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Abstract N\
This study aims to investigate the association of body mass index (BMI), waist circumference (WC), and waist-to-height ratio (WHtR) |
with chronic kidney disease (CKD).

A cross-sectional survey was conducted in a nationally representative sample of 123,629 Chinese urban adults who participated in
health examinations between 2008 and 2009. BMI, WC, and WHtR were measured, as well as serum and urine biochemical tests. CKD
was defined as an estimated glomerular filtration rate (€GFR) <60 mL/min/1.73m? or urine protein positivity (proteinuria)> 1+ with dipstick
testing.

WHtR had the largest areas under ROC curve for CKD in men and women, followed by WC and BMI. Higher levels of BMI, WC, and
WHtR were each associated with an increased odds for CKD among men. For per unit size change, the multivariable-adjusted odds
ratios (ORs) and 95% confidence intervals (Cls) of CKD were 1.19 (95% Cl, 1.13-1.25) for BMI, 1.12 (95% Cl, 1.08-1.16) for WC, and
1.13(95% ClI, 1.10-1.17) for WHIR. The corresponding values were significant in multivariable models among women aged 40 years
and above. Using Chinese-recommended cutoffs for BMI (>24 kg/m?), WC (>85cm for men, and >80cm for women), and WHtR
(>0.05), WHtR was superior in the association with CKD than BMI for men, whereas WC was superior for women.

Increased obesity indices were positively associated with the odds of CKD. Central obesity, defined by WC and WHtR, may be
more closely correlated with CKD for Chinese urban adults.

Abbreviations: BMI = body mass index, CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate, ESRD =

end-stage renal disease, WC = waist circumference, WHtR = Waist-to-height ratio.

Keywords: body mass index, chronic kidney disease, obesity, waist circumference, waist-to-height ratio

1. Introduction

The prevalence of chronic kidney disease (CKD) is substantially
increasing over the past decades in many developed and
developing countries, representing a global challenge for public
health.!! According to a national survey in China, approximately
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10.8% of adults are suffering from CKD, and possibly at an
increased risk for end-stage renal disease (ESRD), cardiovascular
disease (CVD), and premature mortality.”*! Patients with kidney
failure not only have a poorer life quality but also a huge
economic burden for the demands of dialysis and transplantation
treatment.”®! Early identification and management of the risk
factors related to CKD can delay or alleviate progression to
ESRD and cardiovascular complications.™

Notably, the rise of CKD parallels a rise in the prevalence of
obesity in the recent years.!>! Obesity is recognized as a primary
risk factor for diabetes, hypertension, and metabolic syndrome,
all common risk factors of CKD.[*"8! Obesity is also reported as a
direct contributor for CKD independent of traditional CVD risk
factors in other studies.”” ' Weight loss is benefit for obese adults
with CKD 1 to 4 who are not being treated by dialysis.'! The
mechanism linking obesity and CKD incidence and progression
may be related to hemodynamic and hormonal effects, insulin
resistance, adipokine, low-grade inflammation, oxidative stress,
and endothelial dysfunction.

BMI is a proxy for degree of obesity in epidemiological studies
and clinic practice, defining overweight as a BMI of 25 kg/m” or
greater and obesity as a BMI of 30kg/m? or greater by WHO.!!!
The Framingham Heart Study investigated the association between
BMI and onset of stage 3 CKD, reporting that obese people had a
68% increased odds of developing stage 3 CKD, although the
relationship was mediated by other CVD risk factors.'?! Several
prospective studies have suggested that high BMI is associated with
the increased risk of ESRD in Japanese men and Americans.['3!4
Central obesity defined by waist circumference (WC) is reported to
increase CKD risk regardless of BMI in a cohort study.!"*! Reports
from the Atherosclerosis Risk in Communities (ARIC) Study and
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the Cardiovascular Health Study (CHS) demonstrated that waist-
to-hip ratio (WHR), but not BMI, was positively correlated with a
greater risk of incidence of CKD and mortality among individuals
with stage 3 to 4 CKD."®!"! In addition, cross-sectional studies
have suggested that waist-to-height ratio (WHtR) is superior to
WC as well as being superior to WHR in the discrimination of CKD
and CVD risk factors in regional populations.'®'”! The
classifications of obesity and central obesity vary across studies,
genders, racial/ethnic, and diverse populations; it remains
controversial, which is the simple and best index of obesity for
predicting CKD among Chinese adults. In the present study, we
determined the associations between different obesity indices,
including BMI, WC, WHtR, and the presence of CKD, in
particularly explored the relationships by sex and age groups in a
large population-based cross-sectional study.

2. Methods
2.1. Study population

This cross-sectional study was conducted in 7 health examination
centers, a completed national health survey aimed to determine the
prevalence and related risk factors of chronic diseases in Chinese
urban adults. The design, methods, and results of the study have
been described in a previous study."*°! The 2-stage cluster sampling
method was used to, first selected 7 cities according to geographical
region and economic development (North: Beijing, Shijiazhuang,
and Changchun; South: Chongqing, Changsha, Hangzhou, and
Chengdu), and then randomly selected 1 local representative health
examination center from each city. A total of 123,629 subjects
(78,142 men and 45,487 women) who participated in annual
health check programs between 2008 and 2009 were included in
this study. Participants were excluded if they did not have
information on participant demographics; personal character-
istics, including weight, height, and WC; clinical characteristics,
including blood pressure, blood glucose, lipid concentrations, uric
acid, serum creatinine, and proteinuria. Subjects who reported a
history of cancer or pregnancy or lactating were also excluded

244 266 participants aged 20y and
over during 2008-2009 year

'—5 10 621 subjects without relevant data

v g to

[ 233 645 participants ]

12 231 subjects without relevant data
S ling to physical ination,
— including weight, beight and waist

[ 221 414 participants ]
91587 subjects without relevant data
—> ling to blood blood
glucose, lipid concentrations, uric acid,
serum creatinine and proteinuria
[ 129 827 participants ]
C————> 5750 subjects with a history of cancer
[ 124 047 participants ]
L) 418 subjects who were progaant or
123 629 participants
78 142 men and 45 487 women

Figure 1. Flowchart of participant recruitment and derivation of the population
used in the final analysis.
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(details in Fig. 1). The Ethical Committee of the Chinese People’s
Liberation Army General Hospital and National Research Institute
for Family Planning approved the proposal of this study and all
participants gave informed written consents.

2.2. Measurements

All participants underwent anthropometric measurements in
barefoot and light clothing. Body weight (measured to the nearest
0.1kg) and height (measured to the nearest 0.1 cm) were collected
and BMI was calculated by dividing weight (kg) by height squared
(m?). WC (measured to the nearest 0.1cm) was collected midway
between the inferior margin of the last rib and the crest of the ilium in
a horizontal plane. WHtR was calculated by WC (cm) divided by
height (cm). Blood pressure was recorded using a recently calibrated
electronic sphygmomanometer in the supine position with the right
arm after 5 minutes rest. The anthropometric measurements were
conducted by trained staff and standardized protocols. Blood
samples were obtained after an overnight fast for measurement of
blood glucose, total and high-density lipoprotein cholesterol (HDL-
cholesterol), triglycerides, blood urea nitrogen (BUN), uricacid, and
serum creatinine. Low-density lipoprotein cholesterol (LDL-
cholesterol) was calculated using the Friedewald formula: LDL-C
(mmol/L)=TC- [HDL-C +TG/2.2]. Serum creatinine was mea-
sured using Jaffe kinetic method. Urine protein was detected by
dipstick method. GFR was estimated with an equation developed by
adaptation of the Modification of Diet in Renal Disease (MDRD)!?!
for Chinese people: eGFR (mL/min/1.75 m*) =175 x [serum creati-
nine (mg/dL)]~"23* x age™®17® x 0 79 (if female). All blood samples
were analyzed at a local laboratory in each city rather than a central
laboratory. Because all the laboratories were affiliated with a top
tertiary hospital and completed a standardized and certificated
method for blood test, these results have been widely considered
comparably across laboratories in China.

2.3. Definition

CKD was defined as an eGFR <60mL/min/1.73m* or urine
protein positivity (proteinuria) >1+ with dipstick testing. This
definition is similar to that used in a recently published study.*!!
Hypertension was defined as a systolic blood pressure >140 mm
Hg and/or diastolic blood pressure >90mm Hg or physician-
diagnosed hypertension. Diabetes was defined as a fasting plasma
glucose >7.0 mmol/L or physician-diagnosed diabetes. Dyslipi-
demia was defined as a total cholesterol levels >6.22 mmol/L and/
or fasting triglycerides levels >2.26 mmol/LL and/or LDL
cholesterol levels >4.14 mmol/L. and/or HDL-cholesterol levels
<1.04 mmol/L.

2.4. Statistical analysis

Continuous variables were expressed as mean + standard deviation
(SD), and categorical variables as percentages where appropriate.
Differences between groups were examined by Student # test or
analysis of variance (ANOVA) for continuous variables and by Chi-
square test for categorical variables, respectively. Correlations of
anthropometric measurements with e GFR and metabolic parameter
were examined by using Pearson correlation coefficients. The
receiver operating characteristic (ROC) analysis was used to
compare predictive validity and to determine the appropriate cutoff
values for 3 obesity indices according to men and women. An area
under ROC curve (AUC) of 1 indicates perfect prediction and an
AUC of 0.5 indicates no predictive power of the test. The optimal
cut-off point was defined as the point on the curve where maximizing
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the sum of sensitivity and specificity, and both sensitivity and
specificity are more than 50%. The differences between the AUCs
for BMI, WC and WHtR, and their 95% confidence interval (CI)
were estimated by using the methods developed by Delong et al.**!
We also examined the independent associations between obesity
indices and CKD by applying logistic regression models with
adjustment for potential confounders, including age, hypertension,
diabetes, and dyslipidemia. The anthropometric variables were
modeled as continuous variables to calculate the odds ratios (ORs)
per unitsize of change in respective indicator (unitsize for BMI: 5 kg/
m?; for WC: 10cm; for WHtR: 0.05). In addition, multivariate
logistic regression models were explored using CKD as the
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dependent variable and obesity indices as predictors corresponding
to the Chinese recommended cutoff values (BMI >24 kg/m?* WC
>85 cm for men and >80 cm for women, and WHtR >0.5 for both
sexes), with the normal subjects as the reference.**! All statistical
inference is based on 95% Cls and 5% P values. Data analyses were
carried out using SPSS version 19.0 (IBM Inc, Chicago, IL) and
Medcalc 11.4 (MedCalc Software, Mariakerke, Belgium).

3. Results

The general and clinical characteristics of study participants by
sex and age groups are listed in Table 1. The values of BMI, WC,

Baseline characteristics by gender and age groups.

Age groups
20-29 30-39 40-49 50-59 60-69 70+ Al
Men n=10,853 n=19,580 n=21,328 n=13,701 n=6926 n=>5754 n=78,142
Age, yrs 259+25 348+29 442427 54.3+27 64.1+29 75.4+44 451+14.2
SBP, mm Hg 119.8+121 119.6£137 1224156 127.5+£17.6 135.4+19.0 140.6+19.2 124.7£17.0
DBP, mm Hg"* 737+93 76.2+10.6 802+11.5 81.9+11.3 81.5+£10.9 783113 785+11.2
Body weight, kg * 69.7+11.5 720106 732x101 72.4x101 69.1+£98 66.4+10.3 71.4+106
We, cm™* 80.4+9.4 84.5+85 87.1+83 87.4+84 86.4+8.5 86.1+£9.6 85.5+£9.0
Height, cm 1722+5.8 170.6+5.8 169.8+5.8 168.9+6.1 166.2+6.0 165.1+6.1 169.5+6.2
BMI, kg/m”™ 235+34 24.7+32 253430 253429 25.0+3.0 24.3+32 24.8+32
WHR™ 0.47+0.05 0.50£0.05 0.51x0.05 0.52+0.05 0.52+0.5 0.52+0.06 0.50+0.05
FPG, mg/dL"* 4.9+06 51+09 54+13 5.7+16 58+16 58+16 5.4+13
TC, mg/dL* 3.5+16 3.6x19 39x20 39+19 34x19 33x19 3.7x19
TG, mg/dL™* 23+17 31x1.9 32x20 30£1.9 3118 30x1.8 3.0£1.9
HDL, mg/dL ™ 1.3+0.3 1.2+0.3 1.2+0.3 1.2+0.3 1.3+£03 1.4+0.4 12+0.3
LOLI, mg/dL"* 2407 2.8+0.8 29+0.8 29+0.8 29+0.8 28+08 2.8+08
SUA, mg/dL"* 357.6+743 357.9x76.4 360.1+77.2 351.6+76.8 347.2+79.6 3531854 356.0+77.5
BUN, mg/dL"* 5.0+1.2 5.0£12 53+14 5.6+14 5.6x14 6.0£17 52+13
Creatinine, mg/dL"* 79.3x11.2 795117 79.6£12.5 802+17.2 82.1+19.1 88.3+25.4 805152
eGFR, mU/min/1.73m?"* 115.0£20.9 109.0+£206 104.4+£20.0 100.5+20.2 95.8+22.0 86.6+22.3 104.3+21.9
Clinical proteinuria (n, %)™* 338 (3.1) 725 3.7) 966 (4.5) 810 (6.9) 496 (7.2) 600 (10.4) 3935 (5.0)
Diabetes (n, %)* 119 (1.1) 592 (3.0) 1720 (8.1) 1876 (13.7) 1152 (16.6) 1014 (17.6) 6473 (8.3)
Hypertension (n, %) 773 (7.1) 2562 (13.1) 5724 (26.8) 5620 (41.0) 3867 (55.8) 3910 (68.0) 22,456 (28.7)
CKD (n, %)™ 342 3.2) 736 (3.8) 1013 (4.7) 876 (6.4) 642 (9.3) 1020 (17.7) 4629 (5.9)
Women n=6703 n=11,699 n=12,391 n=_8242 n=4001 n=2451 n=45,487
Age, yrs 26.0+2.3 34.8+29 44.2+27 54.1x27 64.1£29 74.8+41 443135
SBP, mm Hg * 106.4+10.8 107.3+11.9 113.4+15.3 1241187 135.0+£19.4 141.5+£19.5 116.2+18.7
DBP, mm Hg"* 68.0+8.6 68.7+£9.4 72.4+10.9 76.6£11.5 782x11.0 76.6+11.4 72.3x11.0
Body weight, kg * 52673 54.8+7.4 57.7+80 59.5+86 58.7+8.9 56.7+£9.5 56.6+8.4
W, cm™* 68.5+6.9 71.2+6.8 743x74 78.0£8.1 80.5+88 81.8+£96 74.3+86
Height, cm 160.4+5.3 159.4+5.3 158.7+£5.3 157.4+56 1544454 152.3+5.5 158.2+5.8
BMI, kg/m?”" 204+2.6 21.6+26 229429 24.0+34 24.6+33 244437 22.6+33
WHIR™ 0.43+0.04 0.45+0.04 0.47+0.05 0.50+0.05 0.52+0.06 0.54+0.06 0.47+0.06
FPG, mg/dL " 4.8+0.5 4.9+06 51+08 54+13 5.6x15 5.7x14 51+1.0
TC, mg/dL"* 3.0x17 30+1.8 34+19 3.8+21 3.7+21 3.8+21 33x1.9
TG, mg/dL™* 2117 23+18 25+19 3.0£20 33x20 32+20 26+19
HDL, mg/dL ™ 1.6+03 1.6+03 1.5+03 1.5+03 1.5+0.4 1.5+04 1.5+0.4
LDL, mg/dL"* 22+0.6 24+0.7 2.7+£0.7 30+0.8 31+0.8 31+0.8 2.7+0.8
SUA, mg/dL* 249.3+554 239.6+£55.2 243.8+57.2 266.1£63.5 280.3+70.4 298.2+75.8 2540624
BUN, mg/dL"* 42+11 4.3x11 4.5+11 5.0£12 53x14 5.6x17 4.6+1.3
Creatinine, mg/dL"* 57.8+£9.7 57.5+96 58.8+10.2 60.2+10.8 62.9+16.1 68.5+21.2 99.5+11.9
eGFR, mU/min/1.73m?"* 135.6+29.5 129.6£27.9 120.9£25.9 1134244 105.9+25.7 943£25.2 121.2+288
Clinical proteinuria (n, %)* 232 (3.5) 251 (2.1) 291 (2.3) 205 (2.5) 186 (4.6) 175 (7.1) 1340 (2.9)
Diabetes (n, %)* 45 (0.7) 180 (1.5) 432 (3.5) 615 (7.5) 534 (13.3) 413 (16.9) 2219 (4.9)
Hypertension (n, %)* 50 (0.7) 309 (2.6) 1331 (10.7) 2487 (30.2) 2097 (52.4) 1706 (69.6) 7980 (17.5)
CKD (n, %)* 232 (3.5) 252 (2.2) 296 (2.4) 220 (2.7) 234 (5.8) 282 (11.5) 1516 (3.9)

BMI = body mass index, BUN = blood urea nitrogen, CKD = chronic kidney disease, DBP = diastolic blood pressure, éGFR = estimated glomerular filtration rate, FBG = fasting blood glucose, HDL = high-density lipoprotein cholesterol,
LDL = low-density lipoprotein cholesterol, SBP = systolic blood pressure, SUA= serum uric acid, TC=total cholesterol, TG = triglycerides, WC= waist circumference, WHR = waist o height ratio.

*XiSD (all such values).

¥ Significantly different from women within an age group, P< 0.001.
*Significantly across age groups in men and women, P< 0.001.
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Pearson correlation coefficient between BMI, WC, and WHtR versus eGFR and metabolic parameters and in men and women.

BMI WC WHtR
Correlation coefficient P Correlation coefficient P Correlation coefficient P
Men
eGFR —0.051 <0.001 —0.029 <0.001 —0.061 <0.001
SBP 0.296 <0.001 0.300 <0.001 0.337 <0.001
DBP 0.301 <0.001 0.285 <0.001 0.313 <0.001
FPG 0.175 <0.001 0.202 <0.001 0.207 <0.001
TC 0.139 <0.001 0.122 <0.001 0.089 <0.001
TG 0.149 <0.001 0.174 <0.001 0.221 <0.001
HDL-C —0.360 <0.001 —0.353 <0.001 —0.053 <0.001
LDL-C 0.127 <0.001 0.130 <0.001 0.150 <0.001
Women
eGFR —0.132 <0.001 —0.121 <0.001 —0.139 <0.001
SBP 0.442 <0.001 0.468 <0.001 0.511 <0.001
DBP 0.340 <0.001 0.328 <0.001 0.357 <0.001
FPG 0.259 <0.001 0.293 <0.001 0.296 <0.001
TC 0.132 <0.001 0.122 <0.001 0.103 <0.001
TG 0.131 <0.001 0.172 <0.001 0.214 <0.001
HDL-C -0.317 <0.001 —0.332 <0.001 -0.310 <0.001
LDL-C 0.264 <0.001 0.281 <0.001 0.302 <0.001
“P<0.001.

WHtR, SBP, and DBP increased with age. Levels of FPG, TC, TG,
LDL-C, SUA, BUN, and serum creatinine were significantly
greater for older groups, whereas HDL-C was significantly
greater for younger groups (P <0.001). The prevalence of CKD,
diabetes, and hypertension increased with age in both sexes.
Compared with women, a higher percentage of men had CKD
and other CVD risk factors, including diabetes and hypertension
(P<0.001).

Negative Pearson correlation coefficients were identified
between eGFR and BMI, WC, or WHtR. Also, negative
correlations were seen between HDL-C and each obesity index
in both men and women. The positive correlations existed

between other metabolic parameters, including SBP, DBP, FPG,
TC, TG, LDL-C, and either BMI, WC, and WHtR. For most
metabolic parameters, a substantially stronger correlation with
WHtR was observed in men and women. Generally, the
correlations between anthropometric measurements and meta-
bolic parameters were stronger in women than in men (Table 2).

The area under the ROC for BMI, WC, and WHtR in relation
to CKD is presented in Table 3. WHtR showed the largest AUCs
for CKD in both sexes, followed by WC and BMI. For men, the
optimal cutoff values were 25.4 kg/m? for BMI, 87.5 cm for WC,
and 0.52 for WHtR. At these cutoff points, the sensitivity and
specificity were 50.3% and 59.7% for BMI, 50.3% and 59.7%

Estimates of AUCs of obesity indicators for CKD stratified by sexes and age groups.

AUC Difference of AUC between Difference of AUC between
(95% Cl) BMI versus WC (95% Cl) P BMI and WG versus WHtR (95% Cl) P
Sexes

Men
BMI* 0.565 (0.562—0.569) —0.039 (—0.033 to 0.043) <0.001
we' 0.581 (0.577-0.584) —0.016 (—0.010 to —0.024) <0.001 —0.023 (—0.020 to —0.027) <0.001
WHIR" 0.604 (0.600-0.607)

Women
BMI* 0.564 (0.559-0.568) —0.015 (—0.006 to — 0.024) 0.001
we' 0.574 (0.569-0.578) —0.010 (—0.002 to —0.018) 0.014 —0.005 (—0.001 to —0.010) 0.030
WHIR" 0.579 (0.574-0.584)

Age groups

Age 18-39 years
BMI™ 0.534 (0.529-0.538) 0.007 (0.001-0.014) 0.026
we” 0.543 (0.538-0.547) —0.009 (—0.002 to —0.016) 0.009 0.016 (0.012-0.021) <0.001
WHR* 0.526 (0.522-0.531)

Age 40-59 yrs
BMI* 0.607 (0.603-0.611) 0.001 (—0.006 to 0.007) 0.800
we” 0.619 (0.615-0.623) —0.012 (—0.005 to —0.019) 0.001 0.013 (0.008-0.017) <0.001
WHR" 0.606 (0.602-0.610)

Age >60 yrs
BMI 0.556 (0.549-0.563) —0.024 (—0.016 to —0.032) <0.001
we” 0.581 (0.574-0.588) —0.025 (—0.016 to —0.033) <0.001 0.0002 (—0.006 to 0.006) 0.947
WHIR" 0.581 (0.574-0.588)

BMI=body mass index, Cl=confidence interval, WC=waist circumference, WHtR =waist to height ratio.”"*For AUCs represent significant differences in descending order.
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Figure 2. ROC “curve and cutoffs of anthropometric indices in predicting CKD
for men (A) and women (B).

for WC, and 50.1% and 66.0% for WHtR, respectively. For
women, the optimal cutoffs were 23.1 kg/m? for BMI, 75.5 cm for
WC, and 0.49 for WHtR. The sensitivity and specificity were
51.3% and 61.3% for BMI, 52.8% and 60.5% for WC, and
51.3% and 65.5% for WHtR, respectively (Fig. 2). After
stratified by age groups, AUC for the relationship between WC
and CKD was significantly larger than those for BMI and WHtR
in younger and middle age groups, whereas AUCs for WC and
WHItR were significantly larger than that for BMI in older age
groups.

The multivariate-adjusted ORs and 95% CIs for the presence
of CKD according to per unit size of different obesity indices for
both sexes are summarized in Table 4. For men, higher levels of
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BMI, WC, and WHtR were positively associated with CKD after
adjusting confounders, including age, hypertension, diabetes, and
dyslipidemia. For per unit size change, the multivariable-adjusted
ORs of CKD were 1.19 (95% CI, 1.13-1.25) for BMIL, 1.12 (95%
CI, 1.08-1.16) for WC,and 1.13 (95% CI, 1.10-1.17) for WHtR
among men, respectively. The corresponding age-adjusted ORs
among women were 1.16 (95% CI, 1.08-1.25) for BMI, 1.17
(95% CI, 1.09-1.24) for WC, and 1.14 (95% CI, 1.08-1.19) for
WHitR; however, these associations become nonsignificant in
multivariable models. Further analyses were performed with the
full sample divided into 3 age groups: <39 years old, 40~59 years
old, and >60 years old. The correlations between obesity indices
and CKD in subgroups remained similar as that observed in the
whole group for men and women, except for the inverse
association between either BMI or WHtR and the presence of
CKD in the age group of 18 to 39 years for women.

Using the cutoff values of BMI, WC, and WHtR recommended
in China, WHtR or WC was superior in the association with
CKD than BMI for men and women in the whole group, and the
recommended cutoffs of all obesity indices provided higher ORs
of having CKD for women than men (Table 5). After stratified by
age groups, men aged <39 years who were overweight or central
obesity, or had a WHtR >0.5 had a significantly greater odds of
CKD than normal subjects, whereas the associations were not
significant for women with the same age range. In contrast,
women aged 40 to 59 years had an increased odds of CKD
according to the well-established cutoffs, whereas the relation-
ships were nonsignificant for men in the same age group. For men
aged >60 years, BMI, WC, and WHtR appeared to increase the
odds of CKD. There was a positive association between BMI and
CKD for women aged >60 years; however, the relationship
between WC and WHtR and CKD did not achieve statistical
significance on multivariate analyses. The association between
obesity indices and eGFR <60mL/min/1.73m> was also
analyzed, and the results were similar (Supplemental Tables 1-3,
http:/links.lww.com/MD/B33).

4. Discussion

Results of this large study, which could represent the general
population of Chinese urban adults, demonstrated that increas-
ing levels of obesity indices were associated with an increased
odds for CKD per unit size of change according to BMI, WC, and
WHItR, respectively. In the age-stratified analyses, the results in
the subgroups were similar as that observed in the whole group,
except for the inverse association between either BMI or WHtR
and the presence of CKD for women aged 18 to 39 years. Our
study also supported that central obesity defined by WHtR was
more closely correlated with CKD than BMI for men, and WC
was more close to CKD for women corresponding to the Chinese-
recommended cutoff values.

Our results demonstrated that obesity was positively associat-
ed with the presence of CKD, which is in agreement with earlier
studies.””!? In a cohort of 22,071 healthy male physicians with
14 years of follow-up, baseline BMI was associated significantly
with an increased risk for CKD, with an OR of 1.45 (95% CI
1.19-1.76) in the highest quintile compared with those in the
lowest.”! The Framingham Heart Study prospectively investigat-
ed the association between BMI and the incidence of stage 3 CKD
over the 18.5-year period, and found that obese subjects were
1.68 times more likely to have CKD, which was greatly
attenuated after adjusting potential confounder. But this study
showed that BMI was an independent risk factor for incident
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Age- and multivariate-adjusted odds ratios for CKD according to per unit size of different obesity indices in men and women.

Men Women
Age-adiusted* 95% ClI Multivariable-adjusted” 95%CI Age-adiusted* 95% ClI Multivariable-adjusted” 95% Cl

Total

BMI 1.44 1.37-1.51 1.19 1.13-1.25 1.16 1.08-1.25 1.02 0.94-1.11

WC 1.28 1.24-1.32 1.12 1.08-1.16 1.17 1.09-1.24 1.04 0.97-1.11

WHtR 1.27 1.23-1.30 113 1.10-1.17 1.14 1.08-1.19 1.04 0.99-1.10
Age 18-39 yrs

BMI 1.39 1.27-1.52 1.27 1.15-1.40 0.73 0.61-0.89 0.76 0.63-0.92

WC 1.26 1.18-1.35 119 1.11-1.28 0.82 0.71-0.94 0.89 0.78-1.03

WHR 1.21 1.14-1.28 1.15 1.08-1.23 0.76 0.68-0.86 0.84 0.75-0.94
Age 40-59 yrs

BMI 1.64 1.62-1.77 1.29 1.19-1.40 1.52 1.33-1.73 1.27 1.12-1.44

WC 1.40 1.32-1.47 117 1.10-1.24 1.46 1.31-1.62 1.28 1.14-1.43

WHIR 1.37 1.30-1.43 1.18 1.12-1.24 1.34 1.23-1.45 1.21 1.11-1.32
Age >60 yrs

BMI 1.46 1.34-1.59 1.21 1.11-1.32 1.46 1.29-1.65 1.25 1.10-1.43

WC 1.27 1.20-1.35 112 1.06-1.19 1.28 1.16-1.41 112 1.02-1.24

WHR 1.29 1.23-1.36 1.16 1.10-1.22 1.24 1.15-1.34 1.13 1.04-1.22

BMI=body mass index, Cl=confidence interval, WC=waist circumference, WHtR =waist to height ratio.

) Adjusted for age.
 Adjusted for age, hypertension, diabetes, dyslipidemia.

dipstick proteinuria in the multivariable models."?! Some

researches indicated the sex-specific difference between BMI
and kidney disease in Asians.['>2?* In a health examination
survey, obese men had a 56% increased risk of developing
proteinuria, but obesity did not increase the risk for women.**!
Similar findings were observed that BMI increased the risk of
ESRD in men, but not women in a community-based cohort.!?!
However, the sex-specific differences were not noted in
Caucasians.”®! Our results confirmed positive associations
between obesity indices, including BMI, WC and WHtR, and
CKD among Chinese men and women aged older than 40 years.

The present study indicated that either increased BMI or
WHtR was associated with a decreased odds of CKD among
women aged 18 to 39 years after adjusting for potential
confounders. Data from ARIC Study and CHS found that
elevated BMI was protective for CKD and subsequent mortality
in US adults."”! In a cohort study of 101,516 Japanese men and
women, BMI was inversely associated with the risk of ESRD in
women but not in men.”?®! It has been well estimated that men
have a higher risk of developing kidney diseases, and were more
likely to have kidney diseases at younger age than women.!*”!
The reason for the sex-specific association is possibly due to the

Age- and multivariate-adjusted odds ratios for CKD according to recommended cutoffs of different obesity indices in men and women.

Men Women
Age-adjusted* 95% Cl  Multivariable-adjusted”  95% CI Age-adjusted* 95% Cl  Multivariable-adjusted”  95% Cl

Total

BMI >24 vs <24 1.69 1.57-1.82 1.07 1.00-1.15 2.00 1.72-2.33 1.14 1.02-1.28

WC >85 vs <85 (men) or 1.36 1.27-1.44 1.1 1.04-1.19 1.46 1.30-1.64 1.21 1.08-1.37

WC >80 vs <80 (women)

WHIR >0.5 vs <0.5 1.39 1.31-1.49 1.15 1.07-1.23 1.40 1.24-1.58 117 1.03-1.33
Age 18-39 yrs

BMI >24 vs <24 1.28 1.12-1.45 1.17 1.02-1.33 0.99 0.75-1.31 0.99 0.74-1.32

WC >85 vs <85 (men) or 1.35 1.19-1.53 1.25 1.09-1.42 0.94 0.68-1.30 1.01 0.72-1.41

WC >80 vs <80 (women)

WHER >0.5 vs <0.5 1.40 1.23-1.58 1.30 1.14-1.49 0.94 0.67-1.30 1.01 0.72-1.42
Age 40-59 yrs

BMI >24 vs <24 1.43 1.29-1.60 1.09 0.98-1.22 1.71 1.43-2.04 1.42 1.17-1.71

WC >85 vs <85 (men) or 1.42 1.28-1.57 1.08 0.97-1.21 1.88 1.56-2.25 1.56 1.29-1.89

WC >80 vs <80 (women)

WHIR >0.5 vs <0.5 1.42 1.28-1.58 1.10 0.99-1.22 1.61 1.34-1.94 1.34 1.10-1.62
Age >60 yrs

BMI >24 vs <24 1.46 1.31-1.63 1.19 1.06-1.34 1.65 1.37-2.00 1.37 1.13-1.66

WC >85 vs <85 (men) or 1.51 1.35-1.69 1.25 1.11-1.40 1.50 1.24-1.81 1.20 0.99-1.46

WC >80 vs <80 (women)

WHR >0.5 vs <0.5 1.62 1.44-1.83 1.32 1.17-1.49 1.49 1.20-1.85 1.17 0.94-1.46

*Adjusted for age.
 Adjusted for age, hypertension, diabetes, dyslipidemia.
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different exposure to hormones (especially estrogen) for
premenopausal women and men. The association between
obesity and CKD in women may be mediated by estrogen
through multiple biological pathways, including regulating the
rennin-angiotensin-aldosterone system, decreasing angiotensin
type I receptors, and reducing angiotensin-converting enzymes,
which play a role in vasculature and kidney functions.*®! The
other possible reason is that women in the 18 to 39 years age
group were relatively lean than men and women older than 40
years, and this group may be most vulnerable to underweight,
which is also a risk factor for adverse health outcomes. Further
studies are necessary to explore these relationships.

BMI does not discriminate between fat mass and muscle mass,
or does not reflect fat distribution; therefore, individuals who are
exceptionally muscular could be misclassified as obese on the
basis of BMI alone. It is increasingly recognized that measures of
central obesity, such as WC and WHtR, were more important
than total fat mass, representing a substantially greater risk of
cardiovascular and kidney disease."'>*°! WC has been found to
correlate more strongly with visceral fat than BMI in those with
nondislysis CKD.*’! WHtR has a good agreement with
abdominal and visceral fat in comparison to computed
tomography (CT) scan.*®! Current studies have reported that
WC and WHtR were potentially better indicators to assess CKD
risk in individuals regardless of BML!>'**! Our data also
suggested that central obesity measured by WC and WHtR had a
significantly greater association with CKD. WHtR especially
showed a stronger association with CKD as indicated by slight
larger AUCs, which was in agreement with other studies in this
field.['811 Obesity, especially central obesity, is often coexisted
with multiple CVD risk factors suggested as the common causes
for CKD, such as diabetes, hypertension, and metabolic
syndrome.'*®! Several plausible mechanisms have been suggested
to explain the associations. Obesity may increase single nephron
perfusion and intracapillary perfusion pressure that contributes
to glomerulosclerosis and loss of GFR over time.l*?! Obesity is
strongly associated with secretion of pro-atherogenic and
inflammatory cytokines with adverse renal effects, such as
adiponectin, leptin, interleukin-6, tumor necrosis factor (TNF)-a,
and adipokines as well as oxidative stress, which results in
increased urinary albumin excretion and therefore contributes to
the development of CKD.!*33! It is also evident that reversal of
obesity improves kidney function; thus, weight loss is effective
and cost-effective for disease prevention/treatment in obese
patients.l339]

There is no consensus on the appropriate definition of WC to
access CKD risk because different cutoff points are required for
different ethnicities. Our earlier study reported cutoffs for WC to
predict CVD risk and found that WC is more likely to be
influenced by sex, age, and other factors.!*°! However, the use of
WHIR is simple and recommended.*®! WHtR, taking into
account the effects of both WC and body height, has been
suggested to have the highest association with all CVD risks in a
number of studies, with the optimal cutoffs within a narrow
range of 0.48 to 0.52.°7! The present data showed that the best
WHItR cutoff point for the development of CKD was 0.50 cm for
both men and women. Two studies reported that WHtR showed
a greater discriminatory capability to identify CKD than BMI,
WC, and WHR in the Oriental population."”**! A population-
based study consisted of participants from south Asian, African,
and European, and supported global use of WHtR in relation to
CKD across ethnic groups.*”!

www.medicine.com

Our study has several important strengths. We investigated the
associations between obesity indices and CKD on the basis of a
nationally representative sample, which included more than
100,000 urban adults living in North and South China with a
wide age range between 20 and 109 years. Our data showed
broadly comparable and reliable for the definitions of BMI, WC,
and WHtR. In addition, the standard protocols for anthropo-
metric measurements and laboratory test by trained medical staff
reduced the potential biases and measurement errors. There are
also several limitations: First, the cross-sectional study design
limited a causal association between obesity indices and CKD
risk. Additional prospective studies will be needed to evaluate the
reproducibility of general and central obesity to predict kidney
damage and cardiovascular outcomes. Second, single measures of
creatinine and dipstick measurements of urinary protein might
have resulted in the misclassification of kidney function.
However, our participants were apparently healthy people
undergoing health examinations; these values were more likely
consistent with kidney function. Third, quantitative data of
urinary albumin were lacking in our study. We were unable to
estimate the prevalence of albuminuria that is important for the
development of kidney disease. Fourth, our study participants
were generally from urban areas and had a higher economic level;
therefore, the prevalence of CKD may have been overestimated.
Finally, data on dietary or medication were lacking in our study,
which were important factors for obesity parameters (BMI, WC/
WHtR) and CKD incidence. However, our study was based on a
very large sample size including more than 100,000 adults; thus,
the distributions of personal characteristics were more likely to be
random and less likely to materially change the results.

Although these limitations exist, this is the first multicenter,
large-scale, population-based research to indicate that obesity
was associated with an increased odds for CKD in men and
women. Central obesity measures, including WC and WHtR,
may be more closely correlated with CKD for Chinese urban
adults. WHtR has advantages in terms of consistency of
thresholds, which is recommended as a routine screening tool
in clinical practice.
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