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Introduction: Obesity in patients undergoing hemodialysis is common.
However, there is limited information on the relationship between obesity
types defined by the combined body mass index (BMI) and waist
circumference (WC) classification criteria and all-cause mortality in Chinese
hemodialysis patients. Our objective was to determine the association
between obesity types and all-cause mortality in hemodialysis patients.

Methods: We conducted a prospective cohort study including patients from 11
hemodialysis centers in Beijing. According to the World Health Organization'’s
standards, patients were classified into 2 categories with WC and 4 categories
with BMI and then followed up for 1 year. Kaplan—Meier survival analysis was used
to compare the difference in the cumulative survival rate in different BMl and WC
groups. A multivariate Cox regression analysis was used to determine the
association between different types of obesity and all-cause mortality.

Results: A total of 613 patients were enrolled, the mean age was 63.8 + 7.1 years
old, and 42.1% were women. Based on the baseline BMI, there were 303 (49.4%)
patients with normal weight, 227 (37.0%) with overweight, 37(6.0%) with obesity,
and 46 (7.5%) with underweight. Based on the baseline WC, 346 (56.4%) patients
had abdominal obesity. During a median follow-up of 52 weeks, 69 deaths
occurred. Kaplan—Meier plots demonstrated a significant association of BMI
categories (log-rank x2 = 18.574, p<0.001) and WC categories (log-rank x2 =
5.698, p=0.017) with all-cause death. With normal BMI and non-abdominal
obesity as a reference, multivariate Cox regression analysis results showed that
obesity (HR 5.36, 95% Cl, 2.09-13.76, p<0.001), underweight (HR, 5.29, 95% ClI,
2.32-12.07, p<0.001), normal weight combined with abdominal obesity (HR 2.61,
95% Cl, 1.20-5.66, p=0.016), and overweight combined with abdominal obesity
(HR 1.79, 95% ClI, 1.03-3.73, p=0.031, respectively) were significantly associated
with higher risks of all-cause mortality.

Conclusion: Our study indicated that abdominal obesity is common and
associated with all-cause mortality among Chinese hemodialysis patients.
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Introduction

Obesity has reached epidemic proportions worldwide, and
concerns about its influence on adverse outcomes have kept rising
in the last decades (1, 2). In the general population, increased body
mass index (BMI) has been shown to be an independent risk factor
for all-cause mortality (3, 4). Compared with that in the general
population, the results regarding this association in patients
undergoing hemodialysis were different, a recent meta-analysis
showed that BMI-defined obesity in hemodialysis patients was
actually associated with reduced all-cause mortality, challenging the
paradigm that obesity is related to increased mortality in the general
population, and this inconsistent result was also called the “obesity
paradox” (5). However, such a significantly different association in
hemodialysis patients should not be simply explained as increased
BMI is a protective factor, some studies in hemodialysis patients
couldn’t validate this conclusion because of the existence of obese
sarcopenia or protein-energy malnutrition (6).

Previous data showed that the use of BMI as a measurement of
obesity has an important limitation because it does not
discriminate abdominal from gluteofemoral fat (5, 7). To find
more incremental risk information beyond the measurement of
BMI alone among the obesity population, waist circumference
(WC) measurement was introduced to assess abdominal obesity in
various studies from different ethnic populations, and increased
WC was also proved to be an independent risk factor of all-cause
mortality even among normal-weight or overweight individuals in
the general populations and peritoneal dialysis patients, however,
there is still no information about the combination use of BMI and
WC in the prediction of adverse outcomes among Chinese
hemodialysis patients (8-11).

Compared with that in the general populations, the
information about the characteristics of obesity and its influence
on clinical adverse outcomes among elder hemodialysis patients is
scarce, most previous studies about the relationship between
obesity and mortality in hemodialysis patients were conducted
with the measurement of BMI (12, 13),. There was still limited
information about the association between abdominal obesity and
all-cause mortality by combining measurements of BMI and WC
in older hemodialysis patients in China. Therefore, we determined
to investigate the characteristics of obesity and explore the
association between abdominal obesity and all-cause mortality
in a prospective cohort study of Chinese older patients
undergoing hemodialysis.

Materials and methods
Ethics declaration and participants

The study protocol was approved by the Institutional Ethical
Review Board of Beijing Shijitan Hospital, Capital Medical

University (Approval No. SJT2016-18). We also performed the
STROBE checKklist for cohorts (supplementary STROBE checklist).
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All participants provided written informed consent for this study by
themselves or their legal guardians. The patients’ identification
numbers were anonymized to protect individuals’ privacy.

The data used in this study were obtained from a prospective
cohort study: the cognitive impairment in Chinese hemodialysis
patients (Registered in ClinicalTrials.gov, ID: NCT03251573). The
cohort included 613 patients between the ages of 50 and 83 years
from 11 hemodialysis centers in Beijing between April and June
2017, diagnosed with end-stage renal disease, treated with
maintenance hemodialysis for a minimum of 3 months, and
followed up for 1 year for the outcome of all-cause mortality (14).
The inclusion criteria were as follows (1): age =50 years (2), end-
stage renal disease with maintained hemodialysis treatment for a
minimum of 3 months, and (3) willing to join the study and provide
written informed consent. The exclusion criteria were as follows (1):
estimation of a life expectancy of six months or less according to the
nephrologists, and (2) planned kidney transplantation within 6
months of baseline.

Participants’ baseline characteristics were obtained from
patient’s medical charts at the time of enrollment, including
demographics (age, sex), lifestyle characteristics (smoking and
alcohol intake), medical history (diabetes, hypertension, stroke,
and coronary heart disease [CHD]) and laboratory variables
(hemoglobin, albumin, total cholesterol, triglyceride, serum
creatinine, blood urea nitroge, calcium, phosphate, intact
parathyroid hormone [iPTH] and C reactive protein [CRP]). The
single-pool Kt/V was calculated from the pre-and post-dialysis
serum urea nitrogen levels as we applied in the previous study
(15). Baseline CHD was defined as a history of recognized
myocardial infarction, angina, and prior coronary angioplasty or
bypass procedures.

Definition of BMI| and WC

In our study, we used BMI and WC measured at baseline as
the indexes of obesity. All of the patients had received
maintenance hemodialysis for at least 3 months to avoid the
influence of fluid overload at the initial stage of the hemodialysis
that would distort BMI and WC measurements. The
anthropometric data (height, weight, and waist circumference)
were measured after a dialysis session to avoid inaccurate that may
be caused by fluid overload before dialysis. BMI was calculated as
weight in kilograms divided by height in meters squared. Training
personnel measured WC in centimeters using the smallest
circumference between the lower ribs and iliac crests. In order
to make the obesity-related data comparable with other ethnic
groups, we applied the classification of World Health
Organization guidelines, we defined normal weight as a BMI of
18.5~24 kg/m?, overweight as a BMI of 24~30 kg/m?, obesity as a
BMI 230 kg/m® and underweight as a BMI<18.5 kg/m”.
Abdominal obesity was defined as a waist circumference with
sex-specific criteria (WC >90cm in men and >80cm in women)
(4, 16).
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Study outcomes and follow-up

The primary outcome of this study was all-cause mortality. The
incidence of all-cause mortality for each participant was evaluated
between June 30, 2017, and June 30, 2018. Survival time was defined
as the time elapsed from initial study enrollment until the
occurrence of an outcome event, kidney transplantation, and the
end of the follow-up period. We obtained the survival status of the
patients through periodic medical chart monitoring and contacting
each patient’s dialysis unit.

Statistical analyses

Variables are presented as mean with SD or median with
interquartile range (IQR) or number (proportion) where
appropriate. Baseline characteristics were compared by using
the Chi-square test for categorical variables and t or Wilcoxon
rank sum tests, as appropriate, for continuous variables.
Restricted cubic splines were used to evaluate for nonlinear
relationships between baseline BMI or WC measures and
outcomes. Kaplan-Meier curves for all-cause mortality based
on BMI and WC were constructed, and the log-rank test was
used to compare the inter-group differences. Multivariable Cox

10.3389/fendo.2023.1287834

proportional hazards regression analyses were conducted to
quantify the risk of all-cause death associated with baseline
BMI or WC.

We also performed a sensitivity analysis to validate the stability
of our study findings. Because the patients in each BMI group may
differ by WC, we further stratified the participants of each BMI
group into abdominal obesity and non-abdominal obesity groups,
and generated the analysis of the joint associations of BMI and WC
status with all-cause mortality, with the subgroup having normal
BMI and non-abdominal obesity considered as reference, adjusting
for baseline covariates.

Statistical significance was set at a value of p<0.05. All analyses
were performed with SPSS version 21.0 statistical software (SPSS
Inc, Chicago, IL, USA) and JMP Pro 13.2 statistical software (SAS
Institute Inc.)

Results
Basic characteristics of the participants
We finally included 613 patients in this cohort study

(Figure 1). The mean age was 63.82 + 7.14 years, and 42.1%
were women. The median hemodialysis vintage was 57 months,

Patients (=50 years) with at least 3 months of maintained hemodialysis treatment

N=720, from 11 dialysis units)

Excluded:

Unwilling to join the study (N=57)
Planned kidney transplantation within 6 months (N=22)
Estimated life expectancy of less than 6 months (N=28)

Number of subjects in study cohort (N=613)

[

v

v

'

Frontiers in Endocrinology

BMI <18.5 BMI:18.5-24 BMI-24-30 BMI 230
(N=46) N=303) IN=227) N=37)
WC <80/90 WC <80/90 WC <80/90 WC 280/90
(N=46) ? (=189 P =32 (N=37)
WC 280/90 WC 280/90
(N=114) (N=195)

Flowchat of cohort creation.
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and the average dialysis treatment session length was 3.81 +
0.27 h. each time, three times a week. The baseline
characteristics of participants are displayed in Table 1. The
male patients tended to have lower proportions of CHD history,
abdominal obesity, shorter hemodialysis vintage, and higher
level of serum creatinine and blood urea nitroge. (p<0.05).
Based on the baseline BMI, there were 303 (49.4%) patients with
normal weight, 227 (37.0%) with overweight, 37(6.0%) with obesity,
and 46 (7.5%) with underweight. Based on the baseline WC, there

TABLE 1 Baseline characteristics of the participants.

10.3389/fendo.2023.1287834

were 346 (56.4%) patients with abdominal obesity and 267 (43.6%)
with non-abdominal obesity. The number of patients with
abdominal obesity was 0 (0%) in the underweight group, 114
(37.6%) in the normal weight group, 195 (85.9%) in the
overweight group, and 37 (100.0%) in the obesity group,
respectively. None of the underweight patients had abdominal
obesity, and all the patients in the obesity group were abdominal
obesity patients. The distribution of the obesity status of the patients
is shown in Figure 2.

Characteristic

Total (N = 613)

Males (N=355)

Females (N=258)

p-value

Demographics

Age, years 63.82 +7.14 63.86 + 7.51 63.37 + 8.14 0.444
Smoking history, n (%) 270(44.0) 150(42.3) 120(46.5) 0.294
Alcohol intake, n (%) 261(42.6) 147(41.4) 114(44.2) 0.492
Comorbidity

Hypertension, n (%) 545(88.9) 311(87.6) 234(90.7) 0.229

Diabetes, n (%) 231(37.7) 131(36.9) 100(38.8) 0.639

Stroke, n (%) 101(16.5) 55(15.5) 46(17.8) 0.441

CHD, n (%) 194(31.6) 95(26.8) 99(38.4) 0.002
Dialysis vintage, month 57 (24-101) 54.00(21.00-91.00) 63.00 (30.00-110.50) 0.022
Single-pool Kt/V 129 +0.18 130 +0.18 127 +0.17 0.108
BMI (range), kg/m* 23.03(21.00-26.10) 23.00 (21.26-25.95) 23.27 (20.75-26.57) 0.638
BMI (status), n (%) 0.461

< 18.5 kg/m® 46(7.5) 29(8.2) 17(6.6)

18.5-24 kg/m® 303(49.4) 180(50.7) 123(47.7)

24-30 kg/m* 227(37.0) 124(34.9) 103(39.9)

> 30 kg/m* 37(6.0) 22(6.2) 15(5.8)

WC (range), cm 87.00(78.00-94.00) 86.00 (78.00-94.00) 87.00 (78.00-96.00) 0.320
Abdominal obesity, n (%) 346(56.4) 188(53.0) 158(61.2) 0.041
Laboratory data

Hb, g/L 111.16 + 14.53 111.09 + 14.86 111.24 + 14.08 0.896

Alb, g/L 39.73 +3.25 39.61 + 3.18 39.90 + 3.35 0.286

TC, mmol/L 425 + 128 421 +0.94 4.30 + 1.63 0.380

TG, mmol/L 2.09 + 1.46 2.03 + 1.30 2.19 + 1.64 0.178

Scr, ummol/L 832.50(620.30-1006.70) 906.80(682.20-1075.70) 733.00(533.00-898.10) <0.001

BUN, mmol/L 22.32(17.99-26.68) 23.35(19.60-27.83) 21.02(15.49-25.44) <0.001

Calcium, mmol/L 2.24 +0.24 2.25 +0.25 2.23 +0.24 0.308

Phosphate, mmol/L 1.72 £ 0.65 1.71 % 0.60 1.72 £ 0.71 0.848

iPTH, pg/mL 187.60(103.50-358.15) 176.20(99.70-332.70) 223.45(111.47-376.13) 0.093

CRP, mg/L 2.75(1.41-6.02) 2.72(1.33-4.88) 2.82(1.50-8.05) 0.080

Data were presented as mean + SD or median (interquartile range) for continuous variables and number (%) for categorical variables. CHD, coronary heart disease; MoCA, Montreal Cognitive
Assessment; Kt/V, an indicator for evaluating dialysis adequacy; BMI, body mass index; WC, waist circumference; Hb, hemoglobin; ALB, albumin; TC, total cholesterol; TG, triglyceride; Scr,
serum creatinine; BUN, blood urea nitrogen; iPTH, intact parathyroid hormone; CRP, C-reactive protein.
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FIGURE 2

Distribution of patients according to the combination categories of BMI and WC.

Association of BMI| and WC with the risk of
all-cause mortality

After a median follow-up of 52 weeks, all-cause death occurred
in 69 patients. (). Kaplan-Meier plots showed the association
between BMI categories (log-rank %> = 18.574, p<0.001) and WC
categories (log-rank x* = 5.698, p=0.017) and all-cause death,
respectively. (Figures 3A, B).

Restricted cubic splines showed the nonlinear relationships
between BMI and WC and the hazard ratios for all-cause
mortality. (Figures 4A, B). Figure 4A showed a U-shaped
relationship between BMI and mortality, with the lowest BMI
integer value of 25 kg/m> Both the increase and decrease in BMI
were associated with an increasing trend of death risk. Figure 4B
shows the relationship between WC and mortality, with a hazard
ratio <1.0 for WC<85cm and a hazard ratio >1.0 for WC>85cm.

BMI

Results of univariable and multivariable Cox proportional
hazard analyses were summarized in Table 2. Using the normal
weight group as a reference, multivariate Cox regression analysis
showed that the risk of all-cause death tended to increase in the
obesity group (HR 2.50, 95% CI, 1.12-5.59, p=0.026) and the
underweight group (HR 3.49, 95% CI, 1.75-6.99, p<0.001), but
not in the overweight group (HR 1.10, 95% CI, 0.62-1.93, p=0.758);
and using the non-abdominal obesity group as a reference, the risk
of all-cause death was increased in the abdominal obesity group
(HR 1.80, 95% CI, 1.06-3.05, p=0.029).

The sensitive analysis showed the association between
abdominal obesity status and all-cause mortality in different
ranges of BMI. We used the group of patients with normal BMI
and non-abdominal obesity as a reference, multivariate Cox
regression analysis results showed that obesity (HR 5.36, 95% CI,
2.09-13.76, p<0.001) and underweight (HR, 5.29, 95% CI, 2.32-

A B wC
= BMI groups — 107
E o E W
g T Undenweiaht - 7 Non-abdominal obesity
E - eigh _1 Abdominal obesity
& Overweight
5} 1 Obesity “
2 0.9
: g
g 2
S S
L] 2
E o
& &
°
Z 2 0.8
3 5
] E]
o] o]
0.74 0.7
T T T v T T T T T v v T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Follow-up duration (weeks) Follow-up duration (weeks)
Number at risk Number at risk
Underweight 46 45 40 39 37 35 34 Non-abdominal obesity 267 267 263 261 256 250 244
Normal 303 303 297 293 287 278 274 Abdominal obesity 346 341 328 319 313 302 298
Overweight 227 225 220 217 214 210 205
Obesity 37 35 34 31 31 29 29

FIGURE 3

Kaplan—Meier survival curves for all-cause mortality based on body mass index (BMI) (A) and waist circumference (WC) (B). The pairwise comparison
showed that there were significant differences between the underweight group (log-rank %2 = 13.571, P<0.001) and the obesity group (log-rank

x° = 6.664 P=0.010) and the normal BMI group respectively, but there is no significant difference between the overweight group (log-rank

x? = 0.102 P=0.750) and the normal BMI group. (Figure 3A), and there was a significant difference between the abdominal obesity group and the

non-abdominal obesity group (log-rank X2 = 5.698, P=0.017). (Figure 3B).
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Relationships between body mass index (BMI) (A) and waist circumference (WC) (B) and mortality rates with 95% confidence intervals for
hemodialysis patients. Hazard ratios for mortality depending on BMI (A) and WC (B) were modeled by separate restricted cubic splines Cox
regression model analyses. The models were adjusted for age, sex, smoking, alcohol drinking, medical history of hypertension, diabetes, stroke, and
CHD, dialysis vintage, Kt/V, hemoglobin, serum levels of albumin, total cholesterol, triglycerides, calcium, phosphate, intact parathyroid hormone,

and C-reactive protein.

12.07, p<0.001) were still significantly associated with higher risks of
all-cause mortality. In addition, for normal weight and overweight
patients, the risks of all-cause mortality were also significantly
increased in patients combined with abdominal obesity (HR 2.61,
95% CI, 1.20-5.66, p=0.016 and HR 1.79, 95% CI, 1.03-3.73,
p=0.031, respectively), but not in patients with non-abdominal
obesity (HR 0.89, 95% CI, 0.11-6.93, p=0.907). (Table 3).

Discussion

In this cohort study of hemodialysis patients, we found that
both underweight and obese patients defined by BMI had a
significantly increased all-cause mortality compared with the
patients with normal weight, while the overweight patients did
not exhibit such kind of association with death. In addition, our
data showed that participants with abdominal obesity defined by
WC also had an increased risk of all-cause mortality compared with
non-abdominal obesity counterparts even after adjusted with some

potential mediators, notably, this association was observed in the
patients with a wide range of BMI, even in the patients with BMI
defined normal or overweight. Our data delineated the
characteristics of obesity in Chinese older hemodialysis patients
and provided evidence about the association between abdominal
obesity and all-cause mortality in different BMI ranges.

Currently, obesity has been regarded as a kind of chronic
disease, and obesity-related issues in patients with chronic kidney
disease also cause great attention (9, 10). In 2002, the prevalence of
obesity in the U.S. Renal Data System was 29% (17). Data from
some European countries showed that the proportion of obese
patients on dialysis was less than in the U.S., ranging from 10% to
12% (18). In China, the latest national survey showed that the
prevalence was 34.3% for overweight and 16.4% for obesity in the
general population from 2015 to 2019, and the study also found that
there is a trend that Chinese people with obesity tend to have
abdominal obesity (apple-shaped) rather than gluteofemoral
obesity (pear-shaped) (19). In our study, the proportion of
overweight was 37% and obesity was 6% defined by BMI; we also

TABLE 2 The association between BMI and WC status and all-cause mortality.

Unadjusted Model

Death rate n/N (%)

Groups

HR (95% CI)

p-Value

Multivariate Model 1
HR (95% Cl)

Multivariate Model 2

p-Value HR (95% CI)  p-Value

BMI status, kg/m?
<185 12/46(26.1) 3.32 (1.68-6.56) <0.001 3.56 (1.79-7.08) <0.001 3.49 (1.75-6.99) <0.001
18.5-24 27/303(8.9) 1.00 (reference) 1.00 (reference) 1.00 (reference)
24-30 22/227(9.7) 1.096(0.62-1.92) 0.750 1.025(0.58-1.80) 0.932 1.01(0.62-1.93) 0.758
=30 8/37(21.6) 2.70  (1.23-5.94) 0.014 2.75 (1.24-6.14) 0.013 2.50 (1.12-5.59) 0.026
WC status, cm
< 80/90 21/267(7.9) 1.00 (reference) 1.00 (reference) 1.00 (reference)
> 80/90 48/346(13.9) 1.85(1.11-3.09) 0.019 1.75(1.04-2.92) 0.034 1.80 (1.06-3.05) 0.029

HR, hazard ratio; CI, confidence interval; BMI, body mass index; WC, waist circumference.

Unadjusted and multivariable-adjusted HRs were analyzed by the Cox proportional hazards risk model with all-cause death. Multivariable-adjusted model 1 was adjusted for age, sex, smoking,
alcohol drinking, and comorbidities of hypertension, diabetes, stroke, and CHD. Multivariable-adjusted model 2 was adjusted for model 1 plus dialysis vintage, Kt/V, hemoglobin, serum levels of
albumin, total cholesterol, triglycerides, calcium, phosphate, intact parathyroid hormone, and C-reactive protein.
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TABLE 3 Associations of abdominal obesity and all-cause mortality in different ranges of BMI.

Group Death rate n/N (%)

BMI, kg/m?  WC, cm HR (95% ClI)

Unadjusted Model

Multivariate Model 1 Multivariate Model 2

HR(95% C) £

p- HR (95% CI) P-

Value Value

<185 <80/90 12/46(26.1) 5.28(2.33-11.96) <0.001 5.49(2.41-12.49) <0.001 5.29(2.32-12.07) <0.001
>80/90 N - N N . = -
18.5-24 <80/90 11/189(5.8) 1.00(reference) 1.00(reference) 1.00(reference)
>80/90 16/114(14.0) 2.67(1.28-5.74) 0.012 2.53(1.17-5.47) 0.018 2.61(1.20-5.66) 0.016
24-30 <80/90 1/32(3.1) 0.54(0.07-4.16) 0.551 0.66(0.09-5.13) 0.692 0.89(0.11-6.93) 0.907
>80/90 21/195(10.8) 1.95(1.01-4.04) 0.023 1.72(1.02-4.05) 0.036 1.79(1.03-3.73) 0.031
>30 <80/90 - - - - - - -
>80/90 8/37(21.6) 4.29(1.72-10.66) 0.002 4.36(1.73-11.02) 0.002 5.36(2.09-13.76) <0.001

HR, hazard ratio; CI, confidence interval; BMI, body mass index; WC, waist circumference.

Unadjusted and multivariable-adjusted HRs were analyzed by the Cox proportional hazards risk model with all-cause death. Multivariable-adjusted model 1 was adjusted for age, sex, smoking,
alcohol drinking, and comorbidities of hypertension, diabetes, stroke, and CHD. Multivariable-adjusted model 2 was adjusted for model 1 plus dialysis vintage, Kt/V, hemoglobin, serum levels of
albumin, total cholesterol, triglycerides, calcium, phosphate, intact parathyroid hormone, and C-reactive protein.

noticed that the total abdominal obesity had reached 56.4%.
Notably, all of the obese patients defined by increased BMI in our
study also had abdominal obesity, and abdominal obesity even
existed in the normal weight and overweight groups defined by
BML, that is to say, the main feature of obesity in this group of elder
patients undergoing hemodialysis was abdominal obesity, these
results also mirrored the differences between the general
population and patients undergoing hemodialysis in China.
Although most of the current understanding of the negative
influence of excess body fat on health was built up on the basis of
the data on general obesity, which was defined by increased BMI
(13, 16, 20), evidence is emerging that BMI is an imperfect metric
for obesity, and WC appears to be a better indicator of this disease
than BMI (21-23). A pooled analysis included 650000 white adults
from the Mayo Clinic indicated that abdominal obesity defined by
increased WC was positively associated with higher all-cause
mortality at all levels of BMI from 20 to 50 kg/m2 (24). These
data provide evidence that abdominal obesity is an independent risk
factor for all-cause mortality in community individuals, based on
such related information, we used WC to evaluate the status of
abdominal obesity on the basis of BMI classification, and this is also
the first report about the features of obesity among Chinese elder
hemodialysis patients.

Another major concern is the relationship between obesity and
adverse outcomes in hemodialysis patients. Maleeka (5) made a
meta-analysis that included 852162 patients undergoing
hemodialysis in 65 cohorts, the results showed that a 1 kg/m’
increase in BMI was associated with a 3 and 4% reduction in all-
cause and cardiovascular mortality in patients on hemodialysis, the
results seemed to indicate that being obese is protective against all-
cause and cardiovascular mortality. However, some studies didn’t
show this “obesity paradox”. Ellen (25) found a U-shaped
association between obesity measured by BMI and all-cause
mortality after 7 years of follow-up in a group of hemodialysis
patients who were younger than 65 years old. Like the limitation in
the general population, using BMI in the evaluation of obesity in
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dialysis patients also couldn’t reflect the real situation of abdominal
fat deposition (23). By applying both BMI and WC measurements,
our results showed that abdominal obesity existed in individuals
with a wide range of BMI, even in the patients with BMI defined as
normal or overweight, this result was in accordance with the results
from the cohort study from Korean, they included the data of
18,699 adult hemodialysis patients who were followed up for 4 years
and for whom BMI and WC information were available,
participants with the highest WC had a higher risk of mortality,
these data in Asian hemodialysis population reflected the important
in monitoring the WC among hemodialysis patients (26).

As abdominal obesity was the marker of visceral fat
accumulation, previous studies indicated that it was more
strongly associated with multiple chronic diseases than
gluteofemoral obesity (27, 28). This overlapped classification of
obesity between BMI and WC measurements in our study might
partially explain the reason why we didn’t see the “obesity paradox”
in these participants, at the same time, our data also indicated that
visceral fat accumulation played an important role in deciding the
relationship of obesity and all-cause mortality, it seems necessary to
use BMI and WC at the same time in evaluating the obesity status in
hemodialysis patients, this combining metrics of overall body size
with BMI and local fat accumulation with WC seems to be
particularly important in predicting the clinical outcomes in
patients undergoing hemodialysis.

Our study has various strengths. We used standardized data
from a prospective cohort of participants undergoing hemodialysis
from 11 centers, all participants had relatively stable states with
proper dry weight at the enrollment, which significantly reduced the
influence of fluid overload on the evaluation of obesity.
Furthermore, both BMI and WC applied in our study are simple
and reliable metrics for different types of obesity, which provide an
accurate classification of obesity status in our study. Nevertheless,
several limitations should be recognized, including a relatively small
sample size and short time of follow-up, the representative of the
enrolled patients was only restricted within Beijing which may lead
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to selection bias, and some larger cohorts are needed to delineate the
characteristics of obesity in patients undergoing hemodialysis in
China. In addition, spectroscopic bioimpedance has not yet been
used in this study, and it is crucial in determining the distribution of
fat and muscle mass. The results of this study suggested that
patients undergoing hemodialysis might improve life expectancy
by proper weight control to the recommended levels, and both BMI
and WC measurements are important metrics in identifying obesity
status which should be used simultaneously in the obesity-
related evaluation.

Conclusions

In conclusion, our findings indicate that abdominal obesity is
common and associated with all-cause mortality among middle-aged
and older age Chinese patients undergoing hemodialysis. The obese
patients defined by increased BMI also have abdominal obesity, which
reflects that visceral fat deposition is a key feature among this group of
patients, it might be necessary to make a combined measurement of
BMI and WC while evaluating of obesity status in these patients.
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