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Abstract 

The interaction of the PPARγ Pro12Ala polymorphism with diabetes and cardiovascular risk 

is controversial. We studied 173 women and 309 men in the observational CARDIPP trial in 

which determination of left ventricular mass, carotid intima-media thickness (IMT), and 

pulse-wave velocity (PWV) were performed. Blood pressures were measured with 24-hour 

ambulatory technique (ABP). Heterozygotes and homozygotes of Ala were defined as Ala in 

the analyses. Men with Ala-isoform displayed higher waist circumference (Ala: 107±14 cm, 

Pro: 104±11 cm, p=0.045) and body weight (Ala: 95.7±18 kg, Pro: 91.6±14 kg, p=0.042) than 

Pro-homozygotes. Men with ALA-isoform also showed higher systolic ABP levels (Ala: 

134±15 mmHg, Pro: 130±14 mmHg, p=0.004) while left-ventricular mass-index, IMT and 

PWV were unrelated to isoforms. In contrast, carotid-radial PWV was lower in women with 

the Ala-isoform (Ala: 7.9±1.0 m/s, Pro: 8.5±1.3 m/s, p=0.01) and levels of apolipoprotein A1 

were higher (Ala: 1.43±0.27 g/l, Pro: 1.35±0.17 g/l, p=0.03). In conclusion we found that men 

with type 2 diabetes having the Ala-isoform of PPARγ Pro12Ala had an unfavorable 

cardiovascular risk profile while women with this isoform had lower carotid-radial PWV and 

higher apolipoprotein A1 levels suggesting a beneficial prognosis. These differences 

according to gender of the ALA isoform in type 2 diabetes deserve further attention. 

 

Key words: Cardiovascular disease, gender, hypertension, Peroxisome Proliferator Activated 

Receptor Gamma, polymorphism.  



Introduction 

Obesity has reached epidemic proportions worldwide, and dysregulation of the adipose tissue 

metabolism may predispose to the development of insulin resistance, type 2 diabetes and 

hypertension. Over the past decade, substantial evidence indicate that genetic factors account 

for a great portion of the variation in human adiposity (1). The Peroxisome Proliferator 

Activated Receptors (PPAR) form a subfamily of the nuclear receptor superfamily of ligand-

dependent transcription factors. The PPARγ subtype has been shown to regulate several genes 

of importance for adipocyte differentiation, lipid metabolism and insulin sensitivity (2). The 

PPARγ receptor is present in two major isoforms, PPARγ1 and PPARγ2. The PPARγ1 is 

widely expressed whereas the PPARγ2 isoform appears to be most abundant in adipocytes (3, 

4). In humans, loss-of-function mutations of the PPARγ gene can result in a similar phenotype 

to that observed in the metabolic syndrome, i.e. insulin resistance/dysglycemia, hypertension 

and dyslipidemia, all being major risk factors for cardiovascular disease (5). The importance 

of activation of PPARγ for insulin sensitivity in humans is also demonstrated by synthetic 

ligands of PPARγ, a class of compounds collectively termed thiazolidinediones, that exhibit 

glucose and blood pressure (BP) lowering properties in subjects with type 2 diabetes (6, 7). 

 

In the common Pro12Ala polymorphism of PPARγ, which results from a CCA to CGA 

missense mutation in codon 12 of exon B, the Ala carriers have been reported to exhibit 

reduced transcriptional activity of PPARγ target genes (8). Although the Ala variant is present 

in most populations, the allelic frequency varies considerably among different ethnic groups, 

ranging from 2-23% (8-10). In several population-based studies, the Ala isoform of Pro12Ala 

has been associated with relatively lower BMI, improved insulin sensitivity and lower BP (8, 

11). However, these findings have been challenged by other trials (12, 13). Thus, the 



physiological role of this common PPARγ variant remains unclear
 
and controversial with 

respect to diabetes, obesity and several components of the metabolic syndrome.  

 

Activation of PPARγ with thiazolidinediones induces increased insulin sensitivity which is 

accompanied by increased weight. Accordingly, it is possible that the common positive 

relationship between obesity and markers of cardiovascular disease is affected by PPARγ 

activation and hence of presence of the Ala polymorphism in diabetes. We recruited 482 

patients in the CArdiovascular Risk factors in Patients with DIabetes –a Prospective study in 

the Primary health care setting (CARDIPP) study in which early markers of organ damage 

such as increased thickness of carotid intima media, left ventricular hypertrophy by 

echocardiography and evaluation of pulse-wave velocity were explored. BP were measured 

with standard office-based method, with 24-hour ambulatory technique and also as a non-

invasive recording of central blood pressure. The aim of the study was to explore potential 

interactions of the Pro12Ala isoform with blood pressure, as a primary objective, but also 

with markers of the metabolic syndrome, cardiovascular disease and organ damage in middle-

aged patients with type 2 diabetes, as secondary objectives. Our main hypothesis was that the 

ALA isoform would be linked with low BP (as in (11)) and we aimed to further explore this 

by using ambulatory BP in a larger cohort than previously.  

 

Materials and Methods 

 

Patients 

Patients in the CARDIPP cohort were recruited from 25 primary health care centers in the 

counties of Östergötland and Jönköping in south-eastern Sweden between the years 2005 and 

2008 (14, 15). Men and women aged 55-65 years with type 2 diabetes were enrolled. Patients 



with concomitant severe physical or mental disease such as terminal cancer or dementia were 

not eligible for inclusion. Specially trained nurses recruited all patients and performed a 

standardized medical history, anthropometry, and clinic and ambulatory BP measurements. 

Clinic BP was the average of three seated measurements taken 1 minute apart and ambulatory 

BP recording was performed with Spacelab 90217 (Spacelabs Inc., Redmond, Washington, 

USA) as previously described in detail (16). A success rate of at least 60% of the ambulatory 

BP recordings was required and fulfilled in 462 subjects. Sagittal abdominal diameter (SAD) 

was measured with a sliding beam set square as the highest abdominal level above the upper 

surface of the corresponding bed. Blood samples were drawn following a 10 hour over night 

fast. Routine laboratory analyses were performed according to the routines at each primary 

health care center and lipids were analyzed at the Department of Laboratory medicine, 

Linköping University Hospital, Linköping, Sweden. Levels of apoB and apo AI were 

measured by immunoturbidimetric assays, Bayer healthcare and Siemens Diagnostic Medical 

Solutions. Swedish standard Mono-S HPCL was used for HbA1c, giving values 

approximately 1% below DCCT-standard (17). Echocardiographic, carotid ultrasonographic 

and applanation tonometric measurements were performed at the Departments of Physiology 

at the University Hospital in Linköping and at the County Hospital Ryhov in Jönköping. For 

the analysis presented in this paper the 36 patients that received treatment with PPAR gamma 

agonists (rosiglitazone n=25, or pioglitazone n=11) were excluded. 

 

Carotid B-mode ultrasonography of carotid arteries 

The intima-media thickness (IMT) was measured with Philips ATL HDI 5000 (Philips 

Ultrasound, Seattle, USA) with a 4-7 MHz linear transducer. A longitudinal diastolic image 

was frozen and a section of 10 m was examined 1 cm proximal to the bifurcation of common 

carotid artery was measured manually by tracing a cursor along the echo wedges. The intra-



observer variability of IMT in the CCA showed a coefficient of variation of 8% and the 

corresponding inter-observer variability was 6 % (18). The mean values of the near and far 

walls from the right and left sides was calculated and used in the analyses, n= 471.  

 

Echocardiography  

Echocardiography was performed with the patient in the left semi-lateral position. Briefly, 

basic measurements according to Penn convention of the diastolic and systolic dimensions of 

the left ventricle, intra-ventricular septum thickness and posterior wall thickness in diastole 

were done in M-mode. The Penn convention was then used for the calculation of left 

ventricular mass, which was corrected for body surface area and expressed as left ventricular 

mass index (LVMI) (19). Data on LVMI was obtained in 398 patients.   

 

Applanation tonometry 

The radial artery pressure waveform was recorded for 10 seconds with a Millar pressure 

tonometer and the SphygmoCor system (Model MM3, AtCor Medical, Sydney, Australia). 

The corresponding ascending aortic pulse wave form was derived from the average radial 

pulse wave form by using a validated transfer function (20) incorporated in the software 

(SphygmoCor software, version 7.0) which also provided the calculated central BP, n= 461. 

Aortic and brachial pulse wave transit times were measured with electrocardiogram-gated 

recordings of the femoral and radial arterial pulse waves, using the carotid arterial pulse wave 

as the reference site. The surface distances were measured from the supra sternal notch to the 

carotid, femoral and radial measurement sites, respectively. PWV was calculated by dividing 

the surface distance with the pulse wave transit time. Successful PWV measurements were 

obtained in 455 patients.  

 



Genotyping 

Genomic DNA was extracted from whole blood using Maxwell 16 Blood DNA Purification 

Kit (Promega, Madison, WI, USA). Genotyping of the PPARγ2 Pro12Ala polymorphism 

(dbSNP rs1801282) was performed using TaqMan Pre-Designed SNP genotyping assays 

according to manufactures protocol (Applied Biosystems, Foster City, USA). Allelic 

discrimination was detected with the ABI prism 7900HT Sequence Detection System using 

default cycle parameters (Applied Biosystems). Genotyping success rate was 98.9% and 

reanalysis of 5% of the samples was performed in a separate assay showing a genotype 

concordance of 100%. 

 

Statistical analyses 

PASW 18 (SPSS Inc. Chicago, Illinois, United States) for Windows was used for statistical 

analyses. Unless otherwise indicated, numerical data are presented as mean values ± their 

standard deviations. Between-group analyses were made with independent t-test. All 

statistical tests were two-sided. P values < 0.05 were considered as statistically significant. No 

formal power analysis was done since an earlier publication by Ostgren et al. of smaller size 

showed differences in regular office BP between the two isoforms of Pro12Ala of PPARγ 

(11). 

 

Ethics 

The study complied with the declaration of Helsinki and was approved by the Regional 

Ethical Review Board in Linköping, Sweden. All participants gave written informed consent. 

 

Results 



The total cohort constituted of 482 participants in CARDIPP, not on PPARγ agonists, in 

which the Pro12Ala isoform of PPARγ was successfully analyzed. Mean age of the 

participants was 60.7 ± 3.0 years and there were 173 women and 309 men.  Among women 

three (1.7%) subjects were Ala/Ala, and 36 (20.8%) were heterozygotes for the Ala variant. 

Corresponding figures for men were nine (2.9%) Ala/Ala, and 57 (18.4%) heterozygotes for 

the Ala variant. In the total cohort 30.4% were on diet only, 34.9% were treated with oral 

antidiabetic medication (OAD) without insulin and 34.9% received insulin treatment with or 

without OAD. Ala homozygotes and heterozygotes were defined as Ala genotype in the 

analyses.  

 

Results on major anthropometric data, blood lipids and glycemic control are shown in Table 

1. Men with Ala isoform exhibited wider waists and higher body weights than homozygotes 

for the Pro isoform, while no such differences were found in women (Table 1). There were no 

differences with respect to glycemic control measured as HbA1c in either gender. In women 

presence of the Ala isoform was related to higher apo A1 levels and a tendency for higher 

HDL cholesterol levels while lipids were unrelated to the polymorphisms in the men (Table1).   

 

Table 2 shows blood pressure levels and non-invasive measures of cardiac size, intima-media 

thickness in the carotid arteries, and carotid-femoral PWV in the participants. Male patients 

with the Ala isoform showed higher diastolic clinic BP and higher systolic 24-hour 

ambulatory BP levels while the markers of target organ damage, carotid intima-media 

thickness, left ventricular size, and PWV, were similar in both groups of isoforms. In women, 

on the other hand, there were no statistically significant differences with regard to BP levels 

while patients with Ala isoform had lower carotid-radial PWV. 

 



Of the 482 participants 163 (33.8%) were without medication for high BP. There were 155 

subjects (32.2%) receiving one anti-hypertensive drug, 103 subjects (21.4%) were on two 

such drugs while 46 (9.5%) and 15 (3.1%) received three or four drugs for high BP, 

respectively. In men the finding of higher BP, WC and weight was not statistically significant 

in ALA carriers in the sub-group of patients without anti-hypertensive medication. In women, 

on the other hand, ALA carriers without anti-hypertensive drugs had higher ApoA1 levels (p= 

0.031) and lower carotid-radial PWV (p= 0.026) compared with homozygotes of the Pro 

isoform. 

 

In a model with weight as dependent variable and ALA polymorphism and gender as 

independent variables, both gender (p< 0.0001) and isoform of  ALA (p= 0.014) were related 

to body weight. Using the same model for analyzing gender-specific interactions of the ALA 

isoform, differences in carotid-radial PWV (p= 0,038) and systolic night-time BP (p= 0.026) 

were also gender-specific while the differences in waist circumference, nigh-time diastolic 

ambulatory BP, left ventricular mass, intima-media thickness and apo A1 levels were not. 

These gender-specific interactions were unaffected statistically when data of the actual 

recruiting centre was also added to the models. 

 

Discussion 

We found higher weight and wider waists in men with the Ala isoform of PPARγ compared 

with homozygotes of the Pro isoform. BMI, on the other hand, only tended to be higher in the 

same subgroup. Men with the ALA isoform also showed higher systolic BP under ambulatory 

conditions and higher diastolic BP in the office. However, this was not linked with any 

differences in LVMI, PWV or intima-media thickness of the carotid arteries. These findings 

were seemingly unrelated to potential treatment differences of the patients in the two groups 



of Ala isoforms, since the amounts of antihypertensive drugs and use of statins were similar. 

However, statistical significance was not seen in the small sub-group without anti-

hypertensive medication.  The proportions of patients treated with diet only, who were on 

OAD or on insulin treatment were also similar in both groups when analyzed with respect to 

the PPARγ Pro12Ala polymorphism. 

 

The gender differences with regard to risks in relations to the Ala isoform was underlined by 

the fact that only among women was there a difference with regard to PWV, with the finding 

of subjects belonging to the Ala isoform displaying lower carotid-radial PWV, i.e. suggestive 

of a protective rather than, as in males, unfavorable, cardiovascular risk profile in female 

patients with this genotype. Indeed, women with the Ala isoform also showed higher apo A1 

levels, again suggestive of a lower risk for cardiovascular disease. 

 

We found a prevalence of the Ala isoform of the PPARγ Pro12Ala polymorphism in our 

cohort of patients with type 2 diabetes that was quite high relatively to other populations 

described earlier (21), but similar (22) or slightly lower (23) than in earlier Scandinavian 

studies. Gender interactions for the PPARγ Pro12Ala polymorphism have been demonstrated 

in earlier trials (24, 25), but we know of no other survey restricted to type 2 diabetes that 

incorporated lipid levels in the analyses. In a recent meta-analysis of the Pro12Ala 

polymorphism, not restricted to diabetes, men in general displayed higher levels of total 

cholesterol while healthy men had higher levels of HDL-cholesterol (26). This discrepancy 

with our findings could be due genetic or life-style related factors that are specific for patients 

with diabetes.   

 



In an earlier Swedish study of patients with type 2 diabetes a lower office diastolic BP was 

found among carriers of the Ala gene (11) which was in contrast to the findings in our present 

study. Indeed, ambulatory blood pressure levels are generally considered to be considerably 

more reproducible than office BP, and also display a more robust relationship with organ 

damage, morbidity and mortality (27).  Since the present Swedish study was also larger than 

the study by Ostgren et al from 2003 (11) we believe the data to presented here to be of higher 

quality.  

 

The small size of our selected population of patients with diabetes is a limitation from a 

statistical point of view, and this for example makes power in calculations of the ALA 

isoform as a recessive trait too low. Since we only performed analyses of the Pro12Ala 

isoform of the PPARγ gene we cannot exclude the possibility that other variants of PPARγ, or 

even related genes, could be affecting our data due to linkage disequilibrium with the 

Pro12Ala isoform. Such interactions would however not affect the clinical use of 

determination of the Pro12Ala isoform of the PPARγ gene for prognostic purposes, being 

used as a gender-specific risk marker.  

 

The Pro12Ala isoform was linked with a reduced risk for diabetes in a recent meta-analysis 

that covered many different populations, and this was unrelated to the degree of obesity (28). 

In contrast, we found male ALA-carriers to have higher weight and waist circumference in 

our cohort of type 2 diabetes, suggestive of increased risk for insulin resistance. A potential 

explanation for this could be that increased insulin sensitivity in ALA-carriers protects against 

elevated plasma glucose (28), which would render it necessary to acquire a more pronounced 

degree of obesity for developing type 2 diabetes in subjects with this genotype, as in our 

cohort.  



 

In summary we confirmed the association of the Ala isoform with increased abdominal 

obesity in men that has been found in some earlier studies (21) while no such relationships 

were found in women. To our knowledge this is the largest study of the potential impact of 

the Ala isoform of PPARγ in subjects with type 2 diabetes incorporating three different 

measurements of BP, office, ambulatory and central BP and we found higher BP in men with 

the Ala isoform, in contrast to many earlier studies. Interestingly, we found no differences 

with regard to BP in women, while carriers of the Ala gene displayed lower carotid-radial 

PWV, i.e. a completely opposite risk pattern compared with males. Furthermore, higher apo 

A1 levels were found in women with the Ala isoform, underlining a lower cardiovascular risk 

profile. The interactions between gender and markers of cardiovascular risk in type 2 diabetes 

with or without the Ala isoform of the PPARγ gene deserve further study.   
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Table 1.  

Major anthropometric data, duration of diabetes, medication, HbA1c and blood lipids in the 

482 participants with type 2 diabetes according to gender and Pro12Ala polymorphism of 

PPARγ. SAD is sagittal abdominal diameter and duration refers to years since the diagnosis of 

diabetes was established. Ala= heterozygotes and homozygotes of the Pro12Ala isoform of 

PPARγ. 

 

 

Variable Isoform of 

Pro12Ala 

 

Men  

N= 309 

P value 

between 

isoforms 

Women  

N=173 

P value 

between 

isoforms 

Age (years) Pro 60.8±2.9 0.8 60.6±3.1 0.6 

Ala 60.8±2.9 60.9±2.6 

Weight (kg) Pro 91.6±14 0.042 82.5±15 0.17 

Ala 95.7±18 86.5±17 

BMI (kg/m
2
) Pro 29.4±3.9 0.24 30.7±5.3 0.13 

Ala 30.1±5.1 32.2±6.3 

Waist (cm) Pro 104.2±11 0.045 102.2±14 0.8 

Ala 107.4±14 102.8±14 

SAD (cm) Pro 25.4±3.4 0.11 24.9±3.8 0.5 

Ala 26.3±4.6 25.4±3.7 

Duration (years) Pro 7.3±6.4 0.8 7.7±5.7 0.5 

Ala 7.6±7.6 7.0±6.0 

Antihypertensive 

drugs (no) 

Pro 1.17±1.1 0.9 1.10±1.0 0.4 

Ala 1.15±1.1 1.28±1.1 

HbA1c (%) Pro 6.1±1.2 0.6 6.0±1.1 0.6 

Ala 6.2±1.1 6.2±1.2 

LDL cholesterol 

(mmol/l) 

Pro 2.59±0.71 0.9 2.76±0.90 0.9 

Ala 2.58±0.73 2.78±0.65 

HDL cholesterol 

(mmol/l) 

Pro 1.27±0.34 0.5 1.39±0.30 0.059 

Ala 1.23±0.28 1.52±0.50 

Triglycerides 

(mmol/l) 

Pro 1.76±1.2 0.4 1.74±0.92 0.8 

Ala 1.90±1.0 1.77±0.86 

Apo B (g/l) Pro 0.95±0.17 1 0.96±0.22 0.4 

Ala 0.95±0.18 0.99±0.18 

Apo A1 (g/l) Pro 1.31±0.20 1 1.35±0.17 0.030 

Ala 1.31±0.20 1.43±0.27 

Apo B/Apo A1 Pro 0.74±0.15 0.9 0.73±0.20 0.9 

Ala 0.74±0.15 0.72±0.20 

  



Table 2.  

Levels of office blood pressure (OBP, mean of three seated recordings 1 minute apart), mean 

24-hour ambulatory BP (ABP), central BP measured by tonometry (CBP), echocardiographic 

determination of left ventricular mass index (LVMI), mean carotid intima-media thickness of 

right and left carotid arteries (IMT), carotid-radial pulse wave velocity (crPWV), and carotid-

femoral pulse wave velocity (cfPWV) in patients with type 2 diabetes. Ala= heterozygotes 

and homozygotes of the Pro12Ala isoform of PPARγ. 

 

Variable Isoform of 

Pro12Ala 

Men 

N= 309 

P value 

between 

isoforms 

Women 

N= 173 

P value 

between 

isoforms 

Systolic OBP 

(mmHg) 

Pro 138±16 0.24 138±16 0.7 

Ala 140±18 137±21 

Diastolic OBP 

(mmHg) 

Pro 81±10 0.03 78±10 0.6 

Ala 84±10 78±10 

Systolic ABP 

(mmHg) 

Pro 130±14 0.04 129±14 0.9 

Ala 134±15 130±16 

Diastolic ABP 

(mmHg) 

Pro 78±8.3 0.12 74±8.4 0.8 

Ala 80±7.9 74±7.9 

Systolic CBP 

(mmHg) 

Pro 121±15 1 119±16 0.6 

Ala 121±14 121±19 

Diastolic CBP 

(mmHg) 

Pro 78±8.7 0.6 71±8.5 0.9 

Ala 78±8.7 71±9.5 

LVMI (g/m
2
) 

 

Pro 128±31 0.6 108±25 0.4 

Ala 131±28 112±23 

IMT (mm) 

 

Pro 0.757±0.21 0.5 0.699±0.15 0.4 

Ala 0.775±0.19 0.676±0.14 

crPWV (m/s) 

 

Pro 9.2±1.4 0.4 8.5±1.3 0.014 

Ala 9.1±1.3 7.9±1.0 

cfPWV (m/s) Pro 10.2±2.2 0.8 10.3±2.4 0.7 

Ala 10.3±1.6 10.1±1.9 
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