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ABSTRACT 

Background Patients with a genetic predisposition – as identified by a positive family history - 
for premature coronary artery disease (CAD) differ in phenotype and risk factor load compared 
to those without such predisposition. However, these groups receive the same preventive 
medical regimen. It is unclear whether this results in an increased risk for recurrent CAD in those 
with a genetic predisposition to premature CAD.

Methods We retrospectively investigated 2,756 patients with premature CAD (event <51 years 
(men), <56 years (women)) and assessed the number of recurrent CAD according to family 
history. A positive family history was defined as ≥1 first degree and/ or ≥2 second degree family 
members with premature cardiovascular disease. Cox proportional hazard was used to estimate 
the relationship between a positive family history and recurrence of fatal and non-fatal CAD. 

Results Overall, mean age at time of first event was 44.7 ± 5.5 years, 69.4% were males. After a 
mean follow-up of 6.1 ± 3.7 years, 1,027 patients had a recurrent event. Patients with recurrent 
events had more often a positive family history (60.4% vs. 46.7%; p<0.05) compared to those 
with a negative family history. After adjustment for cardiovascular risk factors and confounders, 
a positive family history was independently associated with recurrent events (Hazard ratio 1.45 
(95% confidence intervals (CI) 1.12-1.98; p<0.001).  

Conclusions Patients with a genetic predisposition for CAD are at risk for recurrent events, after 
adjusting for risk factors and medication use. Therefore, these patients might be included in the 
current guidelines for more aggressive pharmaceutical treatment. 
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INTRODUCTION 
 
The prevention of coronary artery disease (CAD) is an important challenge in current medical 
practice [1]. Despite higher event rates and cardiovascular burden in individuals at a more 
advanced age; it represents a greater challenge in individuals who develop CAD at a very young 
age. At that stage of life the medical, social and financial burden is considerably greater. The 
disease is coined premature CAD and is at this stage responsible for 6-10% of all CAD cases the 
Western world [2] and is often associated with a different phenotype and risk factor load 
compared to CAD at advanced age [3]. The former applies especially to patients with a genetic 
predisposition for CAD, as identified by a family history of premature cardiovascular disease. For 
instance, such premature CAD is more often associated with heritability of the disorder and 
tends to cluster within families [4]. Also, since the manifestation of the disease is different 
across age, with less multi-vessel disease in the young [5], other mechanisms may underlie 
familial premature CAD. 
Indeed, a family history of premature cardiovascular disease is an independent risk factor for a 
first and –as we showed recently – recurrent cardiovascular events [6-8]. In our current study, 
we wanted to confirm and extend these previous findings in a much larger cohort of patients 
with premature CAD. Hence, we hypothesized that patients with both premature CAD and a 
positive family history for cardiovascular disease are prone to a first and early event as well as to 
recurrent cardiovascular events. To test this hypothesis, we investigated in a retrospective 
cohort of individuals with premature CAD the association between a family history of premature 
cardiovascular disease and recurrent CAD.  
 
METHODS 
 
Study design 
Data were collected from all consecutive patients who presented with a first and premature CAD 
event at the coronary care unit of the Academic Medical Center Amsterdam between January 
1995 and December 2007 (n=3,102). Premature CAD was defined as an event occurring before 
the age of 51 years in men and 56 years in women, consistent with the literature [9]. A positive 
family history was defined as ≥1 first degree and/ or ≥2 second degree family members with 
cardiovascular disease before the age of 51 years in men and 56 years in women. The first CAD 
event is defined as acute myocardial infarctions, complaints of angina necessitating elective 
interventions, such as coronary artery bypass grafting or percutaneous coronary intervention. At 
the time of the first event, information was collected regarding type of event, cardiovascular risk 
factors, medication use and presence or absence of family history of premature cardiovascular 
disease.  
If there were blanks in the records, we contacted patients to obtain missing information.  
The primary objective of the study was to evaluate the association between a family history of 
premature cardiovascular disease and the composite of recurrent fatal and non-fatal CAD. 
Recurrent events were defined in the same manner as first events.  
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For the analysis, only the first recurrent event was censored. The time between first and 
recurrent event was used in the analyses. Furthermore, data on medication use at end of follow-
up was acquired in a random sample of the cohort (n=771). Hereby, we monitored whether 
differences in outcome were due to different pharmaceutical regimens. 
 
Definitions 
The presence of the traditional risk factors was based on the presence of these risk factors at the 
time of the first event. Body mass index (BMI) was calculated as the ratio between weight (kg) 
and the squared of height (m) (kg/m2). Patients were considered smokers if they were smoking 
at the time of their first event or if they had quit smoking less than 5 years before. This definition 
was based on studies showing a normalization of risk and biochemical parameters 5 years after 
smoking cessation [10,11]. Hypertension, hypercholesterolemia and diabetes were defined as a 
self reported history of these conditions, or when patients received medical treatment for these 
conditions before the first event. 
 
Outcome ascertainment 
Retrospective follow-up was obtained from this cohort in collaboration with the Dutch Bureau of 
Statistics (Centraal Bureau voor de Statistiek) and was available from January 1st 1995 until 
December 31st 2007. From these patients, all hospitalizations - including primary and secondary 
diagnoses made and all procedures performed – and all causes of death were recorded. 
Recurrent events were defined according to the 10th International Classification of Diseases (ICD-
10) [12].  
 
Statistical analyses 
In the premature CAD cohort, differences in baseline characteristics were assessed between the 
group with and without recurrent events, by using chi-square tests (in case of proportions), or 
Student’s T-tests (in case of continuous data). To analyze the association of a positive family 
history with the recurrence of CAD we used a Cox proportional hazard analysis. 
First, unadjusted hazard ratios (HR) were modelled (model 1). This model was then further 
adjusted for age and sex (model 2), additionally for hypertension, hypercholesterolemia, 
diabetes, body mass index (model 3) and additionally for aspirin, statins and blood pressure 
lowering medication at end of follow-up (model 4).Furthermore, a Cox proportional hazard 
analysis was used to assess the association between each of the recorded patient characteristics 
and incident recurrent CAD in univariable models and multivariable models. 
For all analyses, we used SPSS software, version 15.0 (SPSS, Inc., Chicago, Illinois). Continuous 
data are reported as means ± standard deviation (SD). All p-values are two-tailed, and values 
below 0.05 were considered statistically significant.  
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RESULTS 
 
Of the initial 3,102 patients with premature CAD, in 209 patients missing data could not be 
retrieved. Furthermore, of 117 patients, no follow-up data were available in the databases of the 
Bureau of Statistics, leaving 2,756 patients (88.8% of the original cohort) for analyses. Mean 
follow-up of the entire cohort was 6.1 ± 3.7 years, patients with a positive family history had a 
mean follow-up of 6.1 ± 3.7 years and patients with negative family history had a mean follow-
up of 6.0 ± 3.7 years. 
 
Patient characteristics 
Regarding the characteristics of patients with premature CAD; those with (37.3%; n= 1,027) and 
without recurrent events (62.7%; n=1,729) were similar with regards to sex and age at time of 
their first event (table 1). Those with recurrent events had more often a family history of 
premature cardiovascular disease (60.4% vs. 46.7%; p<0.05), a longer follow-up (7.5 ± 3.4 vs. 5.3 
± 3.5 years; p<0.05), had more often hypertension (42.8% vs. 35.7%; p<0.05) and diabetes (8.8% 
vs. 5.7%) at time of their first event, compared to those without recurrent events. Furthermore, 
those with recurrent events used less often statins (74.9% vs. 83.9%; p<0.05) at end of follow-
up, compared to those without recurrent events. The use of aspirin and blood pressure lowering 
medication was comparable among the groups.  

 
Recurrent events 
Patients with a family history of premature cardiovascular disease were at risk for recurrent 
cardiovascular events (HR 1.57 (95% confidence intervals (CI) 1.34-1.84); adjusted for all 
confounders; p<0.0001) (table 2, figure 1), compared to patients with a negative family history. 
Furthermore, the association remained after additionally adjusting for the use of statins, aspirin 
and blood pressure lowering medication at end of follow-up (HR 1.45 (95% CI 1.12-1.89); 
p<0.001).  
The effect of the other characteristics on recurrent events are shown table 3. In a univariate 
model, a family history of premature cardiovascular disease, hypertension and diabetes were all 
associated with incident recurrent CAD events. The use of statins was associated with less 
recurrent events. In a multivariate model, only a family history and diabetes were associated 
with incident recurrent CAD events. Again, the use of statins was associated with less recurrent 
events. Additional analyses stratified for gender yielder no differences between men and 
women in this cohort. 
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Table 1 Baseline characteristics of the patients according to recurrent CAD events 
No recurrent events 
(n=1,729) 

Recurrent events 
(n=1,027) 

Age at first event (years)  44.7 ± 5.6 44.7 ± 5.4 

Male gender 1,209 (69.9) 706 (68.7) 

Follow-up (years) 5.3 ± 3.5 7.5 ± 3.4 * 

Positive family history 807 (46.7) 602 (60.4) * 

Smoking 1,331 (77.0) 790 (76.9) 

Hypertension 617 (35.7) 440 (42.8) * 

Hypercholesterolemia 597 (34.5) 374 (36.4) 

Diabetes 99 (5.7) 90 (8.8) * 

BMI 27.1 ± 3.5 26.8 ± 2.7 

Medication at end of follow-up (n=410) (n=361) 

     Statin 344 (83.9) 270 (74.9) * 

     Aspirin 364 (88.8) 308 (85.4) 

     RR lowering medication 322 (78.6) 269 (74.6) 

Continuous data are expressed as mean ± standard deviation, categorical data are expressed as absolute 
numbers with (percentages).  
* p<0.05 compared to no recurrent events
BMI, body mass index; RR blood pressure 

Table 2 Hazard ratio for recurrent CAD events according to a positive family history 
Risk of a recurrent event Model HR (95% CI) 

Positive family history 1 1.72 (1.46-2.01) * 

2 1.71 (1.46-2.00) * 

3 1.57 (1.34-1.84) * 

4 1.45 (1.12-1.98) * 

* p<0.0001 compared to those without a family history
Model 1: crude model, Model 2: adjusted for sex and age, Model 3: model 2 additionally adjusted for 
smoking, hypertension, hypercholesterolemia, diabetes and body mass index, Model 4: model 3 additionally 
adjusted for use of aspirin, statins and blood pressure lowering medication at end of follow-up 
HR, Hazard Ratio; CI, confidence interval 
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Table 3 Hazard ratio for recurrent events for all covariates 
 Univariable 

HR (95% CI) 
Multivariable 
HR (95% CI) 

Positive family history 1.72 (1.46-2.01) * 1.45 (1.12-1.89) * 

Age (per year increase) 1.00 (0.99-1.02) 1.00 (0.97-1.04) 

Gender 1.13 (0.99-1.29) 1.17 (0.88-1.55) 

Smoking 1.04 (0.89-1.20) 1.04 (0.79-1.37) 

Hypertension 1.26 (1.12-1.43) * 1.15 (0.90-1.48) 

Hypercholesterolemia 1.09 (0.96-1.24) 1.06 (0.82-1.37) 

Diabetes 1.39 (1.11-1.74) * 1.73 (1.17-2.56) * 

BMI (per unit increase) 1.19 (0.92-1.43) 1.12 (0.86-1.49) 

Medication at end of follow-up   

     Statin 0.69 (0.54-0.89) * 0.65 (0.47-0.92) * 

     Aspirin 0.81 (0.60-1.10) 1.08 (0.72-1.63)  

     RR lowering medication 0.84 (0.65-1.07) 0.94 (0.69-1.30) 

*p<0.0001 compared to patients without recurrent events 
The multivariable analyses were adjusted for all variables included in the univariable analyses 
HR, Hazard Ratio; BMI, Body mass index; RR, blood pressure 
 
 
 
Figure 1 Recurrent event-free survival curve according to family history  

 
FHx, family history 
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DISCUSSION 

We could demonstrate that a family history of premature cardiovascular disease in patients with 
premature CAD is associated with a higher incidence of recurrent events, independent of the 
presence of cardiovascular risk factors and pharmaceutical treatment. 
Indeed, a positive family history for premature cardiovascular disease is known to be an 
independent risk factor for a first cardiovascular event [13,14]. This risk increases not only with 
more prematurely affected relatives [15], but also with a higher number of affected relatives 
[16,17]. Regarding guidance to prevent recurrent cardiovascular events, the presence of a family 
history is currently an unrecognized risk factor.  
The question why this specific population is burdened so much with increased cardiovascular 
risk is still open. In general, the mechanisms responsible for atherosclerotic CAD are all related 
to classic risk factors such as smoking, obesity, diabetes, hypertension, dyslipidemia, male sex 
and older age [18,19]. Such a risk factor profile not only accounts for a first event, but also for 
recurrent events [20]. Therefore, in most patients, preventive treatment is targeted towards 
these risk factors [21,22]. Indeed, we found that those with recurrent CAD had, apart from 
family history, an increased risk factor load. However, after adjusting for these risk factors, a 
positive family history remained significantly associated with recurrent CAD. 
Increasing evidence shows that in the specific population with premature CAD other 
mechanisms are of additional importance, to which current treatment is not targeted. Since 
family history must partly reflect heritable traits that are linked to the propensity for CAD, we 
need to identify these traits. Indeed, it is shown that both a first premature as well as later 
recurrent cardiovascular events are associated with high levels of hsCRP [23,24]. Moreover, 
premature CAD is associated with increased levels of prothrombotic proteins [25,26] and in 
particular the factor V Leiden mutation is associated with CAD in the young [27], whereas it does 
not in the elderly [28].  
Those affected with premature CAD and with a positive family history are not the only 
individuals to be identified as having increased cardiovascular risk. In fact, the recent European 
guidelines on “Cardiovascular Disease Prevention in Clinical Practice” [29] advised more 
aggressive treatment for those with severe chronic kidney disease or diabetes mellitus with 
additional risk factors. It remains to be established prospectively whether patients with 
premature CAD and a positive family history need to be included in this recommendation. 
Cardiovascular risk factors, such as smoking, diabetes, hypertension and cholesterol levels were 
already found to be associated with recurrent cardiovascular events [20]. In this cohort, it is 
shown that diabetes also plays a role in recurrent premature CAD. Conversely, the use of statins 
was associated with less recurrent events, in line with literature on the atheroprotective effect 
of statins [30]. 
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Limitations 
The limitations of our study merit some consideration. First of all, this study carries the 
limitations inherent to the nature of a retrospective cohort study. On the other hand, this gave 
us the opportunity to analyze patients over a longer follow-up time, without the costs and 
infrastructure necessary for a prospective cohort study. Second, we could not ascertain 
medication use at the end of the follow-up of every patient in the cohort. A randomly chosen 
subset showed that, even after adjusting for differences in medication use, those with a family 
history remained at increased risk for recurrent events. Third, patient with recurrent events had 
several confounders such as a longer follow-up period and more cardiovascular risk factors. One 
might argue that the observed association between a positive family history and recurrent 
events might be due to these differences. Nevertheless, after adjusting for these confounders 
the association remained. This suggests that subjects with a positive family history are indeed at 
risk for recurrent events, independent of these classic risk factors.  
 
Conclusion 
In conclusion, patients with premature CAD as well as a family history of premature 
cardiovascular disease are at increased risk for recurrent events. Therefore, these patients might 
be included in the current guidelines for more aggressive treatment. It implies that additional 
pathophysiological mechanisms are of importance in these young patients that might not be 
corrected by current medication. 
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