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Abstract: A study of coronary risk factor relationships was carried out in 213 families with
adolescents in Geelong, Victoria, Australia, in 1987. Weight, height, skinfold thicknesses, body
circumferences, blood pressure and serum cholesterol were measured in both parents and
children and other relevant information was obtained by questionnaire. The study group did
not -differ’ significantly from the Geelong population with respect to the proportion of
Australian-born parents but contained. a significantly higher proportion than expected of
fathers who had a university degree or diploma. Twenty-five per cent of adolescents, 30% of
mothers-and 38% of fathers  were: positive-for at least one of the three major established
coronary risk factors. Significant correlations between parents and children, but not between
parents, were found for total cholesterol and systolic blood pressure, while significant
coirelations were observed both between parents and children and between parents for
measures of body size, body fatness and body fat distribution. The strongest predictors of risk
factor status in adolescence were both parents with total cholesterol at or above 5.5 mmol/],
one or more parents who smoked and one or more grandparents with a history of coronary
heart disease. Body mass index in adolescence was unrelated to heart disease risk factor status in
adolescence or to a family history of heart disease. During early childhood and adolescence,
parental risk factor status, rather than anthropometric or risk factor screening of the children
themselves, is likely to provide the best guide to those at risk for an adverse coronary risk factor
profile. (Aust J Public Health 1992; 16: 20-5)

death in industrialised countries, including

Australia. Because there is some evidence to
suggest that cardiovascular disease begins early in
life, attention is now focused on identifying risk fac-
tors in children and adolescents for the early preven-
tion of the disease. Familial and genetic factors play a
significant role in the pathogenesis of coronary heart
disease. Many studies have documented a tendency
for the first-degree relatives of Coronary heart dis-
ease patients to have more adverse risk factors than
the general population.'™ Although no specific gen-
etic mechanism has been identified for many coron-
ary heart disease events, analysis of familial patterns
of coronary heart disease and risk factors for them
can often provide clues for early diagnosis and identi-
fication of symptomatic individuals at potentially
high risk. Studies of parents and children provide
one approach to the early identification of individ-
uals at risk.® In this article we report data from a
community-based study in Geelong, Victoria, on the
relationships between coronary risk factors in
parents and children.

Coronary heart disease is a leading cause of

Methods
Study population

The data presented are from a study of the health of
Geelong adolescents designed with the aim of investi-
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gating the determinants of early risk factors for cor-
onary heart disease. The study included a ques-
tionnaire, a physical examination and measurement
of blood cholesterol in adolescents and their parents.
The project was approved by the Deakin University
Ethics Committee and the Victorian State Depart-
ment of Education. The participants in this study
were recruited with the cooperation of the principals
of 24 of the 25 secondary schools in the Geelong stat-
istical district, from all families with a child attending
one of these schools in 1987 who was born between
July and December 1972. This age cohort was chosen
because some data from the first year of life were
alreadoy available for this group from an earlier
study.®’

On the basis of the school records provided, 1215
families were eligible for the study and all were
invited to participate. A response was received from
493 families and of these 215 agreed to participate.
The 213 families who actually participated in the
study thus constituted only a one-in-six self-selected
sample of those eligible. However, as the main focus
of the study was on relationships between coronary
risk factors both over time and within families, rather
than on assessment of the prevalence of risk factors
in this population, a high response rate was not essen-
tial for the validity of the data and the sample size of
200 was adequate for analysis of within-family
correlations.
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Data collection

Data collection was carried out between July 1987
and March 1988. All measurements were made by
the same physician (PT).

Anthropometric measurements

Weight was measured to the nearest 0.1 kg in a swim-
ming costume or hospital gown using a digital plat-
form scale (Soehnle). Height was measured to the
nearest millimetre with a Harpenden anthropometer
and Harpenden cailipers were used to measure
skinfold: thickness at the left mid-triceps,
subscapular, mid-biceps, suprailiac and medial thigh
to the nearest 0.1 mm. All of these measurements
were performed using standard techniques as
described. by Weiner and Lourie® except that the
medial thigh was measured at the intersection of a
line drawn from the anterior superior iliac spine to
the medial condyle of the femur and the level of the
gluteal:fold.5sWaist - circumference was measured at
the level of umbilicus, and hip circumference at the
most prominent part of the buttocks using a metal
measuring tape read to the nearest millimetre.

Blood pressure

Systolic and diastolic blood pressure were measured
in the sitting position after three minutes at rest with
a Copal digital sphygmomanometer using standard
technique and recorded to the nearest 1 mm Hg.*°
A second measurement was obtained after at least
one minute’s rest. The average value of both
measurements was used for the analyses. The 95 per
cent confidence interval for the difference between
blood pressure measurements between two occasions
one week apart was similar to that for measurements
taken on one occasion and of the order of 4 mm Hg
for both systolic and diastolic blood pressure.

Total cholesterol

Total cholesterol was measured on a fasting
fingerprick sample of blood using the Reflotron
(Boehringer Mannheim) dry chemistry system.''™*
Using this system the coefficient of variation for total
cholesterol over the range 2.33 to 12.9 mmol/1is 3 to
4 per cent (Boehringer Mannheim).

Questionnaire

All participants completed a questionnaire about
smoking and sociodemographic characteristics. For
the parents this also included questions on the pres-
ence or absence of a history in first-degree relatives
of a number of conditions associated with coronary
heart disease: overweight, high blood pressure, high
blood fat, diabetes mellitus and heart attack. Repeat
questionnaires completed after an interval of six
months by 20 families gave 100 per cent agreement
for all sociodemographic questions and 94 per cent
agreement for those relating to a family history of
coronary heart disease.

Data analysis

Values above the 90th centile for age of the Aus-
tralian Council for Health, Physical Education and

FAMILY CORONARY RISK FACTORS

Recreation data for weight, blood pressure and chol-
esterol were used to categorise adolescents as risk-
factor positive, as at present there are no generally
accepted cut-off levels for coronary risk factors in
this age group.'® Statistical analysis was carried out
using Minitab release 7.2, 1990. Pearson product-
moment correlation coefficients were used to assess
relationships and variables were standardised when-
ever data for both sexes were combined for this pur-
pose. The appropriate Student's ¢-test formula was
used to compare coronary risk factors and anthropo-
metric measurements between groups. Confidence
intervals for relative risks were calculated using the
method of Katz as described by Kahn and Sempos.'®

Results

Study subjects - :

Although the 213 families who participated were a
self-selected rather than a random sample of Geelong
families with adolescents aged 15 years, the pro-
portion of Australian-born parents did not differ
significantly (y* = 2.8, 2 df) from that for the popu-
lation of Geelong at the 1986 Census.!” However, in
terms of educational level there was a bias, with more
of the study fathers than expected having a university
degree or diploma (x* = 11.1, 3 df). The median
household size of the families was five, and in 90 per
cent both natural parents were living in the house-
hold. Forty-seven fathers from the 213 families did
not participate in the study at all and 30 provided
only questionnaire data. Within-family comparisons
were, therefore, limited to 166 families for smoking
and 136 families for other data, except for total chol-
esterol, for which the database was complete for only
126 families. Because the significance of correlation
coefficients is sensitive to sample size all correlations
described, except for smoking, were restricted to
these 126 families. Distribution by country of birth
and educational level did not differ significantly
between the fathers from the 126 families used for
correlation analysis and the 213 previously
described. There were also no significant differences
in any of the children’s measurements between these
two groups.

The mean and standard deviation for age, weight,
height, coronary risk factors and related anthropo-
metric measurements in the study group are shown in
Table 1. In the adolescents there were significant sex
differences at the 1 per cent level in all measurements
except for age and body mass index, and in the
parents there were similar significant differences
with sex in all measurements except for- diastolic
blood pressure. '

Risk factor profile of the study population

The proportion of adolescents and parents with risk
factor values at or above clinically relevant cut-off
levels is shown in Tables 2 and 3. Table 2 shows the
percentage of adolescents who smoked and who had
risk factor levels above the 90th centile for a national
sample of the Australian adolescent population. The
percentage of adolescents who smoked was 15 per
cent and the percentage with values above the 90th
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Table 1: Age, weight, height and coronary risk factors in adolescents and parents

Boys (n=113) Girls (n=100) Fathers (n=136) Mothers {n = 193)
Mean SDe Mean sD Mean sb Mean SD
Age lyears) : . 14.9 0.2 14.9 0.2 44.8 5.9 41.8 5.3
Weight (kg) 58.5 10.8 54.9 7.1 79.6 10.7 65.7 12.9
Height {cm) 168.5 8.8 160.9 5.5 172.9 6.8 160.1 6.3
Diastolic blood pressure {mm Hg) 61.3 10.1 66.8 8.2 757 10.8 74.7 9.3
Systolic blood pressure {mm Hg) 122.9 11.3 114.3 11.8 129.7 14,5 122.] 16.4
Serum cholesterol® (mmolfl 401 0.75 - 0.79 5.57 1.13 532 098
Body mass index tkg/m?) 20.5 2.8 2.6 - 26.6 29 256 47
0.84 0.05 0.05 0.93 0.05 0.81 0.07

Waist--hip ratio .

Notes

lo) Standard deviation. {b) For cholesterol only, n= 129 for fathers and 183 for mothers. . A Sk e - rhn

Table 2: Percentage of Geelong adolescents who
smoked. or. had.risk factor levels above the 90th -
centile for age and sex of an Australian adolesecent
populationts

Boys Girls
D {n=113) (n=100)

Risk factor : % %
Major established factors ' .

Smoking 13.3 15.0

Diastolic blood pressure 1.7 3.0

Serum cholesterol 12.4 9.0
Other factors

Weight for age 4.0

Systolic blood pressure 4. .. 120

Table 3: The percentage of parents who smoked or
had risk factor levels at or above accepted cut-off
- levels for overweight, hrpertenscon and

hypercholesterolaemia?®
Fathers Mothers
. (n=136) (n=193}
Risk factor . % %
Major established factors
Smoking 24.4 21.2
Diastolic blood pressure > 90 mmHg 8.9 7.2
> 95 mm Hg 5.8 3.6
Serum cholesterol® > 5.5 mmolfl 51.8 39.6
> 6.5 mmolft 15.5 10.5
Other factors
Body mass index > 25 kgfm? 70.5 441
> 30 kg/m? 12.6 15.1
Systolic blood pressure > 140 mmHg 19.8 13.9
> 160 mm Hg 3.6 20

Note: la) n= 129 for fathers and 183 for mothers.

Table 4: Adolescent smoking status relative to
parents’ smoking status

Adolescent’s smoking

Parents' smoking status

status Smoker Nonsmoker Total
Smoker in family 15 44 59
No smokers 7 100 107
Total 22 144 166

Note: Relative risk for odolescent smoking 3.9, 95% Cl 1.7 10 9.0.
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centile ranged from 2 per cent for diastolic blood
pressure to 12 per.cent for serum cholesterol and sys-
tolic blood pressure. Table 3 shows the percentage of
parents who smoked and who had risk factor levels at
or above accepted cut-off values for overweight,
hypertension and hypercholesterolaemia in adults.
Six per cent of fathers and 4 per cent of mothers had
diastolic blood pressure at or above 95 mm Hg, and
13 per cent of fathers and 15 per cent of mothers
were obese (had a body mass index of 30 or

_ greater).

Clustering of risk factors

No adolescents were positive for all three major
established coronary risk factors (elevated total chol-
esterol and diastolic blood pressure and smoking)
and only two of the girls (2 per cent) were positive for
two risk factors. In the mothers the degree of cluster-
ing of risk factors was similar to that found in the
1983 National Heart Foundation of Australia risk
factor prevalence study (4 per cent with two risk fac-
tors); it was slightly higher in the fathers (7 per cent
with two risk factors). About one in four of the ado-
lescents (27 per cent of the boys, 23 per cent of the
girls), 30 per cent of the mothers and 38 per cent of
the fathers were positive for at least one of the three
major established risk factors.

Risk factor levels in adolescents according to parental risk
Sactor status

Data on smoking were available for both fathers and
mothers in 166 families (Table 4). Adolescents who
had one or more parents who smoked were them-
selves at significantly higher risk for smoking (relative
risk 3.9; 95 per cent confidence interval (CI) 1.7 to
9.0). In contrast, if one or both parents had values for
total cholesterol or blood pressure (either systolic or
diastolic) at or above the lower cut-off values in Table
3, the respective relative risks for total cholesterol or
blood pressure values above the 90th centile for age
and sex were only 2.1 and 1.8 respectively, and not
significantly different from 1. However, if both
parents had total cholesterol values at or above 5.5
mmol/1 (Table 5), the adolescent was at a significantly
higher risk for total cholesterol above the 90th
centile for age and sex (relative risk 6.2; CI 2.3 to
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16.5). Obesity in one or both parents was not associ-
ated with a significantly higher risk for a body weight
above the 90th centile in adolescents aged 15 years
(relative risk 0.3; CI 0.1 to 2.5), but adolescents with
a parent who had a body mass index over 25 had, on
average, a body mass index which was one unit higher
than their peers, although this difference was not
statistically significant.

Tables 6 and 7 compare correlations for risk factor -

and related anthropometric measurements between
parents, and between parents and children, to pro-
vide additional information on the relationships
observed between risk factor levels in parents and
children. Correlations in risk factor levels observed
between parents cannot be of genetic origin, whereas
correlations observed in parents and children may
have “both an environmental and a - genetic
component ‘and ‘might therefore be expected to be
_stronger than any environmental or selective associ-
ations observed in parents. :
Both tablés show associations between parents and
children of both sexes, since no differences were
found for boys and girls when considered separately.
For coronary risk factors (Table 6) significant corre-
lations (P < 0.01) were observed between parents
and children for total cholesterol and systolic blood
pressure and for waist-hip ratio between parents (r
= 0.22; P < 0.01). For both total cholesterol and
systolic blood pressure the correlation was stronger
between children and fathers than between children
and mothers. In Table 7 the strongest correlation
observed was that for height between parents and
children (r = 0.55; P < 0.001) and between parents
(r = 0.25; P < 0.01). The only other anthropo-
metric measurements for which the correlations were
significantly higher between parents and children
than between parents were body weight (r = 0.32; P
< 0.001) and mid-biceps (r = 0.29; P < 0.001),
although this was true only in the case of fathers. The
correlation for medial thigh was similar between
parents and between parents and children (r = 0.28
to 0.32; P < 0.001).

Risk factor status in adolescents according to family history
of coronary heart disease

In this study adolescents aged 15 years who had one
or more grandparents with a history of coronary
heart disease (high blood pressure, high blood fat or
a heart attack) were four times as likely to have a total
cholesterol or blood pressure level above the 90th
centile for age and sex (relative risk 40;CI 1.5 to
10.8) than those from families without such a history
(Table 8). If a history of heart attack alone was con-
sidered, the relative risk of a total cholesterol or
blood pressure above the 90th centile in adolescence
was reduced to 1.8 (CI 1.0 to 3.5). Similarly if ado-
lescents whose body weight was above the 90th
centile for age and sex were also regarded as risk-
factor positive, the relative risk was reduced to 1.2
and no longer significantly different from that of
adolescents whose grandparents did not have a his-
tory of coronary heart disease. This finding suggests
that in adolescence a body weight above the 90th

FAMILY CORONARY RISK FACTORS

Table 5: Adolescent serum total cholesterol level
relative to parents’ cholesterol level®

Adolescent’s cholesterol

category
Parents’ cholesterol > 90th < 90th
category centile® centile® Total
Both > 5.5 mmolfl 1 22 33
One > 5.5 mmolfl 5 88 93
Total 16 110 126
Notes

{a) Relative risk for elevated cholesterol 6.2, 95% Cl 2.3 to 16.5.
(b} Of a national somple of Australion cdolescents.15 :

Table 6: Correlations for coronary risk factors
between parents and between parents and adolescents

Fathers and Fathers and Mothers and

mothers children . .children
Variables (n=126) (n=126) “{n=126)
Diastolic blood . .
pressure 0.107 0.149 - 0.087 .
Systolic blood .
pressure 0.002 - '0:238% 0.197*
Serum cholesterol 0.144 0.2824% 0.172*
Body mass index 0.109 0.213° 0.043
Woaist-hip ratio 0.220% 0.082 0.141

Note: *P<0.05; $P<0.01; $£<0.001.

Table 7: Correlations for anthropometric
measurements between parents and between parents
and adolescents

Fathers and Fathers and Mothers and

mothers children children
Variobles (n=126) (n=126) (n=126)
Weight 0.227% 0.319% 0.238%
Height 0.250% 0.467% 0.549%
Triceps skinfold 0.042 0.103 0.007
Subscapulor skinfold 0.128 0.188* 0.026
Biceps skinfold 0.071% 0.291% 0.087
Suprailiac skinfold 0.147 0.138 0.098
Thigh skinfold 0.3184% 0.298% 0.3414

Note: *P<0.05; tP<0.01; $£<0.001.

Table 8: Adolescent risk factor status for total .
cholesterol and/or blood pressure relative to a history
of coronary heart disease in grandparents® !

Adolescent risk

Family history factors status

of coronary > 90th < 90th

heart disease centile® centile? Totol
History in one or

more grandparents 28 52 80
No history 4 42 46
Totcl 32 94 126

Notes
{o) Relative risk for an elevated risk factor level 4.0, 95% C1 1.5 10 10.8.
{b) Of a national sample of Austrolion adolescents.!S
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centile for age, in the absence of elevated total chol-
esterol or blood pressure, is unrelated to a family his-
tory of coronary heart disease.

Discussion N L
‘I'he mean values for weight, height, body mass index,
:;:tt-o‘l,:: Elood pressure gnd‘diastolic blood pressure
.in the adolescents were s.imxlar to valu]egs_igrom. other
Australian studies for this age group, while tl}e
prevalence of smoking was somewhat lower t};g_x} in
other Australian studies of the same age group. In
the parents the prevalence of obesity (body mass
index over 30) in both fathers. and motho_ers (18 and
15 per cent respectively) was higher than in the same
age group in a national sample o_f Au§t.rahans (8 and
10 per cent) resident in state capital cities. The sn_xdy
fathers also had a higher Prevalence of hypf:rtgnsxon
and hypercholg’s;t’éro}:xenna, ‘but not smoking, than
i sample.™”.
thinnfl?i(s)r:titlxdy q}])e strongest parental influences on
adolescent coronary heart disease risk factor status at
age 15 werea cholesterol l.evel at or above 5.5 mmol/1
in both parents and smoking by one or potp parents.
Positive correlations between serum lx):nds;?2 arents
and their offspring are wel} rf_:cogmsed. 25 While
cholesterol levels were significantly correlated
between parents and adolescents, so that on average
adolescents who had a parent with total cholesterol
of 5.5 mmol/l or above had a total cholesterol level

about 0.5 mmol/1 higher than those who did not,

s no significant correlation bgtween the total
f:tl‘)i;i:s‘::rol valg:es of parents despltg 15 years of
Co?:\?elﬁzzidies have also observed that there is a
significant resemblance between the blood pressure
of parents and children even in the first weeks of
life.™ In the Bogalusa heart study, for example,
highly statistically sig't'uﬁcax.lt increases in systolic
blood pressure and diastolic blood.pressure were
observed in children aged five to }7 in the presence
of maternal or paternal hypertension.” In our study,
however, a significant correlation between parents
and children was found only for systolic bl'ood press-
ure, with adolescents who bad a parent with systolic
blood pressure at or above 140 mm Hg having on
average systolic blood pressure valqes 6 to 7 mm I:Ig
higher than those of their peers with normotensive

ts. In addition the daughters, but not sons, of
ts with diastolic blood pressure at or above .90
mm Hg had diastolic blood pressure levels whth
were an average 6 to 9 mm Hg above those of their
rs. The reason for this diﬁ'erence. between daugh-
ters and sons is not clear, as approxlma.tely th.e same
number of boys and girls had parents with a qlastollc
blood pressure at or above 90.rmp Hg. As with tqta.l
cholesterol, there was no significant correlation
between the blood pressure c?f parents, although
concordance of blood pressure in parents is re;gc;rted
to be a function of the duration of marriage a{xd
the study parents had all shared thg same farr'uly
environment for at leas't 15 years. Tlu; observation
suggests that, in comparison with genetic factors, the
.t'.u‘nil\- environment had exerted little effect on
varents’ blood pressure or total cholesterol.

Overall the highest correlations between parents
and children were seen for anthropometric measure-
ments, in particular height (r = 0.5). It is possible
that in this study the effect of day-to-day variability in
blood pressure and cholesterol as compared with the
stability of anthropometric measurements might
have acted to reduce the within-family  correlations
for the former. However, blood pressure measure-
ments repeated after one week provided no support
for this possibility. Significant correlations between
parents and children were also found for measures of
body fatness and fat distribution such as weight and
thigh skinfold but, in marked contrast to height, the
magnitude of these correlations tended to be similar
between parents and between parents and children
and could be interpreted primarily as a consequence
of a shared. environment. The fact that..weight,
height, waist-hip ratio and thigh skinfold were all sig-
nificantly correlated at a similar level in parents, how-
ever, .also suggests the possibility  of assortative
mating for body build and body fat'distribution. If
the influence of assortative mating is significant,
metabolic characteristics associated with a particular
body build or body fat distribution will tend to be
transmitted mainly by a genetic mechanism rather
than through a shared family environment.

In this study body weight at 15 years of age was
essentially unrelated to risk factor status except fora
positive association with diastolic blood pressure in
girls (r = 0.8). In the 126 adolescents for whom
complete family data were available, only one of the
19 who had a body weight above the 90th centile for

- age and sex was also above the 90th centile for total

cholesterol and diastolic blood pressure and one was
a current smoker. A body weight above the 90th
centile for age and sex was also unrelated to a history
of coronary heart disease ina grandparent. However,
adolescents who had one or more grandparents with
2 history of coronary heart disease were on average
four times as likely to have a total cholesterol or
blood pressure at or above the 90th centile for age
and sex. This is in agreement with the findings of
others that a family history of coronary heart disease
is an independent risk factor for coronary heart
disease.’*’” Dennison et al., for example, found a
higher risk (P < 0.05) of cholesterol values above
the 95th centile in adolescents aged 11 to 17 years
with a parental history of heart attack than in those
with without such a history.”” Although in our study
the family history was based only on reports, these
were found to be highly reproducible in the
subsample of 20 families who repeated the question-
naire after an interval of six months.

In summary in this study both parents with total
cholesterol at or above 5.5 mmol/], a history of cor-
onary heart disease in one or more grandparents, and
one or more parents who smoked were the strongest
predictors for the occurrence in adolescence of three
major established risk factors for coronary heart dis-
ease. In contrast, a body weight at 15 years of age
above the 90th centile for age and sex appeared to be
unrelated to the presence of coronary heart disease
risk factors at this age or to a family history of coron-
ary heart disease, although there was evidence for
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familial transmission of both fatness and body fat dis-
tribution. The findings of this study, with respect to
transmission of familial patterns of fatness, blood
pressure and total cholesterol, are in contrast to a
previous Australian study in younger children which
found no evidence for transmission of coronary risk
factors or risk factor precursors in children aged
eight years.*®* The main implications for public
health, of the results both from that study and our
own, are that during early childhood and adolescence
parental risk factor status, rather than anthropo-
metric or risk factor screening of the children them-
selves, is likely to provide a better guide to those
individuals at high risk of developing risk factors for
coronary heart disease in later years. .
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