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ABSTRACT 

A family history of premature coronary artery disease (CAD) is an independent risk factor for 
CAD itself. However, there is no consensus on the definition of a positive family history. Thus, a 
wide range of definitions are being used in risk score algorithms and cardiovascular prevention 
guidelines, differing predominantly in age criteria used to define ‘premature’ CAD. 
In the present systematic review of prospective cohort studies, we evaluated the cardiovascular 
risk conveyed by using different age criteria for a family history of ‘premature’ CAD. We 
searched PUBMED and EMBASE database for studies conducted with search terms including 
“family history”, “premature”, “cardiovascular disease” and “coronary artery disease” and 
identified 15 prospective cohort studies.  
These studies consistently report that the associated risk for relatives increases, if the proband is 
affected at a younger age (hazard ratio 4.5 (95% confidence intervals (CI) 1.3-15.4)) for proband 
affected <50 years). Although this risk is lower when probands are affected at an older age (<70 
years), those relatives remain to have increased risk for future CAD even after adjustment for 
classic risk factors (Hazard ratio 1.7 (95% CI 1.5-1.8)). 
Current definitions of a family history of premature CAD (all relatives <60 years; or male relatives 
<55 years, female relatives <65years) increase cardiovascular risk approximately two-fold. No 
data is available for the risk increase in families characterized by even earlier onset, e.g <45 
years. Further research is needed to elucidate the exact impact of age of onset in probands on 
future CAD risk in their relatives, especially in this young group. 
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INTRODUCTION 
 
A family history of premature CAD is - in addition to established risk factors, such as age, 
smoking and dyslipidemia - an independent risk factor for CAD itself [1,2]. Although a family 
history of premature CAD is a binary variable, the age of onset of the first CAD event within the 
family is often receives too little attention. Thus, prospective studies have suggested that there 
is an inverse association between risk for CAD and age of onset of first CAD event in the family 
[3,4]. However, there is no consensus however on the exact age criteria used to define 
‘premature’ CAD within families. As a consequence, a wide variety of age criteria have been used 
to define premature CAD in risk score algorithms and cardiovascular prevention guidelines. 
The lack of consistent age criteria precludes the use of uniform criteria for premature CAD in 
clinical practice, which is likely to contribute to under-appreciation of the value of family history 
in CAD risk assessment. Indeed, a recent systematic review showed that despite guideline 
recommendations, the screening rate among those with a family history of premature CAD is 
extremely low, ranging from 6% to 67% [5].  
Here, we present a systematic review of prospective cohort studies, in which cardiovascular risk 
was evaluated in individuals with a family history of premature CAD, according to different age 
criteria. Furthermore, we identified definitions of a positive family history used in various risk 
score algorithms and guidelines and validated these according to literature. 
 
METHODS 
 
Systematic review 
To indentify the different definitions of family history we identified prospective cohort studies in 
individuals with a family history of premature CAD to evaluate the effect on cardiovascular 
events.  
We searched PUBMED and EMBASE database for studies conducted until January 2012 with 
search terms including “family history”, “premature”, “cardiovascular disease” and “coronary 
artery disease”. 
Our searches were limited to human studies without language restrictions. Titles and abstracts 
were screened to exclude any irrelevant studies. We read the full texts of the remaining articles 
and searched all references cited in retrieved articles. Two authors (TAM and BS) conducted all 
searches independently.  
Studies were included if they met the following criteria: (1) the participants were free of any 
cardiovascular disease at baseline; (2) prospective cohort design; (3) the exposure was a family 
history of CAD; (4) hard outcomes, such as myocardial infarction and coronary death, were 
recorded; (5) hazard ratios with 95% confidence intervals were reported. If data were duplicated 
in more than one study, the most eligible study was considered for inclusion. 
The following data were independently extracted by two investigators (TAM and BS): the first 
author’s name; publication year; number of participants (cases and cohort size); sex; age; years 
of follow-up; outcome; the hazard ratio estimates, and corresponding 95% confidence intervals 



Chapter 2 

| 24 

(CI) and possible factors adjusted for. The results were compared, and any discrepancies were 
resolved by consensus. If multiple age-cut off criteria were presented in a single study, results 
were combined via fixed-effects pooling. For instance, if a study evaluated CAD risk in those with 
a probands affected “before the age of 50”, and “between the age of 50 and 60”, these results 
were pooled to the category “before the age of 60”. 

Cardiovascular risk score algorithms and guidelines 
We identified the most common used risk score algorithms and the cardiovascular prevention 
guidelines of the American and European cardiology societies.  
Concerning the risk score algorithms, we evaluated the most widely use, namely: the 
Framingham Risk Score [6], the Systematic Coronary Risk Evaluation (SCORE) [7], the Prospective 
Cardiovascular Münster Heart Study (PROCAM) [8] and the recently developed QRISK [9] and 
Reynolds Risk Score [10]. 
Concerning guideline documents, we evaluated the current guidelines on “Cardiovascular 
disease prevention in clinical practice” of the European Society of Cardiology [11], the guidelines 
for “primary prevention of cardiovascular disease in adults” of the American Heart Association 
[12], the National Institute of Clinical Excellence (NICE) guidelines “for primary and secondary 
prevention of cardiovascular disease” [13] and the Third Report of the National Cholesterol 
Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (Adult Treatment Panel (ATP) III) [14]. 

RESULTS 

We identified 121 potential studies (figure 1), which included 15 prospective cohort studies in 
which the cardiovascular risk in those with a family history of premature CAD was evaluated, 
according to different age criteria. Details of the included studies are presented in table 1. 
Criteria for family history to be positive varied from an event before the age of 50 years, to an 
event before the age of 80 years. Furthermore, 7 of the 15 studies defined a family history of 
CAD as an event in a first degree relative at any age. Most studies (9 out of 15) used as a 
definition for a positive family history only parental CAD events, while 5 studies used CAD events 
of all first degree relatives (parents, siblings) and only 1 study used CAD events of the other 
dizygotic twin. This was a study in which CAD risk was assessed in a twin if the other twin died at 
a given age [15]. The cohorts consisted of both men and women included mostly more than 
5,000 individuals (up to 117,156 individuals) with a follow-up ranging from 2 years to 57 years 
(median 12 years). 

The risk for future CAD was highest if the age cut-off for family history was under 50 years; this 
was the lowest cut-off used in studies. In these studies, hazard ratios ranged from 4.5 (95% CI 
1.3-15.4) to 2.1 (95% CI 1.8-2.5). The risk for future CAD gradually decreases if relatives are 
affected at an older age, which can be appreciated from figure 2. This figure shows the hazard 
ratios against different age criteria used for family history. However, although the risk decreases 
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along with an older age, those with a relative affected above the age of 75 years, still have an 
almost two-fold risk increase for CAD compared to those without such a relative (hazard ratios 
ranging from 1.9 (95% CI 1.8-2.1) to 1.5 (95% CI 1.5-1.7) [15,16]. 
Of the studies that defined a family history as “positive” if a CAD event occurred in a first degree 
relative at any age, hazard ratios were generally lower. Specifically, the ranged from 0.87 (no 
95% CI provided) [17] to 1.7 (1.6-1.8) [18]. 

Figure 1 Flow chart of literature search and study selection 

Studies identified by database searches (n=980) 

Studies selected for further reading (n=121) 

Studies excluded (n=106) 
• No prospective data (n=77)
• No hard outcome (n=18)
• Outcome did not include coronary artery disease (n=3)
• No information of age cut offs used (n=5)
• Participants were not free of CVD at baseline (n=3)

Studies included (n=15) 

Studies identified with age criteria similar to 
guidelines / risk score algorithms (n=6) 
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Table 1 Risk (hazard ratio) for events in individuals with a family history of CAD according to different age 
criteria 

Year Author Individuals Age Definition FHx Individuals  
with a FHx 

Before the age of 50 years 

1986 Colditz [20] 117,156 women 30-55 Parental MI <50 5,292  

1988 Sorensen [25] 1,003 men/women 0-5 Parental CAD death <50 585 

1991 Colditz [21] 45,317 men 40-75 Parental MI <50 2,650 

2001 Sesso [16] 58,500 men/women 40-84 Parental MI <50 2,557 

Before the age of 55 years 

1988 Hopkins [26] 1,196 men/women >20 FDR with MI death <55 610 

1994 Marenberg [27] 21,004 twins 36-75 ♂ Dizyg CAD death <55 - 

Before the age of 55 years (men) and 65 years (women) 

1994 Marenberg [27] 21,004 twins 36-75 Dizyg twin CAD death <55/65 - 

2010 Sivapalaratnam [2] 22,841 40-79 FDR MI <55/65 2188 

Before the age of 60 years 

1986 Colditz [20] 117,156 women 30-55 Parental MI <60  16,696  

1991 Colditz [21] 45,317 men 40-75 Parental MI <60 7,691 

1996 Jousilathi [22] 15,620 men/women 30-59 Parental MI or AP <60 3,675 

2001 Sesso [16] 58,500 men/women 40-84 Paternal MI <60 6,381 

Before the age of 65 years 

1994 Marenberg [27] 21,004 twins 36-75 Dizyg twin CAD death <65 - 

1996 Jousilathi [22] 15,620 men/women 30-59 Parental MI or AP <60 3,675 
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Factors adjusted for Follow up  
(years)

Outcome Hazard ratio (95% CI) 

Unadjusted 3.54 Fatal CAD 4.2 (1.6-11.1)  

Unadjusted 57 CV death 4.5 (1.3-15.4)  

Age, BMI, smoking, DM, hypertension,  2 MI 2.9 (1.8-4.9) 

hypercholesterolemia, alcohol, profession 

Age, BMI, smoking, exercise, alcohol 13.0 CVD 2.1 (1.8-2.5)  

Age, smoking, total- and HDL cholesterol 2.5 CAD 1.6 (1.2-2.1)  

Smoking, hypertension, DM, BMI,  26 CAD death 3.8 (1.4-10.5) 

education, marital status 

Smoking, hypertension, DM, BMI,  26 CAD death 3.1 (1.6-6.3) 

education, marital status 

Framingham risk score 10.9 ± 2.1 MI 2.0 (1.7-2.2) 

Age, smoking, DM, cholesterol,  3.54 MI 2.8 (2.0-4.1) 

obesity, menopause 

Age, BMI, smoking, DM, hypertension,  2 MI 1.9 (1.4-2.7)  

hypercholesterolemia, alcohol, profession 

Age, smoking, total cholesterol, SBP,  12 MI 1.7 (1.4-1.9)  

DM, BMI and socioeconomic status 

Age, BMI, smoking, exercise, alcohol 13 CVD 1.8 (1.7-2.0)  

Smoking, hypertension, DM,  26 CAD death 2.7 (1.8-3.9)  

BMI, education, marital status 

Age, smoking, total cholesterol, SBP,  12 MI 1.7 (1.4-1.9)  

DM, BMI and socioeconomic status 
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Table 1 Continued 
Year Author Individuals Age Definition FHx Individuals  

with a FHx

Before the age of 70 years 

1988 Sorensen [25] 1,003 men/women 0-5 Parental CAD death <70 464 

1991 Colditz [21] 45,317 men 40-75 Parental MI <70 14,233 

2001 Sesso [16] 20,515 men 40-84 Parental MI <70 767 

Before the age of 75 years 

1994 Marenberg [27] 21,004 twins 36-75 Dizyg twin CAD death <75 - 

Before the age of 80 years 

2001 Sesso [16] 20,515 men 40-84 Parental MI <80 4,987 

Before the age of 85 years 

1994 Marenberg [27] 21,004 twins 36-75 Dizyg CAD death <85 - 

At any age 

1975 Sholtz [28] 3,154 men 39-59  Parental CAD at any age 578 

1984 Barrett-Connor [17] 1,774 men 40-79 FDR with CAD at any age 596 

2,240 women 40-79 FDR with CAD at any age 942 

1986 Khaw [29] 4,014 men/women 40-79 FDR with CAD at any age 1,538 

1999 Hippe [30] 24,664 men/women  20-93 Parental MI at any age 4,012 

1999 Boer [31] 46,356 men/women 30-54 FDR with MI at any age 11,687 

2002 Rosengren [32] 6,242 men 51-59 Parental MI at any age 1,308 

2003 Kinra[33] 8,402 men 16-30 Parental MI/AP at any age 625 

Hazard ratios are expressed compared to those without a family history. CVD is defined as CAD, with the 
extension of stroke and peripheral artery disease; CAD, coronary artery disease; FHx, family history; CI, 
confidence intervals; MI, myocardial infarction; CV, cardiovascular; BMI, body mass index; DM, diabetes 
mellitus; CVD, cardiovascular disease; FDR, first degree relative; HDL, high density lipoprotein; Dizyg , 
dizygotic; AP, angina pectoris; SBP, systolic blood pressure 
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Factors adjusted for Follow up  
(years)

Outcome Hazard ratio (95% CI) 

Unadjusted 57 CV death 1.9 (0.8-4.7) 

Age, BMI, smoking, DM, hypertension,  2 MI 1.8 (1.4-2.4) 

hypercholesterolemia, alcohol, profession 

Age, BMI, smoking, exercise, alcohol 13.0 CVD 1.7 (1.5-1.8) 

Smoking, hypertension, DM,  26 CAD death 1.9 (1.8-2.1) 

BMI, education, marital status 

Age, BMI, smoking, exercise, alcohol 13.0 CVD 1.5 (1.5-1.7) 

Smoking, hypertension, DM,  26 CAD death 1.8 (1.7-2.0) 

BMI, education, marital status 

Total cholesterol, schooling and behaviour pattern 8.5 MI and AP 1.81  

Unadjusted 9 MI 1.56  

Unadjusted 9 MI 0.87 

Age, SBP, total cholesterol, smoking, obesity, glucose 9 CV death 1.3 (1.0-1.7) 

Age, education, smoking,  12.3 MI 1.3 (1.2-1.5) 

physical activity, SBP, total cholesterol, BMI, DM 

Age, smoking, physical activity,  12.0 ± 2.2 CAD death 1.7 (1.3-2.2) 

BMI, SBP, total cholesterol 

Age, smoking, total cholesterol, SBP, 11.8 CAD death 1.5 (1.4-1.7) 

BMI, diabetes, physical activity, occupational class 

Year of birth, smoking, SBP, 43 CAD death 1.5 (1.1-2.1) 

father’s social class, BMI, height, 
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Cardiovascular risk score algorithms and guidelines 
After evaluation of the risk score algorithms, we identified three risk score algorithms which 
include information concerning family history; namely the PROCAM [8], the QRISK [9] and the 
Reynolds Risk Score [10]. All algorithms define a family history of premature CAD as a coronary 
artery event in a first degree relative before the age of 60 years. Other risk score algorithms, 
such as the Framingham [19] and the SCORE [7], do not include information regarding family 
history. In all evaluated cardiovascular prevention guidelines, the European Society on 
Cardiology [11], the American Heart Association [12], the NICE [13] and the third report of the 
National Cholesterol Education Program [14], a family history of premature CAD was defined as 
a coronary artery event in a first degree relative in men before the age of 55 years and in women 
before the age of 65 years. Details are presented in table 2. 

CAD before the age of 60 years 
We identified 4 prospective cohort studies which defined a family history of premature CAD 
similarly to the PROCAM risk score, the QRISK and the Reynolds Risk Score algorithms (table 2). 
The studies were conducted in both men and women, with an age at baseline ranging from 30-
84 years, follow-up ranged from 2 to 13 years. The largest study used a cohort that included 
117,156 women [20] and reported a hazard ratio of 2.8 (95% CI 2.0-4.1) for future CAD. The 
other studies [16,21,22] reported an almost two times increased risk for future CAD in these 
individuals (hazard ratios 1.9 (95% CI 1.4-2.7); 1.7 (95% CI 1.4-1.9); 1.8 (95% CI 1.7-2.0) 
respectively). If these data were pooled, a CAD event before the age of 60 years in a first degree 
relative would result in hazard ratio of 1.8 (95% CI 1.7-2.0) for future CAD events. 

CAD before 55 years in men and before 65 years in women 
We identified 2 prospective cohort studies which defined a family history of premature CAD 
similarly to the American Heart Association, the European Society on Cardiology and the 
National Cholesterol Education Program guidelines (table 2). The studies were conducted in both 
men and women, with an age at baseline ranging from 30-79 years, follow-up ranged from 11 to 
26 years. The associated hazard ratios ranged from 3.1 (95% CI 1.6-6.3) to 2.0 (1.7-2.2). 
Combining the data, a CAD event before the age of 55 years in a male first degree relative and 
before the age of 65 years in a female, would result in hazard ratio of 2.0 (95% CI 1.8-2.30) for 
future CAD events. 
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Figure 2 Hazard ratios for events according to different age criteria for a family history of CAD 

 
Hazard ratios are plotted without 95% confidence intervals. If a family history is considered positive before 
the age of 50 years, data is plotted as Age criteria for FHx = 50. 
CAD, coronary artery disease; FHx, family history 
 
 
 
Table 2 Definitions of family history of premature CAD used in risk score algorithms and guideline 
documents 
Name Type of document Definition family history 

PROCAM Risk score algorithm First degree relative < 60  

Reynolds risk score Risk score algorithm First degree relative < 60  

QRISK Risk score algorithm First degree relative < 60  

ESC Guideline First degree relative men/women < 55/65 

AHA Guideline First degree relative men/women < 55/65 

NICE Guideline First degree relative men/women < 55/65 

NCEP-ATP III Guideline First degree relative men/women < 55/65  
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DISCUSSION 

In this systematic review we identified prospective cohort studies in which different age criteria 
were used to define a family history of premature CAD. There is an inverse relation between the 
associated risk increase for relatives and the age of onset of a CAD event within the family. Even 
when the proband is affected after the age of 70 years, however, relatives are still characterized 
by an increased risk for future CAD, also after adjustment for traditional cardiovascular risk 
factors. 

To date, the incorporation of family history in risk score algorithms is still a matter of debate. It 
is not included in the Framingham Risk Score [23] or the Systematic Coronary Risk Evaluation 
(SCORE), whereas the Prospective Cardiovascular Munster (PROCAM) study [8] and the Reynolds 
Risk Score [10] do incorporate family history in addition to the more established risk factors, 
such as age and cholesterol levels. The Framingham Heart Study chose not to include family 
history in their algorithms since “because the increased risk conveyed by a positive family history 
works to a large extent through the major cardiovascular risk factors, and the unique 
contribution of a family history to CAD prediction can be difficult to quantify [19]”. However, 
applying the Reynolds Risk Score in a prospective cohort of 10,724 healthy non-diabetic men, 
hsCRP, diabetes and family history of coronary artery disease significantly improved risk 
prediction with a clinical net reclassification index of 14.2%. These findings could not be 
confirmed by Sivapalaratnam et al., who recently showed that in a prospective cohort study, 
comprising 22,841 individuals, adding family history to the Framingham Risk Score did not 
improve net reclassification improvement [2]. 

A complicating factor is that the risk score algorithms and guideline documents that do advise to 
include a family history of CAD for cardiovascular risk assessment do not have uniform criteria. 
All risk score algorithms consider a family history as “positive” if a first degree relative is affected 
before the age of 60 years, whereas the majority of guideline documents consider it “positive” if 
male first degree relatives are affected before the age of 55 years and females before the age of 
65 years. The lack of a uniform definition suggests that these definitions have been chosen 
somewhat randomly. Indeed, the rationale of these definitions provided in the original 
manuscripts, is based upon one or two studies [9,11] – mostly not even prospective cohort 
studies – which confirm that the used definition is associated with increased risk for CAD. This 
confusion is illustrated by the QRISK risk algorithm [9], which defines a family history as 
“positive” if there is a first degree relative affected with CAD before the age of 60 years 
referencing to a study of Lloyd-Jones et al. [24]. This prospective cohort study derived from the 
Framingham Heart Study, however, uses a different definition of a positive family history: a male 
first degree relative affected before the age of 55 years and a female first degree relative before 
the age of 65 years. In fact, this study was not included in this review because it extended the 
definition of a family history to stroke and peripheral artery disease in relatives, and not solely 
CAD. 
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Despite the lack of uniform criteria, one can argue that a randomly chosen definition of a family 
history of premature CAD is still a valuable asset for risk stratification. In this systematic review 
we show that for these definitions, irrespective of a specific age cut-off, the associated risk for a 
family history increases cardiovascular risk approximately two-fold compared to those without a 
family history. One could argue that is it easier to discard the age criterion altogether, even for 
males and females. The danger, however, of not having a uniform definition for ‘premature’ CAD 
may give rise to confusion amongst clinicians, which translates into underutilisation of the use of  
a family history of premature CAD during cardiovascular risk stratification. Indeed, a recent 
systematic review showed that despite guideline recommendations, the screening rate among 
those with a family history of premature CAD is low, ranging from as low as 6% to maximally 
67% [5].  
Taken into account the 15 prospective cohort studies identified in the systematic review, there 
remains a significant hiatus in current knowledge concerning family history: there is no data 
available for individuals with a proband affected before the age of 45 years. Indeed, the studies 
with the lowest age criteria for family history set these at “before the age of 50 years” 
[16,20,21,25]. Probably, this is due to lack of power, since an event at such a young age is rare. 
Based on the inverse relationship between CAD risk and age of onset, it is reasonable to expect 
that CAD risk will increase even further as the age of onset is earlier. This concept is reflected in 
the advice of the NCEP-ATP III, stating that “risk for CAD is higher the younger the age of onset in 
the affected family member” [14]. However, is it unknown what this practically means for risk 
assessment in relatives of proband affected at the age of 30 years. Therefore, we would 
recommend that the limited data of young affected probands from the prospective cohorts 
becomes available so it can be pooled for a meta-analysis. 

Limitations 
Several limitations of this study merit closer consideration. First, it encompasses all inherent 
limitations of a systematic review, such as publication bias. To avoid other bias, we have tried to 
identify all studies available by performing a rather broad search strategy and excluding studies 
afterwards. The identified studies were rather homogeneous, which was a result if the inclusion 
criteria we set. All individuals were free of cardiovascular disease at baseline, only hard 
outcomes were counted and all studies had a prospective study design. However, the major 
limitation was that there was no data available concerning probands affected before the age of 
45 years. Therefore it is unclear whether the inverse relation between age of probands and risk 
for relatives also applies for much younger probands. It is possible that for proband affected at 
the age of 30 other mechanisms than atherosclerotic disease are involved, such as structural 
heart disease, cardiac arrhythmias and cocaine abuse.  Another complicating factor is that all 
studies we identified count events in the relatives at any age. One could argue that if there is a 
genetic factor leading to premature CAD, the associated risk might increase if only premature 
events in the relatives are counted. 
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Conclusion 
In this systematic review we identified prospective cohort studies in which different age criteria 
were used to define a family history of premature CAD. There is an inverse relation between the 
associated risk increase for relatives and the age of onset of a CAD event within the family.  
Current definitions of a family history of premature CAD used in risk score algorithms and 
guideline documents - which are not uniform and seem randomly chosen – increase 
cardiovascular risk approximately two-fold. To date, there is no data available concerning 
probands affected before the age of 45 years, which is a hiatus in current knowledge on family 
history and therefore indicates that further research is needed, especially in this young group. 
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