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A study of the relative contribution of early, parental, contemporary influences on body mass

index (BMI) and waist-hip ratio (WHR) in adolescence was carried out in 213 families with

adolescents in Geelong, Victoria, Australia. Weight, height and body circumferences were meas-
ured in both parents and children and other relevant information was obtained by questionnaire.
The parents of the families studied were broadly representative of the Geelong workforce. The
data obtained were divided into three categories: early life, parental and contemporary. The
early life influences studied were sociodemographic environment, illness during the first year of
life, infant feeding practices, weight, height and rate of growth. Parental factors included
socioeconomic and anthropometric characteristics. Contemporary influences, studied in the
adolescents, included sociodemographic, lifestyle and anthropometric data as for the parents.
Multivariate analyses (multiple regression analysis) was used to determine the strongest influence
on BMI from each of the following categories: early life, parental and contemporary. Subsequently
the factors indentified from each of these three categories were combined in a further multiple
regression analysis to determine the strongest overall determinants for BMI and WHR in ado-
lescence. Apart from gender, only BMI at 50 months contributed significantly to BMI in
adolescence. Similarly, apart from gender, only BMI at 80 months was a significant determinant

of WHR in adolescence.

Introduction

Body mass index or BMI is recognized as one of the
most useful indexes for adiposity both in children and
adults. BMI is determined by dividing weight in kilo-
gram by height in metres squared!. It is independent of
height and highly correlated with weight (0.8-0.9). BMI
is also highly correlated with body fat (0.7-0.8)*>*. In
children and adolescents there is currently no accepted
normal range for BMI. However, The World Health Or-
ganization recommends that BMI is used to report wt—
ht relationships on children and adolescents until a bet-
ter indicator is available for evaluating body fatness.
Based on data for children 6-15 years WHO has sug-
gested the following cut-off points for BMI as broad
guidelines for defining obesity in both sexes®:

Age (year) BMI (kg/m?)
<14 or less 19-20

15 25
216 28

Obesity in children and adolescents is associated with in-
creased prevalence of coronary risk factors, decreased
growth hormone secretion and carbohydrate intolerance®2,

It has also been reported that as many as 80% of obese
adolescents remain obese as adults®!?,

Waist-hip ratio (WHR) is a simple index of fat distri-
bution. It is obtained by dividing waist circumference
by hip circumference and provides an indication of the
predominance of fat storage in the abdominal region,
relative to that in the gluteal region. A high WHR is in-
dicative of a central fat distribution with excess ab-
dominal fat. In adults high values, generally above 0.8 in
females and 1.0 in males, are associated with an in-
creased risk of impaired glucose tolerance, hyper-
insulinaemia, hypertriglyceridaemia, hypertension and
premature death!'2, In children and adolescents, body
fat distribution has also been found to be related to blood
pressure, blood lipids and serum uric acid levels!>-15, In
children WHR appears to be more or less independent of
the total degree of body fatness but it is significantly
influenced by age's. WHR decreases with age from about
1.1 in young children to about 0.8 at puberty and boys
have a significantly higher WHR than girls after the age
of 4 years'”. In adults, WHR is positively correlated with
body fatness, as measured by BMI!S,
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The association of fatness and a central fat distribu-
tion with an increased risk of degenerative disease in
adults is well known, but few studies have reported on
the correlates of fat distribution in adolescence. In this
paper we report on the relative contribution of early,
parental and contemporary influences on BMI and WHR
in adolescence.

Methods

The data reported here were obtained in the course of a
prospective study of 213 families in Geelong, the sec-
ond largest city in the state of Victoria, Australia with a
population of around 150 000. The study was approved
by the Deakin University Ethics Committee and the
Victorian State Department of Education. The partici-
pants in this study were recruited with the cooperation
of the principals of 24 out of the 25 secondary schools
in the Geelong Statistical District, from all families with
a child attending one of these schools in 1987 who was
born between July and December 1972. This particular
age cohort was chosen because data from early life
(infancy and preschool years) were already available
for this group from an earlier study!®**. The parents of
the families studied were broadly representative of the
Geelong workforce in terms of country of birth, occupa-
tion and postcode of residence.

For the purpose of this paper the data obtained have
been divided into three categories: early life, parental and
contemporary. Among the early life influences studied
were the sociodemographic environment (parents’ occu-
pation, number of siblings), illness during the first year
of life, infant feeding practices (type of feeding and time
of introduction of solids), weight, height and rate of
growth. Parental factors included: sociodemographic
(country of birth, occupation, education) and anthro-
pometric characteristics (body weight, height, waist and
hip circumference). Contemporary influences, studied in
the adolescents, included sociodemographic (type of
school attended and household size), lifestyle (smoking,
alcohol consumption, physical activity and eating habits)
and anthropometric data as for the parents.

Weight (WT) was measured to the nearest 0.1 kilo-
gram in a swimming costume or hospital gown using a
digital platform scale (Sochnle) weighing to 150 kg.
Height (HT) was measured to the nearest 0.1 centimetre
with a Harpenden anthropometer. Waist circumference
was measured at the level of the umbilicus and hip
circumference at the most prominent part of the but-

tocks using a metal measuring tape read to the nearest
0.1 centimetre.

All participants completed a questionnaire about
sociodemographic characteristics and lifestyle. Repeat
questionnaires completed after an interval of 6 months
by 20 families, gave 100 per cent agreement for all
sociodemographic questions, and more than 85 %
agreement for questions about lifestyle.

Both univariate and multivariate analysis were used
to determine the strongest determinants for BMI and
WHR. Only associations significant at the 1 % level are
reported here. :

Results

Anthropometric measurements

Table 1 shows the mean and standard deviation of
the relevant anthropometric measurements in the ado-
lescents and parents. In the adolescents there were sex
differences at the 1% level for all measurements except
BML. In the parents there were sex differences at the 1%
level for all measurements except hip circumference
and BMI. Adolescent boys were taller and heavier than
girls and had a larger waist circumference but a smaller
hip circumference than girls. The girls despite a slighily,
but not statistically, higher BMI thus had a lower WHR
than the boys. Similar differences between the sexes
were found in the fathers and mothers, except that the
difference in waist circumference was much greater in
the parents than in the adolescents. Over 99% of the
fathers and 80% of the adolescent boys had a WHR
>0.8 compared with only 46 and 17% respectively of
the mothers and adolescent girls. For BMI 71% of the
fathers and 44% of the mothers, but only 9% and 7%
respectively of the adolescents, had a BMI >25. The
correlation between BMI and WHR was of the order of
0.3-0.4 in the adolescents and 0.5 in the parents.

Tables 2 and 3 show, for the adolescents and their
parents, correlations of BMI (Table 2) and WHR (Table
3) with weight, height, body circumferences and
skinfolds. In the case of BMI all measurements, with
the exception of height, were highly correlated, with
correlations ranging from 0.5 for triceps skinfold in the
fathers to 0.92 for weight in the mothers. Moreover the
correlations with BMI were generally of similar magni-
tude in both sexes and in the adolescents and their par-
ents. In contrast all anthropometric correlations for WHR,
with the exception of those for height and waist circum-
ference, were lower than those with BMI and ranged

Table 1. Mean and standard deviation of anthropometric measurements of adolescents and parents.

Boys Girls Fathers Mothers

(n=113) (n =100) (n=136) (n=193)
Variable Mean SD Mean SD Mean SD Mean SD
Weight (kg) 58.5 10.8 549 7.1*% 79.6 10.7 65.7 12.9%*
Height (cm) 168.5 8.8 160.9 5.5%* 1729 6.8 160.1 6.3%*
Waist circ. (cm) 72.6 74 69.2 6.5%* 92.1 84 80.3 11.5%*
Hip circ. (cm) 86.4 6.7 91.1 5.6%* 98.5 55 98.9 8.7
BMI (kg/m?) 20.5 2.8 21.2 2.6 26.6 29 25.6 4.7*
WHR 0.84 0.04 0.75 0.05%* 0.9 0.05 0.8 0.07**

Significance level of difference between the sexes: * = P<0.01, ** = P<0.001
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from only 0.06 for hip circumference in the adolescent
girls to 0.49 for subscapular skinfold in the adolescent
boys. Furthermore all correlations with WHR, except
those for height, were lower in the adolescents than in
their parents. Trunk skinfolds (subscapular and supra-
iliac) were also more highly correlated with WHR than
limb skinfolds (tricepts) in the parents, but this was not
so in the adolescents.

Table 2. Correlations between BMI and anthropometric
measurements of body size and body fatness in adolescents
and their parents.

Factors affecting BMI and WHR

Table 4 summarizes the results of the univariate
analyses. Student’s s-test was used to assess the signifi-
cance of differences between BMI and WHR for di-
chotomous variables, for example, between adolescents
who consumed or did not consume fish oil in early life.
Correlation was used to assess the strength of associa--
tions between anthropometric variables in parents and
adolescents and over time. Of the variables studied,
those which had a statistically significant influence on
BMI and WHR in adolescence were mainly anthro-
pometric measures in early life. These included growth
rate during infancy and weight and height at 50 and 80
months. Overall BMI in adolescent boys appeared to be

Measurement Boys Girls  Fathers  Mothers more strongly influenced by anthropometric status in
(n=113) (@=100) (n=136) (n=193) early life than did BMI in adolescent girls. Only fathers’
v Weight 0.828 0.801 0.849 0.918 BMI correlated with adolescents’ BMI. In boyS the Only
Height 0.168 -0.161 -0.062 -0.070
Waist circ. 0.827 0.772 0.819 0.886
Hip cire. 0.816 0.836 0.790 0.877 Table 4. Significant univariate associations (P<0.01) with
Triceps SF 0.602 0.743 0.502 0.823 BMI and WHR in adolescence.’
Subscapular SF 0.704 0.771 0.703 0.801
Supra-iliac SF 0.701 0.687 0.619 0.783 Factor BMI WHR
SFE=skinfold Early life:
WYV birth-age 6 years +M
WYV birth-age 9 years +M
WT at age 50 years o+
Table 3. Correlations between WHR and anthropometric =~ BMI at age 50 years +
measurements of body size and body fatness in adolescents ~ W1 at age 80 years +M
and their pa_rentS. BMI at age 80 Yyears +M +M
Fish oil - -
Measurement Boys Girls  Fathers Mothers
(n=113) (n=100) (n=136) (n=193) Parental:
Father’s BMI +
. Weight 0.263 0.194 0.470 0.473
Height -0.015 -0.176 0.067 -0.078 Contemporary: .
Waist circ. 0.637 0.755 0.802 0.790 Frequency of exercise -F
Hip circ. 0.133 0.057 0.263 0.278 Egg +M
Triceps SF 0.439 0.295 0.253 0.434 — — - —
Subscapular SF 0.493 0.370 0.455 0.613 + = positive association; — = negative association; + -or —
Supra-iliac SF 0475 0362 0460  0.618 alone = both sexes; M = male; F = female; WV = weight

velocity.

Table 5. Summary of factors influencing BMI (multivariate analysis).

Factor No.  Variable R2(%)  Rladj(%)  F P

Early life: 2 SEX, BMI50 35.0 329 17.21 0.001
Parental: 2 SEX, FBMI 7.5 5.6 3.93 0.023
Contemporary: 2 SEX, EGG 2.9 1.6 2.24 0.110
Combined: 2 SEX, BMI50 35.0 329 17.21 0.001

BMI = 1.28 + 1.21 BMI50— 1.22 SEX (kg/m?)

Table 6. Summary of factors influencing BMI (multivariate analysis).

Factor No. Variable R2 (%) R? adj (%) F P
Early life: 2 SEX, BMIS0 37.2 36.1 3437 0.001
Parental: - - - - - -
Contemporary: 2 SEX, SE 38.8 37.9 4591 0.001
Combined: 2 SEX, BMISO 372 36.1 3437 0.001

WHR = 0.655 + 0.00689 (BMIg0) + 0.0722 (SEX)
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significant influence on WHR in adolescence was BMI
at 80 months, while in adolescent girls WHR was nega-
tively associated with the frequency of exercise. Paren-
tal WHR did not correlate with adolescents’ WHR. The
only contemporary factors which showed a significant
association with BMI or WHR were egg consumption
in boys with BMI and the frequency of exercise in girls
with WHR.

Tables S and 6 show the results from multivariate
analyses. Multiple regression analysis was used to de-
termine the strongest influence on BMI (Table 5) from

each of the following categories: early life, parental and

contemporary. Subsequently the factors identified from
each of these three categories were combined in a further
multiple regression analysis to determine the strongest
overall determinant for BMI in adolescence. Apart from
gender, only BMI at 50 months contributed significantly
to BMI in adolescence. Inclusion of parental and con-
temporary influences did not increase the percentage of
explained variation in BMI (value of R2). Similarly , apart
from gender, only BMI at 80 months was a significant
determinant of WHR in adolescence (Table 6). For both
BMI and WHR about one-third of the variation in ado-
lescence was explained by gender and BMI in early life.

Discussion

In the present study adolescent boys aged 14-15 years
had a higher WHR than adolescent girls of the same
age. This reflected both a higher waist circumference in
the boys and a higher hip circumference in girls, al-
though the difference in waist circumference was by no
means as pronounced as in the parents. Over 80% of the
adolescent boys already had a WHR>0.8 compared with
less than 20% of the adolescent girls. In contrast the
prevalence of obesity (BMI>25) was much lower and
similar in both sexes (9% and 7% respectively). Almost
all of the obese boys, but only about half of the obese
girls, also had a WHR>0.8. The correlation between
BMI and WHR, however, was similar between the sexes
both in the adolescents and in their parents, although it
was apparently stronger in the latter (0.5 vs 0.3) prob-
ably because of the greater range of fatness in the adults.
The similar level of correlation between BMI and WHR
in both sexes suggests that an increase in BMI is associ-
ated with a similar increase in the level of abdominal fat
in males and females, but because of the underlying
gender-related differences in fat distribution this increase
is less evident in females when assessed in terms of
WHR.

The finding that in adolescents WHR is less strongly
correlated with other anthropometric measures of body
fat distribution than in the parents, suggests that WHR,
unlike BMI which correlates strongly with other

anthropometric measures of body fainess in both ado- .

lescents and parents, needs to be interpreted differently
in this age group. It is likely that in adolescence WHR
is both a measure of maturity and of a tendency for a
more central fat distribution.

In the present study although univariate analyses
identified early-life, parental and contemporary factors
with a significant influence on BMI and WHR in ado-
lescence only BMI in early life was found to have a
statistically significant influence on BMI and WHR in

adolescence when these were combined in a multivariate
analysis. Somewhat surprisingly BMI at 50 months was
more strongly associated with BMI in adolescence than
BMI at 80 months. This finding is contrary to earlier
observations®, that in general the BMI in the immediate
preceding period is the best predictor of the BMI per-
centile in any subsequent age period. Body fat appears
to be minimal at this stage of life?! and therefore the
level of fatness at this time may be of particular impor-
tance in determining later fatness. BMI reflects lean
body mass as well as body fat?? and individuals who have
a higher BMI are also likely to have more lean body
mass and to be taller than thinner individuals, a pattern
often observed during childhood and adolescence?®. The
reason why BMI at 80 months was more strongly pre-
dictive of WHR in adolescence than BMI at 50 months
is not clear from this study.

In summary the present study provides direct evi-
dence for the important contribution of early environment
to fatness and fat distribution in adolescence. The ob-
served associations between BMI and WHR in adoles-
cents and their parents, suggest that a higher BMI is
associated in adolescents, as well as in adults of both
sexes, with a higher WHR and a more central fat distri-
bution. However, since the correlations between WHR
and other anthropometric measures of body fat distribu-
tion were not as strong in adolescence as in later life it
may be inappropriate to interpret WHR in adolescence
by the same criteria as in adults. BMI in contrast was
equally strongly correlated with measures of body fatness
in both adolescents and adults.
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