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Abstract

Objective: Although obesity is associated with an increased risk of chronic kidney disease,
this trend becomes nonsignificant following adjustment for cardiovascular risk factors. The
present study aims to investigate whether visceral obesity is independently associated with
renal function impairment. Method: The medical records of 14,529 male and 10,561 female
Chinese adults undergoing health check-ups during 2013-2015 were retrospectively collect-
ed. The baseline characteristics, including the degree of visceral fat and the percentage of
body fat, were compared. The association between study groups and renal function impair-
ment was investigated using regression models adjusted for confounding factors. Results: All
variables differed significantly among non-obese, peripheral, and central type obese subjects,
both younger and older, and of both genders, except for hsCRP in older male subjects (p =
0.053) and eGFR in older female subjects (p = 0.098). Unadjusted univariate analysis showed
that central obesity contributed significantly to renal function impairment in all age groups
and in both genders. After adjusting for possible confounding factors, only central obesity
was found to be an independent factor of renal function impairment in all groups, except for
men under 45 years of age. Conclusion: Visceral obesity is independently associated with re-
nal function impairmentin all ages and both genders, except for males younger than 45 years.
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Introduction

Chronic kidney disease (CKD) is characterized by a reduced estimated glomerular
filtration rate (eGFR), increased urinary albumin excretion, or both. It constitutes an increas-
ingly common public health issue, with an estimated worldwide prevalence of 8-16%, and its
complications include increased all-cause and cardiovascular mortality, kidney disease
progression, acute kidney injury, cognitive decline, anemia, mineral and bone disorders, and
fractures [1].

The literature on regional adipose tissue distribution and metabolism has flourished
over the past decades, establishing that the proportion of abdominal adipose tissue is a key
correlate, and perhaps a driver, of overweight and obesity-associated health risks [2]. The
accumulation of visceral fat is an important component of the metabolic syndrome, which
encompasses various metabolic disorders such as glucose intolerance, dyslipidemia, and
hypertension, and is associated with atherosclerotic cardiovascular diseases [3]. Obesity is
also thought to be associated with an increased risk for stage 3 CKD, although that trend
becomes nonsignificant after adjustment for known cardiovascular disease risk factors. The
relationship between obesity and stage 3 CKD may be mediated by risk factors of cardiovas-
cular disease [4]. The visceral adipose tissue (VAT) is known to have a high lipolytic rate,
generating large amounts of free fatty acids which are delivered to the liver, causing increased
hepatic glucose production, hyperinsulinemia, and metabolic syndrome [5].

A previous study suggested that visceral fat accumulation, estimated using bioelectric
impedance analysis, is associated with an increased urinary albumin-creatinine ratio (ACR)
[6]. Another study found that obesity was significantly related to an increased albumin
excretion rate, irrespective of the obesity type. A significant difference in the risk of renal
malfunction was observed in individuals with a similar percentage but different distribution
of total body fat (BF), with the central fat pattern comprising the greater risk [7]. However,
age and gender-related differences remain unclear.

The aim of the present study was to investigate whether visceral obesity is independently
associated with renal function and whether fat tissue measurement is useful to detect renal
impairments. Additionally, age and gender-related differences were investigated.

Methods

The medical records of Chinese adults (aged >18 years) undergoing health check-ups during 2013-
2015 at the Chang Gung Memorial Hospital were retrospectively collected. Subjects with incomplete data, a
history of any chronic disease or medications likely to affect the metabolic status or kidney function (e.g.,
thyroid or hypothalamic disease, adrenal gland disease, renal cancer, status postrenal transplantation,
glomerulonephritis, nephritic syndrome, hepatocellular carcinoma, cirrhosis, the use of diuretics, thyroid
medication, or renal replacement therapy), and pregnant women were excluded from this study. A total of
14,529 males and 10,561 females were included in the analysis. The study was approved by the Institutional
Review Board of the Chang Gung Memorial Hospital and was performed in accordance with the Helsinki
Declaration.

Body height and weight were measured using calibrated meters and scales. The body mass index (BMI)
was calculated using the following formula: body weight (kg)/([height in m])?. Blood pressure was measured
after a 10-min rest period, with the subject in a seated position, using an automated sphygmomanometer
placed on the subject’s right arm. The mean arterial pressure (MAP) was estimated using the following
equation: (2/3) ¢ diastolic pressure + (1/3) ¢ systolic pressure. Subjects were requested to fast for aminimum
of 12 h and to avoid a high-fat diet or alcohol consumption for at least 24 h prior to phlebotomy. Fresh urine
samples were used for urinary albumin and creatinine measurement, performed using a biochemical test
(UniCel®DxC 800 MA&CREA. Reagent). Spot urine ACR were calculated for all participants. Venous blood
samples were obtained at 5:30-11:00 a.m. and stored in a 4 °C refrigerator, prior to analysis in the hospital
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laboratory. Clinical chemistry workups included fasting plasma glucose (mmol/L), serum creatinine (sCr;
umol/L), total cholesterol (TC; mmol/L), low-density lipoprotein (LDL; mmol/L), high-density lipoprotein
(HDL; mmol/L), triglyceride (TG; mmol/L), and high-sensitivity C-reactive protein (hsCRP; pg/mL), which
were measured using a biochemical auto-analyzer (DxC 800; Beckman Coulter UniCel® DxC SYNCHRON®,
Ireland). Blood tests were carried out in accordance with the hospital’s laboratory SOP, which was accredited
by the College of American Pathologists.

The total percent body and visceral fat degree were measured by bioelectric impedance analysis, using
a portable stand-on analyzer (InBody 3.0 model; Biospace, Seoul, Korea) placed on a hard-level surface. To
ensure measurement accuracy, the subjects were asked not to do physical exercise or consume alcohol for
at least 24 h prior to the examinations. The gender-specific percentage of body fat (BF%) cutoffs according
to the definitions of the Taiwan Medical Association for the Study of Obesity (http://www.obesity.org.tw/)
were as follows: (1) low BF%: men <17% and women <20%; (2) normal BF%: men 17-23% and women
20-27%; and (3) high BF%: men >23% and women >27%. In the present study, central obese type was
defined as BF% >23% with a visceral fat degree >10 in males and BF% >27% with visceral fat degree >10 in
females. The non-obese type was defined as BF% <23% in males and <27% in females. The peripheral obese
type was defined as BF% >23% with a visceral fat degree <10 in males and BF% >27% with a visceral fat
degree <10 in females.

The modification of diet in renal disease equations for Chinese patients with CKD [8] were applied to
estimate the eGFR as follows: eGFR (measured in mL/min/1.73 m?) = 175 x (sCr) 1234 x (age)~%17° x 0.79 (if
female). Albuminuria measured in urine was classified based on the recommended ACR value cutoffs as
normoalbuminuria (ACR <30 mg/g Cr), microalbuminuria (ACR: 30-299 mg/g Cr), or macroalbuminuria
(ACR>300 mg/gCr) [9]. Following the definition of the Kidney Disease Outcomes Quality Initiative (K/DOQI)
[10], each patient’s CKD stage was classified based on the values of eGFR and proteinuria measurements as
follows: stage 1 included participants with eGFR >90 mL/min/1.73 m? and proteinuria; stage 2 as eGFR of
60-89 mL/min/1.73 m? with proteinuria; stage 3 as eGFR of 30-59 mL/min/1.73 m?, stage 4 as eGFR of
15-29 mL/min/1.73 m?, and stage 5 as eGFR <15 mL/min/1.73 m?. Patients with either CKD stage >3 or
albuminuria were considered to have renal function impairment.

Statistical Analysis

The baseline characteristics of male and female subjects were compared using the ¢ test for continuous
variables or the x? test for categorical variables. The baseline characteristics were compared among study
groups composed of visceral fat degree and BF% (i.e., non-obesity, peripheral obesity, and central obesity)
using one-way analysis of variance for continuous variables and the y? test for categorical variables. A
Bonferroni post hoc test was used for multiple comparisons between any specific two groups, when the
overall F test or x? test was significant (p < 0.05). The association between the study group and the renal
function impairment was performed using several logistic regression models adjusted for selected
confounding factors and treating the study group as an explanatory variable. All data were analyzed during
2017-2018, using SPSS 22 (IBM SPSS Inc, Chicago, IL, USA). The datasets used and/or analyzed during the
current study are available from the corresponding author on reasonable request.

Results

Baseline Characteristics by Gender

Male subjects were slightly younger and exhibited higher levels of BMI, waist-to-height
ratio, MAP, glucose, TC, TG, LDL, TG/HDL-C, and hsCRP, and lower levels of HDL. Male subjects
also exhibited lower levels of eGFR and ACR and a lower prevalence of renal function
impairment. Although the BF% was higher in female subjects, the central obese type was
more common in male subjects (Table 1).

Male Baseline Characteristics according to Visceral Fat Degree and BF% Stratified by Age
Except for the hsCRP level of older subjects (p = 0.053), significant differences were found
forall variables amongnon-obese, peripheral, and central type obese subjects, both in younger
and older male subjects. Males younger than 45 years with central obesity were found to have
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Table 1. Baseline characteristics of the study subjects by gender

Characteristics Men Women p value
Subjects 14,529 10,561 -
Age, years 43.4+11.1 43.7¢11.7 0.027
Measurements
BMI, kg/m? 24.5+3.3 22.5+3.4 <0.001
Waist-to-height ratio, cm/cm 0.51+0.05 0.49+0.06 <0.001
Mean arterial pressure, mm Hg 92.0£12.2 84.5+£12.6 <0.001
Blood chemistry data
Fasting glucose, mmol/L 5.4+1.4 5.241.0 <0.001
Total cholesterol, mmol/L 5.241.0 5.0¢1.0 <0.001
Triglycerides, mmol/L 1.76x1.76 1.06+0.94 <0.001
LDL-C, mmol/L 3.320.9 3.0£0.8 <0.001
HDL-C, mmol/L 1.1940.27 1.43+0.31 <0.001
TG/HDL-C 1.68+2.41 0.84+1.10 <0.001
hsCRP, pg/mL 2.08+5.22 1.45+3.65 <0.001
Body composition
BF% 21.5¢5.4 30.3+6.2 <0.001
Central obese type 5,250 (36.1) 530 (5.0) <0.001
Renal function
eGFR, mL/min/1.73 m? 101.8+18.6 122.1426.8 <0.001
ACR, mg/g Cr 9.2426.3 11.5+28.2 <0.001
Renal function impairment 731 (5.0) 603 (5.7) 0.018

Data are presented as mean = SD or n (%). BMI, body mass index; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; TG, triglyceride; hsCRP, high-sensitivity C-reactive protein; BF%, body fat percentage;
eGFR, estimated glomerular filtration rate; ACR, albumin-creatinine ratio.

higher levels of BMI, waist-to-height ratio, MAP, fasting glucose, TC, TG, TG/HDL-C, hsCRP,
BF%, and ACR, a higher prevalence of renal function impairment, and lower HDL than those
with peripheral obesity and those without obesity. Among males aged 45 years or older, those
with central obesity presented significantly higher BMI, waist-to-height ratio, and MAP than
non-obese or peripherally obese individuals.

In both age groups, male subjects with peripheral obesity were found to exhibit a signif-
icantly better eGFR than those with central obesity and without obesity. On the other hand,
younger male subjects with peripheral obesity had poorer metabolic indices (except LDL)
and BF%, and a higher prevalence of renal function impairment than those with central
obesity, whereas among older subjects, differences on metabolic indices and renal function
were not significant (Table 2).

Female Baseline Characteristics according to Visceral Fat Degree and BF% Stratified by

Age

Except for the eGFR level of older women (p = 0.098), significant differences were found
among the non-obese, peripheral, and central obese groups in all variables, and in both
younger and older women. In both age groups, females with central obesity were found to
have higherlevels of BMI, waist-to-height ratio, MAP, fasting glucose, TG, LDL, TG/LDL, hsCRP,
BF%, and ACR, a higher prevalence of renal function impairment, and lower levels of HDL
than those with peripheral obesity and those without obesity.

Moreover, female subjects younger than 45 years with peripheral obesity presented a
significantly better eGFR than those without obesity. However, among women aged 45 years
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Table 2. Male baseline characteristics according to visceral fat degree and percentage of body fat stratified
by age

Characteristics Non-obese Peripheral obese Central obese p value

Men <45 years of age

Number 5,197 620 2,906 -
Age, years 35.845.3 33.5+4.92 37.0£5.0*P <0.001
Measurements
BMI, kg/m? 22.6+2.5 24.3+1.52 28.1+2.5%P <0.001
Waist-to-height ratio, cm/cm 0.4810.04 0.51+0.032 0.56+0.04*" <0.001
Mean arterial pressure, mm Hg 88.7£10.5 91.9+10.12 96.6+11.9%P <0.001
Blood chemistry data
Fasting glucose, mmol/L 5.1+1.0 5.3x1.22 5.5+1.4%D <0.001
Total cholesterol, mmol/L 5.1+0.9 5.3+1.02 5.4+1.0% <0.001
Triglycerides, mmol/L 1.47+1.42 1.91+2.022 2.34+2.51%P <0.001
LDL-C, mmol/L 3.2£0.8 3.4£0.8° 3.5+0.92 <0.001
HDL-C, mmol/L 1.25+0.28 1.15+0.242 1.09+0.21*P <0.001
TG/HDL-C 1.34+2.04 1.80+2.462 2.33£3.3420 <0.001
hsCRP, pg/mL 1.5+4.3 2.0+4.2 2.6+4,9%D <0.001
Body composition
BF% 18.0+4.0 24.6+3.4% 27.0£2.9%P <0.001
Renal function
eGFR, mL/min/1.73 m? 104.0+17.1 109.9+17.82 105.3+19.6%° <0.001
ACR, mg/g Cr 6.1£18.5 6.8+20.0 10.8+28.8*" <0.001
Renal function impairment 127 (2.4) 20 (3.2) 170 (5.8)>P <0.001
Men 245 years of age
Number 3,423 39 2,344 -
Age, years 54.3+7.6 50.1+4.92 54.8+8.4° <0.001
Measurements
BMI, kg/m? 22.8+2.3 22.6+1.5 26.8+2.4%P <0.001
Waist-to-height ratio, cm/cm 0.49+0.04 0.51+0.02 0.56+0.04®" <0.001
Mean arterial pressure, mm Hg 89.9+12.6 87.6£11.5 96.9+13.0%P <0.001
Blood chemistry data
Fasting glucose, mmol/L 5.5+1.4 6.2+3.02 6.0+£1.82 <0.001
Total cholesterol, mmol/L 5.3+1.0 5.4+0.9 5.4+1.02 <0.001
Triglycerides, mmol/L 1.52+1.33 1.95+1.40 2.01+1.562 <0.001
LDL-C, mmol/L 3.3£0.9 3.3£0.9 3.£50.92 <0.001
HDL-C, mmol/L 1.24+0.30 1.20+0.28 1.11+0.242 <0.001
TG/HDL-C 1.39+2.01 1.85+1.66 1.99+2.112 <0.001
hsCRP, pg/mL 2.1+6.9 3.0+4.8 2.5+4.7 0.053
Body composition
BF% 18.3+3.8 25.2+2.92 26.4+2.72 <0.001
Renal function
eGFR, mL/min/1.73 m? 97.3+18.1 107.2+18.22 96.9£19.1° 0.002
ACR, mg/g Cr 9.1+26.2 17.7+53.4 14.5436.22 <0.001
Renal function impairment 175 (5.1) 2(5.1) 237 (10.1)? <0.001

Data are presented as mean + SD or n (%). BMI, body mass index; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; TG, triglyceride; hsCRP, high-sensitivity C-reactive protein; BF%, body fat percentage;
eGFR, estimated glomerular filtration rate; ACR, albumin-creatinine ratio. 2 p < 0.05 versus non-obese; ® p <
0.05 versus peripheral obese in the Bonferroni post hoc comparisons.

or older a trend for a better eGFR was observed, although it was not significant. It is note-
worthy that subjects with central obesity outperformed those with peripheral obesity and
without obesity (also, subjects with peripheral obesity outperformed those without obesity)
in terms of metabolism indices and BF% (except for TC in younger female subjects) (Table 3).
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Table 3. Female baseline characteristics according to visceral fat degree and percentage of body fat stratified

by age

Characteristics Non-obese Peripheral obese  Central obese p value
Women <45 years of age
Number 2,446 3,465 72 -
Age, years 33.7+¢5.3 36.1+5.22 37.2+5.22 <0.001
Measurements
BMI, kg/m? 19.1+1.6 22.8+2.32 31.9+3.6>° <0.001
Waist-to-height ratio, cm/cm 0.43+0.03 0.48+0.042 0.60+0.05%" <0.001
Mean arterial pressure, mm Hg  78.6+8.8 81.6+£10.67 92.5+13.5%P <0.001
Blood chemistry data
Fasting glucose, mmol/L 4.9+0.5 5.1+0.6% 5.4+0.8>P <0.001
Total cholesterol, mmol/L 4.6+0.8 4.8+0.82 5.0+0.72 <0.001
Triglycerides, mmol/L 0.70£0.34 0.95+0.60? 1.44+0.77>° <0.001
LDL-C, mmol/L 2.6%0.7 2.9£0.72 3.3+0.6>" <0.001
HDL-C, mmol/L 1.56+0.31 1.41+0.30? 1.17+0.21>° <0.001
TG/HDL-C 0.48£0.31 0.74+0.642 1.33+0.90*" <0.001
hsCRP, pg/mL 0.7x1.9 1.3+£3.22 3.5+3.0%P <0.001
Body composition
BF% 23.1+3.2 31.8+3.52 44.245.1%P <0.001
Renal function
eGFR, mL/min/1.73 m? 127.0+24.6 129.8+27.12 126.7£27.0 <0.001
ACR, mg/g Cr 8.7421.1 8.84+21.9 23.9+£52.43) <0.001
Renal function impairment 74 (3.0) 121 (3.5) 13 (18.1)»" <0.001
Women 245 years of age
Number 742 3,378 458 -
Age, years 54.0+7.4 54.7+7.0 59.3+8.1»P <0.001
Measurements
BMI, kg/m? 20.3£2.0 24.1+2.22 29.7+2.7%b <0.001
Waist-to-height ratio, cm/cm 0.47+0.05 0.53+0.052 0.61+0.05%" <0.001
Mean arterial pressure, mm Hg  84.4+12.6 90.0£13.32 97.2+13.3%P <0.001
Blood chemistry data
Fasting glucose, mmol/L 5.2+1.1 5.5+1.32 6.0£1.6>° <0.001
Total cholesterol, mmol/L 5.3+x1.0 5.4+1.02 5.6+1.0>P <0.001
Triglycerides, mmol/L 0.99+0.79 1.38+1.26% 1.66+1.54%P <0.001
LDL-C, mmol/L 3.1£0.9 3.3£0.92 3.5+0.9%P <0.001
HDL-C, mmol/L 1.53+0.32 1.37+£0.30? 1.29+0.28*P <0.001
TG/HDL-C 0.72£0.82 1.14+1.592 1.41+1.60*° <0.001
hsCRP, pg/mL 1.2+4.2 1.9+4.67 3.3+4.3%P <0.001
Body composition
BF% 23.5+3.2 33.4+3.67 42.443.9%P <0.001
Renal function
eGFR, mL/min/1.73 m? 112.5+23.4 114.0+£25.1 111.8+28.7 0.098
ACR, mg/g Cr 11.2+27.2 14.1+32.3 26.5£51.3%) <0.001
Renal function impairment 36 (4.9) 266 (7.9)2 93 (20.3)>® <0.001

Data are presented as mean = SD or n (%). BMI, body mass index; LDL, low density lipoprotein; HDL, high
density lipoprotein; TG, triglyceride; hsCRP, high sensitivity C-reactive protein; BF%, body fat percentage;
eGFR, estimated glomerular filtration rate; ACR, albumin-creatinine ratios. 2 p < 0.05 versus non-obese; ? p <
0.05 versus peripheral obese in the Bonferroni post hoc comparisons.

Joint Effects of Age and Body Fat Distribution on Renal Function Impairment

Prior to confounding factor adjustment, univariate (unadjusted) analysis showed a
significant contribution of central obesity for renal function impairment, both in female and
male subjects of all age groups. On the other hand, peripheral obesity only contributed signif-
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Table 4. Joint effects of age and body fat distribution pattern on renal function impairment in men and
women

Group/type Patients, Renal function  OR (95% CI)
n Impairment, model 1 model 2
n (%)
Men <45 years of age
Non-obese 5,197 127 (2.4) Reference Reference
Peripheral obese 620 20(3.2) 1.33 (0.82-2.15) 0.86 (0.51-1.46)
Central obese 2,906 170 (5.8) 2.48 (1.96-3.14)* 1.04 (0.79-1.36)
Men 245 years of age
Non-obese 3,423 175 (5.1) Reference Reference
Peripheral obese 39 2(5.1) 1.00 (0.24-4.20) 0.80 (0.18-3.62)
Central obese 2,344 237 (10.1) 2.09 (1.70-2.56)* 1.42 (1.14-1.78)*
Women <45 years of age
Non-obese 2,446 74 (3.0) Reference Reference
Peripheral obese 3,465 121 (3.5) 1.16 (0.86-1.56) 0.93 (0.68-1.28)
Central obese 722 13 (18.1) 7.06 (3.71-13.44)*  3.14 (1.52-6.49)*
Women 245 years of age
Non-obese 742 36 (4.9) Reference Reference
Peripheral obese 3,378 266 (7.9) 1.68 (1.17-2.40)* 1.06 (0.73-1.55)
Central obese 458 93 (20.3) 5.00 (3.33-7.49)* 2.04 (1.31-3.16)*

Model definitions are: model 1, unadjusted analysis; model 2, adjusted for mean arterial pressure, fasting
glucose and hsCRP level, fasting glucose, total cholesterol, triglycerides, LDL-C, HDL-C and TG/HDL-C. OR,
odds ratio; CI, confidence interval; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; TG, triglyceride. * p value <0.05. ? Patient number is far less than reference.

icantly for renal function impairment in women aged 45 years or older. Following the
confounding factor adjustment (including MAP, fasting glucose and hsCRP level, fasting
glucose, TC, TG, LDL-C, HDL-C, and TG/HDL-C), the associations between peripheral obesity
and renal function impairment were no longer observed in any of the groups. However,
central obesity was identified as an independent factor of renal function impairment for all
groups except males under 45 years of age (Table 4). Besides, because the patient number of
central obese was far less than reference, we used traditional adjustment and compared to
penalized logistic regression for odds ratio with renal function impairment outcome, finding
that there was no sparse effect in the current regression models (see online suppl. material;
for all online suppl. material, see www.karger.com/doi/10.1159/000496626).

Discussion

This cross-sectional study investigated the association between visceral obesity and
renal function impairment in a population of 14,529 men and 10,561 women. The results
showed that central obesity contributed significantly to renal function impairment, both in
female and male subjects of all age groups, whereas peripheral obesity contributed signifi-
cantly to renal function impairment in younger women. After adjusting for possible
confounding factors, the contribution of peripheral obesity was no longer significant for any
of the groups, whereas central obesity remained a significant contributing factor for renal
function impairment in all groups, except men under 45 years of age.

Among the study subjects, strong gender differences were found regarding the lipid
profiles, body composition, and renal function, which is consistent with the findings of
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previous studies. A previous study found that premenopausal women have a better plasma
lipid profile than men, with a higher concentration of HDL-C and lower LDL, VLDL-C, and
TG than age-matched men [11]. Moreover, women have more body and subcutaneous fat,
particularly in the abdominal and gluteal-femoral regions, and less muscle mass and visceral
fat than men [12]. A previous study revealed that although gender differences in GFR were
not apparent in the age range of 20-50 years, a significant GFR decline was observed in
aging males but not in females, indicating the protective role of estrogens during the
premenopausal period [13]. The results of the present study are consistent with those
findings. In the present study, we divided study subjects into younger and older groups
because previous studies indicated that gender differences in GFR were not apparent in
younger adults, but a significant decline in GFR was observed in aging male but not in female
subjects [13].

Several studies have reported a correlation between visceral obesity and age, fasting
glucose level, lipid profile, blood pressure, and gender, whereupon increasing age is asso-
ciated with the increased accumulation of visceral fat. This trend is more obvious in women,
almost quadrupling between the ages of 25 and 65 years. Men show a similar but not so
dramatic trend [14]. Age strongly influences the prediction of intra-abdominal adipose tissue
from the waist circumference [15]. In healthy non-obese women, the VAT area assessed
through CT has been estimated to increase with age at a rate of 2.36 cm? per year [16]. Recent
studies have demonstrated that fructose consumption increases TG and glucose levels,
leading to insulin resistance and exacerbating the metabolic profile presentation [17].
Moreover, fructose consumption among overweight individuals is reported to increase de
novo lipogenesis, dyslipidemia, and visceral adiposity, and to decrease insulin sensitivity
[18]. It has long been recognized that obese individuals present a significantly higher hyper-
tension frequency than normal weight and underweight individuals [19]. Visceral fat releases
different bioactive molecules, hormones, and proinflammatory cytokines, which trigger an
increased expression of CRP [20], an acute-phase protein and a marker of systemic inflam-
mation [21]. Therefore, visceral obesity is well recognized to be associated with low-grade
inflammatory states [22]. Previous studies have reported that obese individuals present
higher CRP serum concentrations than those with normal weight [23, 24].

VAT is known to have a high lipolytic rate, generating large amounts of free fatty acids
which are delivered to the liver, increasing hepatic glucose production, hyperinsulinemia,
and metabolic syndrome [5]. In contrast, the accumulation of subcutaneous adipose tissue
(SAT) is independently associated with a lower risk of mortality and with certain disorders
[25]. Several studies have claimed that SAT may exert protective effects [26], and recent data
suggests that a high VAT/SAT ratio constitutes an independent risk factor, in addition to
absolute fat volumes [27]. A study focused on the relationship between regional abdominal
adiposity and insulin resistance in a group of nondiabetic, middle-aged Taiwanese subjects
with varying degrees of BMI suggests that intraperitoneal fat mass (evaluated by CT) is the
best predictor of insulin resistance [28]. Another systematic review reported significant
correlations between most obesity indices and insulin resistance. Among these indices, VAT
mass showed the strongest correlation with the homeostatic model assessment of insulin
resistance, followed by total fat mass, BMI, and waist circumference [29].

A previous study reported that females are characterized by a lower VAT and a higher
SAT [30]. A more pronounced VAT increase was found in men than women and in normal
weight than overweight and obese individuals [31]. With regard to sex differences in central
obesity (evaluated by CT), men present an almost two-fold higher VAT amount than premeno-
pausal women [32]. Moreover, previous studies have suggested that VAT deposition signifi-
cantly increases with age in both men and postmenopausal women. The decline in circulating
estrogens during menopause leads to a shift in adipose tissue deposition, favoring the visceral
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depot. Previous studies have suggested that postmenopausal women may present up to twice
the amount of VAT than do premenopausal women [2].

Age-associated loss of kidney function has been recognized and described in previous
studies [33]. With aging, progressive decreases in eGFR and renal blood flow could be
observed. Decreased glomerular capillary plasma flow rate and the glomerular capillary
ultrafiltration coefficient attribute to the fall in GFR. In addition, aging is associated with
altered activity and responsiveness to vasoactive stimuli. A recent study, including 3,473
subjects, found that eGFR was negatively associated with BMI, but positively related to BF.
Additional roles of BMI and waist circumference were observed in subjects categorized
according to BF. Normal weight obese females presented increased eGFR, whereas a higher
eGFR was found in males with low/normal BF and BMI or normal waist circumference. A
higher eGFR was observed in normal weight obese females in whom hyperfiltration may be
suspected [34]. In the present study, eGFR was also found to be positively related to BF, espe-
cially in peripherally obese individuals. A previous cross-sectional study of Japanese adult
patients with type 2 diabetes mellitus demonstrated a close association between microalbu-
minuria and increased visceral, but not subcutaneous, fat [35]. In the present study, after
adjusting for the possible confounding factors mentioned above, visceral obesity still
contributed significantly to renal function impairment in all groups.

Several mechanisms havebeen proposed asbeing responsible for the association between
increased visceral fat and albuminuria. First, adipocytokine secretion abnormalities in VAT
are likely to play an importantrole in the development of diabetic nephropathy [36]. Increased
leptin secretion may contribute to renal impairment through glomerular hyperfiltration by
activating the sympathetic nervous system [37] or by directly injuring the glomerular endo-
thelial and mesangial cells [38]. Increased levels of free fatty acids, tumor necrosis factor-a,
and resistin as well as decreased levels of adiponectin may provoke renal damage via insulin
resistance [36, 39]. Second, increased renin-angiotensin system activity induces renal injury
as aresult of increased adipose tissue synthesis [36]. Finally, increased fat in the renal hilum
may compress the renal parenchyma, decreasing renal tubular flow rates, which may result
in hyperfiltration via excessive proximal sodium reabsorption [36].

The present study has some limitations. First, as a cross-sectional study based on the
routine health examinations of a general population, the results cannot prove a causal rela-
tionship between obesity and renal function impairment. Second, the condition of acute renal
injury could not be excluded, as it may coincide with the criteria defining renal function
impairment in the present study. Third, given the retrospective nature of the study, the urine
ACR value could not be double-checked. Fourth, several types of anti-hypertensive medica-
tions might have affected the level of albuminuria, which could not be well adjusted due to
the initial questionnaire design.

Conclusion

The present study showed that central obesity contributes significantly to renal function
impairment in younger and older individuals of both sexes, except for men under 45 years of
age. Although this result was significant, it cannot be easily explained, and gender differences
in BF distribution and systemic sex hormone concentrations might play a significant role.
However, the exact underlying mechanism remains elusive, requiring further studies. We
may conclude that central obesity is independently associated with renal function impairment
in all populations, except males under 45 years of age. For males under 45 years of age, with
a view to preventing renal function impairment, besides decreasing BF% or the level of
central obesity, controlling other metabolic factors might be even more important.
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