
Introduction Introduction 
High blood pressure (BP) is a determinant of cardiovascular 
disease. It is therefore important to study factors that determine 
BP levels. Twin studies have shown that these factors are both 
genetic (~50%) and environmental (~50%), and that there is a 
stable heritability (H2) over countries. The stability of the 
genetic and environmental factors over time (BP tracking) is 
however less well defined. Twin studies have found different 
results at various ages and across different time periods. This is 
important, because a lack of stable factors may lead to a 
decrease in QTL detection power when pooling BP data of 
different ages.  
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We examined the heritability of Diastolic - (DBP) and Systolic 
blood pressure (SBP) in 4 studies performed at different time 
points in the Netherlands Twin Registry (NTR). Subsequently, 
BP tracking was studied in individuals with multiple 
measurements across studies / time points.  
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Materials & Methods Materials & Methods 
In the 4 studies (1986–2003) a total of 1577 subjects (682M, 
895F) participated. There were 580 monozygotic twins, 664 
dizygotic twins and 333 of their siblings. Subjects were 
sampled in different age groups (avg. 17, 32, 37, 44 years) 
allowing for comparison of the relative contribution of additive 
genetic (A) and environmental factors (E) across the first part 
of the life span. BP was assessed under laboratory conditions in 
three studies and by ambulatory monitoring in one. Medication 
use was corrected by increasing DBP with 10 mmHg and SBP 
with 14 mmHg. For 431 subjects there were data from two or 
more occasions to estimate AE contributions in BP tracking.  
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Variance components were modeled in MX. A multivariate 
approach was used to analyze the 4 study BP measurements. 
The modeling of the means included a linear regression of age 
at time of measurement and sex for each study. A full Cholesky 
decomposition for the variance was modeled for A and E and 
this model was subsequently restrained to test hypotheses. 
Significance was tested with the likelihood ratio test.  
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Results Results 
> No differences between intra pair twin - and sibling 
correlations were found indicating similar genetic 
influences.  
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> Except for study 1 (adolescents), no sex differences 
were found for male and female heritability.   
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Conclusion Conclusion 
Whole genome scans for 
resting BP can safely 
pool data from males 
and females, laboratory 
and ambulatory 
recordings, and different 
age cohorts. 
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Study Study SBP SBP     DBP DBP     
    A (h2) A (h2) E E A (h2) A (h2) E E 

1 1 M 0.60 M 0.60 0.40 0.40 M 0.67 M 0.67 0.33 0.33 
    F 0.52 F 0.52 0.48 0.48 F 0.34 F 0.34 0.66 0.66 
2 2 0.51 0.51 0.49 0.49 0.54 0.54 0.46 0.46 
3 3 0.59 0.59 0.41 0.41 0.56 0.56 0.44 0.44 
4* 4* 0.48 0.48 0.52 0.52 0.44 0.44 0.56 0.56 

*Ambulatory BP *Ambulatory BP 

    Study1 Study1 Study2 Study2 Study3 Study3 Study4 Study4 
Study 1 (N=320) Study 1 (N=320)     - - 0.48 0.48 0.7 0.7 
Study 2 (N=424) Study 2 (N=424) - -   0.57 0.57 0.51 0.51 
Study 3 (N=751) Study 3 (N=751) 0.58 0.58 0.52 0.52   0.47 0.47 
Study 4 (N=566) Study 4 (N=566) 0.55 0.55 0.41 0.41 0.47 0.47     

Table 2: Correlations of BP in individuals measured in 
multiple studies, average tracking 7.1 years (SBP\DBP) 
  
  
  
  
  
  
  
  
> Multivariate variance component analysis shows no significant 
difference between the heritability of ambulatory and laboratory 
BP. No difference in heritability between studies / time points 
was found. 
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> Environmental factors influencing BP change over time.  > Environmental factors influencing BP change over time.  
  
> The genetic factors influencing BP remain consistent over time. > The genetic factors influencing BP remain consistent over time. 
  

Table 3: multivariate VC modeling of BP Table 3: multivariate VC modeling of BP 
Tested models Tested models SBPSBP         DBP DBP     
    ∆χ2 ∆χ2 ∆df ∆df p p ∆χ2 ∆χ2 ∆df ∆df p p 

Model 0: Full model,  AE Cholesky decomposition Model 0: Full model,  AE Cholesky decomposition - - - - - - - - - - - - 

Model 1: No constant environmental influence over time points  Model 1: No constant environmental influence over time points  4.8 4.8 6 6 0.57 0.57 5.6 5.6 6 6 0.47 0.47 

Model 1 + Equal heritability between studies Model 1 + Equal heritability between studies 11.5 11.5 9 9 0.24 0.24 8.3 8.3 9 9 0.50 0.50 
Model 1 + Only a constant genetic influence on BP at all time 
points 
Model 1 + Only a constant genetic influence on BP at all time 
points 8.7 8.7 12 12 0.73 0.73 10.3 10.3 12 12 0.59 0.59 
Model 1 + Only a constant genetic influence on BP at all time 
points with equal effect size. 
Model 1 + Only a constant genetic influence on BP at all time 
points with equal effect size. 15.4 15.4 15 15 0.43 0.43 11.8 11.8 15 15 0.70 0.70 
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5.48 / 4.23 8.82 / 6.69 9.10 / 6.76 7.87 / 6.44

5.59 / 4.40 9.00 / 6.96 9.29 / 7.02 8.04 / 6.70

Figure 1 Figure 1 
Most parsimonious pathway 
model showing latent genetic (A) 
and environmental (E) influences 
on BP. 
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