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Abstract

BACKGROUND: Adipokines have been associated with atherosclerotic heart disease, which has plenty of common
risk factors with chronic kidney disease (CKD), but their association with CKD has not been well characterized.

AIM: We investigated the association between the serum visfatin level and CKD.

METHODS: The serum visfatin levels in 101 CKD patients and 101 controls were compared. CKD was defined as
estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m” or presence of albuminuria (230 mg/24 h).

RESULTS: After adjustment for established CKD risk factors, the median (interquartile range) of the serum visfatin was
3.65 ng/ml (2.31-4.59) in patients with CKD and 1.66 ng/ml (0.90-2.45) in controls without CKD (p < 0.0001 for group
difference). Serum visfatin was significantly and inversely correlated with eGFR (r = -0.79, p < 0.0001) and positively
correlated with urine albumin (r=0.71, p < 0.0001) in the study participants. There was a strong dose-response and the
significant relationship between serum visfatin level and CKD severity, assessed by GFR and albuminuria, regardless
of established risk factors for CKD, including hypertension, diabetes, and cardiovascular disease.

CONCLUSION: Our results show that circulating visfatin is associated with the risk and severity of CKD. These
results suggest that longitudinal studies and clinical trials should be conducted to investigate if adipocytokines play
a role in the development and progression of CKD independent of body mass index or waist circumference. These
important findings may advance our further understanding of CKD risk factors.

Introduction

The prevalence of chronic kidney disease
(CKD) is high and is increasing in the general
population [1], [2]. CKD is associated with an increased
risk of end-stage kidney disease, cardiovascular disease
(CVD), and premature death. CKD and CVD are closely
related to each other and have many common risk
factors [3]. Recent studies have shown that adipokines
are associated with atherosclerotic CVD [4], but their
association with CKD has not been well characterized.

There are different members of adipokines with
different roles in health and disease. Sometimes there
are conflicting ideas about the effect of adipokines on the
pathobiology of kidney disease. There is much debate
about the different functions of each adipokine [5]. Most
of the previous work on the association between leptin,
resistin, adiponectin, and CKD has yielded conflicting
results and has been obtained mainly from studies with
small sample sizes and/or inconsistent comparisons
between patients with CKD and without CKD.

Visfatin is a recently discovered adipocyte
hormone. It is predominantly secreted by adipose tissue
and enriched with visceral adipose tissue. This hormone
is found in the cytoplasm, as well as in the nucleus of
cells and has been identified in many tissues and organs,

including brain, kidney, lungs, spleen, and testicles, but
is mainly expressed in visceral adipose tissue and is
activated in some animal obesity models [6], [7].

Visfatin is an endocrine, autocrine, and
paracrine peptide with many functions, including
enhancing cell proliferation, biosynthesis of mono-
and dinucleotide nicotinamide, and a hypoglycemic
effect. It affects energy metabolism by participating in
the synthesis of nicotinamide adenine dinucleotide.
The interesting discovery of this protein is that it can
induce the production of both anti-inflammatory and
pro-inflammatory cytokines [6].

The effect of circulating levels of visfatin on
the risk of CKD has rarely been studied in humans. In
this study, we examined the association of the serum
visfatin level in the patients with CKD and in the control
group without CKD.

Methods

Study participants

We recruited 101 CKD patientsin Kharkiv region
from 2017 t0 2019. CKD patients aged 35-75 years were
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recruited from nephrology and internal medicine clinics
through referral physicians by trained research staff in
the study area. All eligible CKD patients identified in the
recruiting clinics were invited to participate in the study.
CKD was defined as an estimated glomerular filtration
rate (eGFR) <60 ml/min/1.73 m’ measured twice with
3 months’ period apart or the presence of albuminuria
(=30 mg/24 h). One hundred and one patients without
CKD were enrolled as a control group. The groups
matched for age, gender, and body mass index (BMI).

The patients were excluded if they had a history
of chronic dialysis, kidney transplants, immunotherapy
in the past 6 months, chemotherapy within the past 2
years, and currentclinical trial participation that may have
an impact on CKD. Additional exclusion criteria were a
history of HIV or AIDS and an inability or unwillingness to
give informed consent. Controls were recruited through
a mass mailing to residents aged 35-75 years living
in the same area according to zip code. The eligibility
of controls was assessed by a prescreening telephone
interview and the clinic screening visit. Individuals were
included if they had no evidence of CKD (eGFR >60 ml/
min/1.73 m? and no persistent albuminuria) according to
the source documents and at the screening visit. Cases
and controls were frequency-matched according to
age group (10 years), gender, and race to increase the
efficiency of patient recruitment and statistical analysis.

The study was conducted in accordance with
international standards of bioethics (Council of the
European Conventionon Human Rights and Biomedicine)
and the recommendations of the Committee on Bioethics
of the Ministry of Health of Ukraine. All patients signed
informed consent to participate in the study. This study
was approved by the Ethics Commission of the Kharkiv
Medical Academy of Postgraduate Education of the
Ministry of Health of Ukraine (Kharkiv, UA).

Measurements

The standard questionnaire was administered
by trained staff at a clinical visit to obtain demographic
information, lifestyle risk factors (including cigarette
smoking, alcohol drinking, and physical activity), self-
reported history of CVD, diabetes, hypercholesterolemia,
and hypertension, as well as the use of antihypertensive,
lipid-lowering, and antidiabetic medications.

Three blood pressure measurements were
obtained at a clinical visit by trained and certified staff
according to a common protocol adapted from procedures
recommended by the European Society of Hypertension/
European Society of Cardiology 2018 for the treatment
of arterial hypertension [8]. The standard mercury
sphygmomanometer was used, and one of four cuff sizes
(pediatric, regular adult, large, or thigh) was chosen on the
basis of the circumference of the participant's arm. Body
height and weight were obtained by trained staff and used
to calculate BMI and body surface area using Mosteller’s
formula [(weight in kg x height in cm)/3,600)"] [9].

The blood samples were collected at 08:00 h after
overnight fasting to measure serum visfatin and glucose,
serum creatinine (SCr), and cholesterol and triglycerides.
eGFR was estimated from SCr, sex, age, and race using
the CKD-Epi equation: GFR = 141 x min (SCr/k, 1)o. x
max (SCr/k, 1)"%* x 0.993"%° x 1.018 (if female) x 1.159 (if
black), where kis 0.7 and 0.9 and o is —0.329 and —0.411
for females and males, respectively [10]. A 24-h urinary
sample was collected to measure creatinine and albumin.

Serum cholesterol and triglyceride levels were
assayed using an enzymatic procedure on the automatic
analyzer. Serum glucose was measured using the
hexokinase enzymatic method. SCr was measured
using the Roche enzymatic method. Serum visfatin was
measured with ELISA assay kits. The assay employs
the quantitative sandwich enzyme immunoassay
technique and all samples were assayed in duplicate.
The intra-assay and inter-assay coefficients of variation
were 3.6% and 5.7%, respectively.

Statistical analysis

Medians and interquartile ranges for plasma
endostatin were calculated for CKD patients and controls
and the Mann-Whitney test was used to test differences
in the unadjusted medians. Quantile regression was
used to obtain adjusted medians (interquartile ranges)
and the Wald test was used to test differences in the
adjusted medians between CKD patients and controls.
Age, gender, race, high school education, current
cigarette smoking, weekly alcohol consumption,
physical activity (= twice/week), BMI, low-density
lipoprotein (LDL) cholesterol, serum glucose, systolic
blood pressure, history of hypertension, diabetes, CVD,
and medication uses were adjusted in these analyses.

Multivariable linear regression was used to
examine the association of eGFR and serum visfatin
levels after adjustment for the previously mentioned
covariates. The log transformations were used for
serum visfatin and urinary albumin levels because they
were not normally distributed. In addition, multivariate
logistic regression was used to obtain adjusted odds
ratios comparing the highest tertile of serum visfatin
levels to the lower two tertiles between CKD patients
and controls. Serum visfatin tertiles were defined based
upon measurements in the control group.

Results

The general characteristics of study
participants by CKD status are presented in Table 1.
The patients with CKD were older, less educated, more
obese, and less likely to drink alcohol compared to
those without CKD. In addition, they were more likely
to have a history of CVD, hypertension, diabetes,
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and hypercholesterolemia. Mean BMI, systolic blood
pressure, serum glucose, and urinary albumin were
significantly higher, while LDL-cholesterol and eGFR
were lower in CKD patients compared to controls.

Table 1: Characteristics of the patients with CKD and controls

Variables CKD patients Non-CKD p value for
(n=101) (n=101) difference
Age, years 55.9+99 52.5+10.0 0.0007
Males, % 53.5 48.2 0.056
High school education, % 62.5 73.2 <0.001
Current cigarette smoking, % 52.8 49.5 0.30
Weekly alcohol drinking, % 26.4 55.1 <0.0001
BMI 322+78 28.9+6.4 <0.0001
Systolic blood pressure, mmHg 138.1+£22.3 1216 +154 <0.0001
Diastolic blood pressure, mmHg  78.5+13.5 76.2+9.8 0.75
Plasma glucose, mg/dl 117.8 £48.2 105.6 +29.7 <0.0001
LDL-cholesterol, mg/d| 102.6 +48.3 121.4 £32.1 <0.0001
History of CVD, % 39.6 8.2 <0.0001
History of hypertension, % 85.4 26.7 <0.0001
History of diabetes, % 446 6.9 <0.0001
Creatinine, mg/dI 22+14 0.8+0.3 <0.0001
eGFR, mi/min/1.73 m’ 44.8 £16.5 91.6+£127 <0.0001
Urinary albumin, mg/24 h* 75.6 (13.4-421.5) 6.1 (4.9-10.9) <0.0001
Serum visfatin, ng/dI* 3.52 (2.26-4.78) 1.65 (0.82-2.48) <0.0001

“Median (interquartile range). CKD: Chronic kidney disease, BMI: Body mass index, LDL: Low-density
lipoprotein, CVD: Cardiovascular disease, eGFR: Estimated glomerular filtration rate.

The distribution of serum visfatin revealed
its higher levels in patients with CKD compared to
those in controls. The median serum visfatin level
and interquartile range were significantly higher in the
CKD patients (3.52 ng/ml, and 2.26—4.78) compared to
controls (1.65 ng/ml, 0.82-2.48; p < 0.0001 for group
difference). After adjustment for age, gender, race, high
school education, physical activity, current cigarette
smoking, weekly alcohol drinking, BMI, LDL-cholesterol,
glucose, systolic blood pressure, and history of CVD
the median serum visfatin level remained significantly
higher in CKD patients (3.65 ng/ml, and 2.31-4.59)
compared to controls (1.66 ng/ml, and 0.90-2.45;
p < 0.0001 for group difference).

The scatter plots of plasma visfatin levels
versus eGFR and urinary albumin excretion show that
serum visfatin was significantly associated with the
severity of CKD. The log-transformed serum visfatin
levels were significantly and inversely correlated with
eGFR (r =-0.79, p < 0.0001) and positively correlated
with log-transformed urinary albumin excretion (r=0.71,
p < 0.0001). In the linear regression analyses adjusted
for multiple covariables, the log-transformed serum
visfatin levels were significantly and inversely related
to eGFR and positively related to the log-transformed
urinary albumin excretion (Table 2). For example, one
standard deviation increase in the log-transformed
Table 2: Multivariable-adjusted regression coefficients (95%
Cl) of one standard deviation higher in log-transformed serum

visfatin (0.01 ng/dl) with eGFR and log-transformed urinary
albumin

Parameter eGFR, ml/min/1.73 m Log-transformed
albuminuria mg/24 h

Effect size p value Effect size p value
(95% Cl) (95% Cl)

Age-, gender-, race-adjusted  —18.3 <0.0001 1.22 <0.0001
(-20.0, -16.5) (1.08, 1.38)

Multivariable-adjusted’ -18.6 <0.0001 1.09 <0.0001
(-20.3, -16.0) (1.01, 1.25)

Multivariable-adjusted” -16.5 <0.0001 1.07 <0.0001
(-18.8, -14.3) (0.96, 1.24)

"Adjusted for age, gender, race, high school education, physical activity, current cigarette smoking, weekly
alcohol drinking, BMI, LDL-cholesterol, serum glucose, systolic blood pressure, history of CVD. *Additionally
adjusted for history of hypertension and diabetes. Cl: Confidence interval, eGFR: Estimated glomerular
filtration rate, BMI: Body mass index, LDL: Low-density lipoprotein, CVD: Cardiovascular disease.

serum visfatin (0.01 ng/dl) was associated with a decline
in eGFR of —18.6 ml/min and an increase in urine
albumin of 2.95 mg/24 h (after back transformation) in
the multivariable models.

In the logistic regression analyses adjusted for
age, gender, and race, the participants in the highest
tertile (265" percentile) of serum visfatin had a significant
29-fold higher the odds ratio of CKD compared to those in
the lower two tertiles (Table 3). After further adjustment for
education, cigarette smoking, alcohol drinking, physical
activity, BMI, LDL-cholesterol, systolic blood pressure,
glucose, and history of CVD the odds ratio of CKD
associated with the top tertile of serum visfatin was 22.8-
fold higher compared to lower serum visfatin. Furthermore,
adjustment for the history of hypertension and diabetes
did not significantly change the odds ratio estimates.

Table 3: The odds ratio of CKD associated with the top tertile
compared with the two lower tertiles of serum visfatin

Parameter Odds ratio (95% CI) p value
Age-, gender-, race-adjusted 29.0 (14.8,61.2) <0.0001
Multivariable-adjusted’ 22.8(10.7, 46.1) <0.0001
Multivariable-adjusted’ 21.2 (7.9, 44.6) <0.0001

"Adjusted for age, gender, race, high school education, physical activity, current cigarette smoking,
weekly alcohol drinking, BMI, LDL-cholesterol, serum glucose, systolic blood pressure, history of CVD.
*Additionally adjusted for history of hypertension and diabetes. CKD: Chronic kidney disease, Cl:
Confidence interval, BMI: Body mass index, LDL: Low-density lipoprotein, CVD: Cardiovascular disease.

Discussion

Our study showed that the serum visfatin levels
were significantly higher in patients with CKD compared
with the control group without CKD. In addition, there was
a strong dose-response and the significant relationship
between serum visfatin level and CKD severity, assessed
by GFR and albuminuria, regardless of established
risk factors for CKD, including hypertension, diabetes,
and CVD. These results can have important clinical
implications. Clear understanding of the Adipobiology of
disease can help us to apply Adipokines’ approach in
pharmacology strategy.

The level of circulating visfatin increases
sharply in the patients with CKD and is associated with
kidney function and the soluble vascular cell adhesion
molecule -1 as a key marker of endothelial damage [3].
In patients, as well as in animals of the 2 type DN
model, the level of visfatin is increased. Therefore,
visfatin appears to be a pro-inflammatory adipokine
in metabolic syndrome and type 2 diabetes [3].
Other studies have shown that administration of
visfatin induces the secretion of pro-inflammatory
and profibrotic molecules such as type 1 collagen, an
inhibitor of plasminogen activator 1, and transforming
growth factor-g [11], [12].

Yilmaz et al. found that circulating levels of
visfatin were associated with endothelial dysfunction [13].
Mu et al. reported that the higher level of visfatin is
associated with endothelial dysfunction, atherosclerosis,
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and lipid dysregulation in patients with CKD [14]. Axelsson
et al. stated that the renal function affects the level of
circulating visfatin; however, they were unable to find
any significant association between insulin resistance
markers and visfatin levels in the patients with CKD [15].
Carrero et al. reported that the patients with CKD with
poor appetite have an increased level of visfatin, and
it has an unfavorable correlation with triglycerides and
fasting serum amino acids [7]. Mahmoud et al. found that
with the exception of the significant positive association
between visfatin and CKD levels, there was no difference
in visfatin concentration in the patients with and without
diabetes. In addition, the negative correlation with GFR
and the positive correlation with proteinuria have been
reported [16].

Several potential limitations of our study should
be noted. First of all, the cross-sectional nature of our
study makes it difficult to conclude the causal relationship
between serum visfatin and the risk of developing CKD.
In addition, other adipokines were not measured in our
study. However, their association with CKD has been
reported in previous studies [3], [4], [10]. Finally, our study
has a relatively small sample size. A large prospective
cohort study might provide more convincing evidence of
the association of serum visfatin with CKD.

Conclusion

Our study found a strong, independent and
dose-response association between the circulating
level of visfatin and severity of CKD. However, its
pathogenic role in the development and progression of
CKD should be determined. Prospective cohort studies
and clinical trials are warranted to further examination
of the causal relationship between visfatin and the risk
of CKD and to develop novel interventions with visfatin
which will have the aimed to reduce CKD risk.
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