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ABSTRACT 

A positive family history (FHx) for premature coronary artery disease (CAD) is an independent 
risk factor for CAD itself. Notwithstanding the fact that a positive FHx identifies families at risk, it 
fails to recognize individuals at increased risk within these families. Therefore, the value of a 
positive family history for the individual patient is limited. Identification of latent atherosclerotic 
disease can help to identify high-risk individuals within these families, which may potentially 
help to guide primary prevention strategies. Thus, the use of vascular imaging modalities may 
allow for clear separation of high- and low risk individuals within families with premature CAD. 
In the present review we will focus on recent literature on carotid intima-media thickness, flow 
mediated dilation, coronary artery calcification and nuclear myocardial perfusion imaging and 
their ability to individualize risk assessment in families with premature CAD.  
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INTRODUCTION 

A positive family history for premature coronary artery disease (CAD) is an independent risk 
factor for cardiovascular events [1,2]. The risk increases even further when relatives are affected 
at a younger age, with odds ratios (OR) of 1.3 in individuals with relatives affected below 55 
years, up to OR’s of 10 and higher in individuals with relatives affected below 45 years [3,4]. 
Unfortunately, in absence of a known genetic disorder, a positive family history for premature 
CAD reveals families at risk without identifying individuals at increased risk within these families. 
Considering a Mendelian inheritance pattern, each first degree relative would have a 50% 
chance of being affected. Hence, a treatment decision based on the positive family history alone 
is comparable to flipping a coin, thereby limiting clinical applicability. 
The detection of latent atherosclerotic disease can assist in the identification of individuals at 
increased risk and thereby assist in individual decisions regarding cardiovascular prevention [5]. 
Imaging of the vasculature provides a method to evaluate the vascular vulnerability towards 
atherogenesis, encompassing both hereditary and environmental factors. To date, various 
studies have been conducted among families with premature CAD in which subclinical 
atherosclerosis was assessed. We will focus on carotid intima-media thickness, flow mediated 
dilation, coronary artery calcification and nuclear myocardial perfusion imaging in families with 
premature CAD.  
In view of the clear predictive value of a positive family history, we hypothesized that individuals 
with both a positive family history for premature CAD and elevated CCS in the St. Francis Heart 
Study, represent a high risk population which might have benefited from treatment. 
To test this hypothesis, we performed a post-hoc analysis in the database of the St. Francis Heart 
Study and we compared treatment with atorvastatin 20 mg, aspirin 81 mg, vitamin C 1 g, and 
vitamin E 1,000 U with aspirin 81 mg and matching placebo in individuals with a CCS score above 
the 80th percentile, stratified to either the presence or absence of a positive family history for
premature CAD.   

B-MODE ULTRASOUND CAROTID INTIMA-MEDIA THICKNESS 

Background 
High-resolution B-mode carotid intima-media thickness (cIMT) provides non-invasive assessment 
of the vessel wall dimension via a distance measurement between the lumen-intima and media-
adventitia interfaces of the carotid artery. These measurements offer good inter-scan and inter- 
and intra-observer reproducibility (0.90) in recent trials [6]. cIMT is increased in individuals with 
CAD [7], and predicts incident cardiovascular events independent of other risk factors [8].  
We were able to identify 15 studies, reporting cIMT measurements in healthy individuals with a 
positive family history for CAD, but without previous history of CAD (table 1). Three of these 
studies also assessed brachial artery flow mediated dilation (FMD), which will be discussed later. 
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Cross-sectional studies 
Out of 12 cross-sectional studies, of which 3 assessed the association of family history with 
increased cIMT in adults, 2 studies addressed the association between a positive family history 
for CAD and cIMT measured at different sites of the carotid artery, whereas 7 studies assessed 
the association of a positive family history for CAD with cIMT in children. 
The first study [9] reported in 12,082 individuals from the ARIC study that a positive family 
history for CAD was associated with an increased cIMT. This association was subsequently 
corroborated by other investigators, also after adjustment for traditional cardiovascular risk 
factors [10,11].  
With respect to the best location where to measure cIMT, data are equivocal. Thus, in healthy 
individuals with a positive family history for CAD an increase in cIMT in the common carotid 
artery was reported and not in the internal carotid artery [12], which could not be reproduced 
by others [13]. These discrepancies may relate to differences in sample size or age, which 
automatically translates into thinner cIMTs. More interestingly, Jerrad-Dunne et al. showed that 
individuals with a positive family history for CAD had an increased number of carotid plaques. In 
fact, a recent meta-analysis corroborated that the presence of carotid plaques is a better 
predictor of incident CAD compared to cIMT [14].  
Due to the non-invasive nature of cIMT, it is an attractive method in children with a positive 
family history for CAD. These studies, ranging from 50 to 240 individuals per study, revealed that 
in young adults a parental history of premature CAD was related to an increased cIMT [15,16]. In 
line, in children from 11 to 15 years, a positive family history for premature CAD also predicted 
an increased cIMT, independent of cardiovascular risk factors [17,18]. This observation was also 
present in children under the age of 10 years [19,20]. 

Longitudinal studies 
To date, no prospective or retrospective cohort studies and no randomized controlled trials have 
been conducted, which has addressed the relationship between a positive family history for 
premature CAD and alterations in cIMT. However, in the general population has been generally 
acknowledged that a thickened cIMT is an independent predictor of cardiovascular events [8]. 
However, it remains to be established whether identification and therapy of individuals with a 
thickened cIMT within these families is an effective strategy to decrease incident cardiovascular 
events. 

Summary 
Collectively, these studies show that a positive family history for premature CAD is accompanied 
by higher cIMT levels, independent of traditional risk factors. These studies are, however, cross-
sectional and large scale prospective cohort studies or randomized controlled trials are absent to 
date. Therefore, a causal relation between a positive family history for CAD and cIMT identifying 
incident cardiovascular disease remains to be validated. Moreover, there is no consensus on the 
exact cut-off values as well as the location for the measurement [21]. Thus, the clinical 
applicability of cIMT is limited. 
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BRACHIAL ARTERY FLOW MEDIATED DILATION 

Background 
The endothelium is the first defense against atherosclerosis. Endothelial function can be 
assessed using brachial artery flow mediated dilation (FMD). The measurement is performed by 
assessing end-diastolic brachial artery diameter before and after 5 minutes of forearm ischemia. 
The increased blood flow after ischemia stimulates local nitric oxide release from the 
endothelium resulting in vasodilation. FMD is expressed as the percentage difference between 
the maximum post-cuff release brachial diameter and the average baseline diameter [22]. The 
prediction of future cardiovascular events by FMD has been investigated in one large study, 
showing that lower FMD was associated with increased event rates [23]. We identified 5 studies 
in which the relation between a positive family history for premature CAD and impaired 
endothelial function assessed by FMD was assessed; all of which were case-control studies (table 
2). 

Cross-sectional studies 
The association between FMD and a positive family history for CAD was first described by 
Clarkson et al. [24]. They showed that a positive family history for premature CAD was related to 
an impaired FMD. Moreover, there was an inverse relation between the amount of 
cardiovascular risk factors and the severity of impairment of the FMD, in which those individuals 
with the least factors, had the most impaired FMD, implying a greater role for genetic factors. 
Another study suggested that the relationship between a positive family history for CAD and 
impaired FMD is influenced by gender. They observed that men with a positive family history for 
CAD had an impaired FMD, while this could not be observed in women [25]. 
Some studies assessed both FMD as cIMT in individuals with a positive family history for 
premature CAD. Gaeta et al. enrolled 80 individuals with a mean age of 19 years, whose parents 
had a premature CAD. They found that these individuals had both increased cIMT, as well as an 
impaired FMD, independent of other risk factors [26]. This study was contradicted by two other 
studies, in which one study found that a positive family history for premature CAD was only 
related to FMD [27], whereas in the other study, a positive family history was only related to 
cIMT [28]. The latter study, was the largest case-control study in which both FMD and cIMT is 
assessed (n=2265), whereas all other studies were of rather small sample size (n=60 and n=100). 
These discrepancies might be due to the low reproducibility and large inter- and intra observer 
variation in FMD studies. 



Chapter 6 

92 | 

Table 1 Characteristics of included studies concerning carotid intima-media thickness 
Year 1st author Individuals Individuals  

with a FHx 
Mean age (years) 

Cross-sectional studies 

1999 Bensen* 12,082 - 45-64 

1999 Zureik 1,040 53 65.0 ± 0.1 

2000 Gaeta† 80 40 19.0 ± 5.2 

2002 Cuomo 228 114 12.8 

2002 Lind† 50 11 50  

2003 Wang 1,662 725 57 

2003 Jerrard-Dunne 5,400 372 55.9 ± 9.7 

2003 Magadle 100 50 19.7 

2006 Juonala† 2,265 291 24-39 

2008 Taraboanta 222 111 44.4 ± 13 

2009 Giorgis 49 24 7.9 ± 2.4 

2009 Barra 52 26 9.1 ± 2.5 

2009 Kelishadi 239 112 15.3 ± 2.4 

2010 Morrison 148 91 11 

2011 Barra 120 48 22.1 ± 4.9 

* Bensen (1999) used the family risk score, therefore family history was not dichotomized into yes/no. 
†Gaeta 2000, †Lind 2002 and  †Juonala 2006 also assessed FMD 
FHx, family history; cIMT, carotid intima-media thickness; FDR, first degree relative; SDR, second degree 
relative; CAD, coronary artery disease; OR, Odds ratio 
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Definition FHx Outcome Results (mean or  
OR with 95% CI) 

Family Risk Score Linear regression cIMT 0.77 vs. 0.82 mm 

Parent with CAD <65y Linear regression cIMT 0.66 vs. 0.65 mm 

Association FHx with carotid plaque OR 2.49 (1.32-4.72) 

Parent with CAD ≤60y Mean cIMT 0.49 vs. 0.44 mm 

Parent with CAD ≤60y Mean cIMT 0.39 vs. 0.45 mm 

Parent with CAD any age Mean cIMT 0.80 vs. 0.77 mm 

Parent with CAD <60y Linear regression cIMT 1.05 vs. 1.12 mm  

Parent with CAD ≤60y Association FHx with common/ Common: OR 2.51 (1.94-3.25) 

internal cIMT (highest quartile) Internal: OR 1.03 (0.78-1.35) 

Parent with CAD ≤50y Mean cIMT 0.43 vs. 0.48 mm 

Parent with CAD ≤55y Linear regression cIMT 0.58 vs. 0.60 mm 

FDR with CAD (♂<50/ ♀<60) Linear regression cIMT 0.69 vs. 0.76 mm 

Parent with CAD (♂<55/♀<65) Mean cIMT 0.32 vs. 0.39 mm 

Parent with CAD <50y Linear regression cIMT 0.38 vs. 0.44 mm 

Parent with CAD <55y Mean cIMT  0.22 vs. 0.29 mm 

FDR/SDR with CAD Contribution of FHx to cIMT  0.012 mm 

Parent with CAD any age Mean cIMT  0.41 vs. 0.53 mm 
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Longitudinal studies 
To date, no prospective or retrospective cohort studies and no randomized controlled trials have 
been conducted, which investigated the relationship between a positive family history for 
premature CAD and alterations in FMD. However, from literature it known that impaired FMD is 
associated with increased cardiovascular events [23] and that in assessment of efficacy of 
statins, FMD has shown to be in line with clinical outcome studies  [29].  

Summary 
Taken together, several small case-control studies show that those with a positive family history 
for premature CAD have impaired FMD. However, the largest case-control study showed no 
difference in FMD between those with and without a positive family history for premature CAD. 
Moreover, no prospective follow-up studies are available, and cut-off values for FMD depend 
heavily on the exact methodology. Therefore, there is no indication for FMD to assess risk in this 
specific population. 

CORONARY ARTERY CALCIFICATION 

Background 
Coronary artery calcification (CAC) score, quantified according to Agatston [30] has emerged as 
an interesting tool in the cardiovascular arena. This technique measures the severity of 
subclinical CAD, correlates well with plaque burden in pathology studies [31] and can predict 
cardiovascular events independent of other risk factors [32]. Recent studies have shown that the 
assessment of CAC, on top of established cardiovascular risk algorithms, results in a net 
reclassification improvement ranging from 14% to 30% [33,34]. Whereas some consider the 
presence of any CAC as abnormal, this has also been postulated for higher absolute scores or for 
age and sex adjusted percentiles. We identified 16 studies, which evaluated the association 
between CAC and a positive family history for premature CAD (table 3). Two of these studies 
also assessed nuclear myocardial perfusion imaging and will be discussed in the corresponding 
paragraph.  

Cross-sectional studies 
We identified 12 cross-sectional studies, four of which investigated the relation between a 
positive family history for premature CAD and CAC score in young, low-risk individuals. Three 
studies also evaluated whether this relation was dependent upon differences in definitions of a 
positive family history. Fornage et al. showed that those with a positive family history for 
premature CAD were more likely to have any CAC [35]. Other studies corroborated this 
correlation, independent of classic risk factors, when a CAC score above the 75th percentile for
age and sex was used [36,37]. A positive family history was an even better predictor of advanced 
CAC (>300 Agatston Units) on top of an individual’s general cardiovascular risk profile [38], with 
a net reclassification improvement of 6.8%. Other found that in individuals with a positive family 
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history for premature CAD traditional risk factors only accounted for one-third of the variation in 
CAC, implying that the remaining variation may reflect genetic factors [39].  
Also in those at low cardiovascular risk, individuals with a positive family history for premature 
CAD had increased risk for presence of any CAC [40], a CAC score above the 75th percentile [41] 
and a CAC score above the 90th percentile for age and sex [42]. Philips et al. showed that a 
positive family history for premature CAD was associated with the presence of CAC 
predominantly in young individuals (men/women under the age of 45/55 years) rather than in 
the elderly [43], lending further support for a genetic predisposition.  
Some studies have addressed the number of affected relatives within a family in relation to the 
risk of CAC. Taylor et al. [44] found that the association with presence of CAC was greatest in 
individuals who both had a first as a second degree relative affected with premature CAD, 
compared to individuals with only one affected family member.  
Furthermore, concerning the relation with the affected proband, a sibling history of premature 
CAD was found more strongly associated with elevated CAC (>100 Agatston Units) compared to 
a parental history [45]. In addition, the Multi-Ethnic Study of Atherosclerosis revealed that the 
younger the affected relative, the stronger the association with CAC. The same holds true for the 
number of affected relatives [46].  
 
Longitudinal studies 
Whether individuals with a positive family history and a positive CAC score are characterized by 
a higher cardiovascular event rate remains to be established. The only study which prospectively 
investigated the predictive value of CAC score was the St. Francis Heart Study [47], showing that 
an elevated CAC score was associated with an increase in cardiovascular events. Among those 
with a CAC score above the 80th percentiles, the presence of a positive family history was much 
more common compared to the entire population (54% vs. 21%). To date, the only randomized 
controlled trial, evaluating whether treatment in patients with high CAC was associated with 
cardiovascular risk reduction, did not find a significant reduction [48]. A sub-analysis in which 
cases were stratified according to family history, showed that atorvastatin in those with a 
positive CAD and a CAC score above the 80th percentile resulted in a 45% reduction in 
cardiovascular events [49] whereas no effect was observed in subjects without a positive family 
history.  
 
Summary 
In summary, all studies concerning CAC scores show that those with a positive family history for 
premature CAD have an increased risk for higher CAC scores, independent of other risk factors. 
Besides, when applying more stringent criteria for family history, the association became only 
stronger. When treating individuals with a positive family history for premature CAD and an 
elevated CAC score this leads to a reduction in cardiovascular events. Since a recent cost-
effective analysis showed CAC screening to be effective in asymptomatic men [50] and and even 
low risk adults in whom a positive family history for premature CAD is present [51], CAC scoring 
holds good promise for individual risk assessment in families with premature CAD. 
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Table 2 Characteristics of included studies concerning brachial artery flow mediated dilation 
Year 1st author Individuals Individuals  

with a FHx 
Mean age (years) 

Cross-sectional studies 

1997 Clarkson 100 1997 25 ± 8 

2000 Gaeta* 80 2000 19.0 ± 5.2 

2002 Lind* 50 2002 50  

2004 Hamburg 62 2004 19-41 

2006 Juonala* 2,265 2006 24-39 

*Gaeta 2000, *Lind 2002 and *Juonala 2006 also assessed cIMT
FHx, family history; FDR, first degree relative; CAD, coronary artery disease; FMD, flow mediated dilation; 
OR, Odds ratio 

Table 3 Characteristics of included studies concerning coronary artery calcification 
Year 1st author Individuals Individuals  

with a FHx 
Mean age (years) 

Cross-sectional studies 

2001 Valdes 489 489 30-70 

2004 Fornage 3,041 611 40.0 

2004 Desai 8,549 2,380 52 ± 10 

2004 Taylor 1,619 516 43 ± 3 

2004 Nasir 8,549 2,283 52 ± 9 

2004 Pirich* 21 21 51 ± 10 
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Definition FHx Outcome Results (mean or  
OR with 95% CI) 

FDR with CAD (♂≤45y/ ♀≤55 y) Mean FMD  8.2% vs. 2.9% 

Parent with CAD ≤60y Association FHx and FMD OR 0.32 (0.13-0.80) 

Parent with CAD any age  Mean endothelial vasodilation 26 vs. 21 ml/min/100ml 

FDR with CAD ≤50y Mean FMD  Men: 8.1% vs. 3.2%   

Women: 8.8% vs. 10.1% 

Parent with CAD ≤55y Mean FMD 8.0 vs. 8.1% 

Definition FHx Outcome Results (mean or  
OR with 95% CI) 

FDR with CAD  Predictors or variation in CAC Risk factors predicted  

(♂<55y/ ♀<65y) 30% variation CAC 

Parent with CAD any  Association FHx and any CAC  OR 1.78 (1.31-2.41) 

age 

FDR/SDR with CAD  Percentage with CAC >75th pct 14% vs. 30% 

<55y 

FDR/SDR with CAD  Association FDR,SDR or both  SDR:OR 1.41(1.00-1.99) 

(♂<55y/ ♀<65y) with CAC FDR: OR 1.49 (1.05-2.11) 

Both:OR 1.68 (1.06-2.66) 

FDR with CAD <55y Association sibling/ parent  Sibling: OR: 3.3(2.3-5.1) 

FHx with CAC >100 Parent: OR 1.9 (1.5-2.5) 

FDR with CAD <60y Comparison SPECT with CAC 80%  of CAC >400  

normal SPECT 
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Table 3 continued 
Year 1st author Individuals Individuals  

with a FHx 
Mean age (years) 

2005 Michos 6,141 1,597 55 ± 9 

2005 Michos 102 102 51 ± 7 

2006 Blumenthal* 260 260 50.9 ± 8 

2007 Nasir 5,347 1,044 62 ± 10 

2007 Philips 2,754 284 18-65 

2008 Scheuner 5,264 966 61.6 ± 10.2 

2008 Sailam 89 89 47 ± 5 

2010 Scheuner 6,070 1,074 62 ± 10.2 

Longitudi

2005 Arad 4,903 1,029 59 ± 6 

 

2012 Mulders 1,005 543 59.0 ± 5.9 

*Pirich 2004 and *Blumenthal 2006 also assessed SPECT
FHx, family history; FDR, first degree relative; SDR, second degree relative; CAD, coronary artery disease; 
CAC, coronary artery calcification; Pct, percentile; OR, Odds ratio; HR, hazard ratio; SPECT, single-photon 
emission computed tomography 
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Definition FHx Outcome Results (mean or  
OR with 95% CI) 

FDR with CAD <55y Percentage any CAC 22% vs. 15% 

Sister with CAD <60y Percentage with CAC >90th pct 15% (no controls) 

Sibling with CAD  <60y Comparison SPECT and CAC 12%  of CAC 0 abnormal  

SPECT 

FDR with CAD  Association FHx and  OR 2.03 (1.49-2.76) 

(♂<55y/ ♀<65y) CAC >75th pct 

FDR with CAD  Association FHx and CAC  Young: OR 1.8 (1.1-2.8) 

(♂<50y/  <55y) Elderly: OR 1.0 (0.6-1.6) 

FDR with CAD any  Association 1 FDR vs. ≥3 FDRs  1 FDR: OR: 1.6 (1.4-1.8)  

age and CAC  ≥3 FDR: OR 2.4 (1.7-3.4) 

FDR with CAD  Percentage with any CAC 38% (no controls) 

(♂<55y/ ♀<65y) 

FDR with CAD  Prediction of CAC >300 by  Net reclassification  

(♂<55y/ ♀<65y) adding FHx improvement: 6.8% 

FDR with CAD  Percentage FHx in CAC >80th pct 54% vs. 21% 

(♂<55y/ ♀<65y) and entire population 

FDR with CAD  Reduction events FHx and  HR: 0.55 (0.31-0.97) 

(♂<55y/ <65y) CAC > 80th pct  
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NUCLEAR MYOCARDIAL PERFUSION IMAGING 

Background 
Apart from imaging methods using cIMT and CAC scoring, atherosclerotic disease can also be 
evaluated in a more functional manner, such as nuclear perfusion imaging. Nuclear perfusion 
imaging can assess myocardial ischemia and abnormal results are related to cardiovascular 
events [52]. 
Only three studies concerning nuclear perfusion imaging of the myocardium have been 
performed in individuals with a positive family history for premature CAD.  

Longitudinal studies 
Recently, the results of a prospective cohort study were published. In this cohort 1,287 siblings 
of patients with premature CAD underwent stress testing with nuclear perfusion imaging and 
were tested for incident cardiovascular events during follow-up [55]. It was found that inducible 
myocardial ischemia predicted incident cardiovascular events, independently of other risk 
factors. Furthermore, in low - to intermediate Framingham risk individuals older than 40 years, 
the incident event rate was well over 20%, far beyond the expected event rate, based upon the 
Framingham risk score alone. Whether these individuals with a positive family history had worse 
outcome as compared to individuals with a negative family history was not investigated.  

Table 4 Characteristics of included studies concerning nuclear myocardial perfusion imaging 
Year 1st author Individuals Individuals  

with a FHx 
Mean age (years) 

Cross-sectional studies 

2004 Pirich* 21 21 51 ± 10 

2006 Blumenthal* 260 260 50.9 ± 8 

Longitudinal studies 

2011 Kral 1,287 1,287 46.4 ± 7.0 

*Pirich 2004 and *Blumenthal 2006 also assessed CAC
FHx, family history; FDR, first degree relative; CAD, coronary artery disease; SPECT, single-photon emission 
computed tomography; CAC, coronary artery calcification
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Cross-sectional studies 
Two cross-sectional studies evaluated nuclear perfusion imaging via single-photon emission 
computed tomography in those with a positive family history. These studies only included 
individuals with a positive family history and compared the results of myocardial perfusion 
imaging with CAC scoring.  Both of them failed to show an agreement between abnormal 
exercise testing and high CAC scores.  For instance, Blumenthal et al. found that 12% of the 
patients with no CAC had an abnormal exercise test [53], while Pirich et al. found that even in 
individuals with a CAC score above 400, 80% of the individuals had a normal exercise test [54]. 

Summary 
In a limited number of studies nuclear perfusion imaging was evaluated in those with a positive 
family history. Two studies compared results of nuclear perfusion imaging with CAC scoring, 
which showed no correlation. The only prospective study found that in individuals with a 
positive family history and inducible myocardial ischemia event rate was much higher than 
expected. Concerning the limited data and that none of these studies included individuals with a 
negative family history; clinical relevance of these results is limited. 

Definition FHx Outcome Results (mean or  
OR with 95% CI) 

FDR with CAD <60y Comparison SPECT  80% of CAC >400 normal SPECT 

and CAC 

Sibling with CAD <60y Comparison SPECT 12%  of CAC=0 abnormal SPECT 

and CAC 

Sibling with CAD <60y Incident CAD in  29.7% 

abnormal SPECT 
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CONCLUSION 

A positive family history for premature CAD is an important and strong risk factor for future 
cardiovascular events. Imaging of subclinical atherosclerotic disease may offer an attractive tool 
to identify the individual risk within members of these high-risk families. Whereas cIMT is 
inexpensive, readily available and thickened cIMTs have been demonstrated in subjects with a 
positive family history, prospective studies substantiating the value of a cIMT-based therapeutic 
decision strategy are lacking. The same holds true for FMD and nuclear myocardial perfusion 
imaging, where additional hurdles, such as variability and radiation, respectively, make these 
techniques less suitable for widespread clinical implementation in these families. To date, CAC 
scoring holds the best promise for subclinical atherosclerosis imaging. CAC scoring in subjects 
with a positive family history has revealed more abundant calcifications. Conversely, therapeutic 
interventions in subjects with a positive family history for premature CAD and elevated CAC 
score is accompanied by reduced cardiovascular event rates. In order to determine which 
imaging modality is most suitable to help guide therapeutic decisions on an individual level in 
high-risk families in a cost effective way, a prospective observational trial in this population is 
urgently needed.
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