
Abstract

Aims/hypothesis. Peroxisome proliferator-activated re-
ceptor-γ coactivator-1 (PPARGC1) acts as a cofactor for
several nuclear hormone receptors in many tissues and
organs implicated in blood pressure regulation. Here, we
assessed the association between the Gly482Ser variant
of PPARGC1 and the arterial hypertension frequently
found in subjects with type 2 diabetes.
Methods. We studied a group of 479 men and 253
women with type 2 diabetes. Arterial hypertension
was present in 70% of the men and in 73% of the
women. Genotypes were examined by PCR restriction
fragment length polymorphism. A logistic regression
analysis was performed to assess the covariables asso-
ciated with arterial hypertension.
Results. There was an association between Ser allele
homozygosis and arterial hypertension in type 2 dia-

betic men (odds ratio of 2.52 vs Gly allele homozygo-
sis; 95% CI: 1.32–5.00; p=0.0064), but not in women.
The prevalence of arterial hypertension in type 2 dia-
betic men was 77% vs 73% vs 67% for Ser-Ser, Gly-
Ser and Gly-Gly carriers respectively (p=0.021). Age,
BMI, the use of insulin, and triglyceride and creati-
nine levels were also independently associated with
arterial hypertension in this cohort.
Conclusions/interpretation. We have observed a sex-
specific association between the PPARGC-1 gene
Gly482Ser polymorphism and arterial hypertension in
type 2 diabetic men. Further studies are needed to in-
vestigate the genetic, biochemical and pathophysio-
logical basis of this allelic association.
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tors including PPAR-α and γ, thyroid hormone receptor,
mineralocorticoid receptor and oestrogen receptors [1].
PPARGC1 is expressed in vascular endothelial and
smooth muscle cells, and in the brain, heart and kidney
[1, 2], and could play a role in the regulation of blood
pressure by interacting with mineralocorticoid and oe-
strogen receptors. Genetic linkage between chromosome
4p15.1–2, near the PPARCG1 locus, and systolic blood
pressure was reported [3]. Recently, a frequent polymor-
phism in exon 8 of the PPARGC1 gene (GGT>AGT;
Gly482Ser) was shown to be associated with arterial hy-
pertension in men, but not in women, in a cohort of mid-
dle-aged Austrian subjects, essentially composed of
non-diabetic individuals [2]. In the present investigation,
we studied the possible association between this single
nucleotide polymorphism and the arterial hypertension
frequently found in subjects with type 2 diabetes.

Introduction

Peroxisome proliferator-activated receptor-γ coactivator-
1 (PPARGC1) is a coactivator of several nuclear recep-
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Subjects and methods

We studied a group of unrelated French Caucasian subjects
(479 men and 253 women) with type 2 diabetes, consecutively
recruited in the diabetes department of the Necker Hospital,
Paris, France. All subjects were negative for islet cell and glu-
tamic acid decarboxylase autoantibodies. Arterial hypertension
was defined as: (i) systolic blood pressure greater than
140 mm Hg and/or diastolic blood pressure greater than
90 mm Hg; and (ii) blood pressure below these values in the
presence of antihypertensive medication and history of hyper-
tension. To assess the frequency of the polymorphism in the
general population, we also studied a group of 102 men (aged
59±19 years) and 125 women (aged 58±17 years) with no
known history of diabetes, who were recruited among spouses
of the diabetic patients. No data on blood pressure status were
available for the non-diabetic subjects.

The Gly482Ser polymorphism was examined by PCR 
restriction fragment length polymorphism (PCR-RFLP) as de-
scribed previously [4]. Quality control of the PCR-RFLP geno-
type pattern was assessed by sequencing the PCR product of
ten samples, randomly chosen, of each genotype. The study
was approved by the ethics committee of the Necker Hospital
(CCPPRB Paris Necker) and all participants gave written in-
formed consent. Results are expressed as means ± SD. Differ-
ences between groups were assessed by Student’s t test or by
ANOVA. Contingency table chi square test and Fisher’s exact
test were used to compare allele frequencies and other qualita-
tive data. Odds ratios were computed by logistic regression
analysis, and the statistical power of the analysis was deter-
mined. For all these analyses, data were log-transformed when
adequate and a p value of less than 0.05 was considered signif-
icant. Statistics were performed using JMP (SAS Institute,
Carey, N.C., USA) and “Power and Precision” (Biostat, Engle-
wood, N.J., USA) softwares.

Results

Arterial hypertension was present in 70% of the men
and in 73% of the women from our cohort of type 2
diabetic patients. Hypertensive individuals of both
sexes, as compared with non-hypertensive individuals,
were older (64±10 vs 55±12 years, p<0.0001, data
from pooled sexes), had a higher BMI (29.7±5.4 vs
27.0±5.0 kg/m2, p<0.0001), were older at diagnosis of
diabetes (52±11 vs 47±12 years, p<0.0001), had a lon-
ger duration of diabetes (12±10 vs 8±7 years,
p<0.0001), had higher plasma levels of creatinine
(117±97 vs 87±25 µmol/l, p<0.0001) and triglyceride
(1.92±1.23 vs 1.61±0.99 mmol/l, p=0.0002), and were
more often treated with insulin (35% vs 24%,
p=0.002). Systolic blood pressure was 143±16 vs
122±9 mm Hg (p<0.0001) and diastolic blood pres-
sure was 79±10 vs 72±7 mm Hg (p<0.0001) in hyper-
tensive and non-hypertensive subjects respectively.
Fasting plasma glucose, HbA1c and total cholesterol
levels were similar in the two groups (data not
shown).

The frequency of the Ser allele was 0.366 vs 0.315
(p=0.14) in hypertensive and non-hypertensive type 2
diabetic men respectively, and 0.356 vs 0.354
(p=0.96) in hypertensive and non-hypertensive type 2
diabetic women respectively. These allelic frequencies
were not different from those observed in the patients’
non-diabetic spouses: 0.326 for the men (ANOVA
p=0.25) and 0.357 for the women (ANOVA p=0.73).
To assess a possible association between the

Table 1. Logistic regression analysis of parameters associated with arterial hypertension in type 2 diabetic subjects

Odds ratio 95% CI p value

Age
1st quartile (30–53 years) 1 - 0.0001
2nd quartile (54–62 years) 3.59 2.46–5.27
3rd quartile (63–70 years) 5.80 4.01–8.46
4th quartile (71–89 years) 7.09 4.86–12.02

BMI
1st quartile (15.7–25.0 kg/m2) 1 - 0.0005
2nd quartile (25.1–28.1 kg/m2) 1.48 1.02–2.18
3rd quartile (28.2–32.1 kg/m2) 2.53 1.72–3.79
4th quartile (32.2–55.5 kg/m2) 4.35 2.95–6.24

Triglycerides (range: 0.35–7.27 mmol/l) 20.37a 6.54–67.79 0.0001
Plasma creatinine (range: 35–780 µmol/l) 69a 17–312 0.0001
Insulin therapy 1.81 1.34–2.46 0.0001
Known duration of diabetes (range: 1–50 years) 4.26a 1.55–12.03 0.006
Sex (female) 1.28 0.91–1.82 0.15
Gly/Gly allelesb 1 - -
Gly/Ser alleles in men 1.04 0.66–1.64 0.86
Ser/Ser alleles in men 2.52 1.32–5.00 0.0064
Gly/Ser alleles in women 1.38 0.73–2.62 0.33
Ser/Ser alleles in women 0.78 0.34 –1.81 0.55

All quantitative data in the model were log-transformed. However, back-transformed values are given in the table, as they have
more clinical relevance. a Odds ratio across the range of distribution of the parameter; b alleles at codon 482. r2=0.24, p<0.0001



Gly482Ser variant and arterial hypertension in type 2
diabetic patients, a regressive model that takes into 
account the phenotypical differences observed in sub-
jects with or without arterial hypertension needs to be
used. Thus, a logistic regression analysis was per-
formed to assess the covariables associated with arte-
rial hypertension in this cohort. The presence of arteri-
al hypertension was entered in the model as the 
dependent variable, and sex, age, BMI, age at diagno-
sis of diabetes, duration of diabetes, plasma triglyce-
ride and creatinine levels, use of insulin, and genotype
at codon 482 were entered as independent covariables
(Table 1). As the genetic effect of this variant on arte-
rial hypertension seems to be sex dependent [2], co-
don 482 genotype was entered in the model nested
within the sex variable. This results in the computa-
tion of statistical effects for men and women separate-
ly, adjusted for multiple comparisons due to the strati-
fication by sex.

Age, BMI, the use of insulin, triglyceride and creat-
inine levels, and duration of diabetes were indepen-
dently associated with arterial hypertension in this 
cohort (Table 1). Homozygosis for the Ser allele of
codon 482 was also independently associated with ar-
terial hypertension in type 2 diabetic men (odds ratio
of 2.52; 95% CI: 1.32–5.00, p=0.0064 as compared
with homozygosis for the Gly allele), but not in type 2
diabetic women. To assess the robustness of the asso-
ciation between the Ser allele and hypertension in
men, we computed the power of the logistic regres-
sion analysis. For the odds ratios observed for the co-
don 482 covariable, the power was 0.78 (type 1 error
α set at 0.05, two-tail testing). These results are con-
sistent with the differences in the prevalence of arteri-
al hypertension according to genotype observed in the
group of men: 77% vs 73% vs 67% in Ser allele ho-
mozygous, Ser-Gly allele heterozygous, and Gly allele
homozygous subjects respectively (p=0.021 for age-
adjusted comparisons, with Bonferroni’s correction
due to the stratification by sex).

Discussion

In the present work, we report an association between
the Ser allele of the Gly482Ser variant in exon 8 of the
PPARGC1 gene and arterial hypertension in type 2 
diabetic men but not in type 2 diabetic women. This
allelic association was independent of other variables
commonly found to be associated with arterial hyper-
tension, such as age, obesity, dyslipidaemia and renal
function. Allelic frequencies were similar in diabetic
and non-diabetic subjects, which is consistent with ob-
servations in other French Caucasian cohorts [5].

A sex-related effect of this polymorphism on arteri-
al hypertension was recently observed in a cohort of
non-diabetic Austrian subjects [2]. However, in that
study, the Ser allele was associated with a reduction in

the prevalence of hypertension in men, with higher al-
lele frequencies in non-hypertensive (0.394) than in
hypertensive (0.314) subjects. Different risk alleles in
different populations have been observed for other
susceptibility genes for type 2 diabetes and might be
related to variable degrees of linkage disequilibrium
of the polymorphism with the putative functional mu-
tation. Alternatively, our results may merely represent
a type 1 error, but we believe this to be a less likely
explanation. Indeed, the probability of type 1 error (α)
was less than 0.7% (p=0.0064) when we concluded
that the odds ratio for Ser allele homozygosis as a risk
for arterial hypertension in men was included in the
95% CI (1.32–5.00). With respect to type 2 error (β),
the power of our study to detect the odds ratio ob-
served for the genotype at codon 482 in men was 0.78.
In other words, if homozygosis for the Ser allele in-
creased the odds of arterial hypertension by 2.52,
there was a 78% chance that we detected this effect in
the set of our testing. Moreover, other studies have
shown an association between the Ser allele, or the
Ser allele-containing haplotypes, and various compo-
nents of the metabolic syndrome. Associations with
type 2 diabetes were observed in some [4, 6] but not
all [5] studies, but associations were also observed
with hyperinsulinaemia and insulin resistance [6] and
with several obesity-related phenotypes [7]. Of note,
the frequency of the Ser allele in our cohort of type 2
diabetic patients, with sex and blood pressure status
combined (0.354), was in the range of that observed in
other cohorts of French type 2 diabetic patients
(0.352–0.363) [5], although it was lower than the fre-
quency reported in Danish subjects with type 2 diabe-
tes (0.370 and 0.381) [4]. The allelic frequency in the
patients’ non-diabetic spouses (0.340 for pooled sex-
es) was also in the range of that observed in other co-
horts of non-diabetic Caucasians (0.304–0.369) [4, 5,
7]. No allelic frequency data in hypertensive and non-
hypertensive non-diabetic French Caucasians is cur-
rently available for comparison. Of note, with arterial
hypertension being twice as frequent in type 2 diabetic
patients as in non-diabetic individuals [8], it is possi-
ble to speculate that the previously observed associa-
tions between the Gly482Ser variant and type 2 diabe-
tes [4, 6] may reflect associations with hypertension.

There is no established explanation for the sex-spe-
cific association between the Gly482Ser variant and
arterial hypertension in men, and for that matter, for
the sex-specific associations between the same poly-
morphism and obesity-related traits in non-diabetic
women [7]. PPARGC1 acts as a cofactor for several
transcription factors in many tissues and organs impli-
cated in blood pressure regulation such as the vascular
bed, the heart and the kidneys [1, 2]. PPARGC1 inter-
acts with oestrogen receptors α and β in vascular 
endothelial cells and enhances their transcriptional ac-
tivity [2, 9]. Interestingly, mice deficient in oestrogen
receptor-β develop arterial hypertension [10].
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In conclusion, we have observed a sex-specific as-
sociation between the PPARGC1 gene Gly482Ser
polymorphism and arterial hypertension in type 2 dia-
betic men. Type 2 diabetes and arterial hypertension
are multifactorial polygenic disorders that frequently
coexist and could therefore share susceptibility genes.
Further studies are needed to investigate the genetic,
biochemical and pathophysiological basis of this allel-
ic association.
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