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Genetic risks for cardiovascular diseases 

Atherosclerotic cardiovascular disease (CVD), which involves the heart, brain, and 
peripheral circulation, is a major health problem world-wide.1 Coronary heart disease 
(CHD) and stroke are the leading cause of morbidity and mortality in western 
countries2, 3 and is predicted to be the most common cause of death world-wide by 
2020.4 The development of atherosclerosis is a complex process, and several major 
risk factors such as hypertension, hyperlipidemia, diabetes mellitus, and smoking are 
involved.5 Nevertheless, these established risk factors do not fully explain the 
occurrence of CVD and 15% to 20% of patients are lacking any of the conventional 
risk factors.6 As such, further insight is required in factors that may identify individuals 
at risk. 
       One of the most relevant insights with accumulated evidence is role of genetic 
factors in development of CVD.1 The completion of the human genome project and 
the rapid technological developments in molecular biology, have provided a huge 
amount of information for large numbers of genetic variants.7 The identification and 
characterization of the genetic variants and their modifiers would enhance prediction 
of CVD risk and improve prevention, treatment, and quality of care.1  
       A large number of genetic variations with impact on lipid metabolism and blood 
pressure regulation has been described. These are likely to affect risk of CVD, 
although in many cases the effect and its magnitude are not known.8 
        In the present thesis, multiple single-nucleotide polymorphisms (SNPs) in 
several candidate genes on the two before-mentioned pathways have been selected 
and their impacts on the risk of coronary heart disease and stroke have been 
evaluated in a large prospective cohort (Prospect-EPIC) of healthy Dutch women 
aged 49 to 70 years. Furthermore, to obtain reliable estimates of gene effects on the 
risk of coronary heart disease, systematic reviews and meta-analyses have been 
performed from different published studies. These have been presented in the two 
first parts of the thesis. In which, we evaluated the association of the ADRB3 gene 
and CVD in our data accompanied by a systematic review and meta-analysis, 
chapter 2. In chapter 3, relationship between the PPARG gene and events was 
examined and a systematic review and meta-analyses were performed. We 
investigated the mutations in the CETP gene in relation to High-density lipoprotein 
cholesterol and CHD and we performed haplotype analyses (chapter 4). Chapter 5 
presents the association between the α-adducin gene and risk of stroke which the 
effect was modified by systolic hypertension. Association of the AGT gene and 
preeclampsia/eclampsia as a disorder which shares common risk factors with CVD, 
and as a risk factor for CVD later in life in women was evaluated, chapter 6, 
performing a systematic review and meta-analysis, whereas the association of this 
gene with development of self-reported hypertension during pregnancy in our study 
was assessed in chapter 7. The impact of AGT gene on CHD risk evaluated, 
chapter 8, conducting a systematic review and meta-analysis and possible sources 
of biases in this kind of studies examined. The third part of the thesis, chapter 9, has 
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been specified to the clinical usage of genetic factors on the risk of CVD, since a 
major goal of genetic epidemiology is to develop tools to predict risk of diseases. The 
main findings of the different studies described in this thesis are discussed in the 
general discussion, chapter 10, and summarized in chapter 11. 
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Abstract 
 
 
 
Objectives  
A missense mutation of the human ADRB3 gene replacing tryptophan with arginine 
at codon 64(Trp64Arg) has been related to obesity, insulin resistance, earlier onset of 
non-insulin-dependent diabetes mellitus and hypertension. These findings may 
suggest also an increased risk of coronary heart disease. We therefore investigated 
the role of this polymorphism on the occurrence of acute myocardial infarction (AMI) 
and coronary heart disease (CHD) in a population of healthy Dutch women. 
 
Design 
We performed a case-cohort study in a prospective cohort of 15,236 initially healthy 
Dutch women. We applied a Cox proportional hazards model with an estimation 
procedure adapted for case-cohort designs to study the relation of the polymorphism 
and AMI (n=71) and CHD (n=211). In addition, a meta-analysis of published studies 
was performed using a random effect model.  
 
Results 
Under dominant model, carriers of the arginine allele (N=222) compared with those 
with the more common genotype (N=1508) were not at increased risk of AMI (hazard 
ratio=1.60; 95% CI, 0.86 to 2.96) and for CHD (HR=1.36; 95% CI, 0.92 to 2.02). We 
did not find any relation under recessive and additive models, too. Our meta-analysis 
corroborated these findings by showing no significant association between the 
polymorphism and risk of CHD under different genetic models. 
 
Conclusions  
Our study in combination with a meta-analysis of previous reports do not provide 
support for a role of missense mutation replacing tryptophan with arginine at codon 
64 (Trp64Arg) at the human ADRB3 gene in CHD risk. 
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Introduction 
β3-adrenergic receptor (ADRB3), a G protein-coupled receptor gene mapped to 8p12-
p11.2 [1], is located mainly in white and brown adipose tissue and plays a significant 
role in controlling energy expenditure through the regulation of lipolysis and 
thermogenesis [2]. A missense mutation of the human ADRB3 gene replacing 
tryptophan with arginine at codon 64 (Trp64Arg) has been reported to be associated 
with some cardiovascular risk factors such as obesity [3], insulin resistance [4], earlier 
onset of non-insulin-dependent diabetes mellitus (NIDDM) [5] and elevated blood 
pressure [6]. Given the importance of obesity, diabetes mellitus and hypertension in 
the occurrence of coronary heart disease, these findings suggest that this 
polymorphism may confer an increased risk of coronary heart disease. In contrast to 
a first report in a small population on association of Trp64Arg polymorphism with 
coronary heart disease (CHD) [7], subsequent studies have shown no association [8-
15]. We set out to investigate the relation of Trp64Arg polymorphism in ADRB3 gene 
on occurrence of acute myocardial infarction (AMI) and CHD in middle-aged Dutch 
women. Furthermore, we performed a meta-analysis using data from published 
observational studies on the relation of the polymorphism and cardiac events.  
 
Materials and Methods 
Population  
Participants were recruited between 1993 and 1997 among women living in Utrecht 
and vicinity who attended the regional breast cancer-screening program [16]. 17,357 
women aged 49-70 were included. At enrolment women underwent a physical 
examination, completed a general questionnaire on lifestyle and medical factors and 
a food frequency questionnaire. From women a 30-ml non-fasting blood sample was 
obtained, fractionated and stored at -196°C [16]. 

Data on morbidity were obtained from the Dutch Centre for Health Care 
Information, which holds a standardized computerized register of all hospital 
discharge diagnoses in the Netherlands since 1990. All diagnoses were coded 
according to the International Classification of Diseases, ninth Revision (ICD-9). We 
categorized CHD as codes 410-414, including AMI (code 410). The first diagnosis 
was taken as endpoint of interest. Follow-up was completed until January 1, 2000. 
The database was linked to the cohort on the basis of birth date, gender, postal code, 
and general practitioner with a validated probabilistic method [17].  

Information on vital status was gained through linkage with the national 
municipal administration database. Causes of death were obtained from the women's 
general practitioners. All women signed an informed consent form prior to study 
inclusion. The study was approved by the Institutional Review Board of the University 
Medical Center Utrecht. 

 
Design 
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We applied the case-cohort design introduced by Prentice [18]. In this design, data is 
collected on all subjects, but the data would only be analyzed on cases and sub-
cohort members. The cases are those emerging in the population (both in and out of 
the sub-cohort); the controls are subjects in the sub-cohort. The sub-cohort is a 
randomly selected sample of 10% (n=1736) from the 17,357 women in the total 
cohort. Women who did not consent to linkage with vital status registries or who were 
not traceable (cases n=3/sub-cohort n=38) were not included. Women who reported 
a diagnosis of cardiovascular disease (ICD-9; 390-459) at baseline, who had missing 
questionnaires or blood or DNA samples were excluded. This resulted 15,236 women 
in the total cohort and 1519 women in the sub-cohort at baseline (as the control 
group). All first fatal and non-fatal CHD events that arose during follow-up until 
January 1st 2000 were selected as cases, which were 211 CHD cases, including 71 
AMIs. For all case subjects follow up ended at the date of diagnosis or at the date of 
death due to cardiovascular disease. Moving out of the Netherlands (n=2) and death 
due to causes other than cardiovascular disease (n=16) were considered censoring 
events. All others were censored on January 1st 2000.  

 
General questionnaire and anthropometric measurements 
The general questionnaire contained questions on demographic characteristics, 
lifestyle habits, obstetric and gynecological history and past and current morbidity. 
Women were classified as current, past or never smokers. Systolic and diastolic 
blood pressures were measured in duplicate, and the mean value was calculated. 
Height and weight were measured without shoes and wearing light indoor clothing to 
compute body mass index which was defined as weight divided by height squared 
(kg/m2). Hypercholesterolemia or diabetes was defined as a self-reported physician 
diagnosis. Presence of hypertension was defined as a measured systolic blood 
pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg.  

 
Laboratory measurements 
Biochemical measurements were performed for all sub-cohort members and CHD 
cases using standard laboratory procedures. Sera of cases were randomly 
distributed among those of the sub-cohort, and all biochemical analyses were carried 
out without knowledge of disease status. Total cholesterol and glucose were 
determined using an automated enzymatic procedure on a Vitros 250 (Johnson & 
Johnson, Rochester, New York, USA). Low-density lipoprotein (LDL)- and high-
density lipoprotein (HDL)-cholesterol were measured using a colorimetric assay on a 
Hitachi 904 (Johnson & Johnson, Rochester, New York, USA). 

 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) laboratory 
of the department of internal medicine of the University Hospital Maastricht. Genomic 
DNA was extracted from buffy coats with the use of the QIAamp® Blood Kit (Qiagen 
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Inc., Valencia, California, USA). Genotyping of the polymorphisms was performed 
using a multilocus genotyping assay for candidate markers of cardiovascular disease 
risk (Roche Molecular Systems Inc., Pleasanton, CA, USA) [19]. Briefly, each DNA 
sample is amplified using two multiplex polymerase chain reactions, and the alleles 
are genotyped simultaneously using an array of immobilized, sequence-specific 
oligonucleotide probes. This array of probes is blotted on plastic strips and, after 
staining, genotypes can be scored based on blue (positive) and white (negative) 
bands. Each blue band, representing a specific genotype, was scored by specific 
software (counting the pixel intensity of each band) and checked manually. 
Investigators involved in genotyping were blinded to the case-control status of the 
participants. A random double-check was performed to detect potential genotyping 
errors. 

 
Meta-Analysis 
For the meta-analysis, published data were used from studies on ADRB3 Trp64Arg 
polymorphism and CHD. The search was done on November 30, 2006 and our own 
data were included. Studies were found with Pubmed/Medline using the following text 
search string: (Trp64Arg OR T64A OR “beta3-adrenergic receptor gene” OR ADRB3) 
AND (coronary disease OR coronary heart disease OR CHD OR myocardial 
infarction OR MI OR myocardial infarct OR coronary artery disease OR CAD OR 
ischemic heart disease OR IHD OR cardiovascular disease OR heart disease OR 
angina). The following constraints were applied to the search: (1) only published 
articles (English) were used; and (2) studies were only in human subjects. Manual 
bibliography review was added. This search identified 41 potentially relevant articles. 
All studies were included if they reported relative risks, ORs or HRs and 95% CIs for 
CHD related to ADRB3 Trp64Arg polymorphism or provided raw data that allowed us 
to estimate these values. We excluded 30 studies because they had selected other 
endpoints; 3 review papers; and one paper on genotyping method assessment. 
Hence, data were available for these analyses from 10 original reports (7 studies 
found with Pubmed/Medline, two additional article identified by a hand search and 
our data) involving 4062 cases and 4962 controls (Table 4). The following information 
was extracted from each study that we included: first author, study design, year of 
publication, geographical location, definition and number of cases and controls, mean 
age of cases and controls, gender and proportion of female, genotype frequency, 
genotyping methods and consistency of genotype frequencies with Hardy-Weinberg 
equilibrium. 

 
Data analysis  
To assess the relation of Trp64Arg polymorphism with outcome, we used a Cox 
proportional hazards model with an estimation procedure adapted for case-cohort 
designs. We used the unweighted method by Prentice, which is incorporated in a 
SAS macro at http://lib.stat.cmu.edu/general/robphreg. It computes weighted 

http://lib.stat.cmu.edu/general/robphreg
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estimates together with robust standard errors from which 95% confidence intervals 
were estimated. The unweighted method introduced by Prentice provides estimates 
of the association that resemble those from the full-cohort analysis, in particular when 
the sampling fraction is ≥ 10% [20]. 

Baseline characteristics of the sub-cohort were examined according to β3-

adrenergic receptor genotype. Hardy-Weinberg equilibrium (HWE) was tested with 
the χ2 test. We used a multivariate model to study whether the polymorphism was 
related to risk factors. We assessed the association between the polymorphism and 
events under different genetic models. The dominant genetic model compares 
individuals with one or more polymorphic alleles (T/A and A/A genotypes combined) 
with a baseline group with no polymorphic alleles (T/T). The recessive genetic model 
compares the A/A genotype with the combined T/T and T/A genotypes (combined 
T/T and T/A genotypes form the baseline group). The additive genetic model 
assumes that there is a linear gradient in risk between the T/T, T/A and A/A 
genotypes (T/T genotype baseline). This is equivalent to a comparison of the A allele 
versus the T allele (baseline). All analyses were performed for AMI and CHD. A value 
of P<0.05 (2-tailed) was considered significant. 

For the meta-analysis, the method of Mantel-Haenszel was used to calculate 
the odds ratio for the pooled data in a fixed effect model and the DerSimonian-Laird 
method was used for the pooled odds ratio in a random-effect model, under different 
genetic models. We used funnel plots and Egger test to examine publication bias of 
reported associations [21]. In each study, we tested for HWE by using an 
asymptomatic χ2 test or an exact test among the controls [22]. In addition, we 
determined whether the data showed heterogeneity. We used Cochran’s χ2 – based 
Q statistic for between-study heterogeneity [23], which is considered to be significant 
for P < 0.10, as well as the I2 statistic for estimation of inconsistency in meta-
analyses. I2 represents the percentage of the observed between-study variability due 
to heterogeneity rather than to chance. It ranges between 0 percent and 100 percent 
where a value of 0% indicates no observed heterogeneity, and larger values an 
increasing degree of heterogeneity which values above 75 percent imply high 
heterogeneity [24].  Meta-analysis was carried out using STATA 9.0. 

 
 

Results 
Prospect-EPIC study results 
General characteristics of the sub-cohort (N=1519) are given in table 1. As shown in 
this table, 1331 (87.6%) of participants had the common genotype (T/T), 186 (12.2%) 
were heterozygous (T/A) and 2 (0.1%) were homozygous (A/A) for the arginine allele. 
The genotype distribution was in Hardy-Weinberg equilibrium (P=0.08). Furthermore, 
clinical characteristics of CHD cases and sub-cohort (control group) are shown in 
table 1. 
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Table1. Baseline characteristics of the sub-cohort according to genotype and clinical 

characteristics of CHD cases and controls in the Prospect –Epic cohort 

 

HDL, high-density lipoprotein; LDL, low-density lipoprotein; CHD, coronary heart disease (ICD 410-414). 

+ Mean ± standard deviation 

 ‡ Defined as a systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg and/or questionnaire positive. 

§ The number of packs of cigarettes smoked per day by the number of years the person has smoked  

 
 
 

None of the conventional risk factors was statistically significantly related to 
the Trp64Arg polymorphism (Table 1). There was a tendency for those subjects with 
arginine allele to have a higher LDL cholesterol level (0.1 mmol/ L, P=0.07).  Alcohol 
consumption, smoking status and pack-years, diagnosis of hypertension, systolic 
blood pressure, presence of hypercholesterolemia, presence of diabetes, Serum 
glucose and HDL-cholesterol were significantly related with future CHD. Median 
follow up time for the sub-cohort was 4.3 years, with a total of 6,525 person years. 
The actual follow-up in the baseline cohort of 15,236 women was 64,768 person 
years. Due to the case-cohort design, 23 women in the sub-cohort eventually were 
CHD cases (among which 9 AMI cases).  

Genotype and allele frequencies of the polymorphism in AMI and CHD cases 
and the sub-cohort are shown in table 2. Comparing allele frequencies in cases and 
control groups separately did not show significant difference between them (Table 2). 

 

  Sub-cohort (N=1519) 
  T/T T/A –A/A 

P-value CHD cases Sub-cohort 
(controls) P-value 

N total 1331 
(87.6%) 188 (12.4%) - 211 1519 - 

Age at intake (yr) + 57.2 ± 6.1 56.8 ± 6.1 0.43 60.5 ± 5.9 57.1 ± 6.1 < 0.001 
Body mass index (kg/m2) + 25.8 ± 4 26 ± 4 0.43 26.8 ± 3.9 25.8 ± 4.0 0.001 
Weight (kg) + 69.7 ±11.3 69.8 ±11.4 0.86 71.1 ± 11.3 69.7 ± 11.3 0.077 
Height (cm) + 164.4±6 163.7 ± 6 0.17 162.8 ± 6.0 164.3 ± 6.0 0.001 
Waist to hip ratio  + 0.79 ± 0.06 0.79 ± 0.06 0.55 0.81 ± 0.06 0.79 ± 0.06 < 0.001 
Hypertension (%) ‡ 33.2 38.5 0.15 60.2 41.7 < 0.001 
Systolic blood pressure (mm 
Hg) + 132.5 ±19.9 134.1 ± 20.6 0.29 143.4 ± 

22.3 132.7 ± 20.0 < 0.001 

Diastolic blood pressure (mm 
Hg) +  79.0 ±10.6 79.1 ±10.4 0.92 81.6 ± 10.7 79.0 ± 10.6 0.001 

Presence  of diabetes (%) 2.2 2.7 0.68 5.7 2.2 0.003 
Presence of 
hypercholesterolemia (%) 4.2 2.1 0.23 11.4 3.9 < 0.001 

Current alcohol consumption 
(%) 88.0 88.3 0.90 80.9 88.0 0.006 

Past 34.3 38.3 26.1 34.8 0.012 0.007 Smoking status   
(%) Current 23.1 21.8 34.1 22.9 < 0.001 0.001 
Pack- years § 6.7 ±9.5 6.3 ± 9.4 0.62 9.7 ± 11.4 6.7 ± 9.5 < 0.001 
Total cholesterol (mmol/L) + 5.9 ± 1 6.0 ± 1 0.13 6.4 ± 1.0 5.9 ± 1.0 < 0.001 
HDL cholesterol (mmol/L) + 1.6 ± 0.4 1.6 ± 0.4 0.37 1.4 ± 0.3 1.6 ± 0.4 < 0.001 
LDL cholesterol (mmol/L) + 3.9 ± 0.9 4.0 ± 1.0 0.07 4.4 ± 1.0 3.9 ± 0.9 < 0.001 
Serum glucose (mmol/L) + 4.5 ± 1.4 4.5 ± 1.5 0.87 5.1 ± 2.5 4.5 ± 1.4 < 0.001 
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Table 2. Genotype and allele frequencies of the polymorphism among AMI and CHD 
cases and the sub-cohort of the Prospect –Epic cohort 

 

 AMI  CHD  Sub-cohort 

Genotype/Allele  No. %   No. %   No. % 

No. of subjects 71  211  1519 

Genotype          

Trp64Trp 58 81.7  177 83.9  1331 87.6 

Trp64Arg 13 18.3  33 15.6  186 12.2 

Arg64Arg 0 0.0  1 0.5  2 0.1 

       

Allele         

Trp 129 90.8  387 91.7  2848 93.7 

Arg 13 9.2  35 8.3  190 6.3 

 χ2 =1.91  χ2=2.54    

 Df=1  df=1    

  P=0.167   P=0.111       

 

AMI, acute myocardial infarction (ICD 410); CHD, coronary heart disease (ICD 410-414). 

 

 

 

Table 3 presents hazard ratios of AMI and CHD in arginine allele carriers 
compared with non-carriers, under different genetic models. No increased risk for 
CHD under dominant model was found among carriers of the arginine allele (T/A and 
A/A, N=188) compared with those with the more common T/T genotype (HR=1.36; 
95% CI, 0.92 to 2.02; P=0.13), the same held for AMI (HR=1.60; 95% CI, 0.86 to 
2.96; P=0.14) (Table 3). Moreover, we did not find any association between the 
polymorphism and events under recessive or additive genetic models (Table 3). 

Because none of the risk factors was statistically significantly associated with 
genotypes (Table 1), we did not consider them as confounders in our data. 

As it has been reported before that the polymorphism is associated with 
obesity [3], we examined the interaction between the Trp64Arg polymorphism and 
obesity-related risk factors for each of the events separately. A term of interaction risk 
factor*Arg allele carriers was introduced by using series of binary logistic regression. 
No significant departure from odds ratio multiplicatively was detected between the 
polymorphism and risk factors.  
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Table 3. Hazard ratios of AMI and CHD in the variant allele carriers compared with 
non-carriers under different genetic models in the Prospect –Epic cohort 

 
AMI, acute myocardial infarction (ICD 410); CHD, coronary heart disease (ICD 410-414). 

The dominant model, T/A and A/A genotypes combined versus T/T genotype. 

The Recessive model, A/A genotype versus T/T and T/A combined genotype. 

The Additive model, the A allele versus the T allele. 

 
 

Meta-Analysis results 
Table 4 shows the characteristics of studies included in this meta-analysis of 
association of Trp64Arg in the ADRB3 gene with coronary heart disease. In most of 
the studies, the genotype frequencies were consistent with HWE (we could not test 
for HWE in one study because Tamaki et al [12]. did not provide data on control 
subjects. However the genotype frequency in a number of cases was consistent with 
HWE). In the meta-analysis were a total of 1386 arginine allele carriers of whom 
47.6% (n=660) were CHD cases and 7638 subjects with the common genotype of 
whom 44.5% (n=3402) were CHD cases. The meta-analysis did not show a 
significant association between the polymorphism and CHD, under dominant genetic 
model (OR=1.13; 95% CI, 0.93 to 1.37; P=0.21; Figure 1). Furthermore, under 
recessive genetic model (OR=1.65; 95% CI, 0.89 to 3.07; P=0.11) and additive model 
(OR=1.16; 95% CI, 0.96 to 1.40; P=0.13) pooled estimate did not show a significant 
association. There was evidence for heterogeneity (P=0.04; I2=49.5%with 95% CI, 
0% to 76%). This resulted from the study of Higashi et al [7], which was the only 
inconsistent study with HWE in the meta-analysis (χ2 = 4.6, P=0.032). After exclusion 
of this study, the heterogeneity disappeared (P=0.11; I2=38.2%). Nevertheless, we 
did not exclude this study from the final analysis, because I2 did not show a very large 
heterogeneity in meta-analyses and the exclusion would only shift the nonsignificant 
results further toward the null value and would not lead to a significant difference in 
the overall outcome. The Funnel plot did not demonstrate significant publication bias 
(Egger’s test=1.72; 95% CI, –1.26 to 4.71; P=0.22).  

Different 
outcomes 

Inheritance 
Model Hazard Ratio 95% CI P-value 

Dominant 1.60 0.86-2.96 0.14 

Recessive 4.24 0.20-89.23 0.91 
AMI 

Additive 1.51 0.84-2.72 0.17 

Dominant 1.36 0.92-2.02 0.13 

Recessive 3.61 0.33 - 40.01 0.26 

CHD 

Additive 1.36 0.93 -1.97 0.11 
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Figure1. Meta-analysis of CHD risk among arginine allele carriers versus non-

carriers. This forest plot shows the overall odds ratio for 10 studies included in the 

meta-analysis under dominant model. Size of squares represents weight of each 

study. 

 

 
 
In the meta-analysis data for a subgroup analysis by gender was not available, 

but the female percent in each study could be calculated (except for Tamaki [12]). So 
we evaluated female percent in each study as a possible source of heterogeneity 
among  studies  by doing a  meta-regression  analysis. The  coefficient  was   0.002 
(-0.006 to 0.011; P value=0.49). 
 
Discussion 
In this prospective study among women aged 49 to 70 years, we investigated the role 
of an “exchange of tryptophan with arginine in ADRB3 gene” on occurrence of acute 
myocardial infarction and coronary heart disease. We found no significant relation 
between this polymorphism and AMI or CHD. A meta-analysis, including our own 
study, also failed to show a significant association between the Trp64Arg variant and 
risk of CHD.  

The present analysis, which is based on the Prospect–Epic cohort [16], 
focused on women who were aged 49 to 70 years and who were likely to have 

Cases / Controls 

NOTE: Weights are from random effects analysis 

Overall (I-squared = 49.5%, p = 0.037) 

Stangl et al.(11) 2001, Germany 

Abu-amero et al.(15) 2005,Saudi Arabia 

Pulkkinen et al.(9) 1999, Finland 

Manraj et al.(13) 2001, Mauritius 

Zafarmand et al. 2006, Netherlands 

Tamaki et al.(12) 1999, Japan 

Morrison et al.(8) 1999, USA 

Higashi et al.(7) 1997, Japan 

Tobin et al.(14) 2004, UK 

Study, Year, Country 

Sheu et al.(10) 1999, China 

1.13 (0.93, 1.37) 

0.93 (0.74, 1.18) 

1.40 (0.98, 1.98) 

2.20 (0.90, 5.36) 

1.11 (0.71, 1.74) 

1.36 (0.91, 2.02) 

0.91 (0.53, 1.57) 

1.25 (0.84, 1.85) 

2.16 (1.16, 4.03) 

0.85 (0.60, 1.22) 

Odds ratio (95% CI) 

0.66 (0.39, 1.14) 

992 / 988 

981 / 495

304 / 82 

338 / 148 

211 / 1519 

198 / 230

271 / 700 

83 / 107 

547 / 505
137 / 188

    0.2 0.5 1 2 5 10 0.1 
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coexisting risk factors. Data collection was prospective, before the diagnosis of AMI 
or CHD and equal for all participants. This assures the comparability of the cases and 
the randomly selected controls [18]. For a multifactorial trait, like CHD, this provides a 
valid approach to evaluate the relation between genetic factors and the risk of AMI 
and CHD while taking into account coexisting and risk modifying factors. In this study, 
prevalent cases of CHD were excluded from the analyses to prevent introducing bias 
due to potentially selective survival. The Prospect study is a population-based cohort 
with 34.5% participation rate from totally 50,313 invited Dutch women, which reduces 
the chance of a study’s likelihood of being affected by selection bias but is certainly 
no guarantee for it not happening.  

Additional strengths are the comprehensive data and sample collection, and 
the virtually complete hospital admission and mortality follow-up that we have at our 
disposals for the entire cohort, and the design of the study which is case-cohort study 
which combines the advantages of cohort studies (multiple outcomes and time-
dependent covariates) with those of case-control analyses (fewer subjects), thus 
being more efficient than cohort studies. It should be noted that the case-control 
studies might have been affected by selection bias since only non-fatal cases were 
included, which is not the case in this study, because of our endpoints definitions. 
Since ADRB3 genotypes were in the Hardy-Weinberg equilibrium, we did not have 
misclassification of exposure (genotypes) which when present in general leads to 
bias toward the null. Limitations of this study are the relatively short period of follow-
up and the modest number of cases. The latter has reduced the power to show a 
statistically significant relation. It has previously been shown that the association of 
T64A with obesity related phenotypes may be gender specific [25]. Yet in our study it 
was not possible to examine gender specific findings, therefore, our Prospect–Epic 
findings have implications for women only. 

Although it has been reported that Trp64Arg polymorphism to be associated 
with some cardiovascular risk factors such as obesity [3], insulin resistance [4], earlier 
onset of NIDDM [5] and elevated blood pressure [6]; in our data none of the risk 
factors was statistically significantly associated with genotypes, and we did not 
consider them as confounders in our analyses. The rationale for not adjusting for the 
risk factors is that we did not want to adjust in a primary analysis for intermediates in 
a potential causal pathway and that because genes are randomly assigned at 
conception (Mendelian randomization) confounding by lifestyle related factors (or 
intermediate phenotypes) should not be a problem in genetic epidemiology studies 
[26]. 

It has been proposed that large sample sizes are required to provide 
sufficiently precise estimates of genotype–disease associations [26]. Therefore, we 
performed a meta-analysis to provide a more comprehensive picture of results of 
different studies, based on a larger number of CHD cases. Overall, the odds ratio for 
ten studies combined also showed no statistically significant association between the 



 
ADRB3 and CHD | 27 

Genetic risks for cardiovascular diseases 

polymorphism and the risk of CHD under different genetic models and confidence 
intervals are narrow further excluding a material increase in risk.  

After Higashi et al. [7] had published their data showing that the frequency of 
the Trp64Arg variant of the ADRB3 gene polymorphism was higher in 83 Japanese 
patients with CHD (0.247) versus 107 control subjects (0.145), several efforts have 
been undertaken to replicate these results in similar or different populations [8-15]. 
Stangl et al. so far have performed the largest study, in a cross-sectional design 
among 992 CHD cases and 988 controls in Germany [11]. These studies and 
subsequent ones, including ours in total 4062 cases and 4962 controls, did not show 
a significant association. 

Some aspects of the current meta-analysis need to be considered to 
appreciate the findings. An important issue in every meta-analysis is publication bias 
as negative studies are less likely to be submitted or accepted for publication, 
especially when this concerns smaller studies. However, the funnel plot does not 
show a strong publication bias and Eager test was not statistically significant 
(P=0.22). Another limitation is that our meta-analysis was based on published studies 
in English language journals and we did not have access to original data. 
Furthermore, although genotyping error, leading to differential misclassification of 
exposure could easily be avoided in association studies by appropriate laboratory 
procedures (i.e., in which genotyping have been undertaken with the researchers 
masked to outcome data, assessing cases and controls have been done in the same 
batch, and assessment of the genotyping error rate have been included) we can not 
exclude it because of lack of information in the studies. However, the pros are large 
sample size of the meta-analysis and evaluating the association under different 
inheritance modes.  

According to Colhoun and coworkers, an inability to replicate a genetic 
association may be due to a variety of factors such as true variations between 
populations; biases vary between studies; confounding by population substructure; 
absence of power leading to false-negative results; or false positive results by chance 
in initial positive studies [27]. In the present case, true variation among populations is 
unlikely, because two studies with larger sample sizes in the same ethnic population 
failed to show any association as well [10,12]. Differential misclassification of 
outcome is unlikely, because diagnosis of the CHD cases and genotyping were done 
separately. Although, non-differential misclassification of outcome due to slightly 
different definitions of CHD among the various studies may have played a role, failure 
to exclude chance and publication bias probably are more important causes of 
discrepancies.  

In conclusion, this study shows that in healthy Dutch women free from 
previous cardiovascular disease, Trp64Arg polymorphism in ADRB3 gene is not 
related to risk of AMI or CHD. Based on our analysis and the results from the meta-
analysis, we conclude that the polymorphism is not a genetic indicator for increased 
risk of CHD. 
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Abstract 
 
 
 
Background  
The alanine allele of P12A polymorphism in PPARG gene in a few studies has been 
associated with a reduced or increased risk of acute myocardial infarction (AMI). Yet, 
the risk relation has not been confirmed, and data on ischemic stroke (IS) is scarce. 
We therefore investigated the role of this polymorphism on occurrence of AMI, 
coronary heart disease (CHD) and IS.  
 
Methods and Findings  
We performed a case-cohort study in 15236 initially healthy Dutch women and 
applied a Cox proportional hazards model to study the relation of the P12A 
polymorphism and AMI (N=71), CHD (n=211) and IS (n=49) under different 
inheritance models. In addition, meta-analyses of published studies were performed. 
Under the dominant inheritance model, carriers of the alanine allele compared with 
those with the more common genotype were not at increased or decreased risk of 
CHD (hazard ratio=0.82; 95% CI, 0.58 to 1.17) and of IS (HR=1.03; 95% CI, 0.14 to 
7.74). In addition no relations were found under the recessive and additive models. 
Our meta-analyses corroborated these findings by showing no significant 
association. For AMI we found a borderline significant association under dominant 
(HR =0.49; 95% CI, 0.26 to 0.94), and additive (HR =0.51; 95% CI, 0.26 to 1.00) 
models which could be due to chance, because of small cases in this subgroup. The 
meta-analysis did not show any association between the polymorphism and risk of 
AMI under the different genetic models. 
 
Conclusions 
Our study in healthy Dutch women in combination with the meta-analyses of previous 
reports does not provide support for a role of P12A polymorphism in PPARG gene in 
MI and CHD risk. Also our study shows that the polymorphism has no association 
with IS risk. 
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Introduction 
The most prevalent human PPARG gene mutation is a cytosine to guanine 
substitution in exon B (codon 12) of this gene 1, resulting in an exchange of proline 
(P) to alanine (A) at amino acid.2 Initially recognized to play a role only in 
adipogenesis and glucose homeostasis, recent works have shown associations with 
regulation of cell growth, migration and inflammation.3, 4 Also, PPARG2 has a role in 
insulin signaling, insulin resistance, and development of type 2 diabetes.5  

There is some evidence that P12A polymorphism in PPARG gene is related to 
vascular risk factors.6-11 A meta-analysis showed a 21% risk reduction for type2 of 
diabetes.7 Moreover, A12 allele carriers have significantly higher body mass index 
(BMI)9, lower insulin resistance 6, 8 and reduced blood pressure 10, 11. These findings 
suggest that a possible role in atherosclerosis development. This is supported by 
recent findings showing a relation of A12A genotype to reduced common carotid 
intima-media thickness.2, 12  

However, information on the relation with acute myocardial infarction (AMI), 
coronary heart disease (CHD) and ischemic stroke (IS) as the clinical endpoints is 
scarce, and inconsistent 11-17 for CHD. A reduced risk for ischemic stroke has been 
reported 18. We set out to investigate the relation of P12A polymorphism in PPARG 
gene on occurrence of AMI, CHD and ischemic stroke in middle-aged Dutch women. 
To expand the evidence further, we performed meta-analyses using published data 
from observational studies.  

 
Methods 
Prospect-EPIC study  
Study design, general questionnaire, anthropometric and Laboratory measurements 
have been described in detail elsewhere.19 Briefly, the study population consisted of 
participants of the Prospect-EPIC cohort. Participants were recruited between 1993 
and 1997 among women living in Utrecht and vicinity who attended the regional 
population-based breast cancer-screening program. A total of 17,357 women aged 
49-70 were included. Follow-up event information was obtained from the Dutch 
Centre for Health Care Information, which holds a standardized computerized 
register of hospital discharge diagnoses. Using the International Classification of 
Diseases, ninth Revision (ICD-9) codes for the main discharge reason, we 
categorized cardiovascular disease (codes 390-459) as CHD (codes 410-414), 
including acute myocardial infarction (code 410), as ischemic cerebrovascular 
disease (codes 433-435), and other cardiovascular diseases. Whenever multiple 
events occurred, the first diagnosis was taken as endpoint of interest. All women 
signed an informed consent form prior to study inclusion. The study was approved by 
the Institutional Review Board of the University Medical Center Utrecht. 

We applied the case-cohort design introduced by Prentice.20 In this design, 
data is collected on all subjects, but the data would only be analyzed on cases and 
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sub-cohort members. Cases are those emerging in the total cohort; controls are 
subjects in the sub-cohort. The sub-cohort is a randomly selected sample of 10% 
(n=1736) from the 17,357 women in the total cohort. Women who did not consent to 
linkage with vital status registries or who were not traceable (cases n=3/sub-cohort 
n=38) were not included. Women who reported a diagnosis of cardiovascular disease 
(ICD-9; 390-459) at baseline, who had missing questionnaires or blood or DNA 
samples were excluded. This resulted in 15,236 women in the total cohort and 1519 
women in the sub-cohort at baseline (as the control group). All first fatal and non-fatal 
CHD and ischemic stroke events that arose during follow-up until January 1st 2000 
were selected as cases. These were 211 CHD cases, including 71 AMIs, and 49 
ischemic cerebrovascular events. For all case subjects follow up ended at the date of 
diagnosis or at the date of death due to cardiovascular disease.  

 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) 
laboratory of the Department of Internal Medicine of the University Hospital 
Maastricht. Genomic DNA was extracted from buffy coats with the use of the 
QIAamp® Blood Kit (Qiagen Inc., Valencia, California, USA). Genotyping of the 
polymorphisms was performed using a multilocus genotyping assay for candidate 
markers of cardiovascular disease risk (Roche Molecular Systems Inc., Pleasanton, 
CA, USA).21 Genotyping was  preformed blinded to the case-control status. A random 
double-check was performed to detect potential genotyping errors. 

 
Data analysis  
To assess the relation of P12A polymorphism with the outcome, we used a Cox 
proportional hazards model with an estimation procedure adapted for case-cohort 
designs. We used the unweighted method by Prentice, which is incorporated in a 
SAS macro at http://lib.stat.cmu.edu/general/robphreg.  

Baseline characteristics of sub-cohort by genotypes (P12P, P12A and A12A) 
is given. Hardy-Weinberg equilibrium (HWE) was evaluated with the χ2 test. 
Frequencies of A12 allele and P12 allele were determined. We assessed the 
association between the polymorphism and events under different genetic models. 
The dominant genetic model compares individuals with one or more polymorphic 
alleles (P12A and A12A genotypes combined) with a group with no polymorphic 
alleles (P12P). The recessive genetic model compares the A12A genotype with the 
combined P12P and P12A genotypes. The additive genetic model assumes that 
there is a linear gradient in risk between the P12P, P12A and A12A genotypes (P12P 
genotype baseline). This is equivalent to a comparison of the A12 allele versus the 
P12 allele (baseline). All analyses were performed for AMI, CHD, ischemic stroke 
and total ischemic events. A value of P<0.05 (2-sided) was considered significant. 

 

http://lib.stat.cmu.edu/general/robphreg
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Meta-Analysis 
Search strategy and data extraction 
For the meta-analysis, published data was used concerning the P12A polymorphism 
in PPARG gene and MI, CHD and IS. The search was done on November 15, 2006. 
In addition, our own data were included. Studies were found with Pubmed/Medline, 
ISI Web of Knowledge and Embase using the following text search string: (Pro12Ala 
OR P12A) AND ("Peroxisome proliferator-activated receptor gamma" OR PPARG) 
AND (coronary disease OR coronary heart disease OR CHD OR myocardial 
infarction OR MI OR myocardial infarct OR coronary artery disease OR CAD OR 
ischemic heart disease OR IHD OR cardiovascular disease OR heart disease OR 
angina OR ischemic stroke OR CVA OR stroke OR cerebrovascular accident). The 
following constraints were applied to the search: (1) only published articles in journals 
or their supplements (English); and (2) studies only in human subjects. Manual 
bibliography review was added. This search (done by MHZ and MLB) identified 36 
potentially relevant articles. Studies were included if they reported the relative risks, 
ORs or HRs and 95% CIs for events related to PPARG2 P12A polymorphism or 
provided raw data that allowed estimation of these values. We excluded 24 studies 
because of;other endpoints (such as vascular risk factors); one repeated publication; 
one study which did not provide sufficient data; two review papers; and one study 
with carotid intima-media thickness as endpoint. Since only one paper had been 
found for ischemic stroke, we excluded ischemic stroke from the meta-analysis. 
Hence, data were available for these analyses from 8 original reports (6 studies 
found with databases, one additional article identified by a hand search and our data) 
involving 2793 cases and 7680 controls (Table 4). As Pischon et al 16 had provided 
data from two different studies (Nurses’ Health Study (NHS) in women and Health 
Professionals Follow-up Study (HPFS) in men), we consider them in the analysis as 
two studies. The following information was extracted from each study: first author, 
study design, year of publication, geographical location, definition and number of 
cases and controls, mean age of cases and controls, gender, genotype frequency, 
genotyping methods and consistency of genotype frequencies with Hardy-Weinberg 
equilibrium. 
 
 
Data analysis  
For the meta-analysis, Mantel-Haenszel was used as fixed effects model and the 
DerSimonian-Laird method was used as random-effects model, all under different 
genetic models. The Egger’s test with 95%CI was used for evaluating publication 
bias. In each study, we tested for HWE by using an asymptomatic χ2 test or an exact 
test among the controls.22 We used   Cochran’s  χ2 – based  Q  statistic  for  between- 
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study heterogeneity 23, which is considered significant for P < 0.10, as well as the I2 
statistic for estimation of inconsistency in meta-analyses. I2 represents the 
percentage of the observed between-study variability due to heterogeneity rather 
than to chance and ranges from 0 to 100 percent where a value of 0% indicates no 
observed heterogeneity, and larger values an increasing degree of heterogeneity. 
Values above 75 percent imply high heterogeneity.24 Meta-analysis was carried out 
using STATA 9.1. 
 
 
Results 
Prospect-EPIC study results 
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General characteristics of the randomly sampled participants of the cohort (N=1519) 
are given in Table 1. Of the participants 1143(75.2%) had the common type allele 
(P12P), 346(22.8%) were heterozygous for the A12 allele (P12A), and 30(2%) were 
homozygous for the A12 allele. The genotype distribution was in HWE.   

None of conventional risk factors were statistically significantly related to the 
P12A polymorphism (Table 1). Median follow up time for the sub-cohort was 4.3 
years, with a total of 6,525 person years. The actual follow-up in the baseline cohort 
of 15,236 women was 64,768 person years. Due to the case-cohort design, 23 
women in the sub-cohort eventually were CHD cases and 5 of them were ischemic 
stroke cases (totally 28 cases). Clinical characteristics of CHD cases and controls 
are presented in Table 1.  

Comparing allele frequencies in cases and control groups separately did not 
show significant difference between them, except for myocardial infarction, which 
showed a borderline significant relation (Table 2). 
 
 
 
Table 2. Genotype and allele frequencies of the polymorphism among AMI, CHD and 
ischemic stroke cases and sub-cohort of the Prospect –Epic cohort 

Acute 
Myocardial 
Infarction 

 
Coronary 
Heart Disease 

 
Ischemic 
Stroke 

 Sub-cohort 
Genotype/Allele 

No. %  No. %  No. %  No. % 

No. of subjects 71  211  49  1519 

Genotype             

P/P 61 85.9  167 79.1  38 77.6  1143 75.2 

P/A 10 14.1  41 19.4  10 20.4  346 22.8 

A/A 0 0.0  3 1.4  1 2  30 2 

            

Allele            

Pro 132 93.0  375 88.9  86 87.8  2632 86.6 

Ala 10 7.0  47 11.1  12 12.2  406 13.4 

 χ2 =4.77  χ2=1.61  χ2=0.10    

 Df=1  df=1  df=1    

 P=0.03  P=0.20  P=0.75    
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Table 3. Hazard ratios of cardiovascular events under different genetic models for 
P12A polymorphism in PPARG gene in the Prospect –Epic cohort 
 

 
 
 

A lower risk of AMI with only borderline effects was found under dominant 
(OR=0.51; 95% CI, 0.26 to 1.00; P=0.05) and additive models (OR=0.49; 95% CI, 
0.26 to 0.94; P=0.03) but not under recessive inheritance mode (Table 3), which 
were attenuated after cumulative adjustment for conventional risk factors (P=0.08 
and 0.12, respectively). The analyses were repeated for CHD and ischemic stroke as 
primary outcomes and also for all ischemic events (CHD and ischemic stroke). No 
statistically significant association was seen for risks of CHD and ischemic stroke 
(Table 3). None of the risk factors was statistically significantly associated with 
genotypes (Table 1) and we did not consider them as confounders in our data. The 
rationale for not adjusting for the risk factors is that we did not want to adjust in a 
primary analysis for intermediates in a potential causal pathway and that because 
genes are randomly assigned at conception (Mendelian randomization) confounding 
by lifestyle related factors (or intermediate phenotypes) should not be a problem in 
genetic epidemiology studies.25 

 

Different 
events 

Inheritance 
Model Hazard Ratio 95% CI P-value 

Dominant 0.51 0.26 – 1.00 0.05 
Recessive 0.34 0.00 – 2.68 0.47 

Acute 
myocardial 
infarction Additive 

 
0.49 0.26 – 0.94 0.03 

Dominant 0.82 0.58 – 1.17 0.27 
Recessive 0.72 0.22 – 2.37 0.58 

Coronary 
heart disease 

Additive 
 

0.81 0.59 – 1.12 0.20 

Dominant 0.90 0.46 – 1.78 0.77 
Recessive 1.03 0.14 – 7.74 0.97 

Ischemic 
stroke 

Additive 
 

0.90 0.49 – 1.67 0.75 

Dominant 0.85 0.62 – 1.17 0.31 
Recessive 0.78 0.27 – 2.22  0.63 

All ischemic 
events 

Additive 0.83 0.62 – 1.11 0.21 
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We examined the interaction between the P12A polymorphism and risk factors 
for each of the events separately by introduction of risk factor*A12 allele carriers term 
in the logistic regression models. No significant interactions between P12A and risk 
factors in AMI, CHD and total ischemic events were seen, apart from smoking 
(current) and A12 allele carriers (P=0.027). In the light of the many associations we 
studied, this may actually be a chance finding. 

 
Meta-Analysis results 
Table 4 shows the characteristics of studies included in this meta-analysis. The 
genotype frequencies in the studies were consistent with HWE. The meta-analyses 
did not show a significant association under dominant genetic model (OR=0.85; 95% 
CI, 0.61 to 1.17; P=0.32), recessive model (OR=1.37; 95% CI, 0.77 to 2.47; P=0.29) 
and additive model (OR=0.94; 95% CI, 0.72 to 1.25; P=0.69) (Figure 1). Furthermore, 
pooled estimate (Figure 2) did not show a significant association between the 
polymorphism and CHD, under dominant genetic model (OR=0.99; 95% CI, 0.79 to 
1.23; P=0.92), recessive model (OR=1.40; 95% CI, 0.94 to 2.08; P=0.10) and 
additive model (OR=1.04; 95% CI, 0.87 to 1.25; P=0.64). There was evidence for 
heterogeneity under dominant and additive genetic models for MI (P=0.002, 
P=0.006) and CHD (P=0.002, P=0.01), respectively. To deal with heterogeneity we 
used random-effect model (the DerSimonian-Laird method) for pooling data. There 
was not evidence for significant publication bias (Egger’s test=1.85; 95% CI, –4.86 to 
8.56; P=0.54).  
 
Discussion 
In this prospective study among healthy Dutch women aged 49 to 70 years, no 
statistically significant association for exchanging proline with alanine in PPARG 
gene was seen with CHD and ischemic stroke risk under different genetic models. 
We found a borderline effect for AMI risk under the dominant and additive models, 
which could be a chance finding. In the meta-analyses of published observational 
studies we did not find any significant association for the polymorphism and AMI and 
CHD risks under different inheritance models.   

In this study, prevalent cases of CHD and cerebrovascular disease were 
excluded to prevent introducing bias due to potentially selective survival. The 
Prospect study is a population-based cohort, which makes it less susceptible to 
selection bias. Additional strengths are the comprehensive data and sample 
collection, complete hospital admission and mortality follow-up, and the case-cohort 
design which combines the advantages of cohort studies (multiple outcomes and 
time-dependent covariates) with those of case-control analyses (fewer subjects), thus 
being more efficient. Since the genotypes were in the Hardy-Weinberg equilibrium, 
we did not have misclassification of exposure (genotypes). Limitations are the 
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relative short period of follow-up and the relative small number of cases. The latter in 
general reduces the power to show a statistical significant relation.  

A new aspect is that we conducted meta-analyses on the relation between the 
P12A polymorphism and MI, CHD and ischemic stroke under different genetic 
models. Yet, due to the genotype frequency, its power is limited for most studies 
especially under recessive genetic model. The results of these meta-analyses 
indicate no association between the polymorphism and risk of MI and CHD under 
different genetic models. However it must be noted that an important issue in every 
meta-analysis is publication bias as negative studies are less likely to be submitted or 
accepted for publication, especially when this concerns smaller studies. Although 
publication bias was not present based on Egger’s test, the performance of this test 
and the usual funnel plot have been challenged 26 and so we can not completely rule 
out low probability for missing of small negative studies. Another limitation may be 
that our meta-analysis was based on published results and that we did not have 
access to original individual data. Finally, the case control studies included in the 
meta-analysis could be potentially prone to selection bias if survival post-MI varies by 
genotype. 

The Physician’s Health Study 14 reported a modest protective effect of P12A 
polymorphism in PPARG gene for incidence of AMI among 523 individuals who 
subsequently developed myocardial infarction and 2092 individuals who remained 
free of reported cardiovascular disease in a prospective cohort of 14916 initially 
healthy American white men (Physician’s Health Study cohort) aged 40 to 84 years 
over a mean follow-up period of 13.2 years. The Ala12 allele was associated with 
23% reduction in myocardial infarction risk (odds ratio 0.77; 95% CI, 0.60 to 0.98). In 
a recent case-control study of 844 subjects including 218 patients, increased risk of 
MI was seen under dominant mode of inheritance (odds ratio 1.83; 95% CI, 1.06-
3.1).17 Under dominant and additive modes of inheritance we found a statistically 
significant association (P=0.05 and 0.03, respectively) for risk of AMI, but it must be 
considered that the number of AMI cases was 71. Since it has been documented that 
very large sample sizes are required to provide sufficiently precise estimates of 
genotype–disease associations 25, the power in our study was low. Therefore, we 
conducted a meta-analysis of 6 studies with 1739 AMI cases and 5903 controls to 
obtain a more precise estimate. The meta-analysis did not show a significant 
association under dominant, recessive and additive genetic models. Moreover, in a 
very recent prospective population-based study of multi-locus candidate gene 
polymorphisms by a group of investigators who had previously published a part of 
their results 14, showed that neither these three polymorphisms nor the others were 
predictors of MI 27.  
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MA for MI risk under the recessive genetic model 

 Odds ratio 
.1 .2 .5 1 2 5 10 

Study 
 Odds ratio 
 (95% CI) 

 2.05 (1.00,4.20)  Vos et al. 
 0.77 (0.32,1.86)  Ridker et al. 
 2.33 (0.73,7.48)  Tobin et al. 
 0.57 (0.03,11.95)  Li et al. 
 0.34 (0.02,5.64)  Zafarmand et al. 

 1.37 (0.77,2.47)  Overall (95% CI) 

 

 Odds ratio 
.1 .5 1 2 5 10 

 Combined 

 Doney et al. 
 Zafarmand et al. 

 Li et al. 
 Tobin et al. 

 Ridker et al. 
 Vos et al. 

MA for MI risk under the additive genetic model 

 Odds ratio 
.2 .5 1 2 5 

Study 
 Odds ratio 
 (95% CI) 

 1.18 (0.92,1.50)  Vos et al. 
 0.79 (0.63,0.99)  Ridker et al.

 0.87 (0.67,1.14)  Tobin et al. 
 1.69 (1.00,2.85)  Li et al. 
 0.49 (0.26,0.94)  Zafarmand et al. 

 0.94 (0.72,1.25)  Overall (95% CI) 

Figure 1. Meta-analyses of AMI risk under the different genetic models 
These forest plots show the overall odds ratio for 6 studies included in the meta-analysis under the 
dominant, recessive and additive models respectively. Doney et al did not provide data for 
recessive and additive models. Size of cubes represents weight of each study. 
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Our findings with respect to CHD are in accordance with results from Nurses’ 

Health Study and Health Professionals Follow-up Study respectively in women and 

MA for CHD risk under the additive genetic model 

 
Odds ratio 

.5 .75 1 1.5 2 

Study 
 Odds ratio 
 (95% CI) 

 0.97 (0.56,1.67)  Bluher et al.

 1.69 (1.00,2.85)  Li et al. 
 1.19 (0.85,1.67)  Pischon et al.(NHS study) 
 1.41 (1.02,1.97)  Pischon et al.(HPFS study) 
 0.81 (0.59,1.12)  Zafarmand et al. 
 0.87 (0.67,1.14)  Tobin et al. 
 1.18 (0.92,1.50)  Vos et al. 
 0.79 (0.63,0.99)  Ridker et al.

 1.04 (0.87,1.25)  Overall (95% CI) 

MA for CHD risk under the dominant genetic model 

 Odds ratio 
.1 .2 .5 1 2 5 10 

 Combined 

 Ridker et al. 
 Vos et al. 

 Tobin et al. 
 Zafarmand et al. 

 Pischon et al.(HPFS study) 
 Pischon et al.(NHS study) 

 Li et al. 
 Bluher et al. 
 Doney et al.

MA for CHD risk under the recessive genetic model 

 Odds ratio 
.1 .2 .5 1 2 5 10 

Study 
 Odds ratio 
 (95% CI) 

 1.64 (0.30,9.09)  Bluher et al.

 0.57 (0.03,11.95)  Li et al. 
 1.33 (0.37,4.74)  Pischon et al.(NHS study) 
 2.02 (0.50,8.16)  Pischon et al.(HPFS study) 
 0.72 (0.22,2.37)  Zafarmand et al. 
 2.33 (0.73,7.48)  Tobin et al. 
 2.05 (1.00,4.20)  Vos et al. 
 0.77 (0.32,1.86)  Ridker et al.

 1.40 (0.94,2.08)  Overall (95% CI) 

Figure 2. Meta-analyses of CHD risk under the different genetic models 
These forest plots show the overall odds ratio for 9 studies included in the meta-analysis under the 
dominant, recessive and additive models respectively. Doney et al did not provide data for recessive 
and additive models. Size of cubes represents weight of each study. 
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men of 245 cases of nonfatal MI or fatal CHD in women (compared with 485 controls) 
and 250 in men (compared with 502 controls) during 8 and 6 years of follow-up that 
the P12A polymorphism is not associated with decreased risk of CHD.16  In a cross-
sectional study of patients with diabetes mellitus type 2 in Germany (in 201 patients 
with and 164 without CHD) that the A12 allele was not related to CHD risk.28 Our 
findings and the meta analyses findings agree with these findings.  

Recently, P12A polymorphism has been related to a reduced risk for ischemic 
stroke in patients with type 2 diabetes.18 We found no association between the 
polymorphism and risk of occurrence of ischemic stroke under different genetic 
models. As these two studies are the only ones available, further studies are needed.  

In conclusion, this study in healthy women free from previous cardiovascular 
disease and the meta-analyses show that, the P12A polymorphism in PPARG gene 
is not associated with future risk of AMI, CHD and ischemic stroke. 
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 Abstract 
 
 
 
Background  
Cholesteryl ester transfer protein (CETP) plays a fundamental role in the metabolism 
of lipoproteins. Several CETP gene mutations have been described that affect CETP 
activity and thereby the endogenous HDL level. Based on these assumptions, we set 
out to study a number of the CETP mutations and their relations to HDL levels and 
future coronary heart disease (CHD) in a cohort of healthy women. 
 
Methods  
We performed a case-cohort study in a prospective cohort of 15,236 initially healthy 
Dutch women. We applied a Cox proportional hazards model with an estimation 
procedure adapted for case-cohort designs to study the relation of the polymorphism 
and CHD (n=211). 
 
Results  
Strong associations between higher HDL cholesterol levels and the CETP (-629)A, 
the CETP I405V V, and the CETP TaqIB B2 alleles and the haplotypes that 
comprised these alleles were found. These associations were independent of other 
determinants of HDL cholesterol. A reduced HDL cholesterol level was significantly 
related to an increased risk of CHD events. None of the CETP polymorphisms or 
haplotypes were, however, related to risk of CHD.  
 
Conclusion  
This study shows that in healthy Dutch women free from previous cardiovascular 
diseases, the CETP polymorphisms (C(-629)A, I405V, and TaqIB variants) and 
haplotypes were significantly related to a higher plasma HDL cholesterol level and 
the C(-629)A polymorphism was also related to a lower plasma LDL cholesterol, but 
not to later in life risk of coronary heart disease. 
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Introduction 
Cholesteryl ester transfer protein (CETP) plays a fundamental role in mediating the 
reverse transport of cholesterol from peripheral tissues to the liver and in the 
remodeling of lipoproteins by promoting the transfer of cholesteryl ester from the high 
density lipoprotein (HDL) particles to low density lipoproteins (LDL) and very low 
density lipoproteins (VLDL).(1) High levels of CETP activity were related to low HDL 
levels, whereas CETP inhibition, as a target of therapy resulting in a lower CETP 
activity, has been related to high HDL cholesterol levels.(2) In addition, genetic CETP 
deficiency is associated with a higher HDL cholesterol (3), a finding that illustrates the 
important role of CETP in the metabolism of lipoproteins.  

Several mutations of the CETP gene, a highly polymorphic gene located on 
chromosome 16q21, have been described (4) that may affect the CETP activity and 
thereby endogenous HDL cholesterol level. Based on the assumption that a CETP 
mutation leads to lower CETP activity will result in a life long exposure to a higher 
HDL level, CETP mutations assumed to be related to risk of cardiovascular events.(5) 
There have been reports that presence of a CETP mutation is significantly associated 
with a lower risk of coronary heart disease (CHD)(6, 7), and there have been data 
pointing at the exact opposite direction with increasing risk of CHD.(8, 9) Moreover, 
several studies failed to show any association between the CETP variants and the 
CHD risk(10-13). As the majority of the published studies either used cross-sectional 
designs (6, 7, 10) or studied only men (6, 7, 11, 14) or in those with a cardiac event 
(15-19), we set out  to study a number of the CETP mutations and corresponding 
haplotypes and their relations to HDL cholesterol levels and future coronary heart 
disease in a cohort of healthy Dutch women. 
 
Materials and Methods 
Population  
Participants were recruited between 1993 and 1997 among women living in Utrecht 
and vicinity who attended the regional breast cancer-screening program.(20) 17,357 
women aged 49-70 were included. At enrolment women underwent a physical 
examination, completed a general questionnaire on lifestyle and medical factors. 
Data on morbidity were obtained from the Dutch Centre for Health Care Information, 
which holds a standardized computerized register of all hospital discharge diagnoses 
in the Netherlands since 1990. Using the International Classification of Diseases, 
ninth Revision (ICD-9), we categorized cardiovascular disease (codes 390-459) to 
CHD (codes 410-414) and other cardiovascular disease. The first diagnosis was 
taken as endpoint of interest. The database was linked to the cohort on the basis of 
birth date, gender, postal code, and general practitioner with a validated probabilistic 
method.(21) 

Information on vital status was gained through linkage with the national 
municipal administration database. Causes of death were obtained from the women's 
general practitioners. All women signed an informed consent form prior to study 
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inclusion. The study was approved by the Institutional Review Board of the University 
Medical Center Utrecht. 
 
Design 
We applied the case-cohort design introduced by Prentice. (22) In this design, data is 
collected on all subjects, but the data would only be analyzed on cases and sub-
cohort members. The subcohort is a randomly selected sample of 10% (n=1,736) 
from the 17,357 women in the total cohort. Women who did not consent to linkage 
with vital status registries or who were not traceable (cases n=3/sub-cohort n=38) 
were not included. Women who reported a diagnosis of cardiovascular disease (ICD-
9; 390-459) at baseline, who had missing questionnaires or blood or DNA samples 
were excluded. This resulted 15,236 women in the total cohort and 1,522 women in 
the sub-cohort at baseline (as the control group). The entire cohort 17,357 women 
had been followed up to January 1st, 2000 for the occurrence of cardiovascular 
events as defined earlier.(23) For all subjects that had a cardiovascular event follow 
up ended at the date of diagnosis or at the date of death. Moving out of the 
Netherlands (n=2) and death due to causes other than cardiovascular disease were 
considered censoring events. All others were censored on January 1st 2000. During 
follow-up 211 CHD cases occurred. 

Women were classified as current, past or never smokers. Systolic and 
diastolic blood pressures were measured in duplicate at the left arm with the subjects 
in sitting position after 10 min of rest with an automated and calibrated oscillomat 
(Bosch & Son, Jungingen, Germany). Subsequently, the mean systolic and diastolic 
blood pressure was calculated. Height and weight were measured without shoes and 
wearing light indoor clothing to compute body mass index (BMI) which was defined 
as weight divided by height squared (kg/m2). Hypercholesterolemia or diabetes was 
defined as a self-reported physician diagnosis. Presence of hypertension was defined 
as a measured systolic blood pressure (SBP) ≥140 mmHg and/or a diastolic blood 
pressure (DBP) ≥ 90 mmHg and/or a self-reported physician diagnosis.  
 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) laboratory 
of the department of internal medicine of the University Hospital Maastricht. Genomic 
DNA was extracted from buffy coats with the use of the QIAamp® Blood Kit (Qiagen 
Inc., Valencia, California, USA). Genotyping was performed simultaneously for the 
CETP C(-631)A (rs1800776);  the CETP C(-629)A (rs1800775); the CETP I405V 
(rs5882); the CETP TaqIB (rs708272); the CETP D442G (rs2303790) ; the CETP 
intron 14 G(+1)A (rs5742907); and the CETP intron 14 (+3)Tins (rs5742908) using a 
multilocus genotyping assay for candidate markers of cardiovascular disease risk 
(Roche Molecular Systems Inc., Pleasanton, CA, USA).(24) Briefly, each DNA 
sample was amplified using two multiplex polymerase chain reactions, and the alleles 
were genotyped simultaneously using an array of immobilized, sequence-specific 
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oligonucleotide probes. This array of probes is blotted on plastic strips and, after 
staining, genotypes can be scored based on blue (positive) and white (negative) 
bands. Each blue band, representing a specific genotype, was scored by specific 
software (counting the pixel intensity of each band) and checked manually. 
Investigators involved in genotyping were blinded to the case-control status of the 
participants. A random double-check was performed to detect potential genotyping 
errors. The check confirmed the previous genotyping results by 100%. 
 
Data analysis  
To assess the relation of the CETP polymorphisms with CHD, we used a Cox 
proportional hazards model with an estimation procedure adapted for case-cohort 
designs (unweighted method by Prentice, incorporated in a SAS macro at 
http://lib.stat.cmu.edu/general/robphreg). It computes weighted estimates with robust 
standard errors from which 95% confidence intervals were estimated. This approach 
provides association estimates that resemble those from full-cohort analysis, in 
particular when the sampling fraction is ≥ 10%.(25) 

Differences in baseline characteristics between cases and controls were 
assessed using t-test for continuous variables and chi square test for dichotomous 
variables. Hardy-Weinberg equilibrium (HWE) was tested with the χ2 test in controls. 
To deal with possible non-linearity, continuous predictors (age, SBP, DBP, BMI, waist 
to hip ratio, HDL, LDL, and total cholesterol) were modeled by using fractional 
polynomials.(26) Using the data from the random sample only, determinants of HDL 
cholesterol were examined using linear regression models. All the factors listed in 
Table 1 were considered in age adjusted models. Those factors that remained 
significantly related to HDL in a multivariable regression model were considered 
determinants of HDL cholesterol. Next, the CETP polymorphisms were related to 
HDL levels using the random sample data using linear regression models with two 
dummy variables. These models were run in an unadjusted manner, with adjustment 
for only age, and with adjustment for determinants of HDL level.  

We assessed the association between each polymorphism and CHD with a 
genotypic test (with two dummy variables; d.f.=2) in Cox proportional hazards 
regression. Linkage disequilibrium coefficients were estimated using the 
SNPStats.(27) We performed haplotype analyses, weighted for the posterior 
uncertainty in the haplotype assignments, with the haplo.glm function of haplo.stats 
(version 1.3.1).(28) The haplo.glm function applies a general linear model to 
investigate the association between the haplotypes and HDL cholesterol, with and 
without adjustment. Subsequently, we investigated the association between the 
haplotypes and CHD with and without adjustment. A value of P<0.05 (two-sided) was 
considered significant.  
 
Results 
Study subjects 

http://lib.stat.cmu.edu/general/robphreg)
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Table 1. Baseline characteristics of CHD cases and controls in the Prospect –Epic 
cohort 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HDL, high-density lipoprotein; LDL, low-density lipoprotein; CHD, coronary heart disease (ICD 410-
414). 
a Mean ± standard deviation 
b Comparison of risk factors across disease status, using the independent samples t-test (continuous 
variables) and the χ2 statistic (categorical variables) 
c Defined as a systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg and/or 
questionnaire positive. 
 d The number of packs of cigarettes smoked per day by the number of years the person has smoked 
 
 
 
The study comprised 211 cases and 1519 subjects in random sample, as genotypes 
were not obtained in 0.2% of the samples due to failed polymerase chain reaction. 
General and clinical characteristics of CHD cases and controls are shown in Table 1. 
The CHD risk factors in cases were significantly different from the control subjects. 
Median follow up time for the random sample was 4.3 years, with a total of 6,523 
person years. The actual follow-up in the baseline cohort of 15,236 women was 
64,768 person years. Due to the case-cohort design, 23 women in the subcohort 
eventually were CHD cases. The comparison between the models using linear and 
fractional polynomials of age, SBP, DBP, BMI, waist to hip ratio, HDL, LDL, and total 

  
Characteristics  

CHD cases Sub-cohort P-valueb 

N total 211 1519 - 
Age at intake (yr) a 60.5 ± 5.9 57.1 ± 6.1 < 0.001 
Body mass index (kg/m2) a 26.8 ± 3.9 25.8 ± 4.0 0.001 
Weight (kg) a 71.1 ± 11.3 69.7 ± 11.3 0.077 
Height (cm) a 162.8 ± 6.0 164.3 ± 6.0 0.001 
Waist to hip ratio a 0.81 ± 0.06 0.79 ± 0.06 < 0.001 
Hypertension (%) c 60.2 41.7 < 0.001 
Systolic blood pressure (mm Hg) a 143.4 ± 22.3 132.7 ± 20.0 < 0.001 
Diastolic blood pressure (mm Hg) a 81.6 ± 10.7 79.0 ± 10.6 0.001 
Presence of diabetes (%) 5.7 2.2 0.003 
Presence of hypercholesterolemia (%) 11.4 3.9 < 0.001 
Current alcohol consumption (%) 80.9 88.0 0.006 

Past 26.1 34.8 0.012 
Smoking status   (%) 

Current 34.1 22.9 < 0.001 
Pack- years d 9.7 ± 11.4 6.7 ± 9.5 < 0.001 
Total cholesterol (mmol/L) a 6.4 ± 1.0 5.9 ± 1.0 < 0.001 
HDL cholesterol (mmol/L) a 1.4 ± 0.3 1.6 ± 0.4 < 0.001 
LDL cholesterol (mmol/L) a 4.4 ± 1.0 3.9 ± 0.9 < 0.001 
Serum glucose (mmol/L) a 5.1 ± 2.5 4.5 ± 1.4 < 0.001 
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cholesterol provided no evidence for a departure from linearity (P > 0.20 for all; null 
hypothesis: the association is linear) for CHD. 

For the CETP D442G polymorphism no women were found with the rare allele. 
Genotype distribution of the CETP intron 14 G(+1)A and the CETP intron 14 (+3)Tins 
in random sample were 5 (0.3%) and 1 (0.07%) for the rare allele heterozygote 
respectively, without any homozygote individual. In cases, there were no subjects 
with the rare allele for the two mentioned polymorphisms. Genotype and rare allele 
frequencies of the other CETP gene polymorphisms among CHD cases and random 
sample are shown in Table 2. The genotype distributions were in HWE (footnote, 
Table 2). The CETP C(-631)A, the C(-629)A, and the TaqIB were in strong linkage 
disequilibrium (D´ > 0.8, Figure 1). 
 
 

 

 

 

 

 

 

 
 
 
 

 
 
 

 
 
Figure 1. Linkage disequilibrium coefficients between the C(-631)A, the C(−629)A, 
and the TaqIB polymorphisms of the CETP gene in control subjects 
 
 
Analysis of association between single SNPs and cholesterol values 
Mean HDL cholesterol, LDL cholesterol and total cholesterol levels in cases and 
controls among the CETP C(-631)A, the C(-629)A, the I405V, and the TaqIB 
genotype groups are presented in Table 2. In controls there were significant 
differences in HDL cholesterol among the CETP C(-629)A, the I405V, and the TaqIB 
genotypes. The C(-629)A AA, the I405V VV, and  the  TaqIB  B2B2  individuals had  

C(−631)A 

C(−629)A 

C(−629)A 

I405V 

I405V TaqIB 
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Table 3. Relation of the CETP genotypes with HDL levels (mmol/L) in the random 
sample; univariate and multivariate regression models 
  Crude  Age adjusted  Adjusted for determinants  

of HDL cholesterol 
Genotype  β (SE) P-value  β (SE) P-value  β (SE) P-value 
CETP C(-631)A           
CC  Reference   Reference   Reference  
CA  -0.009 (0.031) 0.76  -0.010 (0.031) 0.75  -0.031 (0.030) 0.30 
AA  0.013 (0.165) 0.94  0.013 (0.163) 0.94  -0.019 (0.152) 0.90 
          
CETP C(-629)A           
CC  Reference   Reference   Reference  
CA  0.090 (0.024) <0.001  0.087 (0.024) <0.001  0.075 (0.024) 0.002 
AA  0.162 (0.029) <0.001  0.155 (0.029) <0.001  0.154 (0.028) <0.001 
          
CETP I405V           
II  Reference   Reference   Reference  
IV  0.089 (0.022) <0.001  0.087 (0.022) <0.001  0.072 (0.021) 0.001 
VV  0.081 (0.035) 0.021  0.077 (0.035) 0.025  0.047 (0.034) 0.16 
          
CETP TaqIB           
B1B1  Reference   Reference   Reference  
B1B2  0.058 (0.025) 0.020  0.055 (0.025) 0.025  0.051 (0.025) 0.037 
B2B2  0.120 (0.032) <0.001  0.118 (0.031) <0.001  0.120 (0.031) <0.001 

 
β indicates regression coefficient (SE) 
The determinants of HDL cholesterol used in the multivariable model were age, waist-to-hip ratio, current 
smoking, and current alcohol consumption 

 
 
 
higher HDL cholesterol than CC, II, and B1B1 individuals. A significant lower LDL 
cholesterol was found among the individuals with the C(-629)A AA genotype in 
controls. 

After adjustment for age (model 1), and for determinants of HDL cholesterol in 
our study (age, waist-to-hip ratio, current smoking, and current alcohol consumption) 
multivariate analyses indicated that the CETP C(-629)A, the I405V, and the TaqIB 
polymorphisms were associated with HDL cholesterol level (Table 3). The CETP C(-
629)A, the I405V, and the TaqIB polymorphisms accounted for 2%, 1%, and 0.9% of 
the variation in HDL cholesterol level. When all three SNPs were included in the 
linear model, cumulatively they accounted for 2.4% of the total variation in HDL 
cholesterol level. 
 
Analysis of association between haplotypes and HDL cholesterol  
Haplotype analysis for the four CETP polymorphisms under study resulted in 16 
possible haplotypes, in which  8 haplotypes  had  very  low frequency  (<1%)  that we  
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Table 4. Haplotype frequencies for C(-631)A, C(-629)A, I405V, and TaqIB CETP 
polymorphisms and associations with HDL (mmol/L) 
 

Crude  Age adjusted  
Adjusted for 
determinants  
of HDL cholesterol a 

 
Cumulative 
adjustment b Haplotype 

 
β (SE) P-value  β (SE) P-value  β (SE) P-value  β (SE) P-value 

1111 Reference   Reference   Reference   Reference  
1212 0.097 

(0.022) 
0.00001  0.097 

(0.022) 
0.00001  0.101 

(0.022) 
0.000004  0.097 

(0.021) 
0.000006 

1222 0.093 
(0.023) 

0.00005  0.090 
(0.023) 

0.00007  0.078 
(0.022) 

0.0005  0.080 
(0.022) 

0.0003 

1121 0.088 
(0.037) 

0.017  0.089 
(0.036) 

0.015  0.094 
(0.037) 

0.010  0.092 
(0.035) 

0.009 

2111 0.101 
(0.045) 

0.025  0.107 
(0.045) 

0.017  0.091 
(0.045) 

0.045  0.088 
(0.044) 

0.046 

1221 0.186 
(0.046) 

0.00005  0.185 
(0.045) 

0.00004  0.162 
(0.047) 

0.0006  0.170 
(0.046) 

0.0002 

2121 -0.043 
(0.070) 

0.540  -0.053 
(0.069) 

0.444  -0.089 
(0.065) 

0.173  -0.078 
(0.064) 

0.217 

1211 0.125 
(0.076) 

0.102  0.099 
(0.075) 

0.183  0.127 
(0.079) 

0.109  0.117 
(0.076) 

0.124 

Rare 0.076 
(0.070) 

0.274  0.062 
(0.069) 

0.366  0.054 
(0.066) 

0.413  0.053 
(0.065) 

0.418 

β indicates regression coefficient (SE) 
a The determinants of HDL cholesterol used in the multivariable model were age, waist-to-hip ratio, current 
smoking, and current alcohol consumption 
b Cumulative adjustment for age, waist-to-hip ratio, body mass index, current smoking, systolic blood pressure, 
diabetes, and current alcohol consumption 

 
 
 
evaluated these combined as the rare haplotypes (Table 4). The association between 
haplotypes and HDL cholesterol in control group using univariate and multivariate 
regression models are shown in Table 4. The five more frequent haplotypes (1212, 
1222, 1121, 2111, 1221 for the CETP C(-631)A, the C(-629)A, the I405V, and the 
TaqIB polymorphisms, respectively) versus the reference haplotype (1111) were 
significantly associated with the higher HDL cholesterol, which did not attenuate after 
adjustment for determinants of HDL cholesterol or after a cumulative adjustment for 
age, waist-to-hip ratio, body mass index, current smoking, systolic blood pressure, 
diabetes, and current alcohol consumption (Table 4). 
 
Analysis of association between SNPs, haplotypes and coronary heart disease 
None of the CETP genotypes were significantly associated with the risk of CHD, 
although the CETP C(-629)A AA genotype (HR=0.89; 95% CI, 0.59 to 1.34; P=0.58), 
the CETP I405V VV genotype (HR=0.75; 95% CI, 0.44 to 1.27; P=0.28), and the 
CETP TaqIB B2B2 genotype (HR=0.86; 95% CI, 0.55 to 1.35; P=0.51) were 
associated with a trend towards a decrease in CHD risk in univariate analysis. After 
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Table 5. Genotype and allele frequencies of CETP polymorphisms in cases and 
controls; univariate and multivariate analyses    
 
  Number (%)  Crude  Adjusted a 

Genotype  Case Control  HR 95% CI P-value  HR 95% CI P-value 
CETP C(-631)A           
CC  192  1319   1 Reference   1 Reference  
CA  18  194   0.64 0.39-1.06 0.08  0.68 0.39-1.18 0.17 
AA  1  6   1.15 0.14-9.60 0.90  1.28 0.15-10.83 0.82 
            
CETP C(-629)A          
CC  58  408   1 Reference   1 Reference  
CA  108  764   0.97 0.69-1.36 0.87  1.02 0.69-1.49 0.93 
AA  45  347   0.89 0.59-1.34 0.58  1.02 0.65-1.60 0.95 
            
CETP I405V             
II  102  720   1 Reference   1 Reference  
IV  91  638   0.98 0.72-1.32 0.89  1.05 0.75-1.47 0.79 
VV  18  161   0.75 0.44-1.27 0.28  0.79 0.44-1.41 0.42 
            
CETP TaqIB             
B1B1  59  424   1 Reference   1 Reference  
B1B2  103  711   1.00 0.72-1.41 0.98  0.97 0.67-1.45 0.94 
B2B2  32  264   0.86 0.55-1.35 0.51  0.90 0.55-1.48 0.68 
            
a Adjusted for age, body mass index, current smoking, systolic blood pressure, alcohol consumption, 
and diabetes. 
 
 
 
adjustment for age, body mass index, current smoking, systolic blood pressure, 
alcohol consumption, and diabetes these trends did not change for the CETP I405V 
VV genotype, and the CETP TaqIB B2B2 genotype (Table 5).  

Haplotype frequencies in cases and controls are shown in Table 6. No 
associations with the CETP haplotypes and risk of CHD were observed in either 
univariate or multivariate analyses adjusting for conventional risk factors of CHD (but 
not adjusted for HDL cholesterol).  
 
Discussion 
In this prospective study among healthy women aged 49 to 70 years, we investigated 
the relationship between the CETP gene polymorphisms and HDL cholesterol and 
risk of CHD later in life. Strong associations between higher HDL cholesterol levels 
and the CETP (-629)A, the CETP I405V V, and the CETP TaqIB B2 alleles and the 
haplotype comprised these alleles were found. These associations were independent 
of other determinants of HDL cholesterol including age, waist-to-hip ratio, current 
smoking, and current alcohol consumption. A reduced trend of LDL cholesterol level  
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Table 6. Haplotype frequencies for C(-631)A, C(-629)A, I405V, and TaqIB CETP 
polymorphisms and associations with CHD 
 

 Frequency  Crude  Adjusted a 

Haplotype  Case Control  OR 95% CI P-
value 

 OR 95% CI P-
value 

 
1111 

  
0.33 

 
0.36 

  
1 

 
Reference 

   
1 

 
Reference 

 

1212  0.25 0.28  1.04 0.78-1.39 0.76  1.03 0.76-1.41 0.83 
1222  0.18 0.15  0.79 0.56-1.10 0.16  0.87 0.61-1.24 0.44 
1121  0.08 0.09  1.10 0.70-1.74 0.68  1.02 0.61-1.69 0.95 
2111  0.04 0.04  0.61 0.29-1.30 0.20  0.76 0.35-1.64 0.48 
1221  0.03 0.03  1.01 0.56-1.82 0.98  1.12 0.59-2.13 0.73 
2121  0.02 0.01  1.03 0.39-2.76 0.95  0.79 0.21-3.00 0.73 
1211  0.02 0.01  0.23 0.03-1.72 0.15  0.39 0.05-2.78 0.35 
Rare  0.05 0.03  0.42 0.10-1.83 0.18  0.21 0.03-1.76 0.15 
a Adjusted for age, body mass index, current smoking, systolic blood pressure, alcohol consumption, 
and diabetes. 
 
 
 
was found among the CETP C(-629)A CC, CA, and AA genotypes. We found no 
significant relation between SNPs and haplotypes of the CETP gene and future risk 
of CHD.  

To appreciate the findings some issues need to be addressed. Data collection 
was prospective, before the diagnosis of CHD and equal for all participants. This 
assures the comparability of the cases and the randomly selected controls.(22) For a 
multifactorial trait, like CHD, this provides a valid approach to evaluate the relation 
between genetic factors and the risk of CHD while taking into account coexisting and 
risk modifying factors. In this study, prevalent cases of cardiovascular disease (ICD-
9; 390-459) at baseline were excluded from the analyses to prevent introducing bias 
due to potentially selective survival. Additional strengths are the comprehensive data 
and sample collection, and the virtually complete hospital admission and mortality 
follow-up that we have at our disposals for the entire cohort, and the design of the 
study which is a case-cohort study which combines the advantages of cohort studies 
(multiple outcomes and time-dependent covariates) with those of case-control 
analyses (fewer subjects), thus being more efficient than cohort studies. It should be 
noted that the case-control studies might have been affected by selection bias since 
only non-fatal cases were included, which is not the case in this study, because of 
our endpoint definition. Moreover, we did not have misclassification of exposure 
(genotypes), which when present in general leads to bias toward the null, by using 
standard laboratory protocols and performing a random double-check to detect 
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potential genotyping errors and the CETP genotypes were in the Hardy-Weinberg 
equilibrium. 

Limitations of this study are the relatively short period of follow-up and the 
modest number of cases. Information of statin use or other lipid-lowering drugs use 
was not available for analysis. However, the prevalence of statin use in healthy 
women during the baseline period (1993-1997) was very small (between 0.7% (95% 
CI 0.7-0.8%) in 1993 and 2% (95% CI 1.9-2%) in 1997) (29). 

The CETP gene is known to have a crucial role in HDL cholesterol 
metabolism. Polymorphisms in this gene are known to decrease CETP activity and 
increase HDL cholesterol.(30, 31) Boekholdt et al. (32) classified the highly 
polymorphic CETP gene locus to three arbitrary categories: (i) rare mutations 
introduce stop codons (nonsense mutations) which cause partial or complete CETP 
deficiency, such as the CETP D442G, the intron 14 G(+1)A, and the intron 14 
(+3)Tins polymorphisms, (ii) those mutations underlie amino-acid substitutions 
(missense mutations) which have milder effects on CETP function and some of them 
are frequent to allow association studies on the risk of cardiovascular disease, such 
as the I405V polymorphism, and (iii) those variations in untranslated regions or in 
change codons such that no change happens in the amino-acid sequence of the 
protein (silent mutations) with a fairly common frequency, such as the C(-631)A, the 
C(-629)A and the TaqIB polymorphisms.(32, 33) 

In our study, the variant alleles in the first category either was not found in 
genotyping (for the CETP D442G polymorphism) or were rare (for the CETP intron 14 
G(+1)A, and the CETP intron 14 (+3)Tins polymorphisms) such that we could not 
study their relation with HDL cholesterol or CHD risk. In the Japanese populations 
that the frequency of the intron 14 G(+1)A variant is relatively high (at about 2%), 
homozygous individuals had 2 to 5-fold increase in HDL cholesterol level compared 
to controls, while heterozygous individuals have slightly increase in HDL cholesterol 
(for a detailed summary, see (32, 33)). Conflicting results on the risk of CHD have 
been published for the carriers of the D442G and the intron 14 G(+1)A variants, with 
increasing risk or decreasing risk of CHD.(9, 34-37). 

In the second category, we studied the CETP I405V polymorphism. The 405V 
allele frequency in our study was 31.6% which is in concordance with a frequency of 
over 25% in all populations examined this common polymorphism.(33) Our HDL 
results are consistent with the results of the recent meta-analysis which showed a 
0.05 (95% CI 0.03 to 0.07) mmol/L increase in HDL cholesterol level in the 405V 
homozygotes compared with 405I homozygotes.(33) A trend toward a reduced risk of 
CHD in the current study was seen, although non-significant. Our finding on no 
significant association between the CETP I405V polymorphism and risk of CHD is in 
the line of recent studies in the WOSCOPS study, a prospective cohort of 6595 male 
age 45-65 years (498 cases of MI or coronary events) (14), the PREVEND study, a 
prospective cohort of 8265 subjects with mean age of 49 years (276 CHD cases) (8) 
in European populations and in a case-control study of 203 CHD cases and 209 
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controls of Chinese (38) populations. However, conflicting results have been 
reported. Among 4983 initially healthy Danish women, 65% increased in CHD risk 
(95% CI 1.06 to 2.58) was seen in V405V versus I405I, which was more prominent 
after adjustment for HDL cholesterol (OR=1.89; 95% CI 1.20 to 2.98).(39) In this 
study no CHD relation was observed in men. In a study of Japanese-American men 
there was no significant differences in CHD prevalence overall, but after stratification 
by triglycerides in high versus low group an increasing risk trend found from I405I to 
I405V to V405V genotypes.(40) These small effects on CHD were not conclusive and 
highlight further investigations. 

In the third category, the C(-631)A, the C(-629)A, and the TaqIB 
polymorphisms were investigated in the current study. Less common allele 
frequencies were similar to the previous studies in Caucasians. (14, 41, 42) We 
replicated the results on increasing HDL cholesterol level with the variant alleles of 
the C(-629)A and the TaqIB polymorphisms (14, 43). As the C(-629)A variant is 
functional variant which has been shown to modify the CETP gene promoter activity 
(44), a lower level of LDL cholesterol in heterozygote and homozygote individuals of 
the (-629)A allele is interestingly consistent with the other findings on HDL cholesterol 
level in our study. In the present study a trend toward a decreased risk of CHD was 
associated with the (-629)A allele, but not statistically significant. The same trend was 
found for the TaqIB B2 allele. Numerous studies have examined whether TaqIB 
variant relates to CHD risk. In a meta-analysis the TaqIB B2B2 carriers versus B1B21 
individuals had a lower risk of CHD (OR=0.78; 95% CI 0.66 to 0.93) (45). Because of 
a strong linkage disequilibrium exists between the TaqIB and the the C(-629)A 
variants, it is not clearly understood that the functional effects are completely belongs 
to the C(-629)A polymorphism or other changes linked to the TaqIB are also 
responsible.(33) Our data is in agreement with the recent result on an increased risk 
of CHD among individuals with the A(-631)A genotype compared with the C(-631)C 
genotype carriers but not reach significance perhaps due to very low frequency of 
rare allele. (14) 

Haplotype analysis can provide additional power in association studies in 
complex trait as CHD. We performed haplotype analysis and evaluated associations 
of resulted haplotypes with HDL cholesterol level and CHD risk. Two more frequent 
haplotypes, 1212 (28%) and 1222 (15%) were highly significantly related to the 
plasma HDL level but not CHD risk, compared to 1111 haplotype. These results 
concords the recent studies in Caucasians.(14, 43) 

Several mechanisms may be due to the fact that in our study the CETP 
polymorphisms or haplotypes were related to HDL level, but not to CHD risk, 
although HDL predicts CHD. It might be that the number of events in the study is too 
small to be able to detect a relation. A second explanation might be that the 
polymorphisms do affect the level of HDL, but not its function. For instance, it has 
been proposed that different HDL subclasses possess different antioxidant capacities 
which may not be revealed by the quantitative plasma HDL measurement.(46) 
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Thirdly, it has been estimated that even multiple variants in the HDL pathway can 
explain less than 20% of the variation of level of plasma HDL.(47) Finally, it has also 
been suggested that the CETP variations affect cardiovascular risk independently of 
those that affect HDL cholesterol.(8) 

 In conclusion, this study shows that in healthy Dutch women free from 
previous cardiovascular diseases, the CETP polymorphisms (C(-629)A, I405V, and 
TaqIB variants) and haplotypes were related to a higher plasma HDL cholesterol 
level and the C(-629)A polymorphism was also related to a lower plasma LDL 
cholesterol, but not to later in life risk of coronary heart disease. 
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Abstract 
 
 
 
The Gly460Trp variant of the α-adducin gene has been associated with renal sodium 
retention and salt-sensitive hypertension. Independent of blood pressure, salt sensitivity has 
been related to cerebrovascular events. We studied the risk of stroke, coronary heart disease 
(CHD), and myocardial infarction (MI), associated with the α-adducin variant and examined 
the extent to which this risk is modified by the presence of hypertension. We performed a 
case-cohort study in a prospective cohort of 15,236 initially healthy Dutch women. We 
applied a Cox proportional hazards model with an estimation procedure adapted for case-
cohort designs to study the relation of the polymorphism and CHD (n=210), MI (n=71), any 
stroke (n=74), and ischemic stroke (n=49). Subjects with the Gly460Trp variant had a 2.8 
times higher risk of stroke (95% confidence intervals [CI] 1.3-5.8) under the dominant genetic 
model, which did not attenuate after adjustment. The same pattern was found under per-
allele comparison. Risk of ischemic stroke in the variant allele carriers was 3.9 times higher 
than in subjects with the common genotype (95% CI 1.7-8.6) using dominant inheritance 
model. The same patterns were found under per-allele comparison. CHD and MI were not 
related to the variant. The risk of ischemic stroke was more pronounced among women with 
systolic hypertension (10.9; 95% CI 3.8-31.5). The findings in this prospective study in a 
population based cohort of Dutch women strongly suggest that presence of the α-adducin 
Gly460Trp polymorphism increases the risk of stroke. This risk is particularly elevated in the 
presence of systolic hypertension. 
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Introduction 
The functional Gly460Trp (G460W) variant of the α-adducin gene, accompanied by 
an amino acid substitution of tryptophan in place of glycine at residue 460 (National 
Center for Biotechnology Information single nucleotide polymorphism cluster ID 
rs4961) has been associated with renal sodium retention and salt-sensitive 
hypertension, through enhancement of the activity of the sodium pump. This leads to 
increased renal tubular sodium reabsorbtion and may eventually increase blood 
pressure. Several studies showed an increased prevalence of hypertension in the 
presence of the Gly460Trp variant of the α-Adducin gene,1, 2 but no relation with 
blood pressure has been reported.1 One reason may be that several other 
mechanisms compensate changes in blood pressure leading to hypertension in some 
but not in all carriers of the mutation.  

Independent of blood pressure, salt sensitivity has been related to 
cardiovascular events.3 Preliminary data suggest that presence of the Gly460Trp 
variant may be atherogenic and some recent studies have suggested that carriers of 
the mutation are at an increased risk of stroke 4, 5and myocardial infarction5although 
reports are scarce and not consistent.1, 6, 7 In addition, Psaty and coworkers reported 
that hypertensive carriers of the mutation may particularly benefit from treatment with 
diuretics, rather than other antihypertensive drugs.4 

We prospectively examined the relation of the α-adducin Gly460Trp 
polymorphism with risk of stroke and coronary heart disease and the interaction 
between the Gly460Trp variant and hypertension with respect to the events in Dutch 
women.   

 
Materials and Methods 
Population  
Participants were recruited between 1993 and 1997 among women living in Utrecht 
and vicinity who attended the regional breast cancer-screening program.8 17,357 
women aged 49-70 were included. At enrolment women underwent a physical 
examination, completed a general questionnaire on lifestyle and medical factors. 
Data on morbidity were obtained from the Dutch Centre for Health Care Information, 
which holds a standardized computerized register of all hospital discharge diagnoses 
in the Netherlands since 1990. Using the International Classification of Diseases, 
ninth Revision (ICD-9), we categorized cardiovascular disease (codes 390-459), 
CHD (codes 410-414), including acute myocardial infarction (code 410), stroke 
(codes 430-438), including subarachnoidal haemorrhage (ICD 430), intracerbral 
haemorrhage (ICD 431-432), ischemic (ICD 433-435), and other cardiovascular 
disease. The first diagnosis was taken as endpoint of interest. The database was 
linked to the cohort on the basis of birth date, gender, postal code, and general 
practitioner with a validated probabilistic method.9 
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Information on vital status was gained through linkage with the national 
municipal administration database. Causes of death were obtained from the women's 
general practitioners. All women signed an informed consent form prior to study 
inclusion. The study was approved by the Institutional Review Board of the University 
Medical Center Utrecht. 

 
Design 
We applied the case-cohort design introduced by Prentice.10 In this design, data is 
collected on all subjects, but the data would only be analyzed on cases and sub-
cohort members. The subcohort is a randomly selected sample of 10% (n=1736) 
from the 17,357 women in the total cohort. Women who did not consent to linkage 
with vital status registries or who were not traceable (cases n=3/sub-cohort n=38) 
were not included. Women who reported a diagnosis of cardiovascular disease (ICD-
9; 390-459) at baseline, who had missing questionnaires or blood or DNA samples 
were excluded. This resulted 15,236 women in the total cohort and 1,522 women in 
the sub-cohort at baseline (as the control group). The entire cohort 17,357 women 
had been followed up to January 1st, 2000 for the occurrence of cardiovascular 
events as defined earlier. For all subjects that had a cardiovascular event follow up 
ended at the date of diagnosis or at the date of death. Moving out of the Netherlands 
(n=2) and death due to causes other than cardiovascular disease were considered 
censoring events. All others were censored on January 1st 2000. During follow-up 
210 CHD cases (71 subjects with AMI) and 74 strokes (49 subjects with ischemic 
stroke) occurred. 

Women were classified as current, past or never smokers. Systolic and 
diastolic blood pressures were measured in duplicate at the left arm with the subjects 
in sitting position after 10 min of rest with an automated and calibrated oscillomat 
(Bosch & Son, Jungingen, Germany). Subsequently, the mean systolic and diastolic 
blood pressure was calculated. Height and weight were measured without shoes and 
wearing light indoor clothing to compute body mass index (BMI) which was defined 
as weight divided by height squared (kg/m2). Hypercholesterolemia or diabetes was 
defined as a self-reported physician diagnosis. Presence of hypertension was 
defined as a measured systolic blood pressure (SBP) ≥140 mmHg and/or a diastolic 
blood pressure (DBP) ≥ 90 mmHg and/or a self-reported physician diagnosis. In 
addition, patients with stage 2 systolic hypertension (SBP ≥160 mm Hg) were 
considered as systolic hypertensive subjects, since SBP is a better predictor of major 
cardiovascular adverse events than is DBP, particularly in older individuals.11  

 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) 
laboratory of the department of internal medicine of the University Hospital 
Maastricht. Genomic DNA was extracted from buffy coats with the use of the 
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QIAamp® Blood Kit (Qiagen Inc., Valencia, California, USA). Genotyping was 
performed using a multilocus genotyping assay for candidate markers of 
cardiovascular disease risk (Roche Molecular Systems Inc., Pleasanton, CA, USA).12 
Briefly, each DNA sample was amplified using two multiplex polymerase chain 
reactions, and the alleles were genotyped simultaneously using an array of 
immobilized, sequence-specific oligonucleotide probes. This array of probes is 
blotted on plastic strips and, after staining, genotypes can be scored based on blue 
(positive) and white (negative) bands. Each blue band, representing a specific 
genotype, was scored by specific software (counting the pixel intensity of each band) 
and checked manually. Investigators involved in genotyping were blinded to the 
case-control status of the participants. A random double-check was performed to 
detect potential genotyping errors. 

 
Data analysis  
To assess the relation of Gly460Trp polymorphism with outcomes, we used a Cox 
proportional hazards model with an estimation procedure adapted for case-cohort 
designs (unweighted method by Prentice, incorporated in a SAS macro at 
http://lib.stat.cmu.edu/general/robphreg). It computes weighted estimates with robust 
standard errors from which 95% confidence intervals were estimated. This approach 
provides association estimates that resemble those from full-cohort analysis, in 
particular when the sampling fraction is ≥ 10%.13 

Baseline characteristics of the sub-cohort were examined by α-Adducin 
genotype. Hardy-Weinberg equilibrium (HWE) was tested with the χ2 exact test (the 
expected count under the HWE was less than five for one of the three genotypes 
among the controls). The relation between genotypes and potential risk factors was 
studied using t-test for continuous variables and chi square test for dichotomous 
variables.We assessed the association between the polymorphism and events under 
the dominant genetic model (combined GT and TT genotypes versus GG as the 
baseline group) and per-allele comparison. The per-allele hazard ratio of the rare 
allele was compared between cases and controls by assigning scores of 0, 1, and 2 
to common homozygote, heterozygote, and rare homozygote, respectively. This is 
equivalent to a comparison of the T allele versus G allele as the baseline. To deal 
with possible non-linearity, continuous predictors (age, SBP, DBP, BMI, Waist to hip 
ratio, HDL, LDL, and total cholesterol) were modeled by using fractional 
polynomials.14 

All analyses were performed for any stroke, ischemic stroke, CHD, and MI. A 
value of P<0.05 (two-sided) was considered significant. In addition, interactions 
between genotype and hypertension on the risk of events were tested on both the 
multiplicative and additive scales. First, the multiplicative interaction between 
genotype and hypertension was assessed by the use of a product term and the Wald 
χ2 test. Furthermore, a two-by-four table used for  presenting  and  analyzing  data on  

http://lib.stat.cmu.edu/general/robphreg)
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gene-environmental interaction as proposed previously15 and synergy index of 
multiplicativity (SIM) was calculated [SIM=HR ADD1*HTN /(HR ADD1 * HR HTN)]. A synergy 
index of multiplicativity of one means no interaction on a multiplicative scale, while a 
synergy index of multiplicativity greater than one means that the joint effect of gene 
and hypertension is larger than expected from the product of their individual effect. 
An additive interaction was assessed using the synergy index of additivity (SIA) by 
the delta method described by Hosmer and lemeshow.16 The SIA equal to one 
means no interaction on additive scale. The modeling strategies included the 
assessment of the interaction without and with adjustment for age. As it has been 
shown previously, biologic interaction better reflected by an additive interaction than 
a multiplicative interaction.17-19  

 
Results 
In table 1 general characteristics of the subcohort (N=1522) are given. 1452 (95.4%) 
of participants had the common genotype (GG), 68 (4.5%) were heterozygous (GT) 
and 2 (0.1%) were homozygous (TT) for the tryptophan allele. The genotype 
distribution was in Hardy-Weinberg equilibrium (χ2 exact test=1.63; P=0.20). 
Characteristics of stroke and CHD cases and sub-cohort are shown in Table 1. 

None of the conventional risk factors was significantly related to the Gly460Trp 
polymorphism (Table 1). There was a tendency for those subjects with tryptophan 
allele to have a higher weight, systolic and diastolic blood pressure. Age, 
hypertension, hypercholesterolemia, systolic blood pressure, diastolic blood 
pressure, waist to hip ratio, and HDL and LDL were significantly related with future 
stroke. All risk factors (except weight) were statistically significantly related with future 
CHD (Table 1). Median follow up time for the sub-cohort was 4.3 years, with a total of 
6,525 person years. The actual follow-up in the baseline cohort of 15,236 women 
was 64,768 person years.  

The comparison between the models using linear and fractional polynomials of 
age, SBP, DBP, BMI, waist to hip ratio, HDL, LDL, and total cholesterol provided no 
evidence for a departure from linearity (P > 0.21 for all; null hypothesis: the 
association is linear) for different events. In the final multivariable fractional 
polynomial model for any stroke risk, the variant (Table 2), age (HR=1.08; 95% CI, 
1.03 to 1.12; P=0.0004), hypertension (HR=1.87; 95% CI, 1.14 to 3.07; P=0.0139), 
and hypercholesterolemia (HR=2.73; 95% CI, 1.42 to 5.26; P=0.0026), remained in 
the model. We considered these three variables for further adjustments in the 
analyses (model 1). 

Table 2 presents hazard ratios (HR) of events in tryptophan allele carriers 
compared with non-carriers, under dominant and per-allele genetic models. 
Genotype distribution among any stroke cases and ischemic stroke subjects were 65 
(88%), 9 (12%), 0 (0%), and 41 (84%), 8 (16%), 0 (0%), respectively for GG, GT, and  
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TT genotypes. Variant carriers were found to have an increased risk of any stroke 
under dominant model (HR=2.76; 95% CI, 1.32 to 5.77; P=0.007), and under per-
allele comparison (HR=2.49; 95% CI, 1.28 to 4.86; P=0.007) compared with common 
type homozygotes, which remained statistically significant after adjustment for age, 
hypertension, and hypercholesterolemia (model 1) or after cumulative adjustment for 
age, systolic blood pressure, body mass index, serum total cholesterol, current 
smoking, alcohol intake, use of antihypertensive drugs, and diabetes (model 2; Table 
2). Higher risks were found for ischemic stroke among variant carriers under 
dominant model (HR=3.86; 95% CI, 1.74 to 8.57; P=0.0009) and per-allele 
comparison (HR=3.35; 95% CI, 1.67 to 6.72; P=0.0007), which did not attenuate after 
adjustments (Table2). 

Genotype distribution among CHD and MI cases were 199 (94.8%), 11 (5.2%), 
0 (0%), and 70 (98.6%), 1 (1.4%), 0 (0%), respectively for GG, GT, and TT 
genotypes. There was no statistically significant association between the variant and 
CHD under dominant genetic model (HR=1.10; 95% CI, 0.58 to 2.09; P=0.77), which 
did not change after further adjustments (Table 2). A same result was found for per-
allele comparison (Table 2). Likewise, no association was found for MI under 
different genetic models (Table 2). When we considered all stroke or CHD cases, a 
higher risk was seen for the variant carriers, although did not reach significant level 
under both genetic models (Table 2). 
 

 
Table 3. Multiplicative interaction between hypertension and the Gly460Trp 
polymorphism in relation to risk of any stroke and ischemic stroke 
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We investigated the interaction between hypertension and the Gly460Trp 

polymorphism, first, in relation to any stroke and ischemic stroke. When we 
considered common definition of hypertension (BP ≥140/90 or use of 
antihypertensive drugs) we did not find a significant interaction for any stroke under 
multiplicative scale (age-adjusted SIM=1.03; 95% CI, 0.24 to 4.49) or additive scale 
(age-adjusted SIA=1.53; 95% CI, 0.01 to 3.05), and for ischemic stroke under 
multiplicative scale (age-adjusted SIM=1.43; 95% CI, 0.25 to 8.04) or additive scale 
(age-adjusted SIA=2.37; 95% CI, 0.75 to 4.00). Using stage 2 of systolic 
hypertension, we found a higher risk of ischemic stroke for the variant carriers with 
systolic hypertension (age-adjusted HR=10.88; 95% CI, 3.75 to 31.50; P<0.001) 
compared with common-type homozygotes without hypertension (Table 3). We found 
a significant synergy index of additivity equal to 3.8 (1.90-4.66), which also remained 
significant after adjustment for age (SIA=3.04; 95% CI, 1.55 to 4.53). The synergy 
index of 3 indicated a departure from an additive relation. For any stroke we also 
found an increased risk for the variant carriers with systolic hypertension (age-
adjusted HR=6.69; 95% CI, 2.38 to 18.77; P<0.001) compared with common-type 
homozygotes without hypertension (Table 3). Under the additive scale we found a 
borderline significant synergy index equal to 2.03 (0.63-3.43) adjusted for age. These 
results indicated that there was an additive interaction between the α-adducin 
Gly460Trp variant and systolic hypertension on the risk of ischemic stroke. Before 
and after adjustment for age, however, we did not find a modifying effect for SBP at 
baseline as a continuous variable on the association of the variant and the risk of 
ischemic stroke (P=0.81) and any stroke (P=0.85). Evaluating interaction between 
the variant and SBP, hypertension (common definition), and systolic hypertension 
under additive and multiplicative scales for the risk of CHD and MI did not show any 
modification effect (0.9 < P < 0.5) 

 
Discussion 
The results of this prospective study among women aged 49 to 70 years, using a 
case-cohort approach in a cohort of 15,236 initially healthy women, show increased 
risks of any stroke and ischemic stroke in women carrying the α-adducin Gly460Trp 
variant. The findings suggest that the Gly460Trp mutation in the α-adducin gene 
affects stroke risk independent from blood pressure levels. In addition, presence of 
the mutation amplifies the risk of ischemic stroke associated with systolic 
hypertension. 

To appreciate the findings some issues need to be addressed. Data collection 
was prospective, before the diagnosis of cerebrovascular diseases and equal for all 
participants. This assures the comparability of the cases and the randomly selected 
controls.10 For a multifactorial trait, like stroke, this provides a valid approach to 
evaluate the relation between genetic factors and the risk of stroke while taking into 
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account coexisting and risk modifying factors. In this study, prevalent cases of 
cardiovascular disease (ICD-9; 390-459) at baseline were excluded from the 
analyses to prevent introducing bias due to potentially selective survival. Additional 
strengths are the comprehensive data and sample collection, and the virtually 
complete hospital admission and mortality follow-up that we have at our disposals for 
the entire cohort, and the design of the study which is a case-cohort study which 
combines the advantages of cohort studies (multiple outcomes and time-dependent 
covariates) with those of case-control analyses (fewer subjects), thus being more 
efficient than cohort studies. It should be noted that the case-control studies might 
have been affected by selection bias since only non-fatal cases were included, which 
is not the case in this study, because of our endpoints definitions. Moreover, we did 
not have misclassification of exposure (genotypes), which when present in general 
leads to bias toward the null, by using standard laboratory protocols and performing a 
random double-check to detect potential genotyping errors and the α-adducin 
Gly460Trp genotypes were in the Hardy-Weinberg equilibrium. Limitations of this 
study are the relatively short period of follow-up and the modest number of cases. 
Moreover, because this cohort is exclusively comprised of Dutch women, these 
results cannot be generalized to men or other ethnic groups, for whom rates of the 
events or the allele frequency are known to differ.  

Our finding of an increased stroke risk in the presence of the α-adducin 
Gly460Trp polymorphism agrees with the recent findings, in which the risk of 
cerebrovascular disease was significantly increased within 6471 subjects of the 
Rotterdam study,5 a prospective cohort of both men and women aged 55 years or 
above, for any stroke (498 cases) or ischemic stroke (291 cases) but not for 
hemorrhagic stroke (47 cases). In the Rotterdam study, in the whole population after 
adjustment for age and sex, higher risks for any stroke and ischemic stroke were 
found for the variant carriers, but did not provide a gender stratification.5 Also in a 
case control study of 117 stroke subjects among hypertensives that were 
pharmacologically treated, a modest association was found for the variant allele 
carriers versus GG genotypes.4 Our result on the risk of stroke in women expands 
these findings. However, contradictory results have been published.6, 7 In the ARIC 
study, a prospective cohort of both men and women aged 45 to 64 years which was 
carried out in almost 50 percent of African Americans, no association was found 
between the variant and risk of ischemic stroke (231 ischemic strokes).7 No report 
exists regarding potential men and women differences in relation to the risk of stroke 
among the variant carriers and non-carriers. Our findings with respect to MI and CHD 
are in accordance with results from previous studies.4, 6In a large prospective study, 
the α-adducin Gly460Trp polymorphism was not associated with the risk of MI, 
coronary events, stroke, and all cardiovascular events.6 However, in this population-
based study, Li et al found for the first time a significant interaction between the 
variant and hypertension in relation to total and cardiovascular mortality and all 
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cardiovascular, cardiac, and coronary events.6 Our study, as well as the Rotterdam 
study, provided evidence for a significant interaction between the α-adducin 
Gly460Trp variant and hypertension in relation to risk of ischemic stroke.5 

The mutation in the α-adducin gene has been most widely studied in relation 
to blood pressure levels.1, 2, 20 Overall, the published data seem to suggest the 
carriers of the mutation have higher blood pressure levels and increased rates of 
hypertension, although not all studies were able to confirm an effect on blood 
pressure1, 2, 21 attributed partially to confounders of ethnicity, lifestyle and other 
environmental factors or biases vary between studies. As a significant correlation 
exists between SBP elevation and the increased risk of stroke, adequate control of 
SBP has important clinical benefits, particularly in the aging population.22, 23 
Therefore, our finding, as well as recent findings5, 6, on presence of a significant 
interaction between the variant and systolic hypertension in relation to risk of 
ischemic stroke could benefit the clinical setting, if confirmed in other ethnicities.  

We studied a single nucleotide polymorphism in the α-adducin gene where the 
amino acid sequence is changed from glycine to tryptophan at residue 460. Adducin 
is a heterodimeric cell membrane skeleton protein composed of α and β subunits. 
Genetic variation in the α-adducin protein may affect ion transport through 
modification of actin cytoskeleton assembly and changes in sodium pump activity.24 
The role of genes in susceptibility for stroke has particularly been examined in rats, in 
particularly spontaneously hypertensive (SHR) and stroke-prone strains. Findings in 
these models have suggested that stroke is attributable to both blood pressure 
dependent and independent genetic factors. With similar blood pressure levels, SHR 
and stroke-prone SHR have a different risk of stroke, indicating a role for blood 
pressure independent genetic risk factors.25 In our study, we found an association 
between the variant and stroke after adjustment for blood pressure and hypertension. 
This could amplify the role of this variant on stroke, independent of blood pressure. 
The possible underlying mechanism of the prediction of this genetic variant for 
stroke, as it was proposed, is salt sensitivity which has been related to cardiovascular 
events, independent of blood pressure.3   

In conclusion, this study shows that in healthy Dutch women free from 
previous cardiovascular diseases, the α-adducin Gly460Trp polymorphism was 
related to later in life risk of stroke and ischemic stroke. The risk of ischemic stroke 
associated with the α-adducin Gly460Trp polymorphism was higher among women 
with systolic hypertension. Conversely, the mutation appeared to modify the risk 
relation between elevated blood pressure and stroke. 

 
Perspectives 
The present study provides further evidence that the Gly460Trp polymorphism as a 
functional polymorphism within a candidate gene, the α–adducin, acts in the etiology 
of stroke. Since demonstration of gene environment interaction in the pathogenesis 
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of complex phenotypes, such as stroke, is increasingly prevalent, especially with the 
strength of prospective studies, these findings with appropriate pharmacogenetic 
evaluation could benefit therapeutic indices. As it has been found that in carriers of 
the α–adducin variant, diuretic therapy was associated with a lower risk of combined 
MI and stroke than other antihypertensive therapies,4 those hypertensive subjects 
who are carriers of the variant, may be especially likely to benefit more from diuretic 
therapy. 
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Abstract 
 
 
 
Objective  
The angiotensinogen gene M235T polymorphism relates to an increased risk of 
hypertension. Hypertension and pregnancy induced hypertension have been 
suggetsed to share common etiologic factors. We examined whether this mutation 
also increases the risk of preeclampsia/eclampsia.  
 
Methods  
Pubmed/Medline, Web of Science and EMBASE were searched and a hand search 
of bibliographies was conducted. 17 studies (including 1446 cases and 3829 
controls) published in English between 1993 and October 2006 on the association of 
angiotensinogen gene M235T polymorphism with the preeclampsia/eclampsia were 
selected.  
 
Results  
The overall odds ratio under a random effects model revealed that individuals 
homozygous for the T allele were 1.62 times more likely to develop 
preeclampsia/eclampsia (95% CI, 1.12 to 2.33; P=0.01) compared with individuals 
homozygous for the M allele. The relation in Caucasians (OR=1.99; 95% CI, 1.18 to 
3.36; P=0.01) was similar as that in East Asian populations (OR=1.74; 95% CI, 0.92 
to 3.28; P=0.09), although the latter was not statistically significant due to lower 
numbers of studies. Under additive, recessive and dominant genetic models positive 
associations were also found. A meta-regression analysis showed that ethnic 
background was a significant source of between study heterogeneity (P = 0.04) but 
design of the study, study size, and HWE-deviation were not. There was a low 
probability of publication bias. 
 
Conclusions  
Our meta-analysis expands the findings on hypertension by showing that the 
presence of the T allele of the AGT gene is associated with increased risk to develop 
preeclampsia/eclampsia.  
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Introduction 
Angiotensinogen (AGT) is a liver protein that interacts with renin to produce 
angiotensin І, the prohormone of angiotensin ІІ, which is the major effector molecule 
of the renin-angiotensin-aldosterone system (RAAS) that plays a key role in the 
regulation of blood pressure (BP) by increasing vascular tone and promoting sodium 
retention. The angiotensinogen level relates directly to arterial blood pressure and is 
modified by variants in the angiotensinogen gene [1]. The molecular variant (M235T) 
of the AGT gene, encoding the presence of a threonine instead of a methionine at 
residue 235 of the mature protein, leads to higher plasma AGT levels and higher BPs 
in patients homozygous for the T allele.[1,2].  In a meta-analysis, the TT genotype 
compared to the MM group was associated with 31% increase in risk of hypertension 
in white but not in non-white people [3]. As this polymorphism may play an important 
role in the pathogenesis of hypertension, it may also increase susceptibility to the 
hypertensive disorders of pregnancy [4]. 

Hypertensive disorders of pregnancy constitute a major cause of maternal and 
perinatal morbidity and mortality [4]. Hypertension in pregnancy can either be chronic 
hypertension, or be a sign of a disorder secondary and specific to pregnancy, called 
gestational hypertension, or, when proteinuria coincides with it, preeclampsia. The 
etiology of preeclampsia is not precisely known. It is acknowledged to be the result of 
a complex interaction between maternal constitutional factors, fetal factors, placental 
factors and pregnancy-specific changes [5]. Studies in various ethnic populations 
revealed (mostly maternal) genetic factors contributing to preeclampsia, of which 
angiotensinogen gene is a candidate. A few studies found an association between 
the M235T polymorphism (National Center for Biotechnology Information single 
nucleotide polymorphism cluster ID rs699) of the AGT gene and preeclampsia in 
Caucasians [6-9] and Japanese [10]. In contrast, conflicting results were in 
Caucasians [11], East Asians [12-14], Black Americans [15], Hispanics [16] and 
Africans [17]. Therefore, we conducted a meta-analysis of available studies to clarify 
the role of the M235T polymorphism in angiotensinogen gene in development of 
preeclampsia.  
  
Methods 
Literature Search 
We searched MEDLINE, Web of Science and EMBASE up to October 2006 for 
observational studies evaluating an association between the M235T polymorphism of 
angiotensinogen gene and hypertension in pregnancy. Terms used for the search 
were: Met235Thr, M235T, angiotensinogen, AGT, polymorphism, mutation, 
"gestational hypertension", PIH, "pregnancy induced hypertension", "hypertension in 
pregnancy", “high blood pressure in pregnancy”, preeclampsia, eclampsia, “transient 
hypertension of pregnancy”. We retrieved additional studies by hand searching the 
bibliographies of original research reports and reviews and through the MEDLINE 
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option “related articles”. Search results were limited to articles published in English 
and studies on human subjects.  
 
Selection Criteria 
All studies were considered potentially eligible if they studied the relation of M235T 
genotypes to development of preeclampsia/eclampsia. All studies were included if 
they reported relative risks, odds ratios (OR) or hazard ratios (HR) and 95% CIs for 
preeclampsia/eclampsia related to the genotypes or provided raw data that allowed 
us to calculate these values. For duplicate publications, the study with the smaller 
data set was excluded.  
 
Endpoint 
We studied the second category of hypertension during pregnancy, 
preeclampsia/eclampsia, based on the report by American National High Blood 
Pressure Education Program Working Group on High Blood Pressure in Pregnancy 
[4], as the endpoint of our interest.  Preeclampsia was defined as gestational blood 
pressure elevation (a blood pressure ≥140 mm Hg systolic or ≥90 mm Hg diastolic in 
a woman who was normotensive before 20 weeks’ gestation) accompanied by 
proteinuria (the urinary excretion of ≥0.3 g protein in a 24-hour specimen, which is 
usually correlated with ≥30 mg/dL (≥1+ reading on dipstick) in a random urine 
determination with no evidence of urinary tract infection). Eclampsia is defined as the 
occurrence of seizures in a woman with preeclampsia that cannot be attributed to 
other causes [4]. 
 
Inclusion criteria 
Any observational study (cohort, case-control, and cross-sectional study), regardless 
of sample size, which studied the association between the AGT M235T genotypes 
and development of preeclampsia/eclampsia and fulfilled the following criteria, was 
included: (i) AGT M235T genotype frequencies were provided by case-control status 
(studies without controls were excluded); (ii) genotyping had been performed with 
validated methods; (iii) preeclampsia/eclampsia was evaluated (chronic 
hypertension, gestational hypertension, and HELLP syndrome were excluded); (iv) 
unrelated women had been involved; (v) non-overlapping data was contained; (vi) 
relevant data was presented to calculate the effect size and its 95% CI. 
 
Data Extraction 
The following information was extracted from each study: first author’s name; 
country; year of publication; population evaluated; study design; mean age or age 
range for case-patients and controls; definition and number of cases and controls; 
allele frequencies and genotype distribution in case-patients and controls (where 
data were not given, they were calculated from the corresponding genotyping 
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frequencies of the case and control groups); consistency of genotype frequencies 
with Hardy-Weinberg equilibrium (HWE) (calculated if not given); and ORs and 95% 
CIs for development of preeclampsia related to the AGT gene genotypes based on 
different genetic models (from the original paper or calculated if not provided based 
on raw data). We considered different modes of inheritance as follows: the dominant 
model, the MT and TT genotypes combined versus the MM genotype; the recessive 
model, the TT genotype versus the MT and MM combined genotypes; and the 
additive model, the T allele versus the M allele. Data were extracted independently 
and entered into separate databases by 2 authors (MHZ and MEN). Results were 
compared, and disagreements were resolved by consensus.  
 
Statistical Analysis 
Mantel-Haenszel was used to calculate the odds ratio for the pooled data in a fixed 
effect model. If there was evidence for heterogeneity, the DerSimonian-Laird method 
was used for the pooled odds ratio in a random-effects model, under pairwise 
comparisons of the different genotypes and dominant, recessive, and additive 
inheritance models. For all the models used, the T allele was considered the one at 
risk. In each study, we tested for Hardy-Weinberg equilibrium by using an 
asymptomatic χ2 test or an exact test among the controls [19]. 

In addition, we used Cochran’s χ2 – based Q statistic for between-study 
heterogeneity, which is considered to be significant for P < 0.10, as well as the I2 
statistic for estimation of inconsistency in meta-analyses [19]. I2 represents the 
percentage of the observed between-study variability due to heterogeneity rather 
than to chance. It ranges between 0 percent and 100 percent (I2 = 0-25%, no 
heterogeneity; I2 = 25-50%, moderate heterogeneity; I2 = 50-75%, large 
heterogeneity; I2 = 75-100%, extreme heterogeneity) [20].  

We used funnel plots to examine publication bias of reported associations [21] 
and  Egger’s test and Begg-Mazumdar test with 95%CI for evaluating publication 
bias. Meta-analysis was carried out using STATA 9.2 using meta-regression analysis 
with restricted maximum likelihood estimation to evaluate the extent to which different 
variables explained heterogeneity among the individual ORs. To evaluate the 
possible effect of ethnic background on the variability of the individual ORs, the study 
populations were divided into Caucasians, East Asians (Japanese, Korean, and 
Chinese), and miscellaneous (Black and coloured Africans, Black American, and 
Hispanic) in sub-group analysis as well as in meta-regression analysis. 
 
HWE Correction 
For evaluating impact of HWE-deviated studies on effect estimates in genotype-
based contrasts, odds ratios and variances were corrected by using the HWE-
predicted genotype counts in the control instead of the observed counts as previously 
suggested [19], thereafter, they were included in the sensitivity analysis. 
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Results 
Eligible Studies 
The search generated 93 papers, of which 15 articles met the selection criteria. From 
the 78 articles excluded, 11 were duplicate publications, 23 were reviews, 28 
considered other end points, 11 studied other polymorphisms, three were family-
based studies or case report, and two papers did not provide relevant data. In two 
papers the results were based on two different populations; in Caucasian and 
Japanese in Ward’s paper  [9]  and  in  Australian  and  Chinese populations in Guo’s 
paper [13]; we considered these populations separately in the meta-analysis. 
Therefore, 17 studies with 1446 cases and 3829 controls were finally included  
(Table 1). 

There was a significant difference in prevalence of homozygoisty for T235 by 
ethnicity (18% for Caucasians versus 57% for East Asians and 84% for Black 
Africans; P< 0.0001). Likewise, significant differences in the T allele frequency were 
observed (41% for Caucasians versus 75% for East Asians and 92% for Black 
Africans; P< 0.0001). There were seven studies in Caucasians [7-9,11,13,18,22], six 
studies in East Asians [9,10,12-14,23], and four other studies in Hispanic [16], black 
African [17], black American [15], and coloured African [24] populations which we put  
together in a miscellaneous group, due to lack of data to make other special ethnic 
groups.   

Ward et al. [9] and Kim et al. [23] did not mention the definitions which they 
had used. Roberts et al. [17] used a classification based on a locally employed 
treatment regimen which preeclampsia was defined as a blood pressure of ≥ 140/90 
mmHg (Korotkoff 5) on two separate occasions 6 h apart, and at least 1+ proteinuria 
on dipstix after 34 weeks of gestation, while early onset preeclampsia was the 
development of hypertension and proteinuria for the first time prior to the 34th week 
of gestation. In all other studies, the cases were well defined following the valid 
criteria as described earlier. We performed the main analysis and a sensitivity 
analysis based on the case definitions. Controls were normotensive women. Design 
of the studies was case-control, except two papers which were prospective cohorts 
[14,18]. 

Validated genotyping methods were used in all studies, which were allele-
specific oligonucleotide hybridization (ASOH in 6 studies), allele-specific amplification 
(ASA in 6 studies), restriction fragment length polymorphisms (RFLP in 4 studies), 
and Taqman assay in one study (Table 1). However, blinding of investigators 
involved in genotyping on the case/control status of the participants was reported in 
only two studies [9,18]. Moreover, performing a random double-check to detect 
potential genotyping errors were mentioned in four studies [11,13,15]. In most of the 
studies, the genotype frequencies were consistent with  Hardy-Weinberg  equilibrium. 
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Under the assumption of Hardy–Weinberg equilibrium, genotypic frequencies in 
unrelated controls from a general population should be randomly distributed on the 
basis of the observed allelic frequencies. However, deviations from HWE were found 
in five studies (Table 1) [7,9,13,16,22]. 
 
Main Results and Subgroup Analysis  
Of 17 individual ORs estimates, seven [8,11,14-17,24] showed a lower or similar risk 
of preeclampsia/eclampsia for individuals homozygous for the T allele (T235T 
genotype) compared with individuals homozygous for the M allele (M235M genotype) 
(Figure 1), but none of them was separately statistically significant. The other ten 
studies [7,9,10,12,13,18,22,23] showed an increased risk among individuals 
homozygous for the T allele, of which two estimates [7,9] were statistically significant. 
The overall OR under a random effects model showed that individuals homozygous 
for the T allele were 1.62 times more likely to develop preeclampsia/eclampsia (95% 
CI, 1.12 to 2.33; P=0.01), while subgroup analysis revealed that this association was 
statistically signifant in Caucasians (OR=1.99; 95% CI, 1.18 to 3.36; P=0.01) but not 
in East Asian populations (OR=1.74; 95% CI, 0.92 to 3.28; P=0.09) (Figure 1). 
However the odds ratios in the two populations are comparable and the confidence 
intervals are widely overlapping. It seems that the results in East Asians did not 
reach statistically significance level just because of the lower number of studies and 
subjects included in this subgroup. 

When comparing individuals heterozygous for the T allele (M235T genotype) 
with individuals homozygous for the M allele (M235M genotype) a significant 
association was found among Caucasians (OR=1.56; 95% CI, 1.19 to 2.06; 
P=0.002), but not among other ethnicities nor in the overall effect (Figure 2). The 
dominant model showed an increased risk of preeclampsia/eclampsia for carriers of 
the T allele (OR=1.38; 95% CI, 1.04 to 1.82; P=0.02), especially in Caucasians 
(OR=1.65; 95% CI, 1.23 to 2.21; P=0.001) (Table 2). When a recessive model was 
evaluated, a similar result was found (OR=1.42; 95% CI, 1.08 to 1.87; P=0.01), 
although of borderline significance in Caucasians (OR=1.50; 95% CI, 0.99 to 2.29; 
P=0.06) (Table 2). Under additive mode of inheritance, a higher risk was found for 
the variant carriers (OR=1.32; 95% CI, 1.10 to 1.60; P=0.003) (Table 2). There was 
evidence for moderate to large inconsistency in meta-analyses, in particular under 
recessive (I2 = 54.2%, P=0.004) and additive models (I2 = 53.7%, P=0.005). 
Furthermore, subgroup analysis revealed a moderate inconsistency among studies in 
Caucasians and a large heterogeneity in East Asian populations (Figures 1 and 2). 
 
Sensitivity Analysis 
First, the influence of deviation from the HWE on effect estimates was examined by 
using HWE-deviation adjusted ORs. Table 2 presents genotype-based contrasts with 
corrected ORs, as well as allele-based contrast, compared to the previous results. In 



 
AGT and preeclampsia | 91 

Genetic risks for cardiovascular diseases 

 
 
Figure 1. Results of published studies of association between the AGT M235T 
polymorphism and preeclampsia/eclampsia in different ethnic groups. ORs for the 
outcome compared the T235T genotype vs. the M235M. The size of the box is 
proportional to the weight of the study. 
 
       
the TT versus MM contrast, a higher risk for development of preeclampsia/eclampsia 
was found for the TT homozygote women and the effect estimate was still statistically 
significant in all studies as well as in Caucasians. Furthermore, under the dominant 
and recessive models a higher risk was seen in Caucasians, but the corrected OR in 
East Asians and the overall effect were significant only under the dominant model. 
Using the additive model, a higher risk was seen, but it did not reach the significant 
level. Therefore the previous results did not materially change.  

Second, we examined impact of different genotyping methods on the effect 
estimates. In the TT versus MM contrast, higher risks for development of 
preeclampsia/eclampsia were found using ASA, ASOH, and RFLP genotyping 
methods, which were comparable (although non-significant) with widely overlapping 
confidence intervals. Similar results found under other genetic models, confirming 
that the effect estimates were not highly affected by genotyping methods. 
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Figure 2. Results of published studies of association between the AGT M235T 
polymorphism and preeclampsia/eclampsia in different ethnic groups. ORs for the 
outcome compared the M235T genotype vs. the M235M. The size of the box is 
proportional to the weight of the study. 
 
      

Third, the funnel plot for overall results was symmetric. Moreover, tests for 
potential publication bias were performed. The Egger’s test (P=0.36), and the Begg-
Mazumdar test (P=0.51) were not significant, suggesting a low probability of 
publication bias (in Caucasians P=0.22 and 0.45; in East Asians P=0.31 and 0.35). 

Finally, we evaluated case definition impact on the pooled estimates under 
different modes of inheritance. In the first step we excluded the study by Roberts et 
al. [17] which used a different definition for preeclampsia and ran the meta-analysis. 
The overall OR for the TT versus MM contrast in 16 studies was 1.69 (95% CI, 1.18 
to 2.41; P=0.004). We also found a significant higher risk of preeclampsia/eclampsia 
under the dominant model (OR=1.40; 95% CI, 1.07 to 1.85; P=0.015), the recessive 
model (OR=1.46; 95% CI, 1.08 to 1.97; P=0.014), and the additive model (OR=1.35; 
95% CI, 1.11 to 1.65; P=0.003) in all studies. Next, those studies which did not 
mention their case definitions [9,23] were also excluded. In the overall analysis for 13  
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Kobashi et al.,1999,Japan 

Miscellaneous 
Subtotal  (I - squared = 0.0%, p = 0.551) 

Bashford et al.,2001,USA (Hispanic) 
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Subtotal  (I - squared = 0.0%, p = 0.472) 

Suzuki et al.,1999,Japan 
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Kim et al.,2004,S. Korea 
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Guo et al.,1997,China 

OR (95% CI) 

1.39 (0.94, 2.04) 

0.25 (0.03, 2.31) 

1.75 (0.90, 3.39) 

0.73 (0.15, 3.55) 

0.20 (0.02, 1.82) 
0.56 (0.08, 4.01) 

1.93 (0.10, 36.88) 

0.76 (0.03, 17.17) 

0.90 (0.37, 2.15) 

3.00 (0.53, 16.90) 

2.65 (0.92, 7.61) 

0.82 (0.52, 1.29) 

16.49 (0.90, 303.32) 

2.01 (0.87, 4.68) 

1.20 (0.51, 2.81) 

4.50 (0.49, 41.25) 

0.96 (0.19, 4.84) 
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90 
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49 

9 

18 
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45 
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13 

72 

1.26 (0.96, 1.67) 
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0.25 (0.03, 2.31) 
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0.73 (0.15, 3.55) 
1.22 (0.65, 2.29) 

0.20 (0.02, 1.82) 
0.56 (0.08, 4.01) 
0.73 (0.47, 1.12) 

1.93 (0.10, 36.88) 

0.76 (0.03, 17.17) 

0.90 (0.37, 2.15) 

1.56 (1.19, 2.06) 

3.00 (0.53, 16.90) 

NOTE: Weights are from random effects analysis 

Heterogeneity between groups: p = 0.015 
Overall  (I - squared = 18.6%, p = 0.236) 

Study, publication year, country 
Caucasian 

L é vesque et al.,2004,Canada 

East Asian 

Roberts et al.,2004,S. Africa (Black) 

Guo et al.,1997,Australia 

Kobashi et al.,1999,Japan 

Miscellaneous 
Subtotal  (I - squared = 0.0%, p = 0.551) 

Bashford et al.,2001,USA (Hispanic) 
Hillermann,2005,S. Africa ( Coloured ) 
Subtotal  (I - squared = 0.0%, p = 0.472) 

Suzuki et al.,1999,Japan 

Ward et al.,1993,Japan 

Morgan et al.,1999,UK 

Subtotal  (I - squared = 0.0%, p = 0.575) 

Tempfer et al.,2004,Austria 

Bouba et al.,2003,Greece 

Wang et al.,2006,USA 

Choi et al.,2004,S. Korea 

Ward et al.,1993,USA 

Kim et al.,2004,S. Korea 

Procopciuc et al.,2002,Romania 

Guo et al.,1997,China 

OR (95% CI) 

1.39 (0.94, 2.04) 

0.25 (0.03, 2.31) 

1.75 (0.90, 3.39) 

0.73 (0.15, 3.55) 

0.20 (0.02, 1.82) 
0.56 (0.08, 4.01) 

1.93 (0.10, 36.88) 

0.76 (0.03, 17.17) 

0.90 (0.37, 2.15) 

3.00 (0.53, 16.90) 
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0.82 (0.52, 1.29) 
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2.01 (0.87, 4.68) 

1.20 (0.51, 2.81) 
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56 / 53 
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33 / 29 
13 /14 

5 / 96 
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12 / 12 
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0.56 (0.08, 4.01) 
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1.93 (0.10, 36.88) 

0.76 (0.03, 17.17) 

0.90 (0.37, 2.15) 

1.56 (1.19, 2.06) 

3.00 (0.53, 16.90) 

2.65 (0.92, 7.61) 

0.82 (0.52, 1.29) 

16.49 (0.90, 303.32) 
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4.50 (0.49, 41.25) 

0.96 (0.19, 4.84) 

Cases / Controls 
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80 / 65 

1 .03 .1 .2 .5 1 2 5 10 30 
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Table 2. ORs  and 95% CI for genotype-based contrasts and allele-based contrast 
before and after adjustment for HWE-deviation   

 
 
 
 
 
remained studies, the M235T polymorphism seemed to confer about a 26-49% 
increase in the risk of preeclampsia/eclampsia, regardless of whether genotypes or 
alleles were contrasted, but statistical significance was found only for the TT versus 
MM and allele-based contrasts (P= 0.03 for both). Subgroup analysis showed that in 
Caucasians the T allele carriers have a higher risk of preeclampsia/eclampsia and 
the effect estimates were statistically significant for all contrasts, except under the 
recessive model. Thus, these results did not attenuate the former findings, which 
indicate the robustness of them. 
 
Meta-regression 
First, an empty regression was run with only the log of effect estimate of pooled 
studies under the TT vs. MM contrast to determine baseline value for τ2, an estimate 
of between-study variation. Next, single covariates were added in a series of 
univariate models. We performed the regression analysis for three predefined 
potential sources of heterogeneity, the ethnic background, study design and size, 
and also two more covariates, deviation from HWE and genotyping methods. Dummy 
variables were created for case-control (0) vs. cohort (1), small study (0) vs. big study 
(1), and HWE-confirmed (0) vs. HWE-deviated (1). Dummy variables for ethnicities 
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were Caucasians (1), otherwise (0) and East Asians (1) otherwise (0) and for 
genotyping methods were ASA (1), otherwise (0), ASOH (1), otherwise (0), and 
RFLP (1), otherwise (0). Because of the number of the studies included in the meta-
analysis, we did not add further covariates. Univariate regression analyses did not 
show design of the study (PHet = 0.47), study size (PHet = 0.57), and HWE-deviation 
(PHet = 0.43) as the sources of heterogeneity. When we included Caucasian and East 
Asian populations in the model, meta-regression showed ethnic background as the 
significant source of heterogeneity (PHet equal to 0.018 and 0.048, respectively), but 
not for genotyping methods (PHet equal to 0.376, 0.225, and 0.074, respectively for 
ASA, ASOH, and RFLP methods). Including genotyping methods and ethnicity in a 
multivariable regression model, did not show genotyping methods as a significant 
source of heterogeneity (PHet equal to 0.269, 0.469, and 0.831, respectively for ASA, 
ASOH, and RFLP methods), while ethnic background remained significant. However 
ethnic background can explain a part (36%) of the variation but not all (τ2 decreased 
from 0.095 in null model to 0.061 in ethnicity included model). 
 
Discussion 
In this meta-analysis individuals homozygous for the T allele (T235T genotype) 
compared with individuals homozygous for the M allele (M235M genotype) were 62% 
more likely to develop preeclampsia/eclampsia. Similar results were obtained using 
dominant, recessive, and additive genetic models. Subgroup analysis based on the 
ethnicity showed that the variant is associated with development of 
preeclampsia/eclampsia prominently in Caucasians and East Asians but not in 
Hispanics or black Africans.  

Preeclampsia is a multi-system condition, with abnormalities of placentation 
that may have a genetic basis or an immunological cause [25,26] and a multiplicity of 
humoral and cardiovascular anomalies, some of which can be related to generalized 
endothelial dysfunction [27]. During the last decade evidence has accumulated that 
preeclampsia is associated with future hypertension and cardiovascular diseases 
(CVD). Preeclampsia and CVD share common risk factors [28,29] and cohort studies 
demonstrated that women who have had preeclampsia are at high (up to 7-fold) risk 
to develop CVD in later life [30-34]. Many of the women who have had preeclampsia 
in pregnancy, and who have no signs of clinical disease after pregnancy, exhibit the 
phenotype of the metabolic syndrome (overweight, latent hypertension, dyslipidemia, 
insulin resistance and hyperhomocysteinemia) and impaired endothelial function at 3 
to 12 months postpartum [35-39]. Apparently, exposure of the women with this 
phenotype to the additional metabolic and cardiovascular challenges of pregnancy 
induces transient clinical disease (i.e. preeclampsia), that subsides after pregnancy 
but is likely to re-emerge later in life as CVD [40,41]. The AGT T235T genotype, in 
some but not all of the patients, may represent a genetic “susceptibility” for 
preeclampsia, chronic hypertension and atherosclerosis in later life. The AGT T235T 
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genotype is reported to be associated with an inadequate trophoblastic invasion of 
the uterine spiral arteries and a narrowing of spiral arterioles in early pregnancy [42]. 

Some aspects of the current meta-analysis need to be considered to 
appreciate the findings.  In five studies the genotype frequencies were not consistent 
with the Hardy-Weinberg equilibrium [7,9,13,16,22]. Departure from HWE which 
tends to inflate the chance of a false positive association could imply some potential 
biases in the selection of control or genotyping errors. While genotyping error, 
leading to differential misclassification of exposure could easily be avoided in 
association studies by appropriate laboratory procedures (i.e., in which genotyping 
have been undertaken with the researchers masked to outcome data, assessing 
cases and controls have been done in the same batch, and assessment of the 
genotyping error rate with performing a random double-check have been included), 
we can not exclude it because of lack of information in the studies. Other reasons for 
inconsistency with Hardy-Weinberg equilibrium could be chance, inbreeding, non-
random mating, differential survival of marker carriers, genetic drifting, population 
stratification, or a combination of these reasons. Some of these effects may also 
occasionally act in different directions, cancelling each other [19]. However, most 
genetic association studies report very limited information on these potential 
problems. Thus, we performed sensitivity analyses by using HWE-adjusted ORs and 
correspondent variances. Thereafter, risks of development of 
preeclampsia/eclampsia were not attenuated. This finding indicates the robustness of 
our main finding.  

Second, in the included studies, marked ethnic differences emerged in the 
percentage of homozygote individuals for the T allele (T235T genotype). Likewise, 
significant differences in the T allele frequency by ethnic background were observed. 
Because of limited number of studies in Hispanics, Black and coloured Africans, and 
Black Americans, we could not consider these ethnicities as specific groups in the 
subgroup analyses in our meta-analysis. In spite of higher risk in Caucasians and 
East Asians, the individual ORs for the studies in the third group showed a lower risk 
of preeclampsia/eclampsia for the T allele carries under the dominant and additive 
genetic models but not under a recessive model. This discrepancy could point 
towards the need of further investigations among these races (categorized in the 
miscellaneous group in the current meta-analysis) to reveal the true association. 
However, a possible explanation for not finding a significant relationship in East 
Asians and those populations were settled in the third group, for instance Hispanics 
or black Africans, could be the very high-allele frequency of the T allele in these 
individuals, making it very difficult to detect mild associations unless examining a 
very large population sample.  

Third, most of the studies in the meta-analysis were case-control studies, 
which are susceptible to selection bias by including only nonfatal cases and to 
confounding, especially when applied to complex genetic traits like preeclampsia. 
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Another methodological issue might be that different study populations (hospital-
based setting and population-based setting) were used in case-control and cohort 
studies in this meta-analysis. However, meta-regression analysis did not indicate 
study design as a significant source of diversity. Furthermore, many studies in this 
meta-analysis were small. As we know that individual study in small sample size may 
have not enough statistical power to detect a small effect or give a fluctuated 
estimation. 

Fourth, an important issue in every meta-analysis is publication bias. In our 
meta-analysis, we included several small studies published with negative findings 
[11,14,24] and the funnel plot for overall results of ethnic groups was symmetrical, 
suggesting a low probability of publication bias. Moreover, neither Egger’s test nor 
Begg-Mazumdar test indicated statistically significant potential for publication bias. 
However, the performances of these tests and the usual funnel plot have been 
challenged [43] and we can not completely rule out low probability for missing of 
small negative studies from the plot. Finally, our meta-analysis was based on 
published studies and we did not have access to original data.  

The debate on the definition and classification of the hypertensive disorders of 
pregnancy lasts for many years now. Although the definition chosen in this meta-
analysis is an authoritative one, there is no universal consensus on it. The problem is 
the distinction between chronic hypertension and hypertensive disorders secondary 
to pregnancy (including preeclampsia). Many women experience the first blood 
pressure measurement of their life during the first antenatal visit of their first 
pregnancy. This visit is usually at 10-12 weeks of gestation. By that time blood 
pressure has decreased already due to physiologic vasodilatation, mostly by 10-15 
mmHg or more. The consequence of this is that (mild to moderate) chronic 
hypertension may be masked by the physiologic decrease of blood pressure, i.e. 
blood pressure is below 140/90, the classic cutoff point for abnormality. When blood 
pressure rises again in the second half of pregnancy, to exceed 140/90, the woman 
is misclassified as having pregnancy-induced hypertension. Thus, the distinction 
between chronic and pregnancy hypertension is often difficult if not impossible, and it 
has been suggested by many in the past that most women diagnosed with pregnancy 
hypertension in fact have chronic hypertension that was masked by the physiologic 
fall in blood pressure in the first half of pregnancy. This problem is likely to have 
influenced the relationship in many of the studies included in the meta-analysis.  

In addition to the classical circulating rennin-angiotensin systems, there are 
local de novo rennin-angiotensin systems that locally generate angiotensin ΙΙ. It was 
reported that the T allele of AGT gene may be involved in abnormal pregnancy-
induced spiral artery remodeling occurring early in pregnancy, which may lead to 
reduced uteroplacental blood flow and initiate the cascade of events leading to 
preeclampsia. Therefore, the systemic rennin-angiotensin system may not be as 
important as the local system in this process [44]. However, the AGT gene is one of 
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the susceptibility genes involved in the disorder. It seems that research of 
susceptibility genes is interesting in two ways: (a) it increases our understanding of 
the pathophysiology of the hypertensive disorders of pregnancy, and (b) it helps to 
understand the link between preeclampsia and later cardiovascular disease. It is less 
helpful in prediction of preeclampsia itself, since any gene is only one of the 
undoubtedly numerous genes that can contribute a little to the development of 
preeclampsia. It is highly unlikely that any gene or risk factor contributes importantly 
to the development of preeclampsia in a large proportion of patients, since the 
etiology is complex and different in every patient. 

In summary, in a meta-analysis of 17 published studies we found evidence of 
positive association between the presences of the T allele of the AGT gene with 
preeclampsia/eclampsia, in particular in Caucasians. 
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Abstract 
 
 
Angiotensinogen gene M235T polymorphism is associated with an increased risk of 
hypertension. It is unknown whether this mutation also leads to an increased risk of 
development of high blood pressure (BP) in pregnancy. The aim of this study was to 
investigate the association of this polymorphism with elevated blood pressure during 
pregnancy in a population of healthy Dutch women. We studied a randomly selected sample 
of 1,736 middle-aged women who participated in a prospective cohort study of 17,357 Dutch 
women. After excluding those who had never been pregnant or those with missing data, 429 
women with and 921 women without a history of elevated BP during pregnancy remained for 
further analyses. History of hypertension in pregnancy was assessed using a questionnaire, 
and confirmed cases varied in severity from mild blood pressure elevation to pre-eclampsia. 
Individuals with the TT genotype were more likely to have had a history of elevated BP 
during pregnancy than those with the MM genotype (Odds ratio [OR]=1.43; 95% CI, 1.02 to 
2.01; P=0.04). In heterozygote individuals (MT) an increased risk was found, which did not 
reach statistical significance (OR=1.24; 95% CI, 0.96 to 1.60; P=0.11). Under both dominant 
and additive genetic models, the M235T polymorphism was associated with a history of 
elevated blood pressure during pregnancy, with odds ratios of 1.29 (95% CI, 1.01 to 1.64; 
P=0.04) and 1.20 (95% CI, 1.02 to 1.42; P=0.03), respectively. The findings of this study 
among Caucasian Dutch women, aged 49 to 70 years, demonstrated that the presence of 
the T allele of the M235T polymorphism in the AGT gene is associated with self-reported 
hypertensive disorders in pregnancy. 
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Introduction 
Angiotensinogen (AGT) is a liver protein that interacts with renin to produce 
angiotensin І, the precursor of angiotensin ІІ. Angiotensinogen levels directly relate to 
arterial blood pressure and have been shown to be modified by variants in the 
angiotensinogen gene (1). The molecular variant (M235T) of the AGT gene, 
encoding the presence of threonine instead of methionine at residue 235 of the 
mature protein, has been associated with higher plasma AGT levels and higher blood 
pressure (BP) in patients homozygous for the T allele (1-4). In a meta-analysis, the 
TT genotype in comparison with the MM reference group was associated with a 32% 
increase in risk of hypertension in white but not in non-white people (5). As this 
polymorphism has been postulated to play an important role in the pathogenesis of 
hypertension, it is plausible to consider it as a candidate as well for susceptibility to 
the severe hypertensive disorders of pregnancy, which affect up to 8% of all 
pregnancies (6, 7). 

Hypertensive disorders of pregnancy constitute a major cause of maternal and 
perinatal morbidity and mortality worldwide (6). Hypertension in pregnancy can either 
be chronic hypertension, or a sign of a disorder secondary and specific to pregnancy, 
called gestational hypertension, or, when proteinuria coincides with it, preeclampsia. 
The diagnosis of both gestational hypertension and preeclampsia is based on 
sustained hypertension in (the second half of) pregnancy in a formerly normotensive 
woman. The etiology of gestational hypertension and preeclampsia is not precisely 
known. However, it is acknowledged that these are not monocausal disorders but the 
result of a complex interaction between maternal constitutional factors, fetal factors, 
placental factors and pregnancy-specific changes (8, 9). Various association studies 
in various ethnic populations have been performed to reveal (mostly maternal) 
genetic factors contributing to gestational hypertension and preeclampsia. The 
angiotensinogen gene is considered to be one of the candidate maternal 
“susceptibility” genes for gestational hypertension and preeclampsia. Although a few 
studies have found an association between the AGT M235T polymorphism and 
pregnancy-related hypertension in Caucasians (10, 11) and Japanese (12), conflicting 
results have also been reported in Caucasians (13), East Asians (14), Black 
Americans (15), and Hispanics (16). By using a large population-based study of 
middle-aged Dutch women, we set out to examine the relationship between the 
M235T polymorphism of the angiotensinogen gene and pregnancy-related 
hypertension.  

 
Methods 
Population  
The study population consisted of participants in the Prospect-EPIC cohort, which is 
one of the two Dutch contributions of the European Prospective Investigation into 
cancer and nutrition (EPIC). Participants were recruited between 1993 and 1997 

AGT and HTN in pregnancy 



 
104 | Chapter 8 

 

among women living in Utrecht and the vicinity who attended the regional population-
based breast cancer-screening program. A total of 17,357 women, aged 49-70 years, 
were included. At enrolment all women underwent a physical examination and 
completed a general questionnaire relating to lifestyle and medical factors, including 
pregnancy complications. All women signed an informed consent form prior to study 
inclusion. The study was approved by the Institutional Review Board of the University 
Medical Center Utrecht. 

 
Design 
From the 17,357 women in the total cohort we randomly selected a 10% sample for 
laboratory and DNA analyses, as explained elsewhere in detail (17). Of the 1,736 
women, the ones with missing questionnaires or blood or DNA samples (n=77) were 
excluded from the analyses. Women who had never been pregnant were also 
excluded (n=160). Those who reported an onset of hypertension before the age of 45 
years were excluded from the analyses (n=149), because no distinction could be 
made between development of elevated BP during pregnancy and presence of 
elevated BP before pregnancy. This resulted in 1,350 women, 429 with and 921 
without a history of elevated blood pressure during pregnancy.  

The general questionnaire contained questions on demographic 
characteristics, lifestyle habits, obstetric and gynecological history and past and 
current morbidity. One of these questions was: “did you suffer from elevated blood 
pressure during pregnancy?” Those women who answered in the affirmative to this 
question were considered to have had elevated blood pressure during pregnancy. 
Since no information was obtained on the actual blood pressure levels, an affirmative 
response to the question likely led to inclusion of women with blood pressure 
elevations in pregnancy ranging from mild to severe (pre-eclampsia). Upon 
enrolment in the study, systolic and diastolic blood pressures were measured in 
duplicate, and the mean value was calculated. Furthermore, height and weight were 
measured without shoes and wearing light indoor clothing to compute the body mass 
index, which was defined as weight divided by height squared (kg/m2). Presence of 
hypertension was defined as a measured systolic blood pressure ≥ 140 mmHg and/or 
a diastolic blood pressure ≥ 90 mmHg and/or a self-reported physician diagnosis.  

 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) 
laboratory of the Department of Internal Medicine of the University Hospital 
Maastricht. Genomic DNA was extracted from buffy coats with the use of the 
QIAamp® Blood Kit (Qiagen Inc., Valencia, CA). Genotyping of the polymorphisms 
was performed using a multilocus genotyping assay for candidate markers of 
cardiovascular disease risk (Roche Molecular Systems Inc., Pleasanton, CA) (18). 
Investigators involved in genotyping were blinded to the case-control status of the 
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participants. A random double-check was performed to detect potential genotyping 
errors and was 100% concordant with the original genotype. 

 
Data analysis  
Data analysis was conducted using SPSS-12.0.1. Sample characteristics were 
examined according to case status. Means and standard deviations were computed 
for normally distributed variables. We used Student’s t-test to test for significant 
differences in continuous variables between cases and controls, while we tested the 
significance of differences in proportions by applying the χ2 statistic. Hardy-Weinberg 
equilibrium (HWE) was tested with the χ2 test in the control group. Multivariate 
logistic regression models were used to study the association of the AGT M235T 
polymorphism with a history of elevated blood pressure during pregnancy under 
different genetic models. Allele frequencies were estimated by gene counting. A 
value of P<0.05 (2-tailed) was considered significant. 

Since the information on the history of high blood pressure in pregnancy was 
collected at the baseline examination of the Prospect-EPIC study (long after the last 
pregnancy), those with chronic hypertension may have recalled high blood pressure 
in pregnancy better than those women who did not suffer from hypertension at 
baseline (i.e., there may have been a recall bias). To examine this, we repeated the 
analyses after subjects with hypertension at baseline were excluded (n=255).  

      
Results 
The genotype distribution among control subjects was in Hardy-Weinberg equilibrium 
(χ2 =0.025; P=0.87). Characteristics of participants and genotype and allele 
frequencies in cases and controls are shown in Table 1. Within the control group, the 
T allele frequency was 40% and the genotype distributions were 16%, 47.7%, and 
36.3% for the TT, MT, and MM genotypes, respectively. In our study population, the 
prevalence of a history of high blood pressure in pregnancy was 31.8% (n=429). The 
high prevalence was most likely due to the inclusion of not only women with genuine 
preeclampsia but also women with more common nonproteinuric gestational 
hypertension, or women with brief and modest elevations of blood pressure during 
pregnancy.  

Compared to those without, women with a history of elevated BP during 
pregnancy had a higher BMI, weight, height, SBP, and DBP, and presence of chronic 
hypertension was more common. Among the control subjects, only BMI and the 
presence of chronic hypertension were significantly related to the polymorphism. 
Under the dominant model, among the variant carriers, 51.2% (n=300) had low BMI 
(≤25 kg/m2) and 48.8% (n=286) had high BMI (>25 kg/m2), but among the MM 
carriers 44.5% (n=149) had low BMI and 55.5% (n=186) had high BMI, and the 
association was significant (P=0.050). Chronic hypertension was related to the AGT 
M235T polymorphism under the additive (P=0.016) and pairwise (TT/MM; P=0.053) 
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Table 1. General characteristics of cases with a history of elevated blood pressure in 
pregnancy and controls  
 

History of elevated blood pressure in 
pregnancy (N=1,350)  

Cases Controls 
P-value 

N total 429 (31.8%) 921 (68.2%) - 
Age  (yr)# 56.9 ± 6.1 57.2 ± 6.1 0.51 
Body mass index (kg/m2) # 26.4 ± 4.1 25.6 ± 3.9 <0.01 
Weight (kg) # 71.8 ± 11.8 68.9 ± 10.8 <0.01 
Height (cm) # 164.8 ± 5.9 164.0 ± 5.9 0.03 
Waist to hip ratio  # 0.793 ± 0.058 0.789 ± 0.056 0.17 
Hypertension (%) * 59.2 34.0 <0.01 
Systolic blood pressure (mm Hg) 137.4 ± 19.3 130.4 ± 20.1 <0.01 
Diastolic blood pressure (mm Hg) 81.6 ± 10.3 77.8 ± 10.7 <0.01 
Presence of diabetes (%) 2.6 2.0 0.55 
Presence of hypercholesterolemia (%) 4.4 3.9 0.66 

Past 36.8 35.0 0.50 Smoking status (%) Current 21.0 23.5 0.33 
Pack- years§ 6.3 ± 9.0 6.9 ± 9.7 0.34 
Current alcohol consumption (%) 89.3 87.8 0.50 
Menopausal status (%) 73.9 72.7 0.54 
Age at menopause transition (yr) # 47.5 ± 5.9 47.3 ± 5.7 0.74 
Total cholesterol (mmol/L) # 5.93 ± 0.99 5.85 ± 0.98 0.15 
HDL cholesterol (mmol/L) # 1.57 ± 0.38 1.59 ± 0.41 0.41 
LDL cholesterol (mmol/L) # 3.96 ± 0.92 3.91 ± 0.94 0.38 
Glucose (mmol/L) # 4.6 ± 1.4 4.5 ± 1.4 0.27 

Genotype frequency T235T 83 147  
 M235T 214 439  
 M235M 132 335  
     

Allele frequency T 380 733  
 M 478 1109  

 
HDL, high-density lipoprotein; LDL, low-density lipoprotein 
# Mean ± standard deviation. 
* Defined as a systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg 
and/or questionnaire positive. 
§ The number of packs of cigarettes smoked per day by the number of years the person has smoked  

 
 
 
 

genetic models. Although these factors could be considered as potential confounding 
factors in our data analyses, one may also argue that these factors are intermediate 
phenotypes in the causal pathway. In addition, because genes are randomly 
assigned at conception (Mendelian randomization), confounding by lifestyle-related 
factors (or intermediate phenotypes) should not be a problem in genetic association 
studies (19). Therefore we showed crude and adjusted results (Table 2 and 3). 
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Table 2. Relation of the AGT M235T genotypes and history of elevated blood 
pressure in pregnancy 

 
*Adjusted for body mass index and presence of hypertension 
 
 
 
 
 

Individuals with the TT genotype were more likely to have had a history of 
elevated BP during pregnancy than those with the MM genotype (OR=1.43; 95% CI, 
1.02 to 2.01), but for heterozygote individuals the difference did not reach the level of 
statistical significance. After adjustment for BMI and presence of hypertension, those 
with the TT genotype were 55% more likely to have had a history of elevated BP 
during their previous pregnancies (OR=1.55; 95% CI, 1.09 to 2.20; Table 2). 
 

 
 
 
 

Table 3. Association of the AGT M235T polymorphism and history of elevated blood 
pressure in pregnancy under different genetic models 

 
*Adjusted for body mass index and presence of hypertension 

Crude: model 1 
 

Adjusted: model 2* 
Genotypes 

Odds ratio 95% CI P-value  Odds ratio 95% CI P-value 

M235M 1.00    1.00   

M235T 1.24 0.96-1.60 0.11  1.26 0.96-1.66 0.09 

T235T 1.43 1.02-2.01 0.04  1.55 1.09-2.20 0.01 

Crude: model 1 
 

Adjusted: model 2* 
Mode of Inheritance  

Odds ratio 95% CI P-value  Odds ratio 95% CI P-value 

Dominant (T-carriers vs. MM) 
1.29 1.01-1.64 0.04  1.33 1.03-1.72 0.03 

Recessive (TT vs. M-carriers) 
1.26 0.94-1.70 0.12  1.35 0.99-1.84 0.06 

Additive (T allele vs. M allele) 1.20 1.02-1.42 0.03  1.25 1.05-1.48 0.01 
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The crude odds ratios of risk of elevated BP in pregnancy were 1.29 (95% CI, 
1.01 to 1.64) for the dominant genetic model and 1.20 (95% CI, 1.02 to 1.42) for the 
additive model. Adjusting for BMI and hypertension increased the odds ratios to 1.33 
(95% CI, 1.03 to 1.72) and to 1.25 (95% CI, 1.05 to 1.48) for the dominant and the 
additive genetic models, respectively. Under a recessive model we did not find a 
statistically significant relationship in the crude estimate (OR=1.26; 95% CI, 0.94 to 
1.70). After adjustment, only a borderline effect was seen in model 2 (Table 3). 

We repeated the analysis of the relation between the polymorphism and 
history of high blood pressure in pregnancy using different genetic models, after 
exclusion of subjects with hypertension at baseline (n=783) to control for potential 
recall bias. In doing so, the magnitude of the effect estimates increased under 
different genetic models. The BMI-adjusted OR for the TT genotype versus the MM 
genotype increased to 1.77 (1.20-2.61). Likewise, adjusted ORs using the dominant, 
recessive and additive models rose to 1.42 (1.05-1.90), 1.51 (1.08-2.13), and 1.33 
(1.10-1.61), respectively.   

 
Discussion 
In this population-based study among women aged 49 to 70 years, we found that 
individuals with the TT genotype were more likely to have had a history of elevated 
BP during pregnancy than those with the MM genotype. Furthermore, under 
dominant and additive inheritance models, the AGT M235T polymorphism was 
associated with increased risk of blood pressure elevation in pregnancy.  

Some limitations of our study need to be addressed. The information on 
history of high blood pressure during pregnancy was obtained by questionnaire when 
the participants were at or above middle age. This may have led to misclassification 
of the outcome. The question was not designed to gather only information on the 
most severe hypertensive disorder of pregnancy, i.e., preeclampsia. Therefore, 
milder variants of BP elevation in pregnancy were also included. One might question 
the effect of including these milder variants on the validity and magnitude of our 
findings. If only the more severe hypertensive disorder of pregnancy, i.e. 
preeclampsia, is related to the T235 allele of the AGT gene, then the magnitude of 
our findings is clearly an underestimation of the truth. However, the direction of the 
relation would still be valid in such a case. Unfortunately, blood pressure levels 
during pregnancy were not available. Despite the impossibility of precisely classifying 
hypertension in pregnancy on the basis of this information, the M235T polymorphism 
was related to a positive history of high blood pressure in pregnancy. We therefore 
assume that the true relationship may actually be stronger than the one we observed, 
rather than attenuated. Another consideration is that recall bias may have affected 
the association. However, our stratified analysis showed that the magnitude of the 
relation among normotensive women was higher than that of the entire group, and 
therefore, the reported relation does not seem to be biased. The strengths of the 
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study were its population-based nature and large sample size, which allowed us to 
evaluate the association using different inheritance models. Moreover, we avoided 
misclassification of exposure (genotypes) by using standard laboratory protocols and 
performing a random double-check to detect potential genotyping errors, and we 
confirmed that the AGT M235T genotypes were in the Hardy-Weinberg equilibrium. 
Furthermore, the distribution of AGT M235T genotypes in our study was similar to 
that found in other studies among Dutch middle-aged subjects (20, 21) 

In the first report on this association, 45% of the controls and 77-80% of the 
preeclampsia cases were homozygous for the mutation M235T polymorphism (10). 
This result was replicated in subsequent case-control studies in Japanese (12) and 
Caucasian women (11). Our results expand the evidence for the association to a 
larger study and an additional Caucasian population. However, there are also studies 
which have failed to confirm the association (13- 16, 22). These discrepancies could 
be explained by differences in disease severity (i.e., the proportions of women with 
preeclampsia versus gestational hypertension) among the various study populations, 
as well as by the different ethnic backgrounds of subjects, if different disease-causing 
alleles predominate in different study populations, or if there exists a variation in the 
degree of linkage disequilibrium between marker and disease alleles (23). In 
addition, inadequate sample sizes and lack of statistical power could be another 
reason for the inconsistent results in some studies (13, 16, 22). Modification of the 
association by other environmental factors in different populations, population 
stratification, different definitions used for the outcome (10, 12) and genotyping errors 
(24) could also explain, in part, the failure to replicate the positive findings. 

Hypertension during pregnancy, even in its most mild form, is a major 
pregnancy complication, causing premature delivery, fetal growth retardation, 
abruption placenta, and fetal death, as well as maternal morbidity and mortality (6, 
25). These risks are higher in preeclampsia, the most severe form of blood pressure 
elevation in pregnancy. It has been shown that the likelihood of progression from a 
mild gestational hypertension to preeclampsia, which is a leading cause of maternal 
and fetal mortality, varies from 15% to 26% (25). Gestational hypertension has been 
recognized for centuries; however, the etiology of this syndrome remains uncertain. 
Early in pregnancy the spiral arteries are transformed from thick-walled, muscular 
vessels to saclike flaccid vessels. This transformation involves invasion of the spiral 
arteries by endovascular trophoblast cells of the placenta, which remains incomplete 
in women in whom preeclampsia eventually develops, with the vessels remaining 
thick-walled and muscular (6). This remodeling of the abnormal spiral arteries may 
lead to reduced uteroplacental blood flow, which could initiate the cascade of events 
leading to preeclampsia. It has been reported that the T allele of the AGT gene may 
be involved in this abnormal remodeling. Therefore, the systemic renin-angiotensin 
system may not be as important as the local system in this process (26).  
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During the last decade evidence has accumulated that hypertensive disorders 
of pregnancy, and preeclampsia in particular, are associated with future hypertension 
and cardiovascular diseases (CVD). Preeclampsia and CVD share chronic 
hypertension, increased total cholesterol, decreased insulin sensitivity, and increased 
body mass index as common risk factors (27- 29). Large epidemiological studies 
have demonstrated that women who have had preeclampsia are at high (up to 7-fold) 
risk to develop CVD in later life (30- 32). Apparently, exposure of the women with this 
phenotype to the additional metabolic and cardiovascular challenges of pregnancy 
induces transient clinical disease (i.e., preeclampsia), that subsides after pregnancy 
but is likely to re-emerge later in life as CVD (33, 34). The AGT T235T genotype may 
represent a genetic “susceptibility” for hypertensive disorders in pregnancy, chronic 
hypertension and atherosclerosis in later life.  

In conclusion, the findings of this study among Caucasian Dutch women, aged 
49 to 70 years, are in agreement with those studies which previously found that the 
presence of the T allele of the M235T polymorphism in the AGT gene is associated 
with elevated blood pressure in pregnancy. 
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Abstract 
 
 
Background 
The M235T polymorphism in the AGT gene has been related to an increased risk of 
hypertension. This finding may also suggest an increased risk of coronary heart 
disease (CHD).  

 
Methodology/Principal Findings 
A case-cohort study was conducted in 1,732 unrelated middle-age women (210 CHD 
cases and 1,522 controls) from a prospective cohort of 15,236 initially healthy Dutch 
women. We applied a Cox proportional hazards model to study the association of the 
polymorphism with acute myocardial infarction (AMI) (n=71) and CHD. In the case-
cohort study, no increased risk for CHD was found under the additive genetic model 
(hazard ratio [HR]=1.20; 95% confidence interval [CI], 0.86 to 1.68; P=0.28). This 
result was not changed by adjustment (HR=1.17; 95% CI, 0.83 to 1.64; P=0.38) nor 
by using dominant, recessive and pairwise genetic models. Analyses for AMI risk 
under the additive genetic model also did not show any statistically significant 
association (crude HR=1.14; 95% CI, 0.93 to 1.39; P=0.20). To evaluate the 
association, a comprehensive systematic review and meta-analysis were undertaken 
of all studies published up to February 2007 (searched through PubMed/MEDLINE, 
Web of Science and EMBASE). The meta-analysis (38 studies with 13284 cases and 
18722 controls) showed a per-allele odds ratio (OR) of 1.08 (95% CI, 1.01 to 1.15; 
P=0.02). Moderate to large levels of heterogeneity were identified between studies. 
Hardy-Weinberg equilibrium (HWE) violation and the mean age of cases were 
statistically significant sources of the observed variation. In a stratum of non-HWE 
violation studies, there was no effect. An asymmetric funnel plot, the Egger’s test 
(P=0.066), and the Begg-Mazumdar test (P=0.074) were all suggestive of the 
presence of publication bias. 

 
Conclusions/Significance 
The pooled OR of the present meta-analysis, including our own data, presented 
evidence that there is an increase in the risk of CHD conferred by the M235T variant 
of the AGT gene. However, the relevance of this weakly positive overall association 
remains uncertain because it may be due to various residual biases, including HWE-  
violation and publication biases. 
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Introduction 
Angiotensinogen (AGT) is a liver protein that interacts with renin to produce 
angiotensin І, the pro-hormone of angiotensin ІІ. Angiotensin II is the major effector 
molecule of the renin-angiotensin-aldosterone system (RAAS) and plays a key role in 
the regulation of blood pressure (BP) by increasing vascular tone and promoting 
sodium retention. Genetic variants in the angiotensinogen gene modify the plasma 
concentration of angiotensinogen, which has been directly related to arterial blood 
pressure [1]. The molecular variant (M235T) of the AGT gene, encoding a threonine 
instead of a methionine at residue 235 of the mature protein, has been associated 
with a higher plasma AGT level and higher BP in patients homozygous for the T 
allele and occurs among various ethnic populations [1-3]. In a meta-analysis, the TT 
genotype was associated with a 32% increase in the risk of hypertension in white 
people but not in non-white people, when compared with the MM genotype [4].  

Given the importance of hypertension in the occurrence of coronary heart 
disease [5], this finding suggests that this polymorphism may be related to increased 
risk of CHD. A few studies [6-8], including recent publications, [9,10] have found that 
there is an association of the M235T AGT variant with increased CHD risk; however, 
this relationship was not confirmed in several other studies [11-13] as well as in a 
meta-analysis [14].  Marked ethnic differences in the frequency of the T allele, small 
sample sizes and genotyping or phenotyping errors could partly account for 
discrepancies among these gene-disease association studies. Therefore, we 
investigated the association of the M235T polymorphism in the AGT gene (National 
Center for Biotechnology Information single nucleotide polymorphism cluster ID 
rs699) with acute myocardial infarction (AMI) and CHD in a large population-based 
cohort of middle-aged Dutch women and conducted an updated meta-analysis of the 
available studies to clarify the role of the M235T polymorphism in CHD risk.  

 
Methods 
Case-cohort study  
Study design, general questionnaire, anthropometric and laboratory measurements 
have been described in detail elsewhere [16-17]. Briefly, the study population 
consisted of participants of the Prospect-EPIC cohort. Participants were recruited 
between 1993 and 1997 among women living in Utrecht and the vicinity who 
attended the regional population-based breast cancer-screening program. A total of 
17,357 women, aged 49-70, were included. At baseline, a general and a dietary 
questionnaire were administered, a limited physical examination was performed and 
a non-fasting blood sample was taken. Follow-up event information was obtained 
from the Dutch Centre for Health Care Information, which holds a standardized 
computerized register of hospital discharge diagnoses. Using the International 
Classification of Diseases, ninth Revision (ICD-9) codes for the main discharge 
reason, we categorized cardiovascular disease (codes 390-459) as CHD (codes 410-
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414), including AMI (code 410), and other cardiovascular diseases. Whenever 
multiple events (AMI and CHD) occurred, the first occurrence of that endpoint was 
taken as the endpoint of interest in endpoint-specific analyses. All women signed an 
informed consent form prior to study inclusion. The study was approved by the 
Institutional Review Board of the University Medical Center Utrecht. 

We applied the case-cohort design introduced by Prentice [17]. From the 
17,357 women in the total cohort, we randomly selected a sample of 10% as the sub-
cohort (n=l736). Women who did not consent to linkage with vital status registries or 
who were not traceable (cases n=3/sub-cohort n=38) were not included. Women who 
reported a diagnosis of cardiovascular disease (ICD-9; 390-459) at baseline or who 
had missing questionnaires, blood, or DNA samples were excluded. This resulted in 
15,236 women in the total cohort and 1522 women in the sub-cohort (as the control 
group) at baseline. All individuals with first fatal and non-fatal CHD and ischemic 
stroke events that arose during follow-up until January 1st 2000 were selected as 
cases. These were 211 CHD cases, including 71 AMIs. For all case subjects, follow-
up ended at the date of diagnosis or at the date of death due to cardiovascular 
disease.  

 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) 
laboratory of the Department of Internal Medicine of the University Hospital 
Maastricht. Genomic DNA was extracted from buffy coats using the QIAamp® Blood 
Kit (Qiagen Inc., Valencia, California, USA). Genotyping of the polymorphisms was 
performed using a multilocus genotyping assay for candidate markers of 
cardiovascular disease risk (Roche Molecular Systems Inc., Pleasanton, CA, USA) 
[18]. Briefly, each DNA sample was amplified using two multiplex polymerase chain 
reactions, and the alleles were genotyped simultaneously using an array of 
immobilized sequence-specific oligonucleotide probes. This array of probes was 
blotted on plastic strips, and, after staining, genotypes were scored based on blue 
(positive) and white (negative) bands. Each blue band, representing a specific 
genotype, was scored by specific software (counting the pixel intensity of each band) 
and checked manually. Genotyping was performed blinded to the case-control status. 
A random double-check was performed to detect potential genotyping errors in a 
subset of 100 samples. The check confirmed the previous genotyping results by 
100%. 

 
Data analysis  
Hardy-Weinberg equilibrium (HWE) was tested with the χ2 test among the controls. 
Allele frequencies were estimated by gene counting. We used the ANOVA F test to 
estimate relationships among the M235T genotypes and continuous variables, while 
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we tested the significance of any difference in proportions by applying the χ2 statistic. 
A p-value <0.05 (2-sided) was considered statistically significant. 

To assess the relationship of the M235T polymorphism in the AGT gene with 
the outcome, we used a Cox proportional hazards model with an estimation 
procedure adapted for case-cohort designs. We used the unweighted method by 
Prentice [17,19], which is incorporated in a SAS macro at 
http://lib.stat.cmu.edu/general/robphreg. A previous meta-analysis [14] showed that 
the effect of the AGT M235T variant on its intermediate phenotype (plasma 
angiotensinogen level) follows an additive model according to the number of T alleles 
[5% (95% CI: 2 to 8%) increase for the MT and 11% (95% CI: 7 to 15%) increase for 
the TT genotype versus the MM genotype]. Therefore, our priori hypothesis was that 
the association between the M235T polymorphism in the AGT gene and CHD follows 
an additive model according to the number of T alleles. However, other genetic 
models were evaluated as well. We considered different modes of inheritance as 
follows: the additive “per-allele” model, the T allele was compared between cases 
and controls by assigning scores of 0, 1, and 2 to homozygotes for the M allele, 
heterozygotes, and homozygotes for the T allele, respectively; the recessive model, 
the TT genotype versus the MT and MM combined genotypes; and the dominant 
model, the MT and TT genotypes combined versus the MM genotype. We also 
performed separate pairwise comparisons of the MT and TT genotypes versus the 
MM genotype. 

 
 

Meta-analysis 
Searching 
We searched PubMed/MEDLINE, Web of Science, and EMBASE up to February 
2007 for observational studies evaluating an association between the M235T 
polymorphism in the AGT gene and CHD. Terms used for the search contained both 
medical subject heading terms and text words: (Met235Thr OR M235T OR T704C) 
AND (angiotensinogen OR AGT) AND (polymorphism OR mutation OR genetic OR 
genotype) AND (“coronary disease” OR “coronary heart disease” OR CHD OR 
“myocardial infarction” OR MI OR “myocardial infarct” OR “coronary artery disease” 
OR CAD OR “ischemic heart disease” OR IHD OR “cardiovascular disease” OR 
“heart disease” OR angina). We also retrieved additional studies by hand searching 
the bibliographies of original research reports and review articles and through the 
MEDLINE option “related articles”. Search results were limited to articles published in 
English and studies on human subjects.  

 
Selection  
All studies were considered potentially eligible if they aimed to investigate the 
relationship between the M235T genotypes and risk of CHD or MI. Any observational 

http://lib.stat.cmu.edu/general/robphreg
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study, regardless of sample size, which fulfilled the following criteria, was included: (i) 
AGT M235T genotype frequencies were provided by case-control status (studies 
without controls were excluded); (ii) risk of CHD or MI was evaluated (studies on 
recurrent coronary events were excluded); (iii) relevant data were presented to 
calculate the effect size and its 95% CI; (iv) non-overlapping data were contained. 
For duplicate publications, the study with the smaller data set was excluded.  

 
Data abstraction  
The following information was extracted from each study that we included: the first 
author’s name; country; year of publication; the population evaluated; study design; 
mean age or age range for case-patients and controls; definition and number of 
cases and controls; allele frequencies and genotype distribution in case-patients and 
controls (where data were not given, they were calculated from the corresponding 
genotyping frequencies of the case and control groups); consistency of genotype 
frequencies with HWE (calculated); gender in the evaluated population and male 
percentage, matching variables, use of blinding of genotyping staff, performing 
regenotyping of a random sample, and crude ORs and 95% CIs for development of 
CHD or MI related to the AGT gene genotypes based on different genetic models 
(from the original paper or calculated from crude data if not provided). We again 
considered a dominant, a recessive, an additive “per-allele” model and pairwise 
comparisons. Data were extracted independently and entered into separate 
databases by two authors (performed by MHZ and MLB). Results were compared, 
and disagreements were resolved by a consensus.  

 
Quantitative data synthesis  
The method of Mantel-Haenszel was used to calculate the odds ratio for the pooled 
data in a fixed-effects model, and, if there was evidence for heterogeneity, the 
DerSimonian-Laird method was used for the pooled odds ratio in a random-effects 
model, under pairwise comparisons of the different genotypes and dominant, 
recessive, and additive inheritance models. For all the models used, the T allele was 
considered the risk allele. The genetic model to be considered as the priori 
hypothesis was the additive model. In each study, we tested for HWE by using the χ2 

test or an exact test among the controls by using the genhwi command in Stata 9.2 
[20]. 

In addition, we used Cochran’s χ2 – based Q statistic for between-study 
heterogeneity, which is considered to be significant for P < 0.10, as well as the I2 
statistic for estimation of inconsistency in meta-analyses [20]. I2 represents the 
percentage of the observed between-study variability due to heterogeneity rather 
than to chance. It ranges between 0% and 100%, where a value of 0% indicates no 
observed heterogeneity, and larger values indicate an increasing degree of 
heterogeneity (roughly suggested cut-off points include: I2 = 0-25%, no heterogeneity;  
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Table 1. Baseline characteristics of the sub-cohort according to genotype, and 
clinical characteristics of CHD cases and controls in the Prospect –Epic cohort 
 

 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; CHD, coronary heart disease (ICD 410-414). 
a Mean ± standard deviation 
b Comparison of risk factors across genotypes, using the ANOVA F test (continuous variables) and the χ2 statistic 
(categorical variables) 
c Comparison of risk factors across disease status, using the independent samples t-test (continuous variables) 
and the χ2 statistic (categorical variables) 
 d Defined as a systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg and/or 
questionnaire positive. 
e The number of packs of cigarettes smoked per day by the number of years the person has smoked 

 
 
 
 

I2 = 25-50%, moderate heterogeneity; I2 = 50-75%, large heterogeneity; I2 = 75-100%, 
extreme heterogeneity) [21].  

We used funnel plots to examine the publication bias of reported associations. 
We also used Egger’s test and the Begg-Mazumdar test with 95% CI for evaluation 
of publication bias, which are considered to be significant for P < 0.10. Meta-analysis 
was carried out using STATA 9.2. We used random effect meta-regression models 
with restricted maximum likelihood estimation to evaluate the extent to which different 
variables explained heterogeneity among the individual ORs. The pre-specified 
characteristics for assessment of sources of inter-study heterogeneity were: study 
size (for detailed definition see [22]); ethnicity of population evaluated (of Caucasian 
descent, East Asian, and others); male percentage in each study, matching (matched 
or unmatched); blinding of genotyping staff (blinded, or not reported); performing  

sub-cohort (N=1522) Characteristics 
M235M M235T T235T 

P-
valueb 

CHD 
cases 

Sub-cohort P-
valuec 

N total (%) 535 (35.2)  737 (48.4) 250 (16.4) - 210 1522 - 
Age at intake (yr) a 57.1 ± 5.8 57.1 ± 6.2 57.4 ± 6.3 0.83 60.5 ± 5.9 57.1 ± 6.1 < 0.01 
Body mass index (kg/m2) a 26.0 ± 4.1 25.6 ± 3.8 25.8 ± 4.1 0.19 26.8 ± 3.9 25.8 ± 4.0 < 0.01 
Weight (kg) a 70 ± 11 69 ± 11 69 ± 11 0.17 71 ± 11 69 ± 11 0.07 
Height (cm) a 164.4 ± 5.9 164.2 ± 6.0 164.0 ± 6.1 0.66 162.8 ± 6.0 164.3 ± 6.0 < 0.01 
Waist to hip ratio a 0.794 ± 

0.057 
0.786 ± 
0.058 

0.786 ± 
0.055 

0.03 0.813 ± 
0.060 

0.789 ± 
0.057 

< 0.01 

Hypertension (%) d 39.4 41.2 48.4 0.06 60.5 41.8 < 0.01 
Systolic blood pressure  
(mm Hg) a 

131 ±19 133 ± 21 135 ± 20 0.07 143 ± 22 133 ± 20 < 0.01 

Diastolic blood pressure  
(mm Hg) a 

79 ±10 79 ±11 80 ±11 0.14 82 ± 11 79 ± 11 < 0.01 

Presence of diabetes (%) 2.2 2.0 2.8 0.78 5.7 2.2 < 0.01 
Presence of 
hypercholesterolemia (%) 

3.6 4.6 2.8 0.38 11.4 3.9 < 0.01 

Current alcohol consumption (%) 88.7 87.1 89.2 0.60 80.7 88.0 < 0.01 
Past 35.1 33.8 36.4 0.73 26.2 34.7 0.01 Smoking status   

(%) Current 23.2 22.4 23.6 0.90 33.8 22.9 < 0.01 
Pack- years e 6.8 ± 9.5 6.5 ± 9.5 6.7 ± 9.3 0.87 9.7 ± 11.4 6.7 ± 9.5 < 0.01 
Total cholesterol (mmol/L) a 5.9 ± 1.0 5.8 ± 0.9 5.9 ± 1.1 0.05 6.4 ± 1.0 5.9 ± 1.0 < 0.01 
HDL cholesterol (mmol/L) a 1.6 ± 0.4 1.6 ± 0.4 1.6 ± 0.4 0.33 1.4 ± 0.3 1.6 ± 0.4 < 0.01 
LDL cholesterol (mmol/L) a 4.0 ± 1.0 3.9 ± 0.9 3.9 ± 0.9 0.25 4.4 ± 1.0 3.9 ± 0.9 < 0.01 
Serum glucose (mmol/L) a 4.6 ± 1.5 4.5 ± 1.3 4.5  ± 1.2 0.52 5.1 ± 2.5 4.5 ± 1.4 < 0.01 
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Table 2. Association of the AGT M235T polymorphism and AMI and CHD under 

different genetic models  

 
AMI = acute myocardial infarction (ICD 410); CHD=coronary heart disease (ICD 410-414). 
a The additive genetic model assumes that there is a linear gradient in risk between the MM, MT and 
TT genotypes (MM genotype baseline). This is equivalent to a comparison of the T allele versus the M 
allele (baseline). 
b We used a cox proportional hazards model with an estimation procedure adapted for case-cohort 
designs; adjusted for waist to hip ratio, hypertension, total cholesterol. 
 

 
 

regenotyping of a random sample (performed or not reported); violating HWE 
(violated or confirmed; the term “violated” used for statistically significant deviation of 
HWE) in sub-group analysis as well as in meta-regression analysis.  

 
HWE Correction 
For evaluating the impact of HWE-violated studies on effect estimates (at the 0.05 
significance level) under different genetic models, odds ratios, and variances were 
corrected by using the HWE-predicted genotype counts in the control instead of the 
observed counts as previously suggested [20]. Thereafter, they were included in the 
sensitivity analysis. 

Crude: model 1  Adjusted: model 2 b Mode of Inheritance 

Hazard 
ratio 

95% CI P-value  Hazard 
ratio 

95% CI P-value 

AMI        

Additive a 1.20 0.86-1.68 0.28  1.17 0.83-1.64 0.38 

Recessive  
(TT vs. M-carriers) 

0.77 0.43-1.41 0.40  0.87 0.46-1.58 0.62 

Dominant  
(T-carriers vs. MM) 

0.79 0.47-1.32 0.36  0.79 0.46-1.33 0.37 

MT vs. MM 1.09 0.84-1.41 0.53  1.11 0. 85-1.45 0.45 

TT vs. MM 1.21 0.86-1.70 0.28  1.17 0.83-1.63 0.38 

CHD        

Additive a 1.14 0.93-1.39 0.20  1.11 0.90-1.38 0.33 

Recessive  
(TT vs. M-carriers) 

0.87 0.60-1.26 0.45  0.98 0.66-1.47 0.93 

Dominant  
(T-carriers vs. MM) 

0.82 0.60-1.12 0.21  0.80 0.58-1.10 0.18 

MT vs. MM 1.09 0.93–1.27 0.31  1.13 0.95-1.34 0.16 

TT vs. MM 1.14 0.93-1.40 0.20  1.11 0.90-1.37 0.33 
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Results 
Prospect-EPIC study results 
The general characteristics of the randomly sampled participants of the cohort 
(N=1522) are given in Table 1. The genotype distribution was in Hardy-Weinberg 
equilibrium (χ2 =0.020; P=0.89). General and clinical characteristics of CHD cases 
and controls are shown in Table 1. The median follow up time for the random sample 
was 4.3 years, with a total of 6,523 person years. The actual follow-up in the baseline 
cohort of 15,236 women was 64,768 person years. Due to the case-cohort design, 23 
women in the sub-cohort eventually were CHD cases (among which there were nine 
AMI cases).  

Due to the association of the M235T genotypes with some risk factors of CHD, 
we presented crude models and models adjusted for hypertension, total cholesterol 
and waist to hip ratio as potential confounding factors. Table 2 presents hazard ratios 
of AMI and CHD under different genetic models. Under the additive model of 
inheritance, no increased risk for CHD was found (HR=1.20; 95% CI, 0.86 to 1.68; 
P=0.28), which did not alter after adjustment (HR=1.17; 95% CI, 0.83 to 1.64; 
P=0.38). The same was true for other comparisons (Table 2). Analyses for AMI risk 
did not show any statistically significant associations (Table 2).  

 
 

Meta-Analysis results 
Flow of included studies 
A total of 44 gene-disease association studies, including the present study, 
evaluating the AGT M235T gene variant and CHD risk were identified. Seven articles 
were excluded, three of which were duplicate publications [12,23,24], three of which 
did not provide relevant data [25-27], and one of which studied the risk of recurrent 
coronary events [28]. Finally, 37 studies met the selection criteria. In one paper, the 
provided results were based on two different studies [6], so both were included in the 
meta-analysis. Therefore, 38 studies with 13,284 cases and 18,722 controls were 
included in the final meta-analysis (Figure 1). 
 
Study characteristics 
Characteristics of the studies are shown in Table 3 [6-8,10,11,13,29-58]. There were 
25 studies in Caucasians, eight studies in East Asians, and five studies in other 
populations (West Asian, South Asian, African, African-American, and South 
American). The last was collapsed into a miscellaneous group. The design of the 
studies was case-control, except for three studies that were prospective cohort [56], 
case-cohort (present study), and cross-sectional [40]. The T allele frequency varied 
from 26 to 54 percent in Caucasians, 65 to 91 percent in East Asians, and 34 to 83 
percent in the miscellaneous group. 
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Figure 1. Flow chart of study selection 
 
 
 
 

All studies used polymerase chain reaction methods for genotyping, and most 
used a restriction fragment length method for polymorphism analysis. Blinding of 
investigators involved in genotyping with respect to the case/control status of the 
participants was reported in six studies [8,32,50,51,56]. A random double-check to 

Studies excluded because not association studies 
on desire polymorphism (including review papers, 

other events, and other polymorphisms) 
(n = 164) 

 

Potentially appropriate articles to 
be included in the meta-analysis  

(n = 43) 

Potentially relevant publications identified from 
search strategy through PubMed/MEDLINE,  
Web of Science and EMBASE up to February 2007  

(n=207) 

Studies excluded because of duplicate 
publications [12,23,24], or not providing 
relevant data [25-27], or studied risk of 
recurrent coronary events [28]  

(n = 7) 
 

Articles included in the meta-analysis 
(n = 36) 

 

Two different studies in one paper, we 
considered these studies separately [6] 

(n=1) 

Present study (n=1) 

Studies included in the meta-analysis with usable information 
(n=38) 
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Table 2. Association of the AGT M235T polymorphism and AMI and CHD under 
different genetic models  

 
AMI = acute myocardial infarction (ICD 410); CHD=coronary heart disease (ICD 410-414). 
a The additive genetic model assumes that there is a linear gradient in risk between the MM, MT and 
TT genotypes (MM genotype baseline). This is equivalent to a comparison of the T allele versus the M 
allele (baseline). 
b We used a cox proportional hazards model with an estimation procedure adapted for case-cohort 
designs; adjusted for waist to hip ratio, hypertension, total cholesterol. 

 
 
 
 
 

detect potential genotyping errors was mentioned in five studies [37,50,53,56]. In 
most of the studies, the genotype frequencies were consistent with HWE. However, 
statistically significant deviations from HWE were found in five studies (Table 3) 
[33,34,36,43,50]. CHD cases were defined in 16 studies as a >50% stenosis of at 
least one coronary vessel [7,8,10,11,34,40,41,43,46,48,50,51,54-57], while, in four 
studies, a >70% stenosis was considered [36,42,52,58]. In 14 studies [13,29-
32,35,37-39,44,47,49,53], the WHO criteria were used, and, in four studies, CHD 
was diagnosed based on a clinical diagnosis [6,33,45]. Controls arose from the  

Crude: model 1  Adjusted: model 2 b Mode of 
Inheritance 

Hazard 
ratio 

95% CI P-
value 

 Hazard 
ratio 

95% CI P-
value 

AMI        

Additive a 1.20 0.86-1.68 0.28  1.17 0.83-1.64 0.38 

Recessive  
(TT vs. M-carriers) 

0.77 0.43-1.41 0.40  0.87 0.46-1.58 0.62 

Dominant  
(T-carriers vs. MM) 

0.79 0.47-1.32 0.36  0.79 0.46-1.33 0.37 

MT vs. MM 1.09 0.84-1.41 0.53  1.11 0. 85-1.45 0.45 

TT vs. MM 1.21 0.86-1.70 0.28  1.17 0.83-1.63 0.38 

CHD        

Additive a 1.14 0.93-1.39 0.20  1.11 0.90-1.38 0.33 

Recessive  
(TT vs. M-carriers) 

0.87 0.60-1.26 0.45  0.98 0.66-1.47 0.93 

Dominant  
(T-carriers vs. MM) 

0.82 0.60-1.12 0.21  0.80 0.58-1.10 0.18 

MT vs. MM 1.09 0.93–1.27 0.31  1.13 0.95-1.34 0.16 

TT vs. MM 1.14 0.93-1.40 0.20  1.11 0.90-1.37 0.33 
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Table3. Characteristics of published studies of the association between the M235T 
polymorphism in AGT gene and CHD included in the meta-analysis  
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Table3. Extended 

 

Author Study 

design 

Mean 
age ± SD 
(years) in 
Cases 

Mean age ± 
SD (years) 
in Controls 

Sex Male 

percent 

Matching variable (s) Allele 
frequency 
235T (%) 

P 
(HWE) 

Blinding of 
genotyping 
staff 

Regenotyping 
of random 
subsample 

           
Katsuya et al. [45] Case-

control 
62 ± 7 62 ± 7 M/F NR None 38 0.97 NR NR 

Tiret et al. [13] Case-
control 

54 ± 0.3 53 ± 0.3 M 100 Age 40 0.22 NR NR 

Ludwig et al.a [6] 
(Framingham study) 

Case-
control 

NR NR M/F 86 Age and sex 43 0.28 NR NR 

Ludwig et al.b  [6] 
(ARIC study) 

Case-
control 

NR NR M/F 80.5 Age and sex 41 0.92 NR NR 

Wenzel et al. [55] Case-
control 

42* 38* M/F 88 None 39 0.59 NR NR 

Winkelmann et al. 
[57] 
 

Case-
control 

56 ± 10 56 ± 10 M 100 None 41 0.06 NR NR 

Fernandez-Arcas et 
al. [37] 

Case-
control 

67 ± 7 60 ± 10 M/F 42 None 54 0.41 NR Yes 

Gardemann et al. 
[40] 

Cross-
sectional 

63 ± 9 59 ± 11 M 100 None 43 0.76 NR NR 

Fatini et al. [36] Case-
control 

59 ± 5 51 ± 6 M/F 76 None 39 0.0476 NR NR 

Fomicheva et al. [38] Case-
control 

67 11 M 100 None 47 0.90 NR NR 

Reinhardt et al. [50] Case-
control 

57 ± 11 56 ± 14 M/F 62 None 46 0.0240 Yes Yes 

Batalla et al. [31] 
 

Case-
control 

43 ± 5 42 ± 6 M 100 Age and ethnicity 44 0.71 NR NR 

Wierzbicki et al. [56] Cohort 57 ± 13 53 ± 12 M/F 68 None 26 0.53 Yes Yes 
Rodriguez-Perez et 
al. [8] 

Case-
control 

56 ± 10 54 ± 10 M/F 76 None 44 0.76 Yes NR 

Olivieri et al. [7] Case-
control 

60 ± 9 58 ± 13 M/F 83.5 None 47 0.31 NR NR 

Sethi et al. [29] Case-
control 

59 ± 9 56 ± 15 M/F 74 None 41 0.43 NR NR 

Ortlepp et al. [48] Case-
control 

58 ± 13 59 ± 11 M/F 68 Age, sex, and 
prevalence of standard 
cardiac risk factors  

43 0.23 NR NR 

Ermis et al. [35] Case-
control 

42 ± 12 40 ± 13 NR NR None 40 0.40 NR NR 

Bis et al. [32] Case-
control 

70 64 M/F 61.5 Age, sex  and calendar 
year of identification 

46 0.61 Yes NR 

Buraczynska et al. 
[33] 
 

Case-
control 

53 ± 7 47 ± 11 M 100 None 44 0.0077 NR NR 

Tobin et al. [53] Case-
control 

62 ± 9 57 ± 11 M/F 68 None 39 0.21 NR Yes 

Sekuri et al. [10] 
 

Case-
control 

48 ± 8 44 ± 7 M/F 77.4 None 47 0.19 NR NR 

Methot et al. [47] Case-
control 

63 ± 10 62 ± 7 F 0 Age 37 0.84 NR NR 

Renner et al. [51] 
 

Case-
control 

64 ± 10 58 ± 12 M/F 74.8 None 43 0.86 Yes NR 

Zafarmand et al. 
(present study) 

Case-
cohort 

61 ± 6 57 ± 6 F 0 None 41 0.89 Yes Yes 

Kamitani  et al. [44] 
 

Case-
control 

52 ± 1 54 ± 1 M 100 Age, sex, BMI, blood 
pressure, total 
cholesterol, smoking 
and history of diabetes 

70 0.65 NR NR 

Ishigami et al. [43] Case-
control 

62 ± 1 60 ± 1 M/F 68.3 None 65 0.0002 NR NR 

Yamakawa-
Kobayashi et al. [58] 

Case-
control 

57 ± 8 51 ± 8 M/F 80 None 80 0.07 NR NR 

Ko  et al. [46] Case-
control 

62 ± 1 56 ± 1 M/F 77 None 91 0.51* NR NR 

Ichihara  et al. [42] 
 

Case-
control 

53 ± 6 53 ± 5 M 100 Age, sex, BMI and 
some CHD risk factors 
(history of smoking,  
hypertension, diabetes, 
hypercholesterolemia) 

80 0.86 NR NR 

Cong et al. [34] Case-
control 

65 ± 1 NR M/F 76 None 78 0.0006 NR NR 

Sheu et al. [52] 
 

Case-
control 

63 ± 1 58 ± 1 M 100 None 87 0.47* NR NR 

Tsai et al. [54] Case-
control 

64 ± 11 59 ± 13 M/F 72.2 None 88 0.38 NR NR 

Frossard et al. [39] 
 

Case-
control 

57 ± 12 54 ± 14 M/F 48.2 None 52 0.26 NR NR 

Hooper et al. [41] Case-
control 

NR NR M/F NR None 83 0.73* NR NR 

Nair et al. [11] Case-
control 

56 ± 5 48 ± 6 M/F 82.3 Age and sex 76 0.08 NR NR 

Araujo et al. [30] Case-
control 

NR NR M/F 66.6 None 34 0.36 NR NR 

Ranjith et al. [49] 
 

Case-
control 

NR NR M/F NR Age 69 0.90 NR NR 
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Table3. Extended 
 

Author End 

point 

Case definition Source of controls 

    
Katsuya et al. [45] CHD Admission for treatment of myocardial infarction or unstable angina, PTCA, or 

CABG, or stable angina with angiographic evidence of CHD or a positive exercise 
test result 

Controls without a history of CHD and symptoms suggesting 
angina from two previous studies 

Tiret et al. [13] MI WHO MONICA category I Electoral rolls in France and the list of general practitioners 
in N. Ireland 

Ludwig et al.a [6] 
(Framingham study) 

CHD Diagnosed MI by a physician, a PTCA, a CABG, prior MI in ECG, fatal CHD Healthy controls without the conditions, no lipid-lowering 
medications and no family history 

Ludwig et al.b  [6] 
(ARIC study) 

CHD Diagnosed MI by a physician, a percutaneous coronary angioplasty, a coronary 
artery bypass, prior MI, fatal CHD 

Healthy controls without the conditions, no lipid-lowering 
medications and no family history 

Wenzel et al. [55] CHD > 50% stenosis of  at least one major coronary vessel, defined as MI, PTCA, CABG Healthy young persons without any symptoms for CVD 
Winkelmann et al. 
[57] 

CHD, 
MI 

At least one coronary stenosis ≥ 50%  controls without coronary artery disease in coronary 
angiography 

Fernandez-Arcas et 
al. [37] 

MI Typical prolonged chest pain or atypical symptoms, acute congestive heart failure, 
syncope, and serial cardiac enzymes elevation exceeding twice the upper limit of 
reference range and dynamic ECG changes typical of MI 

Healthy controls with no CVD using health service identity 
card 

Gardemann et al. 
[40] 

CHD, 
MI 

CHD: coronary stenosis ≥ 50% 
MI: Using the WHO criteria 

No vessel disease in the coronary angiography 

Fatini et al. [36] CHD History of CHD (previous MI or angina pectoris) with coronary stenosis >75% by 
angiography 

Random  healthy controls from the staff of the University 

Fomicheva et al. [38] MI Using the WHO criteria From secondary schools 
Reinhardt et al. [50] CHD At least one coronary stenosis ≥ 50% of a major coronary artery with or without 

prior MI 
Random healthy controls from the local registry office 

Batalla et al. [31] MI WHO MONICA protocol Healthy controls from residents of the region 
Wierzbicki et al. [56] CHD Confirmed cardiac event, angioplasty, coronary bypass surgery, or significant 

lesions on angiography 
No CHD 

Rodriguez-Perez et 
al. [8] 

CHD Hospital-admitted with a diagnosis of MI or unstable angina and documented 
evidence of coronary artery disease by angiography 

Random  controls without CVD 

Olivieri et al. [7] CHD, 
MI 

CHD: Candidate patients for CABG, having > 50% stenosis of  at least one major 
coronary vessel                                                                                                                                     
MI: By medical records showing diagnostic electrocardiogram and enzyme changes, 
and/or the typical sequelae of myocardial infarction on ventricular angiography 

CHD-free group documented by  angiography who were 
examined for other reasons in the institute 

Sethi et al. [29] CHD, 
MI 

CHD: ICD, 8th edition, codes 410-414 
MI: ICD, 8th edition, code 410 

Random  healthy controls without CHD, MI or CVA from 
the city of Copenhagen 

Ortlepp et al. [48] CHD > 50% stenosis of  at least one coronary vessel Patients without any signs of atherosclerosis in  angiography 
Ermis et al. [35] Early 

MI 
WHO criteria Healthy subjects without a history of CHD, hypertension or 

diabetes 
Bis et al. [32] MI Criteria were adapted from the Cardiovascular Health Study Randomly selected subjects from the members of a health 

maintenance organization 
Buraczynska et al. 
[33] 

CHD Hospitalized patients with unstable angina, stable angina or acute MI Healthy subjects without family history of CHD 

Tobin et al. [53] MI Using the WHO criteria Healthy visitors to patients 
Sekuri et al. [10] CHD At least one stenosis ≥ 50% in a major coronary artery or one of their branches Healthy subjects without history of CVD 
Methot et al. [47] CHD Acute coronary syndrome: AMI or unstable angina defined according to standard 

criteria 
Postmenopausal women without signs or symptoms of acute 
or previous acute coronary syndrome 

Renner et al. [51] 
 

CHD, 
MI 

CHD: At least one stenosis ≥ 50% in one of 15 coronary segments 
MI: positive history of MI or patients presented with ST elevation or non-ST 
elevation  

Subjects without CHD (with  stenoses <20%) from a cohort 
study 

Zafarmand et al. 
(present study) 

CHD, 
MI 

CHD: ICD, 9th edition, codes 410-414 
MI: ICD, 9th edition, code 410 

Members of a 10% random sample from the whole cohort at 
the baseline without CVD 

Kamitani  et al. [44] 
 

MI Having MI by coronary angiography, ECG criteria, and measurements of heart-
specific serum enzymes 

Randomly selected subjects attending the same hospital with 
no CVD 

Ishigami et al. [43] CHD At least one coronary artery with >25% luminal obstruction on average according to 
multiple coronary angiographic views 

Hospital-admitted patients for other diseases with no CHD 

Yamakawa-
Kobayashi et al. [58] 

CHD At least one 75% stenosis in coronary arteries Healthy controls 

Ko  et al. [46] CHD > 50% stenosis of  at least one major coronary vessel Healthy subjects and patients without angiographic evidence 
of CHD 

Ichihara  et al. [42] CHD MI was based on typical ECG changes and increased serum enzymes and by the 
presence of wall motion abnormality on left ventriculography, Angina pectoris by 
typical ECG changes and stenosis of >70% in any major coronary artery or of >50% 
in the left main trunk, without wall motion abnormality on left ventriculography 

Random  healthy controls with no history or sign of CHD 
from attendants of the hospitals 

Cong et al. [34] CHD ≥ 50% stenosis in at least one major coronary artery Subjects with no history of CHD or abnormal resting 
electrocardiogram 

Sheu et al. [52] CHD A postnitroglycerin stenosis of major vessels ≥ 50% or a >70% reduction of luminal 
diameter of a first-order branche 

Healthy subjects in their annual physical checkups 

Tsai et al. [54] CHD > 50% stenosis of  at least one coronary vessel CHD-free group documented by angiography 
Frossard et al. [39] 
 

CHD, 
MI 

CHD: Exertional angina, unstable angina or MI 
MI: ECG changes; presence of regional wall motion abnormalities on trans-thoracic 
echocardiography; and serial enzyme elevations  

Healthy controls 

Hooper et al. [41] MI Prior MI confirmed by ECG and/or cardiac enzymes or cardiac thallium scanning or 
catheterization  

Outpatients with no history of heart attack, stroke, or 
thrombosis 

Nair et al. [11] CHD At least one coronary artery with 50% stenosis Healthy controls with BP<140/90 mmHg and no history of 
CVD 

Araujo et al. [30] MI Using the WHO criteria confirmed by stenosis >50% in an angiography and 
ventricular damage in a ventriculography 

Hospital-admitted patients for other diseases with a normal 
coronary angiography 

Ranjith et al. [49] 
 

MI Using the WHO criteria Healthy normotensive subjects with no CVD or other 
associated risk factors 

    

 
PTCA, percutaneous coronary angioplasty; CABG, coronary artery bypass graft; ICD, international classification 
of diseases; ECG, electrocardiography; AMI, acute myocardial infarction; CHD, coronary heart disease;  CVD, 
cardiovascular diseases;  CVA, cerebrovascular accident; BMI, body mass index; WHO, world health 
organization; NR, not reported 
*Exact significance probability 
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source population of the cases in 21 studies [6,8,13,29,31-33,35-38,45,47,49-53,55], 
while hospital-based/not population-based controls were used in 17 studies 
[7,10,11,30,34,39-44,46,48,54,56-58]. 
 
 
 
 
Table 4. ORs and 95% CI for coronary heart disease and the M235T polymorphism 
in AGT gene under different genetic models 
 

 
a The additive genetic model assumes that there is a linear gradient in risk between the MM, MT and 
TT genotypes (MM genotype baseline). This is equivalent to a comparison of the T allele versus the M 
allele (baseline). 
 
 
 
 
Quantitative data synthesis 
The overall OR under a random-effects model using an additive model for CHD risk 
was 1.08 (95% CI, 1.01 to 1.15; P=0.025; Figure 2). However, there was evidence of 
substantial between-study heterogeneity (I2 = 55.5%, P<0.001). Table 4 shows the 
association of the AGT T235M polymorphism with CHD risk under different genetic 
contrasts. When a recessive model was evaluated, a significant association was 
found between individuals homozygous for the T allele (T235T genotype) and CHD 
risk, when compared to carriers of the M allele (OR=1.11; 95% CI, 1.02 to 1.22; 
P=0.016). Under the dominant model, the association was not significant. Under 
pairwise comparisons, there was a significant modest association between the 
T235T genotype and CHD risk, as compared with the M235M genotype (OR=1.15; 
95% CI, 1.00 to 1.32; P=0.045). There was evidence for moderate to large between-  
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Table 5. Studies of the M235T polymorphism in AGT gene and risk of coronary heart 
disease under additive model grouped by study characteristics  
 
 
Study characteristics Number 

of  
studies 

Per-allele OR 
 (95%CI) 

P-value I2 (%) 
 (95%CI) 

Q statistic for  
heterogeneity  

P-value for 
heterogeneity 

       
Overall 38 1.08 (1.01- 1.15) 0.025 55.5 (36- 69) 83.21 < 0.001 
Study size       
 Small 26 1.12 (1.02- 1.24) 0.021 50.2 (35- 73) 50.24 0.002 
 Large 12 1.03 (0.95- 1.12) 0.502 62.0 (29- 80) 28.92 0.002 
Ethnicity       
 Caucasians 25 1.08 (1.01- 1.17) 0.028 58.2 (35- 73) 57.43 < 0.001 
 Eastern Asians 8 1.12 (0.89- 1.40) 0.325 69.5 (36- 85) 22.96 0.002 
 Others 5 0.99 (0.84- 1.18) 0.944 0.00 (0- 79) 2.31 0.679 
Matching       
 Matched 11 1.07 (0.96- 1.18) 0.211 26.2 (0- 63) 13.56 0.194 
 Unmatched 27 1.08 (0.99- 1.17) 0.072 62.7 (44- 75) 69.65 < 0.001 
Violating HWE       
 Violated 5 1.38 (1.05,- 1.83) 0.022 70.7 (26- 88) 13.65 0.009 
 Confirmed 33 1.04 (0.98- 1.11) 0.188 43.5 (5- 63) 56.66 0.005 
Blinding of  
genotyping staff 

      

 Blinded 6 1.07 (0.92- 1.24) 0.391 62.6 (9- 85) 13.36 0.020 
 Not reported 32 1.08 (1.00- 1.16) 0.040 55.5 (34- 70) 69.88 < 0.001 
Regenotyping of  
a random subsample 

      

 Performed 5 0.94 (0.79- 1.14) 0.544 58.9 (0- 85) 9.74 0.045 
 Not reported 33 1.10 (1.03- 1.18) 0.007 54.7 (33- 69) 70.64 < 0.001 
Case definition       
 >50%stenosis of ≥1  

major vessels 
16 1.09 (0.97- 1.23) 0.135 62.4 (35- 78) 39.9 < 0.001 

 >70%stenosis of ≥1  
major vessels 

4 1.10 (0.90- 1.34) 0.358 40.7 (0- 80) 5.1 0.167 

 WHO criteria 14 1.00 (0.93- 1.09) 0.942 36.9 (0- 67) 20.6 0.081 
 Clinical diagnosis 4 1.31 (1.15- 1.49) < 0.001 0.00 (0- 85) 2.7 0.439 
Source of controls       
 Population-based 21 1.09 (1.01- 1.19) 0.036 62.6 (40- 77) 53.5 < 0.001 
 Hospital-based 17 1.05 (0.95- 1.17) 0.354 44.6 (2- 69) 28.9 0.025 
        

 

 

 

 
study heterogeneity under all models (Table 4). Sub-group analysis, by study 
characteristics  under  the   additive  model,  showed     that   matching,   blinding    of  
genotyping staff, and regenotyping of a random sub-sample explained little of the 
heterogeneity. However, stratification showed an attenuated effect estimates in the 
large studies, in studies that CHD was defined based on angiography or WHO 
criteria, and in particular in studies that were in HWE (Table 5). Further evaluation of 
potential sources of the heterogeneity was performed using a meta-regression 
analysis.  
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Figure 2. Results of published studies of association between the M235T 
polymorphism in AGT gene and coronary heart disease in different ethnic groups. 
ORs for the outcome compared the T235 allele vs. the M235 allele (Additive model). 
The size of the box is proportional to the weight of the study. Given P-values for odds 
ratios are based on DerSimonian-Laird method using a random effects model and for 
heterogeneity in different ethnic groups are based on Q-test. 
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Meta-regression 
First, an empty regression was run with only the log of the effect estimate of pooled 
studies under the additive model to determine the baseline value for τ2, an estimate 
of between-study variation (baseline τ2= 0.025). Next, single covariates were added 
in a series of univariate models. We performed the regression analysis for ten pre-
defined potential sources of heterogeneity, including ethnicity, sex, mean age of 
cases, study size, case definition, source of controls, HWE-violation, blinding in 
genotyping, performing a sub-sample regenotyping, and matching (we hypothesized 
that studies that used matching might produce more conservative estimates of 
association). Univariate regression analyses showed that violation of HWE (β 
coefficient = 0.27 (0.06 to 0.48); PHet = 0.015, τ2=0.019), the mean age of cases (β = -
0.01 (-0.02 to 0.0008); PHet = 0.066, τ2=0.024), and the method of case definition, 
clinically diagnosed CHD versus WHO criteria adjusted for other definitions (β = 0.26 
(0.02 to 0.50); PHet = 0.038, τ2=0.020), were significant sources of heterogeneity 
among studies. The study size (PHet = 0.241, τ2=0.024), the ethnicity (PHet = 0.591, 
τ2=0.025), the male percentage in the study (PHet = 0.701, τ2=0.029), blinded 
genotyping (PHet = 0.890, τ2=0.026), sub-sample regenotyping (PHet = 0.131, 
τ2=0.023), the source of controls (PHet = 0.640, τ2=0.025), and matching (PHet = 0.942, 
τ2=0.026) were not significant sources of heterogeneity among studies. Violation of 
HWE in multivariable regression analysis remained a statistically significant source of 
heterogeneity after adjustment for the effect of study size (PHet = 0.031, τ2=0.020). 
Adding the mean age of cases and method of case definition to the model with 
violation of HWE decreased the τ2 value to 0.017 (PHet = 0.073 for violation of HWE, 
PHet = 0.057 for the mean age of cases, and PHet = 0.162 for clinically diagnosed 
CHD). It also showed that the effect of method of case definition on the variation 
among the studies was through the effect of the mean age on the heterogeneity and 
not as an independent factor. A model that included only violation of HWE and the 
mean age of cases reduced the τ2 value to 0.018 (PHet = 0.019, and 0.052, 
respectively). 

       
Sensitivity Analysis 
First, the influence of deviation from the HWE on effect estimates was examined by 
using HWE-deviated adjusted ORs. Table 6 presents the genotype-based contrasts 
with corrected ORs, as well as the allele-based contrast. After adjustment, a smaller 
overall effect was seen under the additive, dominant, and pairwise comparisons. 
Moreover, after adjustment, the previously significant association under the additive 
model, as well as the TT vs. MM comparison, was no longer statistically significant. 
The association under the recessive model still remained significant.  

Figure 3 shows a funnel plot in which the log of the OR of CHD risk under the 
additive genetic model was plotted against the standard error of the log of the OR in 
each study. The funnel plot for the overall  results  was  substantially   asymmetric for  
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Table 6. ORs  and 95% CI after adjustment for HWE-deviation  under different 
genetic models 
 

 
 

 
 
 

small negative studies. Moreover, tests for potential publication bias (The Egger’s 
test and the Begg-Mazumdar test; P-values equal to 0.066 and 0.074, respectively) 
suggested the presence of a publication bias. By using the trim and fill method, we 
showed that, if the publication bias was the only source of the funnel plot asymmetry, 
it needed seven more studies to be symmetrical (Figure 4). 

 
Discussion 
Prospect-EPIC study 
In this prospective study of healthy women aged 49 to 70 years, we investigated the 
relationship between the M235T polymorphism in the AGT gene and risk of AMI and 
CHD later in life. Under the additive genetic model, increased risks, albeit not 
statistically significant, were found for the incidence of AMI and CHD, which did not 
alter after adjustment. Likewise, we did not find a clear association between the 
variant and risk of CHD or AMI using different genetic models. This may be explained 
by: (i) the absence of a biological effect, (ii) the presence of real genetic 
heterogeneity according to ethnic background, or (iii) failure  to  detect  a  small effect 
because the epidemiologic risk for an individual genetic variant is likely to be small 
and a large sample size is needed for adequate statistical power. It has been 
commonly proposed that, as well as a need for much larger and more rigorous 
studies  those  that  are  currently  used, there   is  a  greater  need  for  international 
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Figure 3. Begg's funnel plot with pseudo 95% confidence limits under the additive 
genetic model. The size of the circle is proportional to the weight of the study.  
 
 
 
 

 
Figure 4. Filled Begg's funnel plot with pseudo 95% confidence limits under the 
additive genetic model. Red squares are missed studies due to publication bias. 
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collaborations, particularly for a complex disease like CHD [59]. 
 

Strengths and limitations 
In our study, the data collection was prospective, before the diagnosis of AMI or CHD 
and equal for all participants. This ensures that the cases and the randomly selected 
controls are comparable [17]. For a multifactorial trait, like CHD, this provides a valid 
approach to evaluate the relationship between genetic factors and the risk of AMI 
and CHD, while taking into account co-existing and risk-modifying factors. In this 
study, prevalent cases of CHD were excluded from the analyses to prevent 
introducing bias due to potentially selective survival. The Prospect study was a 
population-based cohort, which makes it less susceptible to selection bias. Additional 
strengths were the comprehensiveness of our data and sample collection, as well as 
the morbidity and mortality follow-up for the entire cohort through linkage with nation-
wide registries. The case-cohort design of the study combined the advantages of 
cohort studies (multiple outcomes and time-dependent covariates) with those of 
case-control analyses (fewer subjects); thus, it was more efficient than cohort 
studies. Classical case-control studies might be affected by selection bias since only 
non-fatal cases can be included, which was not the case in this study because of our 
endpoint definition. Moreover, we did not have misclassification of exposure 
(genotypes), which, when present, generally lead to a bias toward the null because 
we used standard laboratory protocols, performed a random double-check to detect 
potential genotyping errors, and had our AGT genotypes in Hardy-Weinberg 
equilibrium. The limitations of this study were the relatively short period of follow-up 
and the small number of cases. Moreover, because this cohort was exclusively 
composed of Dutch women, these results cannot be generalized to men or other 
ethnic groups, for whom the rates of the events or the allele frequency are known to 
differ.   

 
Meta-Analysis 
The current meta-analysis, which includes new data from a prospective study in a 
large population-based cohort of Dutch women, represents a comprehensive 
evaluation of the M235T variant of the AGT gene in CHD risk. Although a pooled per-
allele OR was suggestive of a modest increase in the risk of CHD of 1.08 (95% CI, 
1.01 to 1.15), the robustness of this summary estimate is uncertain. First, in the pre-
specified sub-groups analyses in the meta-analysis, larger studies, those with 
validated genotyping quality controls, and studies that used standardized criteria for 
case definition did not provide strong evidence for a positive statistically significant 
association between the M235T variant of the AGT gene and CHD risk. Second, the 
meta-regression analysis revealed that the HWE violation was a significant source of 
the moderate to large heterogeneity in the meta-analysis. Taking violation of HWE 
into account in the meta-analysis decreased the overall effect (Table 5). Third, the 
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previous result was confirmed by using HWE-deviation adjusted ORs in the meta-
analysis (Table 6). Moreover, there was evidence for publication bias in the meta-
analysis. Taken together, these findings point to a violation of HWE and publication 
biases as the potential explanations for the results observed in the meta-analysis.   

Some aspects of the current meta-analysis need to be considered to 
appreciate the findings. First, it might not be very practical to adjust for violation of 
HWE in the studies that mentioned that the violation is not due to genotyping errors. 
However, in the current meta-analysis, the HWE-violated studies that were included 
in the pooled estimate did not provide any reason for the violation. Therefore, we 
performed sensitivity analyses by using HWE-adjusted ORs and corresponding 
variances. Thereafter, a smaller overall effect was seen under most of the genetic 
models. Second, the power of tests for HWE and the power to detect genotyping 
errors are low. Therefore, the inability to detect a deviation from the HWE does not 
mean that there is no deviation, nor does it rule out the presence of genotyping 
errors, especially for small sample sizes. Third, our meta-analysis was based on 
published studies and we did not have access to the original data. However, it could 
be possible that an association between the genotype and disease exists in certain 
contexts rather than in all people studied. For example, a case-control study showed 
that the TT genotype was associated with an increased risk of CHD and MI only in 
smokers [33]. Finally, in all meta-analyses of gene-disease association studies, the 
inclusion criteria of cases and controls can be a potentially confounding factor. In this 
meta-analysis, cases were well defined and the source of controls was not a 
significant source of variation. However, the advantages of this study were the large 
sample size of the meta-analysis of 38 studies with 13284 cases and 18722 controls, 
which was twice the number of studies and sample sizes that had been reported in 
the previous meta-analysis [14], the exploration of potential sources of heterogeneity 
in the meta-analysis, and the evaluation of the association under different modes of 
inheritance. 

Approximately 10% of gene-disease association studies are affected by 
statistically significant deviation from HWE, which could result from genotyping error, 
chance, inbreeding, non-random mating, differential survival of marker carriers, 
genetic drift, population stratification, or a combination of these reasons [20,60]. Of 
these, genotyping error could be avoided by using standard genotyping methods and 
performing quality assessment. It has been recommended that authors specify the 
quality measures for the genotyping analysis, such as the blinding of laboratory staff 
to the donor subjects and hypotheses being investigated, procedures for establishing 
duplicates, degree of reproducibility between quality control replicates, and the 
inspection for conformity to HWE [61]. In the current meta-analysis, in studies where 
the blinding of genotyping staff was not reported, a statistically significant increased 
risk of CHD was found, while those that used blinding methods did not find a 
significant association. Moreover, for studies without regenotyping of a random sub-
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sample, a significant increase in CHD risk was found, but not for studies that 
performed regenotyping. Although overlapping confidence intervals for before-
mentioned risks indicate caution in any interpretations, no report on blinding and 
regenotyping can point towards an uncertainty in quality control of genotyping in 
these studies. However, violation of HWE, which tends to inflate the chance of a false 
positive association, may be the strongest indicator of genotyping error [62].  

Violation of HWE cannot solely explain the observed between-study variation 
in gene-disease association studies. The large between-study heterogeneity 
presented in most meta-analyses could be due to true heterogeneity (i.e., racial 
differences or differences in gene-environment interactions among various 
populations) or bias [63]. Bias, which could invalidate the results of the studies, 
should, therefore, be explored in detail. Biological plausibility, publication bias, 
selection bias, biased definition of cases, biased selection of controls, and population 
stratification should be assessed [63]. In this meta-analysis, we found strong 
evidence for publication bias. This is said to occur when the chance of the publication 
of a smaller study increases when it shows a stronger effect. Further exploration for 
sources of biases among studies showed that the selection of controls was not 
biased. However, using different case definitions resulted in a significant difference in 
the risk of CHD between those studies using WHO criteria and those using clinically 
diagnoses of CHD. Studies using definition of cases based on coronary angiography 
or based on WHO criteria had the same results. Considering a multivariate model in 
the meta-regression results, case definition was not a significant source of bias in the 
meta-analysis, while the different mean age of cases and violation of HWE were 
significant sources of heterogeneity. Since increasing age is a risk factor for CHD 
and the mean age of cases in the included studies ranged from 42 to 67 years, it is 
more likely that the studies with older individuals would show a stronger effect and 
produce heterogeneity. As case-parental controls, or other family-based designs, and 
genomic controls, using unlinked genetic markers which have no effect on the risk of 
CHD, were not available to evaluate the potential problem of population stratification 
among the studies, we presented effect estimates by different ethnic groups. 
However, there is controversy about the potential importance of population 
stratification for genetic-association studies using unrelated subjects [64]. 

In conclusion, the present meta-analysis, including our own data, indicated 
that, although a weak association between the M235T variant in the AGT gene and 
CHD was found, the relevance of this weakly positive overall association remains 
uncertain because it may be due to various residual biases. Moderate to large 
heterogeneity was identified between studies, and violation of HWE and the mean 
age of cases were statistically significant sources of the observed variation. 
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Abstract 
 
 
 
Background  
Coronary heart disease (CHD) is a complex disease and inclusion of genetic risk 
factors in risk assessment algorithms may enhance the accuracy of the CHD risk 
estimation. The reported contribution of any single gene variant to CHD risk has been 
small, underscoring the polygenic nature of the disease. We explored the use of 
combination of genetic factors aggregated to a single genetic risk score (GRS) in risk 
prediction for CHD. 
 
Methods  
A case-cohort study was conducted in unrelated middle-age women (210 CHD cases 
and 1,517 controls) from a prospective cohort of 15,236 initially healthy Dutch 
women. The 43 SNPs in 28 candidate genes were modeled as the additive effect of 
the risk-raising allele and were individually evaluated by Cox proportional hazards 
model. We calculated a genetic risk score using 5 SNPs in four genes (TNFα, 
APOA4, APOC3, and APOE).  
 
Results  
The GRS was associated with CHD risk after adjustment for conventional risk factors 
(Hazard ratio [HR]=1.23; 95% confidence interval [CI], 1.07 to 1.42; P=0.005). 
Combining the GRS with the conventional risk scores (the Framingham risk score 
and the SCORE) improved the risk estimates. The net reclassification improvement 
using the combined model over the conventional risk scores were 6.2% and 7.9% for 
the Framingham risk score and the SCORE, respectively. 
 
Conclusions  
The findings in this prospective study in a population based cohort of Dutch women 
suggest that a GRS can be used in prediction of incident CHD and the GRS along 
with conventional risk scores improves the estimation of CHD risk in healthy Dutch 
women. 
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Introduction  
Coronary heart disease (CHD) is the leading cause of mortality in western countries 
and is predicted to be the most common cause of death world-wide by 2020.(1) A 
major goal of cardiovascular epidemiology is to develop tools to predict risk of 
atherosclerotic disease. The well-known examples are the Framingham risk score 
(FRS)(2) originally developed in a US population to predict CHD and the Systematic 
COronary Risk Evaluation (SCORE) (3) developed in the European populations to 
predict atherosclerotic cardiovascular disease. In both risk assessment tools major 
risk factors (eg, age, sex, blood pressure, total or low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and smoking) have been used. 
However, current risk assessment protocols failed to predict the event in many 
patients who have developed CHD.(4) 

Since CHD is a complex disease with a genetic component, there have been 
many interests in recent years to identify the genetic polymorphisms in candidate 
genes contributing to CHD risk.(5) Inclusion of genetic risk factors in risk assessment 
algorithms may enhance the accuracy of the CHD risk estimation (6) and has 
received more interests recently (7-10), although the optimal set of risk genotypes 
has yet to be identified (11). To explore the use of genetic factors aggregated to a 
single genetic risk score (GRS) in risk prediction for CHD, we used a large 
population-based cohort of middle-aged Dutch women. We investigated whether the 
GRS along with the traditional risk scores can improve the prediction of CHD incident 
in healthy Dutch women. 

 
Methods 
Study design, general questionnaire, anthropometric and laboratory measurements 
have been described in detail elsewhere.(12, 13) Briefly, the study population 
consisted of participants of the Prospect-EPIC cohort. Participants were recruited 
between 1993 and 1997 among women living in Utrecht and the vicinity who 
attended the regional population-based breast cancer-screening program. A total of 
17,357 women, aged 49-70, were included. Follow-up event information was 
obtained from the Dutch Centre for Health Care Information, which holds a 
standardized computerized register of hospital discharge diagnoses. Using the 
International Classification of Diseases, ninth Revision (ICD-9) codes for the main 
discharge reason, we categorized cardiovascular disease (codes 390-459) as CHD 
(codes 410-414), including AMI (code 410), and other cardiovascular diseases. All 
women signed an informed consent form prior to study inclusion. The study was 
approved by the Institutional Review Board of the University Medical Center Utrecht. 

We applied the case-cohort design introduced by Prentice.(14) From the 
17,357 women in the total cohort, we randomly selected a sample of 10% as the sub-
cohort (n=l736). Women who did not consent to linkage with vital status registries or 
who were not traceable (cases n=3/sub-cohort n=38) were not included. Women who 
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reported a diagnosis of cardiovascular disease (ICD-9; 390-459) at baseline or who 
had missing questionnaires, blood, or DNA samples were excluded. This resulted in 
15,236 women in the total cohort and 1522 women in the sub-cohort (as the control 
group) at baseline. All individuals with first fatal and non-fatal CHD events that arose 
during follow-up until January 1st 2000 were selected as cases (n= 211). For all case 
subjects, follow-up ended at the date of diagnosis or at the date of death due to 
cardiovascular disease.  

 
Genetic analysis 
Genetic analysis was performed at the Cardiovascular Genotyping (CAGT) 
laboratory of the Department of Internal Medicine of the University Hospital 
Maastricht. Genomic DNA was extracted from buffy coats using the QIAamp® Blood 
Kit (Qiagen Inc., Valencia, California, USA). As previously described (12), genotyping 
of the polymorphisms was performed using a multilocus genotyping assay for 
candidate markers of cardiovascular disease risk (Roche Molecular Systems Inc., 
Pleasanton, CA, USA). (15) Sixty-eight biallelic single-nucleotide polymorphisms 
(SNPs) in 37 candidate genes were genotyped. Genotyping was performed blinded 
to the case-control status. A random double-check was performed to detect potential 
genotyping errors in a subset of 100 samples. The minimum genotyping success rate 
was 97%. 

 
Data analysis  
Differences in baseline characteristics between cases and controls were assessed 
using t-test for continuous variables and chi square test for dichotomous variables. 
To deal with possible non-linearity, continuous predictors (age, SBP, DBP, BMI, 
Waist to hip ratio, HDL, LDL, and total cholesterol) were modeled by using fractional 
polynomials.(16) Hardy-Weinberg equilibrium (HWE) was tested with the χ2 test or 
the exact test among the controls. The 43 SNPs in 28 candidate genes were 
modeled as the additive effect of the risk-raising allele and were individually 
evaluated by Cox proportional hazards model with an estimation procedure adapted 
for case-cohort designs.(17) We used the unweighted method by Prentice (14, 18), 
which is incorporated in a SAS macro at http://lib.stat.cmu.edu/general/robphreg. The 
risk-raising allele is the allele that resulted in a hazard rate ratio greater than 1.0. 
Because we set the α level equal to 0.10, SNPs associated with p values greater 
than 0.10 were omitted from further consideration for inclusion in the GRS. SNPs 
associated with p values less than or equal to 0.10 entered the GRS with a coding 
value of 1 for the risk homozygote, 0 for the heterozygote, and -1 for the nonrisk 
homozygote. The GRS for each individual was created by summing these values for 
each SNP in the GRS, as previously introduced by Morrison et al.(7) Therefore, 
individuals carrying all risk-raising alleles were assigned a GRS of 5 and those 
carrying no  risk-raising  alleles  were  assigned a  GRS of -5. The    Framingham risk  

http://lib.stat.cmu.edu/general/robphreg
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Table 1. General and clinical characteristics of CHD cases and controls in the 
Prospect –Epic cohort 
 

 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; CHD, coronary heart disease (ICD 410-
414). 
a Mean ± standard deviation 
b Defined as a systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg and/or 
questionnaire positive. 
c The number of packs of cigarettes smoked per day by the number of years the person has smoked 
d Comparison of risk factors across disease status, using the independent samples t-test (continuous 
variables) and the χ2 statistic (categorical variables) 
 
 
 
 
 
score was calculated individually as previously described.(2) The SCORE risk 
algorithm was calculated individually in non-diabetic individuals as recently described 
by Smulders et al (19), in this method total cholesterol/HDL-C ratio was used, 
because the lipid ratios performed better than individual lipids in terms of CHD risk 
prediction. We considered the total risk point of less than or equal to 9, 10 to 15, and 
equal or greater than 16 in FRS and 0 to 4, 5 to 9, and 10 or greater in SCORE as 
the low, moderate, and high risk groups, respectively. 

Characteristics CHD cases Sub-cohort P-valued 

N total (%) 210 1517 - 
Age at intake (yr) a 60.5 ± 5.9 57.1 ± 6.1 < 0.01 
Body mass index (kg/m2) a 26.8 ± 3.9 25.8 ± 4.0 < 0.01 
Weight (kg) a 71 ± 11 69 ± 11 0.07 
Height (cm) a 162.8 ± 6.0 164.3 ± 6.0 < 0.01 
Waist to hip ratio a 0.813 ± 0.060 0.789 ± 0.057 < 0.01 
Hypertension (%) b 60.5 41.8 < 0.01 
Systolic blood pressure (mm Hg) a 143 ± 22 133 ± 20 < 0.01 
Diastolic blood pressure (mm Hg) a 82 ± 11 79 ± 11 < 0.01 
Presence of diabetes (%) 5.7 2.2 < 0.01 
Presence of hypercholesterolemia (%) 11.4 3.9 < 0.01 
Current alcohol consumption (%) 80.7 88.0 < 0.01 

Past 26.2 34.7 0.02 Smoking status   (%) 
Current 33.8 22.9 < 0.01 

Pack- years c 9.7 ± 11.4 6.7 ± 9.5 < 0.01 
Total cholesterol (mmol/L) a 6.4 ± 1.0 5.9 ± 1.0 < 0.01 
HDL cholesterol (mmol/L) a 1.4 ± 0.3 1.6 ± 0.4 < 0.01 
LDL cholesterol (mmol/L) a 4.4 ± 1.0 3.9 ± 0.9 < 0.01 
Serum glucose (mmol/L) a 5.1 ± 2.5 4.5 ± 1.4 < 0.01 
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The GRS was included in the Cox proportional hazards model adjusted for 
age. Both risk scores containing the traditional risk factors were included separately 
in the Cox proportional hazards models. New combined risk scores (Conventional 
risk score+ GRS) were calculated for each individual. The ability of the several 
algorithms to predict CHD was assessed using the area under the ROC curve (AUC). 
The ROC curve was produced by plotting the sensitivity versus 1- specificity for all 
possible scores. Performances of the predictive models were assessed by 
improvement in the AUC as the first criterion. However, because of the limitations in 
fitting the models solely based on AUC (20, 21), we also used the Hosmer-
Lemeshow statistic (22) to assess model calibration, a measure of how well predicted 
probabilities agree with actual observed risk. If the Hosmer and Lemeshow 
Goodness-of-Fit test statistic is 0.05 or less, we reject the null hypothesis that there is 
no difference between the observed and predicted values of the dependent; if it is 
greater, as we want, we fail to reject the null hypothesis that there is no difference, 
implying that the model's estimates fit the data at an acceptable level.  

However, common reclassification methods do not evaluate reclassification 
rates separately in individuals who develop events and in those who do not. 
Therefore, we used the net reclassification improvement (NRI) as very recently 
described.(23) NRI is calculated by summing the reclassification improvements for 
those experiencing a CHD event on follow-up and for those not experiencing a CHD 
event on follow-up. Because of the available number of cases that limits the power, it 
was not appropriate to use a random sample to drive the best fit model and evaluate 
it in the rest as a test cohort. 
 
Results  
The study comprised 210 cases and 1517 subjects in random sample, as genotypes 
were not obtained in 0.2% of the samples due to failed polymerase chain reaction. 
General and clinical characteristics of CHD cases and controls are shown in Table 1. 
The comparison between the models using linear and fractional polynomials of age, 
SBP, DBP, BMI, waist to hip ratio, HDL, LDL, and total cholesterol provided no 
evidence for a departure from linearity (P > 0.20 for all; null hypothesis: the 
association is linear) for CHD. Of the 68 SNPs, 43 in 28 candidate genes were in 
accordance with the HWE. Of these SNPs, five were selected for inclusion in the 
GRS  based  on  their  association  with  CHD risk  in  a  Cox     proportional  hazards 
model (p≤ 0.10; Table 2). For two of the SNPs the rare alleles were associated with 
increased CHD risk (in APOA4 and TNFα genes). For the rest, the rare alleles were 
associated with a protective effect. Distribution of genetic risk score was normal 
(Figure 1). No one had all risk-raising or risk-lowering alleles. The GRS was 
associated with an increased CHD risk adjusted for age (HR=1.29; 95%CI, 1.13 to 
1.46; P<0.0001). After further adjustment for systolic blood pressure, body mass 
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Table 2. Genes and SNPs included in the genetic risk score for prediction of coronary 
heart disease 
 

 
SNPs, single-nucleotide polymorphisms; HR, hazard ratio 
 
 
 
 
index, smoking, alcohol consumption, treatment for hypertension, and total 
cholesterol the association was still statistically significant (HR=1.23; 95% CI, 1.07 to 
1.42; P=0.005). The FRS and the SCORE were significant predictors of the disease 
(HR=1.23; 95% CI, 1.18 to 1.28; P<0.0001, and HR=1.25; 95% CI, 1.19 to 1.31; 
P<0.0001, respectively).  

Performances of the models which included the conventional risk scores and 
GRS were separately compared, first, with the AUC of the ROC curve for each 
model. The AUC for FRS was 0.716 (95% CI, 0.679 to 0.752) which increased to 
0.722 (95% CI, 0.685 to 0.758) for FRS + GRS. The AUC for SCORE was 0.692 
(95% CI, 0.651 to 0.732) which increased to 0.698 (95% CI, 0.658 to 0.738) for 
SCORE + GRS. Next, calibration was measured by comparing the observed and 
predicted probabilities using the Hosmer-Lemeshow test. 

For the FRS+GRS model the test was 2.98 (p=0.94) and for the SCORE+GRS 
model it was 11.48 (p=0.18), indicating that the model's estimates fit the data at an 
acceptable level. Finally, reclassification of subjects using the new models over the 
basic models was assessed using the net reclassification index (Table 3 and 4) (23). 
For 23 subjects who developed CHD events, classification improved using the 
FRS+GRS model, and for 5 cases it became worse. The net gain in reclassification 
proportion was 0.076, significantly greater than zero (p <0.001). The net gain in 
reclassification proportion in control subjects was not significant; 71 individuals were 
reclassified up  and 35  people were  reclassified  down.   The NRI  was  estimated at  
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Figure 1. Percentage distribution of genetic risk score 

 
 

 

0.062 and was significant (p =0.017). Considering the SCORE+GRS model, for 22 
subjects who developed CHD events, classification improved, and for 2 cases it 
became worse. The net gain in reclassification proportion was 0.103, significantly 
greater than zero (p <0.001). The net gain in reclassification proportion in control 
subjects was not significant; 55 individuals were reclassified up and 19 people were 
reclassified down. The NRI was estimated at 0.079 and was significant (p <0.003).  
 
Discussion 
In this prospective study among women aged 49 to 70 years, using a case-cohort 
approach in a cohort of 15,236 initially healthy women, we found that a GRS 
produced by aggregating five SNPs was associated with incident CHD after adjusting 
for traditional risk factors. In addition, CHD-risk estimates incorporating both GRS 
and conventional risk scores were more effective than risk predictions based on 
conventional risk scores alone. 

In our study, the data collection was prospective, before the diagnosis of CHD 
and equal for all participants. This ensures that the cases and the randomly selected 
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Figure 2. Receiver operating characteristic (ROC) curves: compared curves for (a) 
the Framingham risk score (FRS) alone, genetic risk score (GRS) alone, and 
combination of both scores; (b) the Systematic COronary Risk Evaluation (SCORE) 
alone, GRS alone, and combination of both scores



 
150 | Chapter 9 

 

  
Table 3. Reclassification among CHD cases and controls using GRS+FRS compared 
to FRS. Numbers are absolute risks (percent) 
 
   GRS+FRS model   
  Risk groups Low 

 
 Moderate  High  Total 

CHD cases          
 Low 81 (95.3)  13 (14.8)  0 (0.0)  94 
 Moderate 4 (4.7)  74 (84.1)  10 (27.0)  88 
 High 0 (0.0)  1 (1.1)  27 (73.0)  28 
 

FRS model 

Total 85  88  37  210 
Controls          
 Low 1055 (97.1)  61 (15.4)  0 (0.0)  1116 
 Moderate 31 (2.9)  331 (83.6)  10 (28.6)  372 
 High 0 (0.0)  4 (1.0)  25 (71.4)  29 
 

FRS model 

Total 1086  396  35  1517 
 
CHD, coronary heart disease (ICD 410-414); FRS, Framingham risk score; GRS, genetic risk score. 
 
 
 
 
 
 
 
Table 4. Reclassification among CHD cases and controls using GRS+SCORE 
compared to SCORE. Numbers are absolute risks (percent) 
 
   GRS+SCORE model   
  Risk groups Low  Moderate  High  Total 
CHD cases         
 Low 117 (98.3)  16 (28.6)  0 (0.0)  133 
 Moderate 2 (1.7)  40 (71.4)  6 (31.6)  48 
 High 0 (0.0)  0 (0.0)  13 (68.4)  13 
 

SCORE model 

Total 119  56  19  194 
Controls          
 Low 1264 (98.7)  50 (29.9)  0 (0.0)  1314 
 Moderate 17 (1.3)  115 (68.9)  5 (21.7)  137 
 High 0 (0.0)  2 (1.2)  18 (78.3)  20 
 

SCORE model 

Total 1281  167  23  1471 
 
CHD, coronary heart disease (ICD 410-414); SCORE, Systematic COronary Risk Evaluation; GRS, 
genetic risk score. 
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controls are comparable.(14) For a multifactorial trait, like CHD, this provides a valid 
approach to evaluate the relationship between genetic factors and the risk of CHD, 
while taking into account co-existing and risk-modifying factors. In this study, 
prevalent cases of CHD were excluded from the analyses to prevent introducing bias 
due to potentially selective survival. The Prospect study was a population-based 
cohort, which makes it less susceptible to selection bias. Additional strengths were 
the comprehensiveness of our data and sample collection, as well as the morbidity 
and mortality follow-up for the entire cohort through linkage with nation-wide 
registries. The case-cohort design of the study combined the advantages of cohort 
studies (multiple outcomes and time-dependent covariates) with those of case-
control analyses (fewer subjects); thus, it was more efficient than cohort studies. 
Classical case-control studies might be affected by selection bias since only non-fatal 
cases can be included, which was not the case in this study because of our endpoint 
definition.  

The limitations of this study were the relatively short period of follow-up and 
the small number of cases. Moreover, because this cohort was exclusively composed 
of Dutch women, these results cannot be generalized to men or other ethnic groups, 

for whom the rates of the events or the allele frequency are known to differ. A 
limitation of the GRS is that it does not account for the possibly different magnitude of 
the effect of the high- risk SNPs or their genetic mode of action.(24) However, to 
evaluate the association between each SNP and CHD, we used an additive genetic 
model that assumes there is a linear gradient in risk from the risk-lowering 
homozygote to the risk-raising homozygote. We used an additive model because it is 
a reasonable approximation for both recessive and dominant models.(25) Using an 
additive model avoided the multiple hypothesis testing that would have resulted from 
testing each SNP in additive, dominant, and recessive models and avoided using the 
limited available data to make a definitive choice of a model other than the additive 
model.(8) For the current GRS we used a simple weighting method. Other risk scores 
with more sophisticated weighting methods could be considered. However, data from 
additional studies would be needed to further optimizing the GRS. 

Our finding on usefulness of using GRS in CHD risk prediction agrees with the 
recent findings.(7-10) In the ARIC study, a prospective cohort of both men and 
women aged 45 to 64 years which was carried out in almost 50% of African 
American, a GRS contributed by 11 SNPs from a panel of 116 was significantly 
associated with incident CHD in Blacks and Whites.(7) Furthermore, Bare et al 
showed that after adjusting for traditional risk factors, those with a high genetic risk 
score had a 57% increased risk of incident coronary heart disease in the ARIC study. 
(8) These findings, including ours, stressing that incidence of CHD, as a complex 
disease, is the result of a balance of the contribution of multiple genes with small 
effects. However, different panel of SNPs used in above-mentioned studies and the 
optimal set of risk genotypes has yet to be identified. (11) To obtain reliable 
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estimates of gene effects across many patients from different study designs and 
environmental backgrounds, combination of the results from a number of 
independent studies through a meta-analysis can benefit the risk estimation as well 
as finding an optimal set of risk genotypes. (10) Undoubtedly, the components of any 
GRS would change on the basis of updated scientific data on the role of various 
SNPs and finding new genetic factors using genome-wide association studies. This 
implies that genomic profiles will be defined and redefined when new susceptibility 
genes are identified or when the estimates of their effects are revised.(26)  

Our data suggest that a CHD-prediction model based on both conventional 
and genetic risk factors can estimate the risk of disease more effective than a model 
based on the conventional risk factors only. This finding expands the previous 
findings (7, 11) In the NPHSII study, a prospective cohort of healthy middle-aged 
men (50-64 years) in UK, the AUC for both conventional and genetic risk factors 
included in the risk score significantly improved over the conventional risk alone. (11) 
In the ARIC study, a borderline increase in the AUC for Whites and a significant 
improvement for Blacks were found. (7) In our study improvements of the AUC were 
seen, when both conventional and genetic risks evaluated. Moreover, we showed 
that using the combination risk score can improve reclassification of subjects (NRI 
equal to 6.2% and 7.9% for FRS+GRS and SCORE+GRS, respectively). As it has 
been widely recognized that conventional risk prediction models are imperfect and 
failed to predict the event in many patients who have developed CHD(4), 
improvement of the models by including genetic information would be of interest.  

Of the panel of SNPs in our study, the G(-238)A  polymorphism in the 
promotor gene tumor necrosis factor alpha (TNFα), a pleiotropic inflammatory 
cytokine(27),  had the single largest hazard ratio. Most organs of the body appear to 
be affected by TNFα, and the cytokine serves a variety of functions(28), many of 
which are not yet fully understood. Other SNPS contributed to the GRS were 
involved in lipid metabolism (APOA4, APOC3, APOE). However, it remains to be 
determined how the five SNPs in the GRS panel affect the pathogenesis of CHD. 

In conclusion, this study shows that in healthy Dutch women free from 
previous cardiovascular diseases, a GRS defined by five SNPs is associated with an 
increased risk of CHD independent of conventional risk factors. Moreover, combining 
GRS with the conventional risk scores can predict CHD risk more effective than the 
conventional risks alone. Presented results may have clinical utility in CHD risk 
prediction, treatment and quality of care and needs to be evaluated further. 
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Introduction 
Cardiovascular diseases were the direct cause of >4 million deaths in Europe around 
the year 2000, accounting for 43% of all deaths of all ages in men and for 55% in 
women.1 CVD has a polygenic basis, and identification of the susceptibility genes 
and their variations has the potential to aid the development of new treatments and 
enhance prediction of disease risk.2 In the paradigm of cardiovascular genetic 
epidemiology, it is anticipated that many polymorphisms will be associated with the 
disease state, each with a modest but significant relative risk.3 Such small effects will 
require large sample sizes to be detected. Apart from the establishment of new 
studies of very large size, different approaches have been proposed to overcome the 
limitation, including meta-analysis of such molecular association studies, and forming 
collaborative consortia.3, 4 

As the main objectives of this thesis were to evaluate the association of 
multiple SNPs in several candidate genes with CVD risk in healthy Dutch women, to 
obtain reliable estimates of gene effects on the risk of coronary heart disease, and to 
introduce a prediction model based on the genetic information, we discussed some 
methodological considerations in the previous chapters. Here, we will discus other 
considerations with regard to meta-analysis of genetic association studies, forming 
consortia in this ongoing field, and predictive genetic testing, as well as the new 
findings in genome-wide association studies.  

 
Meta-analysis of genetic association studies  
One of the common limitations in most of the genetic association studies is lack of 
power to detect a statistically significant association. Since the reported odds ratios in 
these studies mostly ranged between 1.1 and 1.5, to achieve a satisfactory power at 
least 1000 subjects are required5, and even several thousands subjects to achieve 
80% power at P < 0.05.6 Performing a meta-analysis provides an opportunity to 
obtain an overall genetic risk effects for gene-disease associations with the potential 
for higher power, and it can be a useful tool in assessing inconsistency, i.e. between-
study heterogeneity in the observed effects.7 If heterogeneity is adequately 
addressed, meta-analysis can provide an evidence for gene-disease association, but 
it is not a substitute for an adequately powered primary study.8 Heterogeneity and its 
causes should be evaluated and they should be incorporated directly in the statistical 
model that tests for genetic association, wherever possible.9 In chapter 8, for 
instance, we extensively evaluated the heterogeneity among the studies on 
association between the AGT gene and CHD risk and addressed several causes.  

In meta-analysis of genetic association studies, participants are categorized 
typically into three exposure groups according to their genotypes. Several options are 
available for the analysis of such data. When a specific genetic model, such as 
recessive, dominant, and codominant, is investigated, it is assumed that this genetic 
model applies to all studies. However, rarely the genetic model is known a priori and 
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there is no certain rule for the choice of the model.10 Among all possible genotype 
contrasts, only the additive and the codominant models are independent.11  If there is 
no strong biological or other rationale for preferring one specific model over others, it 
is recommended to present the effect estimates for heterozygotes and for 
homozygotes separately12, or even a wide spectrum of genetic models should be 
investigated and presented11 to allow readers to judge for themselves. 

It is common in genetic association studies that the first published study shows 
a statistically significant association, followed by several negative studies (the 
“winner’s curse” phenomenon).6 This could be due to publication bias, a preference 
to publish studies with “positive” findings (i.e. statistically significant results or large 
association effects),7 or time-lag bias, delay in publication of “negative” studies.6 We 
addressed this issue in details in chapters 2 and 8. Other types of biases including 
multiple publication bias (positive studies are more likely to be published more than 
once), citation bias (positive studies are more likely to be cited by others), language 
bias (positive studies are more likely to be published in English), and selective 
outcome and analysis reporting bias (publication of a subset of the conducted 
analyses, with a preference to present most impressive results) also can affect the 
search results and estimate of the associations in meta-analyses.7, 13 It is commonly 
suggested to include unpublished data to reduce publication bias which is not easily 
applicable in practice.5 To be done, publication of non-significant results in journals or 
web-based sources with sufficient credit should be encouraged.6 

Another important issue in genetic association studies which has received 
many discussions is multiple testing. Candidates for multiple testing include 
possibility for evaluating a large numbers of genetic markers, multiple phenotypes 
(e.g., disease outcomes), multiple subgroups of interest, and multiple statistical 
models (e.g., different modes of inheritance).5 Correcting for multiple testing in 
genetic association studies has been stressed 14, 15, however, adjustment for multiple 
corrections is not routinely adopted or accepted12 and in meta-analysis, generally, 
has not been applicable.11 It is mentioned that correcting for multiple testing in meta-
analysis of genetic association studies is not stringently required because of the 
exploratory characteristic of these studies (data synthesis has a specific objective but 
without a prespecified key hypothesis).11, 16 Moreover, independency of investigated 
contrasts, one of the assumptions of multiple testing adjustment, is missing. Thus, 
appropriately performing the correction is questionable.16 Finally, when the aim of 
performing a meta-analysis of genetic association studies is exploring the relative 
significance of risk under each contrast, an adjustment is unnecessary.11 

Meta-analysis of genetic association studies, when properly applied and 
interpreted, contribute to a greater understanding of common, complex diseases.5 
However, it is relatively new and as Attia et al. stated “it seems to be an “orphan” 
field, falling somewhere between genetics and epidemiology, undertaken by 
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geneticists and epidemiologists in roughly even numbers but benefiting from the 
experience of neither”.9               

 
Consortia of genetic association studies 
Current research suffers from prevalence of small, underpowered studies, often with 
flawed design, suboptimal conduct and biased analyses; selective reporting of 
“positive” results, lack of standardization among studies; poor reporting of results 
even from well-conducted studies; and difficulties in assessing gene-gene and gene-
environment interactions.17 To overcome the limitations, forming collaborative 
consortia, sharing raw data, biological samples, and other resources; and doing 
original data meta-analyses, and in some cases prospectively pooling new data in 
combined analyses has been proposed.4 Forming networks permit broad, consistent, 
and transparent assessment and replication of novel findings obtained in individual 
studies. These networks can also facilitate rapid publication with sufficient credit of 
“negative” results. Moreover, the quality and credibility of research can be enhanced 
by standardization of clinical, laboratory, and statistical methods used by 
investigators working on the same research questions.18, 19 However, a consortium is 
a complement, not an alternative to individual investigator-initiated studies.4 Whereas 
individual studies provide a more flexible approach, consortia present a means, often 
the only means, to evaluate current and new hypotheses with adequate power; to 
replicate results of individual studies in combined data; and to investigate diversity of 
an overall effect among the included populations.4, 19 A network of investigator 
networks in human genome epidemiology (HuGENet) has been established 
recently.18 

 
Genome-wide association studies and CVD 
Advances in high-throughput genotyping technology have led to a new era of genetic 
analyses, genome-wide association studies (GWA), which are providing novel and 
important insights into common polygenic disorders such as CVD. GWA studies offer 
a great potential for the discovery of new causes and mechanisms of disease.20 
Recent studies have showed a common region on chromosome 9p21 associated 
with the risk of CHD in several European populations.21, 22 It is very surprising that the 
genomic region contains no annotated genes and that the SNPs that tag this region 
are not associated with any established risk factor for CHD.23 This association was 
further replicated in a consortium study24 and recently a meta-analysis of replication 
studies provided further evidence for the association.25 As such, algorithms predicting 
CHD events can benefit by including information on variants of chromosome 9p21.25 
However, a major limitation of GWA studies is that they are very costly and time-
consuming when applied to studies of large sample size.23  

 
Genetic risk scores and CVD prediction 
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Development of DNA-based tests for prediction of CVD risk is one of the 
cardiovascular genetic epidemiology goals.26 For a polygenic disease such as CVD, 
combination of several genes influence risk of event, each with a modest effect. 
While testing at multiple loci, genomic profiling, may be valuable for disease 
prediction, it is still far from clear how genomic profiles and at-risk profiles should be 
defined and evaluated.27 For assessment of genetic contribution to the incidence of 
CHD, some investigators used a set of SNPs from a cohort study28, others used 
meta-analysis of several genetic association studies which provide the possibility of 
more robust odds ratios.29 Recent findings of GWA studies have provided opportunity 
for using newly discovered SNPs in CHD risk prediction models, theses remain to be 
included.25  

A few studies recently have provided a genetic risk score using a set of 3 to 11 
SNPs.29-32 In chapter 9, we also evaluated a genetic risk score contributing five SNPs 
along with conventional CVD risk scores (the Framingham score and the SCORE) 
and we showed that a joint effect of genetic and conventional risk scores can 
reclassify subjects more efficient than the conventional risk scores. These studies are 
important first steps toward the genetic prediction of CHD. There are several 
considerations in use of genetic information to obtain risk estimates for CHD. First, 
rapid but still step by step progression in the identification of susceptibility genes can 
change genomic profiles used for risk prediction and highlights a need for a flexible 
framework for a dynamic development.27 Second, a simple model in which all SNPs 
obtain a similar weight in the analysis and the strength of association of individual 
genetic variations does not take into account, can underutilize the predictive value. 
However, this additive model for the risk alleles has reasonable power when the true 
genetic model is unknown.27, 33 Third, including each genotype-environment 
interaction with its risk estimate in the prediction model can obviously improve the 
predictive value, but this would require detailed information on interaction which is 
currently unavailable.29 Fourth, attempts to distinguish joint effects of SNPs acting 
through a single pathway or through different pathways in the predictive model would 
be more informative.27, 28 finally, genotypes whose risk mechanisms are not working 
through those included traditional risk factors (such as those variants of chromosome 
9p21 that are recently discovered in GWA studies) are more likely to have more 
predictive value.34 However, it seems that in the future use of genomic profiling has 
clinical and public health applications.27, 34 

 
Implications of this thesis for clinical practice and future research 
In this thesis, we have investigated genetic association studies concerning the 
ADRB3, PPARG, α-Adducin, CETP, AGT genotypes and CETP haplotypes and risk 
of CVD. Our findings need to be confirmed in other study populations. However, 
reproducibility of genetic association studies remains problematic.35 To obtain robust 
results from association studies the use of large samples, considering biologically 
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plausible associations, and risk alleles with functional effects have been proposed.36 
Apart from attempts to progress the replicability of association studies, other 
developments include GWA studies, candidate-gene/genome resequencing studies, 
and RNA expression profiling.36, 37 As described above, GWA studies cover the 
majority of human genome and a rapidly growing number of them are now under way 
to map the genetic determinants of CVD.37 Candidate gene resequencing studies 
that involve sequencing an entire candidate gene in cases and controls and identify 
the sequence variants which clearly differ in frequency between the two groups, can  
identify rare variants.36 Moreover, whole-genome resequencing, the most 
comprehensive means of identifying genetic variants underlying complex diseases, 
would resolve the question regarding the relative contribution of rare and common 
variants to common CVD.36, 37 A more recent approach, known as gene expression 
profiling or RNA expression profiling, is to study the mRNA levels in a tissue sample 
to assess gene activity. Because gene expression changes under pathological 
conditions, RNA expression profiling can point to genes that may be involved in 
disease pathogenesis resulting from both environmental and genetic factors, along 
with any associated interactions.37 However, there are obstacles in RNA expression 
profiling method such as difficulties in obtaining appropriate tissue samples and 
extracting sufficient quantities of high quality RNA from tissue, substantial expenses, 
and the need to establish a multidisciplinary team of experts.37  

In this thesis, we have also performed meta-analyses of above mentioned 
genetic association studies. Spurious positive and negative associations due to type I 
and type II statistical errors are likely to co-exist with real associations in the 
published literature. By utilizing all available data to increase statistical power, meta-
analysis of genetic association studies is increasingly being used to identify genetic 
risk with a greater degree of precision.2 Despite the fact that meta-analyses provide 
the most powerful evidence, these studies, as we showed in chapter 8, may be prone 
to biases and the results should be considered with caution.  

In this thesis, we have examined the joint effect of the Gly460Trp 
polymorphism in the α-Adducin gene and systolic hypertension regarding risk of 
ischemic stroke, chapter 5, although our finding needs to be replicated. Gene-
environment interaction occurs when the same genotype produces a different 
phenotype under different environmental exposures. Interventional studies are an 
excellent way to identify gene-environment interactions and to provide an evidence 
base for translation of those findings into clinical practice.37 For example, in carriers 
of the α-Adducin variant, diuretic therapy was associated with a lower risk of 
combined myocardial infarction an stroke than other antihypertensive therapies.38 
However, a considerable amount of work remains to be done to identify both the 
genes contributing to CVD and the optimal set of environmental factors modifying the 
effect. Moreover, recent findings on the role of alleles which are relatively rare but 
have probably a large effect on CVD39, 40 and the hypothesis on the interplay 
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between monogenic and polygenic background of CVD, need more attention and 
could provide the first clues for understanding gene-gene interactions in 
cardiovascular disease.41 Identification of gene-gene and gene-environment 
interactions is necessary for identification of genes responsible for CVD and requires 
large sample sizes and adequate computational resources.36  

Finally we have provided a genetic risk score along with the conventional risk 
algorithms for prediction of CHD risk, chapter 9. Genetic testing is not part of current 
CVD risk stratification algorithms; it is likely that multilocus genotyping to assess CVD 
risk will become part of clinical practice in the future.29, 42 Nevertheless, the 
immediate advantage of  identification of susceptible genes of CVD is greater in the 
therapeutic arena than in risk prediction.36 There are two major potential areas of 
patient benefit in the use of an individual’s genetic makeup to inform therapy 
(pharmacogenetics); decision on the most effective choice of available drugs and 
avoiding potentially harmful side effects.43 However, there is still a lack of research 
that provides the evidence to justify use of pharmacogenetics in routine clinical 
practice. In the face of large number of available CVD drugs, and the large number of 
patients eligible to receive these drugs, even small variations in drug efficacy and 
safety can make the pharmacogenetic testing valuable and have important clinical 
implications.37 

Not much is known about the gender differences regarding genetic factors and 
CVD. Finding new determinants of CVD that simultaneously differ between men and 
women may provide clues for the gender gap in CVD. 

 
Main conclusion 

The identification and characterization of genes that increase ability of CVD 
risk prediction and improve current prevention, screening, and treatment methods 
remain important goals, to be investigated further extensively. 
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Summary 
Atherosclerotic cardiovascular disease (CVD), which involves the heart, brain, and 
peripheral circulation, is a major health problem world-wide. The development of 
atherosclerosis is a complex process, and several established risk factors are 
involved.  Nevertheless, these established risk factors do not fully explain the 
occurrence of CVD and further insight is required in factors such as genetic 
determinants that may identify individuals at risk. In this thesis we worked on the 
genetic basis of CVD. Chapter 1 is a general introduction on genetic basis of CVD 
and on the several candidate genes in association with CVD that have been 
evaluated in this thesis. 

Part one focuses on genes in lipid metabolism pathway and association with 
CVD. In chapter 2 we studied the association of the T64A polymorphism in the β3–
adrenergic receptor gene (ADRB3) with coronary heart disease (CHD). Our study in 
combination with a meta-analysis of previous reports did not provide support for a 
role of this mutation in CHD risk. 

In chapter 3 we investigated role of the peroxisome proliferator-activated 
receptor gamma-2 (PPARG2) gene polymorphism (P12A) on risk of acute myocardial 
infarction (AMI), CHD and ischemic stroke. Our study in healthy Dutch women in 
combination with the meta-analyses of previous reports did not show any 
association. 

In chapter 4 we examined the relationship between the cholesteryl ester 
transfer protein (CETP) gene polymorphisms and HDL levels and future CHD. Strong 
associations between higher HDL cholesterol levels and the CETP (-629)A, the 
CETP I405V V, and the CETP TaqIB B2 alleles and the haplotypes that comprised 
these alleles were found and the C(-629)A polymorphism was also related to a lower 
plasma LDL cholesterol. None of the CETP polymorphisms or haplotypes were, 
however, related to risk of CHD.  

Part two focuses on genes in blood pressure regulation pathway and 
association with CVD. In chapter 5 we showed that presence of the α-adducin 
Gly460Trp polymorphism increases the risk of stroke, but not the risk of CHD or AMI. 
This risk is particularly elevated in the presence of systolic hypertension. 

In chapter 6 we performed a meta-analysis which expands the findings on 
hypertension by showing that the presence of the T allele of the angiotensinogen 
gene (AGT) M235T polymorphism is associated with increased risk to develop 
preeclampsia/eclampsia. The latter is a risk factor of development of CVD in later life. 
We also showed in chapter 7 that this polymorphism is associated with self-reported 
hypertensive disorders in pregnancy among Caucasian Dutch women. In chapter 8, 
the pooled odds ratio of the meta-analysis, including our own data, presented 
evidence that there is an increase in the risk of CHD conferred by the M235T variant 
of the AGT gene. However, the relevance of this weakly positive overall association 
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remained uncertain because it might be due to various residual biases, including 
Hardy-Weinberg equilibrium violation and publication biases. 

Part three focuses on prediction of CHD risk in women. We explored the use of 
combination of genetic factors aggregated to a single genetic risk score (GRS) in risk 
prediction for CHD, chapter 9. The findings in this prospective study in a population 
based cohort suggested that a GRS can be used in prediction of incident CHD and 
the GRS along with conventional risk scores improves the estimation of CHD risk in 
healthy Dutch women. 

Lastly, in the general discussion in chapter 10, we discussed the main findings 
of the different studies described in this thesis. We also addressed some 
considerations with regard to meta-analysis of genetic association studies, forming 
consortia in this ongoing field, and predictive genetic testing, as well as the new 
findings in genome-wide association studies and implications of this thesis for clinical 
practice and future research directions. 
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Samenvatting 
Atherosclerotische hart- en vaatziekten, waar het hart, de hersenen en de perifere 
circulatie bij betrokken zijn, vormen wereldwijd een groot gezondheidsprobleem. De 
pathofysiologie van atherosclerose is complex en inmiddels zijn er veel risicofactoren 
geïdentificeerd. Desondanks kunnen deze risicofactoren het optreden van hart- en 
vaatziekten niet volledig verklaren; daarom is er een dieper inzicht nodig in andere 
risicofactoren zoals genetische determinanten die individuen met een verhoogd risico 
kunnen onderscheiden. In dit proefschrift hebben we de genetische basis van hart- 
en vaatziekten onderzocht. Hoofdstuk 1 is een algemene introductie over de 
genetische basis van hart-en vaatziekten en over de verschillende genen die 
kandidaat zijn voor associaties met hart- en vaatziekten en die in dit proefschrift 
worden geëvalueerd. 

Deel één richt zich op genen die betrokken zijn bij het lipide-metabolisme en 
het verband met hart- en vaatziekten. In hoofdstuk 2 hebben wij het verband 
onderzocht tussen het T64A polymorfisme in het β3–adrenerge receptor gen 
(ADRB3) en coronaire hartziekten. Ons onderzoek in combinatie met een meta-
analyse van voorgaande studies ondersteunde geen rol van deze mutatie in een 
verhoogd risico op coronaire hartziekten. 

In hoofdstuk 3 hebben wij de rol van het peroxisoom proliferator-geactiveerd 
receptor gamma-2 (PPARG2) gen polymorfisme (P12A) in het risico op acuut 
myocardinfarct, coronaire hartziekten en onbloedig cerebrovasculair accident 
onderzocht. Onze studie in gezonde Nederlandse vrouwen in combinatie met de 
meta-analyses van eerder onderzoek lieten geen associaties zien. 

In hoofdstuk 4 hebben we de relatie tussen het cholesteryl ester transferase 
proteïne (CETP) gen polymorfisme en HDL gehalte en toekomstige coronaire 
hartziekten onderzocht. Er waren sterke associaties tussen hoger HDL cholesterol 
gehaltes en het CETP (-629)A, het CETP I405V V en de CETP TaqIB B2 allelen en 
de haplotypes die deze allelen omvatten zijn gevonden, en het C(-629)A 
polymorfisme was ook geassocieerd met een lager plasma LDL cholesterol. Geen 
van de CETP polymorfismen of haplotypes waren echter geassocieerd met het risico 
op coronaire hartziekten. 

Deel twee focust op genen die betrokken zijn bij de regulatie van bloeddruk en 
hun associatie met hart- en vaatziekten. In hoofdstuk 5 hebben we aangetoond dat 
de aanwezigheid van het α-adducine Gly460Trp polymorfisme het risico op beroerte 
verhoogt, maar niet het risico op coronaire hartziekten of acuut myocardinfarct. Dit 
risico is in het bijzonder verhoogd in aanwezigheid van systolische hypertensie. 

In hoofdstuk 6 hebben we een meta-analyse uitgevoerd die de resultaten ten 
aanzien van hypertensie uitbreidt door aan te tonen dat de aanwezigheid van het T 
allel van het angiotensine gen (AGT) M235T polymorfisme geassocieerd is met een 
verhoogd risico op pre-eclampsie / eclampsie. De laatste is een risicofactor voor het 
ontwikkelen van hart- en vaatziekten op latere leeftijd. In hoofdstuk 7 hebben we 
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tevens aangetoond dat dit polymorfisme geassocieerd is met zelf-gerapporteerde 
hypertensieve stoornissen tijdens de zwangerschap in kaukasische Nederlandse 
vrouwen. In hoofdstuk 8 heeft de gepoolde odds ratio van de meta-analyse, 
inclusief onze eigen data, het bewijs geleverd dat de M235T variant van het AGT gen 
een verhoogde kans geeft op coronaire hartziekten. Desondanks blijft de relevantie 
van deze zwakke positieve associatie onzeker, omdat deze ook veroorzaakt kan 
worden door residuele bias, zoals aantasting van het Hardy-Weinberg-evenwicht en 
publicatiebias. 

Deel drie richt zich op het voorspellen van het risico op hart- en vaatziekten in 
vrouwen. We onderzochten het gebruik van een combinatie van genetische factoren 
geaggregeerd tot een enkele generieke risico score voor het voorspellen van het 
risico op hart- en vaatziekten in hoofdstuk 9. De bevindingen in deze prospectieve 
studie in een populatie-gebaseerd cohort suggereert dat een generieke risico score 
gebruikt kan worden om de incidentie van hart- en vaatziekten te voorspellen; ook 
verbetert de generieke risico score net als conventionele risico scores de inschatting 
van het risico op hart- en vaatziekten in gezonde Nederlandse vrouwen. 

Tenslotte hebben wij in de algemene discussie in hoofdstuk 10 de 
voornaamste resultaten van de verschillende studies in dit proefschrift besproken. 
Tevens hebben wij enkele overwegingen gegeven ten aanzien van de meta-analyse 
van studies over genetische associaties, het vormen van consortia op dit volop in 
ontwikkeling zijnde gebied, voorspellende genetische tests, alsmede de nieuwe 
bevindingen in genoom-associatie studies en de implicaties van dit proefschrift voor 
de klinische praktijk en toekomstig onderzoek. 
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  خالصھ
 ناشی از تنگی عروق،  کھ قلب، مغز و عروق محیطی را درگیر می کنند، در تمام (CVD)عروقی -ھای قلبیبیماری

با . جاد تنگی عروق روند پیچیده ای دارد و تاکنون عوامل خطر متعددی برای آن شناختھ شده استای. دنیا مشکل سالمتی ھستند
عروقی را بھ طور کامل با این عوامل توجیھ کرد و نیاز است تا سایر عوامل تعیین -این حال، ھنوز نمی توان رخداد بیماری قلبی

ھا بتوان افراد در ی آنواسطھی ژنتیکی، بررسی و شناختھ شوند تا بھھای مستعد کنندهھا، از جملھ زمینھی این بیماریکننده
ای بھ مقدمھ ١فصل .  عروقی است-ھای قلبیی ژنتیکی بیمارینامھ بررسی پایھھدف از این پایان. معرض خطر را مشخص کرد

- نامھ بررسی شده اند میپایانھای منتخب مرتبط با این بیماری کھ در این  و ژنCVDسازھای ژنتیکی کلی در مورد زمینھ
  .پردازد

ی بین رابطھ ٢فصل در . است پرداختھ شدهCVDھا با ی آنھای مسیر متابولیسم چربی و رابطھدر بخش اول بھ ژن
. است بررسی شده(CHD)ھای عروق کرونر قلب  و بیماری(ADRB3)آدرنرژیک  β3ی  در ژن گیرندهT64Aمورفیسم پلی

  .  ارائھ دھدCHDھای قبلی، نتوانست مدرکی بھ نفع نقش این موتاسیون در خطر اه متاآنالیز گزارشاین مطالعھ بھ ھمر
 peroxisome proliferators-activated receptor gamma-2 ژن (P12A)مورفیسم نقش پلی  ٣فصل در 

(PPARG2)ی حاد قلبی  در خطر سکتھ(AMI) ، CHDاین مطالعھ نیز کھ بر . یمرا بررسی کرد ی مغزی ایسکمیک و سکتھ
  . ارتباطی را نشان ندادروی زنان سالم ھلندی انجام شد، بھ ھمراه متاآنالیزھای مطالعات قبلی ھیچ

 cholesterylھای ژن مورفیسم با پلیCHDو رخداد HDL ی بین سطح لیپوپروتئین بھ بررسی رابطھ ٤فصل در 
ester transfer protein (CETP)ص شد کھ بین سطوح باالتر کلسترول مشخ.  پرداختیمHDL ھای للآ باCETP (-

629)A ،CETP 1405V V و   CETP TaqIB Bیافتھ. ھا، ارتباط قوی وجود داردللآی این دھندهھای تشکیلو ھاپلوتایپ-
- یک از پلیھیچاگرچھ، .  سرم بودLDLتر کلسترول  با سطح پائینC(-629)A   مورفیسمی دیگر این مطالعھ ارتباط بین پلی

  . دادند را افزایش نمیCHDھا خطر ھای آن یا ھاپلوتایپCETPھای مورفیسم

ایم کھ نشان داده ٥فصل در .  استCVDھا با ھای مسیر تنظیم فشارخون و ارتباط آنموضوع اصلی بخش دوم، ژن
 AMI و CHDکھ بر خطر الیدھد درحی مغزی را افزایش می خطر سکتھα-adducin Gly460Trpمورفیسم وجود پلی

  .رودویژه در حضور ھیپرتانسیون سیستولیک باال میاین خطر بھ. تاثیری ندارد

 ژن M235Tمورفیسم  از پلیTمبحث عوامل ژنتیکی پرفشاری خون را با این یافتھ کھ وجود الل  ٦فصل در 
اکالمپسی /اکالمپسیادامھ دادیم؛ چرا کھ وجود پرهاکالمپسی ھمراه است /اکالمپسی با افزایش خطر پره(AGT)آنژیوتانسینوژن 

مورفیسم با سابقھ ی نشان دادیم کھ این پلی ٧فصل در . ھای بعدی زندگی ھمراه است در سالCVDدر زمان بارداری با رخداد 
نس انباشتی ی نسبت شا، نتیجھ٨فصل در . ھای پرفشاری خون حین حاملگی در بین زنان سفیدپوست ھلندی مرتبط استبیماری

(pooled odds ratio) متاآنالیز نشان داد کھ خطر CHD با واریانت M235T ژن AGT مرتبط است؛ گرچھ این ارتباط 
واینبرگ یا تورش انتشار ھم -ی ھاردی معادلھ انحراف ازی مختلفی چونماندهھای باقیمثبت ضعیف ممکن است ناشی از تورش

  .باشد

 کاربرد ترکیبی از عوامل ژنتیکی را کھ در یک ٩فصل در . پردازد در زنان میCHDبینی خطر بخش سوم بھ پیش
ھای این یافتھ.  بررسی کردیمCHDبینی  خالصھ شده است، برای پیش(genetic risk score - GRS)مقیاس خطر ژنتیکی 

 کاربرد داشتھ CHD موارد جدید بینیتواند برای پیش می GRSنگر بر روی یک کوھورت جمعیتی نشان داد کھی آیندهمطالعھ
  .بخشد را در بین زنان سالم ھلندی بھبود میCHDھای خطر متداول، برآورد خطر باشد و استفاده از آن بھ ھمراه سایر مقیاس

نامھ را مورد بحث ھای کلیدی مطالعات مختلف ارائھ شده در این پایان، یافتھ١٠فصل بندی پایانی در نھایتًا، در جمع
ی انجام متاآنالیز بر روی مطالعات ژنتیک اپیدمیولوژی، تشکیل کانسورسیوم در این فصل ھمچنین بھ مالحظات ویژه. دادیمقرار 

 genome-wideھای جدید مطالعات ھا، و نیز یافتھبینی بیماریی رو بھ پیشرفت، آزمایشات ژنتیکی برای پیشدر این زمینھ
associationی این مطالعات را نامھ در طبابت بالینی و پیشنھادھایی برای ادامھ نتایج این پایان اشاره نموده و کاربردھای
  .مطرح کردیم
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