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Background: The association of obesity with risk of chronic kidney disease has
been accepted, but considering the possible indications of the obesity paradox in
patients with early-stage kidney disease, the association between baseline body
mass index (BMI) and future risk of end-stage renal disease (ESRD) in the general
population has not been established yet.

Methods: We performed a systematic search of PubMed and Scopus for relevant
studies published from database inception to June 2018. Longitudinal cohort
studies reporting risk estimates of ESRD for three or more categories of BMI in
the general population were included. Pooled relative risk (RR) was calculated
using a random-effects model.

Results: The analysis included eight prospective cohort studies, one nested case-
control study, one nested case-referent study, and two retrospective cohort studies
(2,063,895 individuals and 5874 cases of end-stage renal disease). The pooled RR
of ESRD for a 5-unit increment in BMI was 1.19 (95%Cl: 1.06, 1.35; 12 = 94.1%).
The strength of the association might be age-related; in a way that, a significant
positive association was found in those with a mean age <50 years, but not those
aged >50 years. A nonlinear dose-response meta-analysis indicated that the risk of
ESRD was similar within BMI of 15-23 kg/m?, and then increased sharply and
linearly at a BMI of approximately 25 kg/m?.

Conclusion: Obesity and overweight condition are associated with a higher risk of
ESRD. Being as lean as possible within the normal weight range may help to

prevent ESRD.

Introduction

The increased incidence of chronic kidney
diseases (CKDs) during recent years [1] has
imposed a financial burden on healthcare
systems [2]. CKD is associated with a lower
quality of life and higher risk of all-cause and
cardiovascular mortality and morbidity [3-5].
Several epidemiological studies indicate that
adiposity, a growing pandemic problem, is
associated with a higher risk of Kkidney
impairment [6-9]. Adiposity exerts its effects
both indirectly, by increasing the risks of
hypertension and type 2 diabetes, the two
underlying causes of CKD [10-11], and directly,
by promoting adverse effects on kidney structure
and function [12-15].
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Although the association between obesity and
future risk of CKD has been well established [16],
few studies have addressed the potential effects of
adiposity on the risk of end-stage renal disease
(ESRD), the later stage of CKD. It is possible that
the association between adiposity and kidney
failure differs for CKD and ESRD, because
ESRD depends on both the incidence and
prognosis after development of CKD. A
prospective evaluation of approximately half a
million US veterans with an estimated glomerular
filtration rate (eGFR) <60 ml/min/1.73 m?
suggested a relatively consistent U-shaped
association between body mass index (BMI) and
risk of CKD progression and all-cause mortality
in patients with early stages of CKD, with a nadir
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at a BMI of 25-30 kg/m2 [17]. Although the
association of obesity with risk of CKD is widely
accepted, owing to the prolonged progressive
process of ESRD and possible changes in the
nutritional status and body weight during the
progression of kidney disease, and considering the
possible indications of the obesity paradox in
patients with early-stage CKD, the association
between baseline BMI and future risk of ESRD in
the general population has not been well
characterized. The existing evidence is relatively
inconsistent; some studies suggest a positive
association between these parameters [18-19],
whereas others suggest a negative association and
protective effects of a high BMI [20-21].

A recent meta-analysis of 39 cohort studies of
the general population suggested that obesity, but
not the overweight condition, is associated with a
higher risk of CKD [16]. However, the shape of
the  dose-response  relationship was not
determined and the risk of CKD in underweight
individuals was not reported. A large prospective
cohort study conducted in China revealed a J-
shaped association between BMI and the risk of
ESRD [22], whereas other studies suggest a linear
[18-19] [23], or U-shaped association between
these parameters [24]. In addition, the US
veterans cohort study suggested that the
association between higher BMI and progressive
loss of kidney function might strengthen with
increasing age [25], but this hypothesis has not
been examined in the context of ESRD. Thus, the
objective of this review was to examine the
relationship between BMI and future risk of

ESRD in the general population. To our
knowledge, no such meta-analysis has
summarized data regarding this relationship
previously.

Subjects and methods

We reported this systematic review in
accordance  with the  Meta-analysis  of
Observational ~ Studies  in  Epidemiology

(MOQOSE) guidelines [26].
Search strategy

A systematic literature search for studies
published between 1966 and June 25, 2018 was
performed using PubMed and Scopus. The
searches included combinations of keywords
relevant to general and abdominal adiposity,
kidney disease, and study design (Supplementary
Table 1). The reference lists of all related articles
and reviews were also manually searched. The
search was restricted to articles published in
English.

Eligibility and study selection

Two independent authors (AJ, MSZ) reviewed
the titles and abstracts of all studies identified.
Prospective and retrospective cohort, nested
case-control, and case-cohort studies were
included in this review if they met the following
criteria: 1) were conducted among adults aged
18 years or older; 2) measured and reported
baseline BMI as exposure and in at least three
quantitative categories; 3) reported the outcome
of interest as ESRD incidence at follow-up (any
definition of ESRD was acceptable); 4) reported
risk estimates (relative risk (RR), hazard ratio, or
odds ratio) and the corresponding 95%
confidence intervals (Cls) of ESRD for each
category of BMI; and 5) reported number of
cases and participants/noncases or personyears
in each category of BMI, or reported sufficient
information to allow estimation of these
numbers. Studies that reported the association
between continuous BMI and risk of ESRD were
also included. Studies with only two categories
of BMI, studies that were conducted in children
and adolescents, and studies that were conducted
among patients with specific diseases such as
type 2 diabetes or CKD were excluded.

Data extraction and assessment of study quality

Two independent authors (AJ, MSZ) reviewed
the full texts of eligible studies and extracted the
following information: first author’s name,
publication year, study design, location, follow-
up duration, mean age and/or age range,
proportion of men, ESRD diagnosis criteria,
covariates adjusted in multivariate analysis,
exposure levels, number of participants/cases,
reported risk estimates, and the 95%Cls of
ESRD across different categories of BMI. Effect
estimates based on models with the most
comprehensive covariate adjustments were
included.The Newcastle-Ottawa scale was used
to assess the quality of the studies included, and
those with more than seven stars were
considered high quality [27]. Any discrepancies
were resolved through discussion to reach
consensus between the two authors.

Data synthesis and statistical analysis

The RR (and 95% Cls) was considered the
effect size for all studies. The pooled RRs and
95% Cls were calculated for a 5-unit increment
in BMI using a random effects model [28]. The
linear dose-response relationship was determined
using a generalized least squares trend
estimation, according to the methods developed
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by Greenland and Longnecker [29-30]. We used
the two-stage generalized least squares trend
estimation method, which first estimated study-
specific slope lines and then combined the data
with those from studies in which the slopes were
reported directly [30]. Study-specific results
were combined using a random effects model.
The median point in each category of BMI was
assigned to the corresponding RR for each study.
If medians were not reported, approximate
medians were estimated using the midpoint of
the lower and upper bounds. If the highest or
lowest categories were open-ended, they were
considered to have the same width as the closest
category. For studies in which the reference
category was not the lowest one, risk estimates
were recalculated assuming the lowest category
as a reference [31]. Subgroup analyses were

performed based on geographical location,
follow-up duration, baseline mean age,
anthropometric ~ assessment  method, and

adjustment for main confounders. To assess the
possible effect of each study on pooled effect
size, an influence analysis was carried out with
one study removed at a time. If there were
several publications from the same study, the
publication with the higher number of
participants was included. Publication bias was
assessed using funnel plots and Egger’s
asymmetry and Begg’s tests (P<0.10) [32].
Between-study heterogeneity was explored using
Cochran’s Q test of heterogeneity and the I2
statistic (P<0.05) [33]. A potential non-linear
association was examined by modeling dietary

calcium intake levels using restricted cubic
splines with three knots at fixed percentiles (10,
50, and 90%) of the distribution [34]. A P-value
for non-linearity of the meta-analysis was
calculated by testing the null hypothesis that the
coefficient of the second spline was equal to
zero. All analyses were performed using Stata
software, version 13 (Stata Corp, College
Station, Texas, USA). P<0.05 was considered
statistically significant.

Results
Literature search and study characteristics

The initial systematic search identified 17,422
articles, of which 4,523 were duplicates and
12,699 were considered non-relevant and
excluded at the initial screening of the title and
abstract. Overall, 200 full texts were assessed to
examine their eligibility for inclusion in the final
analysis, and of these, 188 studies were
excluded. Detailed reasons for study exclusion
are presented in (Figure 1). Ultimately, 12
studies comprising a total of 2,063,895
participants and 5874 cases of ESRD were
included in the final meta-analysis [18-20, 22-
24, 35-40]. The general characteristics of the
studies are presented in (Table 1) and the
numbers of cases and participants/personyears
and reported risk estimates of ESRD across
different categories of BMI are provided in
Supplementary (Table 2).

Table 1.General characteristics of included studies in meta-analyses of body mass index and risk of end-stage renal

disease.
uality
" Mean age/ Q
Author, year Country Stu_dy Follow-up Participants/  Men age range  Diagnosis criteria of ESRD Adjustments score
design (years) cases (%) (years) (max. 9
Y point)
Receipt of renal Multiphasic Health Checkup period,
Retrospe transplantation age, sex, race, education level,
Hsu et %I. us ctive 26.0 320,252/147 46 38.2  or maintenance hemodialysis smoking status, history of MI, serum 8
(2006) cohort 1 or peritoneal dialysis cholesterol, urinalysis proteinuria,
urinalysis hematuria, and serum Cr
Chronic renal replacement  Age, sex, BMI, FBG, BP, total
. . therapy with dialysis or cholesterol, triglycerides , gamma-
Zittet allg Austria Prospecti 175  185,341/403 46 41.6 transplantation glutamy! transferase, and smoking 6
(2016) ve cohort
status
US Renal Data System Age, race, sex, geographic region of
. (USRDS) residence, education, income, physical
Pa(“z‘gi‘g)eztoa" us nggsg:: 63 218401247 45 647 activity, cigarette smoking, systolic 7
BP, and a history of CHD and stroke
Renal replacement therapy ~ Age, sex, geographic region ,
(dialysis or renal urbanization (urban versus rural
Reynolds et . Prospecti transplantation) or death from residence), education, physical
al. (2007) 2 China ve cohort 83 143,802/350 49 557 renal failure activity, cigarette smoking, and 8
alcohol consumption
US Renal Data System Age, race, education, ever smoker,
Franceschini Prospecti (USRDS) diastolic and systolic BPs, HTN
etal. (2015) # us ve cohort 116 201177212 0 639 treatment, recruitment center, 7
observational study (versus clinical
JNSD 2018; Vol. 4, No. 4: 147-157 149
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Table 1.General characteristics of included studies in meta-analyses of body mass index and risk of end-stage renal

disease.
trials), DM, and eGFR
Akwo et al Nested US Renal Data System Mgtched for age, g(_ender and race, and
(2015) 2 ' us case- - 25,28/631 45 53.7 (USRDS) adjusted for education and smoking 8
control history
Initiation of renal replacement Age, race, sex, eGFR, DM, systolic
therapy (hemodialysis, BP, history of CHD, smoking status,
Bash et al. Prospecti peritoneal dialysis, or having serum TG, HDL, and LDL, and center
(2009) % us ve cohort 16.0 84107124 45 54.6 a kidney transplant), catheter !
place mentor death from renal
failure
Chronic dialysis patients Age, systolic blood pressure, and
Iseki et al. Prospecti residing in Okinawa who roteinuria
(2003) % Japan ch))hort 7.0 100,753/404 47 49.6 survivegat least 1 month on P 8
scheduled dialysis
Initiation of renal replacement Age, race, smoking status, family
Ishani et al Prospecti therapy (her_nodiglysis, ) history o_f DM, serum TG, HDL, _LDL,
(2006) ¥ ’ us ve cohort 25.0 12,866/213 100 46.1  peritoneal dialysis, or having serum uric acid, FBG, and systolic BP 8
a kidney transplant), or death
from renal failure
(i) Serum Cr level > 10 mg/dl, Age, gender, dialect, educational level
(ii) eGFR of less than 15 and year of interview, physical
Lew et ) Prospecti mI/min/;.73 m?, (ii_i) ) activity, smo_king status, glcphol use,
al.(2017) ® Slngaporeve cohort 15.5 52,777/1827 45 56.0 und_ergomg _hemt_)dlalys_ls or total energy |ntake_, pro_tem intake, red 8
' peritoneal dialysis, or (iv) has meat intake, baseline history of DM,
undergone kidney transplant. HTN, stroke, and coronary heart
disease
Sommar et Nested GFR<10-15 (ml/min),starting Erythrocyte Cadmium, lead ant_i
3 Sweden case- - 496/118  52.4 63 renal replacement therapy, ~ mercury, DM, HTN, and smoking 7
al.(2013) - e .
referent i.e., dialysis or transplantation status
Receipt of renal Sex, country of origin, period of
. Retrospe transplantation enrollment in the study, and systolic
Vl\(/zagltg)e}(]al. Israel ctive 255 1’1?;;’104/ 58.7 17 or maintenance hemodialysis BP 8
cohort or peritoneal dialysis

Abbreviations: BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; Cr, creatinine; DM, diabetes mellitus; FBG, fasting blood
glucose; GFR, glomerular filtration rate; HDL, high density lipoprotein; HTN, hypertension; LDL, low density lipoprotein; MI, myocardial infarction; TG,

triglycerides.

Table 2. Relative risk of end-stage renal disease for a 5-unit increment in body mass index.

Comparison n Pooled RR 12 (%), Pheterogeneityl Pbetween2

All studies 12 1.19 (1.06-1.32) 94%, <0.001 -

Region

us 6 1.18 (0.92-1.44) 93%, < 0.001

Europe 3 144 (L15-174) 65%, 0.06 <0.001

Asia 3 1.05 (0.99-1.11) 63%, 0.07

Follow-up duration

< 15 years 3 1.00 (0.96-1.05) 0%, 0.65 <0.001

> 15 years 7 1.30 (1.09-1.50) 95%, < 0.001 '

Mean age

<50 1.32 (1.05-1.60) 96%, < 0.001 <0.001

>50 1.04 (0.98-1.09) 35%, 0.16

Anthropometric assessment

Measured 8 1.28 (1.02-1.54) 96%, < 0.001

Self-reported 2 1.05 (0.99-1.12) 52%, 0.15 <0.001

NA 2 1.08 (1.02-1.13) 0%, 0.44

Adjustments

Smoking status Yes 10 1.15 (1.02-1.28) 90%, < 0.001 <0001
No 2 1.31 (0.84-1.78) 99%, < 0.001 '

Blood pressure or HTN Yes 9 1.19 (1.02-1.35) 91%, < 0.001 <0.001
No 3 1.03 (0.94-1.46) 98%, < 0.001 '

Physical activity Yes 3 1.03 (0.95-1.11) 59%, 0.09 <0.001
No 9 1.27 (1.08-1.46) 95%, < 0.001 '

DM or FBG Yes 4 1.09 (1.03-1.15) 0%, 0.72 0.44
No 8 1.23 (1.04-1.43) 96%, < 0.001 )

Kidney function Yes 4 1.27 (0.95-1.59) 95%, < 0.001 0.06
No 8 1.16 (1.00-1.32) 94%, < 0.001 )

1p-heterogeneity within subgroups with the use of a random-effects model.

2P-heterogeneity between subgroups with the use of a fixed-effects model.

Abbreviations: DM, diabetes mellitus; FBS, fasting blood glucose; HTN, hypertension.
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Six of the studies included in the meta-analysis
were from the US [18, 20, 23-24, 35, 37], four
were from Asia [19, 22, 36, 38], and two were
from Europe [39-40]. Two studies were
retrospective cohorts [18, 40], one was a nested
case-control [24], one was a nested case-referent
study [39], and the remainders were prospective
cohorts. One study was a prospective evaluation
within a multiple risk factor intervention trial
[37]. Eight studies measured baseline weight to
calculate the BMI [18-20, 22-23, 35, 39-40], two
studies used self-reported anthropometry [24]
[38], and two studies did not specify the
anthropometric assessment method exactly [36-
37]. All studies included in the meta-analysis
were published after 2003. Six studies measured
baseline kidney function [18, 20, 23, 35-37], and
3-11% of the participants in these studies had an

proteinuria. One large retrospective cohort study
included 1.2 million adolescents aged 17 years
[40]; considering the fact that BMI in adulthood
is highly correlated with BMI in adolescence
[41-42], we decided to include this study in the
meta-analysis. Three studies reported an
association between continuous BMI and risk of
ESRD [35, 37, 39]; hence they were not included
in the nonlinear dose-response meta-analysis.
BMI and risk of ESRD

All studies were eligible for inclusion in the
linear trend estimation, and the result showed
that a 5-unit increment in BMI was associated
with a 19% higher risk of ESRD (pooled RR:
1.19; 95%CI: 1.06, 1.32; n=12 studies), with
extreme heterogeneity (12=94.1%j;
Pheterogeneity < 0.001) (Figure 2).

eGFR <60 ml/min/1.73 m? or displayed
o
c
2 Records identified through Additional records identified
E database searching through other sources
;E {n=17422) (n=0)
LY
=
A Y
PO Records after duplicates removed
(n=12899)
oo
L
s
L
v L 4
@ Records screened o Records excluded
{n=128399) (n=12699)
—
h 4
Full-text articles assessed Full-text articles excluded,
.E for eligibility with reasons
3 (n=200) (n=188)
-%" 148 not relevant
exposure/outcomes
¥ 10 reviews
it/ Studies included in 6 duplicates
qualitative synthesis 5 letters
(n=12) 5 no risk estimates
4in patients
- 4 no participants/cases
i; Y 3 with two categories
'g Studies included in 2 abstracts
- quantitative synthesis 1 composite outcome
{meta-analysis)
(n=12)
| S

Figure 1. Literature search and study selection process for inclusion in the meta-analysis of body mass index and risk of

end-stage renal disease.
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Author Year Country ES (95% CI)
Panwar 2015  US 0.89 (0.54, 1.24)
Reynolds 2007 China 1.00 (0.96, 1.06)
Akwo 2015 us 1.02 (0.96, 1.09)
Franceschini 2015 us 1.05 (0.95, 1.22)
Iseki 2004  US 1.07 (1.02, 1.14)
Lew 2017 Singapore 1.09 (1.02, 1.16)
Ishani 2006  US 1.17 (0.95, 1.44)
Zitt 2016 Austria 1.20 (0.95, 1.52)
Vivante 2012 Israel i . 1.55(1.46, 1.64)
Hsu 2006  US [ 1.60 (1.48, 1.73)
Bash 2009 US . = 1.84 (1.00, 3.57)
Sommar 2013  Sweden : 1.84 (1.10, 3.05)
Overall (I-squared = 94.1%, p = 0.000) O 1.19 (1.06, 1.32)
NOTE: Weights are from random effects analysis El
o 1 2 3

Figure 2. Relative risk of end-stage renal disease for a 5-unit increment in body mass index. Results were combined using a

random effects model.

Sensitivity analysis, subgroup analysis, and
publication bias

The pooled RR ranged from 1.14 (95%ClI:
1.03, 1.24), with the exclusion of an Israeli
military adolescents cohort study [40], to 1.21
(95%CI: 1.06, 1.37), with the exclusion of the
China National Hypertension Survey [22]. None
of the excluded studies explained the large
degree of heterogeneity in the data. A subgroup
analysis by age revealed a significant positive
association between BMI and risk of ESRD in
those with a mean age <50 years (pooled RR:
1.32; 95%CI: 1.05, 1.60; n=7 studies), but not
those aged >50 years (pooled RR: 1.04; 95%CI:
0.98, 1.09; n=5 studies). In addition, there was a
non-significant association between BMI and
risk of ESRD in studies that controlled for
baseline kidney function (pooled RR: 1.27;

95%ClI: 0.95, 1.59; n=4 studies). Further
subgroup analyses identified geographical
location, follow-up duration, mean age,

anthropometric  assessment  method, and
adjustment for physical activity and baseline
diabetes as potential sources of the observed
heterogeneity (Table 2). Some evidence of
publication bias was identified using Begg’s test
(P=0.06), but not Egger’s test (P=0.68)
(Supplementary Figure 1).

Nine studies reported sufficient information for
inclusion in the nonlinear dose-response meta-
analysis[18-20, 22-24, 36, 38, 40], and the result
suggested a  significant  dose-dependent
association between BMI and the risk of ESRD
(Pnonlinearity<0.001; Figure 3). This nonlinear
analysis revealed that, although it was relatively
similar in the underweight and normal weight
ranges, the risk of ESRD increased sharply and
linearly at a BMI>25 kg/m?; with risk increasing
significantly at a BMI of about 23 kg/m?. In the
sensitivity analysis, none of the excluded studies
changed the results.
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Relative risk

T T T T
30 35 40 45

Body mass index (kg/m2)

Figure 3. Dose-response association between body mass index and risk of end-stage renal disease, (Pnonlinearity< 0.001, n
=9).The solid line and the long dashed line represent the estimated relative risk and its 95% confidence interval.

Discussion

The results of this meta-analysis indicate that a
5-unit increment in BMI is associated with a
19% higher risk of ESRD. The association
stayed significant after adjustment for smoking,
blood pressure, and history of diabetes; whereas
a non-significant association was found among
studies that controlled for physical activity and
baseline kidney function. A dose-response meta-
analysis suggested that the association might be
influenced by age; in a way that, a significant
inverse association was found only among those
with a mean age <50 years, but not among those
aged >50 years.

The association between adiposity and risk of
kidney failure has been well established. Two
previous  meta-analyses  examined  this
relationship [16, 43], and the most recent
suggested that obesity, but not the overweight
condition, is significantly associated with a 28%
higher risk of low eGFR (n=13 studies) and a
51% higher risk of albuminuria (n = 7 studies)
[16]. The earlier meta-analysis [43] addressed all
types of kidney diseases, including CKD, kidney
stones, kidney cancers, and ESRD (n=2 studies),
and suggested that both obesity and the
overweight condition are associated with a
higher risk of kidney disease. In comparison
with previous reviews, the current meta-analysis
included a larger number of studies, more
participants (more than 2 million), and a longer

JNSD 2018; Vol. 4, No. 4: 147-157

follow-up duration, which enabled us to
appropriately test the relationship between BMI
and ESRD.

A subgroup analysis revealed a significant
association between BMI and ESRD in the
younger subgroup (mean age<50 years old) but
not the older subgroup (mean age >50 years).
This difference may be due in part to the higher
likelihood of survival in younger participants.
Younger people live longer, and as a result are
more likely to develop ESRD before death. It
has also been proposed that the shorter lifespan
of patients aged >50 years may not allow the
complete appearance of the long-term adverse
metabolic effects of obesity [25]. In the current
analysis, the numbers of participants and mean
follow-up durations differed substantially across
the age subgroups (1,813,916 participants with a
mean follow-up duration of approximately 21
years in the younger subgroup, versus 249,979
participants with a mean follow-up duration of
approximately 11 years in the older subgroup);
therefore, it is difficult to accurately compare the
size of the effect of adiposity on ESRD across
age subgroups. In contrast to the results
presented here, a prospective evaluation of
approximately 3.3 million US veterans with a
baseline eGFR >60 ml/min/1.73 m2 suggested
that the association between BMI and risk of
eGFR decline might strengthen with increasing
age. In the US veteran study, higher BMIs were
associated with a poorer prognosis in
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participants aged >40 years, but there was no
association between BMI and progressive loss of
kidney function in younger individuals [25].
However, the interpretation of the results of this
cohort study may have been limited by the
relatively short follow-up period (7 years).
Furthermore, as above mentioned, the
association between BMI and kidney failure
differs for CKD and ESRD, as ESRD depends
on the incidence and prognosis after CKD
development, and it has been suggested that
overweight patients might have a lower risk of
progression of CKD [17].

The nonlinear dose-response meta-analysis
suggested that both obesity and the overweight
condition are associated with a higher risk of
ESRD. This finding for the overweight category
is inconsistent with that of a previous meta-
analysis by Garofalo et al. [16], which suggested
that obesity, but not the overweight condition, is
associated with a greater risk of new-onset low
eGFR and albuminuria. However, Garofalo et al.
did report a marginally significant association
for these parameters in the overweight category
(eGFR: pooled RR, 1.06; 95%CI: 0.94, 1.21;
n=8 studies; albuminuria: pooled RR, 1.24;
95%Cl: 0.98, 1.58; n=2 studies). In the analysis
by Garofalo et al., only one study examining
albuminuria and three studies examining eGFR
had follow-up durations >10 years, and two
studies had short follow-up durations(<5 years).
By comparison, of the nine studies included in
the current dose-response meta-analysis, six had
follow-up durations >10 years, of which five had
follow-up durations >15 years. It is possible that
the relatively short follow-up durations of the
studies examined by Garofalo et al. did not allow
the complete appearance of adverse metabolic
effects associated with the overweight condition.
Thus, the inconsistency between the findings of
the current analysis and that performed by
Garofalo et al. may be attributable to the
different follow-up durations of the studies
examined.

Mechanisms

There are several reasonable explanations for
the observed association between BMI and risk
of ESRD. Heavier weight is generally
accompanied by a higher risk of type 2 diabetes
and hypertension, which are the two main risk
factors for CKD development [10-11]. Adiposity
is also associated with proteinuria and
glomerulosclerosis [14, 44-46], the underlying
processes of CKD, and hyperlipidemia, another
consequence of obesity, might play a role in the

development of CKD [19].
Strengths and limitations

The current study has several strengths. First,
our analysis allowed us to summarize existing
evidence regarding the association between
greater body mass and risk of ESRD, and show
the shape of the dose-response relationship. To
our knowledge, this is the first meta-analysis
examining the relationship between BMI and
ESRD risk. Second, we examined this
relationship in both younger and older
populations, and found that it is likely to be
influenced by age. Third, we included large-
scale and high quality cohort studies, with a total
of more than 2 million participants, which
conferred an acceptable statistical power to the
analysis. Finally, of the nine studies included in
the nonlinear dose-response meta-analysis, six
had follow-up durations longer than 10 years, of
which five had prolonged follow-ups of >15
years; consequently, we were able to identify the
long-term dose-response relationship between
BMI and risk of incident ESRD.

This analysis has several potential limitations
that should be noted when interpreting the
results. First, the data displayed extreme
heterogeneity that persisted in most of the
subgroups. The subgroup analyses suggested that
region, follow-up duration, mean age,
anthropometric ~ assessment  method, and
adjustments for some of the confounders were
potential sources of the heterogeneity. In
addition, 10 of the 12 studies included in the
analysis reported risk estimates greater than 1.
Thus, the observed heterogeneity may be largely
attributable to differences in the effect sizes of
the studies examined, rather than inconsistencies
in the direction of the association. Second, the
numbers of participants and follow-up durations
differed substantially across the age subgroups;
hence the observed age-related differences in the
association between BMI and ESRD should be
interpreted with caution. Third, only 6 of the 12
studies included in the analysis examined
baseline kidney function and only 4 studies took
this parameter into account in the multivariate
analyses. In addition, only one study excluded
participants with proteinuria and low eGFR, on
the basis of the baseline urine dipstick test [40].
Therefore, we cannot ignore the confounding
effects of pre-existing kidney failure on the
results, especially considering the fact that there
was nho significant association between BMI and
ESRD in the subgroup of studies that adjusted
the results for baseline kidney function (n=4
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studies). Fourth, the current meta-analysis
included a wide spectrum of individuals, ranging
from adolescents to elderly patients. Indeed, the
BMI may overestimate the degree of adiposity in
younger subjects, who may be overweight but
muscular, and may underestimate adiposity in
older individuals because of the loss of muscle
mass associated with aging. On the basis of these
considerations, measurement of waist
circumference in conjunction with BMI would
provide additional information on the role of
aging in ESRD risk. Waist circumference, a
measurement of abdominal obesity, provides
information that is not accounted for by the
BMI. However, due to the lack of available
information, we were unable to examine the
association between abdominal adiposity and
risk of ESRD in the current analysis. Fifth,
because the studies included in this meta-
analysis did not report sex-specific data, we were
unable to determine the association between
BMI and ESRD across sex subgroups. Sixth, one
prospective cohort study included in the analysis
had a wvery high percentage (72%) of
hypertensive individuals[37], and a further six
cohort studies also had relatively high
proportions  (24-53%) of  hypertensive
participants[19-20, 22-23, 35, 38]. Thus, the
confounding effect of pre-existing hypertension
should be considered and our results may not
reflect the true association between BMI and
ESRD in the general population. Finally, all of
the studies included in this analysis were
published after 2003, and the results of Begg’s
test and a funnel plot indicated publication bias,
possibly leading to overestimation of ESRD risk.

Conclusion

The current analysis summarizes the evidence
of an association between BMI and risk of
ESRD. The results indicate that both obesity and
the overweight condition are associated with a
higher risk of ESRD. Being as lean as possible
within the normal weight range may help to
prevent ESRD. Owing to the long-standing
progressive process of ESRD, it may be helpful
to consider changes in BMI when assessing the
association between BMI and ESRD over
follow-up periods.
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