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PAPERS AND SHORT REPORTS

Onset of obesity in a 36 year birth cohort study

FIONA E M BRADDON, BRYAN RODGERS,
JOHN M C DAVIES

Abstract

A large national cohort of children studied from birth to 36 years
was used to test the predictive value of childhood obesity for
obesity in adult life. Only 21% (39) of obese 36 year olds had been
obese at age 11 years, and even when associated social factors
were taken into account the correctly predicted percentage was
much lower than the prediction rate achieved using body mass
data from age 26 years. The comparatively poor predictive value
of childhood obesity and the associations of adult obesity with
educational achievements and socioeconomic circumstances of
family of origin emphasise the need for encouraging good
nutritional and exercise habits ratherthan placingundue emphasis
on the control of childhood obesity.

Introduction

Obesity and overweight have been implicated in the clinical course
of many chronic conditions of middle and old age. ' The prevalence
of obesity and overweight is rising and becoming more common at
progressively younger ages.2 3 In men obesity acquired in their 20s
has been found to be associated with increased risk of premature
death from coronary disease and stroke.3'5 Little is known, however,
about the clinical course of obesity. Cross sectional studies"9 have
shown that obesity increases with age throughout the adult years,
but such "survey data are, in effect, a snapshot of the population at
the time of fieldwork, and the different averages in each age group
may be due to different patterns of nutrition, upbringing, and
lifestyle in successive generations."9 Furthermore, cross sectional
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studies can say nothing of the degree ofnormative change that takes
place with age.
There have been few longitudinal studies of obesity spanning

both childhood and adult years. Follow up studies of obese
children, reviewed by Mullins, have shown that many such people
are still obese or overweight as adults.'0 Prospective studies ofmore
representative samples support the view that overweight and obese
children are more likely to be obese in later life than their peers of
normal weight, although the predictive value of childhood informa-
tion decreases with time."-'9 There also appears, however, to be
no history of childhood obesity for a high proportion of obese
adults."9 One such study reported the prevalence of overweight at
several ages between 6 and 26 years and the correlations between
relative weights at those ages from a follow up of the 1946 British
birth cohort.'8 In our study we extended previous work to include
the study of obesity in the same cohort at 36 years old. We describe,
firstly, the change in prevalence of obesity with age and, secondly,
individual differences in the course and pattern of obesity

Methods

The Medical Research Council National Survey of Health and Develop-
ment is a study of children born in one week in March 1946 in all parts of
England, Wales, and Scotland. The study began in that year and has since
continued to investigate many aspects of the lives ofa sample of those born in
the study week. The follow up sample comprises all legitimate, single births
to wives of non-manual and agricultural workers and one in four of all other
legitimate single births-a total of 5362 individuals. This stratified sampling
may be compensated for by a statistical weighting procedure.

Contacts during the infant and school years were made at intervals of two
years or less and in adult life at longer intervals. The data collected have
always been as widely representative as possible of medical, educational,
occupational, social, and psychological concerns. A fuller description of the
study and of the data collected is given elsewhere.20

Losses have occurred as a result of death and emigration, but from
comparisons with published data on rates of illness, criminality, divorce,
hospital admissions, and census data the sample appears still to be
representative of people of this age who were born in Great Britain. At the
age of 36 years 3754 of the 5362 members of the study population were
contacted, and of these, 3322 were successfully interviewed in their homes
by specially trained nurses. This interview included a physical examination
at which height without shoes was measured in centimetres to the nearest 0 5
cm below and weight in light indoor clothing was measured in kg to the
nearest 0 5 kg below. Weight was adjusted by subtracting 1 0 kg for men and
0 5 kg for women as a correction for clothes worn. These measurements were
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obtained for 3280 people, 99% of those visited. Of these, 31 women were
excluded from analysis as they were pregnant at the time of the interview.
Heights and weights had been measured previously by school doctors or
nurses around the time of 7th and 11th birthdays and again at the age of 14
(median 14 years 6 months) and had been self reported at 20 and 26. The
accuracy of self reported height and weight data was investigated in a
subsample and reported by Stark et al, who concluded that "self-reported
heights and weights might have led to an underestimate of the prevalence of
overweight at 20 and 26 years" but that systematic adjustment of values was
not justified.18 Stewart gives an indication of biases that may result from the
use of self reported data.2'

At younger ages (7, 11, and 14 years) an index of relative weight was used
to express measures of weight for height-that is, weight expressed as a
percentage of a standard weight, calculated for specified height, age, and
sex.22 23 This study's sample size was sufficiently large and representative to
allow the estimation of standard weights from its own data. In the adult years
(20, 26, and 36 years) body mass index was used, which is a fixed rather than
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age specific standard. This is appropriate when change of height with age is
small. Support for the use of the body mass index is given by Garrow,/ and
Ashwell et al have shown its high correlation with total body fat.24
Cut off points were used to define underweight, normal weight,

overweight, and obesity. For the index of relative weight the ranges were
underweight <90; normal 90-110; overweight 111-130; obesity >130; 100
was the standard weight and obesity was roughly 20% above the top of the
normal range. Unlike the index of relative weight, body mass index is
calculated in an identical manner for men and women. Durnin and
Womersley, however, have shown that for the same body mass index women
have a higher percentage of body fat than men.25 In this study we used
different body mass index cut off points for men and women to establish
continuity with the earlier measures in the index of relative weight. For men
the body mass index cut off points 20 0, 25 0, and 30 0 were as suggested by
Bray.26 Corresponding cut off points for women were derived from the
comparisons of the index of relative weight and body mass index distribu-
tions at age 20, these being 19 4, 24-3, and 29-1.

TABLE i-Distribution (%) of relative weight index at ages 7, 11, and 14 and body mass index at ages 20, 26, and 36

Relative Body Age (years)
Weight weight mass
category index index 7 11 14 20 26 36

Men

Underweight <90 <20-0 7-5 12 8 14-2 14-4 9-2 6-4
Normal 90-110 20-0-24-9 82 8 71-6 68-9 73-0 67-2 50-3
Overweight 111-130 25-0-29-9 9-2 12-5 14 5 11-6 21-3 38-0
Obese >130 >29-9 0-5 3-1 2-3 1.0 2-3 5-3
No of men (= 100%) 2057 2050 1881 1829 1822 1630

Women

Underweight <90 <19 4 11-5 19 8 210 18-9 13-7 8-2
Normal 90-110 19 4-24-2 74-9 61-0 58-4 65-4 64-7 59-2
Overweight 111-130 24-3-29-1 12-4 14-3 16-6 13-3 17-9 24-2
Obese >130 >29-1 1-2 4-9 4-0 2-5 3-7 8-4
No of women (= 100%) 1920 1887 1700 1735 1782 1619

TABLE II-Correlation between measures ofweightfor height* at several ages

Age (years)
Age

(years) 11 14 20 26 36

Men 7 0-62 0-52 0-41 0-33 0-28
11 0-73 0-54 0-46 0-45
14 0-57 0-52 0-46
20 0-77 0-64
26 0-75

Women 7 0-69 0-59 0-47 0 40 0 40
11 0-74 0-58 0-51 0-51
14 0-71 0-64 0-60
20 0-75 0-66
26 0-76

*Relative weight index at ages 7, 11, and 14; body mass index at ages 20, 26, and 36.

TABLE iii-Index of weight for height at earlier ages for men and women obese at 36
years

% In each weight category at age:
Weight

category* 7 11 14 20 26 36

Men
Underweight 1-3 1-3 0-4 0 0
Normal 70-1 37-2 40-3 32-8 8-2
Overweight 26-0 51-3 44-4 56-3 61-6
Obese 2-6 10-3 13-9 10-9 30-1 100
Noofment 77 78 72 64 73 86

Women
Underweight 3-7 2-9 1-0 0-0 0-0
Normal 59-8 43-3 31-7 31-4 17-0
Overweight 29-0 24-0 35-6 43-1 49-1
Obese 7 5 29-8 31-7 25-5 33 9 100
Noofwoment 107 104 104 102 112 135

*Categones are based on relative weight index at ages 7, 11, and 14 and on body mass index at
ages 20, 26, and 36.
tEarlier totals vary because of compliance.

Results

PREVALENCE OF OBESITY

The prevalence of obesity in men and women varied with age, reaching a
childhood and adolescent peak at age 11 before falling to the age of 20, and
subsequently rising to a much higher prevalence at 36 years (table I). At all
ages studied there were proportionately more obese women than men, and
proportionately more underweight women than men. These findings are
similar to those of a national cross sectional study.9
The prevalence of overweight, as compared with obese, people at each age

had, however, a different pattern (table I). During childhood and adoles-
cence (at 7, 11, and 14 years) there was a rising trend in both sexes, and the
prevalence of overweight girls was greater than that of overweight boys.
Prevalence apparently dropped in both sexes by age of 20, but this fall was
rather artificial because, although the index of relative weight and body mass
index at this age were highly correlated (r=0 99), the thresholds varied
slightly. After the age of20 prevalence rose sharply, with a higher prevalence
of overweight men than women at both 26 years and 36 years. These data
were then used to examine the earlier weight for height of those obese at 36
years and to describe some of the personal characteristics of those obese at
this age.

CORRELATION BETWEEN MEASURES OF WEIGHT FOR HEIGHT FROM 7 TO
36 YEARS

The strength of association between weight for height measures at
different ages is shown in table II by Pearson correlation coefficients.
Correlations declined with longer time intervals, and there was an evident
pattern in both sexes of greater stability with increasing age. The strength-
ening association with adult measures also seemed to occur earlier in girls,
particularly between 11 and 14 years, than in boys, where the more notable
increase in correlation coefficients was between 14 and 20 years.

EARLIER WEIGHT FOR HEIGHT OF THOSE OBESE AT 36 YEARS

Table III shows that among men obese at age 36, 51 3% (40) were
overweight but only 10 3% (8) had been obese at age 11; but 91 7% (67) were
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above the normal weight range by age 26. Of the women obese at age 36
years, only 24-00/o (25) were overweight and 29-8% (31) were obese at age 11.
By age 26, 83% (93) were above normal weight.

PERSONAL CHARACTERISTICS OF OBESE PEOPLE

Social class-Childhood social circumstances were examined with an
indicator of parents' social class and education,27 called social group, and this
was found to be strongly associated with cohort members' body mass at the
age of 36 years. Men and women who in childhood had lived in non-manual
class homes were significantly more likely to be in the categories of normal or
underweight body mass at 36 years than others, and those from manual
homes were more inclined to be overweight or obese, as seen in table IV.

obese and 28-7% (183) overweight in those with highest qualifications
(X2=24-38, 6 df, p<0-001); and among women 12-4% (74) of those with no
qualifications were obese and 26-8% (160) overweight, compared with 2-2%
(9) obese and 18-0% (74) overweight in those with the highest qualifications
(X2-=60-58, 6 df, p<0-001).

Marital status-Women who had never been married were most likely to
be obese; 15-9% (13) were obese compared with only 7.4% (102) ofcurrently
married women, and 6-9% (7) of women who had ever been married and
were now living alone. Mean body mass index scores in men did not vary
with marital status.
Panty-Of the women who had had only one or two pregnancies, 6-1%

(58) were obese, whereas 105% (47) of those who had had three or more
pregnancies were obese. The comparatively high prevalence of obesity
among nulliparous women (9 7% (21)) reflected the trend in this cohort for

TABLE iV-The association ofan indicator ofparents' social class with cohort members' body mass index at
36years

Parental Underweight Normal Overweight Obese Total
social class (%) (%) (%) (%) (No)

Men:
Non-manual 7-2 59-8 28-1 4-9 697
Manual 6-3 47-4 40 7 5-6 934

Women:
Non-manual 12 6 66-3 17-1 4-0 667
Manual 6-9 57-0 25-6 10-4 952

Men 2=30 28, 3 df, p<0-001. Women X=52 32, 3 df, p<0-001.

TABLE v-Distribution ofobese subjects at 36years by social class
and sex

Men Women
Social class % (No) % (No)

I 4-2 (167) 7-1 (14)
II 4-8 (558) 3-4 (294)

III Non-manual 3-1 (163) 5-2 (383)
III Manual 5-9 (456) 10-1 (69)

IV 5-6(142) 8-8(182)
V 9-5 (21) 20-6 (63)

Not employed 8-7 (104) 9-3 (599)
Unknown social class 5-0 (20) 20-0 (15'

n= 1631 n= 1619

single women to be obese; nulliparous women who had been or who were
married were less likely to be obese (6-4% (9)). Although obesity rose with
increasing parity, parous women with moderate or high educational
achievements showed lower prevalence (1-5% (6) were obese) than parous
women with no qualifications (12 9% (70) obese). The trend towards weight
gain with increasing parity was significant (p<005) whatever the level of
education achieved.

Current smoking habits-Current smoking habits were not associated with
obesity at 36, and in fact a similar percentage of smokers (6 0% (65)) and
non-smokers (6 8% (148)) were obese. The number of cigarettes smoked was
not associated with smokers' body mass index.

Birth weight-Up to the age of 14 overweight or obesity in boys and girls
was significantly more prevalent in those ofhigher birth weight, and this has
been discussed at greater length elsewhere.28 By the age of 36 men, but not

TABLE vi-Factors associated with body mass index at age 36 in men

Unadjusted Adjusted F
Variables No change change to omit p Value

Relative weight index at 11(71-174) 1231 xO-12 xO012 340-58 <0-001
Education:
NoneoruptoOlevel 705 0-37 0-22 7 19 <0-01
Post 0 level 526 -0 50 -0 30

Social group in childhood: 3-22 <0 05
Upper non-manual 137 -0-77 -0-50
Lower non-manual 422 -0-37 -0-18
Upper manual 214 0-29 0-12
Lower manual 458 0-44 0-29

Bodymassindexat26(13-5-36-9) 1095 xO09 x0-09 1645-00 <0-001
Education:
None or up to level 610 0-41 0-17 7-01 <0 01
AfterO level 485 -0-51 -0-21

Table V shows that obesity was also associated with adult social class, with
higher rates of obesity in the lower social classes for both men and women. A
change in social class in adult life relative to that of the families of origin was
important in women but not in men. The prevalence of obesity at 36 years
among gainfully employed women who rose from manual families of origin
to non-manual classes in their own adult life was significantly lower (13,
4-7%) than that among women who remained in the manual social classes
(22, 11 -2%). Women who changed social class tended to show the prevalence
of obesity of the class they joined.

Educational achievmn-In both sexes body mass index was significantly
associated with educational achievement, and the highest prevalence of
obesity was found in the least qualified. Among men with no qualifications
6-8/ (40) were obese and 41-8% (244) overweight, compared with 4-7% (30)

women, who were obese or overweight had been significantly heavier babies
than those of normal weight (F= 12-29, p<0-001).

COMBINED EFFECTS OF FACTORS

Data on earlier weight for height and on social factors correlated with
adult obesity were used in analyses of covariance to assess their relative
predictive power and independent association with body mass index at age
36. Firstly, relative weight data were taken from the time when prevalence of
obesity was greatest in childhood-that is, 11 years-and secondly, body
mass index from age 26 was used. The indices ofweight for height were used
as continuous measures in these analyses.
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Table VI shows that for men's body mass at age 36 the most powerfully
associated factor in both analyses was the index of weight for height, but
achieved educational level was also ofindependent significance. Social group
of parents made a contribution only in conjunction with the index of relative
weight at 11 years. No other factors were significant.

For women too indices of weight for height were most strongly associated
with body mass at 36 years, and achieved educational level was also of
independent significance (table VII). In addition, social group in childhood
was significant in both analyses, whereas parity made an independent
contribution only in conjunction with the index of relative weight at 11

BRITISH MEDICAL JOURNAL VOLUME 293 2 AUGUST 1986

Overall, the predictive value of weight for height measures
improved steadily with increasing age, with an acceleration, but not
a dramatic one, around puberty. This pattern of increasing
normative stability held for the adult years even though the
prevalence of obesity and overweight increased rapidly.
The additional independent association of childhood social

circumstances with adult obesity and overweight has not been
previously reported. The magnitude of influence of social factors
was rather small, consistent with the findings of Rona and Morris.-'

TABLE vii-Factors associated with body mass index at age 36 in women

Unadjusted Adjusted F
Variables No change change to omit p Value

Relative weight index at 11 (65-182) 1307 xO-15 xO-15 542-54 <0-001
Education:
None or up to level 496 0-85 0-48 13-19 <0-001
AfterO level 811 -0-52 -0-30

Social group in childhood:
Non-manual 545 -0-81 -0-36 9-06 <0-005
Manual 762 0-58 0-26

Paritv:
Nochildren 170 0-32 0 00 9 15 <0-001
1 or 2 children 773 -0-36 -0-29
3 or more children 364 0-62 0-62

Marital status:
Single 62 0-79 0-89 3-37 0-06*
Ever married 1245 -0-04 -0 04

Body mass index at 26 (15-2-50-3) 1385 x0 09 x0 09 1838-97 <0-001
Education:
None or up to 0 level 520 0-94 0-27 6-% <0-01
Post O level 865 -0-57 -0-16

Social group in childhood:
Non-manual 582 -0-86 -0-25 7-20 <0-01
Manual 803 0-62 0-18

Social class in adulthood:
1 and II 275 -0 54 0-06 3-25 <0-05
III non-manual 327 -0-28 -0-12
III manual 58 0-25 -0-14
IV and V 214 0-30 -0-49
Not employed 511 0-31 0-26

*Although NS at 0-05 level, included because of high correlation with parity.

years, and adult social class did so in conjunction with body mass index at age
26. There were no terms of interaction that added significantly to these
statistical models.

Deviation values from these multivariate analyses were used to find the
power of the independent variables and covariates in predicting body mass
index at 36 years. Each individual was assigned a predicted body mass index
according to his or her status on the appropriate variables-that is,
dependent on sex-and the relation between actual and predicted body mass
index was assessed. In particular, the percentage of individuals from the
top decile of actual body mass index who were also in the top decile of
predicted body mass index was calculated as a measure of sensitivity.
The sensitivity ofprediction was poor when the index of relative weight at

age 11 was used along with social factors, being 3599% (52) for men and
43-1% (62) for women. Better prediction figures were obtained for both
sexes using body mass index at age 26, but, even with additional
demographic data, only 58-7% (88) of men and 57 0% (86) ofwomen in the
top decile were correctly predicted, leaving over 40% of people who were
obese at age 36 who could not have been identified 10 years earlier.

Discussion

Findings from this study suggest that obesity at 36 years may
usefully be considered as one of two types. Firstly, there was
evidently a subgroup of individuals obese both in childhood (up to
age 11) and in adult life. They formed a comparatively small
percentage, 21-4% (39), of the total population obese at age 36 years,
10 3% (8) of men and 29-8% (31) of women. The second subgroup
comprised the remaining 78-6% (143) of obese 36 year olds, who
first became obese in early adult life. This second subgroup was
proportionately greater in men than in women-89-7% (70) ofmen
and 70-2% (73) ofwomen were obese at 36. In this study, therefore,
childhood obesity was not the major contributor to obesity in 36
year old adults, and indeed those individuals who became obese
between 11 and 36 were often not the most overweight in childhood.

The result, however, may indicate a long term effect of eating and
exercise habits acquired in childhood or a willingness to adopt
such habits in later life. There was a clear indication in men and
women that later onset of obesity (between 26 and 36 years) was
more common in the lower occupational groups and in those with
lower educational qualifications.

Like all study populations this one is subject to cohort effect,
particularly because children born in 1946 experienced postwar
food rationing up to the age of 7. In later cohorts an increasing
prevalence of childhood obesity might be expected as a much wider
range of food had become available; in fact, of children in the 1958
cohort of births,'3 2% were obese at the age of 7 as compared with
0-8% in the 1946 cohort. In a consecutive series of 205 first born
offspring of the 1946 cohort, who were measured at the age of 8,
2-5% (5) were obese. A cohort of children born in 1970 and since
followed up at 5 and 10 years should now be investigated for their
prevalence of obesity.3'

In view of the progressive nature ofobesity documented here and
the findings of increased mortality in men associated with obesity
acquired in their 20s,"-5 the crucial time for prevention appears to be
early adulthood. Earlier assessment of body mass, even in conjunc-
tion with social indicators of risk, has poor sensitivity for the
prediction of adult obesity. Intervention during childhood may be
justifiable on other grounds,32 after giving due consideration to the
"possible adverse effects of a screening programme."33 Later
effective intervention would require a programme of monitoring
and this could be particularly important for men, who at present are
less likely to encounter routine clinical examination than women.
Even in early adulthood it would be unwise to restrict preventive
methods to at risk groups as, on the evidence of this study, many of
those who will become obese are not the most overweight and may
fall within the range of normal weight. Health education, for
children and adults, should be aimed at the development of
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nutritional and exercise habits with emphasis on long term objectives
rather than short term weight reduction.

We thank those who made helpful comments on an earlier draft of this
paper, especially Professor J R T Colley.
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Influence of passive smoking on admissions for respiratory
illness in early childhood

YUE CHEN, WANXIAN LI, SHUNZHANG YU

Abstract

An association was sought between passive smoking and in-
patient admissions for respiratory illness in 1058 children born
between 1 June and 31 December 1981 and living in the
neighbourhoods ofNan-Jing Western Road and Yan-An Western
Road in Jing-An District, Shanghai. The admission rate for first
episodes of respiratory illness was positively correlated with the
total daily cigarette consumption of family members during the
children's first 18 months of life. The relative risk ofdeveloping a
first episode of respiratory illness was 1-80 for children living in
families including people who smoked 10 or more cigarettes a day
compared with those living in non-smoking families. Multiple
logistic regression analysis showed that the effect of passive
smoking on inpatient admission for respiratory illness was
independent of the child's birth weight, type of feeding, father's
education, size of the home, and chronic respiratory disease
among adults in the family. The adjusted odds ratios compared
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with the non-smoking group were 1-17 in families smoking
1-9 cigarettes daily and 1-89 in families smoking 10 or more
cigarettes daily.
These data suggest that exposure to household cigarette

smoke of children in early life increases the risk of severe
respiratory illness.

Introduction

Cigarette smoking is one of the most important sources of air
pollution in the home.' 2 As children in temperate zones are thought
to spend most of their time indoors3 the potential hazards of indoor
air pollution may be more important than those of outdoor air
pollution. Many studies have reported that children exposed to
parental cigarette smoking may have chronic cough, phlegm, and
persistent wheeze and have higher risks of attacks of tonsillitis,
pneumonia or bronchitis, and other respiratory illnesses.4'4 Harlap
and Davies, in a prospective study of 10672 infants, found a dose
response relation between the amount of maternal smoking and
hospital admissions ofinfants for pneumonia and bronchitis.1" But it
was argued that the mothers were reporting antenatal smoking
instead of smoking during the first year of life, and paternal and
other people's smoking was not considered.'6 We present further
evidence of an association between admission to hospital for
respiratory illness and passive smoking in babies during the first
18 months of life without any maternal antenatal smoking effect.
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