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are associated with increased incidence of kidney function decline

in Chinese adults

Gang Liu' - Yueyi Deng” - Liang Sun’ - Xingwang Ye' - Pang Yao' -
Yao Hu' - Feijie Wang' - Yiwei Ma' - Huaixing Li' - Yong Liu' -

Qi Sun®* - Xu Lin'

Received: 19 June 2015/ Accepted: 9 November 2015/ Published online: 21 November 2015

© Springer Science+Business Media New York 2015

Abstract Adipokines and inflammatory markers have
been linked to kidney disease in animal models; however,
evidence from prospective human studies is sparse.
Recruited from Beijing and Shanghai in 2005, a total
number of 2220 non-institutionalized Chinese individuals
aged 50-70 years with baseline estimated glomerular fil-
tration rate (eGFR) >60 mL/min/1.73 m? were prospec-
tively followed for 6 years. Plasma levels of resistin,
retinol-binding protein 4 (RBP4), interleukin-6 (IL-6),
C-reactive protein (CRP), and tumor necrosis factor-o
receptor 2 (TNF-R2) were determined at baseline. Kidney
function decrease was assessed by measurements of eGFR
over 6 years. Incident-reduced eGFR was defined as the
onset of eGFR <60 mL/min/1.73 m?, according to the
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Modification of Diet in Renal Disease Study Equation for
Chinese. During the 6 years of follow-up, 333 (15.0 %)
participants had incident-reduced eGFR. Each 1 standard
deviation elevated concentration of resistin [relative risk
(RR) 1.10; 95 % CI 1.00-1.24] and TNFR-2 (RR 1.30;
95 % CI 1.13-1.49) at baseline were significantly associ-
ated with a higher risk of incident-reduced eGFR. Com-
paring the highest with the lowest quartiles, the RR of
incident-reduced eGFR was 1.43 (95 % CI 1.01-2.03) for
resistin and 2.03 (95 % CI 1.41-2.93) for TNF-R2 (both
Piena < 0.05) after adjustment for baseline demographic
characteristics, lifestyle behaviors, BMI, plasma lipid
profile, hypertension, and diabetes. These associations
remained significant when further controlling for levels of
RBP4, IL-6, and CRP, none of which was significantly
associated with the risk of incident-reduced eGFR. In this
prospective cohort study, elevated levels of resistin and
TNF-R2, but not other adipokines and inflammatory
markers, were independently associated with a greater risk
of kidney function decline in middle-aged and elderly
Chinese.

Keywords Adipokines - Inflammatory markers -
Prospective study - Kidney function decline

Introduction

Chronic kidney disease (CKD) is a condition that leads to
numerous complications such as end-stage renal failure,
cardiovascular disease, and premature death [1-3]. CKD
has become one of the worldwide public health issues with
substantial social and economic consequences [1-4]. In
recent years, the prevalence of CKD and those of its major
risk factors, including obesity, hypertension, and type 2
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diabetes, have increased substantially in China [1, 5-7].
For instance, the prevalence was 10.8 % for CKD, 11.6 %
for type 2 diabetes, and 12 % for obesity in adult Chinese
in 2010 [1, 5, 6]. Thus, identifying major contributors for
CKD is important to facilitate disease prevention and
management.

The role of adipokines and inflammatory markers in
pathogenesis of kidney dysfunction has attracted increased
attention in recent years [8—16]. Pretreated rats with human
recombinant tumor necrosis factor (TNF) and interleukin-1
beta enhanced the severity of glomerular injury [9]. Human
recombinant TNF also induced glomerular endothelial cell
damage in rabbits [10]. However, data from human studies,
particularly from prospective studies, are sparse and
inconsistent [8, 13, 17-19]. Previously, adipokines such as
resistin and retinol-binding protein 4 (RBP4) and inflam-
matory markers such as C-reactive protein (CRP) or
interleukin-6 (IL-6) were reported to be positively associ-
ated with the risk of CKD in some cross-sectional studies
[11, 12, 20-22], but not in others [23]. To date, associations
of CRP and IL-6 with CKD risk were investigated longi-
tudinally in some cohort studies, and results were incon-
sistent [8, 13, 17, 18]. For example, increased CRP and IL-
6 levels were associated with declined kidney function in
the Multi-Ethnic Study of Atherosclerosis [17], whereas no
significant associations were observed in the Cardiovas-
cular Health Study [18]. In the present study, we aimed to
investigate associations of multiple adipokines and
inflammatory markers with the kidney function decline
among the general Chinese population.

Materials and methods
Study population

The Nutrition and Health of Aging Population in China
study was initiated in 2005 when 3289 Chinese adults aged
50-70 years were selected and enrolled through multistage
sampling from residents in one rural and two urban districts
in each of two cities, Beijing and Shanghai, with compa-
rable socioeconomic status [24]. This cohort study was
designed to determine the effects of environmental and
genetic factors and their interaction on the development of
chronic diseases [24]. In 2011, all initial participants
(n = 3289) were contacted, and 2529 participants (76.9 %)
were successfully followed up. The remaining 760 partic-
ipants (23.1 %) were considered as lost to follow-up due to
either failure to be contacted (n = 554) or reluctance to
participate (n = 206). Detailed information regarding the
baseline and the follow-up surveys have been reported
elsewhere [25]. After excluding adults with estimated
glomerular filtration rate (¢GFR) < 60 mL/min/1.73 m? at
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baseline (n = 50) or without blood samples at follow-up
(n = 259), a total of 2220 men and women were included
in the last analysis. All participants provided written
informed consent, and the study was approved by the
Institutional Review Board of the Institute for Nutritional
Sciences.

Data collection

During a face-to-face interview conducted by trained
health professionals, a standardized questionnaire was used
at baseline and follow-up to collect information about
social demographics, smoking (yes/no), alcohol consump-
tion (yes/no), physical activity, and family history of dis-
ease. Educational levels were defined according to self-
reported school years (0-6, 7-9, >10 years). Physical
activity level was classified as low, moderate, or high
according to the International Physical Activity Question-
naire scoring protocol with minor modification [24]. Par-
ticipants were also invited to attend a physical
examination. Body weight, height, waist circumference,
and blood pressure were measured by trained health
workers following a standardized protocol [24]. Body mass
index (BMI) was calculated as mass in kilograms divided
by height in meters squared. Following a 5-min rest, blood
pressure was measured three times on the right arm using
an electronic blood pressure monitor (Omron HEM-705CP,
Vernon Hills, IL, USA), and the mean values of the last 2
measurements were used in the analysis. Hypertension was
defined as systolic blood pressure >140 mmHg, or dias-
tolic blood pressure >90 mmHg, or use of anti-hyperten-
sive medications, or self-reported doctor-diagnosed
hypertension. Type 2 diabetes was defined as fasting
plasma glucose concentration >7.0 mmol/L, or taking anti-
diabetic medications, or self-reported doctor-diagnosed
diabetes.

Laboratory measurements

Fasting peripheral venous blood samples were collected in
tubes with ethylene diamine tetraacetic acid and cen-
trifuged at 3000 rpm for 15 min at both baseline and fol-
low-up, and stored at —80 °C until analysis. Baseline and
follow-up levels of glucose, total cholesterol, low-density
lipoprotein (LDL) cholesterol, and high-density lipoprotein
(HDL) cholesterol were measured on an automatic ana-
lyzer (Hitachi 7080, Tokyo, Japan) with commercial
reagents (Wako Pure Chemical Industries, Osaka, Japan).
Baseline plasma resistin was measured by Luminex xMAP
Technology (Linco Research, St Charles, MO, USA) on a
Bio-Rad Multiplex Suspension Array System. The intra-
and inter-assay coefficients of variation (CVs) ranged from
1.4 to 7.9 % [26]. The basal level of RBP4 was measured
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in duplication by a sandwich enzyme-linked immunosor-
bent assay developed in-house [27]. The intra- and inter-
assay CVs were 2—-8 and 4-9 %, respectively. Plasma high-
sensitive CRP was measured by a particle-enhanced
immunoturbidimetric assay (Ultrasensitive CRP kit; Orion
Diagnostica, Espoo, Finland), with intra- and inter-assay
CVsall <12 % [24]. Plasma IL-6 was detected by means of
ELISA (Quantikine HS IL-6 Immunoassay; R&D Systems,
Minneapolis, MN). The intra- and inter-assay CVs for the
IL-6 levels were all <8 % [28]. Soluble tumor necrosis
factor-o receptor 2 (TNF-R2) was detected with Human
Death Receptor 3-Plex kit (Biosource International Inc.,
Camarillo, CA, USA) in the same system used for mea-
suring resistin. The average intra- and inter-assay CVs
were 8 and 10 %, respectively.

Assessment of kidney function decline

For all of the participants, plasma creatinine (Pcr) was
measured both at baseline and 6-year follow-up by means
of an enzymatic method with intra- and inter-assay CVs
<3 %. In addition, the Jaffe’s kinetic method was also
used to measure Pcr for 50 participants randomly selected
from the same population. Both methods were performed
on a Hitachi 7080 automatic analyzer (Hitachi, Tokyo,
Japan). A calibration equation was subsequently devel-
oped: Pcr (mg/dL) (Jaffe’s kinetic method) = 0.9246 x
(Pcr [mg/dL] [enzymatic method]) + 0.3104 (r = 0.97,
P < 0.0001) [29].

Based on the Modification of Diet in Renal Disease
(MDRD) Study Equation for Chinese with minor modifi-
cation, eGFR was calculated as eGFR (mL/min/1.73 m2) =
175 x Per (mg/dL)_l‘234 (Jaffe’s kinetic method) x
age "7 x 0.79 (if female) [30]. Kidney function decrease
was assessed by measurements of eGFR over 6 years.
Incident-reduced eGFR was defined as an eGFR <60 mL/
min/1.73 m? during follow-up [31].

In a sensitivity analysis, the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation was used
to calculate eGFR [32, 33]. Moreover, to reduce misclas-
sification due to slight changes of eGFR close to the low
eGFR threshold [17], both eGFR decline >3 % per year
and follow-up eGFR <60 mL/min/1.73 m* were used to
define incident-reduced eGFR [34]. In addition, the rapid
decline of kidney function was defined as eGFR decline
>3 mL/min/1.73 m? per year [17].

Statistical analysis

Baseline characteristics were compared between partici-
pants with and without incident-reduced eGFR by means of
the Student’s ¢ test and y* test whenever appropriate.
Because person-years could not be accurately estimated,

logistic regression models were applied to estimate the
relative risks (RRs) of incident-reduced eGFR according to
quartiles of baseline adipokines (resistin and RBP4) and
inflammatory markers (CRP, IL-6, and TNF-R2), adjusting
for age, sex, region (Beijing/Shanghai), residence (urban/
rural), BMI, educational attainment, smoking, alcohol
consumption, physical activity, HDL, LDL, diabetes, and
hypertension [14, 17]. Due to the high cumulative inci-
dence of reduced eGFR (15 %, 333/2220), the log-Poisson
model provided consistent but not fully efficient estima-
tions of RRs and confidence intervals (CIs); and it was
applied to calculate RRs, 95 % Cls, and P-trend for inci-
dent-reduced eGFR [35]. In addition, each biomarker was
modeled continuously per standard deviation (SD) to allow
between comparisons [17]. The associations between
individual cytokines and the risk of incident-reduced eGFR
were also estimated in fully adjusted models stratified by
age (<60, >60), sex, region, residence, smoking, hyper-
tension, diabetes, and baseline eGFR (>90 and 60-90 mL/
min/1.73 m?). Likelihood ratio tests were performed to
examine potential interactions. Moreover, in the multi-
variable model, the adipokines and inflammatory markers
were mutually adjusted in quartiles to examine whether the
associations were independent of each other. In a sec-
ondary analysis, to further evaluate whether the inflam-
matory markers and adipokines could improve the ability
of predicting CKD risk beyond traditional risk factors,
areas under the receiver-operating characteristic curves
(AUCs) were calculated as (1) Model 1—adjusting for age,
sex, region (Beijing/Shanghai), residence (urban/rural),
BMI, educational attainment, smoking, alcohol consump-
tion, physical activity, HDL, LDL, diabetes, and hyper-
tension; (2) Model 2—the Model 1 plus adjustment of the
baseline eGFR; and (3) Model 3—the Model 2 plus
adjustment of inflammatory markers and adipokines. The
strengths of AUC statistics between the three models were
subsequently compared. All analyses were performed with
SAS (version 9.3; SAS Institute Inc., Cary, NC). Two-sided
P values <0.05 were considered statistically significant.

Results

During the 6 years of follow-up, 333 (15.0 %) participants
had incident-reduced eGFR. Baseline characteristics were
compared between participants with and without incident-
reduced eGFR (Table 1). Participants who had incident-
reduced eGFR were older, more likely to than their coun-
terparts have lower educational attainment, higher sys-
tolic/diastolic blood pressure, and higher prevalence of
hypertension. Median levels of TNF-R2 were significantly
higher in incident-reduced eGFR cases than non-cases
(1.73 vs. 1.56 ng/mL, P < 0.001); while median resistin
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Table 1 Baseline

characteristics of participants Incident-reduced eGFR P
according to status of incident- No (n = 1887) Yes (n = 333)
reduced eGFR
Age (years) 577+ 5.8 61.0 £ 59 <0.001
Male sex, n (%) 800 (42.4) 139 (41.7) 0.82
Beijing residents, n (%) 935 (49.6) 158 (47.5) 0.48
Urban residents, n (%) 801 (42.5) 146 (43.8) 0.64
Education level, n (%) 0.03
0-6 years 839 (44.5) 171 (51.4)
7-9 years 680 (36.0) 97 (29.1)
>10 years 368 (19.5) 65 (19.5)
Smoking, yes, n (%) 679 (36.0) 132 (39.6) 0.20
Alcohol use, yes, n (%) 534 (28.3) 96 (28.8) 0.84
High physical activity, n (%) 1024 (54.3) 178 (53.5) 0.29
Diabetes, yes, n (%) 231 (12.2) 37 (11.1) 0.56
Hypertension, yes, n (%) 967 (51.3) 203 (61.0) 0.001
Systolic blood pressure (mmHg) 138.8 £ 22.0 144.5 £ 23.4 0.001
Diastolic blood pressure (mmHg) 79.7 £ 10.6 813 £ 11.0 0.01
BMI (kg/m?) 245+ 35 244+ 35 0.67
Waistline (cm) 83.6 £ 10.5 834 4+ 109 0.71
Total cholesterol (mmol/L) 4.68 + 0.95 4.66 + 1.00 0.73
HDL cholesterol (mmol/L) 1.29 £ 0.34 1.28 £+ 0.33 0.56
LDL cholesterol (mmol/L) 325 £0.95 3.21 £ 0.98 0.48
eGFR (mL/min/1.73 m?) 88.9 + 12.6 77.6 £ 11.5 <0.001
Resistin (ng/mL)" 8.5 (5.65-13.9) 9.6 (6.02-14.9) 0.08
RBP4 (pg/mL) 38.3 (31.4—45.9) 38.9 (31.8-47.5) 0.36
C-reactive protein (mg/L) 0.64 (0.31-1.45) 0.70 (0.32-1.34) 0.96
Interleukin 6 (pg/mL)* 1.01 (0.66-1.57) 1.07 (0.72-1.56) 0.20
TNE-R2 (ng/mL)* 1.56 (1.24-1.97) 1.73 (1.45-2.18) <0.001

Data are mean £ SD, n (%), or median (interquartile range)

eGFR estimated glomerular filtration rate, TNF-R2 tumor necrosis factor receptor 2, RBP4 retinol-binding

protein 4

* P value was estimated by f test or x> test as appropriate

® Data are missing for 58 participants

¢ Data are missing for 60 participants

4 Data are missing for 56 participants

concentration was marginally higher in the cases than in
the non-cases (9.6 vs. 8.5 ng/mL, P = 0.08). No significant
differences were observed for other adipokines or inflam-
matory markers between incident cases of reduced eGFR
and non-cases.

Table 2 shows the associations among adipokines,
inflammatory markers, and eGFR. Plasma resistin and TNF-
R2 were positively associated with the risk of incident-re-
duced eGFR (P trend <0.01). The associations were largely
unchanged after further adjustment for BMI, educational
attainment, smoking, alcohol consumption, physical activity,
HDL, LDL, hypertension, and diabetes (Model 3; all
P trend < 0.05). Compared with the individuals in the lowest
quartile, subjects in the highest quartile had an RR of 1.43
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(95 % CI 1.01-2.03) for resistin, and 2.03 (95 % CI
1.41-2.93) for TNF-R2. Similar results were also obtained
when log-Poisson regression was used to model these asso-
ciations: comparing the extreme quartiles, the RRs (95 %
ClIs) were 1.33 (1.01-1.77) for resistin and 1.77 (1.30-2.41)
for TNF-R2 (Model 3; both P trend <0.05). In contrast, null
associations were observed between RBP4, CRP, IL-6, and
the risk of incident-reduced eGFR (Table 3). In addition,
each 1-SD elevated concentration of resistin (RR 1.10; 95 %
CI 1.00-1.24) and TNFR-2 (RR 1.30; 95 % CI 1.13-1.49) at
baseline was significantly associated with a higher risk of
incident-reduced eGFR. No association was observed
between other biomarkers (RBP4, CRP, and IL-6) and inci-
dent-reduced eGFR (Table 3). Moreover, AUC statistics of
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Table 2 Spearman correlation

. . Resistin RBP4 CRP IL-6 TNF-R2

coefficients among baseline

adipokines, inflammatory RBP4 0.06%%

markers, and eGFR ’ )
CRP 0.13%%:* -
IL-6 0.1 1%** —0.09%** 0.42%*%
TNF-R2 0.05%* - 0.06%* 0.07%**
Baseline BMI 0.04* 0.14%** 0.33%*:* 0.18%*:* -
Baseline Waistline 0.08%*:* 0.18%#*:* 0.38%*:* 0.207%*:* -
Baseline eGFR —0.13%%*:* —0.08%** - - —0.]12%%*:*
Follow-up eGFR —0.06%* - - - —0.12%%*

Spearman correlation coefficients were calculated after adjustment for age, sex, region, and residence.
* P <0.05; % P < 0.01; #* P <0.001

? No significant association observed

Table 3 Risk of incident-reduced eGFR according to quartiles of baseline adipokines and inflammatory markers

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P trend RR per 1 SD increment P

Resistin®

Cases no. (%) 69 (12.7) 74 (13.8) 95 (17.5) 92 (17.0)

Model 1 1 1.16 (0.81-1.66)  1.54 (1.09-2.17) 1.45 (1.02-2.04)  0.01 1.11 (1.01-1.25) 0.04

Model 2 1 1.16 (0.81-1.67)  1.55 (1.09-2.19) 1.43 (1.01-2.03)  0.02 1.10 (1.00-1.24) 0.06
RBP4

Cases no. (%) 79 (14.2) 85 (15.3) 73 (13.2) 96 (17.3)

Model 1 1 1.17 (0.80-1.57)  0.94 (0.66-1.33) 1.35 (0.96-1.90)  0.18 1.09 (0.96-1.23) 0.18

Model 2 1 1.11 (0.78-1.56)  0.92 (0.64-1.32) 1.32 (0.92-1.88)  0.25 1.08 (0.95-1.23) 0.25
CRP

Cases no. (%) 79 (14.3) 76 (13.5) 103 (18.7) 75 (13.5)

Model 1 1 091 (0.64-1.28)  1.22 (0.88-1.70)  0.82 (0.57-1.16)  0.63 0.94 (0.84-1.07) 0.36

Model 2 1 0.88 (0.62-1.25)  1.18 (0.84-1.66)  0.79 (0.54-1.15)  0.53 0.92 (0.81-1.06) 0.24
IL-6°

Cases no. (%) 71 (13.1) 81 (15.0) 99 (18.3) 80 (14.8)

Model 1 1 1.13 (0.79-1.60)  1.37 (0.97-1.92)  0.99 (0.69-1.41)  0.81 1.02 (0.91-1.16) 0.72

Model 2 1 1.08 (0.76-1.55)  1.33 (0.94-1.88)  0.94 (0.65-1.36)  0.98 1.01 (0.89-1.14) 0.94
TNFR-2°

Cases no. (%) 52 (9.6) 70 (12.9) 99 (18.3) 110 (20.3)

Model 1 1 1.37 (0.93-2.02)  1.98 (1.37-2.85)  2.05 (1.42-2.95)  <0.001 1.30 (1.13-1.50) <0.001

Model 2 1 1.36 (0.92-2.01)  1.93 (1.34-2.80) 2.03 (1.41-2.93) <0.001 1.30 (1.13-1.49) <0.001

Model 1: adjusted for age, sex, region, and residence

Model 2: additionally adjusted for educational attainment, smoking, alcohol consumption, physical activity, BMI, HDL, LDL, diabetes, and

hypertension

RR relative risk, SD standard deviation
? Data are missing for 58 participants
® Data are missing for 60 participants

¢ Data are missing for 56 participants

0.67 was estimated for the model consisting of age, sex,
region, residence, BMI, educational attainment, smoking,
alcohol consumption, physical activity, HDL, LDL, diabetes,
and hypertension. Further inclusion of baseline eGFR

significantly increased the AUC to 0.76 (P < 0.01). The
AUC statistics was further strengthened to 0.78 (P = 0.06),
when adding baseline resistin and TNFR-2 in the prediction
model.
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In the stratified analyses, the associations between
resistin, TNF-R2 and the risk of incident-reduced eGFR
remained positive in most subgroups defined by age, sex,
region, residence, current smoking status, hypertension,
diabetes, and baseline eGFR, although some of the asso-
ciations were not significant possibly due to reduced power
(all P for interaction >0.5) (Table 4). In sensitivity analy-
ses, when additionally adjusting for RBP4, CRP, and IL-6
in the multivariable models, the associations remained
significant (comparing the extreme quartile, RRs and 95 %
CIs were 1.41 [1.00-2.02] for resistin and 2.02 [1.39-2.92]
for TNF-R2, both P trend <0.05). When additionally
adjusting for each other, the results for resistin and TNF-R2
were similar. When eGFR was calculated using the CKD-
EPI equation [32, 33], the associations were attenuated but
still significant [comparing the extreme quartiles, RRs and
95 % ClIs were 1.36 [1.01-1.84] for resistin and 1.70
[1.25-2.32] for TNF-R2, both P trend <0.05) (Supple-
mentary Table 1). Finally, when the alternative definitions

(both eGFR decline >3 % per year and follow-up eGFR
<60 mL/min/1.73 m?) for incident-reduced eGFR and
rapid decline of kidney function (eGFR decline >3 mL/
min/1.73 m? per year) were utilized in our analysis, the
results remained similar (Supplementary Tables 2 and 3).

Discussion

In this prospective investigation, we found that elevated
plasma levels of resistin and TNF-R2 were significantly
associated with an increased risk of kidney function decline
in non-institutionalized middle-aged and elderly Chinese
men and women. The associations were independent of
established risk factors including other adipokines and
inflammatory factors and robust to various definitions of
kidney function decline.

In line with the findings of our cohort study, the positive
association between plasma resistin levels and renal

Table 4 Stratified analysis of

the associations [RR (95 % CI)] Case/total ~ Resistin TNF-R2
between resistin, tumor necrosis RR€ (95 % CI) Pineraction  RR* (95 % CI) Pineraction
factor receptor 2 (TNF-R2), and
risk of incident-reduced eGFR Age 0.35 0.93
<60 128/1283 1.77 (0.98-3.18) 2.43 (1.36-4.32)
>60 202/879 1.28 (0.82-2.00) 2.00 (1.24-3.23)
Sex 0.80 0.86
Men 137/918 1.17 (0.68-2.04) 1.98 (1.08-3.62)
Women 193/1244 1.64 (1.02-2.62) 2.15 (1.34-3.45)
Region 0.53 0.53
Beijing 157/1056 1.67 (1.00-2.80) 1.66 (1.01-2.75)
Shanghai 173/1106 1.36 (0.81-2.26) 2.44 (1.41-4.22)
Residence 0.97 0.33
Urban 145/918 1.40 (0.82-2.38) 1.42 (0.81-2.46)
Rural 185/1244 1.64 (1.00-2.68) 2.67 (1.60-4.46)
Smoking 0.86 0.95
Yes 199/1371 1.58 (0.88-2.82) 2.18 (1.17-4.07)
No 131/791 1.37 (0.88-2.14) 1.94 (1.22-3.09)
Hypertension 0.22 0.65
Yes 201/1138 1.89 (1.19-3.02) 2.16 (1.32-3.54)
No 129/1024 1.02 (0.58-1.77) 2.02 (1.15-3.53)
Diabetes 0.58 0.20
Yes 36/261 2.09 (0.70-6.29) 5.43 (1.61-18.3)
No 294/1901 1.38 (0.95-2.01) 1.81 (1.23-2.68)
eGFR (mL/min/1.73 m?) 0.40 0.43
>90 35/820 1.32 (0.51-3.43) 2.17 (0.79-5.99)
60-90 295/1342 1.23 (0.82-1.81) 1.81 (1.20-2.72)

CI confidence interval, RR relative risk

? Relative risks, comparing the highest with the lowest quartile, were adjusted for age, sex, region,
residence, educational attainment, smoking, alcohol consumption, physical activity, body mass index,
HDL, LDL, hypertension, and diabetes
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dysfunction was also reported in a few cross-sectional and
prevalent case—control studies [11, 12, 20, 22], though no
cohort data were available previously. For instance, in a
case—control study, Mills et al. found a significant associ-
ation between higher plasma resistin levels and an
increased risk of kidney dysfunction; the multivariate-ad-
justed odds ratio (95 % CI) across the extreme resistin
tertiles was 12.7 (6.5, 24.6) [11]. Resistin, a 12.5-kDa
cysteine-rich protein, is mainly secreted in monocytes and
macrophages in humans [36-38]. It remains unclear
regarding the underlying mechanisms linking resistin
levels with the pathogenesis of CKD. Existing studies
suggested that resistin may promote endothelial dysfunc-
tion through enhancing oxidative stress [39], which might
consequently induce glomeruli dysfunction [12]. Other
studies indicated that the adverse effects of resistin could
be attributed to its effects on stimulating the production of
CRP and IL-6 [37, 40, 41]. Notably, plasma resistin was
significantly correlated with CRP and IL-6 (Table 2), but
its association with kidney function decline was apparently
independent of these two inflammatory factors. Indeed,
resistin was suggested to be a more sensitive marker
reflecting pro-inflammatory status [42]. However, whether
resistin could serve as an early predictor of kidney dys-
function remains to be elucidated in future studies.

In the present study, higher levels of TNF-R2 but not
other inflammatory markers were significantly associated
with a greater risk of kidney function decline. This obser-
vation was in accordance with the findings from a
prospective cohort study conducted in 4926 Americans by
Shankar et al. [13] (RR: 2.10; 95 % CI 1.55-2.84 across the
extreme tertiles; P trend <0.001) and also a recent hospital-
based study consisting of 262 South Korean patients by An
etal. [19] (OR 3.24,95 % CI 1.26-8.31, P = 0.015), as well
as a few cross-sectional studies conducted also in western
populations [21, 43-45]. As a soluble TNF-alpha receptor,
TNF-R2 can mediate NF-xB activation, which has long
been known as a prototypical pro-inflammatory signaling
pathway which involves the enhanced expression of proin-
flammatory genes including adhesion molecules, chemoki-
nes, and cytokines [46, 47]. In the case of kidney
dysfunction, evidence from animal studies showed that TNF
receptors could mediate local inflammatory injury in the
kidney [48]. In addition, TNF-R2 was also indicated to
contribute to tubulointerstitial fibrosis and resulted in kidney
damage [49]. Given its role as an upstream regulator of
inflammatory pathway, TNF-R2 was suggested as an early
predictor of progression to kidney dysfunction [13].

As two commonly studied inflammatory factors, the
roles of CRP and IL-6 in the kidney disease remain con-
troversial in cohort studies [8, 13, 17, 18]. For example, in
the Multi-Ethnic Study of Atherosclerosis, significant
associations of CRP and IL-6 with declined eGFR were

only evidenced when using cystatin C-based equation to
calculate eGFR, but not by creatinine-based equation [17].
In the Cardiovascular Health Study, higher levels of CRP
were associated with higher levels of creatinine [8], but not
associated with any decline of eGFR (cystatin C-based) in
a subsequent analyses [18]. Shankar et al. also reported that
IL-6, but not CRP, was associated with risk of CKD (cal-
culated by creatinine-based eGFR) [13]. The discrepancies
among these studies might be due to variations in the
definitions of CKD or impaired renal function, various
follow-up duration, characteristics of participants, and
covariates adjusted. In addition, it was noticed that the CRP
levels in our study population were much lower than those
in previous studies (such as, comparing with the Multi-
Ethnic Study of Atherosclerosis, median CRP was 0.70 vs.
2.35 mg/L for CKD cases; 0.64 vs. 1.78 mg/L for non-
cases) [8, 17]. Thus, the different CRP levels might con-
tribute to the heterogeneous findings between our study and
other studies. As for RBP4, in contrast to the result
reported in previous cross-sectional study [20], no signifi-
cant association was observed between plasma RBP4 levels
and the risk of kidney function decline in our prospective
study. Nonetheless, further prospective studies are war-
ranted to clarify the association between CRP, IL-6, RBP4,
and the risk of kidney function decline among different
populations.

To the best of our knowledge, our study is the first one
that simultaneously investigated associations of multiple
adipokines and inflammatory markers with risk of kidney
function decline in a non-institutionalized Asia population.
Moreover, comprehensive information about potential
confounders was collected. A few limitations should also
be mentioned. First, the follow-up rate of the study was
76.9 %, but it was acceptable comparable with other
studies conducted in elderly participants [SO]. Second,
similar to other population-based studies, we were unable
to measure renal function directly by a gold standard such
as iothalamate clearance. Instead, our analyses included the
modified MDRD study equation for Chinese, along with
the CKD-EPI equation and the Bash’s CKD definition, and
all of the approaches yielded consistent results. Third, the
study did not have information regarding to intakes of
medications like angiotensin receptor blockers or angio-
tensin-converting enzyme inhibitors, and therefore, the
potential impacts of these medications on plasma creatinine
were unable to be controlled for. In addition, our study was
performed in middle-aged and elderly Chinese, and the
findings of this study therefore may not be generalized to
younger populations or other ethnicities. Finally, as in any
epidemiology study, the study cannot demonstrate causal-
ity and exclude the role of residual confounding.

In conclusion, in this cohort study, elevated levels of
plasma resistin and TNF-R2 were independently associated

@ Springer



548

Endocrine (2016) 52:541-549

with a higher risk of kidney function decline after a 6-year
follow-up in middle-aged and elderly Chinese men and
women. More prospective studies are warranted to confirm
our findings. Meanwhile, future experimental studies are
also required to clarify the potential mechanisms underly-
ing these associations.
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