6)

46.90
(35–54.6)

47.00
(33–53.2)

47.00
(33–54.6)

Baseline alkaline
phosphatase [IU/L]

68.50
(47–117)

76.50
(38–114)

73.00
(38–117)

94.00
(35–208.8)

96.60
(33–238)

94.95
(33–238)

87.00
(35–208.8)

88.00
(33–238)

87.00
(33–238)

Baseline alanine
aminotransferase [IU/L]

18.00
(9–49)

15.00
(7–39)

17.00
(7–49)

16.50
(6–82)

16.00
(5–69)

16.05
(5–82)

17.00
(6–82)

16.00
(5–69)

16.60
(5–82)

Baseline aspartate
aminotransferase [IU/L]

17.00
(12–38)

16.50
(12–25)

17.00
(12–38)

18.00
(9–42)

17.70
(10–62)

18.00
(9–62)

18.00
(9–42)

17.00
(10–62)

17.40
(9–62)

14.80
(0.1–140)

13.70
(0.1–140)

7.40
(0.1–135.38)

4.01
(0.1–140)

6.76
(0.1–140)

Baseline CRP [mg/L]

1.64
1.58
1.58
12.70
(1.555–4.07) (1.555–1.69) (1.555–4.07) (0.1–135.38)

Baseline erythrocyte sedi
mentation rate [mm/h]

2.00
(1.69–13)

2.00
(2–11)

2.00
(1.69–13)

22.00
(1–121)

27.00
(2–99)

24.00
(1–121)

16.00
(1–121)

14.00
(2–99)

15.50
(1–121)

Baseline total bilirubin
[μmol/L]

10.75
(5.5–22.8)

11.35
(3.5–21.5)

10.95
(3.5–22.8)

8.50
(3.6–23.4)

8.50
(2.9–20.2)

8.50
(2.9–23.4)

8.90
(3.6–23.4)

9.50
(2.9–21.5)

9.30
(2.9–23.4)

Baseline serum
creatinine [μmol/L]

76.00
(55–100)

73.00
(53–93)

74.00
(53–100)

65.00
(32–119)

66.00
(39.1–97)

65.00
(32–119)

67.00
(32–119)

69.00
(39.1–97)

68.00
(32–119)

Baseline creatinine
clearance

117.47
(87.07–
165.9)

118.98
(89.39–
188.19)

118.36
(87.07–
188.19)

134.19
(67.31–222)

127.21
(82.18–
222.65)

132.39
(67.31–
222.65)

129.09
(67.31–222)

124.54
(82.18–
222.65)

126.89
(67.31–
222.65)

Female

0 (0.00)

0 (0.00)

0 (0.00)

30 (12.77)

14 (10.69)

44 (12.02)

30 (9.90)

14 (7.04)

44 (8.76)

68 (100.00)

68 (100.00)

136 (100.00)

205 (87.23)

117 (89.31)

322 (87.98)

273 (90.10)

185 (92.96)

458 (91.24)

Sex, n (%)
Male

Smoking history, n (%)
Absent

45 (66.18)

47 (69.12)

92 (67.65)

167 (71.06)

90 (68.70)

257 (70.22)

212 (69.97)

137 (68.84)

349 (69.52)

Present

23 (33.82)

21 (30.88)

44 (32.35)

68 (28.94)

41 (31.30)

109 (29.78)

91 (30.03)

62 (31.16)

153 (30.48)

Absent

68 (100.00)

65 (95.59)

133 (97.79)

Present

0 (0.00)

3 (4.41)

3 (2.21)

Drinking history, n (%)
226 (96.17)

122 (93.13)

348 (95.08)

294 (97.03)

187 (93.97)

481 (95.82)

9 (3.83)

9 (6.87)

18 (4.92)

9 (2.97)

12 (6.03)

21 (4.18)

ADA, n (%)
Negative

14 (20.59)

5 (7.35)

19 (13.97)

50 (21.28)

22 (16.79)

72 (19.67)

64 (21.12)

27 (13.57)

91 (18.13)

Positive

54 (79.41)

63 (92.65)

117 (86.03)

185 (78.72)

109 (83.21)

294 (80.33)

239 (78.88)

172 (86.43)

411 (81.87)

Concomitant salazosulfapyridine, n (%)
Absent

68 (100.00)

68 (100.00)

136
(100.00)

164 (69.79)

85 (64.89)

249 (68.03)

232 (76.57)

153 (76.88)

385 (76.69)

Present

0 (0.00)

0 (0.00)

0 (0.00)

71 (30.21)

46 (35.11)

117 (31.97)

71 (23.43)

46 (23.12)

117 (23.31)

Concomitant celecoxib, n (%)
Absent

68 (100.00)

68 (100.00)

136 (100.00)

181 (77.02)

100 (76.34)

281 (76.78)

249 (82.18)

168 (84.42)

417 (83.07)

Present

0 (0.00)

0 (0.00)

0 (0.00)

54 (22.98)

31 (23.66)

85 (23.22)

54 (17.82)

31 (15.58)

85 (16.93)

Absent

68 (100.00)

68 (100.00)

136 (100.00)

189 (80.43)

97 (74.05)

286 (78.14)

257 (84.82)

165 (82.91)

422 (84.06)

Present

0 (0.00)

0 (0.00)

0 (0.00)

46 (19.57)

34 (25.95)

80 (21.86)

46 (15.18)

34 (17.09)

80 (15.94)

Concomitant diclofenac, n (%)

Concomitant meloxicam, n (%)
Absent

68 (100.00)

68 (100.00)

136 (100.00)

207 (88.09)

120 (91.60)

327 (89.34)

275 (90.76)

188 (94.47)

463 (92.23)

Present

0 (0.00)

0 (0.00)

0 (0.00)

28 (11.91)

11 (8.40)

39 (10.66)

28 (9.24)

11 (5.53)

39 (7.77)

Absent

68 (100.00)

68 (100.00)

136 (100.00)

230 (97.87)

124 (94.66)

354 (96.72)

298 (98.35)

192 (96.48)

490 (97.61)

Present

0 (0.00)

0 (0.00)

0 (0.00)

5 (2.13)

7 (5.34)

12 (3.28)

5 (1.65)

7 (3.52)

12 (2.39)

Concomitant methotrexate, n (%)

All continuous values are reported as median (min–max), while categories are reported in absolute numbers and percentages.
ADA – anti-drug antibody; BMI – body mass index; CRP – C-reactive protein.
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Serum concentrations
Figure 1 shows the mean serum concentrations of HS016
and adalimumab in the phase 1 study, following the administration of single 40 mg subcutaneous doses. Figure 2
shows the results from the phase 3 study of the mean serum HS016 and adalimumab concentrations at week 12,
after the administration of 40 mg subcutaneous doses
once every 2 weeks. After single and multiple doses, the PK
profiles of HS016 and adalimumab were virtually identical.
Only 1 declining phase of the logarithmic serum concentration time courses of adalimumab and its biosimilar
HS016 were analyzed.

the best fit when a one-compartment model was employed
after the subcutaneous administration. The treatment
(DRUG) was not identified as the significant covariate
and BW, age, CLcr, and the presence of ADA were shown
to be significant covariates for CL/F, BW and subject type
as covariates for V/F, and the subject type as a statistically
significant covariate for KA. An exponential term was used
for IIV and IOV. A combined error model best explained
the residual error.
The final population PK model was as follows (eq. 5–7):
CL/Fi,k =

AG E θ
BW θ
AGE ×
BW
29
64.15
(5)
CL/F,i
CL/F,i

θCL /F pop × (θADA )1−ADA ×
×

(

CL cr
126.88

V/Fi = θV/Fpop ×

(

)

θCLcr

BW
64.15

)

(

× exp η

θBW

(

( )

+ IOV

)

× θTYPE

1−TYPE

( )
)

( )

KAi = θpop × (θTYPE )1−TYPE × exp(ηKA,i )

Fig. 1. Compared serum concentrations of HS016 and adalimumab over
the study period in healthy participants after a single-dose (phase 1
study)

Fig. 2. Compared mean serum concentrations of HS016 and adalimumab
over the study period in ankylosing spondylitis (AS) patients at week 12
after 40 mg treatments (phase 3 study)

PK population modeling
The time courses of HS016 and adalimumab serum concentrations in healthy subjects and AS patients achieved

V/F,i

× exp η

(6)
(7)

where θ represents the fixed-effect parameters, CL/F is
clearance corrected for bioavailability, AGE is age, and
i and k are the predicted value of kth plasma concentration
of the ith patient. The AGE, BW and CLcr were continuous covariates, while categorical covariates included ADA
(where ADA describes absent = 0 and present = 1) and
TYPE (where healthy subjects = 0 and AS patients = 1).
The η and IOV represent the IIV and IOV, respectively.
The estimated parameters derived from the final model
and its validation are given in Table 3.

Evaluation of the model
The GOF plots of the PK population final model are displayed in Fig. 3. The plots exhibited good correlations between an individual prediction and the observation with
lines of identity and trend line overlaid, and the individual
predictions fitting the identity line well. This finding has
proven the excellent predictive power of the model. The conditional weighted residual error had no misspecification
of residuals related to population predictions (PRED) and
time, was mostly distributed within ±5 and was well distributed along the zero-line relative to PRED.
The VPC was used to determine the predictive accuracy of the final model (Fig. 4). A total of 1000 simulated
duplicates of the PK dataset were produced from the estimates derived from the final model. The model described
the observed data well, and 50th percentiles of measured
drug concentrations generally fell within the prediction
of 90% CI, suggesting that the model produced a good description of the PK parameters of HS016 and adalimumab.
A total of 993 out of 1000 bootstrap duplicates successfully converged and the estimated PK parameter values
based on the original data were found to be in a good agreement with the median values of PK parameters estimated
using bootstrap duplicates (Table 3).
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Table 3. Parameter estimates of the final population pharmacokinetic (PK) model for HS016 and adalimumab and bootstrap results
Parameter

Estimate

SE

RSE (%)

Bootstrap estimate

Bootstrap 95% CI

Fixed-effect parameters
θCL/Fpop [L/h]

0.0179

0.000534

3.0

0.0179

(0.0169; 0.0190)

11.3

0.241

2.1

11.3

(10.8; 11.8)

θKApop [1/h]

0.0298

0.00189

6.3

0.0297

(0.0262; 0.0336)

θADACL/F

−0.431

0.0277

−6.4

−0.429

(−0.481; −0.377)

θAGECL/F

0.410

0.118

28.8

0.414

(0.182; 0.638)

θBWCL/F

0.824

0.254

30.8

0.830

(0.292; 1.30)

θV/Fpop [L]

θCLcrCL/F

0.600

0.162

27.0

0.587

(0.270; 0.940)

θTYPEKA

−0.474

0.0458

−9.7

−0.474

(−0.558; −0.363)

θBWV/F

1.16

0.164

14.1

1.17

(0.828; 1.50)

θTYPEV/F

−0.299

0.0228

−7.6

−0.298

(−0.342; −0.255)

ηCL/F (CV%)

0.271 (52.06)

0.0301

11.1 (Shr = 11%)

0.266

(0.211; 0.328)

ηV/F (CV%)

0.0902 (30.03)

0.0163

18.1 (Shr = 19%)

0.0877

(0.0573; 0.123)

ηKA (CV%)

0.662 (81.36)

0.0721

10.9 (Shr = 20%)

0.659

(0.529; 0.821)

IOV1CL/F

0.0921

–

–

0.0911

(0.0665; 0.127)

IOV2CL/F

0.0921

–

–

0.0911

(0.0665; 0.127)

IOV3CL/F

0.0921

–

–

0.0911

(0.0665; 0.127)

ε1

0.110

0.00731

6.6

0.109

(0.0957; 0.124)

ε2

344

27.1

7.9

342

(290; 398)

Inter-individual variability (IIV)

Inter-occasion variability (IOV)

Residual variability

CV – coefficient of variation; SQRT – square root; ADA – anti-drug antibody; AGE – age; BW – body weight; CLcr – creatinine clearance; CL/F – apparent
clearance; 95% CI – 95% confidence interval; ε1 – proportional error; ε2 – additive error; η – constant of inter-individual variability (variance); IOV – interoccasion variability (variance); KA – absorption rate constant; pop – population; RSE – relative standard error; SE – standard error; Shr – shrinkage;
θ – typic value; TYPE – subject type (healthy subject and patients); V/F – apparent volume of distribution. The IOV for CL/F was included in the final
model, corresponding to the 3 occasions: one for the time before the intended week 12 (IOV1CL/F), one for the time between intended week 12 and
week 14 (IOV2CL/F) and the other one for the time after the intended week 14 (IOV3CL/F).
Table 4. Statistical analysis of pharmacokinetic (PK) primary endpoints after single- and multiple-dose administration in healthy subjects
Dosing period

Single-dose

Parameter [unit]

Treatment

n

Geometric of LS
means

Ratio of geometric
LS means (%)

90% CI (%)

Cmax [μg/mL]

HS016
Humira®

68
68

3.77
3.59

105.11

[98.14; 112.58]

AUC0–t [μg×h/mL]

HS016
Humira®

68
68

2358.77
2413.96

97.71

[89.26; 106.97]

AUC0–∞ [μg×h/mL]

HS016
Humira®

68
68

2507.74
2581.63

97.14

[87.60; 107.71]

Cmax, ss [μg/mL]

HS016
Humira®

68
68

8.56
8.63

99.14

[90.03; 109.16]

AUC0–tau [μg×h/mL]

HS016
Humira®

68
68

2502.85
2576.66

97.14

[87.70; 107.59]

Multiple doses

90% CI – 90% confidence interval; LS – least squares; n – number of subjects; Cmax, ss – maximum serum drug concentration within a steady-state dosing
interval; AUC – concentration-time curve.

Pharmacokinetic assessment
The analyses of the main PK endpoints after single- and
multiple-dose administrations by subject were evaluated
to determine the PK similarity (Table 4,5).
In healthy subjects, the ratios of the geometric LS
means (the HS016 group compared to the adalimumab

treatment group after a single-dose) were 90% CIs: 97.71
[89.26; 106.97] for AUC0–t, 97.14 [87.60; 107.71] for AUC0–∞
and 105.11 [98.14; 112.58] for Cmax. Virtually identical results were found when the PK parameters of HS016 and
adalimumab at steady state (after multiple doses) were
determined; the corresponding values were 97.14 [87.70;
107.59] for AUC0–tau and 99.14 [90.03; 109.16] for Cmax, ss.
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goodness-of-fit model run501

A

individual predictions compared to concentrations

B
25000
observed concentration [ng/mL]

observed concentration [ng/mL]

25000

population predictions compared to concentrations

20000

15000
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5000

20000

15000

10000

5000

10000 15000
20000
25000
5000
individual predicted concentrations [ng/mL]

CWRES compared to population predictions

D

CWRES compared to time

5

5

2

2
CWRES

CWRES

C

5000
10000 15000
20000
25000
population predicted concentrations [ng/mL]

0
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–2

–2

–5

–5

0

5000
10000
15000
population predicted concentrations [ng/mL]

0

1000

2000
3000
4000
time after dose [h]

5000

Fig. 3. Diagnostic plots showing the fit to the model. A. Plot of individual predicted compared to measured concentrations; B. Plot of population
predictions (PRED) compared to measured concentrations. Improvements from B to A show that the model can adequately predict individually observed
concentrations; C. PRED compared to conditional weighted residual errors; D. Time after dose compared to conditional weighted residuals (CWRES) for
the population model, where the residuals were distributed randomly around the unity line

The limits for the abovementioned CIs of the ratios were
within the 80–125% interval.
In AS patients, the ratios of the geometric LS means
(the HS016 group compared to the adalimumab therapy
group after a single-dose) were 90% CIs: 98.10 [86.24;
111.59] for AUC0–t, 97.08 [83.84; 112.41] for AUC0–∞ and
105.59 [98.12; 113.63] for Cmax. The corresponding values
for the PK of HS016 and adalimumab at steady state were
97.03 [84.10; 111.96] for AUC0–tau and 99.62 [88.09; 112.68]

for Cmax, ss. The limits for the abovementioned CIs of the ratios were within the 80–125% interval.

Discussion
The study investigated the PK parameters of the adalimumab biosimilar HS016 in a large number of Chinese AS
patients, the serum concentrations and treatment cycles,
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visual predictive check
observations vs time after dose (Run501)
ADA = 0

ADA = 1

25000

concentration [ng/mL]

concentration [ng/mL]
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15000
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5000

0

0
0
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1000
time after dose [h]

1500

0
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1000
1500
time after dose [h]

2000

2500

Fig. 4. Visual predictive checks for the final pharmacokinetic (PK) population model. Circles indicate the measured data, solid lines the median
of the predicted concentrations, dotted lines the 95th and 5th percentile of the observed data from up to down. The band indicates the 90% prediction
interval (90% CI). Anti-drug antibody (ADA) = 0 represents the absence of ADA, ADA = 1 represents the presence of ADA

Table 5. Statistical analysis of pharmacokinetic (PK) primary endpoints after single- and multiple-dose administration in ankylosing spondylitis (AS) patients
Dosing period

Single-dose

Parameter (unit)

Treatment

n

Geometric of LS
means

Ratio of geometric
LS means (%)

90% CI (%)

Cmax [μg/mL]

HS016
Humira®

235
131

2.92
2.77

105.59

[98.12; 113.63]

AUC0–t [μg×h/mL]

HS016
Humira®

235
131

1926.39
1963.69

98.10

[86.24; 111.59]

AUC0–∞ [μg×h/mL]

HS016
Humira®

235
131

2250.48
2318.14

97.08

[83.84; 112.41]

Cmax, ss [μg/mL]

HS016
Humira®

235
131

7.83
7.86

99.62

[88.09; 112.68]

AUC0–tau [μg×h/mL]

HS016
Humira®

235
131

2203.06
2270.42

97.03

[84.10; 111.96]

Multiple doses

90% CI – 90% confidence interval; LS – least squares; n – number of subjects; Cmax, ss – maximum serum drug concentration within a steady-state dosing
interval; AUC – concentration-time curve.

in order to introduce PK methods that measured the drugs
characteristics accurately. A total of 8659 HS016 and adalimumab serum concentrations from 502 subjects were included
in the analyses, including 2352 from 136 healthy individuals
and 6307 from 366 AS patients (4023 from 235 patients for
HS016 and 2284 from 131 patients for adalimumab).
As a part of the biosimilarity assessment, we sought
to detect possible diﬀerences between the PK parameters
of the test and reference drugs. In the target patient population, full intensive sampling of concentration-time curves
for all included patients was sometimes not available. However, the implementation of a non-compartmental method

needs a powerful sample profile to evaluate the AUC using the trapezoidal method. In our study, the sample size
required to detect the PK biosimilarity was decreased
along with the exclusion of patients with sparse sampling.
The PK similarity analysis using nonlinear mixed-effects
models have already been performed for other biosimilars,12,13 and a PK population approach has been previously
used to assess adalimumab actions in patients with other
indications.17–19
The PK population model developed to compare HS016
and adalimumab permitted us to employ insubstantial
sampling and facilitated the quantitation of any potential
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changes in the PK parameters of the 2 treatment regimens. We demonstrated that the time course of HS016 was
well-characterized by the developed model. In the present study, adalimumab and its biosimilar PK parameters
were assessed in healthy subjects and AS patients after
a single dose or multiple doses at steady-state concentrations, in accordance with the Food and Drug Administration (FDA) bioequivalence guidelines.8 Simultaneously,
the large sample size increased our ability to detect any
diﬀerences between the 2 investigated drugs.
The abovementioned one-compartment population PK
model best described adalimumab and HS016 PK in healthy
males and AS patients after one-dose or multiple-dosage
regimens. The population estimates for CL/F (the absence
of ADA) and V/F were 0.01 L/h and 11.3 L for AS patients,
and they were comparable to patients with hidradenitis
suppurativa (0.0278 L/h and 13.5 L), RA (0.013 L/h and
10.8 L) and Crohn’s disease (0.014 L/h and 7.8 L).17–19
The factors that had a significant effect on PK parameters
for adalimumab in the model were BW, age, CLcr, presence
of ADA on CL/F, BW, and subject type on V/F and KA.
The covariate analysis revealed that CL/F increased in a patient who became ADA-positive for both HS016 and adalimumab. For both drugs, CL/F also increased with increasing
BW, age and CLcr. Age, BW and the presence of ADA have
also been previously reported to be significant factors for
adalimumab.18,19 In our study, the treatment (adalimumab
compared to HS016) was not an important covariate, indicating that the PK parameters of both drugs were similar.
The ratios of the geometric LS means (HS016 compared
to adalimumab) met the expectations for the statistical
equivalence of AUC and Cmax after a single-dose, and
at steady state. Thus, systemic exposure (AUC and Cmax)
and the linked variability calculated using a PK population
model revealed that the PK parameters of HS016 and adalimumab were similar. The geometric LS means of AUC
and Cmax were also comparable to the results reported
by the literature in healthy subjects.20
It is noteworthy that because of the complex nature
of the PK population model, a number of limitations
may restrict its validity. There may exist a potential bias
in the simulated data that makes the predicted data different from the measured data. For example, the population
model underpredicted PK profiles of HS016 and adalimumab, as shown by VPC (Fig. 4). We compared the results
with those obtained using traditional non-compartmental
analysis in the phase 1 study (results not shown), the PK
bioequivalence results from non-compartmental analysis
and the model-based approach and showed their similarity,
thereby demonstrating that our model-based approach can
be used for the equivalence testing.
In addition, we have also explored the relationship between the exposure (AUC and Cmax) of HS016 or adalimumab at steady state and pharmacodynamic (PD) parameters (maximum decrease changes from baseline
of CRP and erythrocyte sedimentation rate). It showed

that the correlation between the PK and PD parameters
was not different (p > 0.05), and that the trends were consistent between HS016 and adalimumab.

Limitations
The study has several limitations. All patient data came
exclusively from Chinese participants and the trials had
strict inclusion and exclusion criteria, which might not
reflect real-world clinical conditions.

Conclusions
Systemic exposure (Cmax, AUC parameters) of HS016
and associated variability were similar to adalimumab
in healthy male subjects and AS patients. The 90% CIs for
all parameters fell within a range of 80–125% predefined
bioequivalence interval.
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Abstract
Background. Both intraoperative hypotension and hypertension have been reported to increase the occurrence of acute kidney injury (AKI). However, the impact of the intraoperative pulse pressure (PP) on the latter
complications remains relatively unknown.
Objectives. To explore whether high intraoperative PP values are associated with postoperative AKI.
Materials and methods. The data for this study come from a prospective cohort study in which
patients who underwent abdominal surgery between October 1, 2018 and July 15, 2019 in university hospital in Katowice, Poland were included in the analysis. Pre- and intraoperative data, including
blood pressure measurements, were acquired from medical charts. Several PP thresholds were applied: >50, >55, >60, >65, >70, >75, >80, >85, and >90 mm Hg. Additionally, by analyzing the maximal PP during the procedures, the cutoff point for the occurrence of outcomes was estimated. Postoperative
AKI was considered as the outcome of the study. Univariable and multivariable analyses were performed
to assess PP relationship with AKI.
Results. Four hundred and ninety-four patients were included in the analysis. The AKI was present in 32
(6.5%) cases. The receiver operating characteristic (ROC) curve analysis estimated a cutoff point of >84 mm Hg
of maximal PP to be associated with the outcome. The PP values above 80 mm Hg and onward were successfully included in the multivariable statistical models. A model in which PP > 90 mm Hg (odds ratio
(OR) = 4.03; 95% confidence interval (95% CI): [1.53; 10.62]) was included, had the best predicting value
in predicting hypoperfusion injury (area under the receiver operating characteristics (AUROC) = 0.88). Apart
from PP, intraoperative hypotension, presence of chronic arterial hypertension, chronic kidney disease, and
procedure duration were independently associated with AKI.
Conclusions. High intraoperative PP may be associated with the occurrence of postoperative AKI. However,
the effect of high PP should be confirmed in other noncardiac populations to prove the generalizability of our
results.
Key words: acute kidney injury, hemodynamic monitoring, general surgery, pulse pressure
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Background
Hypoperfusion-related organ injury is a fairly frequent
perioperative complication.1–4 Intraoperative hypotension
(IOH) has been linked with postoperative myocardial injury (MI), acute kidney injury (AKI) and stroke.1–3 Perioperative Quality Initiative (POQI) consensus statement
on intraoperative blood pressure underlines that mean
arterial pressure (MAP) below 60–70 mm Hg and systolic
blood pressure (SBP) below 100 mm Hg are associated
with hypoperfusion-related organ injury and death.4 However, hypertensive events during surgery may also worsen
the prognosis, as intraoperative episodes of SBP above
160 mm Hg have been correlated with the risk of myocardial injury and infarction.4 Lastly, diastolic blood pressure
(DBP) below 50 mm Hg is also reported to be harmful.5
Although ambulatory pulse pressure (PP) is considered
one of the best predictors of cardiovascular risk, it has been
poorly investigated in the perioperative period.6 The association between high preoperative PP values and the relationship with postoperative complications (mainly myocardial infarction, AKI and stroke) has been explored mostly
in cardiosurgical patient populations. The POQI has called
for further research on the matter in noncardiac surgery.7

Objectives
In an exploratory fashion, we sought to verify whether
elevated intraoperative PP values are associated with postoperative AKI in the abdominal surgery population.

Materials and methods
The data used in this study come from a prospective cohort study previously published by our team. 8
We screened 576 consecutive patients who underwent abdominal surgery between October 1, 2018 and July 15, 2019,

in a University Hospital in Katowice, Poland. Procedures
of organ procurement (n = 11), reoperations (n = 24), procedures performed in local anesthesia or monitored anesthesia supervision (n = 33), procedures classified as immediate according to the National Confidential Enquiry
into Patient Outcome and Death (NCEPOD) Classification
of Intervention9 (n = 14), and patients with proven cardiac
valve defects (n = 14) were excluded from the study (Fig. 1).
Demographic and medical data were recorded, including sex, age, weight, height, and comorbidities and their
pharmacological treatment, according to the International
Classification of Diseases (ICD-10) criteria.10 Body mass
index (BMI) and Charlson comorbidity index (CCI) were
subsequently calculated. Type and duration of anesthesia, as well as type, duration and urgency of surgery were
recorded. Perioperative risk was assessed based on an individual patient’s risk, according to the American Society
of Anesthesiologists (ASA) physical status (PS) classification,11 and procedural risk, according to the European
Society of Cardiology and European Society of Anaesthesiology recommendations.12 Primary arterial hypertension
was diagnosed based on medical records.
The SBP and DBP were measured on a nondominant arm
using an automated noninvasive oscillometric BP monitoring device (Dräger Infinity Gamma XL; Dräger, Lübeck, Germany) with a cuff of appropriate size, depending
on a patient’s arm circumference, and recorded in 5-minute intervals during anesthesia, from the first preinduction
measurement until the last measurement during recovery
from anesthesia in the operating theater. The MAP values
were automatically calculated. Pulse pressure was calculated as the difference between SBP and DBP. The need
for norepinephrine (NE) use and its doses, together with
intraoperative fluid balance, were analyzed.
Taking into consideration other studies on clinical consequences of abnormal PP, and the fact that PP revolves
usually around values of 40 mm Hg, we distinguished following absolute PP thresholds: >50, >55, >60, >65, >70, >75,
>80, >85, and >90 mm Hg.5,13–15 Additionally, by analyzing

patients who underwent
abdominal surgery
15 Oct 2018 – 15 Jul 2019
(n = 590)
excluded patients:
• procedures of organ procurement (n = 11)
• reoperations (n = 24)
• local anesthesia or monitored anesthetic
supervision (n = 33)
• procedures classified as immediate (n = 14)
• patients with cardiac valve defects (n = 14)
patients included in the analysis
(n = 494)

Fig. 1. Flow diagram for the patient selection
process
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the maximal PP during the procedure, the best cutoff point
associated with the occurrence of AKI was estimated.
We used maximal PP (presented as the median of all
maximal PPs recorded among all the patients) and not
an average or a median, due to a number of reasons. Firstly,
the average value is much more confounded by extreme
values of the distribution of numbers. Secondly, choosing
maximal PP over average or median PP is better suited for
finding a cutoff point for PP that is associated with postoperative AKI. In this study, we explored the role of high
PP values; therefore, we naturally sought higher values and
tried to find thresholds that would be easily identifiable
by a clinician. In contrast, the average or the median value
reflects rather a global trend in values and does not bring
any specific information.
Moreover, we analyzed the occurrence of high systolic
(defined as SBP > 160 mm Hg16), low diastolic (defined
as DBP < 50 mm Hg17) and low mean arterial pressure (defined as MAP < 60 mm Hg18). We excluded pre-induction
measurements in order to assess only those BP values that
occurred during anesthesia.
In the postoperative period, the incidents of AKI were
recorded and defined as a serum creatinine increase
≥0.3 mg/dL within 48 h or an increase in serum creatinine
by ≥1.5 times baseline, which is known or presumed to have
occurred within the prior 7 days.19 This outcome was considered as the endpoint. In addition, incidents of AKI were
classified as stages based on Kidney Disease Improving
Global Outcomes (KDIGO) guidelines.20
STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) statement was applied for appropriate reporting.21
Statistical analysis was performed using MedCalc statistical software v. 18.1 (MedCalc Software Ltd., Ostend,
Belgium). Continuous variables were expressed as median

and interquartile range (IQR). Qualitative variables were
expressed as absolute values and/or percentages. Betweengroup differences for quantitative variables were assessed
using the Mann–Whitney U test. Their distribution was
verified with the Shapiro–Wilk test. The χ2 tests were applied for qualitative variables. The correlation was assessed
using Spearman’s rank correlation coefficient. The receiver operating characteristic (ROC) curve analysis was
implemented to assess the relationship between AKI and
maximal PP. In order to control the potential confounding factors, we used multivariable logistic regression with
all variables that achieved p-value <0.1 in the univariable
analysis. The Hosmer–Lemeshow test was performed to assess the goodness-of-fit of multivariable logistic regressions.
If applicable, odds ratios (ORs) and area under the receiver
operating characteristics (AUROC) with 95% confidence intervals (95% CIs) were calculated. All tests were two-tailed.
A value of p < 0.05 was considered statistically significant.

Results
A total number of patients included in the analysis
was 494, out of which 239 (46%) were male. The median
age of participants was 65 years (IQR 46–68). Older age,
higher ASA-PS class and higher CCI were found to be
significant preoperative risk factors for the occurrence
of AKI. Detailed preoperative population characteristics
are presented in Table 1, whereas intraoperative population
characteristics are presented in Table 2. The primary outcome (AKI) was diagnosed in 32 (6.7%) patients. According
to KDIGO criteria, 24 patients (75%) suffered from stage
1 AKI, 5 patients (15.6%) from stage 2 AKI and 3 patients
(9.4%) from stage 3 AKI.19 Pre-induction PP was not associated with the outcome (Table 1).

Table 1. Preoperative population characteristics
Variable
Age [years]
Male (n)

AKI (−)
(n = 462)

AKI (+)
(n = 32)

p-value

df/test-value

61 (44–68)

67 (62–73)

0.0002

U-value = 5010

213 (46.1)

17 (53.1)

0.4738

df = 1

25.6 (22.5–29.0)

27.4 (22.6–30.7)

0.2318

U-value = 6426

197 (42.6)

26 (81.2)

<0.0001

df = 1

8 (1.7)

5 (15.6)

<0.0001

df = 1

Pre-induction SBP [mm Hg]

140 (125–155)

142.5 (132.5–155)

0.1985

U-value = 6308

Pre-induction MAP [mm Hg]

101.7 (92–110)

101.5 (95–113)

0.5473

U-value = 6297

Pre-induction PP [mm Hg]

56 (48–66)

59 (50–75)

0.2595

U-value = 6439

ASA-PS I/II

279 (60.4)

10 (31.2)

0.0012

df = 1

ASA-PS III/IV/V

183 (39.6)

22 (68.7)

0.0012

df = 1

3 (1–5)

5 (3–7)

0.0001

U-value = 4434

278 (60.2)

22 (62.5)

0.7949

df = 1

BMI [kg/m2]
Arterial hypertension
Chronic kidney disease (n)

CCI [pts]
Premedication

AKI – acute kidney injury; PP – pulse pressure; ASA-PS – American Society of Anesthesiologists physical class; BMI – body mass index; SBP – systolic blood pressure;
MAP – mean arterial pressure; CCI – Charlson comorbidity index; df – degrees of freedom. Age, BMI, pre-induction SBP, pre-induction MAP, pre-induction PP, and
CCI were analyzed using Mann–Whitney test, whereas sex, arterial hypertension, chronic kidney disease, ASA-PS, and premedication were tested with χ2 test.
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Table 2. Intraoperative population characteristics
AKI (−)
(n = 462)

AKI (+)
(n = 32)

p-value

df/test-value

General + epidural anesthesia (n)

23 (6.5)

9 (28.1)

<0.0001

df = 1

Procedure risk I (n)*

43 (9.3)

1 (3.1)

0.2356

df = 1

Procedure risk II (n)*

308 (66.7)

17 (53.1)

0.1188

df = 1

Procedure risk III (n)*

111 (24.0)

14 (43.7)

0.0132

df = 1

Oncological procedure (n)

216 (46.8)

22 (68.7)

0.0161

df = 1

194 (42)

26 (81.2)

<0.0001

df = 1

Catecholamine dose [µg/kg/min]

0.06 (0.042–0.091)

0.073 (0.061–0.108)

0.1166

U-value = 1636

Procedure duration [min]

220.0 (120.0–330.0)

392.5 (255.0–557.0)

<0.0001

U-value = 3297

Variable

Catecholamine use (n)

Fluid dose [mL/kg/h]

6.79 (5.16–8.80)

6.64 (4.71–8.59)

0.5337

U-value = 6906

Mean arterial pressure [mm Hg]

83.33 (78.33–88.33)

85.17 (78.33–89.67)

0.5765

U-value = 6956

Minimal pulse pressure during
anesthesia [mm Hg]

30 (25–35)

25 (20–32)

0.0419

U-value = 5816

Median pulse pressure during
anesthesia [mm Hg]

45.0 (40–51.2)

50 (45–60)

0.0028

U-value = 5058

Maximal pulse pressure during
anesthesia [mm Hg]

65 (56–75)

82.5 (66–93.5)

<0.0001

U-value = 4018

MAP < 60 mm Hg during
anesthesia (n)

106 (22.9)

14 (43.7)

0.0080

df = 1

SBP > 160 mm Hg during
anesthesia (n)

98 (21.2)

10 (31.2)

0.1844

df = 1

DBP < 50 mm Hg during
anesthesia (n)

133 (28.8)

15 (46.9)

0.0309

df = 1

AKI – acute kidney injury; df – degrees of freedom; MAP – mean arterial pressure; SBP – systolic blood pressure; DBP – diastolic blood pressure; * according
to European Society of Cardiology and European Society of Anaesthesiology recommendations.11 General + epidural anesthesia, procedure risks,
oncological procedures, catecholamine use, MAP < 60 mm Hg, SBP > 160 mm Hg, and DBP < 50 mm Hg were tested with χ2 test, whereas catecholamine
dose, procedure duration, fluid dose, MAP, and minimal, maximal and median pulse pressure during anesthesia were tested using Mann–Whitney test.
Table 3. Correlation between pulse pressure and systolic blood pressure, diastolic blood pressure and mean arterial pressure
Variable

Median pulse pressure
AKI (−) (n = 462)

Median pulse pressure
AKI (+) (n = 32)

Median systolic blood pressure

R = 0.649; p < 0.01

R = 0.604; p < 0.01

Median diastolic blood pressure

R = −0.214; p < 0.01

R = −0.623; p < 0.01

Pre-induction pulse pressure

R = 0.446; p < 0.01

R = 0.447; p < 0.01

AKI – acute kidney injury. The values are Spearman’s rank correlation coefficients.

In patients who developed AKI, PP more negatively correlated with DBP than in patients without AKI (Table 3).
Maximal PP registered over the course of the procedure was associated with the outcome (AUROC = 0.728;
p < 0.001), with a cutoff point >84 mm Hg (Fig. 2).
In univariable analyses, all PP thresholds, except
for >50 mm Hg, were statistically significant predictors
of AKI (Fig. 3). In multivariable logistic regressions, PP
values >80, >84, >85, and >90 mm Hg were included
in the final statistical models. It was discovered that
PP > 90 mm Hg predicted AKI with the highest accuracy,
even after the adjustment for various confounding factors, including intraoperative hypertension (Table 4). Low
DBP (<50 mm Hg) and high SBP (>160 mm Hg) were not
significant in the multivariable models.

Discussion
The main finding of our exploratory study is that increasing intraoperative values of PP were associated with
the occurrence of postoperative AKI. This association
persisted after adjusting for confounding factors (most
importantly: high SBP and low DBP). We found a cutoff
point of >84 mm Hg of maximal PP to be associated with
AKI. In regards to the predetermined thresholds, PP above
80 mm Hg and onward was linked to AKI. Pulse pressure
above 90 mm Hg, out of all PP thresholds applied, appeared
to be the best predictor of postoperative AKI.
To our knowledge, this is the first study investigating
the role of intraoperative PP in abdominal surgery in such
a complex manner. It is known that increased ambulatory
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maximal pulse pressure
100

sensitivity

80

60

40

20
AUC = 0.728
p < 0.001

0
0

20

40

60

80

100

100-specificity
Fig. 2. The receiver operating characteristic (ROC) curve analysis of maximal
pulse pressure (PP) values registered over the course of procedure
AUC – area under the curve.

PP is strongly associated with cardiovascular events, not
only in the general population but also in cardiac surgery
setting, irrespective of the presence of chronic arterial hypertension.6,22,23 Pulse pressure stands as a proxy for general
vascular health and reflects cardiovascular risk better than
isolated measurements of either SBP or DBP.24 Generally,
a value of PP is determined by stroke volume, left ventricle
contractility and arterial compliance. Interestingly, preinduction PP values (a reflection of baseline PP) alone were
not significantly related to the outcome. In studies by Abbott

et al. and Mitrev et al., it was found that increasing values
of ambulatory and pre-induction PP were significantly related to the increased occurrence of postoperative MI and
AKI.5,25 It must be remembered, however, that those studies
were performed among cardiac surgery patients with pre-existing cardiac morbidities, and the effect of preoperative PP
might have been more significant than in the noncardiac setting. The fact that in our cohort pre-induction PP was not associated with AKI, gave us more space to explore the impact
of intraoperative values. Nevertheless, intraoperative PP positively correlated with the pre-induction values. The negative
correlation between PP and DBP was especially interesting,
since it was 2 times stronger in patients with the compromised outcome. Lowered DBP is known to decrease coronary
perfusion and could be associated with the development
of hypoperfusion-induced organ injury.16,26,27 However, after
taking into account low DBP (<50 mm Hg) in multivariate
analyses, PP thresholds remained significant and low DBP
was not included in the models.
We discovered that patients who experienced AKI exhibited higher values of PP, and the ORs varied, depending on the threshold applied. Contrary to our hypothesis,
Ahuja et al., in a large cohort of 23,000 patients, found
that PP below 35 mm Hg was linked to postoperative MI
and AKI.17 Indeed, in our cohort, the AKI group experienced lower minimal PP compared to the non-AKI group
(median 25 mm Hg compared to 30 mm Hg). Low PP
is thought to predict cardiovascular events in patients
with impaired cardiac function: decreased contractility of left ventricle causes SBP to achieve lower values
and negatively impact the value of PP. It must be remembered that Ahuja et al. explored only the lowest values
of PP and called for further research regarding high
intraoperative PP.17

pulse pressure threshold

OR (95% Cl)
>90 mm Hg

5.63 [2.40; 13.25]*

>85 mm Hg

6.19 [2.86; 13.34]*

>84 mm Hg

6.45 [3.07; 13.56]*

>80 mm Hg

5.79 [2.77; 12.13]*

>75 mm Hg

4.21 [2.03; 8.75]*

>70 mm Hg

3.71 [1.74; 7.88]*

>65 mm Hg

3.96 [1.68; 9.34]*

>60 mm Hg

4.55 [1.57; 13.19]*

>55 mm Hg

4.80 [1.13; 20.40]*

>50 mm Hg

4.19 [0.56; 31.30]
0.1

1

10

100

odds ratio
Fig. 3. Pulse pressure thresholds and their relationship with acute kidney injury. The box represents odds ratio (OR) whereas the whiskers represent
confidence intervals (CIs). The asterisk represents statistically significant values
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Table 4. Multivariate logistic regression models in predicting the occurrence of acute kidney injury (AKI)
Variable*

Model
PP > 80 mm Hg (1/0)

PP > 84 mm Hg (1/0)

PP > 85 mm Hg (1/0)

PP > 90 mm Hg (1/0)

Pulse pressure

OR = 2.61
95% CI: [1.13; 6.05]
β = 0.96
p = 0.0245

OR = 3.13
95% CI: [1.35–7.22]
β = 1.14
p = 0.0011

OR = 3.17
95% CI: [1.33–7.54]
β = 1.15
p = 0.0090

OR = 4.03
95% CI: [1.53–10.62]
β = 1.39
p = 0.0048

Chronic arterial
hypertension (1/0)

OR = 3.13
95% CI: [1.17–8.35]
β = 1.14
p = 0.0226

OR = 3.07
95% CI: [1.29–7.06]
β = 1.12
p = 0.0079

OR = 3.20
95% CI: [1.21–8.46]
β = 1.16
p = 0.0192

OR = 4.20
95% CI: [1.56–11.35]
β = 1.43
p = 0.0046

Procedure duration (per
1 min)

OR = 1.006
95% CI: [1.003–1.008]
β = 0.0062
p < 0.0001

OR = 1.006
95% CI: [1.003–1.009]
β = 0.0063
p < 0.0001

OR = 1.007
95% CI: [1.003–1.009]
β = 0.0066
p < 0.0001

OR = 1.007
95% CI: [1.003–1.009]
β = 0.0066
p < 0.0001

Chronic kidney
disease (1/0)

OR = 6.72
95% CI: [1.71–26.45]
β = 1.90
p < 0.0001

OR = 6.59
95% CI: [1.66–26.17]
β = 1.88
p < 0.0001

OR = 5.93
95% CI: [1.47–23.84]
β = 1.78
p < 0.0001

OR = 6.14
95% CI: [1.54–24.53]
β = 1.81
p < 0.0001

Intraoperative
hypotension
(MAP < 60 mm Hg) (1/0)

not included

not included

not included

OR = 2.54
95% CI: [1.07–6.04]
β = 0.93
p = 0.0102

AUROC

0.861;
(0.828–0.891);
p < 0.0001

0.866;
(0.83–0.89);
p < 0.0001

0.862;
(0.83–0.89);
p < 0.0001

0.880;
(0.85–0.91);
p < 0.0001

χ2 = 3.49;
p = 0.8995

χ2 = 7.71;
p = 0.4621

χ2 = 4.68;
p = 0.7887

χ2 = 3.87;
p = 0.8768

Hosmer–Lemeshow test

PP – pulse pressure; MAP – mean arterial pressure; AUROC – area under the receiver operating characteristics; OR – odds ratio; 95% CI – 95% confidence
interval; β – coefficient; p – p-value. * Variables that failed to be significant in the multivariable models were as follows: PP > 50 mm Hg, PP > 55 mm Hg,
PP > 60 mm Hg, PP > 65 mm Hg, PP > 70 mm Hg, PP > 75 mm Hg, age, American Society of Anesthesiologists (ASA) III/IV/V, Charlson comorbidity index
(CCI), adjunction of regional anesthesia, procedure risk (III), oncological procedure, catecholamine use, systolic blood pressure (SBP) >160 mm Hg, diastolic
blood pressure (DBP) <50 mm Hg, SBP (per 1 mm Hg).

High PP could influence systemic circulation in numerous ways. First, kidneys have a high resting blood flow.
With the increase of PP, perfusion of this organ becomes
more pulsatile and it is thought to damage endothelium and
smooth muscle and induce shear stress, which can cause
plaque to rupture and form thrombosis.28–30 Additionally,
high PP can decrease flow-mediated vasodilation.31 What
is also worth mentioning is that increased PP causes aortic
lumen to decrease, which results in ventricular-aortic decoupling, characterized by cardiac output that is too great
to be accommodated by aortic lumen (leading to the impaired cardiac output with preserved systolic function).5,32

Limitations
The abovementioned findings should be analyzed with
caution due to possible confounding factors. First, the vast
majority of patients had their BP measured with the oscillometric method. Due to an imperfect algorithmic method
of distinguishing SBP and DBP, such patients have a higher
risk of discrepancy between the registered and real BP.
The discrepancy, especially in SBP, is more often expressed
in patients with stiffer arteries and higher PPs.33 In a study
by Kayrak et al., oscillometric measurements led to the underestimation of PP in a group of patients with isolated

systolic hypertension (but not in subjects with mixed hypertension).34 Secondly, the true association between high
intraoperative PP and AKI is, to a certain extent, determined
by the preoperative PP values. Despite the fact that pre-induction PP was not significantly related to the outcome in our
analysis, it is possible that intraoperative PP is only a reflection of the overall cardiovascular condition and does not impair organ perfusion in a short-term period (such as the duration of surgical procedure). Thirdly, pre-induction BP value
was defined as baseline MAP. It is possible that such measurement does not represent the true baseline, as it could be
influenced by stress or premedication. Additionally, the BP
measurements were recorded in 5-minute intervals, and
therefore, a risk of underrecognition of PP changes exists.
Finally, our analysis was restricted to a limited population
of abdominal patients, which reduces the generalizability
of our results into all noncardiac surgery settings.

Conclusions
High intraoperative PP may be associated with AKI
in patients undergoing abdominal surgery. However, the effect of high PP should be confirmed in other noncardiac
populations to prove the generalizability of our results.
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Background. Modern pharmacotherapy requires an individual approach to patients, taking into account changes in pharmacokinetics in pathological states and between-subject variability. This procedure
is of particular importance in immunosuppressive drug therapy. In recent years, the attention has been paid
to the usefulness of calculating the kinetic parameters of the drug in the optimization of the immunosuppressive treatment.
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Objectives. To assess the possibility of using mycophenolic acid (MPA) concentration measurements in order
to optimize pharmacotherapy in patients with kidney diseases or after kidney transplantation.
Materials and methods. The study included 103 patients with renal diseases (group 1) and after kidney
transplantation (group 2), treated at the Department of Nephrology and Transplantation Medicine at the University Clinical Hospital, Wrocław, Poland. The concentrations of MPA were measured using Enzyme Multiplied
Immunoassay Technique (EMIT®) method. A total of 193 pharmacokinetic profiles were performed.
Results. The median of initial (C0) concentration for all patients was 2.09 mg/L, in group 1 – 2.06 mg/L and
in group 2 – 2.11 mg/L. The median concentration at 30 min after drug administration (C30) was 11.72 mg/L
in the whole study group, in group 1 – 11.52 mg/L and in group 2 – 12.72 mg/L. The median concentration at 120 min after the drug administration (C120) was 4.73 mg/L, 4.45 mg/L and 5.57 mg/L, respectively.
The median area under the curve from C0 to C120 (AUC)0–120 was 15.77 h × mg/L for the entire study group,
in group 1 – 15.46 h × mg/L and in group 2 – 16.78 h × mg/L. Using the Spearman’s rank correlation
coefficient for both groups, statistically significant (p < 0.05) correlations were found between 1) C0 and C30,
2) C0 and C120, 3) C0 and AUC0–120, 4) C0 and the daily dose, 5) C30 and AUC0–120, and 6) C30 and the morning
dose. There were also statistically significant correlations between C120 and AUC0–120. Moreover, in group 1,
a statistically significant correlation (p < 0.05) was found between 1) C120 and the daily dose, 2) C120 and
albumin, 3) C120 and C30, and 4) C120 and AUC0–120. In the group 2, a statistically significant correlation was
found between C120 and the morning dose.
Conclusions. Measurements of MPA concentrations are useful for optimizing immunosuppression in patients
requiring an individualized treatment.
Key words: transplantation, renal disease, mycophenolate mofetil, therapeutic drug monitoring, pharmacokinetics
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Background
Therapeutic drug monitoring (TDM), based on the measurement of the concentration of drugs in body fluids and
adapting the dosing regimen to the therapeutic range, is currently a well-established procedure that significantly supports physicians in daily clinical practice. This procedure
is of particular importance for drugs with high between-subject variability and low therapeutic index. The idea of TDM
is based more on a close relationship between the concentration of a drug in the body (usually measured in the blood)
and the clinical effect, than on the relationship between
the dose and that effect. The therapeutic range of drugs
is determined with the use of population-based retrospective investigations and pharmacokinetic modeling.1 This
method was introduced into clinical practice in the mid1970s and is not only still widely used in clinical trials and
in optimizing pharmacotherapy in hospitals, but it has also
been improved with modern analytical techniques. In 1960,
Buchthal et al. indicated a relationship between the plasma
concentration of phenytoin in patients treated for epilepsy
and the number of seizures in those patients.2 It was one
of the first publications pointing to the possibilities of optimizing the treatment using mathematical calculations.
In the 1980s and 1990s, TDM was of interest for researchers,
pharmacologists and medical practitioners. Currently, clinical medicine elucidates considerable benefits from these
observations. However, it should be pointed out that, despite
the development of numerous dosage regimens, there is still
room for the improvement.
Meanwhile, the rapid development of transplantology and therapy of autoimmune diseases in recent years
is strongly linked to the introduction of treatment regimens, based on the new generation of immunosuppressive drugs. The balance between the effectiveness of treatment and the frequency and severity of adverse reactions
to drugs appears to be the issue in this area. In the late
20th century, expert communities consisting of physicians,
pharmacologists and analytical chemists developed international pharmacotherapy guidelines aimed at patient care
optimization. 3 The guidelines are periodically updated
based on the results of meta-analyses, clinical observations and pharmacokinetic/pharmacodynamic (PK/PD)
modeling. One of the groups of medicinal products for
which various regimens were developed includes immunosuppressive drugs – calcineurin inhibitors (cyclosporine
A (CSA), tacrolimus (TAC)), antiproliferative drugs (mycophenolate mofetil (MMF), mycophenolic acid sodium salt
(EC-MPS), azathioprine (AZA)), mammalian target of rapamycin (mTOR) inhibitors (sirolimus (rapamycin), everolimus), and glucocortecosteroids (GCS). This is in line with
evidence-based medicine (EBM) principles.
According to the report by the Scientific Registry
of Transplant Recipients (SRTR), in 2018, 60% of transplant recipients followed a treatment regimen based
on MMF+TAC+GCS, 30% of them followed a treatment
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regimen based on TAC+MMF, with the remaining transplant recipients following other treatment regimens. It can
be said that MMF is one of the most commonly used immunosuppressive drugs in transplantation, but it is also
an important element in the treatment of autoimmune
diseases, which often lack registration for this drug despite
its fairly widespread use.4,5
Compared to other medicinal products, MMF is related
to lower rates of acute rejection of the transplanted organ,
and reduced severity and a lower number of adverse reactions. Even though MMF was introduced over 20 years ago
and initially, the doses recommended by the manufacturer
were followed, clinical observations demonstrate the need
for individualizing the dosage based on the concentration
monitoring and PK/PD modeling, especially for organ
transplant recipients.6,7 The results of numerous studies indicate that the measurement of a single concentration (e.g.,
before the administration of the next steady-state drug
dose) is not sufficient to predict properly the effectiveness
of treatment.5–8 Both previous observational works and
the consensus recommendations point to the necessity
of applying limited sampling strategies (LSSs) in order
to calculate the area under the curve (AUC) in comparison
to time curve, which increases predictive accuracy. Still,
a uniform model is yet to be established.8
The generally accepted parameter that most closely reflects the pharmacokinetic processes of MMF in the body
is AUC0–12h, which is calculated based on steady-state
concentrations.9 However, it should be mentioned that
the calculation of AUC should be based on many measurement timepoints, which is associated with high costs
of the study. With this in mind, LSSs are more applicable
to clinical practice.9,10

Objectives
The study aimed to assess the possibility of using mycophenolic acid (MPA) pharmacokinetic parameters
calculated on the basis of concentration measurements
in the abbreviated sampling profile, to optimize pharmacotherapy in a group of patients with various renal diseases
or after kidney transplantation.

Materials and methods
Patients and study design
Initially, 164 patients were included in the study. The inclusion criteria were: the use of pharmacotherapy according to the guidelines for MMF at a fixed dose for at least
1 month, a stable status of the underlying disease and patient’s informed consent to participate in the study. Ultimately, 103 people were included in the study from the Department of Nephrology and Transplantation Medicine
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Table 1. Characteristics of patients
Patients groups
Parameter

whole study groups (n = 103)

glomerulonephritis patients
(group 1) (n = 64)

kidney transplant recipients
(group 2) (n = 39)

Kinetic profiles

193

150

43

Women

48

30

18

Men

55

34

21

mean (±SD)

CV [%]

mean (±SD)

CV [%]

mean (±SD)

CV [%]

Age [years]

Statistical parameters

42.83 ±18.4

34.24

42.3 ±13.94

32.98

44.88 ±16.89

37.85

BW [kg]

72.94 ±14.7

25.27

73.3 ±17.33

23.66

71.6 ±32.69

31.94

25.9 ±5.8

22.42

25.95 ±5.32

20.50

25.6 ±8.09

31.94

GFR [mL/min/1.73 m ]

61.82 ±27.88

45.10

65.08 ±29.11

44.73

50.59 ±19.58

38.72

Duration of therapy
[months]

36.7 ±101.4

275.9

20.00 ±15.94

79.67

95.13 ±204.00

214.45

Protein serum [g/L]

6.02 ±0.83

13.75

9.91 ±0.81

13.83

6.49 ±0.70

50.82

Albumin serum [g/L]

3.99 ±2.91

73.05

3.98 ±3.23

81.20

4.04 ±0.45

11.04

RBC [10 /L]

4.54 ±0.89

19.76

4.55 ±0.91

19.82

4.45 ±0.88

19.81

HGB [g/dL]

13.12 ±2.40

18.31

13.18 ±2.45

18.59

12.88 ±2.24

17.40

WBC [10 /L]

6.65 ±6.26

94.15

6.54 ±6.89

105.36

7.08 ±2.29

32.33

PLT [109/L]

247.36 ±86.85

35.11

268.29 ±84.85

31.63

206.21 ±79.97

38.78

BMI [kg/m2]
2

12

9

CRP [mg/L]

6.61 ±14.43

218.22

7.63 ±13.04

170.88

7.13 ±18.85

264.54

MMF daily dose [mg]

1217.84 ±453.67

37.25

1222 ±423.14

34.60

1200 ±550.8

45.86

MMF morning dose [mg]

612.26 ±231.13

37.75

612.24 ±219.32

35.83

612.32 ±270.54

44.18

BW – body weight; BMI – body mass index; GFR – glomerular filtration rate; RBC – red blood cells; HGB – hemoglobin; WBC – white blood cells;
PLT – platelets; CRP – C-reactive protein; CV – coefficient of variation; MMF – mycophenolate mofetil; SD – standard deviation.

at the University Clinical Hospital, Wrocław, Poland. A total
of 193 separate pharmacokinetic profiles of the drug were
determined. Patients were divided into 2 groups: group 1
consisted of individuals with chronic renal diseases requiring immunosuppressive treatment (n = 64), while group 2
included individuals after a renal transplant (n = 39).
In group 1, the patients had PK profiles performed during the follow-up visit at the nephrology clinic (42 patients
had 2–8 PK profiles performed at intervals of at least several weeks, most often after changing MMF dosage or for
clinical monitoring; only 22 patients had PK parameters
determined once), while in the group of people after kidney
transplantation, only 4 patients had PK tests performed several times (2–3) and 35 patients had PK profiles performed
once. Material for pharmacokinetic and biochemical analyses was collected between October 2013 and December 2017.
The approval of the Bioethics Committee of the Medical
University of Wroclaw (No. KB/174/2013 and KB-317/2015)
was obtained and each patient signed informed consent
to participate in the study. All procedures were followed
in accordance with the ethical standards of the responsible
committee on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008.
The characteristics of the study group are shown
in Table 1.
In addition to the underlying disease, patients also
suffered from other medical conditions. The following

comorbidities were diagnosed in the patients included
in the study: hypertension was observed in 57.7% of patients, diabetes mellitus – in 11.8%, thyroid dysfunction
– in 91%, and frequent urinary tract infections – in 94%.
In addition, the disorders of the gastrointestinal tract were
observed.

Treatment
The patients in the study group were receiving immunosuppressive treatment for the underlying diseases,
based on MMF and/or GCS and calcineurin inhibitors.
To prevent the adverse effect of the interaction between
MMF and CSA, consisting in reducing the bioavailability
of MMF, patients treated with CSA were administered
a higher dose of MMF, in accordance with current treatment protocols for transplant patients. Treatment regimens applied in the groups are presented in Table 2.
In addition, the patients were receiving medication specific to the treatment of comorbidities; on average, a single
patient received 6 different preparations, including MMF.
The mean morning dose of MMF was 612.26 ±231.13 mg
(median: 500 mg). The mean daily dose was 1217 ±453.67 mg/day
(median: 1000 mg). There was no statistically significant difference in MMF dosage between groups 1 and 2 (p = 0.98;
Mann–Whitney U test). The duration of MMF immunosuppressive therapy averaged 36.74 ±101.4 months (median:
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Table 2. Immunosuppressive treatment in the entire study group and by subgroups
Immunosuppressive treatment
regimens

Whole study group (n = 103)
[%]

Percentage of patients
in group 1 (n = 64) [%]

Percentage of patients
in group 2 (n = 39) [%]

MMF+GCS

40.8

65.6

0

MMF in monotherapy

11.6

18.7

0

MMF+GCS+TAC

29.1

3.1

71.8

MMF+GCS+CSA

12.6

9.4

17.9

MMF+CSA

2.9

3.1

2.6

MMF+TAC

1.9

0

5.1

MMF+SIR

1

0

2.6

MMF – mykophenolate mofetil; GCS – glucocorticosteroids; TAC – tacrolimus; CSA – cyclosporine A; SIR – sirolimus.

20 months) in the entire study group, 20.01 ±15.94 months
in the renal disease group (median: 18.7 months), and
95 ±204 months in the kidney transplant group (median:
60 months). The duration of therapy was statistically significantly longer in the kidney transplant group compared
to the patients with renal disease (p < 0.001; Mann–Whitney U test).

(Phoenix Software International, El Segundo, USA); statistical calculations were performed using STATISTICA
v. 13.1 software (StatSoft Inc., Tulsa, USA).
Pharmacokinetics of MPA in the study subjects was
characterized by determining the parameters of C0, C30,
C120, and area under the curve (AUC) to 120 min after the
dose (AUC0–120).

Analytical methods

Statistical analyses

Concentrations of MPA, an active form of MMF, were
measured in the Laboratory of Therapeutic Drug Monitoring of the Department of Clinical Pharmacology, Wroclaw Medical University, Poland, using the commercial
immunoassay method – Enzyme Multiplied Immunoassay Technique (EMIT®) on a Siemens Viva-E Chemistry
Analyzer (Siemens Healthcare Diagnostics Inc., Newark,
USA). The Emit® 2000 Mycophenolic Acid Assay (Siemens Healthcare Diagnostics Inc.) was used. The analytical range of the test was 0.1–15 μg/mL. The material
was plasma collected in accordance with a predetermined
protocol. The samples for the study were collected just
before the next morning dose of the drug (C0), 30 min
after the drug administration (C30) and 2 h after the drug
administration (C120). The sampling profile was established
based on the literature describing sampling methods in relation to MMF11 and after previous own studies, consisting
in controlling the selection of timepoints in 5 randomly selected patients who had more measurements at additional
timepoints (C15, C45 and C90). In addition, 3 selected measuring points were used for the analysis of the practical,
economic and ethical reasons. The patients were usually
treated in a hospital outpatient clinic and the long waiting time for collecting the material for the study would
be burdensome for them. Other biochemical tests and
anthropometric measurements were performed during
routine monitoring of therapy in the Transplantation
and Nephrology Outpatient Clinic and in the Diagnostic
Laboratory of the Mikulicz-Radecki University Clinical
Hospital, Wrocław, Poland. Pharmacokinetic calculations
were performed using Kinetica v. 5.0 (Thermo Fisher Scientific, Waltham, USA) and Phoenix computer software

Statistical tests consisted of the calculation of basic
statistics. The mean, median, minimum and maximum
values, standard deviation (SD) and coefficient of variation
(CV), 1st quartile (Q1), 3rd quartile (Q3), and interquartile
range (IQR) were evaluated. In order to check the distribution of the examined variables and to test their compliance
with the normal distribution, basic descriptive statistics
were calculated, and Shapiro–Wilk distribution normality
tests were performed. In patients who had more than one
MPA concentration profile, the intervals between consecutive tests were at least 4 months; therefore, statistical calculations for unrelated samples were used for these
patients. Correlations between quantitative variables were
analyzed using the Spearman’s rank correlation coefficient
due to the nonparametric nature of the variables, with
a value of p < 0.05 considered significant.

Results
The mean value of the initial (C 0) concentration for
the entire study group was 2.79 mg/L (median: 2.09),
in group 1 it was 2.77 mg/L (median: 2.06) and in group 2
it was 2.90 mg/L (median: 2.11). The concentration
at 30 min after the administration of the drug (C30) averaged
15.23 mg/L (median: 11.72), in group 1 it was 14.89 mg/L
(median: 11.52) and in group 2 it was 16.41 mg/L (median: 12.72). The mean C120 was 5.66 mg/L (median: 4.73)
in the whole group, while in group 1 and group 2 it was
5.19 mg/L (median: 4.45) and 7.38 mg/L (median: 5.57),
respectively. The mean AUC0–120 was 18.62 h × mg/L (median: 15.77) for the entire study group, 18.34 h × mg/L
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Table 3. Detailed values of pharmacokinetic parameters and statistical analyses in the studied group of patients, divided into groups of patients with renal
diseases and kidney transplant recipients
Patients/profiles
whole study group
(n = 103/193)

Parameter
median

Q1

Q3

C0 [mg/L]

2.09

1.3

3.5

C30 [mg/L]

11.72

6.7

20.5

glomerulonephritis patients (group 1)
(n = 64/150)
IQR

median

Q1

Q3

2.5

2.06

1.3

3.7

13.6

11.52

7.0

21.0

IQR

kidney transplant recipients (group 2)
(n = 39/43)
median

Q1

Q3

IQR

2.4

2.11

1.4

3.8

2.4

13.9

12.72

4.5

20.3

15.8

C120 [mg/L]

4.73

2.8

7.5

4.3

4.45

2.7

6.7

4.0

5.57

4.2

9.2

5.0

AUC0–120 [mg × h/L]

15.77

10.1

26.1

15.4

15.46

10.1

25.4

15.0

16.78

10.2

29.4

19.2

Q1 – 1st quartile; Q3 – 3rd quartile; IQR – interquartile range; AUC – area under the curve.

(median: 15.46) and 19.63 h × mg/L (median: 16.78) for
group 1 and group 2, respectively.
The comparison between pharmacokinetic parameters
calculated in the groups of patients treated with combined
therapy of MMF with CSA and those treated with MMF
without CSA showed no significant difference between
these groups (Mann–Whitney U test; p > 0.05). Detailed
values of pharmacokinetic parameters and statistical analyses are presented in Table 3.
The MPA concentrations measured at designated timepoints observed in groups 1 and 2 are shown in Fig. 1.
The statistical analysis of correlations between individual variables of pharmacokinetic parameters and in relation to variables characterizing a patient’s clinical condition was then performed.
All of the correlations below were tested using the Spearman’s rank correlation coefficient.

Patients with renal disease – group 1
In group 1, there was no statistically significant correlation
(p > 0.05) between morning dose and C0 (r = 0.129; p < 0.2),
and between morning dose and C120 (r = 0.08; p < 0.4). There
was also no statistically significant correlation between daily

60

MPA PK profiles after dosing in group 1 and 2
mean and ±SD value

MPA concentration [mg/L]

50
40
30

10
0

16.4
C 30

14.9
C 30

20

C 120

C0

5.2

2.8

C0
2.9

C 120
7.4

–10
–20

1

group

2

mean C0 ±SD
mean C30 ±SD
mean C120 ±SD

Fig. 1. Plasma concentrations of mycophenolic acid (MPA, mg/L)
measured at designated timepoints observed in the entire study
population (mean ± standard deviation (SD))
PK – pharmacokinetic.

dose and C30 (r = 0.14; p < 0.09). However, a weak positive
correlation was found between morning dose values and C30
(r = 0; p < 0.013) and AUC0–120 (r = 0.2204; p < 0.008), and
between daily dose values and C0 (r = 0.1853; p < 0.026) and
C120 (r = 0.1951; p < 0.02). There were statistically significant
positive correlations of moderate strength between C0 and
C30 (r = 0.3692; p < 0.001); C0 and C120 (r = 0.5308; p < 0.001);
C30 and C120 (r = 0.3066; p < 0.001), and strong positive
correlations between concentrations at each measurement point and AUC0–120 (r = 0.4985; p < 0.001; r = 0.8997;
p < 0.001; and r = 0.5709; p < 0.001, respectively). There was
a weak but significant correlation between albumin levels
and C30 (r = 0.2195; p < 0.011), as well as between albumin
and AUC0–120 (r = 0.1937; p < 0.024). In contrast, no correlation was found between the aforementioned parameters
and total protein levels (p > 0.05). Weak but statistically
significant negative correlations of glomerular filtration rate
(GFR) with C0 (r = −0.3851; p < 0.001) and C120 (r = −0.4256;
p < 0.001) were found.

Kidney transplant recipients – group 2
Similarly, group 2 showed no statistically significant
correlation (p > 0.05; Spearman’s rank correlation coefficient) between the morning dose and C 0 (r = 0.2;
p < 0.054). In contrast, it was found that there is a statistically significant moderately strong positive correlation
of morning dose values with C30 (r = 0.5044; p < 0.001),
C120 (r = 0.4318; p < 0.005) and AUC 0–120 (r = 0.6065;
p < 0.001), and of the daily dose values with C0 (r = 0.25;
p < 0.02), C30 (r = 0.5128; p < 0.001), C120 (r = 0.4721;
p < 0.002), and AUC0–120 (r = 0.6418; p < 0.001). There
were statistically significant positive correlations of moderate strength between C0 and C30 (r = 0.3879; p < 0.012),
as well as between C0 and C120 (r = 0.4516; p < 0.003),
and C0 and albumin level (r = 0.3686; p < 0.038).). There
was a strong positive correlation of C0, C30 and C120 with
AUC0–120 (r = 0.5319; p < 0.001, r = 0.9017; p < 0.001, and
r = 0.4938; p < 0.001, respectively). There was no statistically significant correlation between albumin and total
protein levels or GFR and any of the calculated pharmacokinetic parameters (p > 0.05; Spearman’s rank correlation coefficient).
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Fig. 2. Selected pharmacokinetic parameters of mycophenolic acid (MPA) in groups 1 and 2; box-whisker plots
AUC – area under the curve.

Efficacy and tolerability
The efficacy and safety of MMF pharmacotherapy were
assessed based on the biochemical parameters and clinical symptoms. In the group of kidney transplant patients,
the criterion of effectiveness is the lack of graft rejection.
In this group (group 2), none of the patients had acute
or chronic rejection. In the group of people with various
renal diseases (group 1), the criteria of effectiveness are disease remission or no clinical deterioration, the assessment
based mainly on estimated GFR (eGFR), serum albumin
level and the presence or absence of proteinuria.
In group 2, no signs of rejection were observed, regardless of MPA concentration and AUC0–120. In group 1, no
significant signs of clinical deterioration were found, although there was a relationship between AUC0–120 and
the level of albumin and total protein, which may indicate a significant influence of the drug on the course
of the disease.
The pharmacological toxicity of MMF includes mainly
the risk of opportunistic infections (bacterial, fungal,
viral), neoplasm (lymphoma), bone marrow aplasia and

digestive disorders, that are the clinical criteria of the safety
of immunotherapy.
The selected pharmacokinetic parameters of MPA
in groups 1 and 2 are shown in Fig. 2.

Discussion
The calculation of pharmacokinetic parameters of many
drug substances is an important part of modern pharmacotherapy. A recent interest in pharmacometrics has
contributed to an improved efficacy and safety of treatment. There are heated discussions on the possibility
of developing an ideal pharmacokinetic and/or pharmacodynamic model for the initial phase of chronic treatment that would increase a patient’s chances of optimal
therapy. The influence of clinical factors other than those
directly related to the drug, such as a patient’s age, biomarker values, dietary habits, and genetic background, are
also noteworthy.8,12 The use of immunosuppressive drugs
is a good example of how PK/PD modeling can be used
to define the treatment profile. Unfortunately, the high
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Table 4. Results of the Shapiro–Wilk test for the assessment of the normality of the distribution of selected variables
Patients groups
Parameter

whole study group

glomerulonephritis patients (group 1)

kidney transplant recipients (group 2)

W-value

p-value

W-value

p-value

W-value

p-value

C0 [mg/L]

0.8350

<0.0001

0.8445

<0.0001

0.8013

<0.0001

C30 [mg/L]

0.8547

<0.0001

0.8999

<0.0001

0.8123

<0.0001

C120 [mg/L]

0.8468

<0.0001

0.9043

<0.0001

0.8455

<0.0001

AUC0–120 [mg × h/L]

0.9232

<0.0001

0.8947

<0.0001

0.9389

<0.001

GRF

0.9454

<0.0001

0.9455

<0.0001

0.9653

0.021

Morning dose

0.8335

<0.0001

0.7551

<0.0001

0.8758

<0.0001

Daily dose

0.9171

<0.0001

0.9009

<0.0001

0.8947

<0.0001

Duration of therapy

0.9168

<0.0001

0.9168

<0.0001

0.3811

<0.0001

AUC – area under the curve; GFR – glomerular filtration rate.

interindividual variability and the dynamic changes
in the health status of patients mean that there is still no
clear consensus on the management of immunotherapy,
especially in patients after vascular organ transplantation.
The PK/PD modeling after kidney transplantation and
in immune-mediated kidney diseases is a challenge for
modern pharmacokinetics. The TDM is currently the gold
standard in immunosuppression, but it does have some
limitations due to the poor availability of analytical methods, the need for multiple sampling of the patient, the cost
of the assay, and the insufficient knowledge of medical staff
on interpreting the obtained results.
The present study measured MPA concentrations
at 3 timepoints after MMF dosing, and calculated selected
pharmacokinetic parameters of this drug in the group
of subjects with renal disease and after kidney transplantation. The reported data showed that there was no statistically significant relationship between baseline concentration (C0) and the morning dose, but there were statistically
significant correlations between this concentration and
the daily dose of MMF. These observations indicate that
there are many individual factors that affect the absorption
and distribution of the drug in the body, and that the use
of the TDM method is one of the options for optimizing
treatment.
In April 2021, the latest consensus report on MMF
therapy from the International Association of Therapeutic
Drug Monitoring and Clinical Toxicology was published.7
According to this document, it is advisable to monitor
MMF therapy due to the nonlinearity of the pharmacokinetics of the drug, as the drug is highly bound to plasma
proteins, mainly albumin (97–99%).13 The mean elimination half-life of MPA is 8–16 h; it is excreted through active tubular excretion in the form of the metabolite MPA
glucuronide (MPAG) in the urine. The binding of MPA
to albumin is reduced in diseases with significantly impaired renal function.14
The present observation showed a weak but significant
correlation between albumin level and C30, and also between albumin level and AUC0–120 in the renal disease

group, but no such correlation was found in kidney transplant patients. Weak but statistically significant negative
correlations of GFR with C0 and C120 were found. However,
both albumin levels and GFRs in both study groups showed
no signs of severe renal failure, and there was a considerable interindividual variability in the obtained results.
In both observed groups, a statistically significant correlation of AUC0–120 with the morning and daily doses
was demonstrated, which indicates the usefulness of calculations of this parameter for optimal immunotherapy,
especially in patients with multiple comorbidities, even
despite the shortened sampling time.
According to various observations with MPA concentration measurements, the concentration value at single
timepoints is not a reliable predictor. It is recommended
to calculate the AUC and adjust dosing regimens based
on this parameter. 8 It seems that the main reason for
the necessity of the individualized therapy is the incidence
of adverse effects. On the other hand, dose mismatch may
cause symptoms of chronic graft rejection.15,16
The recommended range of AUC values, most commonly determined between 0 h and 12 h after drug administration (AUC0–12h) is 30–45 mg × h/L in patients with
autoimmune diseases and 43.98–50.5 mg × h/L in kidney
transplant patients.17–19
There is a rapid absorption phase for MMF and, after 0.5–1 h, its maximum concentration is observed
in the blood. Several publications have evaluated the usefulness of the LSS method for estimating AUC or establishing a dosing regimen. It was shown that it is possible
to estimate drug concentrations based on multiple linear
regression; however, the accuracy of this method depends
on the number of timepoints. For MMF, the LSS based
on 2 or 3 timepoints was sufficient for an acceptable predictive value; however, for EC-MPS, a higher number
of measurements (4–8 timepoints) was required, and also
the last measurement, performed 4–9 h after drug administration, was necessary. This may be explained by a higher
interindividual variability, depending on hepatic circulation and a time-varying stage of absorption. 20–22
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In the present study, all patients received MMF, which
ensured the homogeneity of assay results and total drug
exposure calculations. In most publications, 3 timepoints
for concentration measurements were usually used,
namely 20 min, 1 h and 3 h after the drug administration.
In one of the cited studies, the last timepoint was 2 h after
the drug administration.23,24
This confirms the advisability of using in this study
a material collection limited to 2 h. According to the consensus, it would be more accurate to use Bayesian estimation, although this may be difficult in clinical practice,
due to the need for appropriate computational tools and
knowledge in this area.
In the present study, MPA concentration and PK parameters were measured at 3 timepoints limited to 2 h.
The results of the calculations presented in this study
show significant correlations of AUC0–120 with C30 and
C120, which is consistent with the calculations of other
authors.25–28 Moreover, statistically significant relationships between the concentration values measured at individual timepoints (C 0, C120) and AUC 0–120 were also
demonstrated in both groups of patients and of C0, C30 and
C120 with AUC0–120 in group 1, which indicates the possibility of using these parameters for pharmacokinetic
and drug dosing calculations. In line with the recommendations of the previously cited consensus, it is possible
to calculate basic PK parameters for the correct prediction
of drug exposure in different groups of patients, but this
requires validation and determination of other parameters
not included in this study, such as biomarkers. The role
of pharmacogenetic studies of MPA metabolism in assessing the efficacy and safety of MPA immunosuppression
is also emphasized.
Based on the measurements of MPA concentrations
and the authors’ observations, it can be concluded that
the use of the TDM procedure is indicated to optimize
the immunosuppressive treatment of MMF and reduce
the severity of complications. Determining the best sampling profile and PK calculations requires further studies
on a larger group of patients, taking into account genetic
conditions or the use of a mathematical pharmacokinetic
model, which would reduce the need for multiple samples
for testing and the cost of measurements. Currently, based
on the presented results and the literature, it can be concluded that the best predictive parameter is multiple blood
sampling at short intervals and the calculation of AUC.
The AUC 0–12h is often proposed in the literature, but
it is difficult to carry out in an outpatient setting, mainly
due to the long time of sample collection and the high
cost. A biochemical parameter that is important in the interpretation of pharmacokinetic results is the albumin
level, which should be analyzed in subsequent studies with
respect to the clinical observation of drug effects, e.g.,
by analyzing a recognized quality of life scale, immunosuppressive effects and incidence of adverse effects.

Limitations
One limitation of the present study was the inability
to compare the pharmacokinetic parameters used in this
project with the pharmacokinetic profiles for 12-hour
follow-up in a larger group of patients, in order to confirm
the obtained results.

Conclusions
The measurements of MPA concentrations and the calculation of its pharmacokinetic parameters are useful
in optimizing immunosuppression in groups of patients,
requiring an individualized treatment due to individual
differences and multidrug therapy, which is often the cause
of drug interactions.
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Materials and methods. The UC model was developed in C57BL/6 mice by oral administration of DSS.
Following DSS exposure, sulfasalazine (SASP), low dose of DRE (DRE-L), moderate dose of DRE (DRE-M), high
dose of DRE (DRE-H), and DRE-H plus mitogen-activated protein kinases (MAPK) agonist (DRE-H+MA) were
administered to the mice. Colon Mucosal Damage Index (CMDI) and histopathological analysis were used
to evaluate the colonic mucosal damage. The cytokine levels were detected using commercial enzyme-linked
immunosorbent assay (ELISA) kits. The MAPK pathway activation was determined with western blotting.
Results. We found that DRE-H attenuated DSS-triggered colonic mucosal damage. The DSS-induced inflammatory responses and oxidative stress in the bloodstream and colon tissues were dramatically inhibited
by DRE-H administration. Also, this plant impaired DSS-provoked phosphorylation levels of extracellular
signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK), p38 mitogen-activated protein kinases
(p38), p65, and IκB. More importantly, MAPK agonist, BIM-23A760, removed the protective effect of DRE-H
on the bloodstream and colon tissues.
Conclusions. The DRE-H is capable of relieving DSS-induced UC, and its mechanism links to the MAPK
pathways.
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Background
Ulcerative colitis (UC) is an inflammatory bowel disease
(IBD) featured with recurrent attacks, poor outcome, prolonged illness, and high potential of colorectal carcinogenesis.1 The annual incidence of UC has been largely increasing
in China, and the current clinical drugs, including antiinflammatory and immunosuppressive compounds, have
several adverse side effects such as osteoporosis, neurotoxicity and gastrointestinal intolerance2; in consequence,
more and more studies attempt to exploit new or alternative approaches to UC.3 Dextran sodium sulfate (DSS), one
of the sulfated polysaccharides, is a standard reagent used
to create an experimental UC model in animals, as most
pathological symptoms during DSS application are similar
to those of UC patients.4 Therefore, the DSS-triggered UC
animal model provides a valuable platform to either develop
new drug targets by constant progress in understanding
the etiology and pathogenesis of UC, or pre-clinically evaluate the outcomes of drug candidates for UC.
It has long been known that dandelion (Taraxacum,
Asteraceae family), a traditional Chinese herbal medicine,
together with other herbs, can treat various ailments. 5
Recent attempts have led to discoveries of anticancer, antiinflammatory and antioxidative functions of this plant.6–8
By stimulating multiple death signaling pathways, the dandelion root extracts increase cell apoptosis of colorectal
and pancreatic cancer and leukemia.9–11 Inhibiting PI3K/
AKT pathway is a mechanism for dandelion root extracts
to ameliorate lipopolysaccharide (LPS)-triggered inflammation,12 and reducing lipid peroxidation contributes
to the antioxidative activity of dandelion root extracts
on the alcohol-induced liver.13 Although the protective
effect of this plant on UC has been revealed,14 the exact
mechanism is unknown. Such a broad function of dandelion root extract might be due to its active chemical constituents, including sesquiterpenes, various triterpenes,
phytosterols, and phenolic compounds.15 Among the phenolic compounds, hydroxycinnamic acid derivatives (chlorogenic, caffeic, 4-coumaric, 3-coumaric, ferulic acids)
are mainly reported, whereas flavonoids and hydroxybenzoic acid derivatives have a relatively low level.16–18 These
chemical constituents likely act individually, additively
or in synergy, in order to modulate different tissue-specific
functions.19 Still, the physiological functions of dandelion
and its clinical utilization clues the ability of cells to respond to its bioactive components through fundamental
and widespread intracellular mechanisms.
Mitogen-activated protein kinases (MAPK) harbor
3 well-known subfamily members, extracellular signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK) and
p38 mitogen-activated protein kinases (p38), that perform
autophosphorylation or phosphorylate their substrates
to activate or deactivate downstream molecules.20 These
kinases are ubiquitous and conserved in eukaryotes, and
they are essential modulators for cell pathology, cellular

physiology and various diseases.21 Recent evidence proves
that MAPK signaling pathways show a crucial correlation
with the pathogenesis of UC, due to the abundant release
of cytokines and inflammatory mediators by their activation.22–24 Given the clues that MAPK pathways can be
utilized by dandelion or its extracts to ameliorate the inflammation in vitro and bacterial disease in animals,25–27
we proposed that dandelion root extracts may relieve experimental UC by regulating MAPK signaling pathways.

Objectives
In this study, we hypothesized that MAPK signaling
pathways might participate in the protection against UC
by dosing dandelion root extracts in experimental UC.
Therefore, this study aimed to discover the interrelationship between dandelion root extracts and MAPK pathways
in the DSS-triggered experimental mouse model.

Materials and methods
Preparation of dandelion root extracts
Premier Herbal Inc. (Toronto, Canada; lot No. 318121)
provided dandelion roots for the present study. The root
extract was isolated according to the published protocol.19
Briefly, the appropriate dandelion roots were extracted
by soaking in 95% ethanol at 1:10 w/v (plant material
to solvent ratio) under uninterrupted stirring for 3 days,
changing the solvent every 24 h. The extract was filtered,
and the solvent was removed using a rotary evaporator
(Vacufage plus; Eppendorf, Hamburg, Germany). The dry
extract of dandelion root was frozen at −80°C for long-term
storage and redissolved by the same solvent in 100 mg/mL
before use. According to the published analysis on reversed-phase high-performance liquid chromatography,19
the main chemical constituents of dandelion root extract
were hydroxybenzoic acid derivatives and hydroxycinnamic acids (gallic acid, chlorogenic acid, caffeic acid,
vanillic acid, syringic acid, p-coumaric acid, and ferulic
acid). For the animal experiment, 100 mg/mL of dandelion
roots extracts were finally diluted in sterile distilled water
to the indicated concentrations for the gavage.

Animals and experimental design
Male and female (half-and-half) specific pathogen-free
(SPF) C57BL/6 mice, 6−8 weeks of age, weighing 18 ±3 g,
from the same litters, were commercially obtained from
Animal Center of Hainan Medical University and housed
in an environmentally controlled breeding room (temperature: 20 ±2°C, humidity: 60 ±5%, 12 h/12 h dark/light
cycles) in cages, and fed with sterile water and standard
laboratory rodent diets. They were maintained under
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internationally accepted principles for laboratory animal use. The animal protocol complied with the Animal
Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines and was approved by the Institutional Animal
Care and Use Committee of Hainan Medical University,
China (approval No. DLMU2020012341).
After 3 days of acclimatization, mice were administered
2% DSS (w/v) (36–50 kDa; MP Biomedicals, IllkirchGraffenstaden, France) in their drinking water to induce
acute UC. Mice were randomly separated into 7 groups
(n = 10 per group): 1) control group (mice received regular
drinking water, CON group); 2) DSS-induced UC model
group (mice received 2% w/v DSS in drinking water for
10 days, UC group); 3) DSS + sulfasalazine (SASP) group
(100 mg/kg/day for 10 days); 4) DSS + low dose of dandelion root extracts (DRE; 0.5 mg per mouse) group (mice
received 2% w/v DSS in drinking water for 10 days, together
with the administration by gavage of 1 mg per mouse
of DRE twice a day, DRE-L group); 5) DSS + middle dose
of DRE group (1 mg per mouse, DRE-M group); 6) DSS +
high dose of DRE group (2 mg per mouse, DRE-H group);
and 7) DSS+DRE-H+MAPK agonist group (DRE-H+MA
group). Sulfasalazine is a certain drug used to treat UC
clinically.28 The MAPK agonist, BIM-23A760,29 was provided by IPSEN Bioscience (Cambridge, USA)30 and injected into the tail vein (4 μg per mouse) every other day.
The volume of gavage and tail vein injection was 400 μL
and 100 μL, respectively. Mice were observed for 10 days
and then sacrificed by CO2 inhalation.31 Serum and colon
samples were collected for the subsequent analysis.

Colon Mucosal Damage Index
Colon Mucosal Damage Index (CMDI) was evaluated
according to the following criteria32: (1) ulcer and inflammation: 0 points – normal; 1 point – focal congestion,
no ulcer; 2 points – ulcer without congestion or thickening of the intestinal wall; 3 points – one place with inflammatory ulcer; 4 points – ulcers and inflammatory
sites in 2 places; 5 points – the central part of the damage
along the colon extension ≥ 1 cm; 6–10 points – the injury
along the length of the colon extended ≥ 2 cm; for each
increase of 1 cm of damage, the score increased by 1 point;
(2) the presence of adhesion: 0 points – normal; 1 point
– slight adhesion; 2 points – the main adhesion.

Histology analysis
The colon samples were collected and fixed in 4% paraformaldehyde solution overnight, and then embedded
in paraffin and sliced into 4-μm sections. The paraffin
sections were stained with hematoxylin for 5 min, followed
by phosphate-buffered saline (PBS) washing and dying
in eosin solution for 30 s.33 The histopathological changes
were observed using a light microscope (BX50; Olympus
Corp., Tokyo, Japan).
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Enzyme-linked immunosorbent assay
The levels of mouse interleukin (IL)-1β (Nanjing Senbeijia Biological Technology, Nanjing, China), IL-6 (Nanjing
Senbeijia Biological Technology), tumor necrosis factor
alpha (TNF-α) (Nanjing Senbeijia Biological Technology),
IL-10 (Nanjing Senbeijia Biological Technology), plateletactivating factor (PAF; cat No. MBS2700185; MyBioSource,
San Diego, USA), prostaglandin E2 (PGE2, MyBioSource),
myeloperoxidase (MPO; cat. No. EMMPO; Invitrogen,
Waltham, USA), and superoxide dismutase (SOD; cat.
No. EIASODC; Thermo Fisher Scientific, Waltham, USA)
were assessed in the colon homogenates and serum samples, using the abovementioned commercially available kits
according to the manufacturer’s specifications.34

Western blotting
For the immunodetection, 50 µg of total protein extracts
from cytosol or nucleus in Laemmli sample buffer (BioRad, Hercules, USA) were resolved on 10% or 15% sodium
dodecyl-sulfate polyacrylamide gel electrophoresis (SDSPAGE) and then transferred to nitrocellulose membranes
for western blotting. The membranes were first stained
with Ponceau S to confirm the transfer efficacy. After
blocking with 5% skim milk dissolved in Tris-buffered
saline (TBS) containing 0.05% Tween-20 (TBST) (VWR,
Lutterworth, UK) for 2 h at room temperature, membranes
were incubated with anti-phospho-ERK, anti-phosphop38, anti-phospho-JNK, anti-β actin, anti-Histone H3,
anti-phospho-IκBα, anti-IκBα, anti-phospho-p65-S536,
or anti-p65 (ABclonal, Woburn, USA) at appropriate dilutions, followed by goat anti-rabbit secondary antibody
conjugated with horseradish peroxidase (HRP). Positive
band intensities were detected using a gel documentation
system (Fujifilm LAS-3000 Imager, Tokyo, Japan).35

Statistical analyses
Nonparametric Kruskal–Wallis test with Dunn’s multiple
comparison test were only used in the data shown in Fig. 1A,
since it did not fit normal distribution (Gaussian).36 Oneway analysis of variance (ANOVA) with Tukey’s multiple
comparison test or Welch’s ANOVA test with Dunnett’s
T3 multiple comparisons test were used in the remaining
data from Fig. 2–6. The Shapiro–Wilk and Kolmogorov–
Smirnov tests were performed for normal distribution.
The Shapiro–Wilk test is performed based on regression
and correlation, and Kolmogorov–Smirnov test is the empirical distribution function test.37 They analyze the normality of data in a different way. Therefore, the data with
a sample size greater than 4 was considered to have a normal distribution only if it passed both tests, while a normal distribution of data with a sample size less than 5 can
only be evaluated by the Shapiro–Wilk test. The Bartlett’s
test was used for evaluating the equal variances.38 All data
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Fig. 1. Dandelion root extracts (DRE) reduced dextran sodium sulfate (DSS)-triggered colonic mucosal injury. A. Colon Mucosal Damage Index (CMDI)
score was used to assess the degree of intestinal mucosal injury of mice in each group. The way to quantify the CMDI score can be found in Materials and
methods section; B. Histopathological staining was used to assess the degree of intestinal mucosal damage of mice in each group. Significance differences
were measured using a nonparametric Kruskal–Wallis test with Dunn’s multiple comparison test (A). Data are mean ± 95% confidence interval (95% CI)
(for normal distribution) or median ± interquartile range (IQR), p-value was indicated in each panel
CON – control group; UC – DSS-induced UC model group; SASP – DSS + sulfasalazine group; DRE-L – DSS + low dose of DRE group; DRE-M – DSS + middle
dose of DRE group; DRE-H – DSS + high dose of DRE group.

analyses were performed using GraphPad Prism software
v. 8.4.0 (GraphPad Software, San Diego, USA). A value
of p < 0.05 was considered statistically significant.

degeneration and necrosis, as well as a small number
of inflammatory cells were observed in colonic sections
derived from SASP and DRE-H groups (Fig. 1B).

Results

Dandelion root extracts weaken
DSS-triggered inflammatory cytokines

Dandelion root extracts ameliorate
DSS-triggered colonic mucosal injury
Oral administration of DSS is a common approach to induce UC in mice.39 As expected, the UC was successfully
established in C57BL/6 mice. It was indicated by the high
CMDI score and the mucosal epithelial cell degeneration
and necrosis, as well as an increased number of infiltrating
mucosal leukocytes in histopathological staining of the colon sections (Fig. 1A,B). Sulfasalazine, a therapeutic drug
for UC,40 and various doses of DRE were used to treat UC
mice. The SASP group and the DRE-H group had significantly lower CMDI score than the UC group, while
the low or middle dose of DRE (DRE-L or DRE-M) groups
showed only slight but no statistically significant reduction of CMDI score compared to the UC group (Fig. 1A).
Therefore, the DRE-H group was selected for the following experiments. Consistently, the mild epithelial cell

The effects of DRE on the DSS-induced colonic mucosal inflammation were evaluated by assessing several
inflammatory markers in mouse serum and intestinal
tissues. As shown in Fig. 2A–H, the proinflammatory
cytokines, TNF-α, IL-6, and IL-1β, were markedly enhanced, and the anti-inflammatory cytokine, IL-10,
was significantly reduced in serum and colon tissues
of the UC group. More importantly, all of the abnormal changes of these inflammatory indicators induced
by DSS were reversed, mainly by the oral administration
of SASP or DRE-H, suggesting the anti-inflammatory
action of DRE in UC mice.

Dandelion root extracts improve
DSS-triggered oxidative injury in the colon
Several factors (PAF, PGE2, MPO, and SOD) related to colonic oxidative injury were further assessed

Adv Clin Exp Med. 2022;31(5):529–538

533

Fig. 2. Dandelion root extracts (DRE) inhibited dextran sodium sulfate (DSS)-triggered colonic mucosal inflammation. After ulcerative colitis (UC)
development and drug treatment in C57BL/6J mice, enzyme-linked immunosorbent assay (ELISA) assay was utilized to detect pro- or anti-inflammatory
cytokines in colon tissues (A–D) and serum samples (E–H). These cytokines include interleukin (IL)-1β (A,E), IL-6 (B,F), tumor necrosis factor alpha (TNF-α)
(C,G), and IL-10 (D,H). The homogenate from tissues or serum were diluted with appropriate fold to get a measurement that fits in standard curves
provided with ELISA kits, and those standard curves were used to calculate the concentration of cytokines. Significant differences were measured using
one-way analysis of variance (ANOVA) with Tukey’s multiple comparison test (A–H). Data are mean ± 95% confidence interval (95% CI), p-value was
indicated in each panel
CON – control group; UC – DSS-induced UC model group; SASP – DSS + sulfasalazine group; DRE-L – DSS + low dose of DRE group; DRE-M – DSS + middle
dose of DRE group; DRE-H – DSS + high dose of DRE group.

to determine the antioxidative effect of DRE in UC mice.
The DSS substantially triggered oxidative injury, as demonstrated by the upregulation of PAF, PGE2 and MPO
levels, and the downregulation of the activity of SOD
in either colonic tissues or serum samples (Fig. 3A–H).
Interestingly, SASP and DRE-H dramatically ameliorated
oxidative stress in UC mice by increasing SOD activity
and decreasing PAF, PGE2 and MPO levels. In addition,
the antioxidative activity between SASP and DRE-H
groups is similar.

Dandelion root extracts impact
the MAPK signaling pathways
First, it was investigated whether the action of DRE
against UC is related to MAPK signaling pathways.
As shown in Fig. 4, the phosphorylation level of ERK, JNK
or p38 in colon tissues was strongly induced by the oral administration of DSS, and the application of DRE-H entirely
blocked the DSS-induced high phosphorylation of the 3
indicators. Nuclear factor kappa B (NF-κB) is downstream
of MAPK signaling pathways. The phosphorylation levels
of NF-κB p65 and IκBα, 2 indicators of NF-κB activation, were obviously enhanced by the DSS treatment, but
the abundances of IκBα and p65 in the cytoplasm were
significantly decreased by the DSS exposure (Fig. 4A,B).
The production of NF-κB p65 in nuclei was enhanced

by the DSS treatment, suggesting the robust translocation
of p65 into nuclei (Fig. 4A,C). Notably, the administration
of DRE-H could completely reverse all the abovementioned
DSS-triggered alterations (Fig. 4), revealing that DRE-H
likely blocks the activation of NF-κB through the inhibition of phosphorylation levels of ERK, JNK and p38.

Dandelion root extracts target MAPK
to improve DSS-triggered UC
To investigate further whether the therapeutic effect
of DRE against UC is achieved by suppressing MAPK
signaling pathways, the MAPK agonist, BIM-23A760, was
applied in C57BL/6 mice during DRE-H administration.
Interestingly, BIM-23A760 removed anti-inflammatory
and antioxidative actions of DRE-H by reinducing IL-1β,
IL-6, TNF-α, PAF, PGE2, and MPO, and resuppressing
the levels of IL-10 and SOD in serum and tissue samples (Fig. 5A–H). At the same time, the inhibitory effect of DRE-H on DSS-triggered activities of ERK, JNK
and p38, and their downstream transcriptional factor
NF-κB was omitted by this agonist (Fig. 6A–C), which
seems to prove that the re-activation of MAPK pathways
could block the therapeutic effect of DRE-H against UC.
In other words, the inhibition of MAPK signaling pathways could be a mechanistic explanation for DRE to relieve UC in mice.
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Fig. 3. Dandelion root extracts (DRE) improved dextran sodium sulfate (DSS)-triggered oxidative stress in animals. Enzyme-linked immunosorbent assay
(ELISA) was utilized to detect oxidative stress-related factors in colon tissues (A–D) and serum samples (E–H). These factors include platelet-activating factor
(PAF) (A,E), prostaglandin E2 (PGE2) (B and F), myeloperoxidase (MPO) (C,G), and superoxide dismutase (SOD) (D,H). Significant differences were measured
using one-way analysis of variance (ANOVA) with Tukey’s multiple comparison test (A–H). Data are mean ± 95% confidence interval (95% CI), p-value was
indicated in each panel
CON – control group; UC – DSS-induced ulcerative colitis (UC) model group; SASP – DSS + sulfasalazine group; DRE-L – DSS + low dose of DRE group;
DRE-M – DSS + middle dose of DRE group; DRE-H – DSS + high dose of DRE group.

Fig. 4. Dandelion root extracts (DRE) largely normalized dextran sodium sulfate (DSS)-induced activation of nuclear factor kappa B (NF-κB) and mitogenactivated protein kinases (MAPK) signaling pathways. A. Western blotting was used to detect the production of p65 and IκBα and the phosphorylation
of p65, IκBα, extracellular signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK), and p38 mitogen-activated protein kinases (p38); B. Relative
expression of cytosolic proteins shown in A was quantified using ImageJ; C. Relative expression of nuclear protein, p65, shown in A was quantified using
ImageJ. One-way analysis of variance (ANOVA) with Tukey’s multiple comparison test (B) and Welch’s ANOVA test with Dunnett’s T3 multiple comparisons
test (C) were used to identify significant differences. Data are mean ± 95% confidence interval (95% CI), p-value was indicated in each panel
CON – control group; UC – DSS-induced ulcerative colitis (UC) model group; DRE-H – DSS + high dose of DRE group.
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Fig. 5. Dandelion root extracts (DRE) improved dextran sodium sulfate (DSS)-induced inflammation and oxidative stress through mitogen-activated protein
kinases (MAPK) signaling pathways. After treatment with DRE for ulcerative colitis (UC) in C57BL/6J mice, enzyme-linked immunosorbent assay (ELISA) assay
was utilized to detect inflammatory and oxidative stress-related factors in colon tissues and serum samples. These factors include interleukin (IL)-1β (A), IL-6 (B),
tumor necrosis factor alpha (TNF-α) (C), IL-10 (D), platelet-activating factor (PAF) (E), prostaglandin E2 (PGE2) (F), myeloperoxidase (MPO) (G), and superoxide
dismutase (SOD) (H). The homogenate from tissues or serum were diluted with appropriate fold to get a measurement that fits in standard curves provided
with ELISA kits, and those standard curves were used to calculate the concentration of cytokines. Significant differences were measured using one-way analysis
of variance (ANOVA) with Tukey’s multiple comparison test (A–H). Data are mean ± 95% confidence interval (95% CI), p-value was indicated in each panel
UC – DSS-induced ulcerative colitis (UC) model group; DRE-H – DSS + high dose of DRE group; DRE-H+MA – DSS+DRE-H+mitogen-activated protein
kinases (MAPK) agonist group.

Fig. 6. Mitogen-activated protein kinases (MAPK) agonist erased the inhibitory effect of dandelion root extracts (DRE) on nuclear factor kappa B (NF-κB)
and MAPK activation. A. Western blotting was performed to detect the production of p65 and IκBα and the phosphorylation of p65, IκBα, extracellular
signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK), and p38 mitogen-activated protein kinases (p38); B. Relative expression of cytosolic proteins
shown in A was quantified using ImageJ; C. Relative expression of nuclear protein, p65, shown in A was quantified using ImageJ. Significance differences
were measured using one-way analysis of variance (ANOVA) with Tukey’s multiple comparison test (B,C). Data are mean ± 95% confidence interval (95% CI),
p-value was indicated in each panel
UC – DSS-induced ulcerative colitis (UC) model group; DRE-H – DSS + high dose of DRE group; DRE-H+MA – DSS+DRE-H+MAPK agonist group.
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Discussion
There seems to be a consensus that DSS acts as a toxic
factor, damaging gut epithelial cells and destroying the integrity of the mucosal barrier, thereby disseminating gut
bacteria or other microbes into the lamina propria.41 This
dissemination provokes immune and concomitant inflammatory responses by recruiting neutrophils and other
leukocytes to the injured sites and accumulating several
leukocyte-expressed proinflammatory cytokines, including IL-1β, IL-6 and TNF-α; the latter aggravate the disease
further.42 Our data consistently showed that leukocytes
and their secreted cytokines were accumulated, and that
MPO, the principal constituent of neutrophil cytoplasmic granules, as well as PAF, the stimulator for leukocyte
adhesion, were enhanced in DSS-exposed colon tissues.
In the current study, the application of DRE-H reduced
the accumulation of neutrophils and other leukocytes,
as demonstrated by the reduction of DSS-triggered leukocytes infiltration, proinflammatory cytokines, MPO
activity, and PAF level. Moreover, the DSS-triggered increase of proinflammatory cytokines, MPO and PAF
in the bloodstream were also improved by the oral administration of DRE-H. Besides its effect on proinflammatory
cytokines, DRE-H also supported the anti-inflammatory
cytokine, IL-10. The IL-10 is deficient in patients with UC
and has been proposed as a potent anti-inflammatory therapy in this disease.43 The mechanisms responsible for its
anti-inflammatory action have been recently explored, and
this anti-inflammatory action is dependent on the promotion of mitophagy that clears dysfunctional mitochondria
featured by low membrane potential and a high level of reactive oxygen species (ROS).44 Without the effective IL-10
signaling, damaged mitochondria are accumulated and
result in dysregulated activation of the inflammasome and
the production of IL-1β. Thus, all of the abovementioned
evidence supports the protective effect of DRE-H on UC,
which is in line with the previous findings.14
The NF-κB is an inﬂammation-associated signal essential for the host defense to different infections and intracellular changes of reduction-oxidation state.45,46 Without any stimulations, NF-κB forms an inactive and stable
complex with inhibitory protein IκB in the cytoplasm.
Once the cells get activated by various stimuli, the inhibitory protein IκB is phosphorylated and then dissociated
from NF-κB. After the translocation into the nucleus and
a subsequent attachment to the κB binding sites, NF-κB
triggers the expression of several downstream genes, including inflammatory mediators.47,48 In this study, DSS
treatment largely elicited the phosphorylation of NF-κB
and IκB, while DRE-H diminished their phosphorylation,
indicating the anti-inflammatory molecular mechanism
dependent on NF-κB for DRE. Three prominent MAPK
pathway members, ERK, JNK and p38, can arouse the action of NF-κB.49 Interestingly, we found that these 3 kinases
were all provoked in DSS-injured tissues and had a similar

expression pattern as NF-κB, suggesting that their activation likely modulated the activation of NF-κB in circulation and colon tissues from DSS-treated animals. Given
the strong ability of DRE-H to weaken the phosphorylation levels of ERK, JNK and p38, it is therefore reasonable
to hypothesize that the mechanism of action of this plant
seems to require the involvement of MAPK signaling pathways to inhibit NF-κB activation and ensuing inflammatory
events. The MAPK agonist BIM-23A760 was simultaneously injected into animals during DRE application to examine this proposal. After the agonist usage, the effect
of DRE-H on protecting animals against UC disappeared,
as demonstrated by the measurement of the level of inflammatory cytokines, PAF, MPO, PGE2, and SOD, and
the phosphorylated levels of NF-κB, IκB, ERK, JNK, and
p38. These data support the mechanism through which
DRE can inhibit UC in DSS-administrated rats by blocking
MAPK signaling pathways.

Limitations
Firstly, this study only clarified the action and involved
the mechanism of total extracts of dandelion root in DSSinduced UC model. The potential bioactive compounds
(hydroxybenzoic acid derivatives and hydroxycinnamic
acids) need to be further exaxmined. Secondly, there
might be other signaling pathways involved in the protection of DRE, which should be also investigated in future studies. Lastly, our study only validated the effect
of DRE on DSS-induced UC. The function of this plant
on experimental UC triggered by other drugs, including
2,4,6-trinitrobenzenesulfonic acid (TNBS), Oxazolone and
acetic acid, remains unknown.

Conclusions
The present study shows that DRE-H treatment protects mice against DSS-induced UC. This protective effect
is attributed to its anti-inflammatory and antioxidative
roles by inhibiting MAPK pathways and its downstream
target – NF-κB. These findings do not only further support the potential application of dandelion for UC but also
provide a mechanistic explanation for the protective function of dandelion against UC.
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Abstract
Background. Male infertility is mostly due to low sperm quality, which accounts for about 50% of the causes
of infertility. The reasons for low sperm quality are still unclear. Nowadays, many drinks contain high levels
of fat, and its effect on fertility is not yet known.
Objectives. To investigate the effect of cholesterol-containing water on male fertility.
Materials and methods. Forty BALB/c male mice were divided into 2 groups: the control group and
the water-induced obesity (WIO) group. Body and testicular weights were recorded and analyzed statistically.
Testicular tissues were examined. Serum contents of total cholesterol (TC), triglycerides (TG), low-density
lipoprotein (LDL), free testosterone (FT), luteinizing hormone (LH), and follicle-stimulating hormone (FSH)
were determined. Motility count and morphology of sperm were analyzed. Real-time polymerase chain
reaction (RT-PCR) was performed for SYCP3, VEGFA and WT1 genes.
Results. The results showed that the WIO group presented the highly significant values for mice body and
testis weight, and TC, TG and LDL level in serum (p < 0.05), when compared to the control group. The level
of FT, LH and FSH in serum was significantly decreased (p < 0.05) in the WIO group compared with the control
group. Seminiferous tubules of testes became thin, and Sertoli cells showed mild atrophy in this group. Also,
the count and motility of sperm significantly reduced while the ratio of sperm abnormalities significantly
increased in the WIO group compared with the control group (p < 0.05). The results of RT-PCR showed that
SYCP3, VEGFA and WT1 genes were significantly downregulated (p < 0.05) in the WIO group compared
with the control group.
Conclusions. This study indicated that drinks containing high levels of fat may have negative effects on male
fertility due to the reduction of the sexual hormones level in serum, the expression of SYCP3, VEGFA and WT1
genes, count and motility of sperm, as well as an increase in sperm abnormalities and pathological changes
in the testicular tissues.
Key words: obesity, gene expression, mice, fertility
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Background

Objectives

The synaptonemal complex (SC) holds homologous
chromosomes during the prophase of the first meiotic
division1 and is essential for synapsis and meiotic recombination.2 Meiotic failure, infertility and embryonic death
of mice occur due to the disruption of SC formation. 3
The defective construction of SC correlates with miscarriage, infertility and Down’s syndrome in humans.4
The SYCP3 gene is the main constituent of the SC and
plays a vital role in the meiosis of spermatogenesis,
as well as fertility and homologous chromosome pairing
in males. 5 Vascular endothelial growth factor A (VEGFA)
has been expressed in semen, seminal vesicles, prostate,
and normal testis.6 The VEGFA is vital for blood vessel development and endothelial cell migration. In addition, it regulates the spermatogonial stem cell pool and
male reproductive lifespan.7 Wilms’ tumor gene (WT1)
has been expressed in testis, kidneys and ovaries.8 It has
an important role in ovarian follicle development 9 and
spermatogenesis.10
Previous studies indicated that obesity correlated with
infertility; it has been observed that bodyweight is significantly increased in patients with male factor infertility.11
In recent years, overweight in adults males was correlated
with low semen quality.12,13 Obesity has been associated
with subfertility and was shown to be related to long waiting time to pregnancy.14 Over the past half-century, several scientific reports had proven that the decrease in semen quality and male reproductive capacity has occurred
in parallel with the increase in obesity rates,15 indicating
the need to focus on the probability of obesity as a cause
of male infertility and reduction in fecundity. Testosterone
deficiency may contribute to a decrease in semen quality
and total sperm count in obese men.16 The previous epidemiological studies suggested a significant negative association between high body mass index (BMI) and the semen
parameters, involving semen volume,17 and sperm concentration,18 motility19 and morphology.20 Spermatogenesis is affected by altered levels of sex hormones in obese
men, such as decreased free or total testosterone levels
and increased estradiol levels in serum.21 Moreover, dietinduced obesity increases the DNA fragmentation index
in spermatozoa, causing clear weakening of male fertility.22
The previous studies demonstrated the negative effect of high-fat-diet-induced obesity on fertility, but
the mechanism of how obesity can cause male subfertility was poorly characterized. In this study, we initially
established water-induced obesity (WIO) model in order
to determine whether obesity affects the decline of male
fertility as well as serum reproductive hormone levels,
sperm morphology, and/or disrupts testicular morphology and expression of some genes related to male
fertility.

Although changes in the sexual hormones and the count,
motility and quality of sperm, as well as testicular histopathology accompanied by increasing adiposity have
been identified by several previous studies on high-fat diet,
the effect of WIO on the sexual hormones level and count,
motility and morphology of sperm, testicular histopathology and gene expression related fertility remain unknown.
Also, to our knowledge, this is the first study focusing
on the effect of obesity on the expression of SYCP3, VEGFA
and WT1 genes in testis.

Materials and methods
WIO model
To study the effect of obesity on the expression of some
genes related to fertility, BALB/c mice model was developed, in which obesity was enhanced by adding 0.5 g
of cholesterol and 0.1 g of ox gall to 400 mL of drinking
water manipulation, in order to model the human condition. After BALB/c mice were given drinking water containing a high level of cholesterol for 70 days, the WIO
model was successfully established.

Experimental design
The experimental procedure used in this investigation
was approved by the Animal Care and Use Committee of National Research Centre (Cairo, Egypt; approval
No. NRCE-CBD1992020). Forty BALB/c male mice aged
2 weeks, weighing 21−25 g, were divided into 2 groups;
each group included 20 mice housed in cages maintained
at 22 ±2°C with 50 ±5% humidity and 12 h light/dark cycle. The control group was fed normal diet for 70 days;
the WIO group was fed normal diet and 0.5 g of cholesterol
with 0.1 g of ox gall in 400 mL of drinking water for 70 days.
During this period, individual body weight for the 2 groups
was measured every 2 weeks. At the end of experiment, all
mice were sacrificed by neck vertebra luxation. The testes
of each mouse were taken and weighted; one testis was
stored in 10% formalin for the histopathological examination, and the second testis was stored in −80°C for the examination of gene expression.

Measurement of lipid profile
and sexual hormones
Blood samples were collected from the eyes of all mice
from the control group and the WIO group at the end
of the experiment, and then centrifuged at 5000 rpm
for 10 min to collect serum. A specific kit (MAK045,
RAB0734) bought from Sigma-Aldrich (St. Louis, USA)
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was used to measure total cholesterol (TC), triglycerides
(TG) and low-density lipoprotein (LDL) levels at 546 nm
with a spectrophotometer (UV-240; Shimadzu, Kyoto, Japan). Free testosterone (FT), luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) levels were determined
using competitive immunoassay technique.23

Testicular histopathology
Testicular tissue samples were taken from all mice from
the control group and the WIO group. The samples were
fixed in 10% formalin, processed and stained with hematoxylin and eosin (H&E). Histopathological studies using
light microscopy and photomicrographs were made.

Sperm parameter
At the end of the experiment and after sacrificing the mice,
the epididymides were removed from each mouse. Then,
sperm was collected in Petri dish containing 1 mL of phosphate buffered saline at 37°C through cutting cauda of epididymides. Motility and count of spermatozoa were calculated using hemocytometer and a drop of a homogenate
smeared on a cleaned slide. These slides were left to dry
and coded, and then stained with approx. 0.05% aqueous
eosin Y solution. About 1000 sperm cells were examined
to detect morphological abnormalities in sperm head and
tail for each mouse.
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Center for Biotechnology Information (NCBI) primer
BLAST, and checked using Oligo v. 7 (Molecular Biology
Insights, Inc. (DBA Oligo, Inc.), Colorado Springs, USA).
All primers were synthesized by Macrogen, Inc. (Seoul,
South Korea) (Table 1). The gene expression was normalized to mice β-actin and analyzed using EvaGreen® qPCR
Mix Plus (ROX) (Solis BioDyne, Tartu, Estonia) using
Stratagene Mx3000P RT-PCR system (Agilent Technologies, Santa Clara, USA).

Statistical analyses
There are 3 different types of data obtained from the experiment. Non-normal data distribution (sperm morphology) was analyzed using Mann–Whitney test. Normal data
distribution had unequal variances between the groups
(FT and FSH analysis, and the 1st week, 2nd week, 6th week
and 8th week body weight measurement) and was analyzed
using Welch’s test. Normal data distribution had equal
variances in the group (lipid profile, LH and the other
measurements of body weight) and was analyzed using
independent t-test. The normality distribution was tested
using Shapiro–Wilk test (SPSS v. 18 software (SPSS Inc.,
Chicago, USA)). The analyses of the relative quantification by RT-PCR were performed using the 2–ΔΔCT value
method. The value of p < 0.05 was considered statistically
significant.

Gene expression

Results

Testicular tissues were homogenized using a homogenizer (Z722375, IKA 3703100; Thermo Fisher Scientific),
and suspended in TRIzol® (Thermo Fisher Scientific)
in order to extract total RNA for quantitative real-time
polymerase chain reaction (qRT-PCR). The NanoDrop
spectrophotometer (Thermo Fisher Scientific, Waltham,
USA) was used to measure the quantity and quality
of RNA. The cDNA synthesis was performed using
COSMO cDNA synthesis kit (WF10205002; Willowfort, Birmingham, UK), according to the manufacturer’s instruction. Real-time polymerase chain reaction
was performed on 4 host genes (SYCP3, VEGFA, WT1,
and β-actin). The primers were designed using National

Body and testicular weight
Forty mice were included in the experiment, divided
into a control group (n = 20, weight: mean ± standard
deviation (SD) = 23.3 ±0.51 g) and a WIO group (n = 20,
23.2 ±0.5 g), and they did not present any significant
differences in body weight between the 2 groups. During the first 7 days, mice body weight non-significantly
increased in the WIO group (25 ±0.3 g) compared with
the control group (24.6 ±0.5 g). The difference in body
weight of mice between the WIO and control became
significant after 2 weeks (14 days) of drinking water provided to them, and persisted for the subsequent 70 days

Table 1. Sequence of primers
Gene

Accession No.

Nucleotide sequence 5′–3′

Size

SYCP3

NM_011517.2

F-GACAGCGACAGCTCACCGG
R-GGTGGCTTCCCAGATTTCCCAGA

90

VEGFA

NM_001025257.3

F-TGCTCTCTTGGGTGCACTGGAC
R-GACGGCAGTAGCTTCGCTGGT

147

WT1

NM_144783.2

F-GGCGCTTTGAGGGGTCCGAC
R-AAAGTGGGCGGAGCACCGAC

205

β-actin

NM_007393.5

F 5’-GGCACCACACCTTCTACAATG-3’
R 5’-GGGGTGTTGAAGGTCTCAAAC-3’

133
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Table 2. Body and testicular weight of mice
Weight measured

Body weight

Testicular weight

Groups (mean ±SD)

Weight time

control (n = 20)

p-value

WIO (n = 20)

95% CI of the difference
lower

upper

t

zero time

23.3 ±0.55

23.2 ±0.5

0.6261

−0.2495

0.4095

7 days

24.62 ±0.3

25 ±0.58

0.0673w

−0.5811

0.0211

w

14 days

25.9 ±0.53

28.2 ±0.3

0.0001

−2.5145

−1.9655

28 days

27.7 ±0.48

30.1 ±0.43

0.0001t

−2.6755

−2.0845

w

42 days

28.9 ±0.14

30.2 ±0.31

0.0001

−1.4255

−1.1145

56 days

27.9 ±0.62

31.2 ±0.29

0.0001w

−2.5405

−1.9195

t

70 days

28.7 ±0.5

31.8 ±0.52

0.0001

−3.4195

−2.7605

after death

0.1 ±0.03

0.12 ±0.02

0.0151t

−0.0377

−0.0043

SD – standard deviation; WIO – water-induced obesity; t – t-test; w – Welch’s test; 95% CI – 95% confidence interval. Values are considered highly significant
at p < 0.01. Values are considered significant at p < 0.05.

(p < 0.001). Also, testicular weight significantly increased
in the WIO group (n = 20, 0.12 ±0.02) compared with
the control group (n = 20, 0.1 ±0.003) (Table 2).

Lipid profile and sexual hormones
Five replicates of serum samples were used to determine TC, TG, LDL, FT, FSH, and LH levels in each group,
and each replicate was collected from 4 mice. Total
cholesterol (230.2 ±5.8 mg/dL), TG (210.4 ±5.6 mg/dL)
and LDL (135.8 ±2.2 mg/dL) significantly increased
in the WIO group compared with the control group
(125.2 ±3.9 mg/dL, 98.8 ±4.2 mg/dL and 50 ±2.7 mg/dL,
respectively). Free testosterone (0.1 ±0.01 pg/dL), FSH
(0.04 ±0.03 pg/dL) and LH (0.02 ±0.01 pg/dL) significantly decreased in the WIO group compared with
the control group (30.8 ±1.3 pg/dL, 1 ±0.16 pg/dL, and
0.02 ±0.03 pg/dL, respectively) (Table 3).

Sperm motility and count
Sperm motility was reduced by 50% in the WIO group
compared with the control group. Sperm count of obese
mice was recorded as 16 × 106/mL, while for the control
group it was 40 × 106/mL.

Sperm morphology
Sperm morphology was normal by 83.9% and abnormal
by 16.1% in control group, while WIO group presented
58.6% normal morphology and 41.4% abnormal morphology.
Median with 1st and 3rd quartile of normal sperm in WIO
group was (585.5; 584,587.5), without hock abnormality
(24.5; 24,25), small head (148; 146,150), amorphous head (76;
75,77), banana head (16; 15,17.75), triangle head (10; 9,12) and
coiled tail (138; 137,140), compared with control group ((839;
834.4,844.1), (12.2; 11.3,13), (48; 46,50), (32; 31,32.6), (4; 3,5),
(2; 1,3.75), and (62; 61,63), respectively)) (Table 4 and Fig. 1).

Testicular histopathology
Testicular tissue of all mice was stained with H&E to confirm the effects of WIO on morphological changes in this
tissue. The analysis of images obtained with light microscopy showed some changes that occurred in the testicular
cells. The structure of the seminiferous tubules was normal and complete, with slight edema in the Leydig cells
of the control group (Fig. 2A), while in the WIO group, seminiferous tubules showed mild to severe depletion of spermatozoa, spermatogonial cells showed severe sloughing,
and mild atrophy of Sertoli cells has been noticed (Fig. 2B).

Table 3. Biochemical analyses of the cholesterol profile and sex hormones
Lipid profile

Groups (mean ±SD)

p-value

95% CI of the difference

control (n = 20)

WIO (n = 20)

lower

upper

Cholesterol [mg/dL]

125.2 ±3.9

230.2 ±5.8

0.0001t

−112.204

−97.798

Triglycerides [mg/dL]

98.8 ±4.2

210.4 ±5.6

0.0001t

−118.928

−104.27

50 ±2.7

135.8 ±2.2

0.0001t

−88.646

−81.354

30.8 ±1.3

0.1 ±0.01

0.0001w

29.339

32.028

1 ±0.16

0.01 ±0.04

0.0001w

0.823

1.150

0.01 ±0.01

t

0.838

LDL [mg/dL]
FT [pg/mL]
FSH [pg/mL]
LH [pg/mL]

0.9 ±0.03

0.0001

0.918
t

SD – standard deviation; LDL – low-density lipoprotein; FT – free testosterone; FSH – follicle stimulating hormone; LH – luteinizing hormone; – t-test;
w
– Welch’s test; 95% CI – 95% confidence interval; WIO – water-induced obesity. Values are considered highly significant at p < 0.01. Values are considered
significant at p < 0.05.
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Table 4. Sperm morphology analysis using Mann–Whitney test for nonparametric data
Sperm morphology
Normal
Without hock
Small head

Control (median (Q1, Q3))

WIO
(median (Q1, Q3))

z-value

p-value

839 (834.4, 844.1)

585.5 (584, 587.5)

−5.436

0.0001

12.2 (11.3, 13)

24.5 (24, 25)

−5.436

0.0001

48 (46, 50)

148 (146, 150)

−5.436

0.0001

32 (31, 32.6)

76 (75, 77)

−5.436

0.0001

Banana head

4 (3, 5)

16 (15, 17.75)

−5.438

0.0001

Triangle head

2 (1, 3.75)

10 (9, 12)

−5.441

0.0001

62 (61, 63)

138 (137, 140)

−5.441

0.0001

Amorphous head

Coiled tail
st

rd

Q1 – 1 quartile; Q3 – 3 quartile; WIO – water-induced obesity.
Fig. 1. Sperm
morphology. A. Normal
sperm; B. Banana head;
C. Small head; D. Without
hock; E. Coiled tail;
F. Triangle head

Gene expression

Discussion

Expressions of VEGFA gene (0.28) and SYCP3
gene (0.48) were highly significantly downregulated
in the WIO group compared with the control group.
At the same time, the expression of WT1 gene (0.8) was
significantly downregulated in the WIO group compared
with the control group (Fig. 3).

Infertility is one of the causes of psychological problems
for people and production deficiency in farm animals. Based
on epidemiological data, an average of 10% of the world’s
population of the reproductive age suffers from infertility.24 Fifty percent of cases of male infertility occur due
to the low quality of sperm, which has become a source
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Fig. 2. Photomicrographs of hematoxylin and eosin (H&E)-stained testicular sections. A. Testis of control group; B. Testis of water-induced obesity (WIO)
group. Black star indicates mild to severe depletion of spermatozoa, while black arrow shows severe sloughing

VEGFA
SYCP3
WT1

relative mRNA expression

1.2

1.0

0.8

0.6

0.4

0.2
control

WIO
groups

Fig. 3. Expression of VEGFA gene (0.28 ±0.03, p = 0.0012), SYCP3 gene
(0.48 ±0.02, p = 0.0015) and WT1 gene (0.8 ±0.04, p = 0.0324) in the waterinduced obesity (WIO) group compared with the control group. Top
rectangle represents upper quartile, bottom rectangle represents
lower quartile, center line represents median value, plus bar represents
maximum value, and minus bar represents minimum value

of concern in the world.25 Several studies reported the association between obesity and male infertility.11 The high-fat
diet may have a critical role in metabolic diseases, causing
an increase in TC, LDL and high-density lipoprotein (HDL)
levels, accompanied by a significant body weight gain.
In a study by Fan et al., the increase of body weight in mice
fed on a high-fat diet became significant after 3 weeks.26
Dardmeh et al.27 found that an increase of body weight
of mice fed a high-fat diet became significant after 4 weeks.
Moreover, testicular weight significantly increased in these
mice compared with the control group. In the present
study, the body weight of the WIO group mice significantly increased compared with the control group after
2 weeks. Also, the testicular weight showed a significant

increase in the WIO group. The serum contents of TC,
TG and LDL in the WIO group increased significantly
in comparison with the control group. Total cholesterol,
TG and LDL significantly increased in mice fed a high-fat
diet.28 In obese and hyperlipidemic mice, the level of testosterone hormone in serum was significantly decreased,
and the same results were shown in humans.29 In the present study, the TH level in serum significantly decreased
in the WIO group compared with the control group. This
is probably due to the harmful and degenerative effects
of high cholesterol levels on the secretory ability of Leydig
and Sertoli cells.30 Also, our results showed a significant
reduction of LH and FSH in WIO group compared with
the control group, in agreement with the previous studies
on diet-induced obese (DIO) mice model.27 The decrease
in LH and FSH levels may be correlated with the alteration
of androgens to estradiol, resulting in increased serum
estrogen levels. 31 The higher levels of estradiol in DIO
models decrease the production and secretion of LH and
FSH, causing a reduced testicular function and the testosterone production.32 Also, it was suggested that exuberant
estradiol has direct harmful effect on spermatogenesis.32
In this study, we found that count and motile of sperm
significantly decreased in the WIO group compared with
the control group. In addition, the presence of abnormalities in shape of sperm head and tail in WIO group was
significantly higher than in the control group, in which
a significantly higher percentage of immotile sperm was recorded, 33 altering the spermatogenesis process and affecting sperm maturation.31 The percentage of progressively
and nonprogressively motile sperm significantly decreased
in the high-fat diet group, which recorded the significantly
higher percentage of immotile sperm.34 Although many
studies have been conducted to investigate the negative
effect of obesity on fertility, sperm quality, quantity and
motility, as well as its effect on sexual hormones, there
is not a single study on the effect of obesity on the expression of genes associated with fertility. The SYCP3 plays
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an important role in meiosis of spermatogenesis and fertility.5 Mice deficient in SYCP3 fail to establish synapses,
leading to meiotic disruption during male spermatogenesis.35 The VEGFA regulates spermatogonial stem cell pool
and male reproductive lifespan.7 The VEGFA is the first selective tissue-angiogenic molecule that stimulates the existence and proliferation of the endothelial cells of testis,
and may aid in the entry of hormones into the vascular
system. 36 The WT1 gene is associated with ovarian follicle development9 and spermatogenesis.10 In the present
study, the expressions of VEGFA, SYCP3 and WT1 genes
were significantly decreased in the WIO group compared
with the control group. In addition, histological analysis
of obese mice testis showed the leanness of the seminiferous tubules, a clear deterioration of sperm cells within
the seminiferous tubules with the formation of seminal
giant cells, interstitial edema, and necrosis of Leydig cells.
The VEGFA isoforms produced by Sertoli and germ cells
are needed to maintain sperm quality and normal fertility. 37 These results may help in explaining the relationship between the pathological changes in testicular tissues
of obese mice and the downregulation of VEGFA, SYCP3
and WT1 genes.

Limitations
In this study, we encountered 1 limitation. The amount
of blood taken from each mouse was small, and therefore
the volume of serum extracted from it would also be very
small and insufficient for all biochemical analyses. Thus,
the solution was to collect 4 blood samples from each group
into 1 tube, providing 5 replicates for each group. Although
we could not obtain results of all biochemical analyses
from each animal individually, the outcome of our study
is consistent with the previous studies about the effect
of obesity on the level of the sexual hormones and TC, TG,
LDL, and HDL in serum.

Conclusions
Water-induced obesity led to an increase in body and
testicular weight, and in the serum content of TC, TG,
and LDL. In addition, it reduced the level of FT, LH and
FSH in serum. Seminiferous tubules of obese mice testis
became thin and showed mild to severe depletion of spermatozoa. Also, Sertoli cells showed mild atrophy. The WIO
caused the downregulation in the expression of SYCP3,
VEGFA and WT1 genes associated with spermatogenesis,
the abnormality in the sperm shape of either head or tail,
and reduced count and motility of sperm. Therefore, this
study recommends limiting the amount of drinks containing high percentage of fat.
ORCID iDs
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Abstract
Background. High-resolution melting (HRM) analysis is a genotyping method which has the advantages
of simple, rapid, low-cost and closed-tube operation.
Objectives. This study evaluated HRM analysis as an option for detecting the single nucleotide polymorphism (SNP) of cytokine, and profiled the distribution of cytokine gene polymorphism in the lung transplant
recipients (LTRs).
Materials and methods. High-resolution melting-polymerase chain reaction (HRM-PCR) assays for
genotyping tumor necrosis factor alpha (TNF-α) (–308 A/G), tumor growth factor beta 1 (TGF-β1) (+869
T/C), interleukin 10 (IL-10) (–592 C/A, –819 T/C, –1082 G/A), and interferon gamma (IFN-γ) (+874 T/A) SNPs
were developed on the LightCycler® 480. The SNPs of the aforementioned cytokine genes in 322 LTRs and
266 normal controls were detected using HRM-PCR approach. To confirm the accuracy of the HRM-PCR assay,
we randomly selected 100 samples from the LTRs and detected the aforementioned SNPs with sequencespecific primer-polymerase chain reaction (SSP-PCR) method, using a commercial kit.
Results. The data show that the HRM-PCR assay can distinguish all the cytokine SNPs, and the results
of HRM-PCR analysis are in complete concordance to the genotyping results obtained using a commercial
kit (κ = 1.0). Our data also show that the allele and genotype frequencies of the abovementioned cytokine
are not significantly different between the LTRs and the control groups (p > 0.05). In addition, we found
the genotypes of TGF-β1 +869 associated with high expression phenotype were prevalent in the LTRs.
On the contrary, for TNF-α –308, IL-10 and IFN-γ, the genotypes associated with low expression phenotype
were most common in the LTRs.

Cite as

Mu HJ, Zou J, Zhang J, Zhang HP. High-resolution melting
PCR analysis for genotyping the gene polymorphism of TNF-α,
TGF-β1, IL-10, and IFN-γ in lung transplant recipients.
Adv Clin Exp Med. 2022;31(5):547–556.
doi:10.17219/acem/116757

DOI

10.17219/acem/116757

Copyright

Copyright by Author(s)
This is an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CC BY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Conclusions. In this study, we described a rapid, low-cost and high-throughput HRM-PCR technology for
genotyping cytokine SNPs. Our data may be utilized for future studies examining the associations of cytokine
gene polymorphisms with the prognosis of the LTRs.
Key words: single nucleotide polymorphism, cytokine, lung transplantation, high-resolution melt analysis
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Background
Cytokines are crucial signal molecules of immune-mediated diseases and transplant complications. The individual
variability in cytokine production is determined through
the effect of polymorphisms within regulatory regions
of cytokine genes. In general terms, we can describe high,
intermediate and low cytokine producer status according
to the genotype. For tumor necrosis factor alpha (TNF-α),
at position –308 within the promoter region, A/A, A/G and
T/T genotypes correlate with a high, intermediate and low
TNF-α production, respectively.1 Similarly, the substitutions
in codon 10 (+869) and codon 25 (+915) of tumor growth
factor beta 1 (TGF-β1) gene correlate with the protein production.2 The codon 10 *T (Leu) and codon 25 *G (Arg)
of TGF-β1 are the high responder alleles. For interleukin 10
(IL-10), 3 single nucleotide polymorphisms (SNPs) at positions –1082, –819 and –592 comprise 3 haplotypes: ACC,
ATA and GCC. The genotypes of ACC/ACC, ACC/ATA and
ATA/ATA are classified as low, GCC/ACC and GCC/ATA
as intermediate, and GCC/GCC as high IL-10 producer
genotypes.3 Finally, at position +874 within the intron 1
of interferon gamma (IFN-γ) gene, the genotypes T/T, T/A
and A/A are associated with high, intermediate and low
expression, respectively.4
Studying cytokine gene polymorphism is important
to understand the cause of interindividual variation
in the pathogenesis, identify disease susceptibility and
poor clinical outcomes, and develop novel strategies
to prevent or delay the disease process. Therefore, much
effort has been committed to developing rapid, accurate
and cost-effective technologies for cytokine SNP analysis.
Various strategies amenable to cytokine genotyping include restriction fragment length polymorphism (RFLP),5
sequence-specific primer-polymerase chain reaction (SSPPCR),6 allele-specific oligonucleotide (ASO) hybridization,7
TaqMan genotyping assay,8 and direct DNA sequencing.9
Each approach has certain advantages in cytokine genotyping. However, these methods are also labor-intensive,
time-consuming and expensive, especially for large genetic screening. High-resolution melting-polymerase chain
reaction (HRM-PCR) analysis is an emerging sequence
variation scanning technology.10 This relatively novel
approach is based on the melting properties of doublestranded DNA. Sequence variations in PCR amplicon are
detected using changes in melting profiles as the temperature is increased in the presence of DNA intercalating dyes.
The HRM analysis is a simple, flexile, inexpensive, sensitive, and specific method. Indeed, this technique has been
widely employed to screen gene variants, such as mutation
detection,11 SNP typing,12 methylation analysis,13 and differentiation of bacterial strains.14 Therefore, we considered
developing an HRM-PCR method for cytokine genotyping.
Lung transplantation is the only available treatment for
various end-stage lung diseases. Despite recent advances
in immunosuppressive therapy and human leukocyte

antigen (HLA)-matching, acute or chronic graft rejection
are common complications faced by the lung transplant
recipients (LTRs), which occur in approx. 40% of patients
during the first 6 months after allograft transplantation.15 Studies have shown that certain cytokine polymorphisms are implicated in acute rejection or the occurrence
of chronic graft failure.16–18 It is proposed that cytokine
SNPs analysis can help improve the medication design and
the graft outcome after transplantation.19 Consequently,
we profiled the distribution of cytokine polymorphism
in the LTRs in the Chinese population.
In addition, the genetic heterogeneity in different ethnic
populations results in the diverse distribution of cytokine
polymorphism.20 Therefore, we compared the control results with those from other healthy populations and identified significant differences.

Objectives
The aim of this study is to develop HRM technology for
detecting the SNP of cytokine and to profile the distribution of cytokine gene polymorphism in LTRs.

Materials and methods
Study population
In the present study, 322 patients who received lung
transplantation between December 2004 and June 2016
were enrolled. The LTRs consisted of 90 females and
232 males, from 14 to 80 years of age (51.42 ±14.22 years,
Table 1. Characteristics of study participants
Characteristics

Number (n = 322)

Age [years]

51.42 ±14.22
Gender

Male, n (%)

232 (72.05)

Female, n (%)

90 (27.95)
Diagnosis

IPF, n (%)

66 (20.50)

COPD, n (%)

53 (16.46)

Bronchiectasis, n (%)

26 (8.07)

Silicosis, n (%)

27 (8.39)

Pulmonary fibrosis, n (%)

83 (25.78)

Pulmonary hypertension, n (%)

15 (4.66)

Interstitial pneumonia, n (%)

10 (3.11)

Lymphangioleiomyomatosis, n (%)

7 (2.17)

Pulmonary emphysema, n (%)

6 (1.86)

Other, n (%)

29 (9.01)

IPF – idiopathic pulmonary fibrosis; COPD – chronic obstructive
pulmonary disease.
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mean ± standard deviation (SD)). All patients were
of the Chinese Han nationality and received the transplantation at the Department of Pulmonary Transplantation, Wuxi People’s Hospital of Nanjing Medical University, China. The characteristics of the study LTRs are
displayed in Table 1. The differences in HLA molecules
between the donor and the host make a crucial contribution to the alloreactivity. Recipients and donors were
genotyped with SSP-PCR (HLA-ABDR kit; One Lambda,
Los Angeles, USA), following the manufacturer’s instructions. The patient who best matched the donor HLA was
selected as recipient for the lung transplantation.
Two hundred and sixty-six individuals (137 males and
129 females, aged 56.70 ±12.80 years, mean ±SD) from
the same ethnicity and without systemic diseases were
enrolled into the study as a control group. The differences
in sex composition and age distribution are significant
(χ2 = 26.31, p < 0.001; t = 4.687, p < 0.01, respectively)
between the LTR and the control group.
All protocols were approved by the ethics committee on clinical new technologies and scientific research
of Wuxi People’s Hospital of Nanjing Medical University,
China, before the study began, and the protocols conformed with the ethical guidelines of the 1975 Declaration
of Helsinki.

DNA extraction
Whole blood samples were collected before the transplantation and placed in test tubes containing EDTA-K2
anticoagulant. Genomic DNA was extracted using genomic
DNA purification kit (Promega, Madison, USA), according
to the manufacturer’s instructions. Briefly, 900 µL of Cell
Lysis Solution was added to 300 µL of whole blood, mixed
by inversion, incubated for 10 min at room temperature,
and then centrifuged at 16,000 × g for 20 s. After centrifugation, the supernatant was discarded. Then, 300 µL
of Nuclei Lysis Solution was added and it was pipetted

to lyse the white blood cells. Next, 100 µL of Protein Precipitation Solution was added and vortexed for 20 s, and
then centrifuged at 16,000 × g for 3 min. Finally, 300 µL
of supernatant was transferred to a new tube containing
300 µL of isopropanol, mixed and centrifuged at 16,000 × g
for 1 min. After centrifugation, the supernatant was discarded. Then, 300 µL of 70% ethanol was added and centrifuged as described in the step above. Next, the ethanol was
aspirated and the pellet was air-dried for 10 min. The DNA
was rehydrated in the appropriate volume of DNA Rehydration Solution for 1 h at 65°C.

Genotyping of TNF-α (−308 A/G), TGF-β1
(+869 T/C), IL-10 (−592 C/A, −819 T/C,
and −1082 G/A), and IFN-γ (+874 T/A) genes
with HRM-PCR assay
The HRM-PCR was performed on a LightCycler® 480
instrument (Roche, Basel, Switzerland) with 96-well trays.
The primers for genotyping TNF-α (−308 A/G), TGF-β1
(+869 T/C), IL-10 (−592 C/A, −819 T/C and −1082 G/A),
and IFN-γ (+874 T/A) genes were listed in Table 2. The PCR
was performed in 20 μL volumes; the mixture included
2.5 mM MgCl2, 0.5 μM of both forward and reverse primer,
200 μM of each deoxynucleoside triphosphate (dNTP), 0.5
U of Taq DNA Polymerase (Promega), 1.0 μL of EvaGreen®
(Biotium, Fremont, USA), and about 75 ng of DNA. All
6 cytokine amplicons were amplified with a touchdown
PCR, as follows: an initial denaturation step at 95°C for
2 min; then the initial annealing temperature of 65°C was
decreased by 0.5°C each cycle for 20 cycles and held at 55°C
for 10 s for the next 30 cycles. For all cycles, denaturation
at 95°C for 10 s and the extension at 72°C for 15 s were
performed. The HRM was conducted at the end of each reaction and it consisted of increasing the temperature from
70°C to 99°C at intervals (ramps) of 0.02°C/s. The HRM
analysis was carried out with the gene-scanning module
software v. 1.5 (Roche). The software employs a three-step

Table 2. Primers of TNF-α −308, IL-10 −592, IL-10 −819, IL-10 −1082, TGF-β1 +869, and IFN-γ +874, for high-resolution melting (HRM) assay
Gene polymorphism
TNF-α −308
IL-10 −592
IL-10 −819
IL-10 −1082
TGF-β1 +869
IFN-γ +874

Sequence
sense

5’-AGGCAATAGGTTTTGAGGGGCAT-3’

antisense

5’-GGCGGGGATTTGGAAAGTT-3’

sense

5’-AAAGGAGCCTGGAACACATCCTGT-3’

antisense

5’-AGTTCCCAAGCAGCCCTTCCATTT-3’

sense

5’-TTCTCAGTTGGCACTGGTGT-3’

antisense

5’-GTGCTCACCATGACCCCTAC-3’

sense

5’ -CACACACAAATCCAAGACAACA-3’

antisense

5’-ATGGAGGCTGGATAGGAGGT-3’

sense

5’-GTTCGCGCTCTCGGCAGT-3’

antisense

5’-GTAGCCACAGCAGCGGTAGCA-3’

sense

5’-TTCAGACATTCACAATTGATTTTATTC-3’

antisense

5’-CCCCAATGGTACAGGTTTCT-3’

Amplicon (bp)
166
88
101
97
95
102
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analysis: 1) the normalization by selecting linear regions
before (100% fluorescence) and after (0% fluorescence)
the melting transition; 2) the temperature shifting by moving the curves along the x-axis, facilitating grouping; and
3) the use of the auto-group function.

Genotyping of TNF-α (−308 A/G), TGF-β1
(+869 T/C), IL-10 (−592 C/A, −819 T/C and
−1082 G/A), and IFN-γ (+874 T/A) genes
with commercial kit
The SSP-PCR is a highly sensitive and specific method
of detecting sequence polymorphism, based on the sequence-specific primer with the first 3’-terminal base
matching of the specific base of each allele. To confirm
the accuracy of HRM-PCR analysis, we randomly selected
100 samples from the LTRs and tested the cytokine SNPs
using Cytokine Genotyping Primer Pack (One Lambda),
which employs the SSP-PCR method. Briefly, 19 µL of genomic DNA (50–100 ng/µL) was mixed with 140 µL
of D-Mix and 5 U of Taq DNA polymerase (Promega).
This DNA mixture was dispensed into 96-well trays prealiquoted with primers and amplified on an ABI 9700 thermal
cycler (Applied Biosystems, Waltham, USA). Thermocycling conditions were 10 cycles of 94°C for 10 s, 65°C for
60 s, followed by 20 cycles of 94°C for 10 s, 61°C for 50 s and
72°C for 30 s. The amplified products were electrophoresed
on 2% agarose gels. The reliability of SSP-PCR reaction was
judged using a negative control tube and internal positive
control in each tube. The typing results were interpreted
using the worksheet provided with the product.

Comparison of allele frequencies of TNF-α
(−308 A/G), TGF-β1 (+869 T/C), IL-10
(−592 C/A, −819 T/C and −1082 G/A),
and IFN-γ (+874 T/A) genes between
Chinese and other national populations
The genetic heterogeneity in populations of different ethnicities may result in the diverse distribution
of cytokine polymorphism. To explore the differences
in the distribution of cytokine gene polymorphisms, we reviewed the available literature and compared the results
from the control group with those from other healthy
populations.

Statistical analyses
Statistical analysis was carried out using the SPSS v. 15
software (SPSS Inc., Chicago, USA). Allele and genotype frequencies were calculated by direct counting.
The Hardy–Weinberg equilibrium (HWE) was tested
using a χ2 test with one degree of freedom to compare
the observed and expected genotype frequencies. The frequency differences for the cytokine alleles and genotypes

were estimated using the χ2 test or the Fisher’s exact test.
The agreement between the 2 methods for SNP genotyping was determined with a Kappa test. A probability value
of p < 0.05 was considered statistically significant and all
the reported p-values were two-tailed.

Results
Analysis of HWE for cytokine frequencies
in the LTRs and control groups
The HWE testing for TNF-α (−308 A/G), TGF-β1 (+869
T/C), IL-10 (−592 C/A, −819 T/C, −1082 G/A), and IFN-γ
(+874 T/A) genotypes revealed no significant deviation
in the LTR group (χ2 test: χ2 = 1.49, p = 0.22; χ2 = 0.20,
p = 0.66; χ2 = 2.21, p = 0.14; χ2 = 2.21, p = 0.14; χ2 = 1.49,
p = 0.22; and χ2 = 0.66, p = 0.42, respectively) and in the control group (χ2 test: χ2 = 1.85, p = 0.17; χ2 = 0.06, p = 0.81;
χ2 = 3.75, p = 0.05; χ2 = 3.75, p = 0.05; χ2 = 0.88, p = 0.35;
and χ2 = 0.98, p = 0.32, respectively).

Genotyping of TNF-α (–308 A/G), TGF-β1
(+869 T/C), IL-10 (–592 C/A, –819 T/C and
–1082 G/A), and IFN-γ (+874 T/A) genes
with HRM-PCR assay
The HRM-PCR analysis effectively distinguished
the polymorphism of TNF-α (–308 A/G), TGF-β1 (+869
T/C), IL-10 (−592 C/A, −819 T/C and −1082 G/A), and IFN-γ
(+874 T/A) genes. Figure 1 shows the curves of melting
profiles of normalized data of TNF-α (–308 A/G), TGF-β1
(+869 T/C), IL-10 (−592 C/A, −819 T/C and −1082 G/A), and
IFN-γ (+874 T/A) genes, and distinguishable inferences between the 3 genotypes are clearly observable. Using specified post-melting parameters, all the cytokine variants
from the LTRs and the control were identified. To confirm the accuracy of the HRM-PCR assays, we detected
the cytokine SNPs of 100 LTRs samples with the SSP-PCR
method, using a commercial kit (One Lambda) (Fig. 2).
When analyzing the data of these 100 specimens, we found
a 100% concordance between the HRM-PCR analysis and
the SSP-PCR assay for the abovementioned cytokine SNPs,
with a Kappa test value of 1.0 (data not shown).

Distribution of cytokine genotype in LTRs
of different age and gender group
Because there are differences in gender and age composition between the LTRs and the control group, it may lead
to differences in cytokine genotype distribution. Therefore,
we analyzed the distribution of LTRs cytokine genotypes
in different gender and age groups. The data show that
there are no differences in genotype distribution of TNF-α
(−308 A/G), TGF-β1 (+869 T/C), IL-10 (−592 C/A, −819 T/C
and −1082 G/A), and IFN-γ (+874 T/A) between the male
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Fig. 1. Normalized and shifted melting curves for amplicon genotyping of cytokine gene obtained on a 96-well LightCycler® 480. A. TNF-α −308 A/G;
B. TGF-β1 +869 T/C; C. IL-10 −592 C/A; D. IL-10 −819 T/C; E. IL-10 −1082 G/A; F. IFN-γ +874 T/A. Genotypes are labeled with a line

and female patients (χ2 test: χ2 = 0.04, p = 0.841; χ2 = 4.37,
p = 0.112; χ2 = 3.0, p = 0.223; χ2 = 3.0, p = 0.223; χ2 = 0.67,
p = 0.412; χ2 = 5.80, p = 0.055, respectively, at degrees
of freedom (df) = 1, 2, 2, 2, 1, and 2, respectively). The data
also show that there are no differences in genotype distribution of TNF-α (−308 A/G), TGF-β1 (+869 T/C), IL-10
(−592 C/A, −819 T/C and −1082 G/A), and IFN-γ (+874
T/A) between ≤30, 31–45, 46–60, and ≥61 years groups
(χ2 test: χ2 = 1.90, p = 0.594; χ2 = 3.96, p = 0.681; χ2 = 7.87,
p = 0.247; χ2 = 7.87, p = 0.247; χ2 = 4.60, p = 0.203; χ2 = 3.49,
p = 0.321, respectively, at df = 3, 6, 6, 6, 3, and 6, respectively). The data confirm that the differences in gender

and age composition do not lead to differences in cytokine
genotype distribution.

Alleles and genotypes distribution of TNF-α
(−308 A/G), TGF-β1 (+869 T/C), IL-10 (−592 C/A,
−819 T/C and −1082 G/A), and IFN-γ
(+874 T/A) in LTRs and the control subjects
Figure 3A and 3B show the allele and genotype frequencies
distribution of selective cytokine in LTRs and control subjects. The data show that there are no significant differences
in the allele and genotype distribution of cytokine between
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Fig. 2. Electropherogram of cytokine gene polymorphism from 6 samples obtained using the sequence-specific primer-polymerase chain reaction
(SSP-PCR) method. 1H hole is negative control; 1G and 1F holes are TNF-α −308; 1E, 1D, 1C, and 1B holes are TGF-β1 +869; 1A, 2H, 2G, 2F, and 2E holes are
IL-10 −592, −819 −1082; 2D and 2C holes are IL-6 −174; 2B and 2A holes are IFN-γ +874

Fig. 3. The allele and genotype frequencies distribution of cytokine gene in lung transplant recipient (LTRs) and control subjects. A. The allele frequencies
distribution of TNF-α −308, TGF-β1 +869, IL-10 (−592, −819, −1082), and IFN-γ +874 in LTRs and control subjects; B. The genotype frequencies distribution
of TNF-α −308, TGF-β1 +869, IL-10 (−592, −819, −1082), and IFN-γ +874

the LTRs and the control subjects. As shown in Table 3,
the genotype frequency of TNF-α −308 associated with low
expression phenotype among LTRs is prevalent with 87.27%.
For TGF-β1, combined effect of codon 10 (+869) and codon 25
(+915) determine the protein production. In Chinese population, we found that the genotype frequency of G/G at position
−915 was predominant with 98%, which was obtained from

the genotyping results of 100 samples using the SSP-PCR
method. Therefore, we hypothesized that all LTRs had G/G
genotype at position −915 and found that the genotypes associated with high expression phenotype were prevalent with
75.46%. On the contrary, as for IL-10 and IFN-γ, the genotypes associated with low expression phenotype were most
prevalent in the LTRs with 87.89% and 78.26%, respectively.
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Table 3. Cytokine gene polymorphisms and their associated phenotypes in lung transplant recipient (LTRs)
Cytokine gene
polymorphisms

TNF-α −308

TGF-β1 +869 (+915)

IL-10 (−1082, −819 and −512)

IFN-γ +874

Genotype

Expression phenotype†

LTRs
n

%

A/A

high

0

0

G/A

intermediate

41

12.73

G/G

low

281

87.27

T/T (G/G)

high

78

24.22

T/C (G/G)

high

165

51.24

C/C (G/G)

intermediate

79

24.54

GCC/GCC

high

0

0

GCC/ACC

intermediate

6

1.86

GCC/ATA

intermediate

33

10.25

ACC/ACC

low

23

7.14

ACC/ATA

low

121

37.58

ATA/ATA

low

139

43.17

T/T

high

6

1.86

T/A

intermediate

64

19.88

A/A

low

252

78.26

† – associated level of cytokine expression with each genotype – high, intermediate, or low expression.

Distribution of TNF-α (−308 A/G), TGF-β1
(+869 T/C), IL-10 (−592 C/A, −819 T/C
and −1082 G/A), and IFN-γ (+874 T/A)
polymorphisms in LTRs with pulmonary
fibrosis, idiopathic pulmonary fibrosis and
chronic obstructive pulmonary disease
as primary disease
In present study, most of the primary diseases leading
to lung transplantation were pulmonary fibrosis (83/322,
25.78%), followed by idiopathic pulmonary fibrosis (IPF;
66/322, 20.50%) and chronic obstructive pulmonary
disease (COPD; 53/322, 16.46%). To investigate whether
cytokine gene polymorphisms are associated with these
diseases, we compared the distribution of cytokine polymorphisms between pulmonary fibrosis, IPF and COPD
groups with normal control. The data show that there are
no significant differences in the allele and genotype distribution of cytokine between the 3 disease groups and
the control subjects (data not shown).

Allele frequencies of TNF-α (−308 A/G),
TGF-β1 (+869 T/C), IL-10 (−592 C/A, −819
T/C and −1082 G/A), and IFN-γ (+874 T/A)
genes in Chinese compared with other
populations
Allele frequencies of these cytokine polymorphisms
in control individuals were compared to those reported
in other healthy populations, including Slovak,21 Greek
Cypriot,22 Macedonian,23 Lebanese,24 Iran,25 Brazilian,26

Mexican,27 and Thai28 populations (as shown in Table 4).
The data show that the distribution of TNF-α −308 A/G
polymorphism is similar in Chinese, Greek Cypriot,
Lebanese, and Mexican populations, but the frequencies
of TNF-α −308 A allele in Slovak, Macedonians, Iran,
Brazilian, and Thai populations are higher than those
in the Chinese population. For TGF-β1 at position +869,
the allele frequencies of T in Lebanese and Brazilian
populations increased significantly compared to those
in the Chinese population, but decreased in the Thai population. As for IL-10 at positions −592, −819 and −1082,
frequencies of the less common allele are high in Slovak,
Greek Cypriot, Macedonian, Lebanese, Iran, Brazilian,
and Mexican populations compared to those in the Chinese population, and they are similar in Chinese and Thai
populations. Besides, the frequency of the less common
T allele of IFN-γ +874 is lower in the Chinese population
than those in Slovak, Greek Cypriot, Lebanese, Brazilian,
and Thai populations.

Discussion
Several SNP genotyping methods vary in terms of detection system, reaction format and allelic discrimination.
However, the conventional methods for detecting cytokine
SNP are time-consuming and potentially more expensive.
Cytokine research urgently requires a low-cost and highthroughput genotyping technique. Therefore, we decided
to develop an economic and time-, labor- and cost-saving
analysis system to genotype TNF-α (−308 A/G), TGF-β1
(+869 T/C), IL-10 (−592 C/A, −819 T/C and −1082 G/A),
and IFN-γ (+874 T/A) polymorphisms.
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Table 4. Allele frequencies (n, %) of cytokine in the Chinese population compared to other populations using the χ2 test
Cytokine

Allele

Chinese

Slovak

Greek
Cypriot

Macedonian

Lebanese

Iran

Brazilian

Mexican

Thai

A

41
(7.71)

37
(13.21)*

15
(7.50)

74
(12.29)*

16
(7.55)

35
(14.23)**

55
(13.10)**

36
(7.26)

27
(13.24)*

G

491
(92.29)

243
(86.79)

185
(92.50)

528
(87.71)

196
(92.45)

211
(85.77)

365
(86.90)

460
(92.74)

177
(86.76)

T

263
(49.44)

153
(55.04)

115
(57.50)

282
(50.18)

127
(60.10)*

112
(50.91)

240
(56.87)*

N/A

80
(39.22)*

C

269
(50.56)

125
(44.96)

85
(42.50)

280
(49.82)

85
(39.90)

108
(49.09)

182
(43.13)

N/A

124
(60.78)

C

185
(34.77)

205
(73.21)***

153
(76.5)***

425
(71.07)***

152
(71.84)***

176
(71.54)***

288
(68.25)***

301
(60.69)***

63
(30.88)

A

347
(65.23)

75
(26.79)

47
(23.50)

173
(28.93)

60
(28.16)

70
(28.46)

134
(31.75)

195
(39.31)

141
(69.12)

C

185
(34.77)

205
(73.21)***

153
(76.5)***

435
(72.74)***

149
(70.28)***

176
(71.54)***

288
(68.25)***

289
(58.27)***

68
(33.33)

T

347
(65.23)

75
(26.79)

47
(23.50)

163
(27.26)

63
(29.72)

70
(28.46)

134
(31.75)

207
(41.73)

136
(66.67)

G

30
(5.64)

121
(43.21)***

76
(38.00)***

246
(41.14)***

78
(36.79)***

89
(43.63)***

163
(38.63)***

140
(28.23)***

15
(7.35)

A

502
(94.36)

159
(56.79)

124
(62.00)

352
(58.86)

134
(63.21)

115
(56.37)

259
(61.37)

356
(71.77)

189
(92.65)

A

473
(88.91)

149
(53.21)***

95
(47.50)***

N/A

106
(50.00)***

N/A

248
(58.77)***

N/A

149
(26.96)***

T

59
(11.09)

131
(46.79)

115
(52.50)

N/A

106
(50.00)

N/A

174
(41.23)

N/A

55
(73.04)

TNF-α −308

TGF-β1 +869

IL-10 −592

IL-10 −819

IL-10 −1082

IFN-γ +874

* – p-value < 0.05; ** – p-value < 0.01; *** – p-value < 0.001; N/A – not applicable, abbreviation used for the lack of data in the table field.

The HRM-PCR analysis is a recently developed genotyping method, based on the characteristics of the amplicon thermal denaturation. The HRM-PCR method
involves the PCR analysis of the target gene in the presence of a saturating intercalating double-stranded DNA
fluorescent dye, and subsequent melting of the amplicon
by gradually increasing the temperature, which results
in a decrease in fluorescence caused by the release of intercalating dyes from DNA. The specific melting profile
depends on the base composition, DNA sequence and amplicon length.29,30 The HRM-PCR analysis is highly suitable for the detection of single-base variants, deletions
or insertions.31 In addition, HRM-PCR method offers several advantages over other conventional gene scanning
methods, such as no post-PCR processing steps, complete
closed tube format and short turnaround time.32,33 Thus,
it is an attractive technique due to the increased demand
for rapid, economic, easy, and high-throughput genotyping
analyses. Here, we have presented the HRM-PCR assay
to identify cytokine SNPs. The data show that the differences between the 3 allelic forms of TNF-α (−308 A/G),
TGF-β1 (+869 T/C), IL-10 (−592 C/A, −819 T/C and −1082
G/A), and IFN-γ (+874 T/A) genes are distinguishable
as a result of the melting curve shape. To confirm the accuracy of the HRM-PCR assay, we randomly selected 100
samples from the LTRs and detected cytokine SNPs with
the SSP-PCR method using a commercial kit. The data

showed a 100% concordance between the HRM-PCR and
the SSP-PCR assays for cytokine SNPs, with a Kappa test
value of 1.0. All of these suggest that the HRM-PCR assay
is a reliable single-tube technology for genotyping the polymorphisms of the abovementioned cytokines. In addition,
HRM-PCR assay can genotype 96 samples in 1.5 h on our
platform. Therefore, HRM-PCR may be a good choice for
cytokines genotyping, as it is a high-throughput, cheap
and time-saving method with the further advantage of no
post-PCR handling.
Proinflammatory and anti-inflammatory cytokine networks lead to different responses to infection, graft tolerance or rejection. In particular, high levels of pro-inflammatory TNF-α and IFN-γ enhance cell-mediated immune
response, causing allograft rejection.34,35 In contrast, high
levels of anti-inflammatory IL-10 suppress the inflammation and are associated with tolerance.36 Besides, high levels
of TGF-β1 with immunosuppressive properties are thought
to contribute to the development of chronic allograft nephropathy. 37 The SNPs of cytokine genes mainly influence the production of proteins, which determines the microenvironment of the graft. 38,39 Pretransplant genetic
testing of cytokine may provide a clinically useful means
for risk stratification in solid organ transplant patients.
In the present study, we explored the profiles of TNF-α
(−308 A/G), TGF-β1 (+869 T/C), IL-10 (−592 C/A, −819 T/C
and −1082 G/A), and IFN-γ (+874 T/A) SNPs in the LTRs
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and the control group. Our results show that there are no
significant differences in the allele and genotype distribution of cytokines between the LTRs and control groups.
In addition, we found that the genotypes of TGF-β1 +869
associated with high expression phenotype were prevalent
among LTRs. On the contrary, as for TNF-α −308, IL-10
and IFN-γ, the genotypes associated with low expression
phenotype are the most prevalent in the LTRs.
The allelic frequency of a particular gene may vary
significantly in different ethnic populations. Previous
studies have showed the associations between ethnicity
and cytokine gene polymorphisms. 20,27 In the present
work, we compared the control results of cytokine gene
polymorphisms with those from other national populations. We found dramatic differences in allele frequency
of cytokine among different races. The data showed that
there were 5, 3, 7, and 5 differences in the allele frequencies of TNF-α −308, TGF-β1 +869, IL-10 (−592, −819 and
−1082), and IFN-γ +874 between Chinese and other 8
national populations, respectively. The differences in cytokine allelic frequencies can lead to diverse secretory
profiles, responses to stimuli or susceptibility to diseases.
Therefore, the studies on distribution of cytokine gene
polymorphisms within populations may be helpful in understanding the observed differences in cytokine secretion
profiles, which are the basis for various immunological
phenomena, such as infectious, autoimmune disorders and
transplant rejections. Therefore, we also explored the association between the cytokine polymorphisms and top 3
of the primary diseases leading to lung transplantation.
However, we did not find a significant correlation between
the cytokine polymorphisms and pulmonary fibrosis, IPF
or COPD.
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Abstract
Sepsis is defined as an infection that causes the immune system to attack the body, subsequently leading
to death. Some findings suggest that there is a high level of correlation between tumor necrosis factor
(TNF) activity and susceptibility to sepsis. We used MEDLINE, Scopus and Web of Science databases to conduct an automated search covering the years 2000–2019. The Meta-analysis of Observational Studies
in Epidemiology (MOOSE) criteria and Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were used for the meta-analysis. The selected studies were evaluated based on their
focus on the TNF-α –308 A/G polymorphism, sepsis and sepsis mortality. Based on this inclusion criterion,
24 papers out of 782 were chosen for the meta-analysis. The meta-analysis was performed using Review
Manager. The comparison of TNF1 and TNF2 among the patients was calculated in the 2 groups and the odds
ratio (OR) was used to construct the forest plots. The meta-analysis of the OR in Asian and Caucasian populations does not prove the influence of TNF variant on sepsis risk.
Key words: sepsis, tumor necrosis factor, 308A/G polymorphism, single nucleotide polymorphisms
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Introduction
Sepsis is a serious burden to healthcare worldwide. It develops mostly in elderly patients, preterm infants or lowbirth-weight infants.1,2 An exigent factor is the association
of a vital genetic component to both the risk of developing
sepsis and the subsequent outcome regarding survival.
Various studies have shown a connection between widespread variations in human DNA, genetic polymorphism
and sepsis-related mortality. 3 Several biomarkers show
elevated levels in sepsis conditions, such as TLR4 (tolllike receptor 4) single nucleotide polymorphisms (SNPs),
rs4986790, and rs4986791, but not the SERPINE1 (serpin
peptidase inhibitor, clade E (nexin, plasminogen activator
inhibitor type 1), member 1) rs1799768 polymorphism.4–8
Tumor necrosis factor alpha (TNF-α) plays a vital role
in many serious conditions, such as diabetes, cancer, etc.9,10
The studies conducted in the past have produced mixed results on the role of TNF-α in a weakened health condition.
One study reported TNF-α as a risk factor in the North
Indian and Japanese populations, as well as Chinese and
Turkish children. Studies in Germany and Hungary revealed a negative correlation between preterm infants and
low-birth-weight infants.8,11–21
Several papers examining the relationship between TNF-α
and sepsis risk and outcome have been published. However,
various conflicting reports have emerged, and it is not easy
to replicate initial studies in many cases.22,23 We speculated
that a synthesis of the results of these studies would be more
understandable, as it would provide more accurate estimates
of the clinical effects of the TNF-α –308 A/G polymorphism,
since many studies had insufficient power to suggest that
TNF2 was correlated with the development of sepsis or sepsisrelated mortality.24–26

Objectives
This study aimed to investigate whether having a variant TNF-α –308 genotype (TNF2 or non-G/G) is linked
to a higher risk of sepsis or sepsis-related mortality.

Materials and methods
The meta-analysis was carried out according to the Metaanalysis of Observational Studies in Epidemiology (MOOSE)
guidelines. We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) normative recommendations with the registration No. XMU #
SM/IRB/2020/1021.

Data sources and searches
The keywords used were “TNF-α –308 A/G”, “tumor
necrosis factor”, “sepsis”, “septic shock”, and “sepsis risk”.

The search was carried out in MEDLINE, Scopus, and Web
of Science databases.

Study selection
Articles from the years 2000–2019 were considered.
A total of 782 articles were retrieved, out of which only
45 full-text articles were found to be eligible. Out of those,
24 were used for the purpose of the meta-analysis after
their quality had been assessed.
Figure 1 shows the process of the selection of studies.

Exclusion and inclusion criteria
The selected studies were evaluated using 2 parameters:
1) focus on TNF-α –308 A/G polymorphism; and 2) focus
on sepsis and sepsis risk.
To improve the readability, we used the term “sepsis”
when referring to health disorders such as sepsis, severe
sepsis, septic shock, septicemia, or infection-related systemic inflammatory response syndrome.
Studies were omitted if 1) the triggers of systemic inflammatory reaction syndrome (SIRS) or multiple organ
dysfunction syndrome (MODS) were specifically unrelated to infection (e.g., following heart surgery); 2) the reseached causes of sepsis were nonbacterial infections
(such as parasites, fungi and viruses); or 3) there were
duplicate reports. The research architecture or language
used had no impact on which studies were included
in the meta-analysis.
The titles and abstracts of publications found using
the search strategy were reviewed by 1 reviewer (HN).
Any journal that was considered to be significant; full
text was downloaded. The reviewers were not blinded
to study authors or outcomes. In the end, both reviewers
agreed on which findings should be included in the metaanalysis. A kappa (κ) statistic was used to assess the level
of agreement. A kappa (κ) value of 0.87 indicated a high level
of agreement between the reviewers, and hence the selection of included studies was agreed upon (Table 1).

Extraction of data
and methodological approach
The primary outcomes were the development of sepsis
and mortality among patients with sepsis. Two researchers (FL and HM) used a structured data collection form
to retrieve the data.
The included studies compared G/G with G/A, G/A with
A/A, and hence the meta-analysis compared the studies
taking into consideration G/G with G/A or A/A allele
combinations. The G/A or A/A allele combinations are
referred to as TNF2 and G/G as TNF1. The meta-analysis
also considered the ethnicity of the study population, as
it is believed to have a confounding role in the influence
of TNF on sepsis risk.

Adv Clin Exp Med. 2022;31(5):557–565

559

Fig. 1. The selection of studies

Patients with related symptoms or illnesses and being
at risk for sepsis served as the reference population for
the sepsis study. Only people with sepsis were included
in the probability of mortality study. Control subjects
from the general population, such as healthy blood donors
or healthy volunteers, were not included in either study.
We conducted stratified analyses by variables that
we believed could confound the primary analysis, including 1) ethnicity (Asian compared to Caucasian); 2) sepsis classification (sepsis, severe sepsis, and septic shock);
3) age (adults compared to pediatric patients); and 4) immune status (immune-competent compared to immunecompromised patients). In the stratified study, only results
of at least 2 trials per group were considered; therefore,
age, immune condition, and 2 elements relevant to methodologic accuracy (primer sequence and sepsis definition)
were excluded.

Statistical methods
The meta-analysis was performed using Review Manager v. 5 software (The Cochrane Collaboration, Copenhagen, Denmark). The comparison of TNF1 and
TNF2 among patients was calculated in the 2 groups.

Meta-analyses were done using a random effects model
(Mantel–Haenszel method) and heterogeneity was evaluated using I 2 statistic. The odds ratio (OR) and 95%
confidence intervals (95% CIs) were used to construct
forest plots. The value of p < 0.05 was considered statistically significant. The publication bias was assessed
using a funnel plot in which the standard error of the log
of the OR was plotted against the log of the OR.

Results
The flow diagram of trial recognition and collection
is presented in Fig. 1. A total of 782 titles and abstracts were
reviewed, with 24 meeting the requirements for inclusion
in the final meta-analysis. The following 21 articles were
excluded: 14 articles with no study on sepsis susceptibility
or result, 3 articles with inadequate evidence on TNF-α
–308 A/G polymorphism status and 4 articles with a secondary release.
Table 1 shows the demographic data of the patients examined in the 24 included studies. A total of 4764 patients
were analyzed in 24 studies: 15 papers concerned white
population, 8 Asian population and 1, a mixed population.
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Table 1. Details of the included studies
Year

Ethnicity

Allele combination

Key findings

Song et al.18

Study

2012

Asian

GA vs GG

OR = 1.138 (0.945 to 1.370)

Teuffel et al.27

2010

Asian

GA vs GG

OR = 2.187 (0.946 to 5.059)

Gupta et al.16

2015

Asian

GA vs GG

OR = 48.706 (10.457 to 226.86)

Fu et al.30

2016

Asian

GA vs GG

OR = 0.535 (0.349 to 0.820)

Nakada et al.17

2005

Asian

GA vs GG

OR = 0.450 (0.104 to 1.938)

2003

Caucasian

GA vs GG

OR = 0.713 (0.263 to 1.934)

2017

Mixed

GA vs GG and AA vs GG

OR = 3.78 (1.16, 12.30)

31

Solé-Violán et al.

2010

Caucasian

GA vs GG

OR = 0.596 (0.472 to 0.753)

Solé-Violán et al.31

2010

Caucasian

GA vs GG

OR = 8.857 (4.565 to 17.184)

Mira et al.32

1999

Caucasian

GA vs GG

OR = 0.297 (0.119 to 0.738)

Gordon et al.33

2004

Caucasian

GA vs GG

OR = 2.000 (0.990 to 4.039)

34

2006

Caucasian

GA vs GG

OR = 0.972 (0.244 to 3.869)

Allam et al.35

2015

Asian

GA vs GG

OR = 0.103 (0.0456 to 0.232)

Duan et al.36

2011

Asian

GA vs GG

OR = 2.006 (1.199 to 3.355)

Paskulin et al.37

2011

Caucasian

GA vs GG

OR = 1.304 (0.859 to 1.978)

2004

Caucasian

GA vs GG

OR = 1.206 (0.416 to 3.496)

2007

Caucasian

GA vs GG

OR = 1.545 (0.318 to 7.502)

Garnacho-Montero et al.

2006

Caucasian

GA vs GG

OR = 0.882 (0.480 to 1.621)

Kothari et al.48

2013

Asian

GA vs GG

OR = 1.947 (1.280 to 2.964)

Susantitaphong et al.

2013

Caucasian

GA vs GG

OR = 1.141 (0.672 to 1.939)

Schaaf et al.42

2003

Caucasian

GA vs GG

OR = 0.222 (0.0458 to 1.078)

Schueller et al.43

2006

Caucasian

GA vs GG

OR = 0.792 (0.404 to 1.550)

Balding et al.44

2003

Caucasian

GA vs GG

OR = 1.240 (0.869 to 1.767)

2002

Caucasian

GA vs GG

OR = 1.389 (0.385 to 5.005)

Treszl et al.

21

Zhang et al.29

Sipahi et al.

Jaber et al.

38

McDaniel et al.39
40

41

45

Majetschak et al.
OR – odds ratio.

Sepsis was classified as sepsis (in 8 studies), extreme sepsis
(in 5 studies), septicemia (in 1 study), septic shock (in 7
studies), or 2 of the above forms of sepsis, defined as combined patient groups (in 3 studies). Fifteen researchers
examined sepsis susceptibility, 5 examined sepsis death
and 4 examined each of them.
In 15 studies, TNF2 (G/A or A/A) was compared to TNF1
(G/G) in 8 studies, and allele A frequency in 1 sample,
the TNF 308 genotype was identified as G/G, G/A, or A/A.29
The data from the 15 studies that reported on G/G, G/A,
or A/A were translated to TNF2 (G/A or A/A) or TNF1
(G/G), yielding a total of 23 studies that could be used to assess the effect of TNF2 (Table 2,3). The data from the 15
studies that reported on G/G, G/A or A/A were translated
to TNF2 (G/A or A/A) or TNF1 (G/G), yielding a total of 23
studies that could be used to assess TNF2 effect (Table 2,3).
Figure 2 shows the forest plot of the role of TNF-α during
sepsis among Asian population (n = 8 studies). There was
no significant effect of TNF phenotype on risk of sepsis
(OR 1.21, 95% CI: [0.63; 2.30], p = 0.57, I2 = 92%). The heterogeneity value I2 is high (>80%) indicating inconsistency
between the included studies.
Figure 3 shows the forest plot between the roles of TNF-α
during sepsis among Caucasian population (n = 15 studies).

There was no significant effect of the TNF phenotype
on risk of sepsis (OR 1.08, 95% CI [0.73; 1.61], p = 0.69,
I2 = 82%). A high I2 heterogeneity value (>80%) indicates
the inconsistency between the studies.
Figure 4 is the funnel plot for the assessment of publication bias. The funnel plot was asymmetrical, indicating
the possibility of publication bias.
However, based on the OR results of the meta-analysis,
there was a higher risk of sepsis in Asian population than
in Caucasian population, and there was no significant effect of TNF phenotype on sepsis risk in either population.

Discussion
Tumor necrosis factor alpha has been identified as an important pro-inflammatory cytokine in diseases like psoriatic arthritis, rheumatoid arthritis, ulcerative colitis,
Crohn’s disease and other autoimmune diseases, as well
an in healthy people. It is located on the p arm of chromosome 6 within the major histocompatibility complex,
where genetic alterations in the TNF-α locus are known
to be involved directly in high TNF-α production.47 Many
polymorphisms inside the TNF-α promoter positioned
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Table 2. The studies presenting the role of TNF in sepsis among Asian population
Study
Song et al.

18

Teuffel et al.27
Gupta et al.

16

TNF1

TNF2

OR

95% CI

375/727

560/1158

1.138

34/53

18/40

2.187

Weight (%)
fixed

random

[0.945; 1.370]

N/A

15.30

[0.946; 5.059]

N/A

12.27

23/25

17/89

48.706

[10.457; 226.865]

N/A

8.23

Fu et al.30

47/163

100/232

0.535

[0.349; 0.820]

N/A

14.51

Nakada et al.17

81/189

5/8

0.450

[0.104; 1.938]

N/A

8.63

Allam et al.35

24/69

57/68

0.103

[0.0456; 0.232]

N/A

12.42

Duan et al.36

45/131

36/174

2.006

[1.199; 3.355]

N/A

14.10

Kothari et al.48

74/169

64/224

1.947

[1.280; 2.964]

N/A

14.54

703/1526

857/1993

1.21

[0.63; 2.30]

N/A

100.00

Total (random effects)
df

7

Significance level

p = 0.57

I2 (inconsistency)

92%

TNF – tumor necrosis factor; OR – odds ratio; 95% CI – 95% confidence interval; df – degrees of freedom; N/A – not applicable.
Table 3. The studies reporting on the role of TNF in sepsis among Caucasian population
Study

Weight (%)

TNF1

TNF2

OR

95% CI

fixed

random

25/82

8/21

0.713

[0.263; 1.934]

2.01

5.94

Solé-Violán et al.

123/1162

234/1413

0.596

[0.472; 0.753]

36.76

9.30

Solé-Violán et al.31

112/126

56/118

8.857

[4.565; 17.184]

4.57

7.56

23/54

25/35

0.297

[0.119; 0.738]

2.42

6.35

39/135

13/77

2.000

[0.990; 4.039]

4.06

7.36

Treszl et al.21
31

Mira et al.

32

Gordon et al.33
Sipahi et al.

34

15/42

4/11

0.972

[0.244; 3.869]

1.05

4.41

104/349

42/171

1.304

[0.859; 1.978]

11.55

8.68

19/40

9/21

1.206

[0.416; 3.496]

1.77

5.65

4/15

4/21

1.545

[0.318; 7.502]

0.80

3.77

Garnacho-Montero et al.

38/224

19/101

0.882

[0.480; 1.621]

5.41

7.82

Susantitaphong et al.41

36/112

44/150

1.141

[0.672; 1.939]

7.15

8.19

32/48

18/20

0.222

[0.0458; 1.078

0.80

3.78

19/67

34/102

0.792

0.404; 1.550]

4.44

7.51

83/183

156/389

1.240

[0.869; 1.767]

15.96

8.92

10/46

4/24

1.389

[0.385; 5.005]

1.22

4.76

682/2685

670/2674

0.978

[0.854; 1.121]

100.00

100.00

Paskulin et al.37
Jaber et al.

38

McDaniel et al.39
40

Schaaf et al.

42

Schueller et al.43
Balding et al.

44

Majetschak et al.45
Total (random effects)
df

14

Significance level

p = 0.69

I2 (inconsistency)

82%

TNF – tumor necrosis factor; OR – odds ratio; 95% CI – 95% confidence interval; df – degrees of freedom.

at −1031 (T→C), −863 (C→A), −857 (C→A), −851 (C→T),
−419 (G→C), −376 (G→A), −308 (G→A), −238 (G→A),
−162 (G→A), and −49 (G→A) have been identified, but
nucleotide position −308 directly affects TNF-α production. A SNP within the promoter of the gene for TNF-α
results in 2 allelic forms, TNF1 with guanine as common
allele and TNF2 with guanine substituted by adenosine.48
The polymorphism in TNF-α –308 A/G has been associated
with several pathologies like parasitic, bacterial and viral

infections; autoimmune diseases like systemic lupus erythematosus, rheumatoid arthritis and ankylosing spondylitis;
acute rejections for transplants57–60; cancers10 and coronary
artery disease.52 It has been observed in the past that TNF-α
has been involved in sepsis-induced immune depression
through increased apoptosis.49 The TNF2 allele has been
linked to sepsis, but the evidence is ambigous. The present meta-analysis aimed to analyze the role of TNFα –308
genotype (TNF1 or TNF2) in a higher risk of sepsis.
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Fig. 2. The forest plot depicting the role of tumor necrosis factor alpha (TNF-α) during sepsis among the Asian population
95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 3. The forest plot depicting the role of tumor necrosis factor alpha (TNF-α) during sepsis among the Caucasian population
95% CI – 95% confidence interval; df – degrees of freedom.

0.0

0.2

SE(log[OR])

The Human Genome Project (HGP) focused on an individual’s DNA sequence. The following stage was designed
to compare DNA sequences from various populations.
The HapMap is a collection of human genetic diversity.
It was completed in 2005 and uses SNPs to discover huge
blocks of DNA sequence known as haplotypes that are
inherited together (Fig. 5). Researchers examine haplotypes
in persons with and without certain diseases to elucidate
information from the analyzed data. The haplotypes shared
by persons with the disease are then analyzed in depth
to search for genes that are linked to a particular condition.
Scientists have already used the data in order to find a gene
linked to age-related macular degeneration, a condition
that causes blindness in elderly patients.9 The International
HapMap Consortium is predicted to play a significant role
in finding many more disease-related genes in the future.51
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Fig. 4. Funnel plot for the assessment of publication bias
SE – standard error; OR – odds ratio.
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In a small number of DNA samples, the HGP,49 the SNP
Consortium50 and the International HapMap Project51
found over 10 million common DNA variations, mostly
SNPs. Genome-wide association studies have effectively
found hundreds of unique genomic loci that have an impact on human diseases, due to the knowledge on SNPs
and associated linkage disequilibrium patterns.4
Nonetheless, our understanding of human genetic variation in terms of variant type, frequency and population diversification is inadequate. Only common DNA variations
(minor allele frequency (MAF) 5%) have been thoroughly
investigated, despite the fact that low MAF variations are
likely to account for a significant portion of genetic risk
for common diseases. Systematic investigations of other
forms of variations, particularly copy number variation,
have just lately begun to shape our understanding of their
frequency spectra, population distributions and linkage
disequilibrium patterns.
According to Elahi et al., 52 TNF polymorphisms are
found in a region of polymorphic variation and they are
in linkage disequilibrium with the human leukocyte antigen (HLA) genes and with each other. Due to the differences in the distribution of HLA alleles, there can be variation in TNF polymorphisms and various discrepancies can
be associated with different geographical locations.
The current study does not demonstrate the influence
of TNF variants on sepsis in Asian and Caucasian populations. However, the number of studies in Asian population
is small (n = 8), thus limiting an inference to be made
in general. The heterogeneity values are high (>80%), suggesting a considerable inconsistency between the studies.
Potential sources of heterogeneity are age, sample size,
genotyping method, and type of sepsis.
The TNF2 allele frequencies have been identified for
various ethnic groups, with Asian population (TNF2 prevalence ranging from 1.7%51 to 5.1%54) having a lower TNF2
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allele frequency than Caucasian population (TNF2 prevalence ranging from 21.7%55 to 23.0%56). To see whether
the connection between TNF2 and sepsis varied by ethnicity, we conducted a stratified study. Our findings indicate that the connection between TNF2 and sepsis is not
significant in the Asian community compared to other
ethnic groups. Given the secondary nature of the study,
this finding should be regarded as hypothesis-generating.
The authors has also researched whether the impact
of TNF2 varied, based on how sepsis was defined (sepsis, extreme sepsis or septic shock) in our stratified studies. The fact that many different health conditions such
as pneumonia, bacteremia, sepsis, septicemia, acute sepsis, or septic shock have been analyzed, has made it challenging to interpret past findings. The authors were able
to conduct systematic review because this meta-analysis
used published consensus criteria for sepsis55 and the rest
of the articles in our meta-analysis used these same
definitions.
We discovered that the way sepsis was defined had little
effect on the connection between TNF2 and sepsis susceptibility. Because of the limited number of trials in each
subgroup, determining whether sepsis classification influenced the relationship between TNF2 and sepsis mortality
is more complicated. Therefore, future research into this
topic is critical. However, the present meta-analysis helped
to overcome the limitations of the individual studies and
thoroughly examined TNF-α role in sepsis.
One of the strengths of the study is that it was focused
solely on TNF-α –308 A/G, which helped in conducting
a thorough search and analysis of the impact of this single
polymorphism. Other genetic variants, on the other hand,
are very likely to affect sepsis risk. As a result, future experiments should examine the effects of other polymorphisms, and eventually, many polymorphisms would have
to be considered.
Fig. 5. Single nucleotide
polymorphisms (SNPs),
haplotypes and tag SNPs
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In addition, the current meta-analysis reveals the possibility of obtaining a more stratified study by considering
similar studies in each stratum. A meta-regression could
also be carried out to examine the hidden factors affecting
the phenomenon.

Limitations
The study has a few limitations, such as limited sample
size in most of the analyzed studies, that affects the statistical power. There is a high heterogeneity among the different ethnic backgrounds. Lastly, there is a strong need
for more studies to determine the clarification on genetic
roles and cytokine production during sepsis.

Conclusions
The relationship between the TNF–308 G/A polymorphism and sepsis was quantitatively synthesized in this metaanalysis. It does not suggest an association between the G/A
allele combination of TNF-α and sepsis risk in the Asian and
Caucasian populations. We believe that integrating the effects of correlation research will help us better understand
the impact of polymorphisms on disease outcomes.
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Abstract
Anemia is a common finding among patients with liver diseases. Patients who suffer from anemia are
at a higher risk of liver function decompensation and hospitalization. It affects significantly their quality
of life and contributes to mortality. Anemia is present in 70% of patients with liver cirrhosis and with varying
incidence accompanies other liver disorders. As the etiology of anemia in liver diseases is multifactorial, various
cases represent different clinical entities. Anemia accompanying hepatic disorders can be broadly divided into
several types, such as anemia associated with blood loss, as well as aplastic, hemolytic and micronutrient
deficiency anemia. However, it is sometimes difficult to delineate between those types in the clinical practice,
as several pathophysiological causes can be present in one patient. It is reported that the most common cause
of anemia in liver disease is blood loss and iron deficiency. Still, the incidence of unclear cases reaching over
50% suggests that other types of anemia can be underdiagnosed. This review comprehensively describes less
frequent types of anemia associated with liver disease, namely hemolytic and aplastic anemia (AA). Hemolytic
anemia can complicate autoimmune liver diseases or be a manifestation of membranopathy of red blood
cells, dependent on severe hepatic function impairment or alcoholic liver disease. Aplastic anemia is best
known as a sequela of viral hepatitis, but some degree of bone marrow inhibition can complicate virtually
all advanced liver diseases.
Key words: liver, anemia, hemolytic, aplastic, hepatology
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Introduction
Anemia complicating liver diseases is a common finding
in clinical practice that constitutes a significant problem,
since it can have unfavorable effects on patient prognosis
and quality of life. It is hypothesized that the deleterious
effect of anemia is imposed through hypoxia and the promotion of hyperdynamic circulation. Cirrhotic patients
with anemia were found to have a higher hospital mortality rate. They also more frequently develop complications
of cirrhosis such as type 2 hepatorenal syndrome, and supposedly gastrointestinal bleeding and ascites.1,2
Anemia prevalence in hepatology is associated with
the degree of impairment of liver function and portal
hypertension. Prevalence of anemia is especially high
in the context of liver cirrhosis, where decreased concentration of hemoglobin is reported to affect around 70%
of patients.3,4 As reported by Scheiner et al., more severe
cases of anemia are less common. In their retrospective
analysis, they found out that moderate to severe anemia
was present in 28% of chronic liver disease cases.4 Noticeably, in most cases, the etiology of anemia remains
unclear. Anemia of unknown origin constituted 53% of all
cases in Scheiner’s cohort, followed by bleeding (25%) and
iron deficiency (9%).4 Unfortunately, the high prevalence
of anemia can lead to a misconception that it is an essential
feature of liver disease. In effect, less obvious reasons for
anemia among patients suffering from hepatic disease tend
to be overlooked or diagnosed with a significant delay. Both
hemolytic and aplastic anemia (AA) are rare complications
of liver disease, but clinicians should be aware of them due
to the serious prognosis.
According to World Health Organization’s (WHO)
guideline, the thresholds for the diagnosis of anemia are set
at 13 g/dL for men and 12 g/dL for women. For moderate
and severe anemia, the cutoffs are <11 g/dL and <8 g/dL,
respectively.5
Hemolytic anemia manifests itself as shorter than
the normal lifespan of erythrocyte. A number of different classifications of hemolytic anemia have been implemented. The broadest, but also, due to its clinical implications, the most widely used, is a division depending
on the involvement of immune-mediated mechanisms
of hemolysis. The clinical picture being the most suggestive
of hemolysis, can be described as an increased bilirubin
concentration, high lactate dehydrogenase blood activity
and a low concentration of haptoglobin in the presence
of normocytic anemia with reticulocytosis.6
Aplastic anemia is a rare clinical entity defined as an injury to precursor hematopoietic cells. The pathomechanism of AA is considered immune-mediated, but antigens triggering the response are not fully characterized.
Cytopenia tends to occur in all 3 lines of blood cells.
To diagnose AA, the thresholds were established for
hemoglobin at 10 g/dL, platelets at 50,000/μL and neutrophils at 1500/μL. For the diagnosis, however, bone
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marrow examination is necessary, as it can show hypocellularity in the absence of bone marrow infiltration
or fibrosis.7

Objectives
The aim of this paper is to summarize the available information about the rare causes of anemia – mainly hemolytic and aplastic – among patients with liver disease.
As research on that topic is scattered, a review article
seems to be the best choice to give a theoretical basis for
medical practitioners who face difficulties diagnosing anemic patients with liver disorders.

Materials and methods
A selection of available literature in PubMed, Cumulative Index to Nursing and Allied Health Literature (CINAHL) and Cochrane Library databases was performed
in July 2021. The search included both original and review articles. The utilization of search terms, such as “liver
disease”, “liver cirrhosis”, “hepatitis”, “cholestasis”, “liver
injury”, “alcoholic liver disease”, “aplastic”, “hypoplastic”, “hemolytic”, “autoimmune”, “anemia”, “hemolysis”,
“acanthocytosis”, and “bone marrow aplasia” let us identify 32,825 articles. Titles and abstracts were screened
from that number, which limited the number of applicable
papers to 3,726 original articles and 127 review articles.
We included studies that focused on hemolytic and aplastic
anemia in patients with liver diseases. Studies published
in other languages than English, without the abstracts
available online, as well as duplications were excluded.
Citations and reference lists of selected articles were analyzed in the next step, allowing to identify 185 articles for
a full-text review (Fig. 1). Articles screening was performed
independently by both authors, and in case of conflicting
opinions papers were discussed on a case-by-case basis.

Hemolytic anemia
Compared with bleeding or micronutrient deficiency,
hemolysis is an uncommon cause of anemia in patients
with liver disease. The possible mechanisms of hemolysis include immune-mediated destruction of red blood
cells with the involvement of antibodies, or non-immune
mechanisms, dependent mainly on acquired structural
aberrations of red blood cells.
Antibody-mediated hemolysis is one of the main mechanisms of the acquired cases of hemolytic anemia in the general population. A well-described feature of liver and bile
duct autoimmune diseases has a high rate of coexistence
with other autoimmune diseases. In the case of autoimmune hepatitis, as many as 20–50% of patients have other
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Screening

Idenficaon
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Fig. 1. Flowchart of article
selection process

Records idenfied through
database searching
n = 32,825

Records idenfied through
other sources
n = 58

Records aer duplicates removed
n = 27,759

Records screened
n = 27,759

Records excluded
n = 27,574

Full-text arcles assessed
for eligibility
n = 185

Full-text arcles excluded n = 96
Out of scope n = 70
Conference abstract n = 7
Not available in English n = 12
Data reported elsewhere n = 7

Arcles included
n = 89

autoimmune disease. Those numbers can be even higher
when primary biliary cholangitis (PBC) is considered, rising up to 84%, as reported by Culp et al.8,9 Autoimmune
hepatitis, PBC and primary sclerosing cholangitis (PSC)
significantly differ from each other in the incidence of various extrahepatic autoimmune diseases. However, autoimmune hemolytic anemia (AIHA), characterized by a positive direct Coombs test, remains a rare comorbidity for
all three. The reported prevalence of AIHA among AIH
patients is less than 1%.9 The diagnosis of AIHA complicating PBC or PSC course is even less frequent.10,11 In fact,
it is not currently clear if AIHA associated with PBC and
PSC represents a distinct clinical entity or is just a coexistence of 2 independent diseases by chance. In the context
of AIHA complicating autoimmune liver disease, standard
treatment regimens are usually recommended. The clinical guidelines on the management of secondary AIHA,
available from 2017, do not specifically discuss autoimmune liver conditions.12 The first-line treatment includes
corticosteroids and immunosuppressants, like azathioprine, cyclophosphamide or cyclosporine.10 In cases with
no satisfying improvement on corticosteroids, rituximab
is a recommended option, and in the context of a limited access to rituximab, splenectomy should be considered.13 It should, however, be noted, that the effectiveness

of monotherapy with ursodeoxycholic acid (UDCA)
has been described in mild cases of AIHA associated
with PBC.14
A major portion of hemolytic anemia cases complicating
liver disease is not dependent on immune-mediated mechanisms. Severe acute or chronic liver injury can lead to red
blood cell membrane alternations and, in consequence,
to a shortened life span of erythrocytes. The liver is an organ playing a crucial role in lipid metabolism – the insufficiency of liver functions causes lipid disturbances
in cell membranes. An increasing amount of cholesterol
in the erythrocyte cell membrane results in the enlargement of its surface – an effect observed as macrocytosis on complete blood count.15 Moreover, echinocytosis
and stomatocytosis of red blood cells can be an effect
of phosphatidylcholine alternation, which in turn is a result of liver disease.15 In more severe cases of liver disease,
spur cell anemia (acanthocytosis) can develop. Spur cell
anemia is a rare complication of liver disease, but its association with the liver function impairment is well described in the literature. Spur cell anemia especially often
accompanies cases of alcoholic liver disease.16 The name
of the disease is derived from the characteristic morphology of erythrocytes, which are enlarged and develop
thorny-like processes. The primary mechanism behind
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spur cell anemia are changes in cholesterol to phospholipid ratio. In effect, the erythrocyte cell membrane loses
its normal elastic properties. Deformed erythrocytes become prone to sequestration and destruction by macrophages in spleen. Interestingly, the aberration in lipid cell
membrane composition is clearly acquired; red blood cells
that were transfused to cirrhotic patients tend to gradually change their lipid composition and have a shortened
lifespan.17 Data from pediatric cohorts suggest that besides
cell membrane lipid disturbances, vitamin E deficiency can
play a major role in the pathogenesis of hemolytic anemia
in the context of liver disease.18
The risk of spur cell anemia development is 2 times
higher in women with alcoholic liver disease.16 Patients
who, besides alcoholic liver disease, have other comorbidities, especially chronic obstructive pulmonary disease
(COPD), are at a higher risk of spur cell anemia. Tariq
et al. hypothesize in their study that COPD and alcoholic liver disease can have common destructive mechanisms of action towards red cell membranes through increased reactive oxygen species (ROS) production in both
diseases.16
Spur cell anemia is associated with a poor prognosis
and a reported average survival time of 1 year.19 Scarce
reports suggest that liver transplantation can play a curative role in both liver disease and spur cell anemia.20 Data
on splenectomy usefulness in spur cell anemia treatment
are insufficient. Early data showed that spur cells transferred to healthy asplenic recipients had normal survival.17
However, decreasing spleen blood flow by placing a transjugular intrahepatic portosystemic shunt (TIPS) has not
been observed to affect the disease course positively.20
Zieve’s syndrome represents another clinical entity,
which essential feature is non-immune mediated hemolytic anemia, strongly associated with alcoholic liver
disease. The syndrome is rare, and only several hundred
cases have been reported so far; however, it seems to be
underreported due to a limited awareness of clinicians.21
Zieve’s syndrome, besides transient hemolytic anemia,
is characterized by jaundice and hyperlipidemia. Hemolytic anemia associated with Zieve’s syndrome has similar
pathomechanism to spur cell anemia in cases of chronic
liver failure. The most important distinctive feature of hemolytic anemia associated with Zieve’s syndrome is its
temporary character. Significant disturbances that are
believed to play a role in the pathogenesis of hemolysis
in Zieve’s syndrome are lysolecithin and lysocephalin induction, and their accumulation in red cell membranes
– changes which are dependent on vitamin E deficiency.21
The symptoms of Zieve’s syndrome tend to wear off after
several weeks (usually 4–6). Since this syndrome is usually
caused by excessive alcohol consumption, abstinence can
shorten the time to subsiding of symptoms. Due to the rarity of this clinical entity, well-designed studies concerning
optimal treatment are lacking. The awareness of Zieve’s
syndrome can have important clinical implications,
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as hemolysis resulting from it can influence the Maddrey
score, prompting the initiation of corticosteroid treatment.
Because of the fact that Zieve’s syndrome is believed not
to be an immune-mediated type of hemolysis, glucocorticoid therapy is regarded of little value, and may result
in an increased risk of iatrogenic complications.21
Non-immune mediated hemolysis is a common feature
of Wilson’s disease (WD), which relatively often can be
a presenting symptom leading to diagnosis. Such a course
of WD is frequently reported in a younger population.22,23
The mechanism behind hemolysis in WD is multifactorial.
In case of massive necrosis of hepatocytes, a significant
load of copper is released to the bloodstream and causes
oxidative stress to cell membranes.24 Other possible mechanisms include the sodium pump function impairment and
the alternation of cell membrane composition.23 Hemolysis
subsides when the pharmacotherapy of WD is introduced,
or when the patient undergoes liver transplantation.
Patients with liver disease can also develop anemia due
to their medication. The best-documented example of anemia due to medications used in hepatology is ribavirininduced hemolytic anemia (RIHA). According to the summary of product characteristics, anemia is a very common
adverse reaction to ribavirin (>10% of patients), and hemolytic anemia is common (>1% of patients).25 Unfortunately, in the available clinical research, the mechanism
of decrease in hemoglobin concentration was not analyzed. A decline of 3 g/dL was observed in 54% of patients
taking standard ribavirin dose, and in around 8%, it was
greater than 5 mg/dL.26 Data presented in the summary
of product characteristics come from the trials of ribavirin combined with peginterferon, which is also known
to cause hemolytic anemia by itself. When ribavirin is coadministered with direct-acting antivirals (DAA) instead
of peginterferon, RIHA rate ranges between 5% and 40%.27
However, more severe cases of RIHA constitute less than
10% of all cases.28 Exact pathophysiological mechanism
of RIHA is unknown. It is postulated that the active form
of ribavirin causes cellular shortage of adenosine triphosphate (ATP) in erythrocytes, the consequence of which
is impaired glycolysis and oxidative stress, an effect that
is dose-related.26,29 Hemolysis was also observed in other
species exposed to ribavirin.30 Reducing a dose of ribavirin
or discontinuation is usually an adequate action. The need
for blood transfusions is sporadic (0.1%), assuming correct
laboratory results monitoring.28

Aplastic anemia
Aplastic anemia is another rare type of anemia, both
in the general population and among patients with liver
disease. It has been reported to complicate 2% of cases
of chronic liver disease, 31 but the majority of clinical cases
described in literature come from the context of acute
liver disease. Aplastic anemia is defined by pancytopenia,
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accompanied by decreased bone marrow cellularity
in the absence of bone marrow infiltration or marrow fibrosis.7 Diagnostic criteria include at least 2 of the following: hemoglobin concentration less than 10 g/dL, platelet count less than 50,000/μL, or neutrophil count below
1500/μL.32 Immune-mediated pathologies are important
factors in the development of many AA cases, but very
often the exact mechanism of AA remains unclear.
In cirrhotic patients, bone marrow inhibition may contribute to existing anemia. However, anemia itself may not
meet the criteria of an aplastic one. Bihari et al. conducted
a complex comparison of bone marrow in cirrhotic and
control individuals. 33 They have found that the number
of CD34+ progenitor cells has decreased in advanced cirrhosis. There was a significant correlation of this effect
with model for end-stage liver disease (MELD) and Child–
Pugh scores, but not with the etiology of cirrhosis. Besides
that, the overall cellularity of bone marrow was decreased
in cirrhosis; however, some degree of erythroid hyperplasia
was observed. The changes in the number of hematopoietic cells can be linked to altered bone marrow microenvironment, with decreased population of niche cells,
nerve fibers and Schwann cells, all of which are important
in hematopoiesis. On the other hand, the inhibition of hematopoiesis can be linked to an increased concentration
of proinflammatory cytokines and a decreased concentration of hematopoietic cell growth factors.33 The awareness
of bone marrow functioning impairment led to attempts
of setting it as a therapeutic target. A randomized controlled trial, conducted by Anand et al. showed that cirrhotic individuals benefit from therapy with erythropoietin combined with granulocyte colony-stimulating factor.
The response was more pronounced in patients in early
cirrhosis stages and without a deep depletion of hemopoietic cells in the bone marrow.34
In liver disease, AA is mainly associated with infectious
causes. So far, many infectious factors have been linked
to AA. The cases of hepatitis-associated aplastic anemia
(HAAA) were described after virtually all hepatotropic
viral infections, including hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis
D virus (HDV), and hepatitis E virus (HEV). Besides that,
less frequent causes noted in the literature are Epstein–
Barr virus (EBV) and cytomegalovirus (CMV) infections.
The HBV and HCV acute infections are most common
in cases with established causative factor. 35 However,
the majority of patients are seronegative for known hepatotropic viruses. 36 The HAAA associated with nonviral
hepatitis, including drug and vaccine-induced hepatitis,
has also been reported. 37,38 Distinct clinical picture can
be elicited by parvovirus B19 infection, which is a wellknown causative factor for the development of AA.
It is worth noting that parvovirus B19 has a predilection to erythroid lineage cells; therefore, bone marrow
biopsy can show cellularity within reference range, with
depletion of erythropoietic cells. 39 In fact, an association
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of parvovirus B19 with AA is much stronger than with
hepatitis, but it can cause both clinical entities. Pure red
cell aplasia, instead of AA, is also commonly described
in the context of HAV infections.
The HAAA was described to accompany 2–5% of hepatitis cases in Western Europe, and 1–5% of AA cases are
associated with HAAA.40 It was found to be relatively
more common in areas with a high prevalence of human
immunodeficiency virus (HIV) infections, suggesting
the influence of comorbidities on the occurrence rate
of the disease.36 Some authors report higher HAAA prevalence in children than adults, especially among adolescent
boys. 36 However, other series of cases do not show any
association with age or sex, similarly to what is observed
in the general AA patients population.41 The HAAA can
complicate both mild and severe cases of hepatitis, and
the onset of hepatitis preceding HAAA can be both fulminant or insidious.36,38
The onset of the disease varies, but it is typically observed after 2–3 months after hepatitis. 36,38 However,
an earlier onset is not uncommon in literature, and patients can still have laboratory features of acute hepatitis
on presentation with HAAA.42 In fact, according to a study
in bone marrow transplant patients by Safadi et al., around
40% of patients who develop HAAA still have the laboratory markers of hepatitis on diagnosis.41 At the opposite
extreme, HAAA can also be observed in 10% of patients
after more than 1 year from a hepatitis episode.41 However,
in such a scenario, the causal relationship with previous
hepatitis is more controversial.
The reported symptomatology is similar to symptoms
of AA in general population, which include fatigue, pallor,
bleeding, easy bruising, and infections. Those symptoms
can present in various combinations, depending on the degree of damage to particular cell lines, like anemia, thrombocytopenia and leukopenia, and can differ in severity.
The diagnosis has to be confirmed by the aplastic or hypoplastic bone marrow in bone marrow biopsy or aspirate
examination.
It is suspected that cytotoxic T lymphocytes play a key
role in the pathogenesis of HAAA. Ikawa et al. suggest
that CD8+ lymphocytes recognize similar antigen patterns of liver and hematopoietic cells.43 In vitro studies
have shown that in some cases, the presence of CD8+ lymphocytes in bone marrow correlates with the impairment
of cell colonies formation.44 A similar inhibitory effect
on colony forming in bone marrow was linked to the increased interferon gamma (IFNγ) concentration,45 which
can be produced by CD8+ lymphocytes infiltrating bone
marrow. Interferon gamma plays a multidirectional role
in bone marrow functioning. It can stimulate bone marrow
stem cells in the short term by promoting their differentiation, but in a longer perspective, it plays an inhibitory
role by intensifying apoptosis, decreasing the self-renewal
of stem cells and disturbing the interaction of stem cells
with the bone marrow microenvironment.46
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The outcome of HAAA, when untreated, remains fatal
in the majority of cases. The HAAA is considered an indication for hematopoietic stem cell transplantation, especially in younger patients with human leukocyte antigen
(HLA)-matched siblings. Patients with HAAA are often
erythrocyte-dependent and platelet transfusion-dependent,
but restrictive thresholds for transfusion should be observed
to avoid sensitization before bone marrow transplantation.36
Results of stem cell transplantation from HLA-matched
unrelated donors have inferior results.37 When stem cell
transplantation is not an available option, or the patient
is over 40 years old, the immunosuppressive treatment
should be implemented. Cyclosporine and antithymocyte
immunoglobulin (ATG) are the treatments of choice.37,42
Cases of simultaneous improvement of hepatitis features
and pancytopenia after the initiation of immunosuppressive
treatment imply that the exact immune-mediated mechanism can be responsible for both hepatic and bone marrow
injury.37 Clinical data seem to confirm that, compared with
the general population of patients with AA, patients with
HAAA have similarly favorable results of bone marrow
transplantation and immunosuppressive therapy.47
Interestingly, HAAA relatively often complicates liver
transplantations performed due to hepatitis with fulminant organ failure, affecting 28% of patients in the pediatric population. The HAAA following liver transplantation
can be diagnosed from 1 to 7 weeks after surgery. Earlier
studies usually implemented a reduction of immunosuppression after the diagnosis of post-transplant HAAA
to reduce the risk of severe infections.48 However, more
recent data suggest very good results of the treatment
with ATG in combination with cyclosporine A.49
Drug-induced AA can be caused by several pharmaceuticals used in hepatological practice, including interferon, azathioprine, propranolol, or spironolactone. Interferon treatment is known to cause immune-mediated
side effects. Regarding the hematopoietic system, the most
clinically significant phenomenon are cases of autoimmune hemolytic anemia. However, endogenous interferon
is usually regarded as an important element of pathological
pathways, leading to AA of other causes. Myelosuppression
and AA have been also reported to complicate the administration of interferon in the treatment of chronic viral
hepatitis.50,51 Such reports are extremely rare, and with
a declining indication for interferon use in hepatology,
interferon-induced AA remains a marginal problem.

Summary
Anemia associated with liver disease is most frequently
ascribed to blood loss from the gastrointestinal tract or micronutrient deficiency, with less common occurrence of hemolytic or aplastic anemia. However, both latter types
of anemia require clinicians’ attention, as they can pose
a significant threat to the patients if misdiagnosed and
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untreated. It is also important to remember that the diagnosis of one type of anemia does not preclude overlapping
of other reasons for a decreased hemoglobin concentration.
Therefore, a lack of improvement after the initial diagnosis
and treatment of micronutrient deficiency or blood loss
should trigger further diagnostics.
Hemolytic anemia is reported to complicate 1–14% of cases
of advanced liver disease,1,4 but in some clinical entities can
be much more prevalent. Cases of immune-mediated hemolytic anemia can complicate autoimmune liver diseases,
such as autoimmune hepatitis, PBC and PSC. Non-immune
mediated hemolytic anemia in the context of liver disease
can develop as acquired membranopathy of red blood cells.
It can accompany virtually every severe liver disease. However, especially often, it can complicate alcohol liver disease.
Non-immune mediated hemolysis can also be the first clinical
manifestation of WD, particularly among younger patients.
Non-immune mediated cases of hemolytic anemia caused
by ribavirin are becoming less frequent due to a decreasing
number of indications for the use of ribavirin in hepatology.
Aplasia occurring in the context of liver disease is a rare
finding. However, cases associated with hepatitis are a wellrecognized clinical entity. Viral agents most commonly
trigger hepatitis-associated AA, but other noninfectious
causes are also involved in the pathogenesis of AA.

Limitations
This review is burdened with several limitations that are
typical for the methodology used. In comparison to systematic reviews, narrative reviews are regarded to have
a more subjective character. However, authors have made
every effort to avoid any bias in the process of paper selection. Moreover, this literature review was limited only
to papers written in English, which could have affected
its completeness. Since database search provided us with
a very high number of potential matches to the topic of our
review, we implemented strict rules of title and abstract
selection. There is a risk that some articles rejected based
on the title and abstract screening would provide valuable
information if they were included.
As aplastic and hemolytic anemia are rarely diagnosed
in liver disease, the available data are scarce and often
of limited quality. The abovementioned clinical entities are
frequently characterized based on series of case reports,
and their treatment options are not tested in randomized
clinical trials. Further research is needed to fully understand the prevalence of hemolytic and aplastic anemia
in liver disease, and the peculiarities of their treatment.

Conclusions
Step-by-step approach to anemic patient with liver disease requires initially ruling out the most common underlying disorders. They include mainly blood loss and
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micronutrient deficiency. However, a considerable proportion of patients remain without a clear diagnosis even
after that. In such cases, less common causes of anemia
should be investigated, like hemolytic anemia and AA. Both
are not homogenous clinical entities but umbrella terms
for various diseases. Immune-mediated hemolytic anemia
is known to complicate a number of autoimmune disorders,
and is an uncommon finding among patients with AIH,
PBC and PSC. Non-immune mediated hemolysis is usually
regarded as more probable among patients with liver disease, and is often caused by acquired membranopathy of red
blood cells. It should always be suspected in alcoholic liver
disease and severe liver failure. When anemia complicates
hepatitis of infectious origin, the evaluation toward AA may
be indicated. Moreover, when hemolytic or AA is considered in differential diagnosis, the pharmacotherapy of a patient should be thoroughly analyzed, as many drugs have
been associated with discussed hematological disorders.
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Abstract
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Background. Pulse pressure (PP) is a pulsatile component of blood pressure (BP), strongly correlated
with arterial stiffness (AS) and impacting prognosis. Disproportionally increased PP values in individuals
with autosomal dominant polycystic kidney disease (ADPKD) should be expected, given the multifactorial
cardiovascular involvement in the natural course of this disease.
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Materials and methods. A total of 130 ADPKD patients (median age 41 years, 35% men) who underwent
24-hour BP measurement with portable oscillometer Spacelabs 90217, were included in the study and their
recordings were retrospectively analyzed. Demographic data and the medical history including antihypertensive treatment were collected, ADPKD was diagnosed based on the criteria by Pei et al., and estimated
glomerular filtration rate (eGFR) was calculated according to the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.
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Results. Pulse pressure in the whole group was 46 (IQR: 42–53) mm Hg and it was significantly higher
in men than in women and during the day compared to nighttime. There was a negative correlation of PP
with eGFR and a positive correlation with age. Pulse pressure was not different in ADPKD patients with
or without a diagnosis of hypertension.
Conclusions. Ambulatory PP is not substantially increased in ADPKD patients across different stages of CKD.
It follows a regular pattern of being increased with age, male sex, daytime, and decreasing eGFR, but not
with the diagnosis of hypertension.
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Background
Pulse pressure (PP) is defined as an arithmetic difference between systolic blood pressure (SBP) and diastolic
blood pressure (DBP).1 However, being easily accessible
and extremely simple to obtain, it seems not appreciated
highly enough in the clinical settings, given that PP surpasses many other indices, including mean arterial pressure (MAP), as a predictor of cardiovascular complications.
Pulse pressure is also an established risk factor for unfavorable cardiovascular and kidney outcomes in patients with
chronic kidney disease (CKD).2–4
Arterial stiffness (AS) is a consequence of arteriosclerosis,
loss of elastin, collagen replacement, calcification, thickening of the artery wall, and impaired endothelium-dependent
vasodilatation.5 It leads to high PP with disturbed perfusion
flow, causing hypertrophy and/or hyperplasia of smooth
muscles in the arterial wall, and end organ damage.6
Interestingly, patients with autosomal dominant polycystic kidney disease (ADPKD), the most common genetic
cause of kidney failure, present with all the abovementioned
contributors to increased PP and AS. Progressive renal dysfunction in ADPKD is caused by an enlargement of cysts,
and it often leads to a dependence on renal replacement
therapy (RRT).7 Endothelium damage occurs in the early
stages of the disease.8 Also, abnormal function of polycystins, products of genes directly involved in the pathogenesis
of ADPKD, is responsible for vascular damage.9,10

Objectives
The aim of the study was to investigate ambulatory PP
in a group of ADPKD patients and to examine the impact of age, sex, kidney function, hypertension, circadian
rhythm, and antihypertensive drugs (AH) on studied
parameters.

Materials and methods
Patients older than 18, recruited from a single outpatient
center, with an established diagnosis of ADPKD based
on clinical criteria by Pei et al., were referred to ambulatory blood pressure monitoring (ABPM) between 2014 and
2018.11 Renal function was assessed by estimating creatinine
clearance using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation. Hypertension was diagnosed based on prior medical history or the use of AH agents.
The exclusion criteria included diabetes mellitus and other
comorbidities influencing the vascular phenotype.
For ambulatory 24-hour BP monitoring, portable oscillometer was used – Spacelabs 90217 (Spacelabs Healthcare Company, Issaquah, USA). Monitors were programmed to obtain
readings at 15-minute intervals during daytime (6:00–22:00)
and 30-minute intervals during nighttime (22:00–6:00).
The arm cuff was positioned on the nondominant upper

limb. Pulse pressure was calculated as SBP–DBP. Mean arterial pressure was calculated as DBP plus 1/3 of PP.
The collection and analysis of blinded data were approved by Ethical Committee of the Medical University
of Gdansk, Poland (approval No. NKBBN 429/2019).

Statistical analyses
For statistical analysis, we used STATISTICA v. 10 (StatSoft Inc., Tulsa, USA). The normality of distribution was
tested using the Shapiro–Wilk test. Data did not follow
a normal distribution and were expressed as medians
and interquartile range (IQR). We compared groups with
the Mann–Whitney U test or Kruskal–Wallis analysis
of variance (ANOVA) by ranks, as appropriate. Correlations were expressed as Spearman’s coefficients. Differences and associations were considered significant for
p < 0.05.

Results
Data of 24-hour ABPM from 130 ADPKD patients
were collected. The median age of the study group was
41 (33–51) years and there were 46 men (35%). Mean estimated glomerular filtration rate (eGFR) in the whole
group was 79 (54–90) mL/min/1.73 m2. Median SBP was
126 (120–133) mm Hg and median DBP was 74 (75–84)
mm Hg. Characteristics of the group stratified according
to the CKD stage are displayed in Table 1. A majority (68%)
of patients were in G1 or G2 CKD stage.
Pulse pressure in the whole group was 46 (42–53) mm Hg,
and it was significantly higher in men than in women
(49 (44–55) mm Hg compared to 44 (41–51) mm Hg, respectively, Z = −2.77; pMann–Whitney = 0.005). Also, there was
a significant diurnal difference in PP: 47 (42–54) mm Hg
during the day compared to 45 (41–52) mm Hg at night,
Z = 3.60; p = 0.001. Figure 1 displays a comparison of PP
according the CKD grade Kruskal–Wallis H test ((KW-H)
(4; 129) = 7.2042; p = 0.126 (we excluded CKD G5 patients
from this analysis as there was only 1 such patient in this
group)). We found a weak correlation (Spearman’s test)
between PP and age (r = 0.210; p < 0.05).
Pulse pressure was not different in patients with or without a diagnosis of hypertension.
Eighty-seven patients were treated with AH. We analyzed
the impact of the number and class of AH on the PP value
(Table 2). Pulse pressure was not different between patients
non-treated or treated with a different number of AH (1–4
drugs, Fig. 2). Pulse pressure was higher in a group of patients that received blockers of α1-adrenergic receptors
(AB) (54 (51–61) mm Hg in non-treated patients compared
to 46 (42–53) mm Hg in treated ones; pMann–Whitney = 0.038).
The AB treatment was not significantly associated with
a different MAP (97 mm Hg compared to 95 mm Hg;
Z = −0.94; pMann–Whitney = 0.344) for treated and non-treated
patients, respectively.
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Table 1. Characteristics of study group regarding CKD stage
Age [years]

Men, n (%)

MAP [mm Hg]

PP [mm Hg]

AH [%]

G1 (42)

Stage (n)

31 (23–37)

12 (26)

93 (88–99)

44 (40–49)

35

G2 (47)

43 (34–53)

19 (41)

95 (89–101)

45 (41–53)

47

G3a (15)

46 (35–63)

5 (10)

94 (93–100)

49 (42–54)

87

G3b (15)

50 (42–61)

5 (10)

99 (95–102)

46 (42–52)

87

G4 (10)

52 (38–61)

5 (10)

94 (91–97)

53 (43–60)

90

G5 (1)
All (130)

46

0

99

53

100

41 (33–51)

46 (35)

95 (90–100)

46 (42–53)

60

Data are expressed as median (Q1–Q3) unless indicated otherwise. CKD – chronic kidney disease; MAP – mean arterial pressure; PP – pulse pressure;
AH – antihypertensive drugs.

Fig. 1. Box and whisker plot of pulse pressure (PP) by stage of chronic
kidney disease (CKD)

Fig. 2. Box and whisker plot of pulse pressure (PP) according
to the number of prescribed antihypertensive drugs

Table 2. Comparison of PP (Mann–Whitney test) regarding the class of antihypertensive medication used in the treatment (only treated patients included, n = 78)
ACEI

ARB

ACEI/ARB

CCB

Diuretics

BB

AB

PP* [mm Hg] treated

Variable

47 (42–54)

47 (42–53)

46 (42–53)

48 (42–54)

49 (42–54)

47 (43–56)

54 (51–61)

PP* [mm Hg] non-treated

46 (42–53)

45 (44–60)

49 (43–54)

48 (43–54)

44 (42–51)

49 (42–54)

46 (42–53)

0.35

−1.13

1.12

−1.79

−0.08

−1.46

−2.40

0.7251

0.2584

0.2601

0.0734

0.9327

0.1418

0.0161

Z
p-value

* Data are expressed as median (IQR). Values in bold are statistically significant. PP – pulse pressure; ACEI – angiotensin-converting enzyme inhibitors;
ARB – angiotensin receptor blockers; CCB – calcium channel blockers; BB – β-blockers; AB – α1-blockers; IQR – interquartile range.

Discussion
High PP is strongly correlated with stiffened arteries
which cannot dampen pulsatile flow and may cause the destruction of the arterial walls, microvascular remodeling
and microinfarcts, particularly in high-flow organs like
the brain and kidneys, sensitive to PP.12 Furthermore, AS
increases left ventricular pulsatile work, wall stress and
myocardial oxygen consumption, and causes left ventricular
hypertrophy (LVH).13 The LVH preceding hypertension has
been described in early ADPKD and could be explained
by several rationales.14 Polycystin 1 and polycystin 2 are
present in endothelial cells, vascular smooth muscle cells,
cardiomyocytes, and fibroblasts. Insufficient polycystin dosage leads to the reduced availability of nitric oxide synthase

in the vascular endothelium and results in insufficient vasodilatation.9 This is observed also in people with ADPKD
without hypertension or renal decline.15 Vasoconstriction
in ADPKD is also supported by a high level of endothelin I.8
In this way, the balance between vasodilatation and vasoconstriction is impaired and causes vascular remodeling.
Interestingly, also the mechanism of bone formation and
vascular calcification may be at play in ADPKD and influence AS across different stages of ADPKD.16
Given the results of the HALT Progression of Polycystic Kidney Disease (HALT-PKD) study,17 one might expect
disproportionally increased PP values in ADPKD individuals. However, it seems not to be the case. The median value
of 24-hour PP in a group of 130 patients with ADPKD was
46 (42–53) mm Hg. Although the exact target PP value has
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not been established, it is known that individuals in the highest tenth of the 24-hour PP distribution had a significantly
higher-than-average cardiovascular risk in multivariableadjusted models.18 We stratified PP in our group according to age and sex, as PP is known to be higher in men and
to increase with age. Both statements held true in our cohort, although the rate of PP rise accelerates after attaining
50 years of age, and our group was relatively young (median:
41 years). In a recently published study analyzing the results
from the International Database on Ambulatory Blood Pressure in Relation to Cardiovascular Outcome (IDACO) that
comprises over 11,000 participants, the mean PP was higher
(49.7 ±10.0 mm Hg).19 Also, median PP in adults >50 years
of age from our study (50 mm Hg) fits into the low-middle
PP category (41.17–51.19 mm Hg) from IDACO.19 This may
come as a surprise, given the aforementioned facts imposing
a substantial risk of AS and vascular resistance on ADPKD
patients. On the other hand, this finding goes in line with
the excellent prognosis and low mortality rate in RRT patients with ADPKD, as compared to other etiologies.
Patients treated with AB had higher 24-hour PP values,
although we found no difference in MAP between AB
receivers and non-receivers. This fact can be explained
by the effects of sympathetic vascular tone on arterial
pressure and its involvement in the wave reflection and
modulation of the aortic PP. However, the most probable
explanation of this finding is older age and lower eGFR
in patients treated with AB. The best practice remains
using renin–angiotensin–aldosterone (RAA) blockade
as the therapy of the first choice in different stages of ADPKD, as reflected in both arms of the HALT-PKD study.17,20

Limitations
The first limitation of the study is a cross-sectional
design. We were able to infer about associations but not
of any causative relations between analyzed groups of AH
and PP. Second, only a single ABPM measurement was
performed and we might have missed some fluctuations
in PP with time. Finally, we did not have a control group
of individuals without ADPKD for comparisons. Adjusting
for age, hypertension and stage of CKD would be very difficult in such a group. Third, we report only a single-center
experience. However, due to a reliable protocol of measurement and verified equipment, we believe that our results
are easily replicable in other centers.

Conclusions
Ambulatory PP is not substantially increased in ADPKD patients across different stages of CKD. It follows
a regular pattern of being increased with age, male sex,
daytime, and decreasing eGFR, but not with the diagnosis
of hypertension.
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