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OBJECTIVEdInsulin resistance plays a part in diabetic nephropathy (DN). The association
between the peroxisome proliferator–activated receptor g Pro to Ala alteration at codon 12
(Pro12Ala) polymorphism and the risk of insulin resistance has been confirmed. The association
between the polymorphism and DN risk has also been widely studied recently, but no consensus
was available up to now.

RESEARCH DESIGN AND METHODSdA systematic search of electronic databases
(MEDLINE, Embase, and China National Knowledge Infrastructure) and reference lists of rele-
vant articles was carried out, and then 18 case-control studies involving 3,361 DN cases and
5,825 control subjects were identified.

RESULTSdIn the overall analysis, the Ala12 variant was observed to be significantly associated
with decreased DN risk (odds ratio 0.76 [95% CI 0.61–0.93]). Some evidence of heterogeneity
among the included studies was detected, which could be explained by the difference of ethnicity
and stage of DN. Subgroup analyses stratified by ethnicity and stage of DN were performed, and
results indicated the Pro12Ala polymorphism was associated with the risk of DN in Caucasians but
no similar association was observed in Asians. Additionally, we observed that Ala12 was associated
with decreased risk of albuminuria. With only a few of subjects were available, we failed to detect
statistically significant association between the polymorphism and end-stage renal disease (ESRD).

CONCLUSIONSdOur results indicated that the Ala12 variant is a significantly protective
factor for DN. Future research should focus on the effect of Pro12Ala polymorphism on ESRD
and gathering data of Africans.
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D iabetic nephropathy (DN) is a com-
mon complication of diabetes and
currently represents an important

issue of public health because DN is the

leading cause of end-stage renal disease
(ESRD) in the United States as well as
many other parts of the world (1,2). A re-
cent epidemiological study has revealed

that albuminuria is present in 49.6% of
type 2 diabetic (T2DM) patients, aged
.30 years, inChina (3). Predictivemarkers
to identify high-risk population are ur-
gently needed for early detection and pre-
ventive care. Genetic susceptibility of
disease has been a research focus in the
scientific community. The peroxisome
proliferator–activated receptor g gene
(PPARg) locates on chromosome 3. As
the most extensively studied and clinically
validated gene for therapeutic utility in
T2DM, PPARg can be upregulated by thia-
zolidinediones and anthocyanins to im-
prove insulin sensitivity and glucose
uptake in human adipocytes and animal
models of diabetes (4). A screening of the
PPARg gene for sequence variants has iden-
tified several genetic variants, amongwhich
the most common polymorphism is the
CG change in exon B, resulting in Pro to
Ala alteration at codon 12 (Pro12Ala). The
Pro12Ala polymorphism is associated with
reductions both in DNA binding and tran-
scriptional activity in vitro, and Ala12 car-
riers show significant improvement in
insulin sensitivity (5), which may be re-
sponsible for the development of DN.

Some studies suggested that there was
an association between PPARg Pro12Ala
polymorphism and the risk of DN in pa-
tients with T2DM (T2DM-DN) (6,7); how-
ever, some others suggested there was no
significant association (8,9). At present, the
relationship was still precarious and re-
mained inconclusive. A recentmeta-analysis
strongly suggested that the Pro12 variant
was an allele that increased risk of devel-
oping albuminuria in T2DM subjects,
whereas in this study, nine genetic associ-
ation studies were identified without con-
sidering the difference of ethnicity, and
the authors admitted publication bias ex-
isted (10). Thus, we performed the pres-
ent quantitative synthesis of 18 suitable
studies, containing data from our study, to
derive a more precise estimation of the
association between Pro12Ala polymor-
phism and DN.
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RESEARCH DESIGN AND
METHODS

Search strategy, inclusion criteria,
and information extracted
Two investigators (H.Z. and S.Z.) carried
out the comprehensive literature searches
independently using the electronic data-
bases MEDLINE, Embase, and China
National Knowledge Infrastructure with-
out date and language restrictions. We
used any possible combinations of rele-
vant keywords of PPARg (e.g., PPAR,
PPARG, PPARgamma, Pro12Ala, and
P12A) polymorphism and each term des-
ignating T2DM-DN (e.g., type 2 diabetes,
nephropathy, albuminuria, proteinuria,
and ESRD). Reference lists from relevant
meta-analyses, systematic reviews, and
clinical guidelines were also examined.
The last quest was updated on 5 October
2011. When more than one study of the
same population was included in several
publications, only themost recent or com-
plete study was used in this meta-analysis.
Studies included in our meta-analysis had
to meet the following inclusion criteria:
1) prospective cohort or case-control stud-
ies, 2) studies investigating the association
of Pro12Ala polymorphism with T2DM-
DN as the outcome, and 3) the control group
with subjects who had T2DMbut were free
of diabetic kidney disease.

Information was carefully extracted
from all eligible publications indepen-
dently by two of the authors (Y.T. and
H.H.). Discrepancies were adjudicated by
the third reviewer (H.C.) until consensus
was achieved on every item. The follow-
ing data were considered: author name,
year and country of the study, ethnicity,
genotyping method, and numbers of geno-
typed cases and control subjects. Differ-
ent ethnic descents were categorized as
Caucasian and Asian.

Subjects and genotyping of data
A total of 255 T2D subjects were selected
from phase 2 of the Chennai Urban Rural
Epidemiology Study. The 255 individuals
without microalbuminuria or protein-
uria were randomly selected from all self-
reported diabetic subjects (n = 1,529). The
identified subjects had a 2-h plasma
glucose value $200 mg/dL. Subjects
with DN (n = 141) were selected from
Dr. Mohan’s Diabetes Specialities Centre,
a tertiary center for diabetes in Chennai,
India. In all subjects, albumin excretion
rate, measured by immuneturbidmetric
assay, was at least 300 mg/mg in at least
two out of three fasting urine collections

over a period of 3months. The 141protein-
uric patients with albumin-to-creatinine
ratio $300 mg/mg were defined as case
subjects. The clinical and biochemical
characteristics of the data from our study
had been described previously (11).

The polymorphismwas genotyped by
PCR–restriction fragment length poly-
morphism, and 10% of them were sub-
jected to direct sequencing in order to
confirm the quality of genotyping. The
sequences of primers to genotype the
Pro12Ala polymorphism of PPARG were
59-GCCAATTCAAGCCCAGTC-39 and
59-GATATGTTTGCAGACAGTGTATC-
AGTGAAGGAATCGCTTTCCG-39 (12).

Statistical analyses
The effect measures of choice were odds
radio (OR) for dichotomous variables and
standardized mean difference (SMD) for
continuous parameters with their corre-
sponding 95% CIs. SMD was used be-
cause of the significant differences in the
dimensions. The departure of frequen-
cies from those expected under Hardy-
Weinberg equilibrium was assessed by x2

goodness-of-fit tests in control subjects.
We evaluated the heterogeneity using
the Q test (13). A P value,0.05 was con-
sidered significant for the heterogeneity.
We also calculated the quantity I2 that
represented the percentage of total varia-
tion across studies. As a guide, values of
I2,25%maybe considered low, andvalues
.75% may be considered high (14). The
fixed-effects model was used when there
was no heterogeneity among the included
studies; otherwise, the random-effects
model was used. In the absence of hetero-
geneity, the two methods provide identi-
cal results, because the fixed effects
model, using the Mantel-Haenszel method,
assumes that studies are sampled from
populations with the same effect size,
whereas the random-effects model using
the DerSimonian and Laird method
assumes that studies are taken from pop-
ulations with different effect sizes, calcu-
lating the study weights both from
interstudy and between-study variances,
and considering the extent of variation or
heterogeneity. The Begg and Mazumdar
adjusted rank correlation test (15) and
Egger linear regression test (16) were
used to provide diagnosis of the potential
publication bias. The Begg adjusted rank
correlation test, a direct statistical analog
of the visual funnel graph, tests for pub-
lication bias by determining if there is a
significant correlation between the effect
estimates and their variances and carries

out this test by first standardizing the ef-
fect estimates to stabilize the variances and
second by performing an adjusted rank
correlation test based on Kendall t. The
Egger test detects funnel plot asymmetry
by determining whether the intercept de-
viates significantly from zero in a regres-
sion of the standardized effect estimates
against their precision. Sensitivity analyses
were also performed to assess the stability
of the results, namely, a single study in the
meta-analysis was deleted each time to
manifest the influence of the individual
dataset to the pooled OR (17). All meta-
analyses were conducted using Review
Manage, version 5.1 (The Cochrane Col-
laboration, Oxford, U.K.), whereas publi-
cation bias and sensitive tests were
conducted using STATA software (version
11.0; Stata, College Station, TX). All tests
were two-sided.

RESULTS

Eligible studies
Out of 486 potentially relevant articles
retrieved from electronic databases and
reference lists, 17 case-control studies met
the inclusion criteria (6–10,18–27). An ad-
ditional one set of data from our study was
included. A flow diagram of search and
selection is shown in Supplementary Fig. 1.
Fourteen datasets had albuminuria evalu-
ated, two ESRD, and three unrestricted
DN (Supplementary Table 3). A total of
3,361 T2MD-DN and 5,825 T2MD sub-
jects without DN were included. Addi-
tionally, there were five (7,19,21,24,25)
and four studies (7,19,21,27) available to
identify the effect of Pro12Ala polymor-
phism on the levels of serum creatinine
(SCr) or albumin excretion rate (AER) in
T2DM patients, respectively. The eligible
data sets were obtained from 11 English-
language and 4 Chinese-language arti-
cles. Of these data sets, nine focus on
a Caucasian (five for Italian and four for
others), and the other nine focus on an
Asian population (five for Chinese and
four for others). Given the low frequency
of Ala allele, even in some studies, Ala ho-
mozygous individuals are absent, and only
the dominant model was investigated,
comparing Ala carriers to Pro/Pro. We
also assessed the deviation of Hardy-
Weinberg equilibrium in control subjects,
and the results demonstrated that all the
genotype distributions in the control groups
had high goodness-of-fit. The methods
used for measuring SCr or AER in both
case and control arms were the same. The
other detailed characteristics of included
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studieswere summarized inSupplementary
Table 1.

Data from our study
In the case of T2DM subjects without
complications, the mean duration of di-
abetes was 6.6 years. No significant im-
pact of the Pro12Ala polymorphism on
the risk of proteinuria was observed, as
ORs (95% CI) were 0.98 (0.58–1.67),
3.64 (0.32–40.6), and 1.04 (0.62–1.75)
for Pro/Ala versus Pro/Pro, Ala/Ala versus
Pro/Pro, and Ala carriers versus Pro/Pro,
respectively. The details are summarized
in Supplementary Table 2.

Quantitative synthesis
T2MD-ND susceptibility. The results of
aggregated ORs and heterogeneity test
were shown in Table 1. Overall, the
Pro12Ala polymorphism was found to
be significantly associated with decreased
T2MD-DN risk (OR 0.76 [95% CI 0.61–
0.93]) (Fig. 1). Both the Cochran Q test
and estimate of I2 revealed significant het-
erogeneity among the constituent studies
(Ph = 0.03; I2 = 42%).

To avoid the influence of heteroge-
neity among the included studies, sub-
group analyses were distinctively carried
out for each stage of DN and ethnic
group. In the analysis stratified by stage
of DN, the significantly decreased risk of
albuminuria (e.g., microalbuminuria
and macroalbuminuria) was observed
(OR 0.72 [95% CI 0.58–0.89] for albu-
minuria; 0.38 [0.25–0.57] for microal-
buminuria; and 0.64 [0.49–0.82] for
macroalbuminuria), but there was no sta-
tistically significant association between
Pro12Ala polymorphism and ESRD. Fur-
thermore, in the analysis stratified by eth-
nicity, significant association was detected
between the polymorphism andDN risk in

Caucasian (0.68 [0.51–0.90]) but not in
Asian populations (0.85 [0.62–1.17]).
Significant heterogeneity was eliminated
in most of the subgroup analyses but the
Asian groups (Ph = 0.05; I2 = 48). The
details are also listed in Table 1.

To test the stability of the pooled
results, one-way sensitivity analyses of the
pooled ORs and 95% CIs were perfor-
med. The integrated ORs were calculated
by means of the random-effects model.
When omitting each dataset in the overall
meta-analysis, the pooled ORs were
always persistent (Fig. 2). Begg and Eg-
ger tests were used to provide diagnosis
of the potential publication bias, and
no evidence of publication bias was
found in the overall analysis (PBegg =
0.150; PEgger = 0.085) (Table 1 and
Fig. 3). Evidence also suggested no publi-
cation bias in the subanalyses mentioned
above, but one for the association between
PPARg Pro12Ala and albuminuria (PBegg =
0.063; PEgger = 0.036). However, after get-
ting rid of one dataset each by Caramori
(24), De Cosmo (7), Pollex (21), or Li
(19), the existing bias disappeared (PBegg =
0.100,PEgger = 0.053;PBegg = 0.100,PEgger =
0.060; PBegg = 0.100, PEgger = 0.089; and
PBegg = 0.100, PEgger = 0.056, respectively),
whereas the significant ORs were persis-
tent. The persistent result indicated that
the emerging publication bias did not de-
crease the reliability of the result.
SCr and AER assessment. We observed
that levels of SCr were significantly associ-
ated with the Pro12Ala polymorphism
of PPARg in T2DM subjects (Supplemen-
tary Fig. 2, bottom). Overall, the SMD for
SCr was statistically significant (SMD =
20.12; 95% CI 20.23 to 20.01; z =
2.13, Pz = 0.03). There was no significant
heterogeneity among the trials (Ph = 0.52;
I2 = 0%). We also failed to detect reliable

evidence for publication bias (Supplemen-
tary Fig. 3, bottom).

The effects of the polymorphism on
the level of AER were all significant in the
four included trials (Supplementary Fig. 2,
top). The synthetic SMD for AER was sig-
nificant (SMD =23.04; 95% CI24.90 to
21.18; z = 3.20, Pz = 0.001). However,
the heterogeneity among eligible studies
(Ph , 0.001; I2 = 99%) was significant. It
is noteworthy that a significant decline in
AER was detected in the individuals with
12Ala, whereas no evidence of publica-
tion bias was observed (Supplementary
Fig. 3, top).

CONCLUSIONSdGenetic epidemio-
logic studies of single nucleotide polymor-
phism, if large and unbiased, can provide
evidence of the association between can-
didate gene and disease risk. This Human
Genome Epidemiology association review
is an updated meta-analysis of the rela-
tionship between the PPARg Pro12Ala
polymorphism and susceptibility of DN in
T2DM patients. The overall meta-analysis,
based on 18 case-control studies involving
3,361 case subjects and 5,825 control sub-
jects, indicates that the polymorphism is
associated with the risk of T2DM-DN.
Considering the significant heterogeneity
among the identified studies, subgroup
analyses are also performed, stratified by
ethnicity of population and stage of ne-
phropathy. In selected subgroup of Cau-
casians but not Asians, we observe a
significant association between Ala allele
and the risk of T2DM-DN. In the other
subanalysis, we also observe that the
Pro12Ala is associated with decreased al-
buminuria risk (i.e., microalbuminuria
and macroalbuminuria), whereas there is
no relationship between the polymor-
phism and ESRD risk. The levels of SCr

Table 1dStratified analyses of Ala carrier versus Pro/Pro and nephropathy susceptibility of T2DM patients

Study group N
Sample size
(case/control)

Heterogeneity Pooled OR
(95% CI) z test

Begg
test (P)

Egger
test (P)Ph I2 (%)

Overall nephropathy 18 3,361/5,825 0.03 42 0.76 (0.61–0.93)* z = 2.61; Pz = 0.009 0.150 0.085
Nephropathy stage
Albuminuria 14 2,988/4,738 0.08 37 0.72 (0.58–0.89) z = 2.98; Pz = 0.003 0.063 0.036

Albuminuria stage
Microalbuminuria 5 617/1,388 0.98 0 0.38 (0.25–0.57) z = 4.56; Pz , 0.001 1.000 0.461
Macroalbuminuria 6 825/1,054 0.27 22 0.64 (0.49–0.82) z = 3.41; Pz , 0.001 0.707 0.275

ESRD 2 105/282 0.42 0 0.93 (0.56–1.56) z = 0.26; Pz = 0.79 1.000 NA
Ethnicities
Caucasian 9 1,336/3,677 0.12 38 0.68 (0.51–0.90) z = 2.67; Pz = 0.008 0.180 0.076
Asian 9 2,025/2,148 0.05 48 0.85 (0.62–1.17)* z = 1.00; Pz = 0.32 0.917 0.853

The boldface values indicate significant association. N, number of included studies; Ph, P values for heterogeneity of Q test. *Random-effects model.
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and AER are the essential diagnostic ele-
ments for nephropathy. So we also make
two additional analyses to investigate the
effect of the Pro12Ala polymorphism on
the SCr and AER. As expected, we do see
an association of the Pro12 allele with
higher SCr and AER levels.

Ethnicity difference and stage of dis-
ease may be responsible for the significant
heterogeneity among the studies included
in the overall analysis, so subgroup anal-
yses stratified by ethnicity and stage of DN
are addressed. In the Caucasian sub-
group, the Ala carriers are associated
with significantly decreased T2DM-DN
risk. The absence of a statistical effect in
the Asian subgroup might be explained
by the low frequency of Ala12 allele in
Asian populations, the distinction be-
tween various races varies from ;4% in
Asian to;28% in Caucasian populations

(28). The much lower frequency of the
Ala carriers in the Asian population
requires a larger sample to detect statisti-
cally significant association. There may
also be false positives in the Caucasian
subgroup due to the control subjects not
having the same allele frequency as the
cases because the cases and control sub-
jects by chance come from different pop-
ulations (the Brazilians and Turks are
both mixed race, although they mostly
consist of Caucasians). Additionally, gene–
gene and gene–environmental interactions
should also contribute to the different re-
sults (29). The ethnic difference may be
also induced by curative activities, such
as drug use or age at the first diagnosis,
although these have to be further con-
firmed by large population studies.

The first reason that we fail to detect
an association between the polymorphism

and ESRD risk in our patients with T2DM
might be related to the fact that ESRD is
more complex than albuminuria, which is
determined by plenty of pathophysiolog-
ical factors. In addition, patientswith T2DM
usually die of other complications, such as
cardiovascular risk, before developingESRD
(30,31); therefore, no significant association
between the polymorphism and ESRD is in-
troduced. Additionally, as only a few of the
ESRD subjects are available, the reliability of
this result remains suspicious.

PPARg has been implicated in almost
all of the pathological processes contribut-
ing to atherosclerosis, including endothe-
lial dysfunction, leukocyte chemotaxis,
foam cell formation, and plaque evolu-
tion, destabilization, and rupture (32).
However, the mechanisms by which the
variations of PPARg gene actually pro-
tect against DN remain incompletely

Figure 1dForest plots of the meta-analysis for Pro12Ala polymorphism of PPARg associated with nephropathy in T2DM patients.
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understood. Various mouse models of
PPARg deficiency have been generated to
dissect the function of PPARg. The study
of these models has confirmed that PPARg
plays a key role in regulating insulin sen-
sitivity (33,34), which has been proved to
be closely associated with glomerular fil-
tration rate and albuminuria (35). The
AMP-activated protein kinase signaling
pathway may play a critical role in medi-
ating the insulin-sensitizing action of
PPARg (36). Other studies also identify
that thiazolidinedione-induced adiponectin
may sensitize the insulin action through the

AMP-activated protein kinase-dependent
pathway in adipose tissue, skeletal muscle,
and liver (37,38). Additionally, a recent
study addressed by Cabezas et al. (39) re-
vealed that PPARg and its agonists posi-
tively control megalin expression; this
regulation could have an important im-
pact on several megalin-mediated physio-
logical processes and pathophysiologies
such as chronic kidney disease associated
with diabetes and hypertension.

The stability of the meta-analysis was
verified by one-way sensitivity analysis,
which pooledORs by omitting each dataset

included. It may indicate that the included
patients effectively maintained the most
important inherent nature of population
in genetic structure and that largely im-
proved the predictability and reliability of
themeta-analysis.Moreover, to confirm the
reliability of our results, we minimized
the possible publication bias by perform-
ing searches comprehensively and design-
ing this study precisely. Additionally, Begg
and Egger tests were used to test the
potential publication bias, and no signif-
icant evidence was observed in the overall
analysis.

However, some limitations of our study
should be acknowledged. First, the num-
ber of ESRD patients is relatively small for
exploring the reliable result with enough
statistical power in the subgroup analyses;
second, our results are based on unadjusted
estimates, whereas a more precise analysis
should be conducted if other covariates
(i.e., age, sex, and so on) are available.
Despite these limitations, our meta-analyses
suggest that the PPARg 12Ala allele signifi-
cantly decreases the T2DM-DN risk and the
level of SCr and AER. More well-designed
studies with larger sample sizes and more
details on individuals are needed to pro-
vide more precise evidence to further con-
firm our meta-analysis.
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