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OBJECTIVE — The provariant of the Prol2Ala polymorphism in peroxisome proliferator—
activated receptor (PPAR)y has been identified as a risk allele for type 2 diabetes. The purpose of
the present study was to reveal a significant association with pre-diabetic phenotypes in nondi-
abetic individuals based on a systematic meta-analysis of all available published evidence.

RESEARCH DESIGN AND METHODS — . performed a classical meta-analysis of
data from ~32,000 nondiabetic subjects in 57 studies to assess the effect of the Prol2Ala
polymorphism on pre-diabetic traits.

RESULTS — in the global comparison, there were no differences in BMI, glucose, insulin, or
homeostasis model assessment of insulin resistance between the Pro/Pro and X/Ala genotype.
However. in the Caucasian subgroup, the X/Ala genotype was associated with significantly
increased BMI. In the obese subgroup (BMI >30 kg/m?), fasting glucose (P = 0.041) and insulin
resistance (hy homeostasis model analysis) (P = 0.020) were significantly greater in the Pro/Pro
group. In subjects with the homozygous Ala/Ala genotype, fasting insulin was significantly lower
compared with the Pro/Pro genotype (P = 0.040, N4, = 154).

CONCLUSIONS — Across all studies, the Prol2Ala polymorphism had no significant effect
ondiabetes-related traits. Only in selected subgroups, such as Caucasians and obese subjects, did
we see an associauon of the Ala allele with greater BMI and greater insulin sensitivity. This
demonstrates the importance for appropriate stratification of analyses by environmental or other
genetic lactors. Meta-analysis of Ala/Ala homozygotes more clearly demonstrated the association
with greater insulin sensitivity of carriers of the Ala allele.

Diabetes Care 29:2489-2497, 2006

he Prol2Ala polymorphism in per-

oxisome proliferator-activated re-

ceptor (PPAR)y, caused by a
missense mutation in exon B of the adi-
pocyte-specific y2 isoform, was identified
in 1997 and is thought to confer reduced
transcriptional activity (1). Several more
genetic variants in PPARy are known but
are much less frequent (2). The preva-
lence of the Ala allele varies from ~4% in

Aslan (3) to ~28% in Caucasian (4) pop-
ulations. Since PPARY2 is exclusively ex-
pressed in adipose tissue, the prevalent
Prol2Ala polymorphism was originally
studied for an association with obesity.
Soon, evidence emerged suggesting that
the Ala variant is associated with in-
creased insulin sensitivity in nondiabetic
Caucasians (5). Consequently, associa-
tion with type 2 diabetes was examined,
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and an early meta-analysis (6) strongly
suggested that the Pro variant is a risk a]-
lele. This analysis included 16 genetic as-
sociation studies and used a family-based
design to control for population stratifica-
tion. A more recent meta-analysis (7) con-
firmed these findings, and the Prol2Ala
polymorphism is now considered the best
replicated genetic risk factor of common
type 2 diabetes.

The key components in the pathogen-
esis of type 2 diabetes are insulin resis-
tance and f-cell dysfunction (8,9). To
further clarify the mechanisms underly-
ing the association of Prol2Ala with type
2 diabetes, however, it is necessary to ex-
amine nondiabetic populations, because
hyperglycemia itsel{ can induce insulin
resistance and secretory dysfunction
(10,11). Therefore, we performed a meta-
analysis of 57 suitable studies containing
data related to the insulin resistance of
cohorts with normal or impaired glucose
tolerance. The hypothesis is that the Pro/
Pro genotype is associated with a more
“diabetic” phenotype in this population
(e.g.. greater insulin resistance).

RESEARCH DESIGN AND
METHODS — Appropriate studies
were collected by a PubMed search (be-
fore July 2005) using the phrase
“(prol2ala or pl12a) and (stud* or diabe-
tes or insulin sensitivity or insulin secre-
tion).” Additionally, reference lists from
articles were searched for further suitable
studies. Two articles could not be ob-
tained, one from a Chinese journal (12)
and the other one from a Polish journal
(13). The retrieval contained 151 articles.
We used the following exclusion cri-
teria: review articles without new data;
multifold data or interim data of studies,
except when interim analyses contained
data not presented in the final analysis;
studies only including patients with type
2 diabetes; patients with polycystic ovar-
ian syndrome; hyperlipidemia; studies in-
cluding children; missing case numbers
or measurements of deviation; and miss-
Ing genotype-specific data of the quanti-
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Prol2Ala meta-analysis

Table 1—Studies included in meta-analysis

Sex X/Ala
Age distribution  frequency
Author (ref.) Race Lean/obese n (years) (% female) (%) Comments
Altshuler (6) Caucasian Mixed 349 31 51 25 NGT, estimated minimal case
numbers
Andrulionyte (30) Caucasian Obese 770 54.8 50 23 IGT
Baratta (31) Caucasian Mixed 338 379 56 12 —
Beamer (32) a Caucasian Mixed 517 64.4 39 21 BLSA
Beamer (32) b Caucasian Obese 169 433 66 17 JHU-WMC
Buzzetti (33) Caucasian Obese 1,215 427 70 17 —
Clement (34) Caucasian Lean 295 53 66 17 SU.VI.MAX, only control
subjects taken
Deeb (5) a Caucasian Mixed 973 70 63 29 Elderly group
Deeb (3) b Caucasian Mixed 333 448 50 23 Middle-aged group
Douglas (35) Caucasian Mixed 191 61.4 68 36 Spousal control subjects, only
significant results presented
Ek (26) a Caucasian Lean 364 252 49 26 Danish group
Ek (26) b Caucasian Mixed 616 70 — 26 Swedish group
Eriksson (15) Caucasian Mixed 476 69.6 64 32 —
Eurlings (36) Caucasian Mixed 124 51.1 60 25 Familial combined
Hyperlipidemic spouses
Evans (37) Caucasian Obese 429 457 — 25 —
Fornage (38} a Caucasian Lean 1,954 256 59 24 CARDIA study
Fornage (38) b African Mixed 1,844 244 54 4 CARDIA study
Franks (39) Caucasian Mixed 506 53.1 55 21 —
Frederiksen (4) Caucasian Mixed 2,245 533 51 26 —
Ghoussaini (40) a Caucasian Lean 865 51.0 62 22 NGT
Ghoussaini (40) b Caucasian Obese 507 47.2 68 22 Obese group
Hara (20) Asian Lean 541 69.1 53 8 Unselected population
Hegele (41) Indian Mixed 171 30.4 100 13 Canadian Oji-Cree
Kahara (42) Asian Lean 123 45.2 0 5 —
Kawasaki (21) Asian Lean 116 53.4 61 5 —
Kolehmainen (43) Caucasian Obese 22 43.8 67 27 —
Li (44) mixed Mixed 686 20-38 — 20 Bogalusa Study
Lindi (23) Caucasian Obese ca.490* 55.2 67 31 1GT
Lindi (45) Caucasian Mixed 150 492 49 24 KANWU study
Luan (46) Caucasian Mixed 592 53.9 56 21 Isle of Ely Study
Mancini (47) Caucasian Mixed 312 45.2 — 18 NGT
Meirhaeghe (48) Caucasian Mixed 1,133 35-64 50 21 MONICA study
Mori (3) Asian Lean 1,212 71.3 57 8 —
Mousavinasab Caucasian Mixed 252 17-28 0 31 Soldiers study
(49)
Muller (28) Indian Obese 241 275 44 14 ' Pimas
Nicklas (50) Caucasian Obese ca. 50* 60.2 100 21 Postmenopausal women, before
weight loss
Oh (51} Asian Mixed 229 48.0 36 8 —
Ostergard 27) Caucasian Mixed 54 33.6 44 41 Only control subjects taken
Caucasian Obese 45 39.0 71 13 —

Pisabarro (52)

tes of interest (BMI, fasting plasma
glucose, and insulin; 2-h glucose and in-
sulin during oral glucose tolerance test
[OGTT]; and homeostasis model assess-
ment of insulin resistance [HOMA-IRD).
The 57 studies suitable for meta-analysis
are shown in Table 1.

Data analysis

We assumed normal distribution for fast-
ing glucose and 2-h glucose during OGTT
and a log normal distribution for all other
quantities, compatible with the original
data from Tschritter et al. (14). Hence,
means and SDs of BMI, fasting insulin,
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2-h insulin during OGTT, and HOMA-IR
were transformed to means and SDs of
corresponding logarithmic quantities us-
ing standard formulas.

Logarithmic transformation provided
the mean of log insulin when geometric
means were presented. In the study of
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Table 1—Continued

Tonjes and Associates

Sex X/Ala
Age distribution  frequency
Author (ref.) Race Lean/obese n (years) (% fermale) (%) Comments
Poirier (53) Caucasian Lean 675 18-28 0 25 Family history of myocardial
infarction
Poulsen (54) Caucasian Mixed 553 66.5 — 22 Twin study
Robitaille (55) Caucasian Mixed ca.600* 43.1 57 19 Quebec Family Study
Rosmond (24) Caucasian Mixed 268 58 0 31 —
Sanchez (56) a Caucasian Mixed ca.460* 48.7 55 17 All subjects group
Sanchez (56) bt Caucasian Obese ca.140 52.0 65 18 Obese group
Stumvoll (29) Caucasian Mixed 318 33 60 24 —
Tai (19) Asian Lean 3,618 37.1 55 9 NGT + 1GT group
Takata (57) Asian Lean 247 24.2 41 7 —
Thamer (58) Caucasian Mixed 648 36 63 23 —
Tschritter (14) Caucasian Lean 229 32.0 51 23 Clamp data
Vaccaro {59) a Caucasian Lean 280 45.6 42 15 Lean group
Vaccaro (59) b Caucasian Obese 141 456 44 23 Obese and obese with early onset
Valve (2) Caucasian Obese 141 43.0 100 24 —
Wang (22) Asian Mixed 153 — — 7 NGT + 1GT
Weiss (60) Caucasian Mixed 73 58.4 56 16 Sedentaries, baseline
Yarmamoto (61) Asian Lean 595 48.1 20 5 —
Yamamoto (62) Asian Lean 81 43.8 0 5 Patients with hypertension
Yang (63) Asian Mixed 1,708 50.8 56 7 —

+Dillerent number of cases for different quantities. *Part a completely includes part b; therefore, they were only separately included in the analysis. Studies included
into analysis in alphabetical order. BLSA, Baltimore Longitudinal Study of Aging; CARDIA, Coronary Artery Risk Development in Young Adults; IGT, impaired
glucose tolerance; JHU-WMC, Johns Hopkins University Weight Management Center, KANWU, Kuopio, Arthus, Naples, Wallongog, Uppsala; MONICA, Moni-
toring of Trends and Determinants in Cardiovascular Diseases: NGT, normal glucose tolerance; SU.VLMAX, Supplementation en Vitamines et Mineraux Antioxy-

dants Study.

Erikson etal. (15), means and SDs for log
glucose were calculated under the as-
sumption of log normally distributed glu-
cose. We calculated the corresponding
means and SDs {or glucose but treated the
later quantities as parameter estimates for
anormally distributed quantity according
to our distribution assumption.

1f only quartile range or Cl as a mea-
sure of deviation were available, SD was
estimated under the above distribution
assumptions. More precisely, for nor-
mally distributed quantities, we used the
differences of quartile range or CI bound-
aries to calculate SD. For log normally dis-
tributed quantities, the differences of the
logarithmic boundaries of quartile range
or Cl were taken to calculate SD.

Altshuler et al. (6) did not provide
genotype-specific case numbers after a
written request. In this case, we used the
available allele frequencies to estimate a
lower boundary of the case numbers.
Hence, the influence of this study in our
analysis is underestimated.

Subjects with Pro/Ala and Ala/Ala
were referred to as X/Ala for the pooled
analysis. Where possible, a separate anal-
ysis of the Ala/Ala genotype in compari-
son with Pro/Pro was performed. In some
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Figure 1—BMI on eligible studies (Pro/Pro versus X/Ala). Estimated standardized effect sizes and
Cls are given for the single studies for global comparison and Caucasian subgroup. Positive
standardized effect size indicates that the corresponding quantity is greater in Pro/Pro than in
X/Ala.
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Figure 2—HOMA-IR on eligible studies (Pro/Pro versus X/Ala). Est
comparison and obese subgroup. Positive standardized effect size indicates that the correspon

and significance by leaving out a single
study. All calculations except the power
calculations were performed using
MATLAB 7.0.4.365 (The MathWorks,
Natick, MA). The powers were calculated
with nQuery Advisor 6.0 (Statistical Solu-
tions, Saugus, MA).

RESULTS — The Eggers test did not

indicate any obvious publication bias.

X/Ala versus Pro/Pro (Table 2)
BMI was not different in the global anal-
ysis. In the Caucasian subgroup, how-
ever, BMI was greater in X/Ala compared
with Pro/Pro (P = 0.015), which held up
to jackknifing (Fig. 1). The BMI in Asians
was also greater in the X/Ala group, but
after leaving out one of the studies of Tai
etal. (19), Hara et al. (20), Kawasaki et al.
(21), or Wang et al. (22), the effect be-
came nonsignificant. We found no effect
of the Prol2Ala polymorphism with re-
spect to fasting insulin, neither globally
nor in any of the subgroups.

Fasting glucose was not different in

the global comparison. In the obese sub-
group, however, fasting glucose was
higher in the Pro/Pro group (P = 0.041),
and leaving out the study of Lindi et al.
(23) substantially increased significance
(standardized effect size 0.127, P =
0.0033) and homogeneity (P = 0.76).
There was no significant effect on 2-h in-
sulin and glucose during OGTT, neither
globally nor in any subgroup.

HOMA-IR was significantly higher in
Pro/Pro compared with X/Ala in the obese
subjects, though not globally, indicating
greater insulin sensitivity in obese carriers
of the Ala allele. This effect became stron-
ger (standardized effect size 0.148, P =
0.0025) with higher homogeneity of the
remaining studies after leaving out the
study of Lindi et al. (23) (Fig. 2).

Analysis of Ala/Ala

In 12 studies, the authors presented full
genotype information, which allowed the
analysis of the homozygous Ala/Ala geno-
type. Because of insufficient data quan-
tity, the parameters HOMA-IR, 2-h

imated standardized effect sizes and Cls are given for the single studies, for global
ding quantity is greater in Pro/Pro than in X/Ala.

glucose, and insulin were not analyzed in
this part. Furthermore, only global testing
of all pooled subgroups was performed. A
total of up to 160 subjects with the Ala/
Ala genotype were available for meta-
analysis. Neither BMI (standardized effect
size —0.125, P = 0.353) nor fasting glu-
cose (standardized effect size —0.088,
P = 0.282) were significantly different be-
tween the genotypes after global testing.
Fasting insulin was significantly
lower in Ala/Ala compared with the Pro/
Pro genotype (standardized effect size
0.168. P = 0.040). However, this effect
vanished after jackknifing. The effect also
vanished after calculating a random-
effects model, which might have been
more appropriate in view of the border-
line study homogeneity (P = 0.052 for
test of inhomogeneity). On the other
hand, excluding the study of Rosmond et
al. (24), which reported extremely high
fasting insulin values in the Ala/Ala group
discrepant from all other studies, makes
the effect highly significant (standardized
effect size 0.227, P = 0.0067) and the
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Figure 3—Fasting insulin on eligible studies (Pro/Pro vers

us Ala/Ala). Estimated standardized effect sizes and Cls are given; the meta-analysis cffect

and its CI is shown for global comparison and separately after excluding the study of Rosmond ctal. (24). Positive standardized ¢ffect size indicates
that the corresponding quantity is greater in Pro/Pro than in X/Ala.

remaining studies highly homogeneous
(P = 0.81 for inhomogeneity test; Fig. 3).

CONCLUSIONS — The BMI of indi-
viduals with the Pro/Pro genotype did not
significantly differ from individuals with
the X/Ala genotype in the global analysis.
Interestingly, in the Caucasian subgroup,
the X/Ala genotype was associated with
significantly increased BMI. The absence
of a statistical effect in the Asian subgroup
might be explained by gene-gene and
gene-environmental interactions (25).
Also, the lower frequency of the Ala allele
in Asians and the lower sample size in
comparison with the Caucasian subgroup
may play a role. Masud et al. (64) found a
greater BMI in Ala carriers in obese sub-
jects, but this study included patients
with diabetes.

Surrogate markers of insulin resis-
tance, such as fasting insulin and HOMA-
IR, were not significantly different
between the Pro/Pro and X/Ala genotypes
globally. In the obese subgroup (BMI
>30 kg/m?), however, fasting glucose

was significantly higher in the Pro/Pro
group. Analogously, HOMA-IR was also
significantly higher in the obese subgroup
with the Pro/Pro genotype. These effects
became even stronger after leaving out the
study of Lindi et al. (23), which only in-
cluded obese subjects with impaired glu-
cose tolerance. Two-hour postchallenge
glucose and insulin concentrations were
not significantly different between geno-
types, neither in the global nor in the sub-
group analysis, but the case numbers are
much lower.

Subsequently, we investigated the in-
fluence of Ala/Ala homozygosity when
full genotype information was given. Fast-
ing insulin was higher in the Pro/Pro com-
pared with the Ala/Ala group. Jackknifing
revealed that the study of Rosmond et al.
(24) was responsible for significant inho-
mogeneity among the studies. That study
reported extremely high fasting insulin
values in the Ala/Ala group, in discor-
dance with all other studies. After exclud-
ing the study of Rosmond et al. (24),
which contained only six individuals with

Ala/Ala, the effect became highly signifi-
cant and the remaining studies highly ho-
mogeneous. It is important Lo note that
these six individiuals had a significantly
higher BMI, which would easily explain
the differences in fasting insulin and in-
sulin sensitivity. Therefore, we interpret
the results of the Ala/Ala meta-analysis as
an indication of greater insulin sensitivity
of this genotype.

To ultimately assess the role of greater
insulin resistance in the Pro/Pro group in
comparison with the Ala/Ala group, a
meta-analysis of euglycemic-hyperinsu-
linemic clamp data would be desirable.
This could not be performed because the
four available studies (26-29) were too
heterogenous and could not be subjected
to jackknifing. Two-hour glucose and in-
sulin were not analyzed in Ala/Ala indi-
viduals due to insufficient data.

Another shortcoming of our meta-
analysis is the classical meta-analysis ap-
proach with respect to the quantities
considered. Because several studies used
different adjustment methods, a meta-
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regression of the data might have been
more appropriate. However, this would
require access to original data of the indi-
vidual studies, which was not possible.
Because of different adjustment methods
or different study populations, we always
calculated standardized effect measures,
which are more robust than absolute ef-
fect measures.

To evaluate the sensitivity of our
meta-analysis, we estimated the statistical
power and the absolute effects under the
assumption of variance homogeneity
among the studies. With a power of 80%
for log(BMLI), a global effect size of 0.8%
difference (related to the group with the
greater value) between the Pro/Pro and
X/Ala groups could be discovered. On the
other hand, with calculation of the com-
mon variance, the estimated effect was
only a 0.7% difference. For fasting glu-
cose, the discoverable effect was 0.045
mmol/l but the estimated effect was only
0.023 mmol/l. For logarithm of fasting in-
sulin, the discoverable effect was a 2.7%
difference but the estimated effect was
only 2%. Consequently, even very small
eflects could be detected with our analysis
but were not found globally. Further-
more, the estimates of the global effects
were very precise (narrow Cl) despite
some inhomogeneity of the studies.

In conclusion, across all studies the
Prol2Ala polymorphism had no signifi-
cant effect on diabetes-related traits
within a nondiabetic population. Only in
selected subgroups, such as Caucasians
and obese subjects, did we see an associ-
ation of the Ala allele with greater BMI
and greater insulin sensitivity. This dem-
onstrates the importance for appropriate
stratification of analyses by as many fac-
tors as possible. Meta-analysis of Ala/Ala
homozygotes more clearly demonstrated
the association with greater insulin sensi-
tivity of the Ala allele.
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