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Abstract—The peroxisome proliferator–activated receptorg (PPARg) gene has been implicated in morbid obesity and is
important to lipid and carbohydrate metabolism. However, the relevance of gene variations in healthy nonobese subjects
has not been defined. We recruited monozygotic and dizygotic healthy nonobese twin subjects to test the hypothesis that
the PPARg gene is important to body mass index and lipid concentrations in healthy nonobese subjects. Both linkage
and association strategies were used in the same dizygotic twins. ThePPARg gene locus was linked (P,0.01) to
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and body mass index as quantitative traits. A
biallelic variant in thePPARg gene was associated with high-density lipoprotein cholesterol and body mass index
(P,0.05). We also looked for linkage between the same variables and the retinoic X receptor gene locus. This locus
was linked to total and low-density lipoprotein cholesterol as well as triglycerides. We conclude that thePPARg gene
is highly relevant to lipid metabolism and body mass index, not only in the morbidly obese but also in healthy nonobese
subjects. The same appears to be true for its binding partner. Sequencing these genes in twins would serve to identify
gene variations contributing to body mass index and lipid concentrations in healthy nonobese subjects.(Arterioscler
Thromb Vasc Biol. 1999;19:2940-2944.)
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Peroxisome proliferator–activated receptorg (PPARg) is a
member of the nuclear hormone receptor superfamily that

heterodimerizes with the retinoid X receptor and functions as
a transcriptional regulator of genes linked to lipid metabolism
and energy balance. The thiazolidine class of antidiabetic
drugs and 15-deoxy-D12,14-prostaglandin J2 are ligands for
this receptor.1–3 PPARg expression is highest in adipose
tissue but is detectable at lower levels in other tissues (eg,
kidney and liver).4,5 Tontonoz et al6 recently reported that
PPARg promotes monocyte/macrophage differentiation and
uptake of oxidized LDL cholesterol. Ristow et al7 recently
reported aPPARg mutation in 4 patients with massive
obesity. When expressed in fibroblasts, the mutated gene
accelerated lipid uptake of the cells and caused them to
differentiate into adipocytes. These observations prompted us
to test the hypothesis that thePPARg locus is linked to lipid
values and body mass index (BMI) in healthy nonobese
dizygotic (DZ) twin subjects in terms of a quantitative trait
locus (QTL). We then took advantage of a biallelic marker in
the PPARg gene and were able to associate the genotypes
with BMI and HDL cholesterol. We also searched for linkage
between the retinoic X receptor gene locus and the same

phenotypes and showed that this locus is a QTL for total and
LDL cholesterol. Our data support the notion that PPARg and
its binding partner are relevant to BMI and lipid levels in
healthy nonobese persons.

Methods
Study Population
We recruited 222 pairs of monozygotic (MZ; 122 pairs) and DZ (100
pairs) twins by advertisement to participate in studies involving
blood pressure regulation and cardiovascular phenotypes.8,9 We also
recruited the parents of the DZ twins to permit identity by descent
linkage analysis. Twin zygosity was verified with use of 5 polymer-
ase chain reaction–amplified microsatellite markers as described in
detail elsewhere.10 The subjects were all healthy, normotensive
whites recruited from various parts of Germany. The protocol was
approved by the university’s committee on the protection of human
subjects, and written informed consent was obtained from all
participants. Persons with histories of familial lipid disorders were
excluded.

Phenotypic Characterization
Blood was obtained from the twins after a 12-hour fast. Total
cholesterol, HDL cholesterol, and triglycerides were determined by
automated methods.11 LDL cholesterol concentrations were calcu-
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lated by the Friedewald equation.12 Blood was also obtained for
determination of zygosity and other molecular genetic studies.

Genotyping
Microsatellite markers spanning'45 cM around thePPARg gene on
chromosome 313 (D3S1297, D3S1304, D3S3726, D3S3589,
D3S1263, D3S3608, D3S2338, and D3S1266), as well as markers
spanning 5 cM around the retinoic X receptor gene on chromosome
1 (D1S2768, D1S2844, D1S426, and D1S194), were analyzed using
the PE Applied Biosystems genotyping system. A polymorphism
corresponding to a silent C-to-T substitution in exon 6 ofPPARg was
analyzed according to a published protocol.14

Statistical Analysis
For linkage analysis, only DZ pairs and their parents were included.
Data were analyzed by using a structural equation modeling (SEM)
approach15 as implemented in the Mx statistical package.16 This
approach is based on variance-covariance matrices of sibs weighted
by the probability of sharing 0, 1, or 2 alleles identical by descent.
The higher power of the variance-covariance–based analysis, com-
pared with the squared trait differences–based approach by the
Haseman-Elston regression method,17 was shown in a recent simu-
lation study.18 Because we used a candidate gene approach, we
acceptedP,0.01 to test for significant linkage in accordance with
the criteria defined by Lander and Kruglyak.19 To increase the power
for the association analysis, mean scores of pairs of MZ twins were
included together with scores of DZ pairs.20 Statistical analysis was
conducted by using ANOVA (SPSS).

Results
Table 1 shows the demographic and lipid-related variables for
the twin subjects. Female sex was twice as common as male

sex. Subjects were young adults of normal height, weight, and
BMI. Total, HDL, and LDL cholesterol and triglyceride
values were all within normal limits. Table 2 shows the
results of the heritability analysis. A major genetic effect was
demonstrated on all lipid parameters, although strong envi-
ronmental effects were also shown. Table 3 gives the results
of the structural equation modeling multipoint linkage anal-
ysis for markers spanning thePPARg and retinoic X receptor
gene loci and body size as well as for serum lipid concentra-
tions. Only the peak value for each locus is given. Significant
linkage was found between thePPARg locus and BMI, body
weight, and serum HDL and LDL cholesterol levels. For the
retinoic X receptor locus, linkage was found for total and
LDL cholesterol levels, as well as triglycerides. Figure 1
shows the results of the linkage analysis forPPARg and HDL
cholesterol. The location of the markers and thePPARg gene
is indicated in the figure. BMI and LDL cholesterol reached
their peak significance in the same chromosomal region as
HDL cholesterol. Table 4 gives the results of an association
analysis using the biallelic marker in thePPARg gene.
Persons with the TT variant had decidedly higher HDL
cholesterol values, as shown in Figure 2, and tended to have
lower LDL cholesterol values and the lowest BMI compared
with persons with the CC or CT variant.

We next examined within-pair differences in MZ twins,
biallelic marker–concordant DZ twins, and biallelic marker–
discordant DZ twins. For HDL cholesterol, MZ twins had the
least pair difference, DZ concordant twins were intermediate,
and DZ discordant twins had the greatest within-pair HDL
cholesterol concentration difference (P,0.01). These results
are shown in Figure 3. Similar results were obtained for LDL
cholesterol (data not shown). For BMI, the results of the
analysis were not significant.

TABLE 3. Results of Linkage Analysis

PPARg RXR

c2 Model Difference P (SEM) c2 Model Difference P (SEM)

Total cholesterol 1.8 0.18 4.35 0.001

HDL cholesterol 11.0 0.0009 0 NS

LDL cholesterol 7.8 0.005 6.23 0.004

Triglycerides 2.0 0.15 12.5 0.0004

Body weight 10.0 0.0015 0 NS

BMI 7.4 0.005 0 NS

Difference between SEM models with and without a QTL effect and corresponding P values for a
QTL effect are given.

TABLE 1. Clinical Data and Serum Lipid Values

Variable MZ DZ

Pairs, n 122 100

Age, y 34615 34613

Sex (male/female), n 80/164 60/140

Height, cm 16969 17069

Weight, kg 67613 71614

BMI, kg/m2 2364 2464

Total cholesterol, mg/dL* 183639 193642

HDL cholesterol, mg/dL* 51614 57617

LDL cholesterol, mg/dL* 115634 115632

Triglycerides, mg/dL† 87667 100664

Values are mean6SD.
*To convert cholesterol values into millimolar concentration (mmol/L),

multiply the given value (mg/dL) by 0.01129.
†To convert triglyceride values into millimolar concentration (mmol/L),

multiply the given value (mg/dL) by 0.0286.

TABLE 2. Genetic and Environmental Effects on Serum
Lipid Values

Genetic
Effect

Nonshared
Environment c2/DF P rMZ rDZ

Total cholesterol 0.64 0.36 1.0/4 0.01 0.65 0.37

HDL cholesterol 0.59 0.41 0.4/4 0.01 0.63 0.30

LDL cholesterol 0.66 0.34 0.7/4 0.01 0.66 0.36

Triglycerides 0.72 0.28 0.6/4 0.01 0.72 0.44

Body weight 0.89 0.11 1.4/4 0.01 0.96 0.46

BMI 0.97 0.03 0.65/4 0.01 0.85 0.46

Fit indices for the reported models and P values for the genetic effect are
given together with correlation coefficients for MZ and DZ.
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Discussion
Because cardiovascular disease is the most common cause of
death worldwide, more than half of the population can expect
to develop cardiovascular disease during their lifetime.21

Thus, identifying QTL for cardiovascular disease–relevant
phenotypes in healthy nonobese persons, and subsequently
demonstrating variations in the corresponding candidate
genes, is important to cardiovascular disease genetics. We
believe that our study exemplifies the utility of this combined
linkage and association approach. MZ and DZ twins permit
quantification of genetic and environmental variance. As
reported earlier,22 the body size parameters and serum lipid
concentrations were all influenced by genetic variance. DZ
twins, who are perfectly matched for age and who are
generally exposed to very similar environmental conditions,
are ideal subjects for efficient sib-pair analyses. Thus, far
fewer subjects are needed to gain insight into QTL.

We showed that thePPARg gene locus is a QTL for BMI,
LDL, and HDL cholesterol concentrations in healthy non-
obese subjects and that a biallelic polymorphism in the
PPARg gene is associated with BMI and lipid concentrations.
The relationship between LDL cholesterol andPPARg, as
well as the relationship between HDL cholesterol andPPARg
achieved significance, whereas that for total cholesterol and
PPARg did not. We interpret this finding as suggesting that
the effects on LDL and HDL cholesterol may be opposite in
nature. Our association results would support that point of
view. Furthermore, the retinoic X receptor gene locus is a

QTL for LDL and total cholesterol. Our results are in
concordance with data from a total genome scan conducted in
92 nuclear families using several measures of obesity.23 In
this study, a marker on chromosome 3 (D3S1286) was
significantly linked to the percentage of body fat. This marker
is located within the chromosomal region linked to BMI in
our study. A second genomic scan conducted in Pima Indians,
which pointed toward a QTL for BMI on chromosome 11,
showed no significant linkage.24 That lack of confirmation
may have been due to population specifics or power restric-
tions.PPARg has been shown to be an important disease gene
for morbid obesity.7 In a segregation analysis, evidence was
found for at least 2 major loci influencing BMI.25 Together,
these loci are expected to account for 64% of the variance in
BMI.

Although obesity is common, most persons do not have
morbid obesity. Our data suggest that more subtle variations
in PPARg are important to BMI and lipid values in healthy
nonobese subjects as well. We believe that these observations
are particularly relevant for several reasons. Obesity is
reported as the most common health problem in developed
countries.26 Low HDL cholesterol values are a recognized
risk for coronary heart disease.27 PPARg is pivotal to a
variety of serious obesity-related medical conditions, includ-
ing type 2 diabetes mellitus and cardiovascular disease.
Although adipose tissue has been recognized as a principal
site ofPPARg gene expression, the gene is expressed at lower
levels in many nonadipose tissues and cell types, where it

Figure 1. Results of multipoint linkage analysis
for HDL cholesterol and markers at the PPARg
gene locus. The approximate location of the
gene is indicated. The line represents the error
value p for the existence of a QTL. A threshold
of P50.01 was set. The lowest p value over the
PPARg locus is indicated in Table 3.

TABLE 4. Results of Association Analysis

CC CT TT P

Total cholesterol, mg/dL* 176.5635.1 187.2630.9 185.2626.4 0.176

HDL cholesterol, mg/dL* 49.5613.1 50.1611.9 64.2613.0 0.001

LDL cholesterol, mg/dL* 110.3630.9 122.6630.3 104.9627.4 0.061

Triglycerides, mg/dL† 84.1654.3 74.1636.3 80.7638.6 0.544

BMI, kg/m2 23.663.9 25.365.1 22.662.4 0.026

Body weight, kg 68.1612.7 69.6614.8 66.8614.5 0.665

*To convert cholesterol values into millimolar concentration (mmol/L), multiply the given value
(mg/dL) by 0.01129.

†To convert cholesterol values into millimolar concentration (mmol/L), multiply the given value
(mg/dL) by 0.0286.
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may also play an important role. Several classes of ligands
have been found.28–31 The thiazolidinediones are specific
synthetic agonists forPPARg. 15-deoxy-D12,14-prostaglan-
din J2 is a natural ligand. Certain polyunsaturated fatty acids,
such as linoleic acid, also activate PPARg. Nonsteroidal
antiinflammatory drugs, such as ibuprofen, can activate the
receptor as well. PPARg also functions as an obligate
heterodimer with the retinoic X receptor, which, among other
things, is involved in triglyceride metabolism.32

PPARg may actively participate in the pathogenesis of
atherosclerosis. Monocytes and macrophages are pivotal to
inflammation and the development of arteriosclerosis. Ricote
et al33 were able to show that PPARg is markedly upregulated
in activated macrophages. They found that PPARg inhibits
the expression of inducible nitric oxide synthase, gelatinase
B, and the scavenger receptor A genes in response to
synthetic ligands, probably by antagonizing the transcription
factors AT-1, STAT, and NF-kB. Tontonoz et al5 found that
PPARg is induced in human monocytes after exposure to
oxidized LDL and is expressed at high levels in atheroscle-
rotic lesions. Ligand activation of PPARg induced monocyte
differentiation and promoted the transcriptional induction of
the scavenger receptor. Nagy et al34 further elucidated this
issue by showing that oxidized LDL components acted as

endogenous PPARg ligands. They demonstrated a novel
signaling pathway coordinated by the macrophage scavenger
receptor on the cell surface internalizing the particle and
PPARg in the nucleus, which is transcriptionally activated by
its component lipids. Thus, PPARg appears to be a key
regulator of foam cell gene expression.

Our data suggest thatPPARg gene variants in healthy
nonobese, nonhyperlipidemic subjects may have significant
influence on BMI and plasma lipids. Such variants may have
a great effect on the propensity to obesity, type 2 diabetes,
and cardiovascular disease in later life. We can only speculate
on the interrelationships among BMI, HDL cholesterol con-
centrations, and PPARg. However, in epidemiological stud-
ies, a higher BMI is associated with lower HDL cholesterol
concentrations,35 consistent with our findings. Furthermore,
Meirhaeghe et al14 have described an interaction between the
C-to-T substitution in thePPARg gene and BMI for plasma
leptin levels. They found that persons bearing at least one T
allele had a lower BMI for a given leptin level, compared
with CC homozygous individuals. Their results are consistent
with our findings.

Deeb et al36 recently demonstrated that the Pro12/Ala
substitution in thePPARg gene is associated with lower BMI
and improved insulin sensitivity. The investigators were also
able to show that the Pro12/Ala substitution is associated with
decreased receptor activity. Yen et al37 first reported this
missensePPARg mutation, which involves a C-to-G substi-
tution at nucleotide 34. They also found an association
between this mutation and type 2 diabetes mellitus in a small
number of white patients. Ringel et al38 were unable to
confirm these findings in a large association study involving
522 type 1 diabetic and 503 type 2 diabetic patients, com-
pared with 310 nondiabetic control subjects. Discrepancies in
association studies are common. We believe our twin model
may be more stable because we relied on both linkage and
association approaches. Furthermore, our DZ sib pairs have
half of their genes in common and therefore provide a much
more homogeneous sample. For example, if'30 genes are
responsible for obesity, the DZ twin would have concordant
alleles for half of these genes. If we then examine discor-

Figure 3. Within-pair differences in MZ
twins and DZ twins concordant and dis-
cordant for the biallelic polymorphism in
exon 6 of the PPARg gene. The differ-
ence between concordant DZ and MZ
twins indicates that in addition to PPARg,
other genes are also responsible for HDL
cholesterol values.

Figure 2. Results of the association analysis for the PPARg
polymorphism in exon 6 and HDL cholesterol. The data suggest
that the T allele exerts a recessive action.
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dancy in a candidate gene, the number of confounders in our
study would be decidedly less compared with that in associ-
ation studies in randomly selected people.

The variant we examined is silent but apparently in linkage
disequilibrium with a functional polymorphism in thePPARg
gene or possibly in a nearby gene. We suggest that much of
the genetic variance on BMI and HDL cholesterol levels in
healthy nonobese persons is attributable to thePPARg gene
locus. Multiplex sequencing of thePPARg gene in all of our
DZ twin subjects and their parents may provide insight into
the functional variants involved. These findings highlight the
broad, encompassing role ofPPARg in processes involving
BMI and lipid metabolism not only in persons with disease
but also in healthy, healthy nonobese persons.

References
1. Forman BM, Umensono K, Chen J, Evans RM. Unique response

pathways are established by allosteric interactions among nuclear
receptors.Cell. 1995;81:541–550.

2. Kliewer SA, Umensono K, Mangelsdorf FJ, Evans RM. Retinoid X
receptor interacts with nuclear receptors in retinoic acid, thyroid
hormone, and vitamin D3 signaling.Nature. 1992;355:446–449.

3. Lehmann JM, Moore LB, Smith-Oliver TA, Wilkison WO, Wilson TM,
Kliewer SA. An antidiabetic thiazolidinedione is a high affinity ligand for
peroxisome proliferator-activated receptorg (PPARg). J Biol Chem.
1995;270:12953–12956.

4. Dreyer C, Krey G, Keller H, Givel F, Helftenbein G, Wahli W. Control
of the peroxisomalb-oxidation pathway by a novel family of nuclear
hormone receptors.Cell. 1992;68:879–887.

5. Tontonoz P, Hu E, Spiegelman BM. Stimulation of adipogenesis in
fibroblasts by PPAR gamma 2, a lipid-activated transcription factor.Cell.
1994;79:1147–1156.

6. Tontonoz P, Nagy L, Alvarez JGA, Thomazy VA, Evans RM. PPARg
promotes monocyte/macrophage differentiation and uptake of oxidized
LDL. Cell. 1998;93:241–252.

7. Ristow M, Müller-Wieland D, Pfeiffer A, Krone W, Kahn CR. Obesity
associated with a mutation in a genetic regulator of adipocyte differen-
tiation. N Engl J Med. 1998;339:953–959.

8. Busjahn A, Faulhaber H-D, Viken RJ, Rose RJ, Luft FC. Genetic
influences on blood pressure with the cold pressor test: a twin study.
J Hypertens. 1996;14:1195–1199.

9. Busjahn A, Knoblauch H, Knoblauch M, Schuster H, Bohlender J,
Faulhaber H-D, Luft FC. Angiotensin converting enzyme and angioten-
sinogen gene polymorphisms, plasma levels, and left ventricular size: a
twin study.Hypertension. 1997;29:165–170.

10. Becker A, Busjahn A, Faulhaber H-D, Ba¨hring S, Schuster H, Luft FC.
Automated zygosity determination with microsatellites.J Reprod Med.
1997;42:260–266.

11. Allain CC, Poon LS, Chan CSG, Richmond W, Fu PC. Enzymatic
determination of total serum cholesterol.Clin Chem. 1974;20:470–475.

12. Friedewald WT, Lewy RI, Fredrickson DS. Estimation of plasma low-
density lipoprotein cholesterol concentration without use of the pre-
parative ultracentrifuge.Clin Chem. 1972;18:499–501.

13. Beamer BA, Negri C, Yen CJ, Gavrilova O, Rumberger JM, Durcan MJ,
Yarnall DP, Hawkins AL, Griffin CA, Burns DK, Roth J, Reitman M,
Shuldiner AR. Chromosomal localization and partial genomic structure of
the human peroxisome proliferator activated receptor gamma (hPPAR
gamma) gene.Biochem Biophys Res Commun. 1997;233:756–759.

14. Meirhaeghe A, Fajas L, Helbecque N, Cottel D, Lebel P, Dallongeville J,
Deeb S, Auwerx J, Amouyel P. A genetic polymorphism of the per-
oxisome proliferator activated receptor gamma gene influences plasma
leptin levels in obese humans.Hum Mol Genet. 1998;7:435–440.

15. Eaves LJ, Neale MC, Maes H. Multivariate multipoint linkage analysis of
quantitative trait loci.Behav Genet. 1996;26:519–525.

16. Neale MC.Mx: Statistical Modeling. 4th ed. Richmond, Va: Department
of Psychiatry; 1997.

17. Kruglyak L, Lander ES. Complete multipoint sib-pair analysis of quali-
tative and quantitative traits.Am J Hum Genet. 1995;57:439–454.

18. Fulker DW, Cherny SS. An improved multipoint sib-pair analysis of
quantitative traits.Behav Genet. 1996;26:527–532.

19. Lander ES, Kruglyak L. Genetic dissection of complex traits: guidelines
for interpreting and reporting linkage results.Nat Genet. 1995;11:
241–246.

20. Miller MB. Monozygotic twins increase power of genetic association
studies of complex phenotypes.Behav Genet. 1998;28:1024. Abstract.

21. Murray CJL, Lopez AD. Mortality by cause for eight regions of the
world: Global Burden of Disease Study.Lancet. 1997;349:1269–1276.

22. Knoblauch H, Busjahn A, Mu¨nter S, Nagy Z, Faulhaber H-D, Schuster H,
Luft FC. Heritability analysis of lipids and three gene loci in twins link
the macrophage scavenger receptor to HDL cholesterol concentrations.
Arterioscler Thromb Vasc Biol. 1997;17:2054–2060.

23. Lee JH, Reed DR, Li WD, Xu WZ, Joo EJ, Kilker RL, Nanthakumar E,
North M, Sukul H, Bell C, Price RA. Genome scan for human obesity and
linkage to markers in 20q13.Am J Hum Genet. 1999;64:196–209.

24. Hanson RL, Ehm MG, Pettitt DJ, Prochazka M, Thompson DB,
Timberlake D, Foroud T, Kobes S, Baier L, Burns DK, Almasy L,
Blangero J, Garvey WT, Bennett PH, Knowler WC. An autosomal
genomic scan for loci linked to type II diabetes mellitus and body-mass
index in Pima Indians.Am J Hum Genet. 1998;63:1130–1138.

25. Borecki IB, Blangero J, Rice T, Perusse L, Bouchard C, Rao DC.
Evidence for at least two major loci influencing human fatness.Am J Hum
Genet. 1998;63:831–838.

26. Rosenbaum M, Leibel RL, Hirsch J. Obesity.N Engl J Med. 1997;337:
396–407.

27. Criqui MH, Golomb BA. Epidemiologic aspects of lipid abnormalities.
Am J Med. 1998;105:48S–57S.

28. Forman BM, Chen J, Evans RM. Hypolipidemic drugs, polyunsaturated
fatty acids, and eicosanoids are ligands for peroxisome proliferator-acti-
vated receptorsa andd. Proc Natl Acad Sci U S A. 1997;94:4312–4317.

29. Kliewer SA, Sundseth SS, Jones SA, Brown PJ, Wisely GB, Koble CS,
Devchand P, Wahli W, Willson TM, Lenhard JM, Lehmann JM. Fatty
acids and eicosanoids regulate gene expression through direct interaction
with peroxisome proliferator-activated receptorsa andg. Proc Natl Acad
Sci U S A. 1997;94:4318–4323.

30. Krey G, Braissant O, LaˆHorset F, Kalkhoven E, Perroud M, Parker MG,
Wahli W. Fatty acids, eicosanoids, and hypolipidemic agents identified as
ligands of peroxisome proliferator-activated receptors by coactivator-
dependent receptor ligand assay.Endocrinology. 1997;11:779–791.

31. Spiegelman BM. PPARg in monocytes: less pain, any gain?Cell. 1998;
93:153–155.

32. Mukherjee R, Strasser J, Jow L, Hoener P, Paterniti JR, Heyman RA.
RXR agonists activate PPARa-inducible genes, lower triglycerides, and
raise HDL levels in vivo.Arterioscler Thromb Vasc Biol. 1998;18:
272–276.

33. Ricote M, Li AC, Willson TM, Kelly CJ, Glass CK. The peroxisome
proliferator-activated receptor-g is a negative regulator of macrophage
activation.Nature. 1998;391:79–86.

34. Nagy L, Tontonoz P, Alvarez JGA, Chen HW, Evans RM. Oxidized LDL
regulates macrophage gene expression through ligand activation of PPAR
gamma.Cell. 1998;93:229–240.

35. Dwyer JT, Stone EJ, Yang M, Feldman H, Webber LS, Must A, Perry CL,
Nader PR, Parcel GS. Predictors of overweight and overfatness in a
multiethnic pediatric population: Child and Adolescent Trial for Cardio-
vascular Health Collaborative Research Group.Am J Clin Nutr. 1998;67:
602–610.

36. Deeb SS, Fajas L, Nemoto M, Pihlajama¨ki J, Mykkännen L, Kuusisto J,
Laakso M, Fujimoto W, Auwerx J. A Pro12Ala substitution in PPARg
associated with decreased receptor activity, lower body mass index and
improved insulin sensitivity.Nat Genet. 1998;20:284–287.

37. Yen CJ, Beamer BA, Negri C, Silver K, Brown KA, Yarnall DP, Burns
DK, Roth J, Shuldiner AR. Molecular scanning of the human peroxisome
proliferator activated receptorg (hPPARg) gene in diabetic Caucasians:
identification of a Pro12Ala PPARg 2 missense mutation.Biochem
Biophy Res Commun. 1997;241:270–274.

38. Ringel J, Engeli S, Distler A, Sharma AM. Pro12Ala missense mutation
of the peroxisome proliferator activated receptorg and diabetes mellitus.
Biochem Biophys Res Commun. 1999;254:450–453.

2944 Arterioscler Thromb Vasc Biol. December 1999


