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Chronic kidney disease (CKD) is well known as a strong risk factor for both end stage renal disease and cardiovascular disease. To
clarify the association of polymorphisms in the PPAR genes (PPARD, PPARG, and PPARGC1A) with the risk of CKD in Japanese,
we examined this association among the Japanese subjects using the cross-sectional data of J-MICC (Japan Multi-Institutional
Collaborative Cohort) Study. The subjects for this analysis were 3,285 men and women, aged 35–69 years, selected from J-MICC
Study participants; genotyping was conducted bymultiplex polymerase chain reaction-based Invader assay.The prevalence of CKD
was determined for CKD stages 3–5 (defined as eGFR< 60ml/min/1.73m2). Participants with CKD accounted for 17.3% of the study
population.When those with PPARDT-842CT/T were defined as reference, those with PPARDT-842CT/C andC/C demonstrated
the OR for CKD of 1.26 (95%CI 1.04–1.53) and 1.31 (95%CI 0.83–2.06), respectively. There were no significant associations between
the polymorphisms in other PPAR genes and the risk of CKD. The present study found a significantly increased risk of CKD in
those with the C allele of PPARD T-842C, which may suggest the possibility of personalized risk estimation of this life-limiting
disease in the near future.
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1. Introduction

Chronic kidney disease (CKD) is recently attracting attention
as a leading cause of end-stage renal disease (ESRD) and a
potential risk factor for cardiovascular disease (CVD). The
prevalence of CKD is increasing over time in Japan, reaching
about 22%of the adult population in 2002 [1–4]. Although the
prevalence of CKD is shown to be specifically higher in Japan
compared to those in other countries [5], it is also reported
that about 10–15% of adults are affected by this disease in
the developed Western countries [2], suggesting that CKD is
becoming a general major public health problem worldwide,
making its prevention a pressing universal issue.

Meanwhile, metabolic disorders are shown to play an
important role in the genesis of CKD mainly through the
mechanisms of insulin resistance, resultant hyperinsuline-
mia, and subsequent increase in plasma renin activity and
plasma level of the renal vasoconstrictor angiotensin II [6].
While recent reports suggest that the MetS is an independent
predictor of CKD development and progression [7], there
are some other possible pathogenic factors causing CKD,
such as smoking, hyperuricemia, and homocysteinemia [8].
Peroxisome proliferator-activated receptors (PPARs) are the
firstly identified genetic sensor responsive to fatty acid lig-
ands and ligand-activated transcription factors belonging to
nuclear hormone receptor superfamily, named after its ability
to bind chemicals known to induce peroxisome proliferation
[9–11]. There are three PPAR families, PPAR-𝛼, PPAR-𝛾,
and PPAR-𝛿, each of which has distinct tissue distribution
and they are also functionally at odds with each other [9].
These PPARs have been linked to many systemic and cellular
functions ranging far beyond the process after which they
were initially named; they function as the master regulators
of glucose, fatty acid, and lipoprotein metabolism, energy
balance, cell proliferation and differentiation, inflammation,
and atherosclerosis [11, 12].

Compounds with agonistic activity on PPAR-𝛼, such as
fibrates, and PPAR-𝛾, such as thiazolidinediones, are widely
used for the respective treatment of hyperlipidemia and
insulin resistance. Although the activators of PPAR-𝛿 are
not in clinical use, emerging roles of PPAR-𝛿 in regulating
metabolism, inflammation, and antioxidant responses in var-
ious cell types and tissues argue in favor of the use of specific
agonists to treat some aspects of metabolic dysfunctions
[13]. Recently, PPARs have also been increasingly recognized
as a key player in the pathogenesis of renal complications
associated with metabolic disorders [14]. Meanwhile, there
are a number of functional genetic variants in genes encoding
PPARs, among which PPARD A65G (Asn163Asn: rs2076167)
in exon 7, T-48444C (rs6902123) and T-842C (rs2267668) in
exon 3, PPARG C161T (His477His: rs3856806) and Pro12Ala
(rs1801282), and PPARGC1A Thr394Thr (rs2970847) and
Gly482Ser (rs8192678) are the representative polymorphisms
that are shown to modulate the function of PPAR pathways
and studied well in association with the risks of various
chronic diseases or health conditions [15, 16].

We conducted the Japan Multi-Institutional Collabora-
tive Cohort (J-MICC) Study, a large genome cohort study

to confirm and detect gene-environment interactions in
lifestyle-related diseases, mainly cancer, launched in 2005
supported by a research grant for Scientific Research on
Special Priority Areas of Cancer from the Japanese Ministry
of Education, Culture, Sports, Science and Technology [17,
18].

Considering the potential roles of PPARs in various
etiologies including metabolic disorders, inflammation, cell
proliferation, and atherosclerosis, it would be plausible to
hypothesize that genetic polymorphisms modulating the
biological functions of PPARs will also affect CKD risk in
humans. Accordingly, to clarify the association of polymor-
phisms in genes encoding PPARs (PPARD, PPARG, and
PPARGC1A) with the risk of CKD in Japanese, we examined
this association among the Japanese subjects using the cross-
sectional data of this J-MICC Study.

2. Methods

2.1. Study Subjects. Subjects were the participants of the J-
MICC Study, initially conducted in 10 areas of Japan, in
which about 75,000 voluntarily enrolled participants aged
35–69 years provided their blood, health check-up data, and
their lifestyle data based on the questionnaire after writting
informed consent [17].

In this analysis, 4,519 randomly selected participants
(about 500 subjects from each of the 10 areas) were analyzed,
for whom 108 selected polymorphisms were genotyped [18].
Firstly, six subjects were excluded due to withdrawal from
the study. Serum creatinine (SCr) was measured in 3,327
respondents from 8 areas out of 10. Twelve subjects were
excluded because of genotyping failure, and the remaining
3,315 subjects were included in the analyses.

2.2. Evaluation of Lifestyle Exposure. Lifestyle exposures were
evaluated with a self-administered questionnaire checked by
trained staffs. The questionnaire included items on smoking
status, alcohol consumption, and medical history. Smoking
status was classified as current, former, or never, and the level
of exposure was evaluated in pack-years. Former smokers
were defined as people who had quitted smoking for at least
1 year. Alcohol consumption of each type of beverage was
determined by average number of drinks per day and then
converted into the Japanese sake unit: “gou” (180mL), which
is equivalent to 23 g of ethanol.

2.3. Estimated Glomerular Filtration Rate (eGFR) and Def-
initions of CKD. Serum creatinine (SCr) was measured in
all participants using an enzymatic method. The eGFR of
each participant was calculated based on SCr, age, and sex
using the following Japanese eGFR equation proposed by the
Japanese Society ofNephrology [19]: eGFR (mL/min/1.73m2)
= 194 × SCr (mg/dL)−1.094 × age−0.287 (×0.739 if female).
The prevalence of CKD was determined for CKD stages 3–
5 (defined as eGFR <60mL/min/1.73m2).
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2.4. Genotyping of Polymorphisms. DNA was extracted from
buffy coat with a BioRobot M48 Workstation (QIAGEN
Group, Tokyo). The genotyping of PPARD A65G in exon 7
(Asn163Asn) (rs2076167), PPARD T-48444C in exon 3 (rs
6902123), PPARD T-842C in exon 3 (rs2267668), PPARG
C161T (His477His) (rs3856806), PPARG Pro12Ala (rs180-
1282), PPARGC1A Thr394Thr (rs2970847), and PPARGC1A
Gly482Ser (rs8192678) polymorphisms was conducted by the
RIKEN institute using multiplex polymerase chain reaction-
based Invader assay (ThirdWave Technologies,Madison,WI,
USA) as described previously [20]. The genotype distribu-
tions of all the 108 polymorphisms examined in this cross-
sectional study are shown in the recently published data [18].

2.5. Statistical Analysis. Logistic regression analysis was per-
formed for estimating age- and sex-adjusted odds ratios
(aORs) and 95% confidence intervals (CIs) for CKD by
genotype. All the other potential confounders of BMI, sys-
tolic blood pressure, diastolic blood pressure, use of anti-
hypertensive drugs, fasting plasma glucose, HbA1c, use of
glucose-lowering drugs, total cholesterol, HDL cholesterol,
triglyceride, use of lipid-lowering drugs, uric acid, past
history of cardiovascular diseases, past history of cerebrovas-
cular diseases, smoking status, and drinking status were
tested for change in estimate (CIE) [21] to see if any of
these covariates produces significant change in estimates. We
decided not to include any of these variables because none
of them fulfilled the criteria of CIE ≥0.1. As it is known that
metabolic factors such as HbA1c and presence of DM will
affect CKD risk, they are considered to be causal intermediate
of (PPARD) SNP and CKD risk. Adjusting for even a partially
causal intermediate phenotype will incorrectly remove a true
association and could potentially bias the true association
[22]; thus we decided not to adjust for these variables. Gene-
environment interactionswere assessed by the logisticmodel,
which included a multiplicative interaction term as well
as variables for each genotype, age, sex, and smoking and
drinking habits. Age adjustments in the analyses were done
with ages regarded as continuous variables. Trend analyses by
genotypes were done with genotypes for each polymorphism
coded as ordinal-categorical variables. Differences in the
distribution of the values of each characteristic variable
between those with CKD and those without were examined
by Student’s 𝑡-test or by the 𝜒2 test. Accordance with the
Hardy-Weinberg’s equilibrium, which indicates an absence
of discrepancy between genotype and allele frequencies,
was checked using the 𝜒2 test. Haplotype analysis using
genotypes in two loci was conducted by the “haplologit”
commandof STATAadjusted for age and sex based on the EM
algorithm [23]. The linkage disequilibrium (LD) between the
polymorphisms in two loci (𝐷 and 𝑟2) was estimated by the
“pwld” command of STATA. All the calculations were done
using the STATA version 10 (Stata Corp, College Station, TX,
USA).

3. Results

3.1. Characteristics of the Subjects and Allele Frequency of
the PPARD, PPARG, and PPARGC1A Polymorphisms. The

characteristics of the subjects are summarized by CKD status
in Table 1. The mean age ± standard deviation was 56.7 ±
8.6 years, and the males were 48.7% of the whole number of
subjects. Subjects with CKD accounted for 17.3% (575/3,315)
of the entire study population.

The genotype frequencies among the genotyped subjects
included in the analyses were in accordance with Hardy-
Weinberg’s equilibrium for all of the PPARDA65G (𝐺 allele =
0.221 (minor allele frequency), 𝜒2 = 0.020, and 𝑃 = 0.8863),
PPARD T-48444C (𝐶 allele = 0.020, 𝜒2 = 0.430, 𝑃 = 0.5122),
PPARD T-842C (𝐶 allele = 0.201, 𝜒2 = 0.017, 𝑃 = 0.897),
PPARG C161T (𝑇 allele = 0.152, 𝜒2 = 3.440, 𝑃 = 0.0636),
PPARG Pro12Ala (=C/G; 𝐺 allele = 0.031, 𝜒2 = 0.213, 𝑃 =
0.6445), PPARGC1AThr394Thr (=C/T; 𝑇 allele = 0.218, 𝜒2 =
0.642, 𝑃 = 0.4228), and PPARGC1A Gly482Ser (=G/A; 𝐴
allele = 0.462, 𝜒2 = 0.350, 𝑃 = 0.5543). The allele frequencies
were similar to those among all the genotyped 4,519 subjects:
0.215 for PPARD 65G, 0.020 for PPARD −48444𝐶, 0.195
for PPARD −842𝐶, 0.152 for PPARG 161𝑇, 0.031 for PPARG
12Ala (𝐺), 0.219 for PPARGC1A Thr394Thr 𝑇, and 0.460 for
PPARGC1A 482Ser (𝐴) [18]. Genotype call rate was more
than 99.8% for each genotype among those with SCr data
(𝑛 = 3,327).

3.2. PPARD, PPARG, and PPARGC1A Polymorphisms and
Risk of CKD. When those with PPARD T-842C 𝑇/𝑇
(rs2267668) were defined as reference, those with PPARD
T-842C𝑇/𝐶 and 𝐶/𝐶 demonstrated the OR for CKD of
1.26 (95%CI 1.04–1.53) and 1.31 (95%CI 0.83–2.06), respec-
tively, with the significant trend for increased OR with the
increasing number of 𝐶 allele (𝑃 = 0.018). There were no
significant associations between the polymorphisms in other
polymorphisms in genes encoding PPARs, PPARD A65G in
exon 7 (Asn163Asn) (rs2076167), PPARDT-48444C in exon 3
(rs6902123), PPARGC161T (His477His) (rs3856806), PPARG
Pro12Ala (rs1801282), PPARGC1A Thr394Thr (rs2970847),
and PPARGC1AGly482Ser (rs8192678), with the risk of CKD.
When those with at least one minor allele of each PPAR SNP
were combined together and compared with the references
(subjects with homozygous major allele) (dominant model),
those with PPARD T-842C 𝑇/𝐶 + 𝐶/𝐶 demonstrated the
significantly increased risk of CKD with the aORs of 1.27
(1.05–1.53), while no other SNP turned out to be significant in
this analysis (Table 2). The eGFRs by GCK and GCKR geno-
types were substantially in the same trend to this analysis,
with the marginally significant decreasing effect of PPARD
T-842C𝑇/𝐶 + 𝐶/𝐶 on eGFR, suggesting the influence of
GCK and GCKR polymorphisms on human renal functions
(Table 3).

Because one single nucleotide polymorphism (SNP) in
PPARD gene (rs2267668) was significantly correlated with
the CKD risk, we also estimated the LD within PPARD
polymorphisms, which revealed that the 3 polymorphisms
in PPARD gene investigated, PPARD A65G in exon 7
(Asn163Asn) (rs2076167), PPARD T-48444C in exon 3
(rs6902123), and PPARD T-842C in exon 3 (rs2267668), were
in linkage disequilibrium to each other (Figure 1). Haplotype
analysis of the PPARD polymorphisms on CKD risk did not



4 PPAR Research

Table 1: Comparison of characteristics between subjects with and without CKD (N = 3,315).

CKD (+) CKD (−) P value
(𝑛 = 575) (n = 2,740)

eGFR (mL/min/1.73m2) 53.6 ± 6.1 78.3 ± 12.5 <0.001
Age (years) 60.5 ± 7.2 55.9 ± 8.7 <0.001
Male 268 (46.6%) 1,345 (49.1%) 0.280
Body mass index 23.5 ± 3.1 23.4 ± 3.3 0.507
Systolic blood pressure (mmHg) 130.2 ± 19.8 128.1 ± 19.3 0.020
Diastolic blood pressure (mmHg) 78.9 ± 12.4 78.6 ± 11.9 0.607
Use of antihypertensive drugs 155 (27.0%) 492 (18.0%) <0.001
Fasting plasma glucose (mg/dL) 99.0 ± 22.1 100.0 ± 20.8 0.377
HbA1c (%) 5.22 ± 0.70 5.22 ± 0.66 0.885
Use of glucose-lowering drugs 33 (5.7%) 112 (4.1%) 0.078
Total cholesterol (mg/dL) 218.1 ± 33.8 211.0 ± 34.0 <0.001
HDL cholesterol (mg/dL) 62.0 ± 16.0 63.3 ± 16.3 0.086
Triglyceride (mg/dL) 106 (75–149) 104 (74–154) 0.832
Use of lipid-lowering drugs 72 (12.5%) 227 (8.3%) 0.001
Uric acid (mg/dL) 5.55 ± 1.49 5.11 ± 1.33 <0.001
Cardiovascular diseases 34 (5.9%) 79 (2.9%) <0.001
Cerebrovascular diseases 31 (5.4%) 52 (1.9%) <0.001
Current smokers 72 (12.5%) 492 (18.0%) 0.002
Current drinkers 302 (52.5%) 1,533 (55.9%) 0.133
Results are expressed as means ± standard deviation, n (%), or median (interquartile range). CKD: chronic kidney disease. CKD was defined as estimated
glomerular filtration rate <60mL/min/1.73m2.

SNP1 SNP2 SNP3 SNP1: rs2076167
SNP1 SNP2: rs6902123
SNP2 0.902 SNP3: rs2267668
SNP3 0.994 0.758

SNP1 SNP2 SNP3
SNP1
SNP2 0.057
SNP3 0.877 0.003
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D


r
2

D
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Figure 1: Linkage disequilibrium between the 3 PPARD polymor-
phisms.

reveal any significant association of PPARD haplotypes with
the risk of CKD.

We also tested possible interaction between PPAR geno-
types and lifestyle/etiologic factors including smoking, alco-
hol drinking, hypertension, dysglycemia, dyslipidemia, and
high uric acid, none of which resulted in statistical sig-
nificance (data not shown). As this study was held in 10
institutions, of which 8 had data for eGFR, we also conducted
the analyses adjusted for institutions, the results of which
were not substantially different from the unadjusted ones.

4. Discussion

To date, multiple factors have been identified to play key
roles in the genesis of CKD induced by metabolic disorders,

among which it is well recognized that insulin resistance
and hyperinsulinemia are important factors [23]. In the
pathogenesis of diabetic nephropathy patients, it is reported
that renal structural features precede the appearance of overt
diabetes, suggesting that renal injury is initiated in the phase
of prediabetes [6]. In this process, the effect of insulin to
stimulate both the renin-angiotensin system and nitric oxide
in the renal vasculature is considered to be important [6].
PPARD plays an important role in energy homeostasis and
overexpression of PPARD in skeletal muscle, and adipocytes
are shown to increase fat catabolism in both of these tissues
[24]. Given the important roles of FFA in the genesis of type
2 diabetes, the enhanced fatty acid oxidation as well as the
upregulation of the oxidative phosphorylation pathway by
PPARD may be beneficial in alleviation of insulin resistance
and adiposity [24].The fact that the PPARD agonists decrease
insulin and glucose levels by increasing glucose transport
suggests that genetic variations in PPARD gene will modify
the glucose metabolism and possibly affect subsequent CKD
risks. In the recent study, the rare single nucleotide poly-
morphisms (SNPs) of PPARD in LD with rs2267668 SNP
and the PPARGC1A SNP were shown to have additive effects
on the risk of type 2 DM, suggesting the etiological roles
of this SNP also in the genesis of CKD [25]. The present
study suggested that the polymorphism in the PPARD gene,
a polymorphism in the gene encoding the key molecule
controlling the expression of genes involved in fatty acid
oxidation and energy uncoupling in skeletal muscles [26], is
significantly associated with the risk of CKD in Japanese. As
far as we know, this is the second report that investigated
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Table 2: PPARD, PPARG, and PPARGC1A polymorphisms and risk of CKD.

Polymorphism Genotype CKD (+) CKD (−) aOR (95% CI) Trend P∗
(n = 575) (n = 2,740)

PPARD A65G in exon 7
(Asn163Asn) (rs2076167)

A/A 331 (57.6%) 1,681 (61.4%) Reference
G/A 214 (37.2%) 929 (33.9%) 1.20 (0.98–1.45) 0.079
G/G 30 (5.2%) 130 (4.7%) 1.20 (0.78–1.83)

G/A + G/G 244 (42.4%) 1059 (38.6%) 1.20 (0.99–1.44)

PPARD T-48444C in exon 3
(rs6902123)

T/T 559 (97.2%) 2,628 (95.9%) Reference
C/T 16 (2.8%) 110 (4.0%) 0.71 (0.41–1.22) 0.174
C/C 0 (0.0%) 2 (0.1%) 0 (−)

C/T + C/C 16 (2.8%) 112 (4.1%) 0.70 (0.40–1.20)

PPARD T-842C in exon 3
(rs2267668)

T/T 342 (59.5%) 1,776 (64.8%) Reference
C/T 207 (36.0%) 855 (31.2%) 1.26 (1.04–1.53) 0.018
C/C 26 (4.5%) 109 (4.0%) 1.31 (0.83–2.06)

C/T + C/C 233 (40.5%) 964 (35.2%) 1.27 (1.05–1.53)

PPARG C161T (His477His)
(rs3856806)

C/C 401 (69.7%) 1,968 (71.8%) Reference
C/T 164 (28.5%) 719 (26.2%) 1.12 (0.91–1.38) 0.463
T/T 10 (1.7%) 53 (1.9%) 0.88 (0.44–1.76)

C/T + C/C 174 (30.3%) 772 (28.1%) 1.10 (0.68–1.00)

PPARG Pro12Ala (rs1801282)

G/G 535 (93.0%) 2,578 (94.1%) Reference
C/G 38 (6.6%) 160 (5.8%) 1.17 (0.80–1.70) 0.216
C/C 2 (0.3%) 2 (0.1%) 4.69 (0.62–35.51)

C/G + C/C 40 (6.9%) 162 (5.9%) 1.21 (0.84–1.75)

PPARGC1AThr394Thr
(rs2970847)

C/C 372 (64.7%) 1,661 (60.6%) Reference
C/T 170 (29.6%) 946 (34.5%) 0.79 (0.64–0.97) 0.223
T/T 33 (5.7%) 133 (4.9%) 1.13 (0.75–1.70)

C/T + T/T 203 (35.3%) 1,079 (39.4%) 0.83 (0.68–1.00)

PPARGC1A Gly482Ser
(rs8192678)

G/G 162 (28.2%) 788 (28.8%) Reference
A/G 275 (47.8%) 1,390 (50.7%) 0.96 (0.78–1.20) 0.151
A/A 138 (24.0%) 562 (20.5%) 1.23 (0.95–1.59)

A/G + A/A 413 (71.8%) 1,952 (71.2%) 1.04 (0.85–1.27)
aOR: adjusted odds ratio (adjusted for age and sex); CKD: chronic kidney disease.
∗Adjusted for age and sex.

whether the genetic variations in PPAR genes may influence
the renal functions, that is, the risk of CKD in Japanese [27],
and the first one that indicated that the polymorphism in the
PPARD gene may influence the risk of CKD in humans. It is
also reported that common polymorphisms in PPARD gene
were associated with fasting glucose, insulin resistance, and
risk of conversion from impaired glucose tolerance to type 2
diabetes in Europeans [28], and some functional variants in
PPARD gene were reportedly associated with fasting glucose
and BMI in Koreans [29] and fasting glucose levels and
insulin sensitivity in Chinese [30, 31]. Our study results
suggested the trend that the subjects with the 𝐶 allele of
PPARD T-842C polymorphism were at an increased risk of
CKD, which was in line with our hypothesis considering that
the PPARD T-842C polymorphism found to be significantly
associated with the risk of CKD in the present study is in tight
linkage disequilibriumwith other functional polymorphisms
in PPARD gene, PPARD T294C (rs2016520) (𝐷 = 1.00 and

𝑟
2
= 0.81 in Japanese [JPT]) [32]. This functional polymor-

phism is located in the untranslated exon 4 of the PPARD
gene influencing the expression of PPARD through altering
the sequence of the DNA-binding site for Sp-1 [33, 34],
and that demonstrated the possibility that the compromised
function of PPARD due to this polymorphismmight increase
the risk of CKD as well as other vascular diseases. The 𝐶
allele of the PPARD T-842C polymorphism is tightly linked
to the 𝐶 allele of the PPARD T294C polymorphism, carriers
of which are shown to have a higher plasma LDL-cholesterol
levels and it reportedly has a slightly higher promoter activity
than the 𝑇 allele in one in vitro study, which may promote
lipid accumulation inmacrophages as well as lipid uptake and
storage [35].The present study demonstrated that the subjects
with the𝐶 allele of PPARD T-842C polymorphism were at an
increased risk of CKD, which is considered to be biologically
relevant, given the upregulation of lipid uptake/storage in
the 𝐶 allele carrier of the PPARD T294C polymorphism.
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Table 3: PPARD, PPARG, and PPARGC1A polymorphisms and eGFR.

Polymorphism Genotype n eGFR 𝛽dom
∗ P value 𝛽pa

∗∗ P value

PPARD A65G in exon 7
(Asn163Asn) (rs2076167)

A/A 2,012 74.3 ± 14.8

G/A 1,143 73.4 ± 15.2 −0.607 ± 0.422 0.151 0.130 ± 1.153 0.911
G/G 160 74.1 ± 15.0

PPARD T-48444C in exon 3
(rs6902123)

T/T 3,187 73.9 ± 14.9

C/T 126 75.8 ± 15.9 1.458 ± 1.254 0.245 3.272 ± 10.070 0.745
C/C 2 77.7 ± 17.4

PPARD T-842C in exon 3
(rs2267668)

T/T 2,118 74.4 ± 14.7

C/T 1,062 73.2 ± 15.4 −0.826 ± 0.436 0.058 −0.320 ± 1.251 0.798
C/C 135 73.9 ± 13.8

PPARG C161T (His477His)
(rs3856806)

C/C 2,369 74.2 ± 15.0

C/T 883 73.3 ± 14.4 −0.517 ± 0.495 0.296 1.727 ± 1.810 0.340
T/T 63 75.4 ± 16.7

PPARG Pro12Ala (rs1801282)
C/C 3,113 74.1 ± 14.9

C/G 198 73.1 ± 14.5 −1.303 ± 1.003 0.194 −8.380 ± 7.119 0.239
G/G 4 64.5 ± 18.3

PPARGC1AThr394Thr
(rs2970847)

C/C 2,033 74.0 ± 14.9

C/T 1,116 74.0 ± 14.7 −0.004 ± 0.420 0.993 −0.291 ± 1.134 0.797
T/T 166 73.8 ± 16.7

PPARGC1A Gly482Ser
(rs8192678)

G/G 950 73.8 ± 15.1

A/G 1,665 74.0 ± 14.7 0.182 ± 0.352 0.606 0.302 ± 0.606 0.619
A/A 700 74.3 ± 15.3

eGFR: estimated glomerular filtration rate; data are shown in mean ± SD (standard deviation).
∗
𝛽 coefficient based on linear regression model (dominant model) adjusted for age and sex; data are shown in mean ± SE (standard error).
∗∗
𝛽 coefficient based on linear regression model (per allele model) adjusted for age and sex; data are shown in mean ± SE (standard error).

However, considering that no evident associations between
these PPARD SNPs and metabolic risk factors were observed
in the present study, there seems to be a possibility that other
factors such as inflammation are also involved in this CKD
risk modification by the PPARD SNPs [36, 37].

Associations between polymorphisms in PPARG and
risk of CKD including diabetic nephropathy (DN) are also
reported; in a meta-analysis of 18 studies, it is demon-
strated that the Ala allele carriers of the PPARG Pro12Ala
polymorphism [38] had the reduced risk of DN, although
this association was not significant when restricted only to
Asians. Another study in Japanese showed that PPARG C-
681G (rs10865710) polymorphism was significantly associ-
ated with the risk of CKD among subjects with hypertension,
suggesting the biological roles of PPARs in the genesis of
CKD also in Asian populations [27]. Regarding PPARGC1A
polymorphisms, there is only one study that examined its
association with DN in Asian Indians, which found that the
Gly482Ser polymorphism of thePPARGC1Awas significantly
associated with DN [39]. Meanwhile, there are several studies
that examined the association of these polymorphisms with
the risk of type 2 diabetes (T2DM); the meta-analysis of
the reported study results revealed that the PPARGC1A
Thr394Thr polymorphism was not significantly associated
with the T2DM risk in East Asian populations [40]. Our
study results revealed no significant association of CKD risk

with the polymorphisms in these genes encoding PPARs,
PPARG C161T (His477His), PPARG Pro12Ala, PPARGC1A
Thr394Thr, and PPARGC1A Gly482Ser, suggesting that the
roles of these genetic variations are limited in Japanese,
or the sample sizes of the present study were relatively
underpowered to detect these associations.

A recent report from the STOP-NIDDM trial showed that
the rare polymorphism of PPARD gene in linkage disequilib-
riumwith the rs2267668 polymorphismwas studied here and
the 482Ser allele of the PPARGC1A rs8192678 polymorphism
had the additive effects on the risk of type 2 diabetes [22],
which makes the combined effects of these polymorphisms
on the risk of CKD also an issue of interest. Although the
present study results were considered to be in a similar trend
for the effect of each of these polymorphisms on CKD risk,
we could not detect any statistical interaction between these
polymorphisms on the risk of CKD, which necessitates the
investigation of this association with larger sample sizes in
the near future.

There are some potential limitations in this study. All of
the CKD cases are diagnosed based on the SCr data, which
might potentially be different from the actual GFR based
on the renal measurement, and CKD diagnosis itself may
also be different from that defined by the recent KDIGO
2012 Guideline, including the presence of albuminuria [41],
whichmight have diluted the effect of each genotype on CKD



PPAR Research 7

risk. Different etiologies causing CKD should also have been
considered in the analyses, but it could not be examined in the
present study because of the limited availability of the clinical
information including the pathologic one. Adjustments for
multiple comparisons may be another issue. There are also a
number of criticisms suggesting that correction of multiple
comparisons by Bonferroni procedures is sometimes too
conservative and aggravates the researchers’ tendency not
to conduct or present more tests [42], and considering that
the present study was conducted under rather exploratory
context, especially for the gene-environment interaction part,
we decided not to adopt these adjustments in this study.
Further investigations with better study designs will also be
required.

In summary, the present study found a significantly
increased risk of CKD in those with the C allele of PPARD
T-842C, which may suggest the future possibility of person-
alized risk estimation of this life-limiting disease in the near
future.

Conflict of Interests

The authors have no conflict of interests to declare.

Acknowledgments

The authors wish to thank Mr. Kyota Ashikawa and Ms.
Tomomi Aoi at the Laboratory of Genotyping Development,
Center for Genomic Medicine, RIKEN, for genotyping. The
authors also thank Ms. Yoko Mitsuda and Ms. Keiko Shibata
at Nagoya University for their technical assistance. This
study was supported in part by a Grant-in-Aid for Scientific
Research on Priority Areas of Cancer (no. 17015018) and
Scientific Support Programs for Cancer Research, Grant-
in-Aid for Scientific Research on Innovative Areas (no.
221S0001) from the Japanese Ministry of Education, Culture,
Sports, Science and Technology. The authors were with the
J-MICC Study Group.

References

[1] R. Yamamoto, A. Kanazawa, T. Shimizu et al., “Association
between atherosclerosis and newly classified chronic kidney
disease stage for Japanese patients with type 2 diabetes,” Dia-
betes Research and Clinical Practice, vol. 84, no. 1, pp. 39–45,
2009.

[2] M. Nagata, T. Ninomiya, Y. Doi et al., “Trends in the prevalence
of chronic kidney disease and its risk factors in a general
Japanese population: the Hisayama study,” Nephrology Dialysis
Transplantation, vol. 25, no. 8, pp. 2557–2564, 2010.

[3] K. Iseki, “Chronic kidney disease in Japan from early predic-
tions to current facts,” Nephron, vol. 110, no. 4, pp. c268–c272,
2008.

[4] T. Ninomiya and Y. Kiyohara, “Chronic kidney diseases and
other diseases: 1. Cardiovascular diseases,”Nihon Naika Gakkai
Zasshi, vol. 96, no. 5, pp. 887–893, 2007 (Chinese).

[5] S. Matsuo, Y. Yasuda, E. Imai, and M. Horio, “Current status
of estimated glomerular filtration rate (eGFR) equations for
Asians and an approach to create a common eGFR equation,”
Nephrology, vol. 15, no. supplement 2, pp. 45–48, 2010.

[6] T. S. Perlstein, M. Gerhard-Herman, N. K. Hollenberg, G. H.
Williams, and A. Thomas, “Insulin induces renal vasodilation,
increases plasma renin activity, and sensitizes the renal vas-
culature to angiotensin receptor blockade in healthy subjects,”
Journal of the American Society of Nephrology, vol. 18, no. 3, pp.
944–951, 2007.

[7] A. Gluba, D. P. Mikhailidis, G. Y. H. Lip, S. Hannam, J.
Rysz, and M. Banach, “Metabolic syndrome and renal disease,”
International Journal of Cardiology, vol. 164, no. 2, pp. 141–150,
2013.

[8] J. B. Echouffo-Tcheugui and A. P. Kengne, “Risk models to
predict chronic kidney disease and its progression: a systematic
review,” PLOSMedicine, vol. 9, no. 11, Article ID e1001344, 2012.

[9] R. M. Evans, G. D. Barish, and Y. X. Wang, “PPARs and the
complex journey to obesity,” Nature Medicine, vol. 10, no. 4, pp.
355–361, 2004.

[10] A. G. Nikitin, D. A. Chistiakov, L. O. Minushkina, D. A.
Zateyshchikov, and V. V. Nosikov, “Association of the CYBA,
PPARGC1A, PPARG3, and PPARD gene variants with coronary
artery disease andmetabolic risk factors of coronary atheroscle-
rosis in a Russian population,” Heart and Vessels, vol. 25, no. 3,
pp. 229–236, 2010.

[11] J. N. Feige, L. Gelman, L. Michalik, B. Desvergne, andW.Wahli,
“From molecular action to physiological outputs: peroxisome
proliferator-activated receptors are nuclear receptors at the
crossroads of key cellular functions,” Progress in Lipid Research,
vol. 45, no. 2, pp. 120–159, 2006.

[12] S. Azhar, “Peroxisome proliferator-activated receptors, met-
abolic syndrome and cardiovascular disease,” Future Cardiol-
ogy, vol. 6, no. 5, pp. 657–691, 2010.

[13] P. A. Grimaldi, “Metabolic and nonmetabolic regulatory func-
tions of peroxisome proliferator-activated receptor 𝛽,” Current
Opinion in Lipidology, vol. 21, no. 3, pp. 186–191, 2010.

[14] X. Ruan, F. Zheng, and Y. Guan, “PPARs and the kidney in
metabolic syndrome,” American Journal of Physiology, vol. 294,
no. 5, pp. F1032–F1047, 2008.

[15] S. P. Bhatt, P. Nigam, A. Misra et al., “Association of peroxisome
proliferator activated receptor-𝛾 gene with non-alcoholic fatty
liver disease in Asian Indians residing in North India,” Gene,
vol. 512, no. 1, pp. 143–147, 2013.

[16] H. Uemura, M. Hiyoshi, K. Arisawa et al., “Gene variants in
PPARD and PPARGC1A are associated with timing of natural
menopause in the general Japanese population,”Maturitas, vol.
71, no. 4, pp. 369–375, 2012.

[17] N. Hamajima and J-MICC Study Group, “The Japan Multi-
Institutional Collaborative Cohort Study (J-MICC Study) to
detect gene-environment interactions for cancer,” Asian Pacific
Journal of Cancer Prevention, vol. 8, no. 2, pp. 317–323, 2007.

[18] K. Wakai, N. Hamajima, R. Okada et al., “Profile of participants
and genotype distributions of 108 polymorphisms in a cross-
sectional study to elucidate associations between genotypes
and lifestyle and clinical factors: a project in the Japan Multi-
institutional Collaborative Cohort (J-MICC) Study,” Journal of
Epidemiology, vol. 21, no. 3, pp. 223–235, 2010.

[19] S. Matsuo, E. Imai, M. Horio et al., “Revised equations for
estimated GFR from serum creatinine in Japan,” American
Journal of Kidney Diseases, vol. 53, no. 6, pp. 982–992, 2009.

[20] Y. Ohnishi, T. Tanaka, K. Ozaki, R. Yamada, H. Suzuki, and Y.
Nakamura, “A high-throughput SNP typing system for genome-
wide association studies,” Journal of Human Genetics, vol. 46,
no. 8, pp. 471–477, 2001.

[21] E. Budtz-Jørgensen, N. Keiding, P. Grandjean, and P. Weihe,
“Confounder selection in environmental epidemiology: assess-
ment of health effects of prenatal mercury exposure,” Annals of
Epidemiology, vol. 17, no. 1, pp. 27–35, 2007.



8 PPAR Research

[22] C. R. Weinberg, “Toward a clearer definition of confounding,”
American Journal of Epidemiology, vol. 137, no. 1, pp. 1–8, 1993.

[23] T. Ito, E. Inoue, and N. Kamatani, “Association test algorithm
between a qualitative phenotype and a haplotype or haplotype
set using simultaneous estimation of haplotype frequencies,
diplotype configurations and diplotype-based penetrances,”
Genetics, vol. 168, no. 4, pp. 2339–2348, 2004.

[24] L. Andrulionyte, P. Peltola, J. L. Chiasson et al., “Single
nucleotide polymorphisms of PPARD in combination with the
Gly482Ser substitution of PGC-1A and the Pro12Ala substitu-
tion of PPARG2 predict the conversion from impaired glucose
tolerance to type 2 diabetes: the STOP-NIDDM trial,” Diabetes,
vol. 55, no. 7, pp. 2148–2152, 2006.

[25] N. Stefan, C. Thamer, H. Staiger et al., “Genetic variations
in PPARD and PPARGC1A determine mitochondrial function
and change in aerobic physical fitness and insulin sensitivity
during lifestyle intervention,” Journal of Clinical Endocrinology
and Metabolism, vol. 92, no. 5, pp. 1827–1833, 2007.

[26] C. Tovar-Palacio, N. Torres, A. Diaz-Villaseñor, and A. R. Tovar,
“The role of nuclear receptors in the kidney in obesity and
metabolic syndrome,” Genes & Nutrition, vol. 7, no. 4, pp. 483–
498, 2012.

[27] T. Yoshida, K. Kato, K. Yokoi et al., “Association of candidate
gene polymorphisms with chronic kidney disease in Japanese
individuals with hypertension,” Hypertension Research, vol. 32,
no. 5, pp. 411–418, 2009.

[28] N. Grarup, A. Albrechtsen, J. Ek et al., “Variation in the
peroxisome proliferator-activated receptor 𝛿 gene in relation to
common metabolic traits in 7,495 middle-aged white people,”
Diabetologia, vol. 50, no. 6, pp. 1201–1208, 2007.

[29] H. D. Shin, B. L. Park, L. H. Kim et al., “Genetic polymorphisms
in peroxisome proliferator-activated receptor 𝛿 associated with
obesity,” Diabetes, vol. 53, no. 3, pp. 847–851, 2004.

[30] L. Lu, Y. Wu, Q. Qi et al., “Associations of type 2 diabetes
with common variants in PPARD and the modifying effect of
vitamin D amongmiddle-aged and elderly chinese,” PLoS ONE,
vol. 7, no. 4, Article ID e34895, 2012.

[31] C. Hu, W. Jia, Q. Fang et al., “Peroxisome proliferator-activated
receptor (PPAR) delta genetic polymorphism and its associa-
tion with insulin resistance index and fasting plasma glucose
concentrations in Chinese subjects,” Diabetic Medicine, vol. 23,
no. 12, pp. 1307–1312, 2006.

[32] HapMap homepage, http://www.hapmap.org.
[33] A. G. Nikitin, D. A. Chistiakov, L. O. Minushkina, D. A.

Zateyshchikov, and V. V. Nosikov, “Association of the CYBA,
PPARGC1A, PPARG3, and PPARD gene variants with coronary
artery disease andmetabolic risk factors of coronary atheroscle-
rosis in a Russian population,” Heart and Vessels, vol. 25, no. 3,
pp. 229–236, 2010.

[34] K. Chehaibi, M. Y. Hrira, M. Rouis et al., “Effect of genetic
polymorphism +294T/C in peroxisome proliferator-activated
receptor delta on the risk of ischemic stroke in a Tunisian
population,” Journal of Molecular Neuroscience, vol. 50, no. 2,
pp. 360–367, 2013.

[35] J. Skogsberg, K. Kannisto, T. N. Cassel, A. Hamsten, P. Eriksson,
and E. Ehrenborg, “Evidence that peroxisome proliferator-
activated receptor delta influences cholesterol metabolism in
men,”Arteriosclerosis,Thrombosis, and Vascular Biology, vol. 23,
no. 4, pp. 637–643, 2003.

[36] T. C. He, T. A. Chan, B. Vogelstein, and K. W. Kinzler, “PPAR𝛿
is an APC-regulated target of nonsteroidal anti-inflammatory
drugs,” Cell, vol. 99, no. 3, pp. 335–345, 1999.

[37] C. H. Lee, A. Chawla, N. Urbiztondo, D. Liao, W. A. Boisvert,
and R. M. Evans, “Transcriptional repression of atherogenic

inflammation: modulation by PPAR𝛿,” Science, vol. 302, no.
5644, pp. 453–457, 2003.

[38] H. Zhang, S. Zhu, J. Chen et al., “Peroxisome proliferator-
activated receptor 𝛾 polymorphism Pro12Ala is associated with
nephropathy in type 2 diabetes: evidence frommeta-analysis of
18 studies,” Diabetes Care, vol. 35, no. 6, pp. 1388–1393, 2012.

[39] S. B. Gayathri, V. Radha, K. S. Vimaleswaran, and V. Mohan,
“Association of the PPARGC1A gene polymorphism with dia-
betic nephropathy in an Asian indian population (CURES-41),”
Metabolic Syndrome and Related Disorders, vol. 8, no. 2, pp. 119–
126, 2010.

[40] Y. Yang, X. Mo, S. Chen, X. Lu, and D. Gu, “Association of
peroxisome proliferator-activated receptor gamma coactivator
1 alpha (PPARGC1A) gene polymorphisms and type 2 diabetes
mellitus: a meta-analysis,” Diabetes/Metabolism Research and
Reviews, vol. 27, no. 2, pp. 177–184, 2011.

[41] Kidney Disease: Improving Global Outcomes (KDIGO) Acute
Kidney InjuryWorkGroup, “KDIGO clinical practice guideline
for acute kidney injury,” Kidney International Supplements, vol.
2, pp. 1–138, 2012.

[42] S. Nakagawa, “A farewell to Bonferroni: the problems of low
statistical power and publication bias,” Behavioral Ecology, vol.
15, no. 6, pp. 1044–1045, 2004.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


