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Abstract Diabetes mellitus is a strong risk factor for
chronic kidney disease and end-stage renal disease.
Whether sex differences in chronic kidney disease and end-
stage renal disease incidence exist among diabetic patients
remains unclear. This systematic review and meta-analysis
was conducted to evaluate the relative effect of diabetes on
chronic kidney disease and end-stage renal disease risk in
women compared with men. We systematically searched
Embase, PubMed, and the Cochrane Library for both cohort
and case—control studies until October 2015. Studies were

Electronic supplementary material The online version of this article
(doi: 10.1007/512020-016-1014-6) contains supplementary material,
which is available to authorized users.

P< Shaohua Wang
gyjwsh@126.com

Yanjue Shen
shalousyj@163.com

Rongrong Cai
rongrong19900710@163.com

Jie Sun
jie_sun19890321@163.com

Xue Dong
seu43209314 @sina.com

Rong Huang
huangrong0914 @yeah.net

Sai Tian
760128840@qq.com

Department of Endocrinology, Affiliated Zhongda Hospital of
Southeast University, No. 87, DingJiaQiao Road, Nanjing 210009,
China

Medical School of Southeast University, No. 87, DingliaQiao
Road, Nanjing 210009, China

@ Springer

selected if they reported a sex-specific relationship between
diabetes mellitus and chronic kidney disease or end-stage
renal disease. We generated pooled estimates across studies
using random-effects meta-analysis after log transformation
with inverse variance weighting. Ten studies with data
from more than 5 million participants were included. The
pooled adjusted risk ratio of chronic kidney disease
associated with diabetes mellitus was 3.34 (95 % CI 2.27,
4.93) in women and 2.84 (95 % CI 1.73, 4.68) in men. The
data showed no difference in diabetes-related chronic kid-
ney disease risk between the sexes (pooled adjusted
women-to-men relative risk ratio was 1.14 [95 % CI 0.97,
1.34]) except for end-stage renal disease—the pooled
adjusted women-to men relative risk ratio was 1.38 (95 %
CI 1.22, 1.55; p=0.114, I’=38.1 %). The study found no
evidence of a sex difference in the association between
diabetes mellitus and chronic kidney disease. However,
the excess risk for end-stage renal disease was higher in
women with diabetes than in men with the same condition,
from which we assume that the female gender could
accelerate the disease progression. Further studies are nee-
ded to support this notion and elucidate the underlying
mechanisms.

Keywords Diabetes mellitus - Chronic kidney disease -
End-stage renal disease - Sex - Meta-analysis

Introduction

Diabetes mellitus (DM) is a serious noncommunicable
disease burden worldwide. Approximately 382 million
people suffered from diabetes in 2013, and the prevalence is
projected to increase substantially in the next decades.
The number of cases is expected to rise to 592 million by
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2035 [1]. Chronic kidney disease (CKD) is a global health
concern as similar to diabetes. Prevalence is estimated to be
816 % worldwide, and DM is one of the most common
risk factors [2]. Compared to non-diabetic patients, patients
with diabetes have greater rate of the development of end-
stage renal disease (ESRD) [3]. Furthermore, concurrent
DM and CKD will lead to a higher risk of cardiovascular
morbidity [4] and all-cause mortality [5].

A meta-analysis in 2000 suggested that the male gender is
more prone to chronic renal disease in non-diabetic patients
and is associated with a more rapid rate of progression [6].
Women are generally accepted to hold a reduced risk for
non-diabetic kidney disease, indicating the female gender
seems to be a protective factor, while the influence of sex
differences on the incidence of diabetes-related kidney dis-
ease is still not well understood [7]. Several studies have
reported higher CKD risk for men [8—10] or for women with
diabetes [11-13], whereas some other reports have not found
any difference between the sexes [14—16]. The data are
inconsistent
may be due to the different study designs, uncontrolled
definition of outcomes, and variation in patient populations,
especially for the fact that no study was primarily designed
to examine this issue. Thus, a pooled analysis would be very
helpful.

Therefore, we conducted this systemic review and meta-
analysis in order to evaluate the sex-specific association
between DM and risk of CKD and ESRD.

Methods
Search strategy

A computer-assisted search was systematically performed in
Embase, PubMed, and the Cochrane Library until October
2015 for studies that have explored the association between
DM and CKD or ESRD. We used a combined text word and
Medical Subject Headings (MeSH) search strategy with the
terms “diabetes mellitus”, “diabetes”, “chronic kidney dis-
ease”, ‘“‘chronic renal disease”, “chronic renal insuffi-
ciency”, “chronic kidney insufficiency”, “chronic kidney
failure”, “chronic renal failure”, “end stage renal disease”,
“end-stage kidney disease”, “ESRD”, “sex”, “gender”,
“men”, and *“ women”. No restriction in publication date or
country was imposed. References were scanned to identify
other potentially relevant studies.

Selection criteria

Two independent reviewers (Yanjue Shen and Rongrong Cai)
accessed the reports with the following inclusion criteria: (1)
the study design was based on case—control or cohort study;

(2) the study evaluated the association between DM and CKD
or ESRD; (3) the study provided relative risks (RR) or odds
ratios (OR), and their 95% confidence intervals (CIs) for the
incidence of CKD or ESRD, or the data to calculate the
parameters. Studies that adopted a cross-sectional design, did
not adjust at least for age, merely reported the RRs or ORs for
the prevalence of CKD or ESRD, or did not provide infor-
mation about the variability around the point estimates were
excluded. Besides, studies conducted in populations with a
history of relevant outcomes were also excluded. The quality
of the selected studies was evaluated according to the
Newcastle-Ottawa Scale (NOS) [17], which ranged from zero
star to nine stars, and the nine stars represent the highest
methodological quality.

Data extraction

Baseline data were extracted from the included studies if
possible as follows: first author of each study, study design
(cohort or case—control study; prospective or retrospective
study), study size (including the proportion of women), study
location, study period, mean age at baseline in the enrolled
studies, methods of diabetes assessment (registration, self-
reported or medical assessment), variables adjusted in the
analysis, and the risk estimates with corresponding 95 % Cls
in men and women respectively. Any discrepancies were
settled by discussion with the third author (Shaohua Wang).

Statistical analysis

The primary outcome was the incidence of all stages of
CKD, and the secondary outcome was the incidence of
ESRD only. CKD was defined as the abnormality of kidney
structure or function for more than 3 months, and ESRD
was the final common pathway for CKD [18]. CKD incidence
was determined by incident albuminuria alone or through
methods of determining the estimated glomerular filtration rate
(eGFR), such as the simplified Modification of Diet in Renal
Disease (MDRD) equation [19], the Cockcroft-Gault equation
[20, 21], and the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equations [22, 23]. For each inclu-
ded report, the adjusted sex-specific RRs or ORs with 95 %
ClIs for individuals with diabetes versus those without diabetes
were obtained to estimate the women-to-men relative risk ratio
of RRs (RRR) and the corresponding 95 % Cls [24]. Con-
sidering the heterogeneity between studies, we have generated
pooled estimates across studies using random-effects meta-
analysis after log transformation with inverse variance
weighting (both for log RR and log RRR).

The Cochran Q tests and I? statistics were used to assess
the heterogeneity between studies. For the Q statistic,
a p value below 0.10 meant statistically significant for
heterogeneity. For /2, a value greater than 50 % indicated the
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9946 potential records identified
through database searching
PubMed (n=4581)

Embase (n=5249)

The Cochrane Library (n=116)

1309 duplicates excluded

8637 relevant records screened

8366 articles removed on the
basis of title and abstract

151 records retrieved for more
detailed evaluation

141 articles excluded

Not cohort study (n=18)

No sex stratification (n=32)

No relevant outcomes (n=44)
Conducted in CKD cohorts (n=22)
Not assess diabetes as a risk
factor (n=22)

Not in English or Chinese (n=3)

10 studies included in systematic
review and meta-analysis

Fig. 1 Flow chart on the articles selection process

presence of substantial heterogeneity. Sensitivity analyses
and meta-regression were employed to explore potential
sources of heterogeneity [25]. Publication bias was assessed
by using Egger’s regression test and funnel plot [26].
We also conducted a “trim-and-fill” analysis [27], which
yielded an effect adjusted for funnel plot asymmetry.
Finally, we used Stata version 11.0 to analyze the data, and
a two-tailed p value of less than 0.05 was considered to be
statistically significant.

Results
Search results

The search strategy identified 8637 reports after excluding
duplicate articles (Fig. 1). Of these, 151 were retrieved for
more detailed evaluation, and 10 studies that satisfied
the inclusion and exclusion criteria were included in our
meta-analysis, including 9 cohort studies [28-36] and
1 case—control study [37]. The baseline characteristics of the
5,542,757 participants are shown in Table 1. Of the ten
included articles, three studies were conducted in Europe
[28, 29, 31], four in North America [30, 34, 35, 37], and the
other three in Asia [32, 33, 36]. The year of the baseline
survey ranged from 1974 to 2011. The mean age of the
individuals in the included studies ranged from 41 to
76 years. DM was determined by registration, self-reported
or medical assessment. The quality rating of the involved
studies ranged from 6 stars to 8 stars (supplementary Table 1).
Potential confounders (at least for age) were controlled in
all the studies.

@ Springer

Association between DM and risk of CKD and ESRD

The pooled summary RR for individuals with diabetes
versus those without diabetes based on available data was
3.34 95 % CI 2.27, 4.93) for women and 2.84 (95 % CI
1.73, 4.68) for men (Fig. 2). Significant heterogeneity was
found among these studies (p <0.001, =993 % for
women and p<0.001, ?=99.4% for men). Exclusion
of the studies that were not adjusted for hypertension [28, 29,
35, 37], the heterogeneity between the studies did not change
significantly, with the value p < 0.001 and ?=98.8 % both
for women and men. The maximum-adjusted pooled RR was
attenuated slightly both in women (RR 3.31 [95 % CI 2.06,
5.33]) and in men (RR 2.66 [95 % CI 1.41, 5.04]) (supple-
mentary Fig. 1). Some factors may have accounted for the
high heterogeneity between the studies, such as uncontrolled
methods of selecting diabetes groups, potential confounding
factors, and the large number of participants.

Sex-specific association between DM and CKD

No evidence of a sex difference was found in the associa-
tion between DM and all stages of CKD; the pooled
adjusted women-to-men summary RRR for incident CKD
was 1.14 (95 % CI 0.97, 1.34) with significant heterogeneity
(p<0.001, ?’=85.3 %) (Fig. 3). When we excluded the
studies with only a CKD Stage 5 outcome, the hetero-
geneity between the studies was modified slightly, with the
value p=0.01 and I?’=62.2%. In addition, the pooled
adjusted RRR (RRR 0.97 [95 % CI 0.83, 1.12]) showed no
significant association between diabetes and risk of CKD
(supplementary Fig. 2). Meta-influence analysis showed a
possible higher influence on the effect estimate attributable
to the study by Jan et al. [29] in the analysis for specific
association between DM and CKD without the studies with
ESRD as outcome only (supplementary Fig. 3). Removal
of this study did not substantially alter the pooled results
(RRR 1.12 [95% CI 0.97, 1.29]) and the heterogeneity
decreased dramatically (p =0.792, I?’=0.0 %). Moreover,
sensitivity analyses omitting one study at a time did not
alter the effect estimate, the summary RRRs ranged from
0.92 95% CI 0.79, 1.07) to 1.02 (95% CI 0.89, 1.16)
(supplementary Table 2). Meta-regression indicated that the
pooled RRR for CKD was not affected by the mean age of
the participants (p =0.220), by baseline prevalence of
diabetes (p =0.861), nor by the baseline year of each study
(p =0.333) (supplementary Fig. 4).

Sex-specific association between DM and ESRD
For the incidence of ESRD, the pooled women-to-men RRR

was 1.38 (95 % CI 1.22, 1.55) (Fig. 4), indicating a sig-
nificant sex difference between DM and ESRD. The p value
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Age

CKD stage 1-2

Registration

33901

784563

Netherlands 19962011 44.4

Cohort study,

Jan et al.

9.26 (8.41, 10.19) (f)

(50.58 %)

(51.87 %)

retrospective study

12.43 (11.34, 13.62) (m)

CKD stage 3-5

1.43 (135, 1.51) (f)

1.58 (1.48, 1.69) (m)

ESRD

2.46 (1.77, 3.41) (

1.74 (1.26, 2.42) (m)

CKD stage 1-2

Age, BMI, hypertension,

Medical assessment

Cohort study, NA Japan 1993-2003 58 237110 11767

Kei et al.

smoking, eGFR, HDL-C, total
cholesterol, triglycerides,

alcohol intake

3.53 (2.34, 5.34) (f)

(47.55 %)

(65.48 %)

3.53 (2.63, 4.75) (m)

RR for Jan et al. was obtained by using logistic regression based on the acquired data

CKD chronic kidney disease, ESRD end-stage renal disease, T1DM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus, Black black race, Other other race excluded black, f female, m male,

NOS Newcastle-Ottawa Scale, RR relative risk, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HCVD history of cardiovascular disease, FHDM family history of

diabetes mellitus, eGFR estimated glomerular filtration rate, HDL-C high-density lipoprotein cholesterol

was 0.114 and the /2 statistic was 38.1 %, which denoted no
significant heterogeneity between the studies. When we
excluded the studies that were not adjusted for hypertension
[28, 29, 35, 37], the maximum-adjusted pooled RRR was
increased slightly (RR 1.39 [95 % CI 1.16, 1.67]) without
heterogeneity (p=0.123, 1?°=44.9 %) (supplementary
Fig. 5). Meta-influence analysis showed a possible higher
influence on the effect estimate attributable to the study by
Jay et al. (Black) [30] (supplementary Fig. 6). Removal of
this study improved the strength of the association between
DM and ESRD (RRR 1.43 [95 % CI 1.29, 1.59]), and the
heterogeneity decreased dramatically (p = 0.366, I?’=8.3 %).
In a sensitivity analysis in which studies were omitted one at
a time with the remaining studies pooled, the summary RRRs
ranged from 1.35 (95 % CI 1.20, 1.52) when the study by
Falk et al. [28] was excluded to 1.43 (95 % CI 1.29, 1.59)
when the study by Jay et al. (Black) [30] was removed
(supplementary Table 3). In addition, we performed sub-
group analysis to further elicit the association between dia-
betes and ESRD (Table 2). Results suggested that the pooled
RRRs did not differ significantly in subgroup analyses.
Furthermore, no statistical significance was found between
prospective and retrospective studies (p =0.093), between
the European and the North American regions (p =0.176),
between the mean age below and above 60 years old
(p=0.151), nor between registration and other methods of
DM assessment (p =0.153).

Publication bias

Egger’s regression test provided no evidence of substantial
publication bias (p =0.255) for the incidence of CKD.
However, the visual inspection of funnel plot showed some
extent of asymmetry (Fig. 5). Thus, we conducted the “trim-
and-fill” analysis (supplementary Fig. 7). No funnel plot
asymmetry was observed after including one study, and the
adjustment did not alter the results (RRR 1.13 [95 % CI
0.96, 1.32]), thereby indicating the absence of significant
publication bias. For the incidence of ESRD, the Egger’s
regression test provided no evidence of substantial pub-
lication bias (p =0.159).

Discussion

In this systematic review and meta-analysis with data for
more than 5 million individuals from previous observational
studies, we found that DM was a strong risk factor for CKD
and ESRD in both men and women. However, no evidence
on sex difference was noted in the association between DM
and incident CKD except for ESRD after adjustment for
several important variables. The pooled adjusted RRR for
ESRD was 38 % higher in women with diabetes than in men
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Fig. 2 Pooled adjusted relative
risk for incident chronic kidney
disease, comparing individuals
with diabetes versus those
without diabetes

Note: Box sizes are in
proportion to study weights. The
study by Julia et al. provided
separate estimates for patients
with type 1 and type 2 diabetes.
The study by Jay et al. provided
separate estimates for cohorts
from black race and the other
race. Jan et al.]1 and Yamagata
et al.1 provided relative risk for
incident CKD stage 1-2 in men
and women; Jan et al.2 and
Yamagata et al.2 provided
relative risk for incident CKD
stage 3-5 in men and women

71

Study Relative %
ID Risk (95% Cl) Weight
Women
yamagata et al.2(2007) 0.76 (0.68,0.86)  7.69
Jan et al.2(2014) 3 1.43(1.35,1.51) 7.73
Eric et al.(2011) —_— 1.84(1.13,2.98)  6.91
Jay et al.(other)(2007) - 1.90 (1.68,2.16)  7.68
Roland et al.(1994) - 2.10(1.90,2.20) 7.72
yamagata et al.1(2007) - 214 (1.75,2.63)  7.58
Jay et al.(black)(2007) - 2,50 (2.31,2.71)  7.71
Kei et al.(2013) — 3.53(2.34,5.34) 7.12
Julia et al.(T2DM)(2010) - 452 (4.17,4.89)  7.71
Maryam et al.(2012) —_— 6.20 (2.68, 14.36) 5.69
Falk et al.(2010) —— 8.80 (5.50, 14.00) 6.96
Jan et al.1(2014) - 9.26 (8.41,10.19) 7.70
Melanie et al.(2003) —_— 10.70 (6.00, 19.00) 6.61
Julia et al.(T1DM)(2010) ——+—> 13.30(5.00, 35.38) 5.19
Overall (I-squared = 99.3%, p = 0.000) <> 3.34 (2.27,4.93)  100.00
Test for overall effect (z = 6.09, p = 0.000)
Men
yamagata et al.2(2007) 0.71 (0.61, 0.84) 7.45
Jay et al.(other)(2007) - 1.41 (1.20, 1.66) 7.45
Roland et al.(1994) - 1.50 (1.40, 1.60) 7.50
Jan et al.2(2014) - 1.58 (1.48, 1.69) 7.50
yamagata et al.1(2007) —— 1.76 (1.47, 2.11) 7.43
Jay et al.(black)(2007) -~ 2.12 (1.90, 2.36) 7.48
Maryam et al.(2012) > 2.17 (0.68, 6.90) 5.34
Eric et al.(2011) —_— 2.37 (1.49, 3.77) 7.05
Kei et al.(2013) — 3.53 (2.63, 4.75) 7.31
Julia et al.(T2DM)(2010) —_—— 4.15 (1.94, 8.90) 6.39
Falk et al.(2010) — 4.60 (3.60, 5.80) 7.38
Melanie et al.(2003) —— 5.00 (3.00, 10.00) 6.77
Julia et al.(T1DM)(2010) = 12.13(10.34, 14.24) 7.45
Jan et al.1(2014) @ 12.43(11.34,13.62) 7.49
Overall (l-squared = 99.4%, p = 0.000) <> 2.84 (1.73, 4.68) 100.00
Test for overall effect (z = 4.10, p = 0.000)
NOTE: Weights are from random effects analysis

I I I

5 1 15 5

Diabetes less risky

with diabetes, thereby indicating that the female sex may
exacerbate the disease progression. The results did not vary
substantially by study design, region, mean age of indivi-
duals, and methods of diabetes assessment.

Several authors have explained the differences between
DM and CKD or ESRD in sex distribution, but no

Diabetes more risky

uncontestable statement has been established to date. The
United Kingdom Prospective Diabetes Study 74 [38] found
that the male sex was at greater risk of incident albuminuria
in diabetes. One possible reason for the discrepancy
between their views and ours may be that their recruited
individuals were aged between 25 and 65 years old.
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Fig. 3 Pooled adjusted women-
to-men relative risk ratio for
incident chronic kidney disease,
comparing individuals with
diabetes versus those without
diabetes

Note: Box sizes are in
proportion to study weights. The
study by Julia et al. provided
separate estimates for patients
with type 1 and type 2 diabetes.
The study by Jay et al. provided
separate estimates for cohorts
from black race and the other
race. Jan et al.]1 and Yamagata
et al.1 provided adjusted
women-to-men relative risk ratio
for incident CKD stage 1-2; Jan
et al.2 and Yamagata et al.2
provided adjusted women-to-
men relative risk ratio for
incident CKD stage 3-5

Fig. 4 Pooled adjusted women-
to-men relative risk ratio for
incident end stage renal disease,
comparing individuals with
diabetes versus those without
diabetes

Note: Box sizes are in
proportion to study weights. The
study by Julia et al. provided
separate estimates for patients
with type 1 and type 2 diabetes.
The study by Jay et al. provided
separate estimates for cohorts
from black race and the other
race

@ Springer

Study %

ID RRR (95% Cl)  Weight
Jan et al.1(2014) - 0.75 (0.65, 0.85) 10.95
Eric et al.(2011) —_—— 0.78 (0.39, 1.53) 3.88
Jan et al.2(2014) - 0.90 (0.83,0.99) 11.43
Kei et al.(2013) _+_ 1.00 (0.60, 1.66) 5.52
yamagata et al.2(2007) - 1.07 (0.88, 1.30) 10.06
Julia et al.(T2DM)(2010) — 1.09 (0.60, 1.98) 4.53
Julia et al.(T1DM)(2010) —:+— 1.10 (0.49, 2.47) 3.00
Jay et al.(black)(2007) - 1.18 (1.03,1.35) 10.94
yamagata et al.1(2007) = 1.22 (0.93,1.60) 8.85
Jay et al.(other)(2007) —— 1.35(1.10,1.66) 9.95
Roland et al.(1994) - 1.40 (1.24,1.51) 11.32
Falk et al.(2010) —_— 1.91 (1.16,3.18) 555
Melanie et al.(2003) S cm— 2.14(0.84,4.52) 2.84
Maryam et al.(2012) -+ > 2.86 (0.69, 11.93) 1.17
Overall (I-squared = 85.3%, p = 0.000) <> 1.14 (0.97, 1.34)  100.00

Test for overall effect (z=1.60, p = 0.110)

NOTE: Weights are from random effects analysis

I

.5 1 15 3
Higher relative risk in men Higher relative risk in women

Study %
ID RRR (95% Cl) Weight
Eric et al.(2011) * 0.78 (0.39,1.53) 2.83
Jay et al.(black)(2007) —— 1.18(1.03,1.35)  25.51
Jay et al.(other)(2007) —_— 1.35(1.10,1.66) 17.73
Roland et al.(1994) —- 1.40 (1.24,1.51) 29.89
Jan et al.(2014) B L SE— 1.41(0.88,2.26) 5.49
Julia et al.(T2DM)(2010) T E— 1.68(1.16,2.43)  8.10
Falk et al.(2010) _— 1.91 (1.16, 3.18) 4.83
Julia et al.(T1DM)(2010) 1.97 (1.10,3.53)  3.73
Melanie et al.(2003) * ) 2.14(0.84,452) 1.89
Overall (l-squared = 38.1%, p = 0.114) <> 1.38 (1.22,1.55)  100.00
Test for overall effect (z = 5.29, p = 0.000)
NOTE: Weights are from random effects analysis

I I I

5 1 1.5 3

Higher relative risk in men

Higher relative risk in women
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Table 2 Subgroup meta- RRR* 95 % CI)  p®value P2 (%) Test for overall p° value between
analysis on association between effect subgroups
diabetes mellitus and end stage
renal disease Study design
Prospective 1.80 (1.34, 2.41)  0.820 0.0 % z=3.93, p=0.000 0.093
Retrospective 1.30 (1.16, 1.45)  0.165 384 % z=4.46, p=0.000
Region
North American  1.30 (1.14, 1.48)  0.104 48.0% z=3.90,p=0.000 0.176
Europe 1.70 (1.35, 2.14)  0.078 0.0 % z=4.49, p=0.000
Age
>60 years 1.27 (1.04, 1.55)  0.120 48.6 % z=239,p=0.000 0.151
<60 years 1.44 (1.31, 1.58) 0.569 0.0 % z="17.65, p=0.000
DM assessment
Registration 1.34 (1.19, 1.51)  0.131 39.1 % =493, p=0.000 0.153
Other 1.97 (1.28,3.04) 0.823 0.0 % z=3.07, p=0.002

# The pooled adjusted women-to-men relative risk ratio for incident end stage renal disease in random-effect

model

A p value < 0.10 meant statistically significant for heterogeneity

¢ A p value < 0.05 was considered to be statistically significant between subgroups

Begg's funnel plot with pseudo 95% confidence limits

2 -
1 - /
e
Eol= . .

.1 -

_2 -
T T T T T
0 2 4 6 8

s.e. of: Inrrr

Fig. 5 Funnel plot of diabetes and risk of chronic kidney disease.
Begg’s regression asymmetry test (p =0.784)

Although women exhibited a more positive CKD risk
profile than men at younger ages, the trends seemed to
reserve with aging, such as in hypertension [39]. A previous
study noted that a higher percentage of women would suffer
from hypertension than men after 65 years old. Similarly,
the data from Luk [40] showed that the male gender was a
predictive factor of incident eGFR < 60 mL/min per 1.73 m?
by the MDRD equation adjusted for the Chinese population.
Additionally, a recent study carried out by Margaret and his
colleagues [12] reported a higher incidence of CKD in
diabetic women as measured by CKD-EPI equations.
However, comparisons were limited because different
eGFR equations may contribute to different values from the

actual GFR, and the exclusive of the first stage of CKD may
also lead to different results. The inconsistent data may
be alternatively explained by the lack of adjustment for
potential confounding factors.

In earlier reports, diabetes has generally been found to
cause a greater adverse effect on major CKD risk factors in
women than in men, requiring more consideration in clar-
ifying the association between the sexes. From such studies,
we noticed that women with diabetes were more likely to
have hypertension [41-44], dyslipidemia [41, 42, 44], and
obesity [42], and were less likely to achieve the target value
for glycated hemoglobin [41-43]. In other words, women
with diabetes had a higher chance of failing treatment
targets than men. Likewise, the greater change in central
adiposity and insulin resistance in women than in men led to
endothelial dysfunction and inflammation [45], which were
recognized as novel risk factors in CKD and ESRD patients.
A recent meta-analysis published in Lancet showed that
the excess risk of stroke associated with diabetes was sig-
nificantly higher in women compared with men [24].
Furthermore, females exhibited a second end-organ com-
plication to a much greater extent than did men [13]. That is
to say, diabetic women experience more serious outcomes,
and the estimates should be revised upward to accom-
modate the greater excess risk observed in women. In our
meta-analysis, adjustment for major CKD risk factors
showed no significant difference from the age-adjusted
estimates. This result implies that the greater excess risk of
incident CKD observed in diabetic women couldn’t wholly
account for the differences between the sexes.

The other potential mechanisms for this sex-specific
difference may contribute to the diversity of sex hormones.
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The effect of sex hormones on diabetic CKD progression
remains uncertain, while it is generally accepted that
estrogens slow down the progression of CKD not related to
diabetes [46—48], and testosterone seems to exacerbate such
progression [49, 50]. Recent literature has speculated that
estrogens are also renoprotective in diabetic women as they
could reduce albuminuria, glomerulosclerosis, and tubu-
lointerstitial fibrosis via regulating extracellular matrix
synthesis and degradation [51-54]. Estrogens decrease the
synthesis of collagen types I and IV, the expression of
fibronectin and laminin proteins. Furthermore, estrogens
augment the activity of matrix metalloproteinases [51, 53],
regulate the expression of transforming growth factor-f
[51, 54], and control podocyte signaling pathways [52] to
protect the kidney. However, female protection does not
appear to work in a diabetic environment possibly because
of the imbalance in sex hormones induced by hyperglyce-
mia [55]. During clamped hyperglycemia, only women
exhibited reductions in renal vascular resistance and filtra-
tion fraction [56]. In our meta-analysis, we couldn’t find a
difference between the sexes in incidence of CKD. On the
contrary, female sex appeared to be a risk factor for incident
ESRD. The inconsistent result between the CKD and ESRD
may be attributed to the persistent effect of hyperglycemia
and sharp decrease in estrogens in post-menopause women
as most ESRD cases occur in patients were 65—74 years old
[57]. Additionally, older women exhibit a more negative
CKD risk profile and it will deteriorate to a greater extent
than those of age-adjusted men before regressing to ESRD,
which has been implied earlier to involve a coopera-
tive effect. Thus, we may hypothesize that the female sex
accelerates the disease progression. However, the precise
mechanisms are poorly understood and require further
investigation.

Strengths and limitations

To our knowledge, this study is the first systematic review
and meta-analysis that investigated the possible sex differ-
ences in the incidence of diabetes-related CKD and ESRD.
We believe that the main advantage of our study was the use
of general keywords for extensive literature search and the
skimming reading of more than 8000 relevant articles.
In addition, it is preferable that the majority of the ten
included studies were cohort studies because of evidently
causal hypothesis verification. Furthermore, the mean
NOS score of 7.2 suggested the high quality of the included
studies. This meta-analysis involved several limitations.
First, we did not take mortality into account as a competing
risk factor. As a result, the high mortality among diabetic
patients may have contributed to the inverse relationship
between DM and CKD or ESRD. However, the most
powerful risk factor for death is age, which is different

@ Springer

from the factors for CKD, and is unlikely to differentially
affect women more than men. Second, some heterogeneity
across studies existed, but the subgroup and meta-regression
analyses did not find substantial differences in the
results. Third, the definition of the outcomes and the
methods of diabetes assessment differed among studies.
Thus, a variety of surrogate outcomes were used to
calculate the effect sizes. For example, the CKD-EPI
equation was regarded to be more accurate than the MDRD
equation at the GFR of 60 mL/min/1.73 m*> or more.
However, determining the CKD incidence by using
CKD-EPI equations is impossible to accomplish for all
included studies. Fortunately, no difference within studies
was noted. Hence, the use of RRR remains valid. Finally,
we were unable to explore the effect of onset age of diabetes
and the duration of diabetes because of insufficient data
for these variables, which may contribute to the data
inconsistency.

Conclusion

In conclusion, diabetes is a strong risk factor for CKD and
ESRD on the basis of an appropriate assessment of known
risk factors. Our systematic review and meta-analysis of
ten observational studies could not find any difference in
incident CKD between men and women with diabetes
compared with those without diabetes, but the female sex
appeared to accelerate the disease progression. Therefore,
physicians should pay closer attention to female patients
and provide early intervention prior to ESRD occurrence to
retard disease progression. Besides, the measurement of
testosterone and estradiol in both men and women may be
highly beneficial. Awareness of early symptoms of CKD is
favorable for improving clinical outcomes especially in
women. Further large-scale prospective cohort studies are
warranted to detect the underlying mechanisms and support
our finding of the association between diabetes and risk of
CKD and ESRD.
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