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Abstract
Purpose Assessing and comparing the ability of the hypertriglyceridemic waist (HW) phenotype and anthropometric obesity 
indexes to identify subjects at high risk of chronic kidney disease (CKD) in a relatively lean population in South China.
Methods Using data from a community-based, cross-sectional study conducted in Zhuhai City, Southern China, we exam-
ined associations between the HW phenotype, anthropometric obesity indexes, and incident CKD risk in a relatively lean 
population. Multiple logistic regression analyses were used to evaluate the associations.
Results The HW phenotype associated with CKD significantly in the unadjusted analysis (OR 3.53, 95% CI 1.65–7.52, 
P = 0.001). Further adjustment for gender, age, and other potential confounding variables had an impact on the odd ratios 
(OR); the OR decreased but still existed (OR 2.91, 95% 1.23–6.87, P = 0.016). The association of the HW phenotype with 
CKD remained significant after further adjustment for hypertension and diabetes. No significant association between the 
anthropometric indexes and incident CKD was found.
Conclusion The HW phenotype, but not the anthropometric indexes, is associated with an elevated risk of CKD in relatively 
lean subjects. The HW phenotype appears to be a better predictor of CKD than the anthropometric indexes.
Level of evidence Level V, descriptive study.
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Introduction

It is widely known that obese subjects are at increased health 
risk for many diseases such as cardiovascular disease, diabe-
tes, and chronic kidney disease (CKD) [1–3]. Recent meta-
analysis even suggests that obesity predicts onset of CKD 
in the general population [4]. A recent study suggests that 
body mass index (BMI) is an independent predictive fac-
tor for kidney function and BMI was negatively associated 
with estimated glomerular filtration rate (eGFR). BMI is 
a widely accepted measurement for assessing overweight 

and obesity. However, published data suggest that it is waist 
circumference (WC), but not the commonly used BMI is the 
best measure to explain obesity-related health risk [5]. Pub-
lished data suggest that central obesity is more pathogenic 
than overall obesity. BMI is widely used to evaluate overall 
obesity, and anthropometric obesity indexes including WC, 
waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) 
are recognised as reliable measures of abdominal adiposity/
central obesity. A large number of subjects in China with 
normal BMI are suffering from abdominal/central obesity 
and the trends are rising [6]. In addition, in recent years, 
increasingly published data indicate that despite having nor-
mal BMI, the metabolically obese normal-weight (MONW) 
individuals exhibited a cluster of cardiovascular risk factors 
and increased incidences of diabetes, cardiovascular dis-
eases, and all-cause mortality [7–9]. Obesity-related health 
risk may thus be underestimated in these subjects with rela-
tively low BMI.

Though WC is a better predictor of obesity-related disease 
including CKD compared to BMI, it cannot discriminate 
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between visceral and subcutaneous fat depots. Several stud-
ies have suggested that visceral fat is more strongly associ-
ated with metabolic risk factors than subcutaneous abdomi-
nal fat and visceral fat accumulation directly involved in the 
pathogenesis of insulin resistance and associated metabolic 
diseases [10–13]. Increased estimated visceral adipose tis-
sue is associated with decreased eGFR in the early stages 
of CKD [14]. Asian population including Chinese appear 
to be more prone to have visceral fat accumulation despite 
having generally low BMI [15].The hypertriglyceridemic 
waist (HW) phenotype is thought to be a simple but sensitive 
surrogate marker of visceral adiposity [16], and our previ-
ous study showed that the HW phenotype was associated 
with CKD in the population aged 40 years and older [17]. 
It is still not known, however, whether the HW phenotype 
can predict future CKD in relatively lean (lean subjects or 
subjects with normal BMI) populations.

We evaluated and compared the ability to identify CKD 
risk between HW phenotype and classical anthropometric 
obesity indices in relatively lean Southern Chinese adults.

Methods

Study population

Data used in the current study were drawn from a population 
based, cross-sectional survey conducted in Wanzhai Town, 
Zhuhai City, a coastal city in South China. The survey was 
conducted between June 2012 and October 2012. Detailed 
descriptions of the survey have been reported in our previous 
paper [18, 19]. In short, participants were selected with a 
multi-stage stratified random cluster sampling method. Step 
1, two communities were selected randomly from Wanzhai 
Town; step 2, in each of the two selected communities, 500 
families were randomly sampled as the target family; and 
step 3, all the residents in the selected families were sam-
pled. Participants were only permitted to participate in the 
current analysis if they had a BMI < 24 kg/m2.

The Ethics Committee of The Third Affiliated Hospital 
of Southern Medical University, Guangzhou, approved this 
study. This study was performed fulfilling the principles of 
Helsinki Declaration and the International Guidelines for 
Ethical Review for Epidemiological Studies. All participants 
gave their informed consent.

Data collection

A detailed questionnaire was administered by a trained inter-
viewer including physicians, medical students, and nurses 
before clinical measurements and blood collection. The 
questionnaire recorded information on demographic data, 
personal history (coronary artery disease, hypertension, and 

diabetes), family history in first degree relatives and details 
about lifestyle (current or past cigarette smoking, alcohol 
consumption, diet habits, educational status, and physical 
activity), and so on.

Physical measurements

Physical measurements, such as body weight, height, waist 
circumference, and blood pressure (BP), were conducted in 
the community clinics in the morning between 08:00 a.m. 
and 11:00 a.m. by physicians, medical students, and nurses, 
who had received intensive training. Body height and weight 
were measured with subjects minimally clothed without 
shoes, using a calibrated clinical scale and stadiometer. Cir-
cumference and height were measured to the nearest 0.1 cm 
and weight to the nearest 0.1 kg. WC was taken midway 
between the last rib and iliac crest with the participants 
standing with light garments and breathing out gently. Hip 
circumference was measured at the widest point around the 
buttocks. All measurements were taken twice. The average 
of the two closest measurements was used for analysis. A 
tolerance limit of 1 cm was set for height and circumference 
measurements and 1 kg for weight measurement. A third 
measurement was needed if the difference of the first two 
measurements was greater than the tolerance limit. BMI was 
calculated as weight (kg) divided by height squared  (m2). 
WHR was calculated as WC (cm) divided by hip circum-
ference (cm) and WHtR was calculated as WC divided by 
height (cm). BP was measured three times, on the right arm, 
using a standardized mercury sphygmomanometer after a 
15-min rest in the sitting position. The average of the three 
values was used as the BP for the participant.

Laboratory assays

Blood specimens were drawn between 7:00 and 9:00 a.m. 
from all study participants after at least 10 h overnight 
fasting. First, morning urine samples were collected from 
all participants, except those women who were actively 
menstruating or individuals having urinary tract infection 
symptoms. All the blood and urine analyses were under-
taken at the central laboratory in the Third Affiliated Hos-
pital of Southern Medical University. All specimens were 
transported within 3 h from collection sites and stored at 
4 °C until analysis. Serum high-density lipoprotein (HDL) 
was determined enzymatically with commercially available 
reagents (Shanghai Gensource Co., Ltd, Shanghai, China), 
and cholesterol and triglyceride (TG) levels were determined 
enzymatically with commercially available reagents (Roche 
Diagnostics, Mannheim, Germany). Blood glucose level 
was measured with a hexokinase enzyme reference method 
and serum creatinine (Scr) with an enzymatic method on 
an autoanalyzer (Hitachi 7170, Hitachi, Tokyo, Japan) [18]. 
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Enzymatic turbidimetric immunoassay method was used to 
analyse serum levels of high sensitivity C-reactive protein. 
Urinary albumin and creatinine were measured from a fresh 
morning spot urine sample or first morning urine sample 
stored at + 4 °C for less than 1 week. Albuminuria was deter-
mined with immunoturbidimetric tests (Audit Diagnostics, 
Cork, Ireland). Urinary creatinine was measured with Jaffe’s 
kinetic method [20]. The urinary albumin-to-creatinine ratio 
(ACR; mg/g creatinine) was calculated.

Determination of hypertension and diabetes

Participants with a blood pressure (BP) of 140/90 mmHg or 
higher and/or self-reported diagnosis of hypertension would 
be considered as having hypertension. Diabetes mellitus was 
defined as a fasting serum glucose ≥ 7.0 mmol/L and/or self-
reported diagnosis of diabetes.

Definition of the HW phenotype

The HW phenotype was defined as elevated waist circumfer-
ence (90 cm in men and 85 cm in women), along with an ele-
vated plasma triglyceride (TG) concentration (2.0 mmol/L) 
[17].

Determination of CKD

A formula from the Chinese-Modification of Diet Renal Dis-
ease (C-MDRD) study: GFR (mL/min/1.73 m2) = 175 × (S
cr)−1.234 × (Age)−0.179 × (if female, × 0.79) was used to cal-
culate the estimated glomerular filtration rate (eGFR) [21]. 
CKD was defined as eGFR less than 60 mL/min/1.73 m2 
and/or urinary albumin-to-creatinine ratio (ACR) higher 
than 30 mg/g.

Statistical analysis

Statistical analyses were conducted with SPSS software 
(version 13.0). Participants were divided into three groups 
according to their gender-specific waist circumferences 
and TG levels. Group 1, waist circumference < 90 cm in 
men or < 85 cm in women along with TG < 2 mmol/L for 
both genders; Group 2, solely WC increase (waist circum-
ference ≥ 90 cm in men or ≥ 85 cm in women, along with 
triglycerides < 2 mmol/L) or solely TG increase (waist cir-
cumference < 90 cm in men or < 85 cm in women along with 
triglycerides ≥ 2 mmol/L); Group 3, increased WC and TG 
level (waist circumference ≥ 90 cm in men or ≥ 85 cm in 
women and triglycerides ≥ 2 mmol/L) [22, 23]. Basic char-
acteristics of the participants were listed in Table 1. Continu-
ous variables were presented as medians (25th–75th per-
centiles) if they had skewed distribution. Mean ± standard 
deviation would be presented if the continuous variables 

had a normal distribution. Categorical variables were 
expressed as percentages. Differences in the three groups 
were assessed using the Chi-squared test for categorical vari-
ables and one-way ANOVA or Wilcoxon rank-sum test for 
continuous variables.

Multiple logistic regression models were used to examine 
the association between the HW phenotype and CKD. Sub-
jects with both low WC and TG, i.e., group 1 was considered 
as the reference group. A two-tailed P value < 0.05 was 
considered to be significant.

Results

There were 2142 study subjects in our initial study. All par-
ticipants were Han ethnic. 308 subjects were excluded from 
the current study due to missing data on serum fasting glu-
cose, serum creatinine, TG, etc. Participants who received 
a diagnosis of overweight or obese were also excluded from 
the current study (n = 662). According to the criteria recom-
mended by the Working Group on Obesity in China [24], 
individuals with baseline BMI > or = 24 kg/m2 were consid-
ered overweight or obese. At last, 1172 relatively lean adult 
subjects with baseline BMI < 24.0 kg/m2 were enrolled in 
our study. Among these relatively lean subjects, 740 par-
ticipants who had low WC and TG levels were assigned to 
Group 1, 328 participants were assigned to Group 2 and 
104 participants met the HW phenotype criteria and were 
assigned to Group 3. Only 391 men were included in our 
study.

Baseline characteristics of the participants

Baseline characteristics of the participants in different 
groups based on the HW phenotype were shown in Table 1. 
Subjects with the HW phenotype had a higher mean age, 
higher systolic and diastolic blood pressure levels, greater 
WC and hip circumference, and BMI (P < 0.001). There is 
no difference in current alcohol use (%), current smoker 
(%), and coronary heart disease history (%) among the three 
groups. Subjects with the HW phenotype had a lower educa-
tional level and were more likely to have a history of hyper-
tension. Levels of serum uric acid, triglyceride, C-reactive 
protein, fasting glucose, and very low-density lipoprotein 
were significantly higher in subjects with the HW phenotype 
than those without this phenotype (P < 0.001), while serum 
levels of high-density lipoprotein in these participants were 
significantly lower (P < 0.001).

Prevalence of CKD based on the HW phenotype

As shown in Table 1, there were still quite a few participants 
suffering from CKD, though they were not obese according 
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to the criteria recommended by the Working Group on 
Obesity in China [24]. The prevalence of CKD was 18.3% 
in subjects with the HW phenotype (Group 3), which was 
significantly higher than those without this phenotype 
(P < 0.001). The prevalence of CKD in Group1 and Group 
2 was 8.7 and 12.8%, respectively.

Associations of the HW phenotype with CKD

Multivariate-adjusted odds ratios [and 95% confidence 
intervals (CI)] for CKD according to different phenotypes 
of serum TG levels and WC are summarized in Table 2. 
The HW phenotype associated with CKD significantly 
in the unadjusted model (OR 3.53, 95% CI 1.65–7.52, 
P = 0.001). After adjusting for gender, age, history of 
stroke, BMI, and other potential confounders, the OR of 
CKD associated with the HW phenotype was 2.91 (95% 

CI 1.23–6.87). The association persisted, although it was 
attenuated after additional adjustment for potential inter-
mediate variables, including hypertension and diabetes.

Associations of anthropometric obesity indexes 
with CKD

Anthropometric obesity indexes such as WC, WHR, 
and WHtR were widely considered as surrogate makers 
of central obesity. We further analysed the relationship 
between these indexes and CKD in relatively lean South-
ern Chinese.

As shown in Table 3, there was no statistically signifi-
cant association between the anthropometric indexes and 
CKD (P > 0.05). Models could not be established even in 
the unadjusted analysis.

Table 1  Characteristics of subjects in different groups stratified by the hypertriglyceridemic waist phenotype

Date expressed as mean ± standard deviation, or number (percentage). Group 1, WC <  90  cm in men or <  85  cm in women along with 
TG  <  2  mmol/L for both genders; group 2, solely WC increase or solely TG increase; group 3, elevated TG levels and elevated WC. Chi-
squared test was used for categorical variables and one-way ANOVA or Wilcoxon rank-sum test for continuous variables. Statistically significant 
(P < 0.05)
ACR  urinary albumin-to-creatinine ratio, CKD chronic kidney disease, eGFR estimated glomerular filtration rate

Group 1, n = 740 Group 2, n = 328 Group 3, n = 104 P

Age (years) 49.05 ± 15.96 55.15 ± 14.07 60.32 ± 13.11 < 0.001
Male (%), N (36.8) 272 (29.9) 98 (20.2) 21 < 0.001
Clinical characteristics
 Hypertension history (%), N (11.2) 82 (16.8) 55 (26.9) 28 < 0.001
 Diabetes history (%), N (3.3) 24 (8.3) 27 (8.7) 9 < 0.001
 Coronary heart disease history (%), N (2.0) 15 (2.1) 7 (1.9) 2 0.98
 Current smoker (%), N (12.7) 93 (9.8)32 (9.8)10 0.34
 Current alcohol use (%), N (21.5) 158 (21.1)69 (20.6)21 0.9
 Educational status (≥ high school) (%), N (46.3) 328 (36.1) 113 (29.9) 29 < 0.001
 Systolic blood pressure (mmHg) 120.81 ± 20.71 129.09 ± 19.03 133.75 ± 19.11 < 0.001
 Diastolic blood pressure (mm Hg) 74.19 ± 11.33 76.92 ± 10.56 78.77 ± 12.68 < 0.001
 Body mass index (kg/m2) 20.93 (19.38–22.37) 22.52 (21.08–23.31) 22.72 (21.88–23.44) < 0.001
 Waist circumference(cm) 76 (71–80) 85 (81-88.75) 91 (87–94) < 0.001
 Hip circumference(cm) 88.92 ± 5.99 92.14 ± 6.07 92.98 ± 7.53 < 0.001

Laboratory values
 Fasting glucose (mmo/L) 4.61 (4.31–4.9) 4.86 (4.5–5.32) 4.93 (4.57–5.58) < 0.001
 Serum C-reactive protein (mg/L) 0.6 (0.31–1.31) 1.02 (0.57–2.16) 1.56 (0.96–2.96) < 0.001
 Serum triglyceride (mmol/L) 0.97 (0.74–1.24) 2.06 (1.23–2.60) 2.44 (2.28–3.01) < 0.001
 Serum low-density lipoprotein (mmol/L) 2.94 (2.46–3.52) 3.24 (2.61–3.88) 2.97 (2.48–3.55) < 0.001
 Serum high-density lipoprotein (mmol/L) 1.64 ± 0.33 1.53 ± 0.32 1.46 ± 0.38 < 0.001
 Very low-density lipoprotein (mmol/L) 0.44 (0.34–0.56) 0.92 (0.55–1.16) 1.11 (1.02–1.33) < 0.001
 Serum creatinine (umol/L) 70.82 ± 15.57 74.02 ± 18.83 74.65 ± 14.62 0.012
 eGFR (mL/min/1.73 m2) 104.04 ± 22.3 100.17 ± 22.37 96.55 ± 21.68 0.001
 ACR (mg/g) 7 (5–12) 8 (5-16.5) 8 (6–30) 0.003
 Serum uric acid (umol/L) 321.85 ± 84.9 344.37 ± 89.61 372.87 ± 99.67 < 0.001
 CKD (%) (8.7) 61 (12.8) 40 (18.3) 17 0.007
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Discussion

To the best of our knowledge, this is the first study that 
applying the HW phenotype, a surrogate marker of vis-
ceral obesity, for assessment of CKD risk in relatively lean 
subjects. We found that the HW phenotype was indepen-
dently associated with an increased risk for incident CKD 
even in non-obese Chinese adults. Subjects with the HW 
phenotype had a nearly 3.5-fold greater risk of developing 
CKD than those without this phenotype despite having 
relatively low BMI. We also examined the associations 
between the anthropometric obesity indexes (WC, WHR, 
and WHtR) and CKD risk in the relatively lean population. 
We found only weak, non-significant associations between 
these indexes and incident CKD.

It is widely known that obesity is associated with an 
increased risk of chronic diseases including CKD [4]. 
With the rapid economic growth and an accelerated pace 
of nutrition transition, the increasing prevalence of obesity 
in China is especially alarming. BMI serves as the sole 
indicator for the standardized definition of obesity [24]. It 
is generally recommended to consider Chinese as normal 
if their BMI is > 18.5 and < 24.0 kg m−2. Many stud-
ies, however, have suggested that BMI is just a measure 
of general adiposity/overall obesity and central obesity is 
more pathogenic than overall obesity [25–27]. Recent data 
have suggested that central body fat distribution, inde-
pendent of BMI, is associated with an unfavourable pat-
tern of renal hemodynamic [28]. This result is consistent 
with a previous study, which suggests that a central body 

fat distribution is related to renal function impairment, 
even in lean subjects [29]. Studies also suggest that larger 
increase in central obesity may not be related to the change 
in BMI [30]. It is thus very likely that a large number of 
subjects with normal BMI may have central obesity, and 
this is confirmed by Tingting Du, etc [6].

WC, WHtR, and WHR, surrogate markers of central 
adiposity, are reported to be associated with incident CKD 
in the general population [1, 31]. However, a few studies 
have assessed the relationships between the anthropometric 
indexes and CKD in a relatively lean population. In our pre-
sent study, no significant associations between these indexes 
and incident CKD were found. Our results suggest that the 
anthropometric central obesity indicators (WC, WHR, and 
WHtR) failed to have the ability to predict the presence of 
CKD in the relatively lean population, although they are 
reported to be associated with incident CKD in the general 
population.

WC is widely accepted as the best measure of abdominal 
adiposity [32]. It is a better indicator that explains obesity-
related health risk, compared with BMI [5]. However, it fails 
to distinguish subcutaneous adiposity from visceral adipos-
ity. The key role of visceral obesity has been emphasized 
recent years. Several studies suggest that it is visceral obe-
sity, but not subcutaneous adiposity correlates with meta-
bolic abnormalities [33, 34]. Surgical removal of visceral 
fat could lead to metabolic improvements, while removal 
of abdominal subcutaneous fat in obese subjects could not 
result in the same improvements [35, 36]. Published data 
also suggest that visceral fat is more strongly associated 
with cardiovascular disease than subcutaneous abdominal 

Table 2  Association between the hypertriglyceridemic waist phenotype and CKD in relatively lean subjects

a Unadjusted
b Adjusted for sex, age
c History of stroke, history of coronary heart disease, current smoker, current alcohol use, physical inactivity, education attainment, C-reactive 
protein, serum uric acid, and body mass index
d Adjusted for above + diabetes and hypertension

Model  onea Model  twob Model  threec Model  fourd

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Group 1 (n = 740) Reference Reference Reference Reference
Group 2 (n = 328) 1.78 (1.15–2.76) 0.01 1.45 (0.93–2.28) 0.1 1.67 (1.02–2.75) 0.04 1.52 (0.91–2.53) 0.11
Group 3 (n = 104) 3.53 (1.65–7.52) 0.001 2.52 (1.15–5.5) 0.02 2.91 (1.23–6.87) 0.016 2.73 (1.13–6.62) 0.025

Table 3  Logistic regression 
analysis of the associations 
between anthropometric indexes 
and CKD in relatively lean 
subjects

Waist circumference Waist-to-hip ratio Waist-to-height ratio

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

All participants 1.001 (0.996–1.005) 0.75 1.05 (0.68–1.64) 0.82 1.16 (0.57–2.34) 0.69
Male 0.999 (0.99–1.008) 0.85 0.95 (0.43–2.08) 0.89 0.92 (0.24–3.52) 0.91
Female 1.002 (0.996–1.008) 0.61 1.11 (0.62–2.01) 0.72 1.36 (0.57–3.27) 0.49
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fat [11]. Imaging techniques, such as computed tomography 
(CT), magnetic resonance imaging (MRI), and ultrasonog-
raphy [37], can distinguish visceral from subcutaneous adi-
pose tissue precisely, but they are time-consuming, relatively 
expensive, and expose the patient to radiation. Reliable sur-
rogate markers of visceral adiposity may thus be particularly 
useful.

The HW phenotype has been confirmed to be a reliable 
marker of visceral obesity. Several studies have suggested 
that the HW phenotype is significantly associated with CVD 
risk and early diabetic nephropathy [38–41]. Our previous 
study also suggests that the HW phenotype is associated 
with CKD in the population aged 40 years and older [19]. 
Whether the HW phenotype can predict future CKD in rela-
tively lean populations is not known. Chinese are more likely 
to have visceral fat accumulation despite having generally 
low BMI [15]. 8.9% (104) subjects in our study showed 
the HW phenotype. In another word, many subjects in our 
study were viscerally obese despite having relatively low 
BMI and this supported the results of Lear, etc [15]. Partici-
pants with the HW phenotype had significantly higher preva-
lence of all metabolic risk factors (larger WC, higher blood 
pressure, higher levels of serum uric acid, TG, C-reactive 
protein, fasting glucose, very low-density lipoprotein, and 
lower high-density lipoprotein) than did those without the 
HW phenotype. This was consistent with a previous study 
[42]. Logistic regression analysis suggested that the HW 
phenotype associated with an increased risk for CKD even 
in a relatively lean population. The relationship remained 
after adjustment for multiple factors including gender, age, 
history of stroke, history of coronary heart disease, current 
smoking, current alcohol consumption, physical inactivity, 
education attainment, CRP, serum uric acid, and BMI. Par-
ticipants with the HW phenotype were 2.73-fold as likely 
to have CKD as were those without this phenotype, even 
after adjust for potential confounders including diabetes and 
hypertension.

Several potential mechanisms may contribute to the 
increased CKD risk in subjects with the HW phenotype 
despite having relatively low BMI level. The HW phenotype 
is a reliable surrogate marker of visceral obesity. Several 
studies have indicated that visceral adipose tissue secretes 
higher quantities of inflammatory cytokines. This was also 
supported by the finding that, in our study, levels of CRP in 
the subjects with the HW phenotype are higher than those 
without this phenotype. Furthermore, visceral obesity or 
excess fatty acids accompanied with elevated levels of TG 
may result in accumulation of fat at ectopic tissues including 
liver, pancreatic b-cells, and the kidney [10, 43]. Ectopic 
accumulation of fat at liver and pancreatic b-cells may result 
in steatohepatitis, insulin resistance, and, therefore, hyper-
tension and diabetes [43]. Higher levels of serum uric acid, 
fasting glucose, higher systolic, and diastolic blood pressure 

in the participants with the HW phenotype may further sup-
port these mechanisms. Besides, ectopic accumulation of 
fat at kidneys may result in compression of the kidneys and, 
therefore, unfavourable renal hemodynamic pattern [28]. 
This, to some degree, may explain the persisted association 
between the HW phenotype and CKD, even after adjusted 
for gender, age, BMI, CRP, serum uric acid, diabetes, hyper-
tension, and other potential confounders.

Limitations of our present study should be considered 
when interpreting these results. First, the sample size of our 
study was relatively small, especially only 391 men were 
included. Analyses were thus not carried out separately 
in men and women, and confidence intervals around the 
estimates of associations were, therefore, relatively wide. 
However, we have adjusted gender in the multiple regres-
sion analysis. Second, the cross-sectional nature of our 
study disenabled us to make causal inferences. Third, due 
to the inconsistent standards in defining the HW phenotype 
[23, 38], cutoffs of WC and TG that used to define the HW 
phenotype need to be further validated in different Chinese 
ethnic groups and across different age.

Conclusion

The HW phenotype, a validated and convenient marker of 
visceral obesity, can be a sensitive and useful tool for CKD 
risk assessment in Chinese, especially those with relatively 
low BMI. While anthropometric indexes (WC, WHtR, and 
WHR), surrogate markers of central obesity, failed to iden-
tify those subjects with relatively low BMI at high risk of 
CKD. As indexes on evaluating obesity, the HW phenotype 
is superior to classical anthropometric obesity indices in dis-
criminating subjects at high risk of CKD and should be used 
in clinical practice.

Acknowledgements This study was supported by (1) EU FP7 Program, 
(UroSense); (2) Guangdong Province Science and Technologue Pro-
gram (Grant No. 2011B031800386); (3) GZSYQN(2016)11.

Author contributions Chaomin Zhou contributed to the design, analy-
sis, and interpretation of the data and drafted the manuscript, Hequn 
Zou provided guidance in the writing of this paper, Xiaofei Shao con-
tributed to the acquisition and interpretation of the data.

Compliance with ethical standards 

Conflict of interest We declare that we do not have any commercial or 
associative interest that represents a conflict of interest in connection 
with the work submitted.

Ethical approval The Ethics Committee of The Third Affiliated Hos-
pital of Southern Medical University, Guangzhou, approved this study. 
This study was performed fulfilling the principles of Helsinki Declara-
tion.



891Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2018) 23:885–892 

1 3

Informed consent Informed consent was obtained from all participants 
included in the study.

Open Access This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Chen S, Wu B, Liu X, Chen Y, Li Y et al (2013) Association of 
anthropometric indexes with chronic kidney disease in a Chinese 
population. Clin Nephrol 80(5):361–369. https://doi.org/10.5414/
CN108002

 2. Verma S, Hussain ME (2017) Obesity and diabetes: an update. 
Diabetes Metab Syndr 11(1):73–79. https://doi.org/10.1016/j.
dsx.2016.06.017

 3. Lam BC, Koh GC, Chen C, Wong MT, Fallows SJ (2015) Com-
parison of body mass index (BMI), body adiposity index (BAI), 
waist circumference (WC), waist-to-hip ratio (WHR) and waist-
to-height ratio (WHtR) as predictors of cardiovascular disease 
risk factors in an adult population in Singapore. PLoS One 
10(4):e0122985. https://doi.org/10.1371/journal.pone.0122985. 
(eCollection 2015)

 4. Garofalo C, Borrelli S, Minutolo R, Chiodini P, De Nicola L et al 
(2017) A systematic review and meta-analysis suggests obesity 
predicts onset of chronic kidney disease in the general popula-
tion. Kidney Int 91(5):1224–1235. https://doi.org/10.1016/j.
kint.2016.12.013

 5. Janssen I, Katzmarzyk PT, Ross R (2004) Waist circumference 
and not body mass index explains obesity-related health risk. Am 
J Clin Nutr 79(3):379–384

 6. Du T, Sun X, Yin P, Huo R, Ni C et al (2013) Increasing trends 
in central obesity among Chinese adults with normal body mass 
index, 1993–2009. BMC Public Health 13:327. https://doi.
org/10.1186/1471-2458-13-327

 7. Bosello O, Donataccio MP, Cuzzolaro M (2016) Obesity or obesi-
ties? Controversies on the association between body mass index 
and premature mortality. Eat Weight Disord 21(2):165–174. 
https://doi.org/10.1007/s40519-016-0278-4

 8. Bowman K, Atkins JL, Delgado J, Kos K, Kuchel GA et al (2017) 
Central adiposity and the overweight risk paradox in aging: fol-
low-up of 130,473 UK Biobank participants. Am J Clin Nutr 
106(1):130–135. https://doi.org/10.3945/ajcn.116.147157

 9. Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale 
KM et al (2017) Metabolically healthy obese and incident car-
diovascular disease events among 3.5 million men and women. 
J Am Coll Cardiol 70(12):1429–1437. https://doi.org/10.1016/j.
jacc.2017.07.763

 10. Despres JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P et al 
(2008) Abdominal obesity and the metabolic syndrome: contribu-
tion to global cardiometabolic risk. Arterioscler Thromb Vasc Biol 
28(6):1039–1049. https://doi.org/10.1161/atvbaha.107.159228

 11. Nicklas BJ, Penninx BW, Ryan AS, Berman DM, Lynch NA et al 
(2003) Visceral adipose tissue cutoffs associated with metabolic 
risk factors for coronary heart disease in women. Diabetes Care 
26(5):1413–1420

 12. Britton KA, Fox CS (2011) Ectopic fat depots and cardiovascular 
disease. Circulation 124(24):e837–e841. https://doi.org/10.1161/
CIRCULATIONAHA.111.077602

 13. Bays HE (2011) Adiposopathy is “sick fat” a cardiovascu-
lar disease? J Am Coll Cardiol 57(25):2461–2473. https://doi.
org/10.1016/j.jacc.2011.02.038

 14. Franca AK, Dos Santos AM, Salgado JV, Hortegal EV, da Silva 
AA et al (2014) Estimated visceral adipose tissue, but not body 
mass index, is associated with reductions in glomerular filtration 
rate based on cystatin C in the early stages of chronic kidney 
disease. Int J Nephrol. https://doi.org/10.1155/2014/574267

 15. Lear SA, Humphries KH, Kohli S, Chockalingam A, Frohlich 
JJ et al (2007) Visceral adipose tissue accumulation differs 
according to ethnic background: results of the multicultural 
community health assessment trial (M-CHAT). Am J Clin Nutr 
86(2):353–359

 16. Cunha de Oliveira C, Carneiro Roriz AK, Eickemberg M, Bar-
reto Medeiros JM, Barbosa Ramos L (2014) Hypertriglyceridemic 
waist phenotype: association with metabolic disorders and visceral 
fat in adults. Nutr Hosp 30(1):25–31. https://doi.org/10.3305/
nh.2014.30.1.7411

 17. Li Y, Zhou C, Shao X, Liu X, Guo J et al (2014) Hypertriglyc-
eridemic waist phenotype and chronic kidney disease in a Chi-
nese population aged 40 years and older. PLoS One 9(3):e92322. 
https://doi.org/10.1371/journal.pone.0092322. (eCollection 2014)

 18. Li Y, Zhao L, Chen Y, Liu A, Liu X et al (2013) Association 
between metabolic syndrome and chronic kidney disease in peri-
menopausal women. Int J Environ Res Public Health 10(9):3987–
3997. https://doi.org/10.3390/ijerph10093987

 19. Li Y, Zhou C, Shao X, Liu X, Guo J et al (2014) Hypertriglyc-
eridemic waist phenotype and chronic kidney disease in a Chi-
nese population aged 40 years and older. PLoS One 9(3):e92322. 
https://doi.org/10.1371/journal.pone.0092322

 20. Knapp M, Hadid O (1987) Investigations into negative interfer-
ence by jaundiced plasma in kinetic Jaffé methods for plasma cre-
atinine determination. Ann Clin Biochem 24(Pt1):85–97. https://
doi.org/10.1177/000456328702400114

 21. Ma Y-C, Zuo L, Chen J-H, Luo Q, Yu X-Q et al (2006) Modified 
glomerular filtration rate estimating equation for Chinese patients 
with chronic kidney disease. J Am Soc Nephrol 17(10):2937–
2944. https://doi.org/10.1681/ASN.2006040368

 22. Sam S, Haffner S, Davidson MH, D’Agostino RB, Feinstein S 
Sr et al (2009) Hypertriglyceridemic waist phenotype predicts 
increased visceral fat in subjects with type 2 diabetes. Diabetes 
Care 32(10):1916–1920. https://doi.org/10.2337/dc09-0412

 23. Zhe X, Bai Y, Cheng Y, Xiao H, Wang D et al (2012) Hypertri-
glyceridemic waist is associated with increased carotid athero-
sclerosis in chronic kidney disease patients. Nephron Clin Pract 
122(3–4):146–152. https://doi.org/10.1159/000351042

 24. Bei-Fan Z (2002) Predictive values of body mass index and waist 
circumference for risk factors of certain related diseases in Chi-
nese adults: study on optimal cut-off points of body mass index 
and waist circumference in Chinese adults. Asia Pac J Clin Nutr 
11(Suppl 8):S685–S693

 25. Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG 
et  al (2005) Obesity and the risk of myocardial infarction 
in 27,000 participants from 52 countries: a case–control 
study. Lancet 366(9497):1640–1649. https://doi.org/10.1016/
S0140-6736(05)67663-5

 26. Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu FB (2005) 
Comparison of abdominal adiposity and overall obesity in pre-
dicting risk of type 2 diabetes among men. Am J Clin Nutr 
81(3):555–563

 27. Reis JP, Macera CA, Araneta MR, Lindsay SP, Marshall SJ et al 
(2009) Comparison of overall obesity and body fat distribu-
tion in predicting risk of mortality. Obesity (Silver Spring Md) 
17(6):1232–1239. https://doi.org/10.1038/oby.2008.664

 28. Kwakernaak AJ, Zelle DM, Bakker SJ, Navis G (2013) Cen-
tral body fat distribution associates with unfavorable renal 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5414/CN108002
https://doi.org/10.5414/CN108002
https://doi.org/10.1016/j.dsx.2016.06.017
https://doi.org/10.1016/j.dsx.2016.06.017
https://doi.org/10.1371/journal.pone.0122985
https://doi.org/10.1016/j.kint.2016.12.013
https://doi.org/10.1016/j.kint.2016.12.013
https://doi.org/10.1186/1471-2458-13-327
https://doi.org/10.1186/1471-2458-13-327
https://doi.org/10.1007/s40519-016-0278-4
https://doi.org/10.3945/ajcn.116.147157
https://doi.org/10.1016/j.jacc.2017.07.763
https://doi.org/10.1016/j.jacc.2017.07.763
https://doi.org/10.1161/atvbaha.107.159228
https://doi.org/10.1161/CIRCULATIONAHA.111.077602
https://doi.org/10.1161/CIRCULATIONAHA.111.077602
https://doi.org/10.1016/j.jacc.2011.02.038
https://doi.org/10.1016/j.jacc.2011.02.038
https://doi.org/10.1155/2014/574267
https://doi.org/10.3305/nh.2014.30.1.7411
https://doi.org/10.3305/nh.2014.30.1.7411
https://doi.org/10.1371/journal.pone.0092322
https://doi.org/10.3390/ijerph10093987
https://doi.org/10.1371/journal.pone.0092322
https://doi.org/10.1177/000456328702400114
https://doi.org/10.1177/000456328702400114
https://doi.org/10.1681/ASN.2006040368
https://doi.org/10.2337/dc09-0412
https://doi.org/10.1159/000351042
https://doi.org/10.1016/S0140-6736(05)67663-5
https://doi.org/10.1016/S0140-6736(05)67663-5
https://doi.org/10.1038/oby.2008.664


892 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2018) 23:885–892

1 3

hemodynamics independent of body mass index. J Am Soc Neph-
rol 24(6):987–994. https://doi.org/10.1681/asn.2012050460

 29. Pinto-Sietsma SJ, Navis G, Janssen WM, de Zeeuw D, Gans RO 
et al (2003) A central body fat distribution is related to renal 
function impairment, even in lean subjects. Am J Kidney Dis 
41(4):733–741

 30. Li C, Ford ES, McGuire LC, Mokdad AH (2007) Increasing 
trends in waist circumference and abdominal obesity among US 
adults. Obesity (Silver Spring Md) 15(1):216–224. https://doi.
org/10.1038/oby.2007.505

 31. Elsayed EF, Sarnak MJ, Tighiouart H, Griffith JL, Kurth T et al 
(2008) Waist-to-hip ratio, body mass index, and subsequent kid-
ney disease and death. Am J Kidney Dis 52(1):29–38. https://doi.
org/10.1053/j.ajkd.2008.02.363

 32. Pouliot MC, Despres JP, Lemieux S, Moorjani S, Bouchard C 
et al (1994) Waist circumference and abdominal sagittal diameter: 
best simple anthropometric indexes of abdominal visceral adipose 
tissue accumulation and related cardiovascular risk in men and 
women. Am J Cardiol 73(7):460–468

 33. Neeland IJ, Turer AT, Ayers CR, Powell-Wiley TM, Vega GL 
et al (2012) Dysfunctional adiposity and the risk of prediabetes 
and type 2 diabetes in obese adults. JAMA 308(11):1150–1159. 
https://doi.org/10.1001/2012.jama.11132

 34. Boyko EJ, Fujimoto WY, Leonetti DL, Newell-Morris L (2000) 
Visceral adiposity and risk of type 2 diabetes: a prospective study 
among Japanese Americans. Diabetes Care 23(4):465–471

 35. Klein S, Fontana L, Young VL, Coggan AR, Kilo C et al (2004) 
Absence of an effect of liposuction on insulin action and risk fac-
tors for coronary heart disease. N Engl J Med 350(25):2549–2557. 
https://doi.org/10.1056/NEJMoa033179

 36. Thorne A, Lonnqvist F, Apelman J, Hellers G, Arner P (2002) 
A pilot study of long-term effects of a novel obesity treatment: 

omentectomy in connection with adjustable gastric banding. Int J 
Obes Relat Metab Disord 26(2):193–199. https://doi.org/10.1038/
sj.ijo.0801871

 37. Buscemi S, Verga S, Batsis JA, Cottone S, Mattina A et al (2009) 
Intra-renal hemodynamics and carotid intima-media thickness in 
the metabolic syndrome. Diabetes Res Clin Pract 86(3):177–185. 
https://doi.org/10.1016/j.diabres.2009.09.015

 38. Arsenault BJ, Lemieux I, Despres JP, Wareham NJ, Kastelein JJ 
et al (2010) The hypertriglyceridemic-waist phenotype and the 
risk of coronary artery disease: results from the EPIC-Norfolk 
prospective population study. CMAJ 182(13):1427–1432. https://
doi.org/10.1503/cmaj.091276

 39. Zhang X, Shu XO, Li H, Yang G, Xiang YB et al (2013) Vis-
ceral adiposity and risk of coronary heart disease in relatively 
lean Chinese adults. Int J Cardiol 168(3):2141–2145. https://doi.
org/10.1016/j.ijcard.2013.01.275

 40. Karagoz A, Onat A, Aydin M, Can G, Simsek B et al (2017) 
Distinction of hypertriglyceridemic waist phenotype from simple 
abdominal obesity: interaction with sex hormone-binding globulin 
levels to confer high coronary risk. Postgrad Med 129(2):288–
295. https://doi.org/10.1080/00325481.2017.1261608

 41. Ma CM, Wang R, Liu XL, Lu N, Lu Q et al (2017) The rela-
tionship between hypertriglyceridemic waist phenotype and 
early diabetic nephropathy in type 2 diabetes. Cardiorenal Med 
7(4):295–300 https://doi.org/10.1159/000477828

 42. Esmaillzadeh A, Mirmiran P, Azizi F (2006) Clustering of meta-
bolic abnormalities in adolescents with the hypertriglyceridemic 
waist phenotype. Am J Clin Nutr 83(1):36–46 (quiz 183–184)

 43. Weinberg JM (2006) Lipotoxicity. Kidney Int 70(9):1560–1566. 
https://doi.org/10.1038/sj.ki.5001834

https://doi.org/10.1681/asn.2012050460
https://doi.org/10.1038/oby.2007.505
https://doi.org/10.1038/oby.2007.505
https://doi.org/10.1053/j.ajkd.2008.02.363
https://doi.org/10.1053/j.ajkd.2008.02.363
https://doi.org/10.1001/2012.jama.11132
https://doi.org/10.1056/NEJMoa033179
https://doi.org/10.1038/sj.ijo.0801871
https://doi.org/10.1038/sj.ijo.0801871
https://doi.org/10.1016/j.diabres.2009.09.015
https://doi.org/10.1503/cmaj.091276
https://doi.org/10.1503/cmaj.091276
https://doi.org/10.1016/j.ijcard.2013.01.275
https://doi.org/10.1016/j.ijcard.2013.01.275
https://doi.org/10.1080/00325481.2017.1261608
https://doi.org/10.1159/000477828
https://doi.org/10.1038/sj.ki.5001834

	Identification of chronic kidney disease risk in relatively lean Southern Chinese: the hypertriglyceridemic waist phenotype vs. anthropometric indexes
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Methods
	Study population
	Data collection
	Physical measurements
	Laboratory assays
	Determination of hypertension and diabetes
	Definition of the HW phenotype
	Determination of CKD
	Statistical analysis

	Results
	Baseline characteristics of the participants
	Prevalence of CKD based on the HW phenotype
	Associations of the HW phenotype with CKD
	Associations of anthropometric obesity indexes with CKD

	Discussion
	Conclusion
	Acknowledgements 
	References


