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ABSTRACT 

Background A family history (FHx) of premature coronary artery disease (CAD) is a risk factor for 
CAD. Notwithstanding its value for families at risk, FHx provides no information on individual risk 
within such families. Coronary artery calcification scores (CACS) might improve this. 

Methods In asymptomatic individuals (n=722), we assessed the association between a FHx and 
elevated CACS. Furthermore, we performed a post-hoc analysis on the St. Francis Heart Study 
(n=830), a prospective cohort study, to assess risk of future CAD in individuals with a FHx and 
with a CACS of zero or elevated CACS (>80th percentile).

Results In the first study (mean age 52.4±6.4 years; 55.7% men), individuals with a FHx had an 
increased risk for elevated CACS (risk factor adjusted odds ratio (OR) 2.77 (95%CI 1.65-4.67); 
p<0.05), compared to those without a FHx. 
The post-hoc analysis (mean age 58.9±6.0 years; 74.0% men) showed that after 3.5 years follow-
up, in those with a CACS of 0, event rate was equally low in those with (0%) and without (1%) a 
FHx (p=0.25). However, for those with a CACS >80th percentile, individuals with a FHx had
increased risk for CAD (12.5%) compared to those without a FHx (6.8%) (HR 1.96 (95%CI 1.06-
3.61); p<0.05). 

Conclusions Individuals with a FHx of premature CAD have increased risk for elevated CACS, 
independent of risk factors. Furthermore, CACS is able to stratify individuals at low and high risk 
for future CAD among these families. These findings support guidelines of including CAC in 
specific populations. 
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INTRODUCTION 
 
A genetic predisposition for premature coronary artery disease (CAD), as identified by a positive 
family history, is an important risk factor for CAD (1;2). This association becomes stronger as the 
number of relatives with CAD increases (3) and as the age of onset in these relatives is more 
premature (4). However, a positive family history for premature CAD only identifies families at 
risk, whereas it fails to discriminate specific individuals at increased risk within such a family. 
Therefore, its applicability in clinical practice is limited. For instance, even in case of a 
monogenetic inheritance pattern, each first degree relative has only a 50% chance of inheriting 
the same genetic defect. Therefore, if the true propensity for CAD is unknown in that individual, 
a decision regarding treatment might as well be made by flipping a coin. Besides, if traditional 
risk score algorithms are used, they poorly predict cardiovascular risk not only in general, but 
even more in relatives of patients with premature CAD (5).   
Detection of subclinical atherosclerotic disease might assist in this dilemma. As such, coronary 
artery calcification (CAC) has emerged as tool for the prognostic evaluation of CAD risk (6). 
Pathological studies have revealed a close correlation between CAC and coronary plaque burden 
(7). In fact, prospective follow-up studies have shown that CAC predicts cardiovascular events, 
independent of other risk factors (8-11). Recent studies show that determining CAC on top of 
established cardiovascular risk algorithms, results in a net reclassification improvement ranging 
from 14% to 30% (12-14). Interestingly, it has been reported, that a positive family history for 
premature CAD is also associated with higher CAC scores (15-17). Hence, assessing CAC scores in 
families with premature CAD might help in the decision who should receive treatment and who 
should not.  
Therefore, it was hypothesized that within families with premature CAD, CAC score might be 
able to identify individuals at increased risk for future CAD. We tested this hypothesis by 
assessing the risk for an increased CAC score in individuals with a positive family history for 
premature CAD in a case-control study and by assessing their cardiovascular risk in a prospective 
cohort study. 
 
METHODS 
 
Study design 
Two separate studies in asymptomatic individuals without previous CAD were performed. The 
former consisted of a study, in which the risk of an elevated CAC score in individuals with a 
positive family history for premature CAD was assessed. The latter consisted of a post-hoc 
analysis on the database of the St. Francis Heart Study (18), which prospectively assessed the 
risk for cardiovascular events in individuals with a positive family history for premature CAD and 
an elevated CAC score. The primary objective of our study was to evaluate whether CAC can 
distinguish high and low risk individuals from families with premature CAD. 
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CAC score Study 
Individuals were included from three different sites: 1. Consecutive, asymptomatic, first degree 
relatives of patients with premature CAD, who visited the cardiovascular genetics outpatient 
clinic of the Academic Medical Center, Amsterdam, the Netherlands, 2. Asymptomatic, first 
degree relatives of patients with premature CAD, who participated in a cohort study in the 
Healthy Heart Prevention Clinic in the St. Paul Hospital, Vancouver, Canada, 3. Consecutive, 
asymptomatic, individuals who visited the outpatient clinic at Prescan, Hengelo, the 
Netherlands. These were self-referring individuals who visited this outpatient clinic for 
preventive medical screening. All individuals were matched for age and gender. 
In all individuals, a standardized questionnaire was obtained that included medical history and 
family history for CAD. The CAD was defined as a history of fatal or non-fatal myocardial 
infarction, percutaneous coronary angioplasty or coronary bypass surgery.  A positive family 
history for premature CAD is usually defined as an event occurring before the age of 55 years in 
men and 65 years in women. To increase the likelihood of including families with a genetic 
predisposition for CAD, the age limits were lowered to 50 years in men and 55 years in women 
(19).  
All CT’s were performed using a 64-slice multi-detector CT scanner (Philips Medical Systems, 
Best, the Netherlands). The scanning protocol was as follows: tube voltage, 120 kV; tube current, 
55 mAs; detector collimation, 40 × 2.5 mm; gantry rotation, 420 ms. CAC was evaluated 
according to Agatston (20).  Hypertension was defined as a blood pressure above 140/90 mmHg 
at rest or the use of antihypertensive medication at the time of the study visit.  Individuals with 
known familial hypercholesterolemia were excluded.  

Prospective Cohort Study 
For this study, a post-hoc analysis on the database of the St. Francis Heart Study was performed. 
The design of the St. Francis Heart Study has previously been reported (21).  In brief, recruitment 
began in February 1996. Men and women aged 50 to 70 years were considered eligible, 
provided they had no history, symptoms or signs of cardiovascular disease. Furthermore, 
individuals were excluded if they had insulin-dependent diabetes mellitus or if they used lipid-
lowering drugs. A total of 5582 individuals fulfilling these criteria underwent cardiac CT scanning 
to assess CAC score. CT scanning was performed at enrollment with reconstruction to a 26-cm 
field of view. Forty contiguous 3-mm slices were scanned during a single breath hold. Scan time 
was 100 ms/slice, synchronized to 80% of the RR interval. At least two adjacent pixels with an 
attenuation coefficient >130 Hounsfield units defined a calcified lesion, and CAC score was 
calculated according to Agatston (20). All patients were prospectively followed up. 
The primary outcome included all cardiovascular events, which were adjudicated by an 
independent committee, blinded to the CAC score. Cardiovascular events included coronary 
death, nonfatal myocardial infarction, surgical, or percutaneous coronary revascularization 
procedures, non-hemorrhagic stroke, and peripheral arterial surgery. A positive family history 
for premature CAD was defined as the disease being present in a first degree relative before the 
age of 55 years in men 65 years in women.  
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Individuals with a CAC score above the 80th percentile for age and sex were invited to participate 
in a randomized controlled trial. All these participants were treated with aspirin 81 mg daily. In 
order to avoid the confounding effect of statin treatment, individuals assigned to the active 
treatment arm of the randomized clinical trial were excluded from this analysis.   
The study was approved by the St. Francis Hospital Institutional Review Board and all 
participants provided written informed consent.  
 
Statistical analyses 
Differences in baseline characteristics were assessed between groups by using chi-square tests 
(for categorical variables), or Student’s T-tests (for continuous normally distributed data), or 
Wilcoxon signed-rank test (for continuous not-normally distributed data). Data were analysed 
using SPSS software version 16.0 (SPSS Inc., Chicago, Illinois, USA).  
 
CAC Score Study 
To assess the association between a positive family history for premature CAD and elevated CAC 
scores, a logistic regression was performed with absolute CAC scores above 100 and 400 as well 
as age and sex corrected percentiles above the 80th and the 95th percentile. The analyses were 
performed as crude model (model 1) and adjusted for those characteristics which were 
significantly different between those with a positive and negative family history (model 2).  
Furthermore, the PROCAM (22) category (low, intermediate or high risk) was calculated in all 
patients. The PROCAM risk algorithm was used since this is the most general used algorithm 
which includes information concerning family history. A high PROCAM risk indicates eligibility for 
preventive treatment, which also holds true for an elevated CAC score (23). It was assessed 
whether there was discrepancy between the two methods for risk assessment, and whether this 
differed between those with a positive and a negative family history. 
Prospective Cohort Study 
In the initial cohort of the St. Francis Heart Study, all individuals with a CAC score of zero (n=318) 
and a CAC score above the 80th percentile (n=512) were analyzed separately, stratified to family 
history. Subsequently, it was assessed whether a positive family history for premature CAD was 
associated with an increased risk of cardiovascular events during follow-up in both groups.  
Kaplan-Meier curves were used to estimate the probability of experiencing a cardiovascular 
event for individuals with and without a positive family history for premature CAD and the 
differences between curves were tested using a Log-rank test. Cox proportional-hazard models 
were used to adjust for differences between the groups where appropriate. 
  
RESULTS 
 
CAC score Study 
Characteristics of the participants are listed in table 1. The groups were well matched for age 
and gender, with an overall mean age of 52.4 ± 6.4 years and 55.7% men. Those with a positive 
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family history had a higher BMI (27.1 ± 4.2 vs. 26.3± 4.0; p<0.05), had a lower total cholesterol 
(5.4 ± 1.0 vs. 6.0 ± 1.1; p<0.05), used more often statins (20.0% vs. 7.5%; p<0.05) and had more 
often hypertension (32.8% vs. 17.0%; p<0.05) and diabetes (5.7% vs. 1.9%; p<0.05) compared to 
those with a negative family history. Considering the results of the coronary CT, the percentage 
of individuals with a CAC score above zero was higher in those with a positive family history 
(table 2). Furthermore, individuals with a positive family history for premature CAD had twice as 
often CAC scores above 100 and 400 and scores above the 80th and 95th percentile compared to
those without a positive family history for premature CAD. Besides, the median of the positive 
CAC scores in individuals with a positive family history for premature CAD was significantly 
higher compared to those without a family history for premature CAD. Logistic regression was 
used to be able to adjust for confounding factors that differed between the groups (table 3). Not 
only, we found that a positive family history for premature CAD was associated with elevated 
absolute CAC scores (adjusted Odds ratio (OR) 2.43 (95% CI 1.04-7.65; p<0.05) for a score above 
400), but also with elevated CAC percentiles (adjusted Odds ratio (OR) 2.77 (95% CI 1.65-4.67; 
p<0.05) for above the 80th percentile). The association between the PROCAM risk score and the
CAC score related risk was analysed. Overall, there was a discrepancy between the risk according 
to the PROCAM and that according to the CAC score (table 4). Furthermore, there was a 
difference in this discrepancy between those with a positive and a negative family history.  
Specifically, the negative predictive value of a low PROCAM risk for no CAC, was only 51.0% in 
those with a positive family history, while this somewhat higher among those with a negative 
family history (67.2%) (51.0%) (p<0.05). Furthermore, in those with a positive family history and 
a low risk score according to PROCAM, 35.5% had a high CAC score (above the 80th percentile),
compared to only 14.5% of individuals with a negative family history (p<0.05).  

Prospective Cohort Study 
The mean follow-up in the St. Francis Heart Study was 3.5 years. Baseline characteristics are 
listed in table 5. Those with a positive family history for premature CAD were younger (58.4 ± 5.9 
vs. 59.5 ± 6.1; p<0.05) compared to the individuals with a negative family history. Other 
characteristics, including Framingham Risk Score and baseline absolute CAC score, were 
comparable among the groups. For those with a CAC score of 0, event rate was equally low in 
those with and without a positive family history.  None of the individuals with a positive family 
history for premature CAD developed a cardiovascular event during follow-up compared to 1.0% 
(n=2) of those with a negative family history (figure 1) (p=0.25). The low event rate did not 
suffice adequate power to adjust for possible confounders. For those with a CAC score above the 
80th percentile, 12.5% (n=35) of the individuals with a positive family history for premature CAD
developed a cardiovascular event compared to 6.8% (n=16) of those with a negative family 
history. Cox proportional-hazards analyses showed that individuals with a positive family history 
for premature CAD had a twofold increased risk to experience a cardiovascular event (Hazard 
Ratio (HR)) 1.96 (95% CI 1.06-3.61); p<0.05) (figure 2) compared to those with a negative family 
history. The results remained similar after adjustment for age and other confounders (HR 2.06 
(95% CI 1.11-3.80); p<0.05). 
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Table 1 Baseline characteristics of the participants of the case control study 
 Negative FHx  

(n=265) 
 

Positive FHx 
(n=265) 

Age, years 52.7 ± 5.4 52.1 ± 7.3 

Male gender 155 (58.5) 140 (52.8) 

Current smoking 53 (20.0) 51 (19.2) 

SBP, mmHg 126.5 ± 15.7 129.0 ± 17.7 

DBP, mmHg 80.2 ± 9.9 79.5 ± 10.7 

Body mass index, kg/m2 26.3 ± 4.0 27.1 ± 4.2 * 

Glucose, mmol/L 5.4 ± 1.0 5.4 ± 1.0 

Total cholesterol, mmol/L 6.0 ± 1.1 5.4 ± 1.0 * 

HDL-C, mmol/L 1.5 ± 0.5 1.5 ± 0.4 

LDL-C, mmol/L 3.6 ± 0.9 3.6 ± 0.9 

Triglycerides, mmol/L 1.5 ± 0.9 1.4 ± 0.8 

Hypertension 45 (17.0) 85 (32.8) * 

Diabetes mellitus 5 (1.9) 15 (5.7) * 

Statin use 20 (7.5) 53 (20.0) * 

PROCAM 2.9 (1.3; 5.2) 4.7 (2.4; 10.1) * 

Continuous data are expressed as mean ± standard deviation except for PROCAM, which is expressed as 
median (interquartile ranges), categorical data are expressed as absolute numbers with (percentages) 
*p<0.05 versus individuals with a negative FHx 
FHx, family history; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; LDL-C, Low density 
lipoprotein cholesterol; HDL-C, High density lipoprotein cholesterol 
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Table 2 Distribution of CAC scores according to family history 
Negative FHx (n=265) Positive FHx (n=265) 

Any CAC  98 (37.0) 150 (56.6) * 

Absolute scores 

     Median of all CAC scores 0 (0; 11.9) 5 (0; 105.5) 

     >100 26 (9.8) 67 (25.3) * 

     >400 11 (4.2) 26 (9.8) * 

Percentiles 

     Median of all CAC scores 0 (0; 60) 55.5 (0; 90) 

     >80 percentile 46 (17.4) 100 (37.7) * 

     >95 percentile 14 (5.3) 33 (12.5) * 

Continuous data are expressed as median (interquartile ranges), categorical data are expressed as absolute 
numbers with (percentages) 
*p<0.05 versus individuals with a negative FHx
FHx, family history; CAC, coronary artery calcification 

Table 3 Logistic regression analysis for elevated CAC scores in individuals with a positive family history for 
premature CAD 

Absolute score Percentile 

Positive FHx >100 >400 >80 pct >95 pct 

Model 1 3.11 (1.91-5.08  2.51 (1.21-5.20) 2.89 (1.93-4.32) 2.55 (1.33-4.89) 

Model 2 2.49 (1.33-4.66 2.43 (1.04-7.65) 2.77 (1.65-4.67) 2.75 (1.12-6.76) 

* p<0.05 compared to individuals with a negative family history
Model 1: Crude model, Model 2: Adjusted for BMI, total cholesterol, hypertension, diabetes and statin use 
CAC, coronary artery calcification; pct, percentile 



Risk stratification via CAC score in families with premature CAD 

| 149 

Table 4 Distribution of CAC scores among PROCAM categories in individuals with a negative and a positive 
family history for premature CAD 
Negative FHx 

Percentile CAC score 

PROCAM 0 1-80 >80 

     Low 162 (67.2) 44 (18.3) 35 (14.5) 

     Intermediate 2 (12.5) 10 (62.5) 4 (25) 

     High 0 (0) 4 (50) 4 (50) 

Positive FHx 

Percentile CAC score 

PROCAM 0 1-80 >80 

     Low 101 (51.3) 26 (13.2) 71 (35.5) 

     Intermediate 16 (28.1) 19 (33.3) 22 (38.6) 

     High 0 (0) 3 (27.3) 8 (72.7) 
Data are expressed as absolute numbers with (percentages) 
* p<0.05 compared to individuals with a negative family history
FHx, family history; CAC, coronary artery calcification; PROCAM, Prospective Cardiovascular Münster Heart 
Study 
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Table 5 Baseline characteristics of the participants of the prospective cohort study 

Negative FHx (n=236) Positive FHx (n=280) 

Age, years 59.5 ± 6.1 58.4 ± 5.9 * 

Male gender 177 (75.0) 205 (73.2) 

Smoking 158 (66.9) 187 (66.8) 

SBP, mmHg 136.1 ± 19.1 137.4 ± 19.0 

DBP, mmHg 79.0 ± 9.0 79.6 ± 9.3 

Body mass index, kg/m2 29.2 ± 5.1 29.3 ± 5.0 

Glucose, mmol/L 6.2 ± 1.4 6.2 ± 1.8 

Total cholesterol, mmol/L 5.8 ± 0.9 5.9 ± 0.9 

LDL-C, mmol/L 3.8 ± 0.7 3.9 ± 0.8 

HDL-C, mmol/L 1.3 ± 0.4 1.3  ± 0.4 

Triglycerides, mmol/L 1.4 (1.0; 2.0) 1.5 (1.0; 2.1) 

C-reactive protein (mg/l)  2.10 (0.87; 5.02) 2.12 (1.08; 4.07) 

Hypertension 68 (28.8) 96 (34.2) 

Diabetes mellitus 15 (6.4) 24 (8.6) 

Baseline CAC score 395.7 (188.3; 747.7) 360.5 (177.1; 627.0) 

Continuous data are expressed as mean ± standard deviation except for Triglycerides, CRP, and Baseline CAC 
score, which are expressed as median (interquartile ranges), categorical data are expressed as absolute 
numbers with (percentages) 
*p<0.05 versus individuals with a negative family history
FHx, family history; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low 
density lipoprotein cholesterol; SBP, systolic blood pressure; CAC, coronary artery calcification 

Table 6 Number of events during follow-up according to family history and CAC result 
Negative FHx Positive FHx 

CAC 0 2 (1) 0 (0) 

CAC >80th percentile 16 (6.8) 35 (12.5) * 

*p<0.05 compared to negative FHx
FHx, family history; CAC, coronary artery calcification 
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Figure 1 Kaplan-Meier event free survival curves for all cardiovascular events in individuals with a CAC score 
of 0, according to family history  

FHx, Family History 

Figure 2 Kaplan-Meier event free survival curves for all cardiovascular events in individuals with a CAC score 
above the 80th percentile, according to family history 

HR, Hazard Ratio; CI, Confidence Interval; FHx, Family History 
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DISCUSSION 

In the present study, we show that individuals with a positive family history for premature CAD 
are characterized by an increased risk for elevated CAC scores. Furthermore, it was found that 
among individuals with CAC score above the 80th percentile, those with a positive family history
for premature CAD had a twofold increased risk for cardiovascular events during follow-up, 
compared to those without a family history. Besides, among those with a CAC score of 0, event 
rate was equally low in those with and without a family history of premature CAD. These 
findings indicate that CAC scoring can distinguish high and low risk in individuals from families 
with premature CAD. Additionally, there was a discrepancy between the PROCAM risk and the 
CAC score. Specifically, among those with a low PROCAM risk, an elevated CAC score was not 
uncommon. This underestimation of CAC by risk score algorithms was found earlier (24) and 
indicates the limitations of these algorithms in families with premature CAD, even when 
information concerning family history is included. 
It has been well established that both absolute CAC scores as well as CAC percentiles predict 
cardiovascular events (25), whereas the event rate in the complete absence of CAC is virtually 
absent. The latter holds true for asymptomatic individuals (8), for patients presenting with chest 
pain to an emergency department (26) and, as found in this study, also for those with a family 
history for premature CAD. 
Our finding that those with a positive family history for CAD have increased propensity for 
subclinical atherosclerotic disease - CAC in particular - is in line with previous studies (27). The 
Multi-Ethnic Study of Atherosclerosis (MESA) reported that a positive family history was 
associated with elevated CAC (16). Moreover, when more relatives were affected with CAD, the 
association with high CAC increased (28).  
For incorporating CAC scoring for cardiovascular risk assessment, the final verdict is out. 
Recently, a cost-effective analysis showed CAC screening in asymptomatic individuals to be 
effective in men, but not in women (29). However, most CAC guidelines are uniform and positive 
for CAC scoring in asymptomatic intermediate risk adults (30;31) and even low risk adults in 
whom a positive family history for premature CAD is present (32). In contrast, the Working 
Group on Nuclear Cardiology and Cardiac CT of the European Society of Cardiology, recently 
advised against the use of CAC scoring in individuals with a positive family history, largely due to 
lack of follow-up data (33).  However, we have shown follow up data that indicates that CAC 
scoring can distinguish between high- and low risk individuals with a family history of premature 
CAD. Collectively, these findings lend further support to include information regarding family 
history in cardiovascular risk assessment (34) followed by CAC scoring in high risk families in 
order to identify individuals at risk.  
The proof of the pudding of this concept lays in whether preventive treatment of these high risk 
individuals indeed reduces their risk. In a recent post-hoc analysis of the St. Francis Heart Study, 
it was shown that treatment with atorvastatin 20mg in asymptomatic individuals, free of 
previous cardiovascular disease, but with a positive family history for premature CAD and a CAC 
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score above the 80th percentile, resulted in a 45% reduction of cardiovascular events during 
follow-up (23). 
 
Limitations 
The limitations of our study merit some consideration. First, in the CAC score study, there was 
no follow-up data available. Therefore, the follow-up data had to be obtained from another 
population and we could not, for instance, calculate a net reclassification improvement after 
adding CAC to other risk score algorithms. Also, the prospective cohort differed from the CAC 
score study concerning age and criteria used to define a positive family history for premature 
CAD. Unfortunately, it was not possible to match these definitions to a uniform standard. In 
addition, at the insistence of the local Institutional Review Board, the individuals in the 
prospective cohort study were assigned to aspirin, which probably reduced the number of 
events. It is highly unlikely however, that the effect of treatment differed among those with or 
without a positive family history for premature CAD. Finally, for the case-control study, cases 
and controls were recruited via different sites. Those with a positive family history for premature 
CAD were mainly referred to an outpatient clinic for that purpose, while those with a negative 
family history for CAD were mainly self referring to a commercial scan site for preventive 
medical screening.  
 
Conclusions 
We show that a positive family history for premature CAD is associated with an elevated CAC 
score. Moreover, we show in a prospective cohort study that those with an elevated CAC score 
and a positive family history for premature CAD are at increased risk for cardiovascular events 
during follow-up, compared to those with a negative family history for premature CAD. This 
difference in events is not found in those without CAC. 
These findings imply that adding CAC score to family history has capacity to identify individuals 
at increased risk for future cardiovascular disease in high risk families. Combined with recent 
guidelines and previous evidence on treatment of elevated CAC scores in individuals with a 
positive family history for premature CAD, we propose that risk assessment via CAC scoring in 
this specific population should be incorporated into daily practice, a move towards more 
personalized care in cardiovascular medicine. 
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