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Abstract
Study objectives-To identify possible
modifiable mediators of familial pre-
disposition to myocardial infarction (MI)
by assessing the risk factor profile in in-
dividuals withoutMI in relation to parental
occurrence of MI.
Design andmethods-Cross sectional sur-
vey of the general population. The odds
of an adverse cardiovascular risk factor
profile in subjects reporting parental
occurrence of MI versus subjects not
reporting parental occurrence were es-
timated by logistic regression models.
Setting-The Copenhagen Centre for Pro-
spective Population Studies, where sub-
jects investigated in three Danish
prospective population studies are in-
tegrated.
Participants-Subjects were 9306 females
and 11091 males aged 20-75 years with
no history of MI. A total of 1370 subjects
reported maternal MI and 2583 reported
paternal MI.
Main results-Increased systolic and dia-
stolic blood pressure, increased cho-
lesterol level, low ratio between high
density lipoprotein (HDL) and total cho-
lesterol (TC), and heavy smoking, were
more frequent in subjects with parental
occurrence of MI than in controls ir-
respective of sex and age of the subjects.
Maternal MI was more predictive for in-
creased cholesterol and decreased HDL/
TC ratio than paternal MI, and the risk of
an increased cholesterol level was higher
in subjects aged 20-39 years than in older
subjects. No differences in body mass
index, triglycerides, and physical in-
activity were observed.
Conclusions-Subjects free ofprevious MI
who reported a parental occurrence ofMI
had an adverse cardiovascular risk factor
profile regarding systolic and diastolic
blood pressure, total cholesterol, the ratio
between HDL and total cholesterol, and
smoking. Thus, these modifiable risk fac-
tors may be mediators of the familial pre-
disposition to MI.

(J7 Epidemiol Community Health 1997;51:266-27 1)

Premature death from cardiovascular and
cerebrovascular causes has a strong familial
background.'2 How is a familial predisposition

to myocardial infarction (MI) expressed in the
individual subject?
A number of studies have found parental

history of MI to be an independent risk factor
of MI in offspring along with hypertension,
raised serum lipids, diabetes, decreased insulin
sensitivity, physical inactivity, low social class,
and smoking.37 Several cardiovascular (CVD)
risk factors are clustered in families,89 and may
therefore be mediators of familial pre-
disposition. Part of this may be explained by
genetic factors. Most likely, several genes are
implicated in the expression of risk factors in
offspring. Still, only a few clearly defined gen-
etic traits have been identified-for example,
some of the mutated genes associated with
hypertension and hypercholesterolaemia.'011
Probably, complex combinations ofgenetic and
environmental factors are responsible for the
familial clustering.'213

Further investigations to clarify the import-
ance of familial predisposition to MI for raised
risk factors in offspring are needed. These in-
vestigations are of importance for targeting the
prevention of disease in high risk individuals
with familial predisposition to MI.
The purpose of the present study was to

determine whether self reported parental oc-
currence of MI predicts an adverse biological
and behavioural CVD risk factor profile. Fur-
thermore, the aim was to explore whether the
associations depend on the age of the offspring
and on whether the MI occurred in the mother,
the father, or both.

Methods
The data originate from The Copenhagen
Centre for Prospective Population Studies in
which data from three comprehensive Danish
prospective population studies have been
pooled. These studies are the Copenhagen city
heart study, The Copenhagen male study and
the Glostrup population studies, including the
WHO MONICA studies.

All population studies included assessment
of CVD risk factors by a self administered
questionnaire and various laboratory tests. The
answers to the questionnaires were checked
by the staff during the examination. Detailed
descriptions of the studies are found else-
where. 14'8
The population sample analysed in this paper

comprised a total of 20 397 subjects aged 20-75
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years. The subjects were derived from four
cohorts:

* The Copenhagen city heart study, ex-
amination in 1981-83, response rate 70%;

* The Copenhagen male study, examination
in 1985-86, response rate 75%;

* The WHO MONICA study I (MONICA I)
examination in 1982-83, response rate 79%;

* The WHO MONICA study II (MONICA
II), examination in 1986, response rate 75%.

Subjects with self-reported MI prior to par-
ticipation in the population studies were ex-
cluded (n= 608).

Information on the MI status of parents was
obtained from the questionnaires. An index case
was defined as a participant who answered
"yes" to one of two questions: "Did your
mother ever suffer from MI (maternal MI)?", or
"Did your father ever suffer from MI (paternal
MI)?". The term parentalMI was used when at
least one parent had suffered from MI (mother
and/or father). This type of information is reas-
onably accurate.'9 The age at which the parents
had their MI was not recorded.
A number of CVD risk factors were in-

vestigated as follows: systolic and diastolic
blood pressure, total serum cholesterol, HDL
cholesterol divided by total cholesterol (HDL/
TC ratio), triglycerides, body mass index
(BMI = weight/height2, kg/m2), smoking, and
physical inactivity.

Subjects with increased risk factor levels were
compared with others ofthe same age, sex, and
cohort by standardisation of the risk factors.
Thus, increased levels ofsystolic blood pressure
and diastolic blood pressure, cholesterol, tri-
glycerides, and BMI were defined as observed
values exceeding 1 SD from the "expected"
value-ie, the sex specific, age standardised
cohort mean obtained from a linear regression
model with age as a continuous variable. The
value of the risk factor was if necessary log or
log-log-transformed to fit a normal dis-
tribution.

Subjects who reported use of anti-
hypertensive medication were included in the
group with increased systolic and diastolic
blood pressure. For the HDLFTC ratio, ob-

served values less than -1 SD from the sex
specific, age standardised cohort mean were
used. Information on smoking and physical
activity was obtained from the selfadministered
questionnaire: Heavy smoking was defined as
smoking more than 25 g of tobacco a day and
inhaling. One cigarette was taken to correspond
to 1 g tobacco. One cheroot was taken to cor-
respond to 3 g of tobacco and one cigar to
correspond to 5 g oftobacco. Physical inactivity
was defined using a combination of leisure time
and work activity as having no physical activity
at work or not being employed, together with
taking less than 2 hours of physical activity a
week during leisure time.

STATISTICAL METHODS
Logistic regression models20 were used to in-
vestigate the risk factor profile in index cases
versus controls. In each model, the risk factor
was included as the dependent variable and
paternal MI, maternal MI, or parental MI were
included as independent variables.

In order to take into account the increasing
prevalence of parental MI in relation to the age
of the subjects, the subjects were divided into
three age groups: age group I (20-39 years),
age group II (40-59 years), and age group
III (60-75 years). This allowed us to test for
homogeneity of the associations between the
risk factors and parental MI over age and
thereby to assess for interactions with age. All
risk factors were controlled for the influence of
age group, sex, and cohort in the multivariate
logistic regression model. Furthermore, the risk
factors were controlled for possible con-
founding variables, which were assumed to be
associated with the risk factors under study.
Blood pressure was controlled for the influence
of BMI and smoking, blood lipids were con-
trolled for the influence of BMI, and BMI
was controlled for the influence of smoking.
Physical inactivity was controlled for the in-
fluence of BMI.
We tested for interaction between paternal

and maternal MI, for interaction between pa-
ternal MI and age groups and between maternal
MI and age groups, and for interaction between
paternal MI and sex and between maternal
MI and sex. Furthermore, differences between
maternal MI and paternal MI were analysed
by testing a model with separate parameters
for both maternal MI and paternal MI against
a model with one parameter for both maternal
MI and paternal MI (parental MI).

Results are given as odds ratio (OR) and
95% confidence intervals (95% CI). The level
of significance was set at 5%. P values were
two tailed. The statistical analyses were done
on a PC using the SPSS for Windows, version
6.1.

Results
Altogether 9306 females and 11 091 males were
included in the analyses. The distribution of
males and females and the number of index
cases in the four cohorts is given in table 1,
and the number of subjects examined in the

KEY POINTS
* Parental myocardial infarction (MI) pre-
dicts increased blood pressure, increased
plasma cholesterol, low ratio between HDL
and total cholesterol, and heavy smoking.
* Maternal and paternal MI are equally
predictive of increased blood pressure and
heavy smoking.
* Maternal MI is more predictive than pa-
ternal MI of increased plasma cholesterol
and a low HDL and cholesterol ratio.
* Expression of familial predisposition to
MI through plasma cholesterol is strongest
in younger ages.
* People with a familial predisposition to
MI may be a target for modification of risk
factors.
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Table 1 Distribution of males and females, index cases and controls included in the study from the four cohorts

Cohort CCHS CMS MONICA I MONICA H1 Total

Investigation year 1982-83 1985-86 1982 1986
Age (y) 20-75 50-75 30, 40, 50, 60 30, 40, 50, 60
Response rate (%) 70 75 79 75
Women n=6724 - n= 1832 n=750 n=9306
Index cases (%):

Maternal MI 608 (9) - 107 (6) 36 (5) 751 (8)
Paternal MI 904 (13) - 230 (13) 108 (14) 1242 (13)
MI in both parents 126 (2) - 15 (1) 3 (0) 144 (2)

Men n = 5285 n = 3180 n = 1896 n=730 n= 11091
Index cases (%):

Maternal MI 270 (5) 224 (7) 87 (5) 38 (5) 619 (6)
Paternal MI 568 (11) 460 (15) 210 (12) 103 (14) 1341 (12)
MI in both parents 43 (1) 51 (2) 10 (1) 5 (1) 109 (1)

CCHS =The Copenhagen city heart study; CMS = The Copenhagen male study; MONICA I: The WHO-MONICA study I;
MONICA II: The WHO-MONICA study II. MI= myocardial infarction.

Table 2 Number of subjects examined in three age groups

Age group Women Men

I (20-39y) n=1262 n=1208
Maternal MI (%) 35 (3) 28 (2)
Paternal MI (%) 115 (9) 139 (12)
Both parents MI (%) 4 (0) 4 (0)

II (40-59y) n=4644 n=5057
Maternal MI (%) 424 (9) 300 (6)
Paternal MI (%) 753 (16) 706 (14)
Both parents MI (%) 81 (2) 55 (1)

III (60-75 y) n = 3400 n = 4826
Maternal MI (%) 292 (9) 291 (6)
Paternal MI (%) 374 (11) 496 (10)
Both parents MI (%) 59 (2) 51 (2)

MI= myocardial infarction.

Table 3 Odds ratio (OR) of an adverse risk factor profile in subjects with parental
myocardial infarction versus controls

OR OR (95% CI)
(adjusted for age, (adjusted for age, sex,
sex, and cohort) cohort and risk factors

Systolic BP >1 SD 1.14** 1.15**t (1.06, 1.25)
Diastolic BP >1 SD 1.13** 1.14**t (1.05, 1.24)
Heavy smoking 1.17* 1.17* (1.02, 1.34)
Triglycerides >1 SD 1.08 1.12t (0.96, 1.29)
Physical inactivity 1.12 1.04t (0.92, 1.18)
BMI >1 SD 0.97 0.97§ (0.88, 1.07)

t Adjusted for BMI and smoking; t Adjusted for BMI; § Adjusted for smoking.
SD = standard deviation from sex specific, age standardised cohort mean; BP = Blood pressure.
*p<0.05; *p<0.01. CI=confidence interval.

three age groups in table 2. As expected, the
prevalence of parental MI increased with age,
since subjects in the older age groups at the
time of examination generally have older par-
ents, who therefore were more likely to have
suffered from MI.
A total of 14% of the participants did not

answer the question about paternal MI, and
9% did not answer the question about maternal
MI. In the youngest age group, however, the
number of missing values was lower (8% for
paternal MI and 6% for maternal MI). The
risk factor profile was unrelated to whether

parental occurrence of MI was known. One
cohort did not measure triglycerides (CCHS)
and the number of missing values for this vari-
able therefore exceeded 40%. Missing values
in other variables varied between 0-3% and
were similar in index cases and controls in both
genders.

Since cut off points for systolic blood pres-

sure, diastolic blood pressure, cholesterol, tri-
glycerides, BMI, and HDL/TC were chosen to
be 1 SD, approximately 16% ofthe participants
had a risk factor level exceeding this (for HDL/
TC below -1 SD) from the sex specific, age

standardised cohort mean. A total of 6% (3%
of females and 9% of males) were heavy
smokers and 8% (11% of females and 7% of
males) were physically inactive. Nine per cent
of both genders were taking antihypertensive
drugs.

In tables 3 and 4 the odds ratio with 95% CI
for an adverse risk factor profile are presented.
Both the OR adjusted for age, sex, and cohort
and the OR adjusted for the indicated co-

variates are given.
Increased systolic and diastolic blood pres-

sure, increased cholesterol level, low HDL/TC
ratio, and heavy smoking were more frequent
in index cases than in controls. No differences
were observed in BMI, triglycerides, and phys-
ical inactivity (table 3). The OR for these risk
factors was the same with paternal and maternal
MI, and there was no interaction between ma-

ternal MI and paternal MI. Furthermore, there
was no significant interaction between maternal
MI and sex, between paternal MI and sex,

between maternal MI and age, or between
paternal MI and age. Therefore, the ORs for
an adverse risk factor profile for parental MI
versus controls in both genders and all age

groups are shown in table 3. The ORs were

not substantially altered when the possible con-

Table 4 Odds ratio (OR) of increased cholesterol and decreased HDL/TC ratio. Index cases versus controls

Paternal MI Maternal MI
(n = 2583) (n = 1370)

ORt ORt (95% CI) ORt OR§ (95% CI)

Cholesterol >1 SD
20-39y 1.51* 1.52 (1.06, 2.19) 1.50 1.84 (0.96, 3.51)
40-59y 1.29** 1.30** (1.12, 1.51) 1.35** 1.36** (1.10, 1.66)
60-75y 0.96 0.96 (0.78, 1.19) 1.21 1.33* (1.18, 1.60)

HDLITC <1 SD 1.14* 1.11 (0.99, 1.26) 1.38** 1.37** (1.14, 1.55)

t Odds ratio adjusted for age, sex, and cohort; t Odds ratio adjusted for age, sex, cohort, BMI and maternal MI; § Odds ratio
adjusted for age, sex, cohort, BMI, and paternal MI.
MI = myocardial infarction; SD = standard deviation from sex specific age standardised cohort mean. CI = confidence interval.
*p<0.05; **p<0.01.
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founding variables were included in the models.
The associations with cholesterol levels were

more complex (table 4). Maternal MI was a
stronger predictor for a low HDL/TC ratio
than paternal MI (1.37 versus 1.11, p<0.05).
The same tendency was seen for increased
cholesterol. However, the OR for increased
cholesterol differed in the three age groups for
paternal MI. The highest risk was found in the
youngest age group, with a decreasing tendency
towards the older groups. A tendency towards
a higher OR in the youngest age group was
also seen for maternal MI, although the es-
timates for the three age groups for maternal
MI were not significantly different. There was
no significant interaction for either a low HDIJ
TC ratio or an increased cholesterol level be-
tween paternal MI and maternal MI, between
paternal MI and sex, or between maternal MI
and sex. Again the ORs were not substantially
altered when the possible confounding vari-
ables were included.

Discussion
In this study of about 20 000 men and women
aged between 20 and 75 years, increased sys-
tolic and diastolic blood pressure, increased
cholesterol and a low HDL/TC ratio were sig-
nificantly more frequent in subjects with par-
ental occurrence of MI (index cases) than in
subjects without parental MI. Correspondingly,
the percentage of heavy smokers was higher in
index cases than controls. We did not find any
differences between index cases and controls
for BMI, triglycerides, and physical inactivity,
which indicates no association with parental
occurrence of MI in these risk factors.
The importance of a family history of MI

has been the focal point in many studies. Most
of these studies agree that a family history is
an individual risk factor for MI.'5 2122However,
all these studies have included parental oc-
currence as a covariate together with other
cardiovascular risk factors, and therefore have
not investigated the influence of parental oc-
currence on other cardiovascular risk factors.

In order to assess this influence, we have
compared subjects with and without parental
MI in respect of increased levels of various
established cardiovascular risk factors. The
method takes into account the fact that several
of the risk factors under study may increase by
age and, hence, the associations found are not
likely to be a consequence of confounding by
age.

In our study, the information on familial
occurrence of MI was obtained from the ques-
tionnaires, which may be a limitation. However,
this is the information available in daily clinical
work which, together with other risk factors,
forms the basis of treatment. Furthermore, a
reported family history of MI is a significant
predictor for future disease in this and several
other populations. In one of the cohorts used
in our study, the relative risk ofMI was 1.4 for
subjects who reported parental MI.6 An article
by Kee et al found a self reported history of
MI proved to be almost as predictive for the
estimated risk of MI as a validated family his-

tory ofMI. Kee et al also found that the positive
predictive value of a reported family history
was almost equal in MI cases and controls.'9
In our study, subjects with known MI were
excluded, and it is therefore very unlikely that
non-random misclassification occurred. The
occurrence of random misclassification would
only lead to an underestimation of the true
OR.

It is a limitation in our study that we do not
know the age at which the MI occurred in
the parents, and this may tend to dilute the
differences between index cases and controls.
However, in daily clinical work, information
about the parents' age may also be unknown
or very inaccurate. Even though the familial
component may be more strongly expressed in
early MI, where non-familial environmental
factors have had limited time to act, genes may
also be involved in MI that occurs at a older
age. In our analysis, we have to some extent
compensated for the lack of an upper age limit,
by the age stratification of the index cases and
controls, since older subjects when examined
will, on average, have older parents who will
have had a greater risk of having an MI. Fur-
thermore, we have investigated for age differ-
ences in the ORs over strata and found stable
effects except for the associations with cho-
lesterol.

It is possible that the number of exclusions
due to the non-responders or to inability of
participants to determine whether their parents
had suffered a MI may have introduced in-
formation bias. However, this is not very likely,
since information bias requires both a different
distribution of parental occurrence of MI
among non-responders and responders and a
different distribution of risk factors in non-
responders compared with responders.

BLOOD PRESSURE
In our study the higher risk ofincreased systolic
and diastolic blood pressure in index cases than
controls was the same for matemal and paternal
MI, and it persisted after controlling for smok-
ing and BMI. In the coronary artery risk de-
velopment in young adults study (CARDIA),
parental MI was also associated with higher
blood pressure levels, although the difference
in systolic blood pressure disappeared after
adjustment for subscapular skinfold thick-
ness.23

CHOLESTEROL AND HDL/TC RATIO
Our finding of a higher proportion of subjects
with increased cholesterol and low HDL'TC
ratio in index cases than controls was more
pronounced for maternal MI than for paternal
MI, which may indicate that the familial com-
ponent with regard to lipids is more strongly
transmitted from the mother than from the
father. A possible explanation could be that
because of the generally lower incidence ofMI
in women, occurrence of maternal MI is more
likely than paternal MI to indicate a familial
predisposition. In keeping with this, Schild-
kraut et al found that maternal cardiovascular
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death was a stronger predictor of cardiovascular
disease than paternal cardiovascular death.2'
Other studies have also investigated blood lip-
ids in subjects with parental history of MI.23-26
Most ofthese agree that subjects with a paternal
history of MI have higher levels of cholesterol
and lower levels of HDL than subjects without
parental history of MI. Two of the studies
found increased cholesterol only in males.2426
A possible explanation could be that these
studies have all looked at young individuals,
and cholesterol in women does not increase
until later in life.'4

In our study, the expression of familial pre-
disposition through cholesterol level proved to
be strongest in the younger age groups. This
probably reflects the fact that the parents have
suffered from MI at a younger age and that
a genetic basis for familial predisposition is
expressed most strongly in early MI. Other
studies have found that parental occurrence of
MI is more common in young MI patients than
in older patients.27 The weaker reflection of the
familial component in the older age groups
may be explained by a growing influence of
social and environmental factors with age (eg
prolonged effects of lifestyle habits) which may
dilute the familial component.

TRIGLYCERIDES
It is known that the postprandial triglyceride
response is prolonged in young male offspring
of men with cardiovascular disease,28 and cor-
respondingly, the European atherosclerosis re-
search study (EARS) found higher levels of
triglycerides in male index cases compared with
controls.24 We found a tendency towards higher
ORs for increased triglycerides. However, as in
the study of De Backer et al,26 the associations
were not statistically significant.

SMOKING
The finding of more heavy smokers in index
cases than controls has also been made by De
Backer et al, who observed more smokers in
both male and female cases with paternal MI.26
The risk of cardiovascular morbidity and mor-
tality in smokers with a parental history of MI
seems to be even stronger than in smokers
without a parental history of MI.29 It is known
that both genetic and environmental factors are
implicated in smoking behaviour,30 and that
subjects smoking as much as 25 cigarettes a
day and inhaling are nicotine dependent, which
could be an explanation for heavy smoking
subjects not quitting smoking in spite of par-
ental MI.

PUBLIC HEALTH IMPLICATIONS
In consequence of the ORs found in our study,
it is very important to realise that subjects
apparently free of CVD whose only dis-
advantage is a parental occurrence of MI, at
any age, are 16% more likely to have increased
blood pressure than subjects without a familial
predisposition. Furthermore, these subjects are
between 30% and 50% more likely to have

an increased cholesterol level and a decreased
HDL/TC ratio.
From a public health point ofview, one could

assume that the occurrence of an MI in the
family would motivate relatives to check their
blood pressure and cholesterol, and quit smok-
ing. Our findings elucidate the importance of
realising that individuals with family histories
of MI form a group in whom selective pre-
vention may be of special importance in the
prevention of MI and associated diseases, par-
ticularly because most of the conditions are
accessible to treatment.

In conclusion, we found that cardio-
vascularly healthy subjects with a parental his-
tory of MI had an adverse cardiovascular risk
factor profile with regard to systolic and dia-
stolic blood pressure, total cholesterol, the ratio
between HDL and total cholesterol, and smok-
ing. This study suggests that the familial pre-
disposition to MI is at least partly mediated
through these risk factors. There were no
differences between index cases and controls
for BMI, triglycerides, and physical inactivity.
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