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Factors related to total cholesterol and blood
pressure in British 9 year olds

Roberto J Rona, Sameena Qureshi, Susan Chinn

Abstract
Study objective - To assess which factors
are associated with total cholesterol con-
centration and blood pressure in 9 year
olds, and to examine the extent to which
a report ofa heart attack in a close relative
identifies children with a high total cho-
lesterol value or high systolic blood pres-
sure.
Design - This was a cross sectional study.
Setting - The analysis was based on 22
study areas from a representative English
sample, 14 areas from a representative
Scottish sample, and 20 areas from an
inner city sample.
Participants - There were 1987 children
aged 8 or 9 whose blood pressure was meas-
ured and 1662 children whose total cho-
lesterol was assessed.
Measurements and main results - Blood
pressure was measured using the Dinamap
1846 automated sphygmomanometer and
cholesterol using the Lipotrend C. Mul-
tiple regression analysis was used to ex-
amine the independent associations with
each of the outcome variables. Either
weight for height or sum ofskinfolds meas-
ured in four sites was highly associated
with the outcome measures in the study
(p<0.001). Fatter or overweight children
had higher blood pressure and higher cho-
lesterol concentrations. Child's height was
also associated with the outcome measures
in most of the analyses, but was positively
related to blood pressure and negatively
associated with cholesterol value. There
was an association between diastolic blood
pressure and area of residence as rep-
resented by the regional health authority
(RHA), but the association was not the
same as the association reported between
coronary heart disease, standardised mor-
tality ratio, and RHA. Children with low
birth weight and those with shorter gest-
ation had higher systolic blood pressure
(p<0.05 and p<0.01 respectively), but not
diastolic blood pressure. A report ofa pre-
mature heart attack in a parent or a grand-
parent was not associated with higher
cholesterol or blood pressure.
Conclusions - Reducing obesity in chil-
dren, together with the avoidance ofsmok-
ing, may be an appropriate action to
prevent coronary heart disease in ad-
ulthood. A report of heart disease in a
close relative is an ineffective means of

identifying children at greater risk ofhigh
cholesterol or blood pressure without other
measurements from relatives.

(J7 Epidemiol Community Health 1996;50:5 12-518)

There is evidence that people who have cardio-
vascular risk factors identified in childhood
frequently carry these risk factors through into
adult life."1 As coronary heart disease (CHD)
and stroke head the list of causes of death in
British adults, it is essential to learn about the
determinants of blood pressure, cholesterol,
and fatness in British children. Blood pressure
has been studied in large national samples in
England recently,58 but there has been little
information on factors related to lipoproteins
in British children. The few studies on serum
cholesterol have been carried out in ado-
lescents,9-11 small unrepresentative samples,'2
or risk factors were not studied.'0'-3
There has been some evidence of tracking

of blood pressure, but the correlation between
measurements carried out over two to six year
periods is usually, but not always, low.'814'5
In Britain, a negative relation has consistently
been reported between the child's blood pres-
sure and his birth weight,5-716 and a positive
association with child's weight for height,'6'7
height,5 mother's age,'6 and consistent family
clustering of blood pressure.'618 There is very
little evidence, however, that sociodemographic
factors are related to the child's blood
pressure. 617
Most of the epidemiological studies on total

cholesterol and lipoprotein components in
childhood have been carried out in the USA
over the past 20 years.'3412 It has been clearly
established that most lipoprotein components,
including total cholesterol, are tracking at an
intermediate level between that of an-
thropometric measurements such as height and
weight for height, and that of blood pressure.'
Based on the substantial within child cor-
relation of lipoprotein concentrations over time
and the high association between relatives' cho-
lesterol values or early onset of CHD with
the child's cholesterol concentration,19-21 there
have been calls in the USA for population
screening or selective screening of children to
identify those with high serum cholesterol. The
determinants of cholesterol usually studied are
restricted to the child's ethnic origin and an-
thropometric measurements, and risk factors
in the family.
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Cholesterol and BP in British 9 year olds

There is little information about the risk
factors of high cholesterol in British children
and very few published reports. It is important
to understand the factors that affect lipoprotein
concentrations in Britain because a large vari-
ation in cholesterol between countries has been
shown,22 there is a body of opinion that con-
siders that events early in life and in the prenatal
period may affect the chronic disease pattern
in adulthood,23 and the study of determinants
may provide clues to health promotion strat-
egies.
The national study of health and growth

(NSHG) assessed the nutritional status ofEng-
lish and Scottish primary school children. In-
formation on CHD risk factors in terms of
blood pressure, cardio-respiratory fitness, cho-
lesterol concentration and skinfold thickness at
several sites was collected in addition to height
and weight in 9 year olds in 1992 and 1993.
We have recently reported our findings in re-
lation to cardio-respiratory fitness.24 In the ana-
lysis now undertaken we assess the associations
of social factors, parents' and child's char-
acteristics, such as parental smoking, with the
child's blood pressure and cholesterol con-
centration. We also explore whether a report
of premature heart attack in a close relative
helps to identify children with high total cho-
lesterol or high systolic blood pressure.

Methods
The NSHG includes three samples, English
and Scottish samples selected by stratified ran-
dom sampling based on employment exchange
areas and an English inner city sample based
on 1971 census information at electoral ward
level.25 As the characteristics of the English and
Scottish samples are similar to those of the
general population26 they will be referred to
as the English representative sample and the
Scottish representative sample. Information
was collected in 22 areas of the English rep-
resentative sample in 1992, 14 areas of the
Scottish representative sample in 1992 or 1993,
and 20 areas of the English inner city sample
in 1993. Ten study areas in the inner city
sample were selected for the high percentage
of individuals originally from the Indian sub-
continent or from Afro-Caribbean background.
The other 10 inner city areas were selected for
their high prevalence of overcrowding, male
unemployment, or shared house amenities."
Blood pressure, cholesterol concentration,

and sum of skinfolds were measured in "the
rising 9 children" - ie the classes in which most
children were 9 years by the end of the school
year in which fieldwork was carried out. A letter
and an explanation of all the measurements
were sent to the child's parents. The parents
had to sign a consent form specifying whether
all, some, or no measurements were allowed
to be taken. In the rare event that a child whose
parent consented to a measurement did not
wish to comply with the parents' acceptance, we
respected the child's decision. Ethical approval
was obtained from all relevant ethical com-
mittees in England and Scotland.

ANTHROPOMETRIC DATA
The children were measured in the school.
Height, weight, and triceps and subscapular
skinfold thicknesses were measured by a school
nurse with 10% of the measurements checked
by a full time field worker from the study team.
Biceps and suprailiac skinfold measurements
were supervised by a field worker, but no check-
ing of these measurements was made as time
in the school was limited. Blood pressure and
total serum cholesterol were measured by the
field worker. Height was recorded to the last
completed 0.1 cm, measured on an especially
designed stadiometer (Holtain) using the
method recommended by Tanner et al.27
Weight was recorded to the last 100 g, with the
child wearing only underclothes, using Soenhle
digital scales. Skinfold thickness was meas-
ured with Harpenden skinfold callipers to the
last completed 0.2 mm. Triceps and sub-
scapular skinfolds were measured according
to the methods described by Cameron.28 The
biceps skinfold measurement was made over-
lying the belly of the biceps muscle at the mid-
point of a vertical line joining the humerus
with the mid point of the cubital fossa. The
suprailiac measurement was made in the mid
axillary line, 2.5 cm above the iliac crest.

BLOOD PRESSURE MEASUREMENT
Blood pressure was measured using the Di-
namap 1846 automated sphygmomanometer
in the right arm with an inflatable cuff of small
adult size. The mean ofthe three measurements
taken at one minute intervals was used for the
analysis. The child was asked to rest at least
five minutes before the test.

CHOLESTEROL DETERMINATION
The cholesterol concentration in capillary
blood was measured in the school using the
Lipotrend C. The machine is a reflectance
photometer for cholesterol assessment in the
range 2.6 to 13 mmol/l. The machine cal-
ibration was checked at the beginning and the
end of each session with a sample of equine
serum provided by the manufacturers. The
field workers gently squeezed the child's finger
proximal to the puncture site filling a capillary
tube as recommended. If the capillary tube was
not full or an air bubble was detected the
sample was discarded and the child was not
finger-pricked again. The blood in the capillary
tube was transferred to the chemical stick used
for analysis in the Lipotrend.

STATISTICS
In the main analyses stepwise regressions with
backward elimination of variables was carried
out using the SAS statistical package and the
final model included only variables significant
at the 5% level. This approach was taken be-
cause there are many a priori hypothesis on the
relation between blood pressure and in-
dependent variables and, with the exception of
obesity, there are very few a priori hypothesis
between cholesterol concentration and in-
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Rona, Qureshi, Chinn

Table 1 Geometric mean (95% confidence initervals) for total cholesterol (mmol/l), blood pressure (mmHg), weight for height index (kg for m), sum of
skinfolds (mm) and mean (95% confidence intervals) height (cm) for children included and those excluded from the multiple regression analysis due to
missing values for one independent variable, by sex

Measurements Boys Girls

No Mean (95% CI) No Mean (95% CI) No Mean (95% CI) No Mean (95% CI)

Cholesterol 526 4.02 (3.05,5.30) 290 3.98 (2.97,5.34) 545 4.17 (3.15,5.61)* 305 4.08 (3.04,5.47)
Blood pressure

Systolic 664 109.3 (93.6,127.7) 339 109.5 (94.8,126.6) 646 110.4 (94.3,129.3) 343 110.2 (91.7,132.7)
Diastolic 57.2 (44.3,73.8) 57.7 (44.2,75.3) 57.7 (44.8,74.4) 58.4 (44.6,76.3)

Height 673 133.5 (121.7,145.3) 374 133.3 (121.0,145.6) 660 133.4 (121.2,145.2) 367 132.9 (120.7,145.2)
Weight for height 673 6.85 (4.94,9.49)* 369 6.68 (4.87,9.17) 660 7.07 (4.93,10.13) 365 7.13 (5.46,11.17)
Sum of skinfolds 673 31.1 (14.3,67.4) 349 29.8 (14.0,63.2) 660 40.2 (19.4,83.4) 335 42.3 (18.2,97.3)
* p<0.05 between included and excluded.

dependent variables in children. Three de-
pendent variables were analysed: systolic and
diastolic blood pressure, and cholesterol con-
centration each log transformed to reduce
skewness. The independent variables were: sex,
ethnic origin and English or Scottish sample,
father's social class based on occupation, moth-
er's education level, number of children, child's
length of pregnancy and birth weight, total
parental smoking at home, whether mother
smoked in pregnancy, maternal and paternal
body mass index (BMI) as calculated from
reported heights and weights, mother's age at
*the child's birth, NHS regional health au-
thorities before the 1993 reorganisation, and
child's height, weight for height using the index
[(weight - 9)/height37]29 (weight for height),
sum of skinfolds, skinfold distribution - ie
(biceps + triceps skinfolds)/(subscapular +
suprailiac skinfolds). Parents' BMI and the
child's measurements, each log-transformed
except for height, were included as continuous
variables, and the rest were included as cat-
egorical variables. Information on social, demo-
graphic background, behavioural and biological
characteristics of the parents, and the child's
length of gestation and birth weight were ob-

Table 2 Factors associated with cholesterol concentration (log mmolll) using stepwise
regression with backward elimination in children, with coefficient unadjusted for other
variables and adjusted as in the final model

Total (n= 1071)

Unadjusted Adjusted

Independent variable No Coefficient p value Coefficient p value

Intercept 0.7074
Log sum of skinfolds (mm) 0.0565 <0.001 0.0603 <0.001
Height (cm) -0.0006 0.074 -0.0013 <0.001
Sex <0.001 0.028
Boys 526 -0.0160 -0.0087
Girls 545 0.0000 0.0000

Ethnic origin <0.001 <0.001
White (inner city) 122 0.0224 0.0200
Afro-Caribbean 38 0.0182 0.0231
Urdu 15 0.0008 -0.0032
Gujurati 15 -0.0276 -0.0291
Punjabi 30 0.0309 0.0301
Other (Indian subcontinent) 13 0.0401 0.0398
Others 29 0.0078 0.0076
White (Scottish) 337 0.0101 0.0096
White (English) 472 0.0000 0.0000

Child's birth weight (g) 0.389 0.074
<2500 76 -0.0067 -0.0140
2500-2999 205 -0.0122 -0.0180
3000-3499 423 -0.0133 -0.0189
3500-3999 267 -0.0101 -0.0129
.4000 100 0.0000 0.0000

No of children 0.010 0.034
1 80 0.0062 0.0082
2 462 -0.0155 -0.0099
3 or4 374 -0.0049 -0.0017
5 ormore 97 -0.0141 -0.0141
Not known 58 0.0000 0.0000

Explained variation (R2) 7.6%

tained from a self administered questionnaire
completed by the parent. In consideration of
the interest in the association between birth
weight and CHD risk factors, birth weight was
added to a final model as a categorical variable
and retained if significant at the 10% level. In
the multiple regression analyses the interaction
of sex with the other independent variables
were tested to decide whether to present results
by sex. The interaction of number of children
and ethnic origin was also included because
this interaction had been detected in a number
of analyses of anthropometric variables.

Results
Altogether 2581 children were eligible for the
study, 829 from the English representative
sample, 520 from the Scottish representative
sample, and 1232 from the English inner city
areas. Blood pressure was measured in 1992
(77%) and total cholesterol was measured in
1666 (65%) children. In the stepwise regression
analysis, further losses occurred as for some
continuous variables no information was ob-
tained. Paternal heights and weights were
poorly completed in the questionnaire and to
minimise losses children for whom data on the
father's BMI was missing were included after
elimination of father's BMI from the model.
Table 1 gives the geometric means for total
cholesterol, systolic and diastolic blood pres-
sure, sum of skinfolds and weight for height,
and the mean height for children who were
included in the stepwise regression and those
who were not included, in relation to sex.
Boys who were included in the analysis were
significantly heavier than those who were not
included (p<0.05). Girls in the analysis had a
significantly higher cholesterol concentration
than the rest (p<O.05).

Table 2 shows the variables in the final model
which were significantly associated with cho-
lesterol concentration, and the size of effect
adjusted and unadjusted for the other variables
in the model. Interaction terms were not sig-
nificant except that the interactions of sex with
father's BMI, and sex with total parental smok-
ing at home, were weakly significant in the
smaller sample which included children with
data on father's BMI. Table 2 shows both sexes
together in the larger sample as there was no
clear evidence that there was a genuine differ-
ence between the sexes. Log sum of skitfolds
was highly significantly and positively as-
sociated with total cholesterol (p<0.001).
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Cholesterol and BP in British 9 year olds

Table 3 Factors associated with systolic blood pressure (log mm) using stepwise regression
with backward elimination in children, with coefficient unadjusted for other variables and
adjusted as in the final model

Total (n= 1310)

Unadjusted Adjusted

Independent variable No Coefficient p value Coefficient p value

Intercept 1.7602
Height (cm) 0.0016 <0.001 0.0014 <0.001
Log weight for height (kg for m) 0.1381 <0.001 0.1262 <0.001
Birth weight (kg) -0.0017 0.347 -0.0041 0.027
Length of gestation: 0.005 0.002
< 37 wk 162 0.0097 0.0083
. 38 wk 991 0.0002 0.0001
Not known 167 0.0000 0.0000

Ethnic origin 0.016 0.044
White (inner city) 157 -0.0087 -0.0090
Afro-Caribbean 49 0.0030 -0.0055
Urdu 16 0.0081 0.0048
Gujurati 15 -0.0174 -0.0091
Punjabi 34 -0.0043 0.0043
Other (Indian subcontinent) 14 0.0104 0.0073
Others 34 -0.0014 0.0004
White (Scottish) 383 0.0026 0.0025
White (English) 608 0.0000 0.0000

Explained variation (R2) 17%

Table 4 Factors associated with diastolic blood pressure (log mm) using stepwise
regression with backward elimination in children, with coefficient unadjusted for other
variables and adjusted as in the final model

Total (n= 1310)

Unadjusted Adjusted

Independent variable No Coefficient p value Coefficient p value

Intercept 1.4866
Height (cm) 0.0020 <0.001 0.0016 <0.001
Log sum of skinfolds (mm) 0.0623 <0.001 0.0446 <0.001
Father's social class 0.001 0.003
Non-manual 362 -0.0014 -0.0066
Manual 567 -0.0108 -0.0121
Not applicable 263 -0.0176 -0.0165
Not known 118 0.0000 0.0000

No of children 0.008 0.009
1 105 -0.0080 -0.0017
2 566 0.0034 0.0114
3 or 4 448 -0.0089 0.0020
5 or more 121 -0.0073 0.0048
Not known 70 0.0000 0.0000

Regional health authorities * <0.001 * <0.001
Explained variation (R2) 11.9%

* 14 regional levels are not given.

Table S Geometric means (95% confidence interval) of cholesterol concentration (mmolll)
and systolic blood pressure (mmHg) according to information on heart attack before age
65 in childs parents or grandparents

Heart attack Boys Girls

No Mean (95% CI) No Mean (95% CI)

Cholesterol concentration
Yes 205 4.07 (3.18,5.23) 292 4.17 (3.11,5.58)
No 260 4.05 (3.07,5.34) 206 4.15 (3.13,5.51)
Not known 319 3.95 (2.91,5.35) 336 4.14 (3.12,5.49)

Systolic blood pressure
Yes 260 109.2 (94.1,126.6) 327 109.9 (92.7,130.1)
No 294 109.3 (93.0,128.4) 232 110.9 (94.6,129.9)
Not known 422 109.4 (94.7,126.5) 409 110.3 (92.6,131.4)

Height was highly significantly and negatively
associated with total cholesterol (p<0.001).
Boys had lower cholesterol concentrations than
girls (p<0.05). Those who were the only child
in the family had higher cholesterol than chil-
dren in larger families (p<0.05). White children
in inner city areas had higher cholesterol than
other white children, and children in the other
(Indian Subcontinent) and Punjabi groups had
higher total cholesterol. Child's birth weight
divided into five groups was marginally sig-
nificant (p = 0.07), the heaviest children having
the highest total cholesterol. Unadjusted birth

weight was not associated with the total cho-
lesterol concentration.
Tables 3 and 4 give the variables in the final
models which were significantly associated with
systolic and diastolic blood pressures re-
spectively in children, and size of effect without
and with adjustment for the other variables
in the model. None of the interactions was
significant, except in the smaller sample, in-
cluding those with data on father's BMI; the
interaction of sex and mother's smoking in
pregnancy was significant in the analysis of
systolic blood pressure. Height and the log
weight for height index or level of fatness w'ere
consistently and highly associated with blood
pressure (p<O.OO1). Tall and overweight or
fat children had higher blood pressure. Birth
weight as a continuous variable was associated
with systolic blood pressure only (p<0.05).
Children who had a shorter length of gestation
had higher systolic blood pressure than the rest
of the children (p<O.O1). The regional location
of the study areas was related to diastolic blood
pressure, but the association was not related to
CHD mortality in the regions31 31. Diastolic
blood pressure was higher in children whose
fathers did not disclose their occupation
(p<O.O1). There was a significant association
between systolic blood pressure and ethnic ori-
gin (p<0.05). Southeast Asians, with the ex-
ception of Gujarati children, tended to have a
higher level. Birth weight was not significantly
associated with systolic or diastolic blood pres-
sure at the 5% level, either when analysed as
continuous variable or divided in five categories
as shown in table 2, when unadjusted for other
factors.
The geometric mean of cholesterol and sys-

tolic blood pressure in boys and girls, based in
all available data, did not vary significantly in
relation to a reported heart attack below the
age of 65 in parents or grandparents (table 5).
The rela'tive risk of a cholesterol concentration
of at least 5.0 mmol/l in children for whom at
least one parent or grandparent had a heart
attack under the age of 65 was 0.92 (95% CI
0.46,1.80) in boys and 1.23 (95% CI 0.76,
2.00) in girls. Likewise, the relative risk of a
systolic blood pressure level of at least 120mm
in children with at least one parent or grand-
parent who had had a heart attack was 0.94
(95% CI 0.59,1.48) in boys and 0.90 (95% CI
0.6,1.32) in girls.

Discussion
The most consistent finding in this study is that
heavier or .fatter children had higher systolic
and diastolic blood pressures and cholesterol
concentrations. Taller children had a'higher
blood pressure than other children and smaller
children had higher cholesterol concentration.
There were significant associations between
diastolic blood pressure levels and regional
health authorities, which were unrelated to
CHD mortality statistics for the regions.303'
Children with a low birth weight had a higher
systolic blood pressure and those with a shorter
length of gestation had a higher systolic blood
pressure. However, diastolic blood pressure
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was not associated with birth weight. In-
formation on a premature heart attack in par-
ents or grandparents did not help to identify
children with either higher cholesterol con-
centrations or blood pressure levels.

In this study the low percentage of children
in the analysis in comparison to the number of
eligible children was related to two factors.
Firstly, the requirement of a positive consent
from parents to allow the child to be measured,
and secondly the low rate of completed ques-
tionnaires in the inner city sample areas. The
percentage of children who were finger-pricked
(between 62 and 68%) was not different to
the percentage in our pilot studies and other
surveys in adults in which a blood sample
was required.32 The procedure we followed to
obtain blood was geared to minimise the risk
that any parent or helper could have interpreted
our actions as putting undue pressure on a
child to collaborate with our study. Approval
for the study was obtained from all the relevant
ethics committees in England and Scotland,
and we complied with all their special re-
quirements. The response rate in inner city
areas has traditionally been lower, especially in
London, than in other places in our survey over
time.
Blood pressure, blood cholesterol, and biceps

and suprailiac skinfold thickness measurements
were piloted in three primary schools not in
the NSHG to assess feasibility and, with the
exception of cholesterol, the repeatability. The
level of agreement in total cholesterol using
the Lipotrend was assessed using blood from
a finger-pricked sample and venepuncture
sample in 25 members of the Department of
Public Health Medicine. In the adult sample,
comparisons were also made between total cho-
lesterol concentrations using the Lipotrend C
and measurement in St Thomas's chemical
pathology laboratory using the same sample
from venepuncture. The intraclass correlations
for skinfold thickness measurements in primary
school children were above 0.9, the intraclass
correlation for systolic blood pressure was 0.6
and for diastolic blood pressure was 0.3 on one
occasion and 0.6 on a second occasion. The
mean difference between samples in the adult
group using the Lipotrend C was 0.02 mmol/l
(SD 0.39) when repeated from capillary
samples and 0.05 mmol/l (0.32) when venous
and capillary samples were compared. There
was a significant difference between laboratory
and Lipotrend C measurements of 0.90 mmol/l
(0.44), but the ranking of subjects by cho-
lesterol concentration with the two methods
was similar. Thus, measurements using the
Lipotrend C are consistent and highly re-
peatable, but the results given above should
not be used as British standards as they may
underestimate laboratory determinations by
approximately 15%.
A further consideration in the results pre-

sented is that only one cuff size was used in
the study. The American Heart Association
recommended a change to a larger cuff when
width in relation to arm circumference falls
below 40%. However, Whincup et al3 dis-
agreed with the advice. They showed that a

large difference in blood pressure occurred with
the change of cuff size with greater arm cir-
cumference. This difference in blood pressure
changed little after adjustment for arm cir-
cumference. In fact, the effect of arm cir-
cumference, using the Dinamap, was not
significant for systolic blood pressure and just
significant for diastolic blood pressure in their
study.33
The finding that heavier or fatter children

have higher blood pressure and cholesterol con-
centrations is not new. In his literature review
of 1979, Szklo'4 quoted 10 references of studies
in children who had shown a significant as-
sociation between blood pressure and over-
weight. More recently similar findings have
been reported in the Muscatine and the Boga-
lusa studies in the USA,3435 and in Britain, the
finding has been also confirmed.6 The Mus-
catine and the Bogulasa studies have also shown
a high association between overweight or over-
weight gain and cholesterol concentration.3637
Lauer et a138 have also reported that obesity
in adolescence leads to higher cholesterol in
adulthood. In our analysis, the ratio of limb to
body skinfold thickness, an analogue of ratio
ofthe waist to hip ratio, was unrelated to serum
cholesterol or blood pressure. In the health
examination survey in the USA, the ratio of
waist to hip ratio was reported to be significantly
associated with blood pressure.39 However, the
ratio was significantly associated only with dia-
stolic blood pressure in a multiple regression
analysis in the age group 6-11 years. In the
older group, 12-17 years, the waist to hip ratio
was not associated with cholesterol con-
centration, but a significant association was
detected with systolic blood pressure. It is pos-
sible that the distribution of fat as a risk factor
of high blood pressure and cholesterol starts to
be an important contributory factor in ado-
lescence and adulthood, while fatness and over-
weight are permanent risk factors throughout
life. In practical terms, the assessment of obes-
ity should be considered an important com-
ponent in the prevention of conventional CHD
risk factors, as its assessment is not invasive
and it is acceptable to the community.
Our analysis confirms the association, albeit

only moderate in comparison to fatness, be-
tween systolic blood pressure and birth weight
reported by others.6 7 164041 Both birth weight
and length of pregnancy were found in our
analysis to be associated with systolic blood
pressure, but not diastolic blood pressure.
Other authors have adjusted for current weight
to assess the association between blood pres-
sure and birth weight. However weight per se
is a poor anthropometric measurement, as it is
not interpretable without adjustment for
height. It is more appropriate, as carried out
in our study, to include a measure that reflects
general nutritional status, such as height and
measures of obesity or overweight. We used
two measures of obesity, weight for height and
sum of skinfolds, because these permit an in-
ference as to whether fat itself or a more com-
plex function of body build is related to blood
pressure. Using this strategy, blood pressure
was not consistently associated with birth
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weight. In the papers published by Barker et al
the relation between birth weight and blood
pressure is more marked in adults.73940 Whin-
cup et al6 found an association between systolic
blood pressure and birth weight adjusting for
body mass index in 5 to 7 year olds. In their
earlier study, the association only appeared
after adjusting for current weight.'6 They also
reported in that study an association between
diastolic blood pressure and birth weight. In
our analysis birth weight was not associated
with diastolic blood pressure.

In this analysis cholesterol and birth weight
were associated just above the conventional 5%
significance level when birth weight was divided
into five groups. The analysis indicated that
heavier babies may have higher cholesterol.
Low birthweight children are not worse off
than other children in relation to other CHD
risk factors such as total cholesterol con-
centration and cardio-respiratory fitness, a not
entirely accepted proxy measure of physical
activity.24 Thus, from this analysis birth weight
has a very limited potential for affecting CHD
morbidity and mortality. This does not pre-
clude the possibility that maternal nutrition in
pregnancy has a more convincing association
with CHD risk factors in adults. In his analysis
of adult CHD risk factors, Barker et al reported
a positive association between birth weight
and cholesterol concentration and a negative
association with weight at 1 year.42 This was
attributed to the advantages of breast feeding
for at least a year. This cannot easily be tested
with current data in children as they are rarely
breastfed for such a long time.

In this analysis we included several socio-
demographic factors. Although some sig-
nificant associations were detected, none can
be construed as having a biological meaning as
they were inconsistent.
We were interested to ascertain whether in-

formation of a possible premature myocardial
infarction in a close relative identifies children
with high cholesterol or blood pressure. In the
USA recommendations have been made that
children from high risk families should be
screened for raised cholesterol.43 Some re-
searchers want to extend the screening pro-
gramme to the whole population based on
the large percentage of children with a high
cholesterol concentration with no family history
because a large number of children are missed
with the first strategy.44 Dennison et a!20 dem-
onstrated that in white children, but not black
children, there was an association between par-
ental history ofheart attack or diabetes mellitus
and the child's cholesterol concentration. An
Austrian study showed that children whose
parents had myocardial infarction had a higher
lipoprotein Lp(a).4 Our results indicate that a
history of myocardial infarction provided by
the child's parents does not identify children
at higher risk to have greater blood pressure or
higher cholesterol concentrations. Even if the
association were meaningful the number of
parents with a "heart attack" in the study was
low and we also needed to collect information
about grandparents. This lowers the value of
the information as the child's parents may have

limited knowledge of health problems in their
parents and both genes and environment are

less similar between grandparent and child than
between parent and child. Only by collecting
more information on family history and meas-
uring the cholesterol concentration might the
strategy identify children at high risk, but even

then it would be very costly and inefficient and
we think, along with others who are against
childhood screening in the USA,46 ineffective
and possibly damaging.

In conclusion, reducing obesity in children,
together with the avoidance of smoking, may be
the most appropriate action to prevent coronary
heart disease in adulthood, because it is con-
sistently associated with cholesterol and blood
pressure levels and fitness level in children, and
can be easily diagnosed by health workers in
the community with minimal cost. However,
to reverse the current increase of obesity in
British children47 and adults32 we need to de-
velop creative and effective interventions in the
community.
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