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Increased Circulating Visfatin Is Associated With Progression
of Kidney Disease in Non-Diabetic Hypertensive Patients
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BACKGROUD

Declining renal function is an independent risk factor for all-cause mor-
tality in cardiovascular disease. Visfatin has been described as a marker
of inflammation and endothelial dysfunction, but whether circulating
visfatin levels are predictive to a subsequent decline in renal function
remains unclear.

METHODS

In total, 200 nondiabetic, non-proteinuric hypertensive outpatients
with initial serum creatinine (Sc) <1.5mg/dl were enrolled. Plasma
visfatin concentration and endothelial function estimated by brachial
artery flow-mediated dilatation (FMD) were determined in the study
subjects. The primary endpoints were the occurrence of renal events
including doubling of Sc, 25% loss of glomerular filtration rate (GFR)
from baseline values, and the occurrence of end-stage renal disease
during follow-up.

RESULTS
The mean annual rate of GFR decline (AGFR/y) was —1.26+2.76 ml/
min/1.73 m? per year during follow-up (8.6+2.5 years). At baseline,

Chronic kidney disease (CKD) is a major public health prob-
lem with an increasing incidence and prevalence.! Because
of the high prevalence of early stages of CKD and its high
impact on cardiovascular disease, early detection of indi-
viduals at risk for the development and progression of CKD
is particularly important. The mechanisms for the deteriora-
tion of renal function in early CKD are complex, and may
take contributions from systemic inflammation, oxidative
stress, and endothelial dysfunction.

The adipocytes have pleiotropic functions and secrete a
number of bioactive cytokines, called adipokines, which acti-
vate a variety of cell signaling pathways that may regulate the
pathophysiological process of systemic diseases. Altered levels
of the adipokines can decrease the glomerular filtration rate

plasma visfatin was negatively correlated with estimated GFR. In lon-
gitudinal analysis, the AGFR/y was correlated with visfatin, baseline
GFR, FMD, systolic blood pressure, and fasting blood glucose (FBG).
Multivariate analysis indicated that increased visfatin (r = —0.331, P
<0.001), baseline GFR (r=—-0.234, P=0.001), FMD (r=0.163, P = 0.015),
and FBG (r=-0.160, P = 0.015) are independent predictors of AeGFR/y.
Cox regression model analysis showed that visfatin (hazard ratio (HR),
1.09; 95% confidence interval (Cl), 1.05-1.13, P <0.001), FBG (HR, 1.01;
95% Cl, 1.00-1.02, P = 0.020), and FMD (HR, 0.87; 95% Cl, 0.76-1.00,
P = 0.049) were independently associated with the risk of developing
future renal events.

CONCLUSIONS
Increased circulating visfatin are associated with subsequent decline in
renal function in nondiabetic hypertensive patients.

Keywords: adipokine; blood pressure; chronic kidney disease; endothe-
lial dysfunction; hypertension; visfatin.
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(GFR, which can be estimated by creatinine clearance and is
routinely used to assess kidney function) and increase albumi-
nuria, which are pathophysiological changes typical of CKD.?
Clinical reports have also shown that increases in body mass
index are associated with greater declines in kidney function
in a cohort of young adults with preserved GFR at baseline.?
Visfatin, a 52-kDa molecule, was initially identified as a novel
adipokine with insulin-mimetic properties in mice.* This
adipokine was identical to 2 previously described molecules,
namely, pre-B cell colony-enhancing factor (PBEF)° and the
enzyme nicotinamide phosphoribosyltransferase (Nampt).®
However, controversy remains in the classification of visfatin,
with some researchers regarding it as a marker of inflamma-
tion rather than an adipokine, since elevated visfatin levels are
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associated with increasing inflammatory cytokine produc-
tion.” Additionally, visfatin has been proposed as a marker
of endothelial dysfunction.® Our recent study has indicated
that hypertensive patients with endothelial dysfunction and
reduced vascular repair capacity may experience further dete-
rioration of kidney function.” Therefore, we designed this
study to evaluate prospectively whether increased visfatin
level is associated with GFR decline rate and future progres-
sion of kidney disease in nondiabetic hypertensive patients
with preserved renal function.

METHODS
Study participants

From January 2002 through December 2003, we consecu-
tively recruited 334 nondiabetic outpatients with essential
hypertension and a baseline Sc, level <1.5mg/dl. Hypertension
was defined as a systolic blood pressure (BP) >140mm Hg, a
diastolic BP 290mm Hg, or use of antihypertensive drugs.
Subjects with history or clinical evidence of angina, myocar-
dial infarction, congestive heart failure, peripheral vascular
disease, chronic systemic inflammatory disease, or any disease
predisposing to vasculitis were excluded. Causes of secondary
hypertension were excluded by appropriate investigations. The
study protocol and profile were illustrated in Figure 1. Patients
with proteinuria by dipstick were also excluded. At the end of
follow-up on 31 December 2013, 200 patients (138 men and
62 women) were available for analysis with a mean follow-up
duration of 103+30 months. The study was approved by the
research ethics committee of Taipei Veterans General Hospital,
and all participants provided their written informed consent.

Clinical evaluation

Medical history was obtained during a personal interview
and from medical files. All the measurements were made

after an overnight fast of at least 8 hours. The impact of
antihypertensive drug was considered with treatment dur-
ing the follow-up. Patients who received a prescription for
at least 90 pills of angiotensin-converting-enzyme inhibi-
tors, angiotensin receptor blockers, or direct renin inhibitors
during follow-up were regarded as renin-angiotensin system
(RAS)-blocker users. Endothelium dependent flow-medi-
ated dilatation (FMD) was assessed using a 7.5-MHz linear
array transducer (Hewlett-Packard Sonos 5500, Andover,
MA) to scan the brachial artery in longitudinal section.'

Measurement of renal function

Creatinine measurements were performed at baseline
and at the outpatient follow-up using the Jaffe method
implemented in an auto-analyzer. Estimated GFR values
(eGFR, ml/min/1.73 m?) were calculated with the equation
proposed by investigators in the Chronic Kidney Disease
Epidemiology (CKD-EPI) Collaboration.!!'? The equation
has been externally validated in Chinese populations with
greater precision and accuracy in terms of eGFR.! The rate
of annual decline in eGFR over the course of the study was
determined from the slope of the plot of all outpatient eGFR
measurements for each individual. At least 3 eGFR meas-
urements were required to estimate the eGFR slope, which
was calculated by linear regression analysis and expressed
as ml/min/1.73 m? per year. The methodology in the cur-
rent study has been published and validated in our previous
works.>!4-16

Laboratory measurements

Venous blood samples were collected from all patients after
8 hours of overnight fasting for measurement. Biochemical
parameters including serum total cholesterol, triglyceride,
low-density lipoprotein-cholesterol, high-density lipopro-
tein-cholesterol, fasting blood glucose (FBG), creatinine,

Assessed for eligibility
Jan 2002 - Dec 2003
(n=334)

* Not meeting inclusion
criteria (n= 35)

* Decline to participate (n=
10)

Collect blood sample and
basic information
Start follow-up (n= 289)

Occurrence of primary end-

point (n= 43)

* Doubling of Scr from
baseline (n=7)

e 25% loss of GFR from €

Lost of follow-up (n= 89)
¢ Observation time of <12

baseline (n= 36)
¢ Occurrence of ESRD (n= 0)

> months (n=84)

* <3 outpatient eGFR
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follow-up (n=5)

End of follow-up (n= 200)
Dec 31, 2013
Final analysis

Figure 1. Study protocol and profile.
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and uric acid were determined using commercial kits by
a Hitachi 7600 auto-analyzer (Roche Modular; Hitachi,
Tokyo, Japan). Plasma visfatin levels were determined by
enzyme-linked immunosorbent assay method (Human vis-
fatin ELISA kit, Phoenix Pharmaceuticals, Belmont, CA).
The high-sensitivity C-reactive protein levels in plasma were
assessed using latex-enhanced immunonephelometric assay
(Dade Behring, Marburg, Germany).

Prospective follow-up and study endpoints

After the baseline investigation, patients were followed
prospectively until the study endpoints or the observation
period ended, on 31 December 2013. The primary endpoint
of the study was the occurrence of renal events including
doubling of Sc, from baseline values, 25% loss of GFR from
baseline values, or the occurrence of end-stage renal disease
during the follow-up period. The secondary endpoint was
the new onset of proteinuria evaluated by a dipstick check-
up every 3-6 months during the follow-up observation
period. Among all participants, 5 patients were excluded
from the study due to follow-up with the observation time
of <12 months and/or less than 3 outpatient eGFR measure-
ments during the follow-up.

Statistical analysis

The analysis was performed on the complete data set,
and the results were expressed as mean + SD or as per-
cent frequency. Comparisons between 2 groups were
made by Student’s t-test or chi-square test, as appropriate.
Comparisons of continuous variables among the groups
were performed by analysis of variance and least signifi-
cant difference test (post hoc test). Variables associated with
the annual rate of decline of eGFR were identified using
Pearson’s correlation coefficient. Linear regression analysis
was used to assess the relationship between annual rate of
decline of eGFR and risk factors. We constructed multivari-
able models using AeGFR as the dependent coeflicient. The
Kaplan-Meier technique was applied to survival analysis.
For the primary and secondary endpoints, observations
were censored at the end of the study or the date that patients
died, whichever occurred first. Cox proportional hazards
model was used to examine the association of baseline vari-
ables with progression to renal endpoint and proteinuria.
The multivariate Cox regression analysis was performed to
evaluate the independent contribution of visfatin levels to
the risk of renal events, adjusting for significant variables in
univariate analysis. Data were analyzed using SPSS software
(version 20, SPSS, Chicago, IL). A P value of <0.05 was con-
sidered to indicate statistical significance.

RESULTS

The mean age of the 200 hypertensive patients was
63+ 14 years. Renal function was determined in all study
subjects at baseline and at 103+30 months later (range
32-132 months). The median duration of follow-up for all
patients in the trial was 119 months (interquartile range,
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89-120). The baseline mean eGFR was 80.6+25.2ml/
min/1.73 m?, which decreased to 71.6 +26.8 ml/min/1.73 m?
by the end of the observation period. In our study cohort, the
mean yearly decline in GFR was 1.26 £2.76 ml/min/1.73 m?
per year, which was similar to the natural history of CKD!”
and was not statistically different between males and females
(P=0.254).

Supplementary Table S1 summarizes the correlation
analysis between plasma visfatin levels and other baseline
parameters. In multiple linear regression analysis, baseline
circulating visfatin level was independently associated with
baseline eGFR (r = —0.219, P = 0.003) and systolic blood
pressure (SBP, r = 0.168, P = 0.021).

Circulating visfatin levels and subsequent renal function
deterioration

Based on the visfatin levels, the actual cutoff values for each
quartile of the visfatin levels are 9.7ng/ml, 11.0ng/ml and
15.8ng/ml. We classified our patients into 4 groups accord-
ing to quartiles, including 50 patients in group 1 (Q1) with
visfatin level <9.7ng/ml, 50 patients in group 2 (Q2) with vis-
fatin level >9.7ng/ml and <11.0ng/ml, 50 patients in group 3
(Q3) with visfatin level >11.0ng/ml and <15.8ng/ml, and 50
patients in group 4 (Q4) with visfatin level >15.8 ng/ml.

The baseline characteristics of the patients in each group
are presented in Table 1. There were no significant differ-
ences between the 4 groups with respect to sex, body mass
index, smoking status, serum levels of total cholesterol, high-
density lipoprotein-cholesterol, low-density lipoprotein-
cholesterol, triglyceride, and FBG, baseline Sc,, SBP, uric
acid, Framingham risk score, or high-sensitivity C-reactive
protein levels. Patients in group 2 had a higher age, and there
was a lower initial eGFR in group 3. There were no signifi-
cant differences in antihypertensive therapy duration and
medication usage among the 4 groups.

As illustrated in Figure 2A, patients with high GFR
(275ml/min, n = 102) had significantly lower visfatin lev-
els than those with low GFR (<75 ml/min, n = 98) at base-
line (P = 0.028). We graphically reported the values of the
annual rate of decline of eGFR in the study groups stratified
by visfatin level. There were 43 patients reaching the pri-
mary endpoint. Among these subjects, none of them devel-
oped end-stage renal disease (eGFR <15ml/min), 7 people
had doubled their Sc, from the baseline, and 36 individuals
lost more than 25% of eGFR compared with their baseline
levels during follow-up. Serum visfatin levels among these
subjects were illustrated in Figure 2B, 15.47 £ 6.57 ng/ml vs.
12.04 £4.29 ng/ml in individuals with (n = 43) and without
(n = 157) renal events (P = 0.002). The eGFR change before
and after longitudinal follow-up and data distribution were
illustrated in Figure 2C (paired t-test P < 0.001). As shown
in Figure 2D, there was a significant positive association
between the visfatin level and the rate of decline in eGFR
(mean AeGFR/y, Q1 vs. Q2 vs. Q3 vs. Q4 = —0.34+1.95 vs.
—0.68£2.06 vs. —1.54+2.35 vs. —2.48 +3.82 ml/min/1.73 m?
P <0.001).

To further clarify the association between change in eGFR
and visfatin level after adjustment for other risk factors,
we performed simple and multiple regression analyses that
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Table 1. Baseline characteristics in 4 groups of hypertensive patients according to plasma visfatin levels

Quartile groups in plasma visfatin levels

Characteristic Q1 (n=50) Q2 (n =50) Q3 (n=50) Q4 (n = 50) P value
Age (years) 59+ 1225 67 +13¢cd 65+13° 62+152 0.014
Men 35 (70%) 34 (68%) 32 (64%) 37 (74%) 0.749
BMI 252+3.7 251+3.4 249+3.3 25.0+3.3 0.978
Current smoker 6 (12%) 8 (16%) 8 (16%) 8 (16%) 0.815
Lipid profile
Total cholesterol 202+48 198+37 196+33 196 +37 0.824
Triglyceride 190+£294 144117 128+49 14376 0.274
HDL 45+8 48+16 49+17 47+13 0.392
LDL 120+ 56 121+38 121+32 120+ 34 0.997
Fasting glucose 95+29 91+18 95+28 94 +32 0.874
Serum Cr 1.02+0.23 1.04+0.27 1.01£0.38 1.03+0.29 0.955
Uric acid 7.0+1.5 6.6+1.4 6.7+1.5 6.6+1.5 0.463
Initial eGFR 87.8+30.3%4 84.4+£25.4° 73.7+£23.02¢ 76.3+£18.6° 0.015
Systolic BP 128+8 130+8 130£10 131+8 0.383
FRS 13.5+6.1 145+9.3 12.9+10.2 12.5+9.8 0.710
hsCRP 2.0+3.0 2.0+2.6 1.9+21 1.6£2.0 0.783
Visfatin level (ng/ml) 8.2+1.820" 10.2+0.3b¢d 13.0+1.4acd 19.8£4.5abc <0.001
Flow-mediated dilatation (FMD %) 4.7+31 4.9+3.0 4427 5228 0.519
Medications
ACE-I/ ARB 14 (28%) 11 (22%) 14 (28%) 15 (30%) 0.609
CCB 21 (42%) 23 (46%) 16 (32%) 17 (34%) 0.137
Beta-blocker 9 (18%) 12 (24%) 15 (30%) 12 (24%) 0.267
Nitrates 2 (4%) 6 (12%) 6 (12%) 6 (12%) 0.446
Thiazides 15 (30%) 18 (36%) 11 (22%) 10 (20%) 0.245
Statin 13 (26%) 10 (20%) 9 (18%) 9 (18%) 0.725

Conversion factors for units: Total cholesterol in mg/dl to mmol/l, x0.02586; triglyceride in mg/dl to mmol/l, x0.01129; LDL in mg/dl to mmol/l,
x0.02586; HDL in mg/dl to mmol/l, x0.02586; fasting glucose in mEg/I to mmol/l, x0.05551; Serum Cr in mg/dl to pmol/l, x88.4; uric acid in mg/
dl to ymol/l, x59.48. Values are mean = SD or number (%).

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein-cholesterol (mg/dl); LDL, low-density lipoprotein-cholesterol (mg/dl); Cr,
creatinine; eGFR, estimated glomerular filtration rate (ml/min/1.73 m?/year); BP, blood pressure (mm Hg); FRS, Framingham risk score (%);
hsCRP, high-sensitivity C-reactive protein (mg/l); ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; CCB,
calcium channel blocker.

aP value < 0.05 in comparison to Q2 (post hoc test). °P value < 0.05 in comparison to Q3 (post hoc test). °P value < 0.05 in comparison to Q1
(post hoc test). 9P value < 0.05 in comparison to Q4 (post hoc test).

included demographic variables and cardiovascular risk fac-
tors. As demonstrated in Table 2, the mean annual decline in
eGFR was significantly correlated with serum visfatin level
(r=-0.361, P<0.001). Moreover, baseline eGFR (r = —0.179,
P =0.011), FMD (r = 0.175, P = 0.013), SBP (r = -0.162,
P = 0.022), and FBG levels (r = —0.149, P = 0.035) were
also significantly associated with eGFR decline in univari-
ate analysis. Besides, high-sensitivity C-reactive protein
(r=-0.128, P = 0.071) levels showed a marginal association
with the annual decline rate in eGFR in univariate analysis.
By multivariate analysis, serum visfatin (r = -0.331,
P<0.001), baseline GFR (r = —-0.234, P = 0.001), FMD
(r=10.163, P=0.015), and FBG levels (r = —0.160, P = 0.015)
were significant independent factors to subsequent decline

in eGFR. Additionally, a marginal association between SBP
and the eGFR decline rate was noted (r = —0.134, P = 0.051).

Visfatin levels predict renal events in nondiabetic
hypertensive patients

During the mean follow-up period of 8.6 +2.5 years, 43
and 69 patients reached the primary and secondary end-
points, respectively. Kaplan—Meier estimates of the primary
endpoints (Figure 3) include doubling of Sc, from baseline
values, 25% loss of GFR from baseline values, and the occur-
rence of end-stage renal disease in subjects categorized by
visfatin level. The event-free survival was significantly dif-
ferent in the Q1 and Q4 groups (log-rank test, P = 0.001).
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Figure 2. The relationship between circulation visfatin levels and the longitudinal changes in renal function among 200 hypertensive patients.
(A) Plasma visfatin levels in low (<75 ml/min) and high (=75 ml/min) glomerular filtration rate (GFR) groups (independent t-test P = 0.028). The median
of the baseline eGFR was 75.8 ml/min/1.73 m? and a convenient eGFR cutoff value set at 75 ml/min was used to classify the study cohort into 2 groups
(N =102 and 98 in each group, respectively). (B) Plasma visfatin levels among individuals with and without renal events (independent t-test P = 0.002).
(C€) The eGFR change before and after longitudinal follow-up (paired t-test P < 0.001) and data distribution. (D) The annual rate of eGFR decline in the
study groups stratified by plasma visfatin levels. All patients were divided into 4 groups according to plasma visfatin levels in quartiles: group 1 (Q1), with
visfatin level 9.7 ng/ml; group 2 (Q2), with visfatin level >9.7 ng/ml and <11.0 ng/ml; group 3 (Q3), with visfatin level >11.0ng/ml and <15.8 ng/ml; group
4 (Q4), with visfatin level >15.8 ng/ml.

Table 2. Univariable and multivariable associations with annual change in eGFR calculated by CKD-EPI equation

Univariate analysis Multivariate analysis?
Variables Coefficient P value Coefficient P value
Visfatin -0.361 <0.001 -0.331 <0.001
Baseline GFR -0.179 0.011 -0.234 0.001
Flow-mediated dilatation (FMD) 0.175 0.013 0.163 0.015
Systolic blood pressure -0.162 0.022 -0.134 0.051
Fasting blood glucose -0.149 0.035 -0.160 0.015
hsCRP level -0.128 0.071 -0.060 0.365
LDL-cholesterol level -0.103 0.143
Framingham risk score (%) -0.093 0.191
Age -0.090 0.204
Triglyceride level =007 0.302
Uric acid level -0.034 0.626
Body mass index 0.033 0.641

Abbreviations: eGFR, estimated glomerular filtration rate; CKD-EPI equation, Chronic Kidney Disease Epidemiology equation; hsCRP, high-
sensitivity C-reactive protein; Framingham risk score included parameters with age, gender, total cholesterol, high-density lipoprotein, smoking,
and systolic blood pressure; LDL, low-density lipoprotein.

aThe multivariate regression model included all available variables with P value < 0.100 in the univariate analysis.
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Kaplan—-Meier estimates of survival free of renal events, including doubling of serum creatinine from baseline values, 25% loss of glomerular

filtration rate from baseline values, and the occurrence of end-stage renal disease in subjects categorized by visfatin level.

Univariate Cox regression analysis (Table 3) showed that
the predictors of progression to primary endpoint include
circulating visfatin, FBG, FMD, SBP, and the use of RAS
blockers. In multivariate Cox proportional hazard regres-
sion model analysis, only visfatin levels (hazard ratio (HR),
1.08; 95% confidence interval (CI), 1.05-1.13, P < 0.001),
FMD (HR, 0.87; 95% CI, 0.76-1.00, P = 0.049), and FBG
(HR, 1.01;95% CI, 1.00-1.02, P = 0.020) were independently
associated with the risk of developing future renal events
after adjustment.

Meanwhile, there were 65 patients reaching the sec-
ondary endpoint (new-onset proteinuria). The average
time to secondary endpoint was 67+ 32 months (range 12
to 118 months; median 69 months; interquartile range,
37-95 months). The predictors of new-onset proteinuria
were FBG, SBP, Framingham risk score, FMD, age, baseline
eGFR, and the use of RAS blockers (Table 4). Regarding the
secondary endpoint, FBG (HR, 1.01; 95% CI, 1.01-1.02,
P <0.001) and use of RAS blockers (HR, 0.38; 95% CI, 0.19-
0.75, P = 0.005) were independently associated with new-
onset proteinuria in hypertensive patients in the multivariate
Cox regression model.

DISCUSSION

Currently, guidelines for the assessment of the risk of a
faster eGFR decline or CKD progression remain focused
largely on conventional risk factors,'® such as age, hyperten-
sion, insulin resistance, hyperlipidemia, and proteinuria. To
the best of our knowledge, this is the first study to show that
increased plasma visfatin levels in nondiabetic hyperten-
sive patients are associated with subsequent decline in renal
function determined by eGFR and the occurrence of renal
events in a long-term prospective study of follow-up data.

Accumulating evidence suggests that the adipose tissue
is no longer considered merely a triglyceride-storing depot,
but also a real endocrine organ that synthesizes and secretes

a wide range of diverse bioactive factors, called adipokines.
These adipokines can be secreted and act locally within the
adipose tissue, and have been shown to have various roles in
vivo, including modulation of lipid metabolism, inflamma-
tion, insulin resistance, immune-stress response, and vascu-
lar homeostasis.' Visfatin was initially identified as a novel
adipokine with insulin-mimetic properties in mice, and is an
adipocytokine whose circulating concentration is found to be
elevated in metabolic disorders and obesity.!* Adipocytes are
the primary source of visfatin, and the estimated physiologic
plasma level of visfatin is 15 ng/ml, with plasma concentration
of visfatin increasing with adiposity.”!>?° Several clinical stud-
ies have indicated that the circulating visfatin concentrations
are significantly elevated in patients with CKD compared to
normal controls.®?! In diabetic patients, it has been reported
that there is a significant negative correlation between plasma
visfatin concentration and creatinine clearance, or endothe-
lial function estimated by FMD.?? In this prospective cohort,
we first show that circulating visfatin was an independent
predictor of eGFR decline, together with FMD, systolic BP,
FBG, hsCRP, and baseline eGFR. Even when the relationship
between the visfatin level and eGFR is expressed by a modest
correlation coefficient, our data suggest that the association
is as clinically important as that documented by endothelial
function and traditional cardiovascular risk factors.

There are several possible mechanisms thought to con-
tribute to the pathogenesis of visfatin in patients with CKD,
including insulin resistance,” oxidative stress,” inflamma-
tion,”** endothelial dysfunction,?!-* synthesis of profibrotic
molecules in mesangial cells, and activation of intra-renal
RAS.* Notably, although previous published reports showing
that antihypertensive drugs targeting the RAS system may
have effects on circulating visfatin levels,*® the results were
inconsistent.?”?® In our cohort, there was no significant asso-
ciation between baseline visfatin levels and the use of RAS
blockers. The result was consistent with the latest report from
Kocelak et al.,”” which showed that the plasma visfatin levels
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Table 3. Factors associated with the primary renal outcome by COX regression analysis

Crude HR Adjusted HR?
Variables HR (95% CI) P value HR (95% CI) P value
Visfatin: per 1ng/ml 1.09 (1.05-1.13) <0.001 1.09 (1.05-1.13) <0.001
Fasting blood glucose: per 1 mg/dl 1.01 (1.00-1.02) 0.002 1.01 (1.00-1.02) 0.020
Flow-mediated dilatation: per 1% change 0.85 (0.75-0.96) 0.010 0.87 (0.76-1.00) 0.049
Systolic blood pressure: per 1mm Hg 1.05 (1.01-1.10) 0.019 1.02 (0.97-1.07) 0.453
RAS blocker® use: user vs. nonuser 0.52 (0.28-0.94) 0.031 0.73 (0.37-1.44) 0.358
Age: per 1 year 1.03 (1.00-1.06) 0.056 1.02 (0.98-1.05) 0.339
Statin use: user vs. nonuser 0.52 (0.23-1.17) 0.114
Calcium channel blocker use: user vs. nonuser 0.63 (0.34—1.19) 0.157
hsCRP level: per 1mg/I 1.08 (0.96-1.21) 0.193
Body mass index: per 1kg/m? 0.99 (0.96-1.02) 0.379
Framingham risk score: per 1% 1.00 (0.99-1.01) 0.531
Uric acid level: per 1 mg/dI 1.05 (0.86-1.27) 0.634
LDL-cholesterol level: per 1 mg/dI 1.00 (0.99-1.01) 0.743
Baseline GFR: per 1 ml/min/1.73 m? 1.00 (0.99-1.01) 0.920
Triglyceride level: per 1 mg/dl 1.00 (1.00-1.00) 0.961

Abbreviations: Cl, confidence interval; HR, hazard ratio; GFR, glomerular filtration rate; LDL, low-density lipoprotein-cholesterol; hsCRP,
high-sensitivity C-reactive protein; RAS, renin-angiotensin system.

aThe adjusted COX regression model included all available variables with crude HR P value < 0.100. "RAS blocker, renin-angiotensin sys-
tem blocker, including angiotensin converting enzymes (ACE) inhibitors, angiotensin receptor blockers (ARB), and direct renin inhibitors (DRI).

Table 4. Factors associated with new-onset proteinuria by COX regression analysis

Crude HR Adjusted HR?
Variables HR (95% CI) P value HR (95% Cl) P value
Fasting blood glucose: per 1 mg/dI 1.01 (1.00-1.02)  0.001 1.01 (1.01-1.02)  <0.001
Baseline systolic blood pressure: per 1mm Hg 1.04 (1.01-1.08) 0.010  1.03 (0.99-1.06) 0.120
Mean of 6-month interval systolic blood pressure during follow-up: per 1mm Hg  1.04 (1.01-1.07) 0.014  1.02 (0.99-1.05) 0.207
Framingham risk score: per 1% 1.03 (1.00-1.07)  0.027  1.01 (0.96-1.05) 0.770
Flow-mediated dilatation: per 1 % change 0.90 (0.82-0.99) 0.030  0.96 (0.86-1.08) 0.510
Age: per 1 year 1.02 (1.00-1.05) 0.039  1.01 (0.98-1.05) 0.491
Baseline GFR: per 1 ml/min/1.73 m? 0.99 (0.98-1.00) 0.039  1.00 (0.99-1.01) 0.754
RAS blocker® use: user vs. nonuser 0.52 (0.27-0.98) 0.044 0.38 (0.19-0.75) 0.005
hsCRP level: per 1mg/l 1.08 (0.99-1.18) 0.070  1.06 (0.96-1.17) 0.241
Uric acid level: per 1 mg/dI 1.08 (0.94-1.25)  0.282
Statin use: user vs. nonuser 0.75(0.42-1.34)  0.335
Visfatin: per 1ng/ml 1.02 (0.97-1.07)  0.381
LDL-cholesterol level: per 1 mg/dl 1.00 (0.99-1.00) 0.421
Calcium channel blocker use: user vs. nonuser 0.89 (0.54-1.46) 0.651
Beta-blocker use: user vs. nonuser 1.40 (0.87-2.25)  0.167
Diuretics use: user vs. nonuser 1.45(0.58-3.61) 0.423
Triglyceride level: per 1 mg/dl 1.00 (1.00-1.00) 0.844
Body mass index: per 1kg/m?2 1.00 (0.92-1.07) 0.891

Abbreviations: Cl, confidence interval; HR, hazard ratio; GFR, glomerular filtration rate; LDL, low-density lipoprotein-cholesterol; hsCRP,
high-sensitivity C-reactive protein; RAS, renin-angiotensin system.

aThe adjusted COX regression model included all available variables with crude HR P value < 0.100. "RAS blocker, renin-angiotensin sys-
tem blocker, including angiotensin converting enzymes (ACE) inhibitors, angiotensin receptor blockers (ARB), and direct renin inhibitors (DRI).
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were not related to the use of antihypertensive drugs, includ-
ing ACE inhibitors and angiotensin II receptor blockers.

Some evidence suggests that visfatin is not only an adi-
pokine, but also a marker of inflammation. In human
endothelial cells, visfatin promotes the subsequent release
of cytokines and chemokines, including interleukin-6 or
monocyte chemotactic protein-1.3%3! Romacho et al. indi-
cated that human endothelial cells overproduce visfatin in
response to pro-inflammatory stimulus,® suggesting that
visfatin seems to mediate inflammatory responses by induc-
tion of pro-inflammatory cytokines.”

There is a growing body of evidence suggesting that the
extracellular visfatin can directly promote endothelial dys-
function by exerting a series of deleterious actions on the
vascular cells.’*** In patients with CKD, visfatin levels posi-
tively correlate with soluble markers of endothelial dysfunc-
tion,*% and the improvement of endothelial function after
kidney transplantation correlates with a reduction in circu-
lating visfatin levels.>” However, as shown in Supplementary
Table S1, circulating visfatin levels were not significantly
correlated with FMD in the current study. Although some
studies have observed a significant association between the
visfatin and FMD values in both CKD?® and diabetic?*?
patients, the relationship between these parameters in
nondiabetic hypertensive patients remains uncertain. In
addition, using multivariate linear regression model, both
circulating visfatin level and FMD were independent pre-
dictors to the subsequent eGFR decline in our study cohort.
These results suggest that the association between kidney
function decline and circulating visfatin levels are more
likely to be mediated by other factors (such as oxidative
stress, inflammation, renal fibrosis, etc.) rather than a direct
impact on the endothelial function. Future studies are war-
ranted to elucidate the causal mechanism of visfatin in the
pathogenesis of renal injury in this particular population.

Of note, Villalobos et al. recently demonstrated that vis-
fatin may contribute to vascular aging and its associated
pathologies through pro-senescence properties.® In the lat-
est report from a Polish geriatric study (PolSenior),?® which
analyzed totally 2,789 representative subjects with an aver-
age eGFR of 70 and consisted of 27.1% individuals whose
eGFR values below 60, there was no significant association
between plasma visfatin concentration and the presence of
eGFR <60 in the multivariable linear regression model. In
the present study, our study population was 15 years younger
than those in the PolSenior study, with a relatively more pre-
served eGFR and a lower degree of CKD. The finding from
our study may suggest an independent role of visfatin in
the pathogenesis of early stage kidney injury in hyperten-
sive patients, beyond the diabetic kidney injury or the aging
deterioration of the kidney function.

Some limitations of this study should be mentioned. First,
the sample size is rather small, and was assembled from a
single center. Therefore, further larger confirmative studies
are needed to verify the current result. Second, we cannot
exclude the possibility that the visfatin levels increased as the
consequence of impaired kidney function and reduced vis-
fatin clearance. However, it is difficult to measure the impact
of this clearance effect precisely because, according to the
best of our knowledge, the reference data are lacking with

regard to visfatin clearance at different stages of CKD. Third,
we cannot provide the data of albuminuria from baseline
and during the follow-up because of lack of microalbuminu-
ria exam (such as 24-hour urine microalbumin or spot urine
albumin-creatinine ratio) from the initial study design.

In summary, this is the first study to show that an increased
visfatin level is associated with subsequent declines in eGFR
and predicts future renal outcomes independent of the con-
ventional risk factors in nondiabetic hypertensive patients.
These findings may partly explain the pathogenetic pro-
cesses coupling the balance of adipokines in the subsequent
progression of hypertensive kidney disease.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal
of Hypertension (http://ajh.oxfordjournals.org).
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