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Abstract

This thesis investigates relationships between adiposity and adult health using data from birth to age
33 in the 1958 birth cohort. It includes (1) a discussion of measures and methods for assessing the
stability of anthropom etric data over tim e (tracking indices) and regression to the mean effects; (2)
an exam ination o f child to adult relationships for height and body mass index (BMI); (3) an
investigation of the association between adiposity and women’s reproductive health, back pain and
respiratory symptoms, which focuses on the underlying temporal sequence of these associations.
Adult BMI was weakly predicted from childhood (r=0.33, men; 0.37, women), but prediction was
stronger for subjects with two obese parents (r=0.46, 0.54). The fattest children had the highest risks
of adult obesity (odds ratio=4.2, men; 5.4, women), although most obese adults were not fat children.
Early age o f puberty was associated with a higher BMI from ages 7 to 33. Childhood obesity was
independently associated with m enstrual problems in adulthood (OR=1.59), although this was partly
mediated through it’s association with adult BMI. For women, obesity at 23 years significantly
increased the risk of back pain (adjusted OR=1.78 for pain onset 32-33 years), asthma/wheeze onset
(adjusted OR=1.40), menstrual problems (adjusted OR=1.75) and hypertension in pregnancy
(adjusted OR=2.37); and reduced fertility (adjusted risk ratio=0.69 for conception within 12 months
of unprotected intercourse). Women with chronic back pain and respiratory symptoms gained more
weight between 23-33 years than women without symptoms. No consistent relationships were found
for men. BMI gain after childhood increased the risk of reproductive problems and back pain among
women. These findings suggest that adult obesity is an important risk factor for conditions affecting
young adult women, and that childhood obesity plays a more minor role. The relationship between
obesity and both back pain and respiratory symptoms appears to be bi-directional.
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Chapter 1

1. Introduction

1.1 Adult adiposity and health

Obesity contributes to deaths from two of the most common causes of mortality: circulatory disease
and cancer (Table 1.1). It is also related to several other diseases listed in Table 1.2, with associated
risks for some of these health outcomes given in Table 1.1. There are different m echanism s through
which obesity is associated with health as illustrated in Figure 1.1.

FIGURE 1.1. Relationship between obesity and disease
O b e sity
1

Irsulin insensitivity

High t a t
in tak e

High insulin
concentration

Non ineulm
dependent
diabetes

High
sodium
intake

Inactivity U

H igh
alcohol
intake

Increased
m echanical load
A rom atase

Abnormal
lipoproteins

In creased
cholesterol

High tree
latty acid
concentration

Osteoarthritis
Back pain

Infertility
Gall stones

H ypertension

Myocardial infarction
Stroks
Congestivs cardiac failure

jCancer |

Respiratory
disease

[Source: G arrow 1991 ]

1.1.1 All-cause mortality

Although the obese have an elevated risk from all-cause mortality, the shape of the overall body
mass index (BM I)-mortality relationship is unclear (Tables 1.1 and A l.l) . Most evidence suggests a

14

J-shaped relationship

with the obese having the highest risk, but U-shaped ^ or positive linear

relationships have also been found

Lew & Garfinkel

found increased risks of m ortality am ong

those who were more than 40% o f the average weight of 1.87 and 1.89 for men and women
respectively, in their large-scale prospective study of 750 000 individuals. Risks for those less than
80% of the average weight were 1.25 for men and 1.19 for women. Elevated risks among the obese
have been reported in other large-scale studies

TA BLE 1.1. M ortality risk according to relative weight
Men

Women

% o f average weight*

% o f average weight

<80

80-89

120-129

>140

<80

80-89

120-129

>140

All-causes

1.25

1.05

1.27

1.87

1.19

0.96

1.29

1.89

Coronary heart disease

0.88

0.90

1.32

1.95

1.01

0.89

1.39

2.07

Cerebrovascular
disease

1.21

1.09

1.17

2.27

1.33

0.98

1.16

1.52

Diabetes

0.88

0.84

2.56

5.19

0.65

0.61

3.34

7.90

D igestive disease

1.39

1.28

1.88

3.99

1.58

0.92

1.61

2.29

Cancer (all sites)

1.33

1.13

1.09

1.33

0.96

0.92

1.19

1.55

stomach

1.34

0.61

0.97

1.88

0.74

0.95

1.28

1.03

colon-rectum

0.90

0.86

1.23

1.73

0.93

0.84

1.10

1.22

gall bladder

NSD

0.81

1.19

NSD

0.68

0.74

1.74

3.58

pancreas

1.20

0.82

0.88

1.62

1.17

1.06

1.43

0.61

lung

1.78

1.38

1.04

1.27

1.49

1.20

1.06

1.22

kidney

1.06

0.96

1.39

NSD

1.12

0.70

1.30

2.03

bladder

1.47

1.27

0.95

NSD

1.47

0.99

0.85

NSD

prostate

1.02

0.92

1.37

1.29

-

-

-

-

breast

-

-

-

-

0.82

0.86

1.16

1.53

cervix

-

-

-

-

0.76

0.77

1.51

2.39

endometrium

-

-

-

-

0.89

1.04

1.85

5.42

ovary

-

-

-

-

0.86

0.98

0.99

1.63

uterus

-

-

-

-

1.00

0.64

1.81

4.65

[Source: Lew & Garfinkel ] t reference category 90-109% o f average weight; NSD: not sufficient data
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FIGURE 1.2. Relationship between relative weight® and mortality^ (men)
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W here a J- or U-shaped relationship has been observed, it has been speculated that the elevated risk
among the underw eight may be confounded by cigarette smoking.

Sm oking is more prevalent

among relatively leaner persons, thus mortality in this group may be prim arily due to smokingrelated diseases such as lung disease (rather than cardiovascular disease). Failure to elim inate those
with pre-existing disease or illness-related weight loss may also result in m isleading relationships.
Manson et al ^ found a J-shaped relationship between all cause m ortality and BM I in their
prospective study o f 115 195 women aged 30-55 years. However, after excluding ex- and current
smokers, a linear relationship was observed.

The J-shaped relationship observed by Lew and

Garfinkel ^ between all-cause mortality and relative weight (and the positive linear relationship
between coronary heart disease (CHD) and relative weight) was consistent for non-smokers and
smokers, although lower risks were found among the former group (Figure 1.2). Conversely, there
was a U-shaped relationship between cancer and relative weight among smokers, but a positive
linear relationship (with lower risks) among non-smokers.

TABLE 1.2. Diseases associated with obesity^
Disease category
Cardiovascular

Hypertension
Coronary heart disease
Cerebrovascular disease
Varicose veins
Deep venous thrombosis

Disease category
Endocrine

Growth hormone reduced
Reduced prolactin response
Hyperdynamic ACTH response to CRH
Increased urinary free cortisal
Altered sex hormones

Gastrointestinal

Hiatus hernia
Gallstones & cholelithiasis
Fatty liver & cirrhosis
Haemorrhoids
Herniae
Colorectal cancer

M etabolic

Hyperlipidaemia
Insulin resistance
Diabetes mellitus
Polycystic ovary syndrome
Hyperandrogenism
Menstrual abnormalities

Pregnancy

Obstetric complications
Caesarean operation
Large babies
Neural tube defects

Skin

Sweat rashes
Fungal infections
Lymphoedema
Cellulitis

Orthopaedic

Osteoarthritis
Gout

Urological

Prostate cancer
Stress incontinence

Breast

Breast cancer
Male gynaecomastia

Uterus

Endometrial cancer
Cervical cancer

Respiratory

Breathlessness
Sleep apnoea
Hyperventilation syndrome

Renal

Proteinuria

Neurology

Nerve entrapment

t [Source: Jung 1997 ]
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There is no general consensus on the optimum BMI for the lowest mortality risk. A lthough it is
well-documented that extreme obesity increases the risk of mortality, particularly from CHD (Figure
1.2), most risk factors for CHD (such as blood pressure and cholesterol) increase linearly with body
weight hence it is difficult to determ ine a level of weight at which increased mortality risk occurs.
Manson et al ^ identified women who were 15% below the average weight as those with the lowest
mortality after controlling for smoking status.

Lew and Garfinkel ^ found the optim al weight

mortality index was 90-109% of average weight for men, and 80-89% for women, although they
found increased m ortality among the very lean. A broader range of BMI for lowest m ortality risk,
between 20 to 30 kg/m^, was found by W aaler

M ortality risk accelerates above a BMI o f 30 kg/m^

and this cut-off is often used to define obesity

1.1.2 Cardiovascular disease
Evidence from several large-scale studies has consistently shown that obesity is an im portant risk
factor for cardiovascular disease (Tables 1.1 and A1.2). Lew & Garfinkel '* found elevated risks of
1.95 and 2.07 for men and women respectively who were greater than 140% of the average weight
(Table 1.1). There are likely to be other factors on the pathway between obesity and cardiovascular
disease, especially given that obesity is a well-known risk factor for several cardiovascular risk
factors such as hypertension, insulin insensitivity, high LDL cholesterol, high tryglyceride
concentration and low HDL cholesterol concentration (Figure 1.1).

1.1.3 Stroke

There is a evidence for an association between obesity and stroke (Tables 1.1 and A1.2). Lew and
Garfinkel

found a J-shape relationship between relative weight and cerebrovascular disease

mortality with elevated mortality ratios of 2.27 for men and 1.52 for women who were more than
140% of the average weight (Table 1.1). However, it has been suggested ^ that obesity is not a risk
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factor for stroke other than through its association with other risk factors, such as hypertension,
diabetes and unfavourable blood lipids (Figure 1.1). In contrast others have suggested that obesity is
an independent risk factor given a long enough exposure

1.1.4 Cancer

Higher risks of cancer among the obese and underweight have been found in some studies (Tables
1.1 and A 1.3). Lew & Garfinkel ^ found risks of 1.33 and 0.96 for underweight men and women
respectively and 1.33, 1.55 among the obese (Table 1.1).

For men, colon, rectum and prostate

cancer are principal sites for excess cancer mortality, and for women, gall bladder, breast, cervix,
endometrium, ovary and uterus.

Garrow ’ identifies the biochemical pathways through which

obesity is linked to increased cancer risk, involving androgens and oestrogens which may explain the
increased prevalence in hormone-sensitive cancers, especially among women (Figure 1.1).

In

contrast, lung cancer is more prevalent among the underweight, although this is likely to be
explained by the higher proportion o f smokers in this group.

1.1.5 Diabetes

Obesity is an im portant risk factor for non-insulin dependent diabetes mellitus (NIDDM) in both
men and women (Table 1.1). The risk of NIDDM increases substantially with BMI. Colditz et al ”
observed 28-fold risks for 30-55 year old women with BMI > 30 kg/m^ and 42-fold risks have been
observed among 40-75 year old men with BMI > 35 kg/m^

Lew and Garfinkel '* found mortality

ratios of 2.56 for men and 3.34 for women between 120-129% of the average weight; and for those
greater than 140% the risks increased to 5.19 and 7.90 respectively (Table 1.1). Figure 1.1 indicates
the hypothesised pathway from obesity to insulin insensitivity, leading to high insulin concentration
which in turn leads to NIDDM .
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1.1.6 Digestive diseases

Elevated m ortality risks for digestive disease of 4.0 and 2.3 have been observed am ong obese men
and women respectively, who were more than 140% of the average weight (Table 1.1).

Higher

m ortality risks were also found among obese women for cancer of the gall bladder and biliary
passages (RR=3.6) and for colorectal cancer in both men (RR=1.7) and women (RR=1.2) (Table
1.1). Gall bladder disease is the most common form of digestive disease among the obese and the
increased cholesterol levels associated with obesity appear to be linked to the development of gall
stones

which in turn can lead to cancer (Figure 1.1).

1.1.7 Respiratory disease

Obesity is a risk factor for several respiratory disorders (Table 1.2). Elevated risks of respiratory
disease have been found among both the underweight
vary according to the measure of respiratory disorder.

and overweight *3.i4,i7,i8^ but these risks
The increased m echanical load associated

with obesity is likely to contribute to the reduced exercise tolerance and respiratory problems of the
obese (Figure 1.1).

1.1.8 Musculoskeletal disease

It has been proposed that the relationship between obesity and back pain is bi-directional (Figure
1.1). The increased mechanical load due to obesity may lead to back pain, or alternatively, back pain
may lim it physical activity and hence increase the risk of obesity. Elevated risks of back pain of 1.25
for men and 1.45 for women have been observed among those in the top fifth of the BMI distribution
compared to those in the lowest

In another large study, risks of recent low back pain of 1.11 and
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1.21 were reported for obese men (BMI > 26.9 kg/m ) and women (BMI > 25.9 kg/m ) respectively
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1.1.9 Female reproductive health

Obesity is an im portant risk factor for gynaecological disorders including menstrual problems,
polycystic ovary syndrome (PCOS), infertility and poor pregnancy outcome ^ (Table 1.2). Hormonal
imbalances are associated with obesity which in turn may increase the risk of hormonal-sensitive
cancers and reproductive disorders (Figure 1.1).

Among obese women, elevated risks have been

observed for cancer of the breast (RR=1.53), cervix (RR=2.39), endometrium (RR=5.42), ovary
(RR=1.63) and uterus (RR=4.65) (Table 1.1). In another study, obese women had an increased risk
of ovulatory infertility of 3.1

Others have found heavier women to suffer from more menstrual

abnorm alities com pared to thinner women

1.2 Adult height and health

Health risks are not only associated with adiposity, there is increasing evidence linking both short
and tall stature with disease in adulthood
of nutritional status in childhood.

This is not surprising since height is a good marker

Short adult stature is linked to several factors in childhood

including adverse environmental conditions, poor nutrition and infectious disease

The height and

mortality relationships observed in some studies support the hypothesis that early life and childhood
factors, in particular leg length, directly influence mortality in adulthood

W aaler ^ conducted a

nationally representative study of all Norwegians aged 15 and above between 1963-75. He found a
decrease in all-cause m ortality as height increases (except for the very tall) (Figure 1.3).

In

particular, a reduction in mortality from obstructive lung disease and cardiovascular disease was
observed in tall individuals, this appears to be a consistent finding (Table 1.3).
conflicting results have been found for cancer risk and height
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In contrast,

FIGURE 1.3. Relationship between height and all-cause mortality
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TABLE 1.3. M ortality/morbidity risk for various diseases according to height
Study

Disease

Height definitions

Risk
Men

Waaler 1984 ^
55-59y

RR o f m ortality
cardiovascular

obstructive lung disease

160-165 cm (m); 150-155 (f)

1.4

1.3

185-189 cm (m); 165-169 (f)

0.6

0.6

160-165 cm (m); 150-155 (f)

1.6

1.45

185-189 cm (m); 165-169 (f)

0.5

0.6

Nystrom Peck & Vagero 1987
16-74y

all-cause mortality

CHD

cardiovascular diseases

SMR^
short: 145-174 cm (m); 129-162 (f)

102

107

tall: 181-206 cm (m); 168-186 (f)

90

92

short: 145-174 cm (m); 129-162 (f)

107

120

tall: 181-206 cm (m); 168-186 (f)

96

74

short: 145-174 cm (m); 129-162 (f)

101

111

tall: 181-206 cm (m); 168-186 (f)

88

94

Leon et a l 1995
40-64y (b/line)

RR o f m ortality
all-cause mortality

6 inch difference in height:

1.12

-

CHD

short vs tall

1.27

-

cerebrovascular

1.29

-

all cancers

0.91

-

respiratory disease

1.60

-

Albanes et al 1988
25-74y (b/line)

RR o f m ortality/m orbidity
all cancer

short: 25-50th height centile

1.6

1.2

medium: 50-75th

1.5

1.2

tall: >75th

1.6

1.1

Marmot et al 1984
40-64y (b/line)

RR o f mortality^
all causes
CHD

short: < 1.68 m

1.36

-

(reference: > 1.83m)

1.61

-

1.15

-

other causes

RR o f mortality^

Gunnel et al
40-64y (b/line)

Women

CHD

lowest leg length quintile

2.5

3.9

cancer

(reference:highest leg length quintile)

0.5

0.9

RR: relative risk t SM R (standardised mortality ratio) adjusted for age, current & childhood social class
tad ju sted fo ra g e
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1.3 Trends in body size

Given the adverse relationships between obesity and health, it is disturbing that secular trends of
increasing obesity are evident in many westernised countries including Britain

(Table 1.4).

These increases in obesity prevalence may have consequences for obesity-related diseases.

In a

Danish study of 38 132 D anish men, a steep increase in the prevalence of obesity, beginning in the
early 1940s but levelling off thereafter around the late 1950s, was found

Between 1976-80 and

1988-91 the prevalence o f obesity in America among participants of the large population-based
NHANES study, has increased from 25% to 33%
children in the UK

and the US

Secular trends in obesity are also evident for

During the period 1972 to 1994, triceps skinfold thickness has

increased by 7-8% in English 7 year-old boys and girls

In the USA, the prevalence of obesity

am ong 6-17 year-olds, based on those above the 95th centile between 1963-70, has increased to 11%
during 1988-9 am ong all sex and age groups^^. Hence, national strategies have been introduced to
reduce obesity. In the UK, the Health of the Nation hopes to reduce the percentage of obese men
aged 16-64 years by 25% (from 8% to 6%) and obese women by 33% (from 12% to 8%) by the year
2005

In the last century, a secular trend in height has also been observed in westernised countries
Several factors are responsible for children getting taller, such as improved nutrition, smaller family
sizes and control of infectious diseases. In Europe and North America the average secular trend in
height between 1880-1980 was about 1-2 centimetres per decade in childhood, 2-3 centimetres in
adolescence and about 1 centimetre or less in adults.

The trend may have slowed down or even

stopped in recent years in several developed countries, one notable exception is in the Netherlands
where increases of 4 centim etres in men and 2 centimetres in women have been found between
1965-80.

24

TABLE 1.4. Recent trends in adult obesity in some westernised countries
Country

Obesity definition

Years

Ages

Men %

Women %

England

>30 k g W

1980

16-64

6

8

13

16

4.9

8.7

5.3

9.1

10

10

14

11

15.1

16.5

17.2

19.3

13.7

22.2

20.5

26.8

6.0

8.5

8.4

8.3

10.0

15.0

19.7

24.7

1993

Sweden

Finland

> 30 kg/m^ (m)

1980/1

> 28.6 kg/m^ (0

1988/9

>30 kg/m^

1978/9

16-84y

20-75y

1991/93

Germany

>30 kg/m^

1985

25-69y

1990

East Germany

>30 kg/m^

1985

25-65y

1992

The Netherlands

>30 kg/m^

1987

20-59y

1995

US

>30 kg/m^.

1960/62

20-74y

1988/94
39i

1.4 Life course Influences on adult health

Much of the literature investigating potential risk factors for adult disease has concentrated on risk
factors in adulthood.

However, in recent years there has been a growing interest in risk factors

which may exist in childhood, in particular, the accumulation of exposures or insults over the life
course which may increase the risk of adult morbidity or mortality.
factors, including obesity
childhood to adulthood.

cholesterol

and high blood pressure

Some cardiovascular risk
‘track’ to some extent from

Coronary risk factors measured in children and young adults are also

associated with early developm ent of calcification of coronary arteries

It has also been proposed by B arker and his colleagues, that adult chronic diseases are biologically
programmed in utero or early infancy.

Barker

hypothesises that there are critical periods of
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development, particularly in utero during which individual’s are ‘program m ed’ to be susceptible to
disease in later life. He has hypothesised that undernutrition during various stages of pregnancy may
affect the child’s risk of CHD, stroke, NIDDM and chronic bronchitis in adulthood. Studies of a
historical cohort in Hertfordshire, UK, show that those smallest at birth and in infancy, when
followed 50-60 years later, have a higher incidence of hypertension, glucose intolerance,
hyperlipidem ia and myocardial infarction

Thinness at birth has also been associated with

resistance to insulin and its adverse sequelae in later life

There has been some scepticism surrounding Barker’s hypothesis, especially in relation to
confounding with adult life characteristics

Moreover, some observed relationships may be due

to interactions with factors acting later in life rather than simply reflecting relationships with early
life characteristics. Evidence for this latter argument has been demonstrated by Lithell et al

in

their retrospective cohort study of 1333 men in Uppsala, Sweden. They found that a relationship
between thinness at birth and insulin-resistance, and, as a consequence with non-insulin dependent
diabetes, may depend on an interaction with adult obesity. Using the same data, Leon et al

found

that men who were light at birth but tall in adulthood, and also those who were light at birth but
obese in adulthood, had particularly high blood pressure.

Nutritional exposure in utero may be associated with obesity risk in later life.

This was

demonstrated by Ravelli et al^^ using data from a historical cohort of 300 000 19 year-old Dutch
men who had been exposed in utero to famine during 1944-45.

Men exposed during the last

trimester of pregnancy and the first few months of life had significantly less obesity than those
exposed at other times during the perinatal period. In contrast, exposure to famine in the first h alf of
pregnancy led to significantly higher rates of obesity. It has been postulated that the critical period
of adipose tissue development is the last trimester of pregnancy and the first year of life. Nutritional
deprivation during this critical period would reduce the number of adipose cells in men who were
exposed at this time, which is consistent with the lower obesity rates found among men who were
exposed to famine during the last trim ester

The middle part of intrauterine life may be another
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critical period of development, where the differentiation of the hypothalamic centres which regulate
food intake takes place

1.5 Childhood/adolescent adiposity and aduit heaith

This recent em phasis on long-term influences on adult disease raises questions about whether
adiposity at different life stages has im plications for adult disease. The evidence for obesity as a risk
factor for adult disease comes m ainly from cross-sectional studies concerned with disease risks of
adult obesity; later health risks associated with obesity in childhood or adolescence are largely
unknown.

Most prospective studies of obesity have been limited to middle-aged cohorts being

followed prim arily in relation to cardiovascular disease risk or they are lim ited to special populations
such as college alumni or clinic samples.

Only a few studies exam ine the effect of adiposity before the age of twenty on adult mortality and
morbidity

(Table A1.4). In the US, all cause mortality (particularly for coronary heart disease,

atherosclerosis, and colorectal cancer) was elevated in the fattest 25% of adolescent men (crude
RR=1.8, 95% confidence interval (1.2, 2.7)) but not for women

The male increase did not appear

to reflect associations with adult adiposity: in a sub-sample with adult data, the relative risk reduced
from 2.9 (95% Cl, 1.5, 5.8) to 2.4 (1.1, 5.0) after adjustment for adult BMI.

Adjustment for

smoking did not affect the risk either.

Child/adolescent relative weight, at ages 5 to 18, was positively associated with adult mortality in a
second US study

For all cause mortality, odds ratios were 1.5 and 1.6 for the highest quintile

(compared to the lowest) of relative weight in subjects measured prepubertally and postpubertally
respectively. The weak associations were consistent for both sexes.

However, the study failed to

establish whether the observations reflected associations with adult adiposity, for which there were
no data.
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Approximately 2% of Dutch men with a BMI of 25 or more at age 18, had increased m ortality from
all causes, with risk ratios of 1.5 after 20 years o f follow-up (BMIs 19 to 19.9 formed the reference
category)

This risk was unaffected by adjustment for education and adolescent health status.

No information was available for adult adiposity or smoking behaviour, so it was not possible to
exclude the role o f these factors in explaining the relationship.

In the US, adolescent overweight is associated with increased adult morbidity in men for gout, and in
women, for arthritis and reported functional lim itation

Men who were overweight in adolescence

were three times more likely to report that they had gout, compared with lean subjects

In addition,

they reported increased morbidity for conditions for which mortality risk was elevated (namely,
coronary heart disease, atherosclerosis and colorectal cancer).

W omen who were overweight in

adolescence were twice as likely to report arthritis and eight times more likely to report functional
limitation, as indicated by ability to perform activities of daily living

Social pathways for overweight adolescents appear to diverge from those of normal weight
adolescents, especially among women. Fatter adolescent women are less likely to marry, have poorer
job chances and lower incomes than less overweight women

These socio-economic consequences

of overweight will themselves influence disease risk in adult life.

It has been shown that change from normal weight in adolescence to overweight in adulthood
( ‘acquired’ obesity ) is associated with increased morbidity in adulthood. Adults who have become
overweight in adulthood have elevated rates of hypertensive vascular disease and cardiovascular
renal disease in adulthood, compared with those with stable relative weights

odds ratios were

estimated as 1.83 (95% Cl: 1.29,2.59) and 1.52 (1.11, 2.07) respectively. W omen who had gained
weight from age 18 compared to those with stable weight had higher risks of coronary heart disease
in middle-age (OR=1.64 for 8-11 kg weight gain; OR=2.65 for > 20 kg )
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A cquired obesity may be especially important for non-insulin dependent diabetes, given that this
disease is associated with overweight in adulthood, but not in adolescence

Research on growth

in early life is consistent in showing high rates of diabetes and glucose concentration am ong men
who were light in early life, as indicated by weight at one year or pondéral index at birth, but who
were overweight in adult life'*^’^^.

Studies based on more selected samples have also shown adiposity in early life to be im portant for
long-term health (Table A1.5). A follow-up of a clinic population shows excessive overweight in
puberty to be associated with higher than expected mortality and morbidity, compared with national
statistics

In the absence of adolescent adiposity measures in some studies, adult mortality

appears to be related to weight and weight change from the earliest adulthood measures available
(for example, at age 25)

Obesity acquired in adolescence and early adulthood has also been

shown to have deleterious effects on adult cholesterol levels and lipoprotein fractions

while

weight gain in adulthood is accompanied by increases in blood pressure

1.6 Methodological Issues arising from a life course approach

1.6.1 Disentangling cause and consequence of disease

One of the limitations of research to date is that cross-sectional data are often used to investigate
relationships between adiposity and health, this makes it difficult to disentangle causes or
consequences of disease. Some associations between obesity and disease reported in cross-sectional
studies may be overestimated, particularly if there is also a risk of greater weight gain following
disease. Conversely, associations with adiposity may be underestimated or m isleading when weight
loss accompanies disease, such as cancer.

Furthermore, little is known about the direction

underlying any association between obesity and several adult conditions such as back pain or
respiratory morbidity.

Life course models can also be used to determ ine whether observed

associations between a risk factor and disease are direct or indirectly related. Indirect relationships
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may be explained by other factors on the causal pathway. For example the hypothesised relationship
between back pain and obesity may be mediated by physical activity (Figure 1.1).

1.6.2 Adjusting for potential confounding factors

W hen considering influences over the life course, the effect of confounding needs to be taken into
account. A djustm ent for potential confounding factors is necessary since they can accum ulate over
long tim e periods and can bias observed relationships between obesity and later disease. However,
there are difficulties in disentangling early and later life risk factors. Adjustm ent for adult adiposity
can be used to investigate the contribution of earlier life obesity, and vice-versa. Unfortunately, only
three of the five main studies discussed in §1.5 which had data on adiposity before the age of twenty,
also had data on adult adiposity so were able to adjust for this.

It is im portant to clarify whether any links between childhood adiposity and adult disease operate
prim arily through continuities in adiposity over the life course and whether other factors influence
these relationships. In addition to this, disease risks may vary with age of onset of obesity or weight
change^^'*^® and this also needs to be clarified. For this purpose, repeated anthropom etric measures at
all life stages and detailed confounding factors are required, these data are only available from
longitudinal studies, ideally prospective studies.

1.6.3 Measures of adiposity

Different measures of adiposity are often used at different life stages and no ideal measure exists that
is suitable for childhood, adolescence and adulthood. Relative weight is a widely used measure in
childhood but is used less often in adults; for adults, the body mass index (weight/height^) is
preferred. The strengths and weaknesses of alternative adiposity measures will be discussed in this
thesis (Chapter 3).
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1.6.4 Tracking of anthropometric variables with increasing age

Studies o f life course relationships between body size and adult disease need to take account of the
stability of adiposity over the life course (that is, the tendency for individuals to stay in the same
relative position of the distribution over time). Several studies have shown good tracking of fatness
among overweight children in that they tend to remain overweight in adulthood

Although this

is im portant in terms of prevention of adult obesity, most studies are based on selected samples of
obese children. Relationships between childhood and adult adiposity need to be investigated in large
and unselected population samples in order to examine the more general impact of fatness in
childhood on that in adulthood. In addition, it is important to see whether these findings for the
general population are applicable to sub-groups of the population, for example, am ong those
children with one or two obese parents.
However, in

tracking studies with repeated anthropometric measurements there are both

measurem ent errors and biological variation over time. These two factors contribute to the statistical
phenomenon known as regression to the mean. M ethods used to investigate the natural history of
adiposity are often referred to as ‘tracking indices’. Several indices are available and there is no
consensus as to which is the best measure o f tracking, these will be discussed in Chapter 4.

1.6.5 Longitudinal data

In order to investigate tracking of anthropom etric measurements, longitudinal data are needed. In
Britain there are three national birth cohort studies: the 1946 study (National Study of Health and
Development);

the 1958 study (National Child Development Study) and the 1970 study (British

Cohort Study, 1970). The first two of these studies have information in adulthood. The 1958 birth
cohort is a large nationally representative sample which has followed subjects from birth through to
age 33. Using these data, relationships between adiposity in childhood and adulthood and the role of
body fat over the life course on later health outcomes can be examined since measures of height and
weight at age 7, 11, 16, 23 and 33 years and detailed confounding factors are available. Some of the
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heaith outcomes are also available at more than one age, in particular respiratory outcomes are
available at each age o f follow-up (Table 2.11, Chapter 2).

Health outcom es fro m the 1958 cohort

Chronic disease in the 1958 cohort is rare given that the latest follow-up was in 1991 when the
subjects were 33-years old. However, some outcomes of interest have already been reported by age
33. Specifically these include subfertility, menstrual problems, back pain and respiratory problems.
Some o f these outcomes have been identified as being associated with obesity (Table 1.2) and
pathways through which these relationships may operate have been proposed (Figure 1.1). Although
in general these health outcomes are not life-threatening, they are common conditions in young
adults causing much discomfort, GP consultations and absences from work, and are therefore
important from a public health perspective.

1.7 Aims

The main objective of this thesis is to investigate the relationship between childhood/adolescent and
adult anthropom etry and adult health.

This involves several specific objectives, namely (1) to

discuss different adiposity measures and analytical techniques in relation to exam ining fatness over
the life course (Chapters 3 and 4); (2) to investigate relationships between fatness in childhood and
adulthood (Chapters 4 and 5); and (3) to determ ine associations between adiposity over the life
course in relation to several health outcomes, namely, women’s reproductive health (Chapter 6),
back pain (Chapter 7) and respiratory symptoms (Chapter 8).

For back pain and respiratory

symptoms the temporal sequence of adverse health and obesity is investigated to establish the
direction of the association and likely causal pathways. Relationships are adjusted for confounding
factors and for respiratory symptoms, factors on potential causal pathways are investigated in more
detail.
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Chapter 2

2. Data and variables

The dataset used to investigate life course relationships between adiposity and adult health is the
1958 British birth cohort study. This chapter provides a brief description of the study including the
response to the survey at each sweep and some key variables used in analyses. Other variables which
are used less frequently in the analyses will be described in the relevant chapters where they have
been used.

2.1 The 1958 birth cohort

The 1958 birth cohort study (National Child Development Study, NCOS) is a large, nationally
representative sample of all children born in England, W ales and Scotland during the week o f 3-9
March 1958.

The study originated in the Perinatal M ortality Study (PMS), whose aim was to

determ ine the social and obstetric factors associated with stillbirth and neonatal death. Information
was collected on 98 percent of births totalling 17414. The 1958 cohort was designed to monitor
social, educational, behavioural and physical development from birth onwards and to study changes
in health, socio-economic and demographic circumstances and their interrelationships within and
between generations ’. Five subsequent follow ups have been conducted since the PMS at ages 7, 11,
16, 23 and more recently at 33 years in 1991, with the additional collection of exam results from
schools in 1978. As shown in Figure 2.1 information was collected from a variety of sources. A
summary of selected information available in the 1958 cohort study used in subsequent analyses is
outlined in Table A2.1.
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FIGURE 2.1. Sources o f data in the 1958 British birth cohort study

1958 B ritish b ir th co h o r t stu d v (N C D S )
A ll liv in g in G r e a t B rita in b orn 3-9 M a rc h 1958
(in clu d es im m ig ra n ts 1 9 5 8-1974)

PM S

NCDSl

N C D S2

N C D S3

EXAM S

N C D S4

N C D S5

1958

1965

1969

1974

1 978

1 981

1991

b irth

age 7

a g e 11

a g e 16

age 20

age 23

a g e 33

17 7 7 3 '

16 6 9 8

16 134

15799

16 906

160 3 1

15667

Parents

Parents

Parents

Parents

School

School

School

Tests

Tests

Tests

M edical

Medical

M edical

Subject

Subject

Subject

Subject

Census

Census

M edical

School

Spouse/
Partner

Children

17 4 1 0 ’’

15 4 2 5

1 5337

a: target sam ple (excludes deaths and emigrations)

14647

1 43 7 0

125 3 7

11405

b: achieved sample

The surveys conducted at ages 23 and 33 differed from previous follow-ups as they consisted of an
interview with the individual cohort member. Prior to this, data had been collected from parents and
schools (teachers and doctors) in addition to the cohort members themselves. The target sample for
both 1981 and 1991 surveys also differed from earlier sweeps. Anyone who had participated in at
least one of the earlier follow-ups (excluding those known to have emigrated or died) were included
\ Unlike the first three follow ups, no attempt was made to include new immigrants.
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2.1.1 Response to the survey

Figure 2.1 and Table 2.1 show that response at each stage has rem ained relatively high in the 1958
cohort, but it has declined from 98 percent in 1958 to 73 percent in 1991. Reasons for non-response
are given in Table 2.2. At age 33 the main reasons for non-response were refusals (11%) or subjects
were untraceable (12%). Patterns of participation across the five follow-ups are given in Table 2.3.
Approxim ately 46% of the original target sample participated at each of the five surveys and 73%
participated in at least four.

Hence, the general representativeness of the study m ust also be

considered as loss of respondents can potentially introduce selection bias. Selection bias may mean
that because certain groups (e.g. the chronically ill or those who are very short or obese) may be
selectively less likely to respond, then the prevalence of these groups may be underestimated. Such
selection biases are important for some purposes, such as monitoring the prevalence of particular
conditions or groups, however, they may or may not have implications for relationships between risk
factors and disease. The true relationship between a risk factor and disease will be distorted only if
the loss to follow-up is correlated with both the risk factor and disease, for example, if fatter subjects
are more likely to not respond if they develop the disease compared to a non-obese person who
develops the disease.

TABLE 2.1. Response to the 1958 birth cohort follow up surveys
Cohort age

Target sample*

Some data

Refused

Without data

(years)

(n=100%)

(%)

(%)

(%)

Birth

17 733

98

-

2

7

16 698

92

0.5

7.5

11

16 134

95

5

4

16

15799

93

7

6

20

16 906

85

-

15

23

16031

78

7

15

33

15 667

73

11.5

15.5

* number from the previous stage plus known immigrants, less known deaths and emigrations.
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Obviously it is difficult to establish whether the loss is biased with respect to the exposure and/or
disease. Other indirect assessments can be m ade by comparing responders with non-responders with
respect to subsidiary variables obtained at previous sweeps of the study.

TABLE 2.2. Reasons for non-response in the 1958 cohort
N C D Sl
A ge?

Data
Emigrated
Refused
Dead
Un traced
Traced,no interview

NCDS2

NCDS4

NCDS3

NCDS5

(%)

Age 11

(%)

Age 16

(%)

Age 23

(%)

Age 33

(%)

15425

(90.1)

15337

(91.1)

14647

(88.1)

12537

(76.2)

11405

(70.2)

421

(2.5)

688

(4.1)

785

(4.7)

392

(2.4)

482

(3.0)

80

(0.5)

797

(4.7)

1152

(6.9)

1161

(7.1)

1806

(11.1)

-

-

17

(0.1)

32

(0.2)

21

(0.1)

104

(0.6)

1193

(7.0)

-

-

-

-

1900

(11.6)

1927

(11.9)

-

-

-

-

-

-

433

(2.6)

529

(1 3 )

Total

17119

16839

16616

16444

16253

Target sample*

16698

16134

15799

16031

15667

Achieved sample

15425

15337

14647

12537

11405

target sam ple = total - (em igrations + deaths)

Several previous analyses of non-response have been conducted, and in general, results are
reassuring '. Differences at age 16 were found to be small or non-existent regarding social class,
region, attainm ent test scores and measures of physical development

There is a slight under

representation of those who are ‘disadvantaged’ in regard to family, housing, and financial
circumstances
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TABLE 2.3. Patterns o f participation in NCDS follow-ups
Number

N CDSl

NCDS2

NCDS3

NCDS4

NCDS5

A g e?

Age 11

Age 16

Age 23

Age 33

-

-

3

-

-

145

-

-

3

-

5

52

-

-

3

4

-

98

-

-

3

4

5

197

-

2

-

-

-

133

-

2

-

-

5

31

-

2

-

4

-

30

-

2

-

4

5

56

-

2

3

-

-

197

-

2

3

-

5

105

-

2

3

4

-

167

-

2

3

4

5

495

1

-

-

-

-

467

1

-

-

-

5

51

1

-

-

4

-

51

1

-

-

4

5

106

1

-

3

-

-

142

1

-

3

-

5

81

1

-

3

4

-

111

1

-

3

4

5

293

1

2

-

-

-

513

I

2

-

-

5

199

1

2

-

4

-

232

1

2

-

4

5

615

1

2

3

-

-

1407

1

2

3

-

5

1109

1

2

3

4

-

2092

1

2

3

4

5

7956
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Sim ilar trends in response patterns were evident in the 1981 survey, but such biases were statistically
significant though small \ Power et al ^ analysed non-response further in their analyses to age 23
and found the data to be generally representative. A response bias of concern in 1981 was regarding
ethnicity and im m igrant status.

Those of Caribbean, Indian sub-continent and Irish origin were

under-represented by approximately 33, 25 and 10% respectively compared to national fig u res\

Response patterns for the 33-year follow-up have also been examined

Favourable results were

found regarding the distribution of social and economic status, education, health, housing and
demographics. On most measures the absolute differences between the achieved and target sample
were small

Data from the fifth follow-up has also been compared with other nationally

representative sam ples’ and differences were found to be negligible

Analyses were conducted specifically for the present study regarding some ancillary variables. The
aim was to identity any systematic irregularities in response at age 33 with respect to these variables.
This brief analysis compared the response distributions for (i) the original sample (ii) the target
sample at age 33 (iii) those with data at age 33 and (iv) those with no data at age 33 (Tables 2.4 and
2.5; see §A2.2 for analyses by gender). Percentage biases were also calculated for these ancillary
variables, using the following formula;

^ ,.
% with data at age 33 - target % (or whole sample %) at age 33 ,
% bias = ----------------------------------------------------------------------------------------- xlUU
target % (or whole sample %) at age 33

The target percentage represents the original target sample, excluding ‘unavoidable losses’ (that is,
those discovered during the tracing and fieldwork to have died or emigrated). A negative percentage
bias indicates that the cohort is under-represented at age 33 with respect to this variable, conversely
a positive bias indicates over-representation.

A percentage bias greater than 10% has been used

previously to indicate a cause for concern

’ The GHS and the New Earnings Survey regarding economic status, marital status, gross weekly pay, and
housing tenure.
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TA BLE 2.4. Response samples at age 33 (men and women combined)
Variable

Whole sample
%

Social class a t birth (n)

Target sample,33y
(n=15667)
%
%
Bias"
(13951)

% Bias"

(16454)

Some data,33y
(n=11405")

N o data,33y“
(n=4262")

(10 328)

(3623)
14.3

17.5

5.1

17.4

9.7

5.2

9.8

4.1

10.2

8.5

HIM

50.9

-

50.6

0.6

50.9

49.7

IV & V

21.9

-6.8

22.3

-8.5

20.5

27.5

I S ell
III NM

5.7

18.4

93.9 (3) 0 .0 0 r

(df) p-value'
Social class at age 23 (n)

(12009)

(11616)

(9391)

(2225)

I 6k II

21.3

4.7

20.9

6.7

22.3

15.1

III NM

33.7

3.9

33.9

3.2

35.0

29.2

HIM

24.8

-2.4

24.9

-2.8

24.2

27.6

IV & V

20.2

-8.4

20.3

-8.9

18.5

28.1

152.6 (3) 0.001*

(df) p-value
BMI status at age 7 (n)

(12144)

(13296)

(9149)

(2995)

Underweight

12.7

1.6

12.6

2.4

12.9

11.6

Normal weight

72.5

-0.6

72.5

-0.6

72.1

73.5

Overweight

12.9

1.6

13.0

0.8

13.1

12.7

2.0

-5.0

2.0

-5.0

1.9

2.3

Obese

6.1 (3) 0.1

X^ (df) p-value
BMI status at age 11 (n)

(12499)

(11597)

(8877)

(2720)

Underweight

19.6

0.5

19.6

0.5

19.7

19.3

Normal weight

60.1

-0.7

60.0

-0.5

59.7

61.1

Overweight

15.2

1.3

15.2

1.3

15.4

14.6

5.1

2.0

5.1

2.0

5.2

4.9

Obese

2.1 (3) 0.5

X^ (df) p-value
BMI status at age I6(n)

(11040)

(10324)

(8034)

(2290)

Underweight

18.9

-0.5

19.1

-1.6

18.8

20.1

Normal weight

61.6

-0.3

61.3

0.2

61.4

61.1

Overweight

16.2

1.2

16.3

1.8

16.6

15.4

3.2

-

3.2

-

3.2

3.4

Obese

3.2 (3 )0 .4

X^ (df) p-value
BMI status at age 23(n)

(12279)

(11861)

(9579)

(2282)

9.8

-3.1

9.7

-2.1

9.5

10.7

Normal weight

68.2

0.1

68.0

0.4

68.3

67.0

Overweight

18.6

1.1

18.8

-

18.8

19.1

3.3

3.0

3.4

-

3.4

3.2

Underweight

Obese

3.2 (3) 0.4

(df) p-value

a: represents those that were in the target sample at age 33, excluding those that emigrated or died between N C D S4-5
b: sample sizes used in

analyses will be < to this value

c: % bias between those with som e data and w hole sample

d: % bias betw een those with som e data and target sample e:

test between those with som e data vs no data
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In general, those from the lower social classes, with lower birth weights and those who were shorter
at ages 7 and 11 were slightly under-represented at age 33 (comparing respondents at age 33 and
those without data at age 33). Sim ilar response distributions are evident for those in the original
sam ple and those with data at age 33 (Tables 2.4, 2.5; see §A2.2, for response distribution by
gender.).

However, in large samples such as this, statistical significance tests are particularly

sensitive and will detect very small differences. Overall, the percentage biases were low, with the
exception of under-representation of obesity at age 7 years and social class IV & V at birth and age
23 years for men (§A2.2). Although the absolute differences between the achieved percentages and
both the target and whole sample are quite low, the percentage bias can be quite large when the
prevalence in the samples is small, as is the case with 7-year old obesity.

Although methods are available which deal with missing data
response bias

and the adjustment for non

these have not been implemented here because the non-response analyses show no

large biases.

TABLE 2.5. Response samples at age 33 (men and women combined)
Whole sample (%)

Some data at age 33 (%)

N o data at age 33 (%) *

(n:=11405*)

(n=4262*)

Variable

(n)

mean (SD)

(n)

mean (SD)

(n)

mean (SD)

Birthweight (oz)

(16774)

116.3 (20.3)

(10 449)

117.7(18.4)*

(3737)

116.7(19.0)

7 years

(13634)

1.224 (0.060)

(9392)

1.225 (0.059)**

(3064)

1 .219(0.061)

11 years

(12689)

1.443 (0.072)

(8991)

1.445 (0.072)***

(3223)

1.435 (0.071)

16 years

(11128)

1.657 (0.085)

(8095)

1.657 (0.085)

(2311)

1.655 (0.087)

23 years

(12456)

1.697 (0.102)

(9713)

1.697 (0.102)

(2320)

1.700 (0.103)

7 years

(13644)

23.9 (3.7)

(9381)

23.9 (3.7)

(3080)

23.8 (3.8)

11 years

(12600)

36.6 (7.3)

(8938)

36.7 (7.3)**

(3188)

36.1 (7.5)

16 years

(11091)

56.7 (9.7)

(8076)

56.8 (9.6)

(2296)

5 6 .4 (1 0 .3 )

23 years

(12335)

6 5 .4 (1 2 .2 )

(9619)

65.3 (12.1)*

(2297)

6 5 .9 (1 2 .9 )

Height (m)

Weight (kg)

t represents those that were in the target sam ple at age 33, excluding those that emigrated or died betw een N C D S4-5
+ sample sizes used in

analyses w ill be less than or equal to this value

* p< 0.05 ** p<0.005 ***p<0.001 (significant difference between those with som e data at 33y vs no data at 33y)
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Non-response has also been considered specifically in relation to tracking of height and BMI
(Chapter 5, §5.3.1) and respiratory symptoms (Chapter 8, §8.4). No selection biases were found in
respect of the relationships of interest.

2.2 Key measures

Anthropom etric variables and other key variables are described here, while additional variables are
described in the separate chapters.

2.2.1 Height

J — "
b -------Height at 33y (m)

. —

Weight at 33y (kg)

(n)

Mean

SD

(n)

Mean

SD

unedited sample

(11405)

1.693

0.433

(11405)

73.64

50.80

edited sample J

(14620)

1.694

0.098

(11178)

72.65

15.38

edited sample 2

(11212)

1.697

0.096

(11178)

72.65

15.38

unedited sample

(5553)

1.768

0.469

(5606)

81.25

50.87

edited sample 1

(7105)

1.768

0.069

(5506)

80.14

13.52

edited sample 2

(5512)

1.768

0.068

(5506)

80.14

13.52

(5799)

1.622

0.381

(5799)

66.29

49.64

edited sample 1

(7515)

1.624

0.065

(5672)

65.38

13.48

edited sample 2

(5700)

1.629

0.064

(5672)

65.38

13.48

W hole sample

Men

Women
unedited sample

t unedited heights and w eights and edited samples 1 and 2

Height was measured to the nearest inch by trained medical personnel at 7, 11 and 16 years. Selfreports were obtained at age 23. These reports are in agreement with measured heights in a national
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sample of British adults surveyed in 1980

Data were checked to detect coding errors

A t age

33, height was m easured without shoes using a stadiometer reading to the nearest centimetre.
Further editing checks were conducted specifically for this study (details are available in §A2.3).
The unedited sam ple had 33-year height data for 5553 men and 5799 women.

Two different

samples were used in the analyses based on how the 33-year heights were edited.

Edited 33-year heights were used in Chapters 6 to 8 which examine relationships between body size
and specific health outcomes (edited sample 1: 7105 men and 7515 women in Table 2.6). However,
for the analyses of regression to the mean and tracking of height and BMI (Chapters 4 and 5) no
imputed 33-year heights were included. Use of imputed data may distort the analyses since in m any
cases 23 and 33-year heights would be identical, thus elim inating measurement errors (edited sample
2: 5512 men and 5700 women). The mean heights for the unedited and the two edited samples are
very similar (Table 2.6). Table 2.7 presents mean height at each age of follow-up.

TABLE 2.7. M ean height (m) at ages 7, 11, 16, 23 and 33
Men

Women

(n)

Mean

SD

(n)

Mean

SD

7

(7036)

1.228

0.058

(6598)

1.219

0.061

11

(6494)

1.439

0.069

(6195)

1.447

0.075

16

(5746)

1.702

0.079

(5382)

1.609

0.062

23

(6226)

1.773

0.070

(6230)

1.622

0.067

33+

(7105)

1.768

0.069

(7515)

1.624

0.065

Age

t edited sam ple 1

Self-reported height and weight were obtained at age 23. Although self-reported height and weight
are prone to both random reporting and systematic errors, they are generally valid and reliable
However, weight tends to be underestimated, with the extent of underreporting increasing as weight
increases, particularly among women. In contrast, height tends to be overestimated, and more so
among men. These effects lead to underestimation of body fat assessed using a weight-for-height
index.
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2.2.2 Weight

Subjects were weighed in their underclothes to the nearest pound by trained medical personnel at 7,
11 and 16 years. Self-reports were obtained at age 23. At age 33, weights were measured in indoor
clothing using Salter portable scales. Data were checked to detect coding errors

The unedited

sample had 33-year weights for 5606 men and 5799 women. Due to the greater variability of weight
compared to height, 33-year weight was not imputed and thus sam ple sizes could not be increased.
After editing, weights were available for 5506 and 5672 men and women respectively. Details of the
editing of 33-year weights are available in §A2.3. In general, mean weights for the unedited sample
are approxim ately 1 kg greater than those in the edited sample (Table 2.6). This is not surprising
because very high and implausible weights were elim inated from the sample.

Table 2.8 presents

mean weight at each age o f follow-up.

Men
(n)

Mean

Women
SD

(n)

Mean

SD

Age
7

(7043)

24.10

3.52

(6601)

23.66

3.92

11

(6434)

36.00

6.86

(6166)

37.19

7.72

16

(5719)

58.86

10.29

(5372)

54.40

8.52

23

(6165)

72.67

10.42

(6170)

58.18

9.15

33^

(5506)

80.14

13.52

(5672)

65.38

13.48

weight change (23-33y)

(4585)

7.40

8.78

(4861)

6.91

8.44

t edited 3 3 -year w eights

2.2.3 Body mass index

Body mass index (BMI) was calculated at each of the five ages of follow-up as follows,

BMI

weight( kg )
height^(m^ )
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This measure is a good proxy for body fat (see Chapter 3).

Different measures of adiposity are

discussed in detail in Chapter 3. Table 2.9 presents mean BM I at each age of follow-up.

TA BLE 2.9. M ean BM I (kg/m^) at ages 7, 11, 16, 23 and 33 and BM I change (kg/m^) (23 to 33)
Women

Men

(n)

Mean

SD

(n)

Mean

SD

Age
7

(6874)

15.94

1.63

(6422)

15.87

1.91

11

(6381)

17.29

2.41

(6118)

17.63

2.70

16

(5698)

20.24

2.72

(5342)

21.00

2.96

23

(6134)

23.10

2.90

(6145)

22.12

3.25

33^

(5498)

25.62

3.99

(5670)

24.65

4.87

BMI change (23-33y)

(4559)

2.54

2.94

(4846)

2.43

3.22

t calculated using edited heights and weights, sam ple 1

2.2.4 Puberty measures

Stage of puberty was assessed at ages 11 and 16 by doctors. Boys at 11 years were assessed using
ratings, based on T anner’s stages

in the range 1-5 (1 for preadolescent stage, 5 for m ature stage)

for:
(a) genitalia
(b) pubic hair.

At 16 years, ratings were obtained for:
(a) voice broken, yes or no
(b) pubic hair rating assessed as absent, sparse, intermediate or adult
(c) axillary hair rating assessed as absent, sparse, intermediate or adult
(d) facia l hair assessed as absent, sparse or adult.

Girls at 11 years were assessed using ratings, based on Tanner’s stages
preadolescent stage, 5 for mature stage), for :

52

in the range 1-5 (1 for

(a) breast
(b) pubic hair.

A t 16 years, ratings were obtained for:
(a) age ofm enarche classified as 9-11, 12, 13, 14, 15 or 16 years
(b) breast developm ent assessed as absent, intermediate or adult
(c) pubic hair rating assessed as absent, sparse, interm ediate or adult
(d) axillary hair rating assessed as absent, sparse, intermediate or adult.

2.2.5 Health outcomes

TA BLE 2.10. Selected health outcomes from the 1958 British birth cohort study

7 years

11 years

Age
16 years

23 years

33 years

Respiratory symptoms^

V

V

V

V

V

Psychological well-being

V

V

V

V

V

Diabetes

<

V

V

V

V

Epilepsy

V

V

V

V

V

Migraine, headaches, allergies etc

V

V

V

V

Stomach problems

V

V

V

V

V

V

V

Pregnancy problems (miscarriage, subfertility\
hypertension^ complications o f pregnancy etc)

V

V

Longstanding illness (& functional limitation)

V

V

‘Medically supervised’ illness

V

V

Back pain^

V

V

Period problems^

Joint pain

<

High blood pressure, heart problems

V

health outcom es examined in thesis
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Several health outcomes were available at each follow-up (Table 2.10). Data on certain conditions,
such as respiratory symptoms, were available throughout each life stage. The relationship between
body size and several of these outcomes, namely women’s reproductive health, back pain and
respiratory symptoms, has been investigated in this thesis (Chapters 6 to 8).

Several health m easures were self-reported either by the parent (when the child was 16 years or
younger) or by the subject themselves (at 23 and 33 years).

The reliability and validity of self-

reported health data is specific to the disease, thus this is examined in greater detail for each of the
outcom es exam ined in Chapters 6 to 8.

2.2.6 Social class

Social class of the cohort member at birth, 7, 11, and 16 years was based on the father’s occupation,
and at ages 23 and 33, on their current or most recent occupation.
classification

The Registrar G eneral’s

was used which is based on five broad occupation groups:

I (professional), II

(managerial and technical). III (skilled) (subdivided into two groups: NM (non-m anual) and M
(manual)), IV (partly-skilled) and V (unskilled). These were collapsed into four groups: I & II; III
non-manual; III m anual; and IV & V. For some analyses where the health outcome of interest was
related to manual occupation, for example, back pain, the social class variable was classified into
two groups: non-manual (I, II and III non-manual) and manual (III manual, IV and V).

2.3 Confounding factors

The observed relationships between particular health outcomes and adiposity, obtained by fitting
various statistical models may be due to a combination of effects between adiposity, the health
outcome and a third factor which is associated with adiposity and independently affects the health
risk of interest. In this case, the extraneous factor is called a confounding factor. Statistical models
should be adjusted for such potential confounders so that observed relationships are not distorted. A
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factor on a causal pathway between adiposity and adverse health is not a confounding factor, such
factors are exam ined in Chapter 8.

In several of the analyses included in later chapters (6 to 8) relationships between adiposity and
health outcomes were examined taking account of confounding factors. For some analyses it was
necessary to identify confounding factors related to adult BMI and to weight change (between ages
23 and 33). Several potential confounding factors were identified from the literature and examined
here specifically in relation to BMI at ages 23 and 33. Univariate relationships between BMI at age
23 and 33 and other factors were investigated by fitting a series of analysis of variance (ANOVA,
§3.2.3.7) models to assess significant differences in mean BMI for several categorical variables
(§A2.4 and A2.5). For both men and women social class was strongly related to adult BMI with
those from lower social classes or manual occupations having a significantly greater BMI than those
from higher classes or non-manual occupations. Similarly the less educated and those who had a
greater birth weight for gestational age were all significantly heavier in adulthood.

High physical

activity levels were related to lower BMI at age 33, although frequent sport at age 23 was only
related to lower BM I among women at the same age. Men and women who were ex-smokers or
never smokers were slightly fatter than current smokers at age 33, but not at 23. Men and women
who had poor psychological health (as assessed by the Malaise Inventory (Table A2.2) were fatter.
Women who had at least one child by age 23 were fatter in adulthood, but parity was not related to
BMI at age 33.

Surprisingly, diet (frequency of fresh fruit and vegetable consumption) was

unrelated to BMI.

Similarly for weight change between ages 23 and 33, a series of ANOVAS (§3.2.3.7) were
performed to assess significant differences in mean weight change between 23 and 33 years for
several categorical variables, in order to identify factors associated with early adult weight gain
(§A2.6). For men and women smoking behaviour at 33 years was strongly related to weight change,
with ex-smokers showing the greatest weight gain, followed by never smokers, compared to current
smokers. Among men, those with low physical activity levels at 33 years gained more weight than
those with higher levels.

Among women, those from a lower social class at birth gained
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significantly more weight than those from the higher classes, this trend was not so strong when
social class at 23 years was used. Women with a poorer education were also more likely to gain
weight over the 10 year period, as were those who were heavier at birth. Surprisingly, parity did not
have any effect on weight change over the ten year period. Taller men and women were m ore likely
to gain weight than those who were shorter. Heavier women were more susceptible to subsequent
weight gain, but no relationship was found for men.

2.3.1 Implications of large sample size

The degree to which chance affects the findings in any particular study is determined by the sample
size. Estim ates which are based on larger sample sizes are less variable and more reliable inferences
about the experience of the whole population can be drawn from them, compared to those based on
smaller samples. A measure that is often reported from statistical tests is the p-value (§3.2.1). By
convention, a p-value < 0.05 is often used, indicating that the observed association is statistically
significant. P-values reflect both the magnitude of an association or difference between groups and
the sam ple size. Thus, if a large sample size is used, as is the case with the 1958 cohort study, even
a small difference may be statistically significant. In the 1958 cohort, p-values of 0.05 have been
used to determ ine significance unless otherwise stated.
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Chapter 3

3. M ethods

T he 1958 cohort study has repeat anthropometric measures available at age 7, 11, 16, 23 and 33
years. Adverse health risks can therefore be investigated using adiposity measures at more than one
age. However, different measures of adiposity are often used at different life stages: relative weight
is a widely used measure in childhood, whereas body mass index (weight/height^) is more commonly
used for adults. Currently no ideal measure exists that is suitable for childhood, adolescence and
adulthood. This chapter discusses the strengths and weaknesses o f alternative measures of body fat.
Also included in this chapter is a description of the statistical methods used here to investigate
relationships between adiposity and poor health. There are, however, several methods available to
investigate relationships between adiposity at different life stages, for example, correlation and
various tracking indices and these methods are discussed in detail in Chapter 4.

3.1 Measurement of adiposity

Several adiposity measures are available, but the degree of adiposity depends on both age and sex.
For example, body mass index (weight/height^) is a widely used measure of fatness in adults, but its
suitability in children is less clear. Adolescence poses particular problems due to different rates of
m aturation and growth at this tim e (Figure 3.1). A typical female adolescent growth pattern is an
increase in body fat just prior to the pubertal growth spurt, and thereafter, a continual gain in
fatness. For males, the pre-adolescent fatness gain is followed by a loss of body fat until about age
18 and thereafter an increase '. Thus adiposity measures are linked to a child’s stage of maturation
at the tim e of measurement. Anthropometric cut-offs are often used to categorise fatness. Although

59

a fixed cut-off can be used throughout adulthood, these need to be adjusted for age in childhood, and
additionally for maturation in adolescence.

FIGURE 3.1. Lifecycle adiposity: skinfold thickness (triceps)
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Life-cycle adiposity in fem ales (broken line) and males (solid line). A s shown f o r more
than 15 000 white participants in the Ten-State Nutrition Survey (TSNS) the preschool
fatness loss in the male, the prepubertal fatness gains in both sexes, the adolescent fa t loss
unique to the male, and the p eriod o f adult gain, peaking in the sixth decade are the most
dram atic aspects o f changing levels o f fatness from infancy through later decades.
Source: Garn and Clarke 1976 '

3.1.1 Definition of adiposity

Adiposity is a measure of the amount of fat in the body, expressed either as the absolute fat mass
(kg) or alternatively as the fraction o f total body mass (%).
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3.1.2 Weight-height indices

3.1.2.1 Weight and relative weight

W eight is a simple m easure of body size and has a good correlation with body fat

Recent weight

reference curves, which take account of the child’s age, are available for British children

Since

weight is highly correlated with height, a more useful measure of body fat is weight adjusted for
height. Both weight and height are cheap to measure and are generally reproducible.

However,

such weight-for-height measures can only measure overweight and not fatness, thus they can
potentially misclassify fat content. For example, athletes who are muscular have a high weight-forheight (due to muscle weighing more than body fat) and so appear to be overweight, even though
they are not fat.

Relative weight is obtained by expressing the subject’s weight as a percentage of some reference
weight. It has been used in childhood, but it is not a common measure for adults. T he reference
weight is the expected weight given the subject’s height and sex (known as a weight-for-height
index). For children, age and maturation may also be useful. It is now widely accepted that weight
should be adjusted for age as well as height in children and this has led to the study of power indices
of the form weight/height^ adjusted for age.

3.1.2.2 Weight/height** indices

W eight and height are measures of the size of an individual, in contrast, weight/height** indices
measure an individual’s shape, largely independently of size. Several authors have proposed that the
ideal weight-for-height index should be uncorrelated with height and highly correlated with body fat
By definition, weight adjusted for height is uncorrelated with height (the power, p, can be chosen
to ensure this) although this does not necessarily imply it is independent of height

61

particularly for

tall children who tend to be fatter and faster m aturing ®. In the case of p=2, weight/height^ is known
as Quetelet’s body mass index (BMI). BM I is commonly used to indicate overweight in adulthood.

The best value for the power, p, of a weight-for-height index has been based on the lack of
correlation between the index and height in both adults ^ and children

The value of the power

tends to be unstable during puberty. The best index in early childhood, is when p is approxim ately 2
(weight/height^)

T he value of p increases thereafter, peaking during adolescence to about 3

(weight/height^), and then dropping back to about 2 in adulthood

However, although

weight/height^ is better in adolescence based on its low correlation with height, it is also less well
correlated with weight, and weight/height^ is better in this respect.

For adults, few studies have found other measures based on weight and height to be m ore
appropriate than BMI. For example, Micozzi et al ^ found weight/height^ ^ to be a better index for
women, based on m axim al correlation with body fat and m inim um correlation with height.
However, Roche

argued that it m ay be inappropriate to select a weight-for-height index based

solely on the criteria used by Micozzi et al

Nevill & Holder

found heights/weight to be a slightly

more accurate predictor o f the percentage of body fat than BMI, based on the assumption that height^
is a valid indicator o f lean body mass.

The validity of a weight-for-height measure can be assessed by the strength of its relationship with
more direct measures of adiposity which are known predictors of adult disease, such as skinfold
thickness, percentage body fat, circumferences and measures of body fat distribution (based on ratios
of circumferences) (Table 3.1).
absolute and percentage body fat
distribution measures
children

Strong relationships have been demonstrated between BM I and
skinfold thickness

and circumferences and body fat

In general, stronger associations are found for adults compared to

It has also been demonstrated that BMI is consistently and strongly related to

conditions that are known to be adversely affected by increased adiposity, such as blood pressure and
other cardiovascular risk factors

and premature ischaemic heart disease

have shown BMI to be the best measure of body fat in girls
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Studies of children

For boys, triceps skinfold

thickness may be better than BMI, although the latter measure is still strongly associated
Although BM I is significantly influenced by age and sex, the effect of ethnicity is unclear

Reference charts of body mass index for British
published.

French ’ ' and American

17,24

children have been

These show the natural history of BMI: an increase in BMI during the first year,

followed by a decrease until about 6 years, and a second increase (known as the adiposity rebound)
thereafter (Figure 3.2 shows BMI pattern up to age 23). A sim ilar pattern has been demonstrated
using triceps skinfold thickness ’ (which shows the second increase in adiposity continuing until
about 65 years and a decrease thereafter) adding credence to the suitability of BMI as a proxy for
more direct measures of body fat (Figure 3.1). The age of the adiposity rebound in an individual
child has been shown to be predictive o f their BMI as young adults

although it is unclear whether

the weak correlation is of practical benefit

FIG U RE 3.2. Lifecycle adiposity: BMI
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BMI centiles fo r British boys and girls 1990. The centiles are spaced two-thirds o f an SD score apart.
Source: Cole et al 1995
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TABLE 3.1. Correlation o f BMI and skinfold thicknesses with other adiposity measures
Study (n)

A g e (m ,0

M easures

M en

W om en

Gallagher et al 1996

= 48y (m ),

U SA
males: n = 9 8 ,2 1 4 (b,w )
fem ales: n=104, 2 9 0 (b,w )

= 5 0 y (0

BMI & body weight
BM I & %BF
B M l& B F (k g )

0 .8 5 ,0 .8 4 (b,w )
0 .6 3 ,0 .5 8 (b,w )
0 .7 8 ,0 .7 5 (b,w )

0 .8 9 ,0 .9 7 (b,w )
0 .7 5 ,0 .7 2 (b,w )
0 .8 9 ,0 .8 7 (b,w )

Gray & Fujioka 1991

18-72 y

BMI & %BF

0.82

0 .8 6

mean=
5 6 y (m ),
59y ( 0

BMI & %BF

0.62

0 .7 4

7-lO y
ll-1 5 y
2 6 -3 5 y

BMI & %BF

0.59
0.44
0.92

0.6 3
0.65
0 .8 9

2 5 -7 4 y

BMI & body weight
BMI & subscapular SF
BMI & arm circumference
BMI & arm fat area
SS F & weight

0.88
0.77
0 .8 4
0.72
0.69

0 .9 3
0 .8 0
0 .8 5
0 .8 0
0 .7 6

8-19y

BMI & %BF (age adjusted)
T SF & %BF (age adjusted)
SS F & %BF

0.45
0.73
0.57

0 .67
0 .7 2
0.67

4 -1 6 y

BMI & %BF
BMI & fat mass (kg)

-

0 .8 8
0 .9 3

25-7 4 y
m ean=51y

BMI & waist-hip ratio

0.63

0 .3 9

2 2 -8 2 y
m ean=49y

BMI & waist-hip ratio
BMI & waist-height ratio

0 .6 6
0.85

.

Japan; n=3131 (m )

Hammond et al 1994

9-11 y

SFs & %BF

0.81

0.78

U SA (Pels Longitudinal Study)
n=405 (w hite)

(l)6 -1 2 .9 y
(2 )I3 -I 7 .9 y
(3 )1 8 -1 9 y

BMI & %BF
BMI & T B F
TSF & %BF

(1); (2); (3)
0.68; 0.61; 0.77
0.90; 0.88; 0.87
0.84; 0.78; 0 .7 0

(1); (2); (3)
0 .55; 0.77; 0 .7 6
0.84; 0.89; 0 .9 2
0.81; 0.83; 0.77

Frisancho & Flegal 1982

18-74y

BM I & T SF
BMI & SFs

0 .6 l(w ); 0.65 (b)
0.75 (w ); 0.76 (b)

0 .6 4 (w ); 0.68 (b)
0 .7 5 (w ); 0.76 (b)

2 0 -7 0 y
m ean=38y

BMI & SF fat%
BMI hydrostatic fat %

0.76
0.71

-

35-65y
m ean=53y

BMI & waist circumference
BMI & hip circumference
BMI & waist-hip ratio

-

U SA ; n = 29 (m ), 75 (f)

Roubenhoff et al 1995
U SA
n=927 (m ), 1105 (f)

Deurenberg et al 1991
Holland
n=521(m ), 7 0 8 (f); n = 56,83 (7-lO y);
n= 177,164 ( l l - 1 5 y ) ; n = 2 5 ,2 4 (2 6 -3 5 y )

Micozzi et al 1986 ^
U SA
n=5808 (m ), 8 5 9 2 (f)

Himes & Bouchard 1989
French Canadian
n=159 (m ), 157 (f)

Goulding et al 1996
N Z (w hite); n= 196 (f)

Lean et al 1995
UK; n = 9 0 4 (m ); 1 0 1 4 ( 0

Hsieh & Yoshinaga 1995

-

UK; n= 42 (m ), 33 ( 0

Roche et al 1981 ^

U SA (N H A N E S I Study)
n = 16459 (m en: 5 5 2 7 (w ); 9 5 6 (b); women:
n = 8282 (w ); 1694 (b))

Revicki & Israel 1985
U SA ; n=447 (m en)

Sonnenschein et al 1993
USA
n= 1851(0

0.88
0 .8 9
0 .5 2

W hile BM I is the most widely used weight-for-height measure it does have some limitations. It can
potentially misclassify fat content - a muscular person may be overweight but not fat
and tallest subjects tend to be misclassified as obese

The shortest

BMI also has a skewed distribution,

b: black; w: white; m: males; f: females; BE: body fat; %BF percentage body fat; SSF: subscapular
skinfold thickness; TSF: triceps skinfold thickness; SFs: skinfold thicknesses.
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especially in children and young adults

although transformations are available to reduce this

skewness (see §3.2.2).

3.1.2.3 Derivation of optimal weight-for-height power indices

The optimal power, p, for a weight-for-height index W /H’’ can be obtained using the linear
regression o f the natural logarithms o f weight (W) on height {H)

(3.1)

log^ W = a + p log^ H + e

The value of the optimal power is the coefficient of loge H and is such that loge (W /tP ) has zero
correlation with loge H.

Abdel-M alek et al

suggested that body fat was best measured by an index of the form

w eighs/height'' (W /H '') where the weight and height effects are of opposite sign indicating a ‘shape’
relationship

An optimal power index, p, was obtained using logistic regression to model the risk of menstrual
problems reported by age 33 and height and weight at age 7 (Chapter 6). The derivation of this
power index is given below. The following logistic regression equation models the probability, pr, of
having m enstrual problems as a function of height (//) and weight (VV) at age 7,

(3.2)
lo g .

Pr

= q logg Vy - rlogg H + logg K + e

1 -P r

L ogeK is the intercept term and q and r the param eter estimates of weight (W) and height {H)

respectively. The coefficient r has a negative sign to reflect the shape relationship between weight
and height. The right-hand side of this equation can be rewritten as
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log, W ‘^ - log, H ' + log^ K - \ - e

(3.3)

where p=r/q. On a log-log scale the two indices

and

are equivalent (i.e. they correlate

equally with the left-hand side o f equation ( 3.2)). Thus the optimal power index is given by

regression coefficient o f log(H)
P=

regression coefficient o f log(W)

A fter adjustment for additional confounders, the following regression estimates were obtained

log

Pr

= 0.77 logg W - 2.38 logg H + .. .+e

1 -P r
p = 2.38/0.77 = 3.09

SE(p) = 0.05

This analysis suggests that p=3 may be an appropriate weight-for-height index where menstrual
problems is the outcome of interest. Separate logistic regression models were fitted to obtain risks of
m enstrual problems using weight / height ^ for p=2 and 3 at ages 7 and 23 years, in order to test the
sensitivity of this proposed index. Similar results were obtained with both indices suggesting that
for these data, either o f the powers may be used. Weight / height^ is known as the Rohrer index.
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3.1.3 Measuring excess body fat

3.1.3.1 Defining obesity using cut-offs

For m any epidemiological purposes a cut-off to define obesity is not essential, it is usually preferable
to use all the available data, thus treating adiposity as a continuous variable. However, there are
instances in epidemiological studies where cut-offs may be needed. For example, when exam ining
non-linear e.g. U or J-shaped relationships, between BMI and a particular health outcome, it m ay be
better to classify BMI into groups, this would allow both adverse or beneficial risks to be observed.
Treating BM I as a continuous variable in such cases may mask the true relationship if it is modelled
purely as a linear trend.

Obesity is an excess of body fat, and underweight is a low weight. Cut-offs used for the definition of
obesity can be based on (1) statistical data from a reference population, or (2) an outcome m easure
for which obesity is a risk factor, such as current or later morbidity or later mortality. For the first
approach, an arbitrary value is chosen to define obesity relative to a selected percentile of a reference
group, this group may be defined in term s of age, sex or some other characteristic. For example,
choosing the cut-off as the 95th centile of the BMI distribution implies that the prevalence of obesity
is 5% in the reference population.

The second approach presents difficulties in children and

adolescents for which there is a paucity o f longitudinal data on both childhood anthropometry and
adult health outcomes. The minimal research that has been conducted so far in this area has shown
only weak linear relationships between adolescent overweight and later disease, making it difficult to
choose a suitable cut-off.

In contrast, obesity is a well-known risk factor in adults for chronic

diseases such as hypertension, stroke and heart disease, hence cut-offs are easier to set.

For adult obesity a cut-off of BMI > 30 kg/m^ for men and BMI > 28.6 for women is often used in
the UK^^, and BMI > 30 kg/m^ for both sexes in the USA

Currently, there are no standard cut

offs available for children. Cut-offs used to define obesity in children or adolescents would need to
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be age-dependent, although further complications may arise due to differences in maturation. Based
on the criteria given in (1), the 85th centile has been used for BMI in the USA

Alternatively

Himes and Dietz^® propose the 95th centile to define obesity in adolescents and the 85th centile for
overweight.

However, in Britain other centiles are available^^, in particular the 91st, 98th and

99.6th.

3.1.4 Conclusions

Accurate and valid measures of adiposity are essential in order to exam ine relationships between
fatness and ill health.
measures.

Body mass index and selected skinfold thickness are commonly used

Although skinfolds have a higher correlation than BMI with body fat, they are less

reproducible and acceptable to the subject. Flegal * highlights the arbitrariness of the definition of
obesity based on these two adiposity measures in the following example. Both measures were used
in two separate studies to assess trends in the prevalence of obesity over time, using the same data
from three national surveys of adolescents. The study that defined obesity as BMI > 85th centile
showed little tendency for obesity to increase over time, whereas there was a marked increase in the
prevalence of obesity using triceps skinfold thickness > 85th centile.

BMI can be easily derived from weight and height. It provides a measure of under or overweight for
height and is a reasonable proxy for body fat. It has a low correlation with height during childhood
and adulthood, and although weight/height^ has been shown to have a lower correlation with height
during adolescence, BM I still correlates strongly with body fat during this time. Therefore, for many
outcomes a single index can be used to assess body fat throughout life. A further advantage is that
even based on self-reported data, it still provides a reliable adiposity measure in large
epidemiological studies.

However, subjects with an atypical percentage of body fat tend to be misclassified using BMI,
appearing as overweight when they may not be fat at all. Also, the recent interest in health risks
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associated with abdominal obesity highlights a further disadvantage of BMI in that it does not assess
body fat distribution directly; other measures based on ratios of body circumferences or diameters are
more suitable for these purposes. In general, despite it’s limitations, BMI appears to be the best
anthropom etric indicator of fatness at all ages for use in population studies. Hence, analyses in this
thesis will be based primarily on BMI.

3.2 Statistical methods

This section describes statistical methods used in the subsequent chapters with illustrations o f how
the methods have been applied using data from the 1958 cohort.

3.2.1 Summary statistics, estimation and significance tests

Throughout the subsequent chapters, summary statistics have been calculated for height, weight and
BMI.

Mean
The arithm etic mean ( 3c ) of « measurements where x is a random variable is

(3.4)
I - .'

Variance
The variance is a measure of scatter o f observations about their mean.
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( 3.5)

(a)

------------n

(b )

n —\

(a) is the population variance and (b) the sample variance.

Standard deviation
The standard deviation, given by the square root of the variance, is another measure of scatter of
observations about their mean. This measure of variation is expressed in the original units of x.

(3.6)

(a) o =

(=1

(b )

n

s=

/=!

n —\

(a) is the population standard deviation and (b) the sample standard deviation.

Standard error o f the mean
The standard error of the sample mean ( 3c ) is a measure of the standard deviation of the sampling
distribution o f the mean,

(3.7)
SE =

Confidence intervals
The accuracy of a point estimate, such as a sample mean is provided by a confidence interval (Cl),
which has a specified probability of containing the population value.

The most commonly used

probability is 95%. For example, if a 95% confidence interval (95% C l) is calculated for a mean for
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100 random samples, then 95% of the intervals would contain the population mean.

For large

samples (n > 30), the 95% C l for a m ean is calculated by

(3.8)
3c ±

1 .9 6 5£:(3c)

Significance tests
Significance tests are used to measure the strength of evidence from the data concerning some
proposition of interest, for example, this may be that there is no difference between mean BMI for
those with and without a certain disease. The proposition is known as the null hypothesis. If the
null hypothesis is false then the alternative hypothesis must be true. A test statistic is calculated
from the data which is then referred to a known distribution which it would follow if the null
hypothesis was true. Assuming the null hypothesis is true, the probability of a value of the test
statistic arising which is, as or more extrem e than that observed, is found (i.e. the p-value). If the pvalue is less than some pre-defined value (0.05 is often used), then the data are said to be
inconsistent with the null hypothesis (i.e. the means are significantly different at the 5% level). A
type 1 (a ) error arises when a true null hypothesis is rejected, conversely, a type II (P) error arises if
a false null hypothesis is not rejected. Significance tests are usually two-tailed in that sufficiently
large deviations from the null hypothesis in either direction are significant. If departures in only one
direction are o f interest, then the test is one-tailed.

Centiles
Distributions can be divided into portions of equal frequency, such as centiles (hundredths).

The

median, which divides the distribution in half, is also the 50th centile. Anthropometric distributions
are often expressed in term of centiles. For example, in Chapter 5, those above the 95th centile of
the BMI distribution are identified as the fattest 5%.
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3.2.2 Transforming data

M any standard statistical methods require data to be normally distributed and to have stable
variances.

The distribution o f BM I is slightly skewed, therefore in some instances BMI was

transform ed by changing to a different scale of measurement using the following transform ations. In
Chapters 4 and 5, analyses investigating tracking of BMI were repeated using transform ed BMI.

3.2.2.1 Logarithmic transformation

T he logarithm ic transformation, y = lo g x , is used to transform positively skewed data.

Either

natural or common logarithms may be used, and x must be positive. As x increases, larger changes
in X are needed to give equal changes in y. This transformation also tends to stabilise variances, in
particular if in the original data

©c

.

S.2.2.2 Reciprocal transformation

The reciprocal transformation, y = - 1 / x , is used for very highly skewed data and when s \ ^ x ^ .
Survival times often have these properties. The negative sign is needed to ensure that low values of y
correspond to low values of x.

S.2.2.3 Standard deviation scores

M any statistical methods require constant variance for different subgroups of data. If the variance of
y is non-constant for different values of x (known as heteroscedasticity) then a variance-stabilising
transform ation is needed. One method is to convert measurements ( y,- ) to standard deviation scores
(SD scores), also known as z-scores ( Zi ),
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( 3.9)
Zi =

where >’

Yi - ÿ

is the mean and s is the standard deviation of the

Z-scores are useful statistically

in that they have a mean of zero and a standard deviation of one.

If measurem ents are normally distributed, percentage points in the distribution can be expressed in
terms of the number of standard deviations from the mean. For example, 95% of the measurements
will lie between ± 1.96 SD of the mean and 99% lie between ± 2.58 SD. Alternatively, the most
extreme 5% of a population (i.e. > 95th centile) will have a z-score > 1.64, or the most extreme
2.5%, z-score > 1.96. The use of standard deviation scores will be further developed in the context of
regression to the mean (see Chapter 4).

3.2.3 Methods for continuous variables

3.2.3.1 Correlation

To investigate the degree of association between two continuous random variables (these can be
repeated m easurem ents on the same subject), Pearson’s correlation coefficient, r , can be calculated.
This is used in Chapter 5 to assess correlation of BMI between each age of follow-up, the following
equation is used to calculate the correlation between BMI at 7 (%^, ) and 11 years (%,,, ) ,

( 3.10)

r =

.— !z!
1=1

—

-■

:

;=1
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—l < r < l

Correlation is a measure of linear association.
increasing together, is indicated hy r > 0.

Positive correlation, shown by

and a:,,,-

In contrast, negative correlation, where one variable

increases as the other decreases, is indicated by r < 0 and uncorrelated variables by r = 0. Perfect
correlation, indicated by a straight line, occurs when r = ± l .

Partial correlation

In the 1958 cohort, it was not possible to measure height and weight of the subjects at exactly the
sam e time, in fact m easurements at a particular age of follow-up took place over several months. In
childhood, anthropometric measures are age-dependent, thus they should be adjusted for date of
measurement. In Chapter 5, partial correlation coefficients were obtained between anthropometric
measures in childhood and adulthood using the following method.

To adjust BMI at age 7 for date of measurement, BMI (xj) is regressed against the exact age at
measurem ent (age^x)

( 3.11)
x-j = a + b age^^ + £

where a is the intercept and b the regression coefficient of agegx- T he residuals obtained from this
model represent the difference between the measured BMI and the expected BMI at age 7. These
residuals are then used in the correlation analyses rather than the m easured BMI. This method was
used to adjust height, weight and BMI at ages 7, 11 and 16 for m easurem ent date in the 1958 cohort
(Chapter 5).

3.2.3.2 Fisher’s z-transformation for a correlation coefficient

To test for differences between two correlation coefficients, Fisher’s z-transformation is used to
transform the distribution of the correlation coefficient to a normal distribution, with mean and
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variance known in terms of the population correlation coefficient ( p ) that is to be estimated. This is
used in C hapter 5 to test for differences in correlation of BMI between ages 7 and 33 for those with
two obese parents (

) compared to those with normal weight parents (

). Thus, for those with

two obese parents, Fisher’s z-transform ation of the correlation coefficient (Zob)

and the

corresponding mean and variance are given below.

1 + rob

^ + Pob
^-P o b

<

=

nob -3

The test statistic, to test the null hypothesis of the two correlation coefficients being equal, is given
by

(3.12)
Z=
'oh

*"nonn

where under the null hypothesis Z follows a normal distribution with zero mean and unit variance.

3.2.3.3 Linear regression

Linear regression is used to describe the relationship between a continuous dependent variable, y ,
and one or more independent variables (continuous or categorical), %. It is used to either predict y
for a particular value of x, or to exam ine relationships between the two variables. Linear regression
has been used in Chapter 5 where BMI at age 33 (dependent variable) was exam ined in relation to
menarcheal age (independent variable) of women. In the simplest case, where there is just one
independent variable, the general equation o f the regression line is

( 3.13)
y = a - \- b x + £
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where a is the intercept, b , the slope of the line and £ , the error term (or residual). T he param eter
estim ates, a and b are given by

(3.14)
a = y -b x ;

where s^es^ (the residual variance) = —

“ 5’)^ - 6 ^ ] ^ (A:, - T)^ J

The slope is of prim ary interest since it indicates the strength of the relationship between X and y .
The residuals represent deviations of the observed values from the fitted line, that is the part of the
variability of y which is not explained by the relationship with X .

Ideally, in linear regression the residuals should be normally distributed, homoscedastic (i.e. should
have uniform variance) and should be unrelated to x. A standard approach to estimate the regression
param eters is to use least squares regression, this m ethod m inimises the sum of the squares of the
vertical distances of the observations from the fitted line (i.e. the residuals). The fitted line is only
an estim ate of the relationship between the two variables in a population. T he amount of variability
in the dependent variable, y , can be determined for different values of the independent variable, x ,
in linear regression using confidence intervals.

M ultiple regression is an extension of linear regression whereby there is more than one independent
variable. Other than the dependent variable, these need not be continuous. This type of regression is
useful for adjusting statistical models for potential confounding factors. M ultiple regression is used
in C hapter 5 where BMI at age 33 (dependent variable) was examined in relation to m enarcheal age
(independent variable) of women, this model was also adjusted for BM I at age 11.
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3.2.3.4 Test for linear trend in means for ordered categorical variables

To test for a linear trend in means of a continuous variable with an ordered categorical variable
where the categories are equally spaced, linear regression can be used. In this case, the dependent
variable is the continuous variable and the independent variable is the level of the ordered category
which is treated as continuous.

A significant regression coefficient corresponding to the

independent variable indicates a significant linear trend. In Chapter 5, this method is used to test for
a linear trend in mean birthw eight according to stage of puberty.

3.2.3 5 Relationships between correlation and regression

Regression is used to describe the relationship between variables, whereas correlation indicates the
strength of association between them. These two methods are related in the following ways. First,
suppose the param eter estim ate of the regression of y on .x is given by

by^ , obtained from

y = a + by^x

= b y j? ^ (which is

, sim ilarly from the regression of X on y it is

then

also known as the coefficient of determination or proportion of variability) and by^ = r — . Second,

suppose X and y are converted to z-scores (§3.2.2.4) then the param eter estim ate of the regression
of Zy on

is equal to the correlation coefficient, that is, Z =

(i.e. the general regression to

the mean equation, see Chapter 4).

3.2.3.6 t-tests for comparing means of two independent samples

To test for a difference between means from two independent norm ally distributed samples where the
null hypothesis is that the population means are the same, the following test statistic is used
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( 3.15)

Vf
If the samples have sim ilar variances then the pooled variance,

, can be used instead of

and

s i in (3 .1 5 ),

S

= —

The test statistic given in ( 3.15) can be compared to a r distribution with
freedom.

If the two samples sizes M, and

— 2 degrees of

large then ( 3.15) is an approximate standard

normal deviate. In Chapter 2, differences in mean birthweight, height and weight were compared
for those who did and did not respond at age 33.

3.2.3.7 Analysis of variance tests for comparing means of independent samples

Analysis of variance (ANOVA) is used to compare means of groups of data.

For more than two

groups the use of t-tests, to test for differences in group means, is not recommended since this would
lead to m ultiple comparisons and the greater the number of groups the greater the chance a
significance difference would be found even if the population means are the same. There are two
assumptions for ANOVA, first, the data are normally distributed within groups and second, these
groups have common variance. ANOVA allows the total variability to be partitioned into the
variance within the groups (residual variance) and the variance between the groups. Suppose that
there are k groups of normally distributed observations each of size n with common variance.

If

there is no difference between the population means from which the samples come, then the
estimated between group variance equals the within groups variance. The ratio of between to within
groups variance (the F ratio) follows an F distribution with k - 1 and N - k degrees of freedom. A
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large F-ratio (greater than 1.0) indicates a significant difference in group means. These calculations
are usually presented in an ANOVA table. Table 3.2 presents a one-way (i.e. single factor) ANOVA
table for the general case of different sample sizes within groups. Suppose there are k groups of
observations on variable ytj and the i'*' group has n, observations ( ^ n ^ = N ) where

and

j= l,...rii. A significant F-ratio on k - 1, N - k degrees of freedom indicates a difference between the
means in the k groups. In Chapter 7, ANOVA is used to compare mean weight change between 23
and 33 years according to five back pain groups, in this case k=5.

TABLE 3.2. One-way analysis o f variance table
Source o f variation

Degrees of freedom

Sums o f squares

Mean square

F ratio

Between groups

k- 1

SS b

MSB=SSB/(k - 1)

M S b/ M S w

Within groups

N -k

SSw

MSw=SSw/(N - k)

Total

N -1

SS t

k

SSj = ^
i= l

n,

^ ( y , y - y)^ ^ S S g +SS^y (total sums of squares)
j= l

k

SSg =

(y, - y)^ (between sums of squares)
1=1
k

SS^ = ^
f=l

^ ( y , y - ÿj Ÿ

(within or residual sums of squares)

7=1

where for y,y, i = l ,...,k ,

y = l,...,n , ,

^^n■^ = N

MSB = between mean square (between group variance)
MSy/ = within or residual mean square (within or residual group variance)

An extension to the one-way ANOVA model described above, is to produce analyses of variance for
two or m ore factors. In this case. Table 3.2 is extended by splitting the between groups variance into
between groups variance for each of the relevant factors.
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If the k groups are regarded as being random ly selected from a population of such groups, then the
calculation of the sums of squares is based on the random-effects model (Model II), rather than the
fixed-ejfects m odel (Model I) used in Table 3.2. In Chapter 4, the random effects model forms the
basis of a tracking index, known as the intraclass correlation coefficient. This is used to measure
how well BMI tracks between ages 7 to 33, and is used when there are repeated measures taken at
several tim e points (i.e. at 5 ages, t=5, taken on n subjects).

In this case there are 3 sources of

variation: (1) variation between subjects, cr^ ; (2) systematic variation between time points

; and

(3) random variation from one measurement to another, <7^. A two-way analysis of variance table
(for two factors: subjects and time points), based on the random-effects ANOVA is given in Table
3.3.

TABLE 3.3. Two-way analysis of variance table
Source of variation

Degrees of freedom

Mean square

Expected mean square

Between subjects

n- 1

MSs

G^ + t a l

Between time points

t- 1

MSt

G ^+ n G ^

Residual

(n - l)(t- 1)

MSr

MSs = mean square for subjects
MSt = mean square for time points
MSr = residual mean square

Analysis o f covariance (ANCOVA)
M eans can be adjusted for both continuous and categorical variables using analysis of covariance
(ANCOVA).

ANOVA and regression are algebraically identical with categorical variables.

ANCOVA is just ANOVA extended to include continuous variables. ANCOVA is used in Chapter
7, to adjust ANOVAs, used to compare mean weight change (23 to 33 years) between 5 back pain
groups, for confounding factors.
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Tukey-Kram er multiple com parison test
An ANOVA test determines whether means are significantly different from each other, but not
which means differ from which other means; multiple comparison tests are available for this
purpose.

The use of m ultiple t-tests is not recommended, since, unless the significance level is

lowered, there would be a greater chance of finding a significance difference even if the population
means are the same. In Chapter 7, where ANOVA indicated a significant difference in weight
change between 5 back pain groups, the Tukey-Kramer test was used to test which means were
significantly different. The follow ing test statistic is used to test that two means are equal

5^(l/n, + l / n 2 ) / 2

where y, ,ÿ 2 are two means with sample sizes «/ and « 2 , s is the root mean square error based of v
degrees of freedom (v is the within groups degrees of freedom).

Under the null hypothesis, this

follows a studentised range distribution, with k groups with v degrees of freedom.

3.2.4 Methods for categorical variables
3.2.4.1 Chi-squared test

The chi-squared

) test is used to test for an association between two qualitative variables. If these

variables are arranged in a table with k rows and I columns then the expected frequency is found for
each cell from the m arginal totals, under the null hypothesis that there is no association between the
two variables. This test is valid providing that the expected numbers are not too small (i.e. 80% of
the expected numbers are > 5 and all expected numbers are >1 ) .

tests are used in Chapters 6 to 8 to identify potential confounding factors for specific health
outcomes of interest, and in exploratory analyses to see if the health outcome is associated with BMI.
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Table 3.4 illustrates the test of an association between menstrual problems and BMI (for sim plicity
BMI is classified into two groups: obese and not obese). The expected frequencies are given by e,y=
rtiirij/ N

and

The following test statistic is used to test for an association between

the row s and columns

( 3.16)
(Cÿ - ^ i j Ÿ
»

j

If ( 3.16) is greater than the particular percentage point of a

distribution with { k - l)(l - 1) degrees

of freedom then there is an association between menstrual problems and obesity and the null
hypothesis is rejected.

obese

not obese

total

menstrual problems

Cll

Cl2

mi

no menstrual problems

021

022

m2

Total

ni

n2

N

3.2.4.2 Chi-squared test for trend (Mantel Haenzsel method)

This m ethod is used to test for a linear association between rows and columns of a table, assum ing
both variables lie on an ordinal scale.

The test statistic is given by ( N - l ) r ^ , where N is the

num ber of observations in the table and r is the Pearson correlation coefficient between the row and
colum n variables. The test statistic follows a

distribution with 1 degree o f freedom.
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3.2.4.3 Test for equality between two proportions

To test for equality between proportions from two populations, tci and
«2

712,

with samples of size /ly and

(where rii, ri2 > 3 0 ) and respective proportions p i and p 2 calculated by p i= r ] / nj where rj is the

number o f successes, the test statistic is given by

where

Z=
1
P(^-P)

Under the null hypothesis, tt/ =

—

AI,

712,

P\^\ + P l^2
«1

1
+

p =

+«2

—

«2

Z is approximately distributed as a standard normal deviate. In

Chapter 8, smoking cessation rates between ages 23 and 33 were compared between men and women
in order to explain gender differences in weight gain associated with respiratory symptoms. Thus, in
this case, p i and p 2 represent the proportion of ex-smokers over this 10-year period among men and
women respectively.

3.2.4.4 Obtaining odds ratios from 2x2 tables

In Chapters 6 to 8, the risk of reproductive problems, back pain and respiratory symptoms are
compared according to different levels of BMI. The relative risk (RR) is the ratio of incidence rates
of disease among the exposed group compared to those not exposed. In many cases, the incidence
rate (the rate of new cases of disease occurring in a population previously without disease) is
unknown and the relative risk can be estimated by the odds ratio, using disease prevalence (the
frequency o f existing disease at a given time).

The risk o f menstrual problems among obese women in Table 3.4 is given by cjj / nj = Cu / (cu +
C21 ) and the risk among non-obese women, C/2 /

«2

= C/2 / (c /2 + C22). If the number of women with
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m enstrual problems is small then c n will be small in comparison to C21 , and c /2 will be small
com pared to C22 . Thus the odds ratio (estimated relative risk) of menstrual problems am ong obese
compared to non-obese women is given by

(3.17)

n'^2]
with corresponding 95% confidence interval,

3.2.4.S Population attributable risk

It is im portant to consider any adverse risk of disease in relation to the proportion of the population
with the exposure. A moderate risk applicable to a high proportion of the population can produce
more cases of disease than a high risk affecting only a small proportion. The population attributable
risk (PAR) takes into account the prevalence of the exposure in a population, an estimate of the PAR
is given below,

PAR =

l+Pe(OR-l)

100%

where Pe = prevalence of the exposure in the population and OR is the odds ratio of the exposure for
the disease. In Chapter 5, the attributable risk of childhood obesity for obese adults is calculated,
where Pe = prevalence of childhood obesity and OR = risk of adult obesity for an obese child relative
to a child with normal BMI.
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3.2.4 6 Logistic regression

In several of the analyses in later chapters the dependent variable is binary, indicating the absence or
presence of symptoms or conditions. Linear regression is inappropriate here because the dependent
variable is bounded on a 0, 1 scale, so prediction must be in this region and secondly, the variance of
p depends on p (i.e. var(p) = pq/n), thus logistic regression should be used. The usual least squares
assum ptions are violated in that the logistic model has a non-normal error structure. Therefore the
method o f weighted least squares on a logistic scale is used to estimate model parameters.

The

logistic model describes the relationship between the probability of disease and a set of explanatory
variables, which can be continuous or categorical.

The parameters of the model are readily

interpretable in terms o f odds ratios.

In C hapter 6, the risk of m enstrual problems reported by age 33 is determ ined for women in one of
four BM I groups. The following example is based on classification of BMI into two groups: obese
and not obese. Suppose that for the

individual, p, is the probability of m enstrual problems and the

k explanatory variables are given by Xji, X2 i,

The dependence of p, on k explanatory variables

can be m odelled using a linear logistic model.

( 3.18)

logit Pi = log,

Pi
1-Pi

In §3.2.4.4 an estimate of the relative risk (the odds ratio) was obtained from a 2 x 2 table. Logistic
regression can also be used to obtain the odds of menstrual problems among obese women compared
to non-obese women.

To simplify the explanation, consider just one explanatory variable from (

3.18), say jcy,-, which represents two levels of a factor: x u = 0 represents non-obese women and x jj= l,
obese women. Now, p , is the probability of menstrual problems for a non-obese woman, and the
odds of such an event is p j / 1 - p j . Thus, logit(p^ ) = a (from ( 3.18)) and the odds of m enstrual

problems for an non-obese woman is p j /1 - p j =
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.

Similarly, if p 2 is the probability of

menstrual problems for an obese woman, the odds of such an event i s p ^ / l - p 2 = z

• So the

ratio o f the menstrual problems among obese compared to non-obese women is

( 3.19)

P ,/(\-P 0

e“

This is equivalent to exponentiating the regression coefficient bj, in equation ( 3.18). In other words
the regression coefficients in ( 3.18) are log odds ratios. Odds ratios for a continuous explanatory
variable can be obtained in the same way. In this case, exp(bj) represents the change in odds for a
unit change in the corresponding explanatory variable

Ordinal logistic regression (proportional odds model)

Logistic regression models are suitable for a binary response variable, but for ordinal variables of
more than two categories ordinal logistic regression should be used. An ordinal logistic regression
model is based on the cumulative distribution probabilities of the response categories rather than on
their individual probabilities, as in the case with a binary response. In general, if there are r ordered
response categories, there are r - 1 cut-points in the underlying distribution. Each cut-point can be
used to fit a logistic model.

Ordinal logistic models assume the odds ratios for each cut-point

logistic model are the same (except for the baseline odds). So the ordinal logistic model given in (
3.20) has the same regression coefficients but different intercepts.

Under the proportional odds

assumption, this model assumes that the corresponding log odds are the same.

In C hapter 6, the risk of m enstrual problems reported by age 16 is determ ined for obese 16-year old
girls compared to girls with normal BMI.

In this case, the response variable was severity of

menstrual problems, a three category ordered variable, representing severe, mild or no menstrual
problems. Thus, the logistic model has two intercepts giving two odds, one for severe menstrual
problems, the other for mild or severe problems.
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( 3.20)

l o g i t ( p ^ J = log^

Pic
1 -P ic

where

is the intercept associated with the c'^ odds (c = 1, 2), xn, %2 „

x^i are explanatory

variables and p n =Pr(y < 1) is the cumulative probability of severe m enstrual problems and p ,2 =Pf(y
< 2), the cumulative probability of mild or severe menstrual problems.

Suppose, x^i is a 2 level

factor, equal to one for an obese women and zero for a non-obese woman, under the proportional
odds assumption, the odds of severe menstrual problems is the same as the odds of mild or severe
m enstrual problems, among obese women relative to non-obese women, and this is obtained by
exponentiating the regression coefficient bk in equation ( 3.20).

3.2.5 Methods to model time to an event

3.2.5.1 Survival analysis

For some analyses the outcome of interest is the tim ing of some event, for example death. In this
instance, survival analysis is appropriate. The resulting data are conventionally known as survival
times, even though the end-point can be other than death. Survival data are in general, not normally
distributed, instead they tend to be positively skewed.

Most studies will include individuals for

whom the event has not yet occurred at the time of analysis. For these individuals, the time to the
event is unknown and such survival times are referred to as censored to indicate that the period of
observation was cut off before the event occurred. In C hapter 6, survival analysis is used to
determ ine whether obese women take longer to conceive than women within the normal BMI range.
In this case the survival times, that is, time to pregnancy were censored at 12 months (and in a
separate analysis, at 96 months), thus the end-point of interest is pregnancy.
equations related to survival analysis are explained in terms of this example.

87

The following

Survivor function

Suppose t denotes time to pregnancy, with probability density function f(t) and cumulative
distribution function F(t) and T is a realisation of t. The survivor function, S(t), defines the
probability that the time to pregnancy is greater than or equal to some value t (i.e. probability that a
woman does not conceive from the time origin to some time beyond T),

( 3.21)
S(t)= P ( T > t ) = l - F ( t )

The hazard function, h(t), represents the probability that a woman conceives at tim e t, conditional on
her not conceiving before that time. Therefore, the hazard function represents the instantaneous
pregnancy rate for a woman not conceiving to time t,

( 3.22)

ôt^o\

5t

J

The survivor and hazard function are related in that

(3.23)

S(t)
These functions can be estimated using non-parametric methods which do not require a specific
definition fo rf{t).

Kaplan-M eier estimate o f the survivor function

The Kaplan-M eier or product-limit estimate of the survivor function can be determined for a sample
of censored survival data. A series of time intervals are constructed such that each interval includes
one pregnancy time, t^), and this is assumed to occur at the start of the interval. For example, the
first pregnancy time is at t(D and the first time interval starts at t(]) to just before t(2 ).

In general terms, suppose there are n women with observed pregnancy times, fy, t 2 ,

where

women can have the same pregnancy time. If there are r pregnancy times (r < n ) , arranged in rank
order (where t h e t i m e is denoted by

e.g. t(j) < t(2 ) < ... < t(r), then the number of women who

have not conceived just before time t(j) is denoted by rij (j=J, 2, ... r), and the number of women who
conceive at this tim e is Cj. The time interval from t(j) - 5 to t(j) contains one pregnancy time and the
probability that a woman conceives in this interval is c ,/ n, hence the probability of not conceiving is
(rij - Cj)/Hj. T he censored time to pregnancy is taken to occur immediately after the pregnancy time,
in calculating tij, if these two times occur simultaneously.

The interval from t(j) to

- 5, contains no pregnancies, so the probability of not conceiving within

this interval is one. Therefore, the joint probability of not conceiving from y - 5 to fyyyand from t(j) to
- Ô (that is from t^j) to fy+yy, as 5 -4 0), is (itj - Cj) / nj. Assum ing that the pregnancies occur
independently of each other, the probability of not conceiving through the interval t(j) to tg+j), and all
preceding intervals is given by the Kaplan-Meier estimate o f the survivor function.
{ 3.24)

S (t) =

for

^ / < t(k+])» ^ —1, 2, ..., r

J
fort<t(,)

S ( t ) is a step function, survival probabilities decrease at each pregnancy tim e and are constant
between adjacent pregnancy times. The standard error of the Kaplan-M eier estimate is based on
Greenw ood’s formula.

s . e [5 (0 ] “ S(t)
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Comparison o f survival curves in different groups: the logrank test

In Chapter 6, it is of interest to determ ine whether the time taken for a woman to conceive differs
according to BMI, i.e. do the fattest women take longer to conceive than those with normal BMI?
The most common method of com paring independent groups of survival times is the non-parametric
logrank test

In this test the null hypothesis is that the groups being compared come from the

same population with respect to their survival experience.

Suppose women were classified into two groups based on their BMI at age 23: obese (O) and not
obese (N) and at tim e t(j) there were Cjo and Cjn pregnancies and njo and nj^ who had not conceived
just before t(j) in groups O and N respectively (Table 3.5).

no. at risk of pregnancy before t(j)

conceived at t(j>

not conceived after t(j)

obese ( 0 )

njo

CjO

njo - Cjo

not obese (N)

njN

CjN

njN - CjN

Total

nj

Cj

nj-cj

Under the null hypothesis, the risk of pregnancy is the same in groups O and N, therefore the
expected num ber o f pregnancies at any time, t(j) , will be distributed between the two groups
proportional to the num ber at risk, thus for the obese group (O),

n j (n j - 1 )

Evidence against the null hypothesis is given by the difference between the observed and expected
number of pregnancies at each time. The logrank test is the combination of all these differences over
all the times at which pregnancies occurred. The following test statistic, for the equivalence of the
pregnancy rates in the two groups, is given by
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(3.25)

A

Cjo -

E {

cjq

)

var(cyo)
7= 1

This test statistic has an approxim ate

distribution.

This test statistic can be extended for k

groups, A > 2, in this case there will be &- V degrees of freedom.

C ox’s proportional hazards model

In addition to exam ining the equality of the tim e to pregnancy distributions between different BMI
groups, the chance (i.e. risk) of conceiving within a certain time period can be obtained using Cox’s
regression model

In Chapter 6, risk of conceiving within 12 months (and also 96 months) was

used. In this case the hazard function is modelled, allowing for adjustment for potential confounding
factors.

The underlying distribution of pregnancy times does not need to be known, whereas a

param etric form for the explanatory variables is assumed. Cox’s model assumes that the hazard of
pregnancy at any given tim e for a woman in one group is proportional to the hazard at that time for
a similar woman in another group (i.e. proportional hazards).

Suppose there are k explanatory variables for the

subject, denoted by %/,, X2 „

and that the

baseline hazard function is denoted by ho(t). The general proportional hazards model is given by.

7=1

This can be expressed as a linear model.
( 3.26)

ho(t)

jTj
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( 3.27)
k

' ' j X>
y=>

log,
ho(t)

In C hapter 6, the risk of conceiving within 12 months was determined for women in four BMI
groups. To illustrate, suppose BMI is classified into two groups, denoted by a categorical variable,
Xji, obese (xji = 1) and not obese (xji = 0), the ratio of the hazard of pregnancy am ong the obese
compared to those not obese is obtained by exponentiating the regression coefficient, bj ( 3.26).

To test if the proportional hazards assumption is valid, a time-dependent explanatory variable, say
X ji(t),

can be added to the model. If this variable significantly improves the fit of the model then the

proportionality assumption is invalid, and the relative risk of pregnancy associated with xji varies
with duration of follow-up.

The regression coefficients of Cox’s model are estimated using maximum likelihood assum ing there
is only one pregnancy at each pregnancy time. However, in the case of tied survival times the
likelihood function is modified.

Several methods to deal with tied data are available, the most

common uses the approximate likelihood of Breslow

3.2.6 Tracking indices
One of the main purposes of this thesis is to establish the extent to which anthropom etric
measurements are stable over different life stages.

This stability can be assessed by ‘tracking

indices’ which measure the degree to which an individual’s rank is m aintained over time. These
indices are often used in studies that examine chronic disease risk factors, such as blood pressure
or growth parameters such as body fatness

at different life stages. Several different tracking

indices are available and these are discussed in Chapter 4, while an analysis of tracking of height
and BM I measured from ages 7 to 33 in the 1958 birth cohort is presented in Chapter 5.
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3.2.7 Regression towards the mean

Tracking of anthropom etric measures with increasing age can be simply determined by comparing
means o f particular subgroups (e.g. those obese or underweight) at different ages. The repeated
m easurem ent of anthropom etric variables over the life course will be susceptible to measurement
error and biological variation over time. These two factors contribute to the statistical phenomenon
known as regression to the mean, which can be illustrated with the following example. Consider the
mean BM I of a group o f obese and underweight subjects was m easured on two occasions, on the
second occasion the mean BMI of the obese group would be closer to the population mean than it
was on the first occasion due to regression to the mean. Similarly, the mean BMI of the underweight
subjects would appear to be closer to the population mean on the second occasion. Further details of
regression to the mean and examples from the 1958 cohort are given in Chapter 4.
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Chapter 4

4. Tracking indices and regression to the m ean

Studies of grow th and developm ent with repeat anthropometric measures of individuals at different
ages require particular statistical techniques and consideration.

M any conventional statistical

methods are unsuitable for analysing this type of data because some of the usual statistical
assumptions, such as independence of variables, are violated. In particular, repeated anthropom etric
m easures are correlated, and measurements taken closer in time are more strongly correlated than
those taken further apart. Tracking indices take into account the correlation between m easurements
and are used to assess the stability of repeated measures over time. Other methodological problems
associated with repeated anthropom etric data, which are subject to measurement error and biological
variation over tim e, include the statistical phenomenon of regression to the mean.

This chapter

describes the advantages and disadvantages of some different tracking indices (formulae given in
§A4.1).

Some indices have been calculated, using software written specifically to analyse

longitudinal data ' or with SAS version 6.12 (SAS Institute Inc, Cary, NC), to assess tracking of
height and BM I between 7 and 33 years for a subset of the 1958 cohort. Regression to mean is also
illustrated using height and BM I data from the cohort.

4.1 Tracking indices

Several methods are available to assess the stability or tracking of m easurements over the life course
(i.e. the tendency for individuals to stay in the same relative position of the distribution). In the
simplest case, tracking can be assessed using data at just two time points, for example, by calculating
Pearson’s correlation coefficient.

However, as mentioned above, longitudinal data can present
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problems in that repeated measures taken on the same individual are correlated, and also,
particularly with anthropometric measures, the correlation between pairs of measurements is often
unequal. This is illustrated in Chapter 5 where correlations between heights and BMIs from the 1958
cohort vary depending on the tim e between measurements: those taken closer in time have stronger
correlations than those taken further apart.

Therefore methods to exam ine tracking such as the

univariate repeated measures ANOVA (which is used to compare means of different groups) which
assumes equal correlation between pairs of measures at different tim e points, are unsuitable.
Standard generalised linear model (GLM) analyses are also inappropriate for analysing repeated
measures data since in general, the tim e dependence of these measures is not taken into account.
However, Zeger et al ^ have extended the GLM to allow for time-dependent data by allowing an
approxim ate correlation structure of the repeated measures to be specified. They suggest modelling
the tim e-dependence using generalised estimating equations (GEEs) which give consistent estimates
of the regression coefficients and of their variance. Alternative methods to investigate tracking of
measurements over time have been developed to take account of some of these issues.

4.1.1 Non-parametric tracking indices

Spearm an’s rank correlation coefficient (r j
This index is used to assess tracking between measurements at two time points (T = 2) when no
assum ptions are made about the distribution of the measurement values. It is the non-param etric
equivalent to Pearson’s correlation coefficient (§3.2.3.1).

It is calculated by firstly ranking the

observations for each of the two variables, then Pearson’s correlation coefficient is calculated for the
ranks rather than the observations themselves.

C ohen’s kappa ^ ( k)
This index is chance-corrected and can be calculated where T > 2.

It is based on the idea that

tracking occurs if individual’s repeated measurements remain in the same centile group as the
distribution of the quantity being monitored changes over time. Firstly, the number of centile groups
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is specified, for example, this may be quartiles or quintiles. For each individual, the number of times
that he or she is in each of the particular percentile groups is counted and compared to the expected
value if the subjects were randomly assigned to the different percentile groups at each measurement.
K

ranges from 0 to 1, with a value above 0.75 generally taken to indicate good tracking, and values

less than 0.40 suggest poor tracking.

An advantage of this index is it’s ease of computation.

However, it treats all movements between different centile groups equally. To overcome this latter
problem , Cohen developed a weighted kappa

Foulkes and D avis non-parametric tracking index (yi)
A different approach developed by Foulkes and Davis ^ for looking at tracking where T > 2, is in
terms o f individuals m aintaining relative rank. This index, y,, is based on the probability that two
random ly selected growth profiles will not intersect. An advantage of this index is that no
assumptions about the form of the curves are necessary. The value of yi is dependent on the length of
time period, ranging from

0

to

1,

where a value of

0

indicates that every individual growth profile

crosses every other individual growth profile at least once, a value of

1

indicates none of the

individual growth profiles cross. Values > 0.5 are interpreted as evidence of tracking.

K endall’s coefficient o f concordance (W )
This index can be calculated where T > 2 and is based on changes in individual’s ranking through
time. W ranges from 0 to 1 and indicates the degree of association between the rankings at each
repeat measure. However, when W is calculated for random numbers, it is not equal to zero and its
value is dependent on the number of tim e points, therefore it must be rescaled so that it equals zero if
it is to be compared with other coefficients.

4.1.2 Parametric tracking coefficients

Although param etric methods assume measurement values to be normally distributed they can be
applied to many situations since several normalising transforms are available (§3.2.2).
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Pearson’s correlation coefficient (rp)
This is the m ost popular tracking index when there are two time points (T = 2) and m easurements
are bivariate norm ally distributed. The correlation coefficient, r , is based on the sum of products
about the mean of the two variables.

This value is then divided by the root sum of squares of

deviations o f each variable to ensure the range of r is -1 to +1 (§3.2.3.1).

Strong tracking is

indicated by a high positive value (i.e. when high values of one variable are associated with high
values o f the second variable and low values of one variable are associated with low values of the
other). Separate Pearson’s correlations for height and BMI at each pair of ages for the 1958 cohort
are given in Chapter 5.

Intraclass correlation coeffiicient (ICC)
The intraclass correlation coefficient can be used to measure tracking where there are m easurements
at more than two tim e points (T > 2). The ICC estimates the average correlation between all pairs of
measurements. It is appropriate in the context of a Model II (random effects) ANOVA where the
individuals are viewed as a random sample (§3.2.3.7). The main difference between the Model I
(fixed-effects) and Model II (random effects) ANOVA is in the estimation of the between mean
square ( M S ^ ) . In the latter, M S g =
t and

+

(where x-,, =

; x,-, is individual i at tim e

is the steady-state or ‘true’ value for the i'^ individual at tim e t with population variance

(7^). As a consequence of this, inferences apply to the population from which individuals represent
a random sample (in contrast to inferences from the Model I ANOVA which are limited to the N
individuals in the study). The ICC represents the proportion of variance in an observation due to
subject-to-subject variability in their steady-state scores.

G oldstein’s growth constancy index (
This index is appropriate in the context of Model I (fixed effects) ANOVA (§3.2.3.7). Goldstein ^
suggested that tracking occurs when individuals are the same number of standard deviations from
the mean at each time of measurement (i.e. the z-scores for each individual are relatively constant
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across tim e points). T he growth constancy index,

compares the sum of squares of the standardised

scores between the individuals with the total sum of squares. Goldstein describes his index as ‘the
proportion o f the total variation T (N - 1) not attributable to individuals variations about their mean
(standardised) m easurem ents’

The index,

ranges from 0 to 1, the closer the value to one, the

stronger the tracking. However, this index does not equal zero in certain cases when there is no
tracking, for example, when there is zero correlation between successive z-scores.
developed a modified growth constancy index,

Thus, he

which equals zero in the latter case

M cM ahan’s index ( t)
An extension of the growth constancy index was developed by McM ahan

who fitted polynomial

curves to growth profiles. This index, % also uses all the available data and assumes that the repeat
measures are m ultivariate normally distributed with a common covariance structure. It is based on
the concept that a population tracks for a particular variable if the relative deviation of each
individual’s curve from the population mean curve rem ains unchanged over time. The value of x
ranges from

-1

to 1 , a value of

0

indicates no tracking and a value of

1

indicates perfect tracking

(-1

indicates a reversal o f values of two consecutive measurements).

Foulkes and Davis param etric tracking index (%)
This index is the param etric version of the Foulkes-Davis index described in §4.1.1.

The only

difference being that polynomial curves are fitted to the growth profiles and the intersection of these
curves are used to calculate the index.

4.2 Comparison of different tracking indices

The tracking indices described above are based on several different methodologies. Some indices are
related, whereas others appear to be based on a different principle (for example, the Foulkes-Davis
index). It is of interest to see how well these indices agree in measuring the degree of tracking of
measurements over time. Indices are compared for consistency, using anthropometric data from the
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1958 cohort, in describing relationships between height and BMI in childhood and adulthood.
Reasons for any discrepancies between indices are discussed.

4.2.1 Methods

Height and BMI are available at ages 7, 11, 16 , 23 and 33 years in the 1958 cohort. Indices for data
at only two time points (i.e. Pearson’s correlation coefficient and Spearm an’s rank correlation
coefficient) were analysed for ages 7 and 33 years using SAS. Other indices that require data at
more than two ages were analysed using longitudinal data analysis programs written in GAUSS *.
This software was only available for some of the tracking indices described in §4.1.1 and §4.1.2. A
lim itation of this software is that it can only handle small samples of about

200

individuals.

Therefore, for both men and women separately, three random samples of 200 were selected from
those individuals with complete data for height or BMI at each age of follow up. These were sorted
in serial number order and then every
30th, ..., 2000th (2) 9th, 19th, 29th

1 0 th

subject was selected starting from the ( 1 )

1999th and (3)

8 th,

1 0 th, 2 0

th,

18th, 28th, ..., 1998th. Some tracking

indices require the data to be normally distributed, therefore BMI was transformed using loge(BMI)
and -1/BM I (to reduce the slight positive skewness) (§3.2.2) and analyses were carried out on both
transformed and untransform ed BMI.

The effect of very skewed data was also investigated by

calculating the tracking indices for BMI^. The mean values of the tracking indices from the three
datasets and corresponding

95

% confidence intervals (calculated using %-

dataset

i ^

were obtained and a summary o f results is presented in Table 4.1.

4.2.2 Results

Table 4.1 shows that the different indices vary considerably.

In particular, C ohen’s Kappa,

k

,

consistently gives substantially lower values, implying poor tracking. For men, tracking of height is
poor using Cohen’s

k

(using 4 centile groups,

k

= 0.39 (weighted)), although it is known to track
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well from childhood and adulthood (see Chapter 5), as confirmed by all other indices (e.g. Pearson’s
correlation coefficient, r,, =0.70).

Spearm an’s rank correlation coefficient (r^) and Pearson’s, Tp

(calculated using just two variables at ages 7 and 33) show very sim ilar correlations.
expected since the two indices are identical if the variables are normally distributed.

This is
With the

exception of C ohen’s kappa, the indices are more consistent for height, which is known to show
stronger tracking over the life course, than for BMI. Am ong men, for example, the indices range
from 0.63 to 0.81 for height and 0.36 to 0.63 for BMI.

Men

Women

Height

BMl"

Height

BMI'*

Pearson, rp

0.70 (0.66, 0.74)

0.36 (0.28, 0.44)

0.71 (0 .6 7 ,0 .7 5 )

0.38 (0.29, 0.47)

Average o f T (T -l)/2 rp

0.77 (0.76, 0.78)

0.55 (0.53, 0.57)

0.78 (0.77, 0.79)

0.57 (0.55, 0.59)

Spearman, r.

0.69 (0.64, 0.74)

0.36 (0.29, 0.43)

0.68 (0.63, 0.73)

0.37 (0.30, 0.44)

Average o f T (T -l)/2 r$

0.76 (0.75, 0.77)

0.53 (0 .5 1 ,0 .5 5 )

0.76 (0.75, 0.77)

0.57 (0.55, 0.59)

Cohen kappa'"', K

0.39 (0.38, 0.40)

0.24 (0.23, 0.25)

0.39 (0.38, 0.40)

0.25 (0.24, 0.26)

Foulkes-Davis, 72

0.65 (0.64, 0.66)

0.39 (0.38, 0.40)

0.64 (0.63, 0.65)

0.41 (0.40, 0.42)

Foulkes-Davis, 71

0.63 (0.62, 0.64)

0.42 (0.40, 0.43)

0.67 (0.66, 0.68)

0.45 (0.44, 0.46)

Intraclass correlation, ICC

0.77 (0.73,0.81)

0.55 (0.49, 0.61)

0.78 (0.74, 0.82)

0.58 (0.53, 0.63)

Goldstein, ^

0.81 (0.79,0.83)

0.63 (0.59, 0.67)

0.83 (0 .8 1 ,0 .8 5 )

0.66 (0.62, 0.70)

Goldstein,

0.77 (0.74, 0.80)

0.54 (0.49, 0.59)

0.78 (0 .7 5 ,0 .8 1 )

0.58 (0.53, 0.63)

a: values clo se to

1

indicate good tracking, values close to

0

indicate poor tracking.

b: Pearson and Spearman indices were calculated using data at age 7 and 33 using SA S. All other indices

were calculated using

data at ages 7, 11, 16, 23 and 33 years using L D A software ‘.
c: C ohen’s kappa is based on 4 percentile groups
d: results were very similar using logc(BMI), -1/BM I and B M P , thus they are not presented in this table.

In general, Pearson’s, Spearman’s and Foulkes-Davis (non-param etric, y, and parametric,

72 )indices

give sim ilar values. The intraclass correlation coefficient and growth constancy index (^) tend to
show higher values than Pearson’s correlation coefficient, especially for tracking of BMI.

The

modified growth constancy index (^*) gives lower values (closer to Pearson’s, fp) than the
unmodified

The average of T (T - 1) / 2 Pearson correlation coefficents is very sim ilar to both the
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ICC and Goldstein’s

W hen arbitrary cut-offs are used to indicate the strength of tracking (e.g.

indices > 0.5 indicate strong tracking) the ICC and Goldstein’s growth constancy indices show good
tracking for BMI, whereas all other indices show poor tracking. Analyses using BMI^, to investigate
the effect of very skewed data, were almost identical to results for BMI or the transform ations of
BMI, thus they are not presented.

4.2.3 Discussion

Data from the 1958 cohort show that the tracking indices vary considerably and can give conflicting
results (Table 4.1). Several factors contribute to these differences, including the number of tracks
used (e.g. Cohen’s

k ),

the tim e interval over which measurements are taken and the degree of

polynomial used to smooth the data (e.g. Foulkes-Davis). Table 4.2 sum m arises results from other
studies that have investigated tracking indices on the same datasets and these show similar
inconsistencies.

Cohen’s kappa appears to give inconsistent results when compared to the other indices (Tables 4.1,
4.2). This index is inefficient in that the division of the distribution into quantiles loses much of the
continuous information on the variables. The m agnitude of the index also depends on the number of
quantiles used. Twisk et al * argue that since C ohen’s

k

is based on the division of the population

into quantiles it is not comparable with the other indices.

They show how this index varies

according to the choice of quantiles using height data * (Table 4.3). However, it is im portant to note
that, unlike m any other indices,

k

is ‘chance-corrected’ (i.e.

k

represents the am ount of tracking

possible beyond chance which was realised in the data). Schneiderman et at ^ showed differences
between kappa,

k

,

and the uncorrected (for chance) kappa,

varied with the number of tracks (Table 4.3).

Kq

, and also showed how these indices

They found uncorrected kappas,

consistent with values o f other tracking indices.
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K q,

to be more

TABLE 4.2. Comparison o f different tracking indices^ obtained from other studies
Study

Pearson’s

C ohen’s

Foulkes

Davis

Tp

K

7i
0.39

Ï2

Furey et at'

0 .2 4 (3 tracks)

ICC

Goldstein’s

M cM ahan’s

S. S '

S. Y

Kendall’s
W

Average o f
T (T -l)/2 r*

Average o f
T (T -l)/2 rp

0.53

0.63

0.69, 0.61

0 .2 0 (4 tracks)

Goldstein *
Height

-

-

0.85

0.88 (D *= l); 0.86 (0 = 2 )

-

0 .9 7 -

-

-

-

-

0 .8 6 (0 = 1 ); 0.85 (0 = 2 )

W eight

-

-

0.82

-

0 .9 5 -

-

-

-

-

Triceps skinfold

-

-

0.58

0 .7 0 (0 = 1 ); 0.64 (0 = 2 )

-

0 .7 5 -

-

-

-

-

absolute

0.66

0 .5 9 (quartiles)

-

0 .7 2

-

-

0.89

0 .9 0

-

-

rescaled*

0.66

0 .5 9

0 .7 2

0.96

0.89

0.88

0.89

0.88

height (G |)

-

0.75 (3 tracks)

0.86

0.97

-

-

-

-

-

-

height

(G 2 )

-

0 .7 0

0.73

0 .9 6

-

-

-

-

-

-

height

(G 3 )

0.73

0.81

0.93

0 .9 6

0.96, 0.95

;= 0 .9 6 ,

Twisk e t a l ‘^^

Schneiderman et
/G uo et

af'^

ar "

TfcO.96

t values close to 1 indicate good tracking, values clo se to 0 indicate poor tracking $ D = degree o f polynomial * each coefficient is rescaled so that, calculated for random numbers, it equals zero
a: measurements o f the mandibular ramus height in 12 young male monkeys, taken at 5 tim e points
b; height, weight and triceps skinfold thickness measured at ages 5 , 6 , 7 ,
c: height measured at

6

8

and 9 for n=62 children from the London Growth Study

tim e points (ages 1 3 ,1 4 ,1 5 ,1 6 ,2 1 and 27 years) (Amsterdam Growth and Health Study)

d: G]: height o f low SES Mayan Indian children; Gz: height o f low SES Ladino children; G 3 Lheight o f high SES Ladino children (subset o f data used by B ogin et aÛ^) T =
e: uses G 3 only
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6

equally spaced time points(7-12y)

TABLE 4.3. Cohen’s kappa*

(k

and Kq) for different number of tracks
Number o f tracks
2

3

4

5

10

Ko^ (height)

0.90

0.82

0 .8 6

0.61

-

K*

0.79

0.73

0.82

0.52

-

S E ( k)

0.06

0.04

0.03

0.03

-

0.59

0.51

0.29

Schneiderman et a f ®

Twisk et a f *
0.72

K* (height)

■

* values clo se to

1

indicate good tracking, values close to

0

indicate poor tracking

t: Ko is not ‘chance-corrected’ $: K is ‘chance-corrected’
a: G 3 : height o f high SES Ladino children (subset o f data used by Bogin et al '^) T=
b: height m easured at

6

6

equally spaced ages (7-12y)

tim e points (ages 13, 1 4 ,1 5 ,1 6 ,2 1 and 27 years) (Amsterdam Growth and Health Study)

Several indices measure different aspects of tracking behaviour. Both the non-param etric FoulkesDavis and C ohen’s Kappa indices are unstructured, so there are no assumptions about the form of
the growth curves or about the distribution of measures. The Foulkes-Davis index is based on the
crossing of growth profiles and Kappa is based on the number of times individuals are in tracks (pre
defined centile groups). A pair of individuals’ growth curves may cross a number of times even if
they rem ain in the same track, which would appear as poor tracking on the Foulkes-Davis index, but
good tracking on Kappa. In contrast, they may never cross growth curves but could change track,
indicated by good tracking on the Foulkes-Davis index, but poor tracking on Kappa. Neither index
ensures parallel growth profiles.

Goldstein ^ noted that individuals at the extremes of the

distribution are less likely to cross the curves of other individuals, compared to those who track near
the average growth profile. A sim ilar problem arises with the Kappa index in that individuals in the
extrem e tracks can only cross a track in one direction (e.g. those in the ‘fattest’ BMI track can either
stay in that track or move in the direction of the average profile) compared to those who are close to
the average growth profile who can make a transition in both directions.

W hereas the non-parametric Foulkes-Davis tracking index is unstructured (i.e. no particular
structure of the growth curves is assumed), the param etric version assumes the growth curves have
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some specified functional form.

In general, stronger tracking is evident using the Foulkes-Davis

param etric index compared to the non-parametric version. It has been suggested that sm oothing by
fitting polynomials may avoid ‘m inor crossings’ which reflect random fluctuations more than overall
growth patterns

Individuals with the same growth curves but with random departures from their

curves, would have the same polynomial curve fitted (on average) using the param etric FoulkesDavis index, but the non-parametric version would pick up the random crossings, thus the curves
would appear to track with the param etric index. The value of the param etric index depends on the
degree of polynomial used to fit the growth curves and the same degree is used to fit all the
individual curves.

The value of the index is affected by fitting a higher than necessary degree

polynomial, this can sometimes lower its value.

Twisk et al ® propose that the disagreement in the magnitude of tracking coefficients is due to
measurement on different scales.

They illustrate this by calculating the average T ( T - l ) / 2

Pearson’s and Spearm an’s correlation coefficients and com paring these with the ICC and K endall’s
W (rescaled) respectively (Table 4.2). For body height these are approximately equal to K endall’s W
(0.88) and slightly lower than the ICC (0.96). M cM ahan’s index shows stronger tracking than the
Foulkes-Davis index (Table 4.2). One explanation for this is that in certain cases growth curves may
cross at the end or the beginning of a tim e interval, in this case, no tracking would be shown using
the Foulkes-Davis index, but M cM ahan’s index, based on the relative deviation of the individual’s
growth curve, will remain unchanged over most o f the tim e interval.

4.3 Regression towards the mean

A simple method to investigate relationships between repeated measurements over time is to
calculate means of the variable of interest at each time point.

Using anthropometric data, for

example, means could be calculated for particular subgroups, such as the overweight or underweight.
However, anthropometric measures are subject to measurement error and biological variation over
time, and both of these factors contribute to regression to the mean. To illustrate this phenomenon.
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suppose the mean BM I of a group of obese subjects was measured on two occasions. On the second
occasion, the mean BM I of the obese group would be closer to the population mean than it was on
the first occasion, due to regression to the mean. In this section the effect o f regression to the mean
is examined for height and BM I in the 1958 cohort over five ages from 7 to 33 years.

TABLE 4.4. BM I outcom e in boys with BM I > 95th centile at 7 years
age 11

age 16

age 23

age 33

%

%

%

%

Bovs (n)

(262)

(214)

(237)

(208)

> 95th

51.9

35.5

23.6

22.6

90-95th

16.0

15.0

13.5

14.4

<90th

32.1

49.5

62.9

63.0

0.63

0.51

0.36

0.33

TABLE 4.5. Height outcome in boys with height < 4.7th centile at 7 years
age 11
Height Centile
age 16
age 23

age 33

BMI Centile

Correlation with
BMI at age 7

%

%

%

%

(239)

(210)

(210)

(186)

< 5th

66.1

40.0

49.5

46.2

5-10th

18.0

29.5

16.7

18.8

> 10th

15.9

30.5

33.8

35.0

0.85

0.74

0.68

0.68

Bovs (n)

Correlation with
height at age 7

Regression to the mean can be described in terms of the proportion rem aining in an extreme group
following measurement at several time points. Tables 4.4 and 4.5 show the BMI outcome of the
fattest 5% of 7-year old boys and the height outcome of the shortest 5% of 7-year old boys
respectively, at ages 11, 16, 23 and 33. The three height groups are based on approximate percentile
groups (exact groups could not be obtained due to grouping of heights at particular values). Only
22.6% of the fattest 7-year old boys remain in the fattest group at age 33 (Table 4.4) and only 46.2%
of the shortest 7-year old boys remain in the shortest group at age 33 (Table 4.5).
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A higher

proportion o f fat or short children may have been expected to remain in the extrem e groups at later
ages, but these lower proportions are due to the regression to the mean effect.

An algebraic explanation for this is given using least squares regression (§3.2.3.3) where
measured at age 11, is the dependent variable and
For this example, it is assumed that

, BMI

, BMI at age 7, is the independent variable.

and Jï^are normally distributed with means

and standard deviations <j], and g -j respectively.

and fl^

The regression coefficient, b (3.14), can be

rewritten in terms of the Pearson’s correlation coefficient, r (3.10),

(4.1)

<^7
Therefore, the least squares regression equation (3.13), can be rewritten as.

(4.2)
•^11

+ r — (x^ - j U ^ )
(^7

It should be noted that equation ( 4.2) simplifies further if X-j and

, are transform ed to z-scores,

Z-j and z , | . In this case <7^ = ( J ,, = 1 , and }1^ ~ l-^u = 0 , thus

(4.3)
Zii = r z ,

From b (4.1), the regression coefficient, it can be seen that a unit change in the standard deviation
of x ^ , is associated with a change of r standard deviations in X, , . In general r < 1 (unless x^
and JC,, are perfectly correlated in which case r = \ , and regression to the mean does not occur).
Therefore for a given value of x ^ , the predicted value of
its mean.

I ll

j is closer to its mean than X-^ is from

4.3.1.1 Regression to the mean effect for an extreme subgroup

The expected regression to the mean effect can be calculated for an extreme group. This will be
described algebraically. Suppose the BMI of a group of subjects from the general population was
measured at two tim e points, at ages 7 and 11, and z-scores (standard deviation scores) for BM I were
calculated (§3.2.2.3). Denote the z-scores for BMI at ages 7 and l l b y z ? and z ^ , by definition
these are normally distributed with a mean of zero and standard deviation of one,

Zv ~ N ( 0 , 1 ) ;

~ N (0 , 1)

Define an obese group from this population whose BMI exceeds some arbitrary cut-off, and denote
the z-score for BMI at ages 7 and 11 of the obese groups by, Zob_j and Zob_i i respectively. The
mean of the second measurement at age 11, z„b n - should be less than the mean of the first
m easurem ent at age 7,

^ due to regression to the mean. The difference between the two means

can be calculated from the general regression to the mean equation ( 4.3).

This equation can be

described in terms of conditional expectation, such that, for a given first m easurement (z-score for
population BMI at age 7), the second measurement (z-score for population BMI at age 11) follows a
normal distribution with a mean given by,

(4.4)
E[Zu\z■J] = Z ^ + r ( z ■ J - Z ^ )

= rz-j
where r is an estimation o f the correlation between Z-j and Z j, in the population sample.

Similarly, by averaging the regression to the mean equation over all of the obese sample, the
expected mean for the second measurement,

, i , can be obtained by.
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(4.5)

uKb

7 ] = Z 7 + ''(Z o i, 7 - Z 7 )

= r z ob_7

The regression to the mean effect is given by z„b_\ \ ~ Zobjj > which is the amount by which the
estim ate o f the mean BM I of the obese group at age 11 will fall from the mean BMI of this group at
age 7 if their true BM I remains unchanged. This is given by
(4 .6 )
regression effect = Zobj 1 ~ Zobjj

= (r-l)Z ob_i

Equation ( 4.6) shows that the higher the mean BMI in the obese group at age 7 iZob_^ ), and the
lower the correlation, r , between successive measurements in the population sample, Z-j and Zj 1 ,
the larger the regression to the mean effect. There is no regression to the mean effect if r = 1 or if
Z„b

1

—^ •

Successive heights are more strongly correlated than BMI (Tables 4.4, 4.5) and

therefore there is a smaller regression to the mean effect with height than with BMI. This can be
illustrated using data from Tables 4.4 and 4.5. First, consider the expected regression to the mean
effect for the fattest 7-year olds at age 11. The mean z-score for BMI for the fattest 7 year olds is
2.72, and the correlation between BMI at ages 7 and 11 in the full sample is r = 0.63, therefore the
regression to the mean effect at age 11 is (0.63-1)2.72 = -1.01. Similarly for height at ages 7 and
11, where the mean z-score for height for the shortest 7 year olds is -2.19, the regression to the mean
effect is (0.74-1) (-2.19) = 0.57 . These figures show the expected change in z-score between the
mean of height and BMI from ages 7 to 11. BMI (for the fattest children) shows a greater change
(i.e. a larger regression to the mean effect) in the opposite direction compared to height (for the
shortest children).
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4.3.1.2 Expected proportion remaining in an extreme group

Assuming a bivariate normal distribution for two repeated measurements taken at different ages, for
example height at age 7 and 11, the likely degree of regression to the mean can be calculated using
just the correlation between the two variables. This is illustrated using height data from the 1958
cohort for boys.

Suppose a group of the shortest 7-year old boys were selected and the proportion of these boys
rem aining short at age 11 was required (66.1% from Table 4.5).

This percentage will now be

obtained using an alternative method that requires just the centile cut-offs used to define the specific
groups, the correlation between height at ages 7 and 11 and an assumption of bivariate normality.
(As noted in §4.3, exact 5th centiles could not be used to define the shortest groups; the actual
percentiles used were the 4.7th and the 5.1th centile at ages 7 and 11 respectively). To calculate the
likely regression to the mean effect, the assumption that heights at ages 7 and 11 are bivariate
normally distributed can be tested using the C L B V A R IA T E N 0R M A L (z7,z,],r)
Genstat (v 5.3.1).

This function takes three parameters;

function in

the standard normal deviates for the

proportions corresponding to each centile cut-off used to define the shortest groups at ages 7
{z-j = 0 ~ ’ (0.047) = -1.675 from the 4.7th centile) and 11 (z;, = 0 '^ (0 .0 5 1 ) = -1 .6 3 5 , 5.1th centile)
and the correlation between the heights at the two ages ( r = 0.85). This function gives the expected
proportion of the population who are below the given centiles at both ages, i.e. boys whose 7-year
height is below the 4.7th centile and whose 11-year height is below the 5.1th centile.
example, the expected proportion
Pg = 0.027

or 2.7%.

In this

(obtained using the CLBVARIATENORM AL function) is

This can be compared to the observed proportion in Table 4.6,

p = 158 /5 5 3 8 = 2.9% . In other words, the observed proportion of the shortest 7 year old boys
rem aining short at age 11 is 1 5 8 /2 3 9 = 66.1% . The corresponding expected percentage can be
obtained by dividing the expected proportion, P q , by the percentage who were defined as short at
age 7, i.e. 4.7%, that is (2.9 /4 .7 ) xlOO% = 61.7% . If there is no significant difference between
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expected ( P q ) and observed ( p ) proportions (using test of proportions §3.2.4.3) then a bivariate
normal distribution for the data can be assumed.

TA BLE 4.6. Height distribution of the shortest 7 year old boys at age 11
Not short at 11 (> 5.1th)

Short at 11 (< 5.1th)

Total

5184

115

5299

81

158

239

5265

273

5538

Not short at 7 (> 4.7th)
Short at 7 (< 4.7th)
Total

In the above example, the test of equality of proportions (§3.2.4.3) gives the following test statistic,
0.029-0.027

z = —f = = = = =

= 0.2

0.027(0.973)
239
Hence, there is no difference between the expected and observed proportions since at the 5%
significance level (|z| < 1.96 ).

Thus, the CLBVARIATENORMAL function can be used to calculate the expected proportion
rem aining below a given centile at a second measurement for different initial cut-offs and
correlations between two variables.

This is presented graphically in Figure 4.1. If two repeated

measurem ents are bivariate normally distributed then Figure 4.1 can be used to estimate this
proportion. For example, suppose the proportion of the shortest 5% of boys rem aining short at age
33 is required (the correlation between 7 and 33-year heights is 0.68). The shortest 7 year-olds were
defined as those with heights below the 4.7th centile. The intersection of 4.7 on the x-axis and the
line corresponding to a correlation of 0.68 (interpolated between the line for 0.60 and 0.70), gives
approxim ately 40% rem aining short at age 33. Table 4.5 shows that the observed proportion is
46.2% . The difference may arise due to the observed proportion being based on the number of the
shortest 7 year-olds who remained below the 5.3rd centile (rather than the 4.7th) at 33, since exact
groupings could not be obtained.
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F IG U R E 4.1 E xpected proportion rem aining in an extrem e subgroup at a 2nd m easurem ent
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Key: the 13 curves from the bottom to the top correspond to correlations of
0.01, 0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 0.95 and 0.99.

[A c k n o w le d g e m e n t; s o m e o f th e m a ter ia l in § 4 .3 .1 .1 and § 4 .3 .1 .2 w a s b a s e d o n a fo r th c o m in g b o o k b y B la n d
a n d A ltm a n '^ ]

4.4 Conclusions

A lthou gh som e tracking indices yield conflicting results, som e in d ices are sim ilar and som e are
sum m ary statistics o f several correlations (§ A 4 .2 ). For exam ple. M cM ah an ’s index is equivalent to
the average o fT ( T - l) /2 Pearson’s correlations coefficients " , and the ICC is the param etric form o f
K en d all’s W (§ A 4 .2 ).

T his m ay be problem atic sin ce relationships betw een m easurem ents are

m asked by sum m arising much com plex information into a sin g le index. A further lim itation o f
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tracking indices is their interpretation; arbitrary cut-offs are used to identify good or poor tracking.
In addition, the range o f values a tracking index can take are often different, m aking them difficult
to compare. Hence, in Chapter 5, Pearson’s correlation coefficient is used to indicate tracking of
height and BMI over ages 7, 11, 16, 23 and 33 years in the 1958 cohort and it will be seen that
stronger tracking is evident between measurements taken closer together than those taken further
apart. T his inform ation would be lost by using a single tracking index to summarise relationships at
all ages.

The effects o f regression to the mean, which arise due to both measurem ent error and biological
variation, should be taken into account when considering repeated anthropometric data over time,
otherwise some results may be distorted.
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Chapter 5

5. Tracking of body m a s s index and height from chiidhood
to aduit iife

5.1 Introduction

Given the recent secular increase in BMI and obesity (§1.3) and im portance of this risk factor for
several chronic diseases (§1.1 and §1.5), prevention of obesity is a public health priority ‘. It is from
the perspective of prevention that the relationship between childhood and adulthood fatness has been
investigated, with several studies showing a tendency to remain overweight among those who were
fatter in childhood

On this issue of outcome for fat children, the evidence is now extensive

(summarised in Appendix 5) and consistent results have been observed.

A part from this specific

issue, the evidence is incomplete on the more general impact of fatness in childhood on that in
adulthood, m ainly because too few studies have been based on large and unselected population
samples.

It is im portant to consider factors which may affect the child to adult adiposity relationship and
hence the life stage to focus preventative strategies.

Figures 3.1 and 3.2 (Chapter 3) show age-

related changes in skinfold thickness using US data and BMI using British data. Although these
graphs are based on cross-sectional rather than longitudinal data, they are of some value.

In terms

of prevention, it is also important to establish factors which influence the development of obesity in
childhood/adolescence.
neglect

These include parental obesity

poor quality housing

excessive television viewing

learning difficulties

poorer paternal education
m inority ethnicity

high protein intake in infancy

parental

fewer siblings

and short sleep duration

Parental obesity has been identified as a predom inant risk factor, with childhood fatness increasing
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linearly with increasing level of parental fatness

Children with both parents obese have

higher risks of obesity than those with one or neither parent obese
differential effects of maternal and paternal obesity

Some studies suggest

but this is not a consistent finding

Parent-child adiposity correlations also appear to increase with age of the child

However, most studies of parental obesity have been cross-sectional, in that childhood data are
available for only one age. Consequently, it is not known whether parental obesity affects the childadult adiposity trajectory of their offspring. The literature on tracking of adiposity from childhood to
adulthood, whilst extensive, does not address this issue.

A predictive effect on m ortality has also been observed for height

(§1.2), although the

aetiological significance of this is more contentious^'. Studies of age trends in stature have been
conducted, however, prim arily for the purpose of identifying growth associated disorders^^ than for
preventing adult mortality. Hence, height is typically followed over relatively short periods during
childhood, with few studies tracking height through to adulthood. Relationships between tim ing of
m aturation and adult anthropometric measures have also been investigated: early maturation being
associated with shorter adult stature

and with higher adult BMI

But these observations tend

to be based on small, selected samples with limited information on long-term relationships extending
back into childhood.

In this chapter relationships between height, weight and BMI at different ages from childhood to
adulthood are investigated, specifically to assess child to adult associations for height; the extent to
which fat children become obese adults; whether obese adults were fat children and long-term
relationships between tim ing of maturation and height and BMI, using alternative indicators of stage
of m aturation. Relationships between adiposity of children and their parents are also assessed and
tracking o f adiposity from childhood to adulthood is examined in relation to parental obesity status.
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5.2 Methods

5.2.1 Cohort members measures

Heights, weights and BMI (at 7, 11, 16, 23 and 33 years) were used, excluding im puted 33-year
heights (§2.2.1, §A2.3 for further details). Stage of puberty was assessed at age 11 (boys: genitalia
and pubic hair rating; girls: breast and pubic hair rating) and at age 16 (boys: voice broken, pubic
hair, axillary hair and facial hair rating; girls: age of m enarche, breast development, pubic hair and
axillary hair rating) (see §2.2.4 for classifications). Centiles used to define childhood BMI groups
were selected to be comparable, in large part, with national reference standards based on standard
deviation scores^^. T he 97.7th centile, calculated as +2 standard deviations above the mean, is
reported here as the 98th centile. Age-specific cut-offs are given in Table 5.1. Adult BMI, at ages 23
and 33, was classified as: underweight (BM1<20.0), normal weight (>20.0 and < 24.9), overweight
(> 24.9 and < 30.0) and obese (>30.0). Information on birth weight was recorded in pounds and
ounces by the midwives in charge of the delivery.

TABLE 5.1. Cut-offs for upper BMI centiles (kg/m^) o f cohort members at ages 7, 11, 16 and 23
Males
91st (n)

95th (n)

Females
98 th (n)

91st (n)

centiles (kg/m^)

95th (n)

98th (n)

centiles (kg/m^)

Age
7

17.9 (614)

18.7 (346)

19.9 (161)

18.3 (584)

19.3 (332)

20.8 (147)

11

20.4 (575)

22.0 (320)

24.2 (146)

21.5 (550)

23.0 (305)

24.8 (141)

16

23.6 (512)

25.1 (284)

27.4 (132)

25.0 (479)

26.3 (269)

28.0 ( 122 )

23

26.9 (549)

28.3 (304)

30.0 (144)

26.4 (544)

28.2 (307)

30.7 (133)
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5.2.2 Parent measures

Heights and weights of the parents were self-reported in 1969 when their children (the cohort
members) were aged 11. Heights were reported to the nearest inch; weights were classified into one
of 27 groups; ranging from 6 stone 4 pounds (39.9 kg) to 19 stone 10 pounds (125.2 kg), in
increments of 6 pounds (2.7 kg). For the purpose of estim ating BMI, parents were assigned a weight
equivalent to the midpoint of their weight group. BMI was calculated at a single time for the parents
(that is, when their offspring were aged 11). Firstly, parental BMI was classified as: underweight,
normal, overweight or obese, as defined by the 85th centile (see Table 5.2 for cut-offs). A different
cut-off was used to define parental obesity than that used for the cohort members at age 23 and 33.
This was to increase the numbers in the parental obesity groups.

TABLE 5.2. BM I groups for mothers and fathers o f the 1958 birth cohort
Father (n= 12948)
cut-off (kg/m^)

Mother (n==13368)

%

(n)

< 20.0

3.9

(504)

< 18.7

5.6

(749)

Normal weight

> 20.0 & < 24.9

53.5

(6933)

> 18.7 & < 23.7

49.0

(6555)

Overweight

> 24.9 & < 27.7

27.5

(3555)

> 23.7 & < 27.6

29.8

(3982)

> 2 7 .7

15.1

(1956)

> 2 7 .6

15.6

(2082)

Underweight

Obese*

cut-off (kg/m^)

%

(n)

* defined by the 85th centile

Secondly, six parental obesity groups were constructed (abbreviated names of these groups are given
in quotes and are used throughout this chapter). These are ordered in increasing parental fatness
based on the combination of the m other’s and father’s m ean BM I (see Table 5.3 for means):
(i) ‘one underw eight’ : one parent underweight, one not obese (that is, underweight, normal or
overweight)
(ii) ‘both normal’: both parents o f normal BMI
(iii) ‘one overweight’ : one parent overweight, one of normal BMI
(iv) ‘both overweight’ : both parents overweight
(v) ‘one obese’: one parent obese, one not obese (that is, underweight, normal or overweight)
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(vi) ‘both obese’; both parents obese.

TABLE 5.3. Percentages (n) and mean BMI (kg/m^) in six parental BMI groups
Daughters

Sons

(n)

Mean BMI (kg/m^)

(n)

Mean BMl(kg/m^)

%

(6540)

father

mother

%

(6207)

father

mother

7.4

(481)

21.9

19.5

7.8

(486)

21.6

19.7

both normal

28.2

(1844)

22.9

21.6

28.7

(1781)

22.9

21.5

1 overweight

27.6

(1807)

24.5

23.5

27.8

(1723)

24.4

23.6

8.9

(583)

26.2

25.3

8.8

(545)

26.2

25.3

24.6

(1609)

26.7

27.0

23.9

(1482)

26.9

26.7

3.3

(216)

30.4

31.4

3.1

(190)

30.4

31.3

Parental BMI groups
1 underweight

both overweight
1 obese

both obese

5.3 Statistical methods

5.3.1 Relationship between height, weight and BMI from child to adulthood

Partial correlation coefficients, adjusting for date of measurement (§3.2.3.1), were calculated for the
cohort members, between height at 33 years and at all earlier ages, similarly for weight and BMI.
To reduce the skewness of the weight and BMI distributions, correlations were also performed using
loge(weight), loge(BMI) and -1/BMI (§3.2.2). Trivial differences (-0.03 to 0.04) were found between
correlations using transformed and untransform ed variables so only the latter are presented.
Analyses were repeated using subjects with complete data at all ages. Results were similar to those
based on subjects with incomplete data. Predictive effects of each puberty rating were examined in
separate linear regression analyses of adult height and BMI at age 33 (§3.2.3.3). The relationship
between tim ing of m aturation and height and BMI is presented only for one puberty rating at each
age.

The rating selected for presentation was that showing the strongest predictive effect in the

regression analyses (Table 5.7).

Childhood and adulthood BMI categories were cross-classified.

Percentages are presented first to show the outcome for the fattest children, and second, to show the
BMI distribution in childhood for the different BM I groups at age 33.
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5.3.2 Relationship between cohort member (offspring) and parental BMI

Firstly, the relationship between the BMI of the parents and their offspring was assessed using
partial correlation coefficients, adjusted for measurement date in childhood, at ages 7, 11, 16, 23 and
33 (§3.2.3.1). Secondly, to investigate tracking of adiposity from child to adult life in relation to
parental obesity status, partial correlation coefficients were calculated between the child’s BMI at
age 7 and 33 (adjusted for measurement date at age 7), separately for each of the six parental obesity
groups. To reduce the skewness of the BMI distributions, correlations were also performed using
transform ed BM I (§3.2.2). Trivial differences (-0.06 to 0.03) were found between correlations using
transform ed and untransform ed BMI so only the latter are presented. Differences in the correlation
coefficients (ages 7 and 33) between parental obesity groups were tested using Fisher’s
transform ation

(§3.2.3.2).

TABLE 5.4. M ean (standard deviation) for height, weight and BM I of cohort members at ages 7 to
33
7 years
mean
M ales (n)*

11 :years

(SD)

(6874)

mean

16 years

(SD)

(6381)

mean

(SD)

(5698)

23 years
mean

(SD)

(6134)

33 years
mean

(SD)

(5458)

height (m)

1.23

(0.06)

1.44

(0.07)

1.70

(0.08)

1.77

(0.07)

1.77

(0.07)

weight (kg)

24.1

(3 j)

36.0

(6.9)

58.9

(10.3)

72.7

(10.4)

80.1

(13.5)

BMI (kg/m^)

15.9

( 1 .6 )

17.3

(2.4)

20.2

(2.7)

23.1

(2.9)

25.6

(4.0)

Females (n)*

(6422)

(5342)

(6118)

(5625)

(6145)

height (m)

1.22

(0.06)

1.45

(0.08)

1.61

(0.06)

1.62

(0.07)

1.63

(0.06)

weight (kg)

23.7

(3.9)

37.2

(7.7)

54.4

(&5)

58.2

(9.2)

65.4

(13.5)

BMI (kg/m^)

15.9

(1.9)

17.6

(2.7)

21.0

(3.0)

22.1

(3.3)

24.6

(4.9)

* numbers o f subjects (in brackets) with data for BMI; sample sizes for height and w eight are slightly larger (see Table 5.5)

5.4 Results

Table 5.4 presents mean heights, weights and BMls with standard deviations for cohort members
from 7 to 33 years, indicating increasing body size with increasing age.
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TABLE 5.5. Partial correlation* matrix of height, weight and BMI of cohort member, ages 7 to 33

Height 7

7

11

1.00 (7036)

0.87 (5527)
1.00 (6494)

11

16

Males
16

23

33

7

11

0.76 (4703)

0.69 (5103)

0.70 (4548)

1.00 (6598)

0.83 (5264)

0.84 (4646)

0.73 (4886)

0.72 (4347)

1.00(6195)

1.00 (5746)

0.78 (4465)

0.77 (3927)

1.00 (6226)

0.91 (4632)

23
33

Weight 7

23

33

0.74 (4445)

0.70 (5128)

0.70 (4669)

0.72 (4405)

0.65 (4929)

0.66 (4497)

1.00(5382)

0.93 (4435)

0.92 (4044)

1.00 (6230)

0 .9 2 (4 9 3 1 )

1.00 (5512)

1.00 (7043)

11

0.79 (5524)

0.68 (4690)

0.54 (5064)

0.46 (4536)

1.00 (6434)

0.82 (4588)

0.62 (4798)

0.54 (4307)

1.00 (5719)

0.71 (4406)

0.61 (3901)

1.00 (6165)

0.75 (4585)

16
23
33

BMI 7

Females
16

1.00(5700)

1.00 (6601)

0.79 (5264)

0.67(4431)

0.54 (5079)

0.45 (4639)

1.00 (6166)

0.75 (4372)

0.59 (4867)

0.52 (4449)

1.00(5372)

0.73 (4398)

0.63 (4023)

1.00 (6170)

0.77 (4861)

1.00 (5506)

1.00 (6874)

11

16
23
33

0.63 (5336)

0.51 (4562)

0.36 (4924)

0.33 (4398)

1.00 (6381)

0.75 (4536)

0.52 (4738)

0.45 (4242)

1.00(5698)

0.64 (4363)

0.54 (3858)

1.00 (6134)

0.67 (4519)

1.0 0(5672)

1.00 (6422)

1.00 (5458)

0.68 (5073)

0.56 (4291)

0.42 (4927)

0.37 (4477)

1.00 (6118)

0.72 (4324)

0.55 (4811)

0.49 (4381)

1.00(5342)

0.67 (4356)

0.57 (3961)

1.00 (6145)

0.74 (4806)
1.00 (5625)

adjusted for date o f measurement
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5.4.1 Height

Table 5.5 shows strong correlations between height at 7 and 33 years, for both males and females
(r=0.70). Correlations tended to be greater over shorter intervals. M ales had higher correlations than
females at age 11, but lower correlations at age 16. These sex differences reflect the tim ing of the
pubertal growth spurt which occurs later for males (height is more variable around the pubertal
growth spurt, therefore correlations are lower). Correlations between ages 23 and 33, and between
ages 16 and 23 in females, were lower than expected (r=0.91 for males; 0.92 for females), even for
females who would have completed their growth by age 16. This is due both to m easurem ent error
and self-reporting o f height at age 23.

[n]

Height (m)
Mean

(SD)

[n]

BMI (kg/m^)
Mean

(SD)

[2721]
[1397]
[175]

25.5
25.6
26.9

(3.9)
(4.0)
(4.1)

Males
Pubic hair stage (11 year)
1 (pre-adolescent)
2

3"^ (adolescent)

[2754]
[1406]
[176]

p-value for trend
Axillary hair stage (16 year)
1 (pre-adolescent)
2

3
4 (adult)

1.768
1.772
1.770

(0.068)
(0.067)
(0.072)

0.7

[424]
[1038]
[1295]
[1171]

p-value for trend

1.762
1.767
1.770
1.774

0.3

(0.070)
(0.066)
(0.068)
(0.067)

[421]
[1029]
[1279]
[1160]

0.005

24.6
25.2
25.6
26.1

(1 0

(4.1)
(3.7)
(4.1)

0.003

Females
Breast rating (11 year)
1 (pre-adolescent)
2

3
4"^ (adolescent)

[1608]
[1642]
[956]
[324]

p-value for trend
Age o f menarche
15+
14
13
12
<11

p-value for trend

1.632
1.630
1.629
1.622

(0.066)
(0.061)
(0.062)
(0.065)

[1584]
[1623]
[937]
[319]

1.630
1.639
1.631
1.627
1.622
0.2
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(4.3)
(4.8)
(5.1)
(5.7)

0.003

0.08

[235]
[640]
[1162]
[834]
[526]

23.5
24.7
25.5
26.6

(0.062)
(0.063)
(0.064)
(0.062)
(0.063)

[232]
[631]
[1147]
[822]
[519]

22.5
23.6
24.2
25.0
26.6
0.0 0 2

(3.7)
(4.0)
(4.3)
(5.0)
(5.7)

T here was no significant linear trend between puberty ratings at age 11 and adult height for m ales or
females. At age 16, a significant trend emerged for males, of increasing height and m aturational
stage, but for females it was the earlier maturers who were shorter at age 33 (Table 5.6).

For

example, girls with onset of m enarche by age 11 were significantly shorter (1.622 m) than those with
onset after age 11 (1.631 m). After adjusting for height at the time of pubertal assessm ent, all
puberty ratings significantly predicted 33-year height (p<0.001), most notably with: 16-year ratings
of axillary hair (F=481) and pubic hair (F=477) for males; and 11-year ratings of breast development
(F=1566), pubic hair (F=1210) and m enarche (F=195 adjusting height at 16) for fem ales (Table 5.7).

Height at age 33
Unadjusted
Adjusting for height at:
11
16

Unadjusted

BMI at age 33
Adjusting for BMI at;
11
16

M ales
11 year
genitalia

4.8*

96.6***

34.8***

1.3

0.1

2.1

pubic hair

2.7

134.8***

36.4***

13.1**

0.9

0 .0

698.6***

208.0***

6.3*

791.3***

0.5

1 0 .0 **

11 .6 ***

41.6***

270.7***

4.1*

0.1

5.0*

9.0**

98.3***

477.2***

28.3***

2.4

0.7

10 .8 **

184.9***

480.7***

52.6***

3.3

1.8

0.3

223.1***

392.0***

25.4***

0.1

5.1*

19.6***

8 8 .6 ***

989.8***

183.7***

1566.0***

87.9***

174.8***

0.4

1.9

4.8*

1209.6***

69.6***

72.3***

0.4

4.7*

435.5***

301.4***

36.6***

935.7***

1.7

21.7***

breast rating

0.2

37.2***

25.4***

108.6***

25J"*

0.3

pubic hair

2.9

32.1***

14.1**

29.1***

5.7*

0.1

767.5***

194.7***

173.9*’*

3.2

32.7***

25.1***

41.8***

4.7*

0 .2

746.5***

2 2 .0 ***

4.4*

254.9***

248.9***

0 .8

weight

16 year
voice rating
pubic hair
axillary hair
facial hair

807.7***

weight

1.6

F em ales
11 year
breast rating
pubic hair
weight

5.2*

16 year

age o f menarche
axillary hair
weight
+ F-values

* p < 0.05

15.2***

**p < 0.005

*** p < 0.001
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16.4**

15.8***

5.4.2 Weight and BMI

5,4.2.1 Relationship between weight and BM I from child to adulthood o f cohort
member

In general, correlations for weight were not as strong as those for height (r=0.46 males and 0.45
females, between ages 7 and 33) although again, stronger associations were observed over the short
term sim ilarly for both sexes (Table 5.5). Correlations between BMI at different ages were weaker
than for either weight or height (r=0.33 males and 0.37 females, between ages 7 and 33) but for BMI
correlations were slightly stronger for females than males at all ages. The correlations indicate that
only 20-30% o f the variability in BM I at 33 can be explained by BMI at 11 or 16.

The relationship between BMI at age 33 and timing of puberty is shown in Table 5.6.

BMI

increased linearly as age of m aturation decreased. For age of m enarche the trend was particularly
strong, with an increase in mean BMI from 22.5 at age 15 or later to 26.6 for age 11 or earlier.
However, the relationship between adult BMI and puberty was partly mediated by associations with
BMI at ages 11 or 16. This is because BMI at ages 11 or 16 is itself strongly linearly related to
puberty stage (Table 5.7). Representation of the longer term relationship between tim ing of puberty
and BM I is presented in Figure 5.1. It is evident that earlier maturation is associated with a higher
mean BM I and that a consistently graded relationship was m aintained throughout childhood from as
early as age 7. However, a significant association between BMI at age 33 and m enarche remains,
though substantially reduced, after adjusting for adolescent BMI at age 11 (F=16.4) or 16 (F=15.8)
(Table 5.7). The relationship between maturation and body size earlier in life was examined using
birth w eight (Table 5.8). No consistent trend was found among females, whereas for males those
m aturing later (with 16-year axillary hair stage ‘absent’) had lighter birth weights than other groups.
Thus, the relationship with birthweight was weak and inconsistent for males and females.
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FIGURE 5.1. Mean® BMI o f cohort members for age 7 to 33 and tim ing o f puberty
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a:, the m inim um number o f individuals per m ean is giv e n in T able 5.6
b: axillary hair stage at age 16 (m ales) and age o f menarche (fem ales)
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TABLE 5.8. Mean birthweight o f cohort members and timing o f puberty
Birthweight (ounces)
Puberty stage

[n]

Mean

(SD)

absent

[607]

118.0

(17.7)

sparse

[1393]

119.8

(18.8)

intermediate

[1660]

120.4

(18.0)

adult

[1494]

120.5

(18.8)

M ales (axillary hair stage a t 16 years)

p-value for trend

0.1

Females (age o f menarche)
[283]

115.1

(17.6)

14

[816]

115.4

(18.3)

13

[1394]

114.9

(17.3)

12

[994]

115.0

(17.6)

<11

[633]

115.4

(18.4)

> 15 years

p-value for trend

0.8

B M I outcome fo r fa t children

To assess whether fat children become obese adults, Table 5.9 focuses specifically on those above the
91st, 95th, and 98th centiles at ages 7, 11, 16 and 23 giving the percentage who were subsequently
in each BMI category at age 33. In general, the higher the centile used to define fatness the higher
the chance of being obese at age 33. For example, 38% of 7-year old females above the 91st centile
were obese at 33 years, compared to 44% of females who were above the 95th centile, and 60% of
those above the 98th centile. The chances of a fat child becoming an obese adult increased
consistently with age: for example, for the fattest males (above the 98th centile) the percentage who
were obese at age 33 increased from 43% at age 7, 54% at age 11, 64% at age 16 to 78% at age 23.
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TABLE 5.9. BMI outcome o f cohort members at age 33 for the fattest 7, 11, 16 and 23 year olds
Females at age 33

Males at age 33
Centile

Underweight/
Normal %

Age 7 (n)
>91
>95
>98

Age 11 (n)
>91
>95
>98

Age 16 (n)
>91
>95
>98

Age 23 (n)
>91
>95
>98

Overweight %

Obese %

(2082)

(1846)

(477)

21.9
20.4
20.4

43.8
41.2
36.6

34.3
38.4
43.0

(2033)

(1756)

(456)

17.3
16.4
12.1

41.9
39.9
34.1

40.8
43.8
53.9

(1883)

(1574)

(401)

11.1

6.9
3.7

40.6
36.8
32.1

48.4
56.3
64.2

(2170)

(1876)

(473)

4.4
5.1

35.7
26.6
16.0

60.0

6.0

68.2

78.0

Total % (n)

100.0 (379)
100.0 ( 211 )
100.0 (93)

100.0 (375)
100.0 (208)

100.0 (91)

100.0 (335)
100.0(174)
100.0 (81)

100.0 (387)
100.0 (214)
100.0 ( 100 )
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Underweight/
Normal %

Overweight %

Obese %

(2842)

( 1101 )

(544)

31.3
29.5
21.4

30.8
26.5
18.4

37.9
44.0
60.2

(2803)

(1069)

(515)

23.6
18.4
8.9

33.7
32.6
33.7

42.7
49.0
57.4

(2512)

(991)

(458)

15.2
3.6

38.6
33.3
24.1

46.2
55.9
72.3

(3064)

(1195)

(547)

6.3
3.8
2.9

27.7
17.2
5.8

79.0
91.3

10.8

66.0

Total % (n)

100.0 (399)
100.0 (223)
100.0(98)

100.0 (398)
100.0 (218)
100 .0 ( 101 )

100.0 (342)
100.0(186)
100.0 (83)

100.0(426)
100.0 (238)
100.0 (103)

Earlier BMI o f obese 33-year olds

To assess whether obese 33-year olds were fat as children, Table 5.10 presents percentages for BMI
groups at age 33, who had been within different centile groups in childhood.

At every age in

childhood, the majority of obese 33 year-olds had a BMI below the 91st centile, that is most would
not have been identified as fat children. For example, about three-quarters of obese 33-year olds
were below the 91st centile at age 7 and about 90% were below the 98th centiles. Not surprisingly,
this percentage diminishes with increasing age, such that 51% of obese 33-year-old men and 49% of
women were below the 91st centile at age 23. Similar trends were seen for males and females.

TABLE 5.10. Percentages within BM I centile groups at earlier ages of cohort members according to
BM I status at age 33
Underweight/
Normal %
(2082)

Men at age 33
Overweight
%
(1846)

Obese
%
(477)

<91
>91

96.0
4.0

91.0
9.0

72.7
27.3

95.6
4.4

88.8
11.2

72.2
27.8

>95
>98

2.1

4.7
1.8

17.0
8.4

2.3
0.7

5.4

0.9

1.6

18.0
10.9

(2033)

(1756)

(456)

(2803)

(1069)

(515)

<91
>91

96.8
3.2

91.1
8.9

66.4
33.6

96.6
3.4

87.5
12.5

67.0
33.0

>95
>98

1.7
0.5

4.7

20.0

20.8

10.7

1.4
0.3

6.6

1.8

3.2

11.3

(1883)

(1574)

(401)

(2512)

(991)

(458)

<91
>91

98.0

91.4
8.6

59.6
40.4

97.9

2.0

86.7
13.3

65.5
34.5

>95
>98

0.6
0.2

4.1
1.7

24.4
13.0

0.8
0.1

6.3
2.0

22.7
13.1

(2170)

(1876)

(473)

(3064)

(1195)

(547)

<91
>91

9&2
0.8

92.6
7.4

51.0
49.0

99.1
0.9

90.1
9.9

48.6
51.4

>95
>98

0.5
0.3

3.0
0.9

30.9
16.5

0.3

3.4
0.5

34.4
17.2

Centile
group*
A ge 7 (n)

Age 11 (n)

A ge 16 (n)

Age 23 (n)

Women at age 33
Underweight/
Overweight
Normal %
%
(2842)
( 1101 )

2.1

0.1

centile groups are not mutually exclusive, e.g. > 91st centile includes those > 95th and > 98th
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Obese
%
(544)

Using standard adult cut-offs to define BMI groups at ages 23 and 33, the prevalence of obesity
increased between the two ages from 2.3% to 10.9% in men and 3.1% to 12.1% in women. Only
16% of obese 33 year-old men had been obese at 23 years, whereas 63% had been overweight and
21% of norm al weight (Table 5.11). Similarly, for obese women at age 33, only 23% had been obese
at 23 years, while 43% had been overweight and 33% of normal weight. Thus, more obese adults are
from the normal category at age 23 than are from the obese category.

TA BLE 5.11. 23-year BM I status o f cohort members (%) within their BMI group at age 33.
Age 23
Underweight %

Normal %

Overweight %

Obese %

Total % (n)

(455)

(3142)

(825)

(97)

(4519)

60.5

38.3

1.2

0 .0

100

15.7

80.4

3.5

0.3

100(2008)

Overweight

2.1

72.8

24.3

0.9

100(1876)

Obese

0.2

21.1

62.8

15.9

100 (473)

(1149)

(2956)

C%7)

(144)

(4806)

Underweight

70.7

28.0

1.1

0.2

100 (475)

Normal

28.9

68.1

2.8

0 .2

100 (2589)

Overweight

5.1

73.6

20.4

0.8

100(1195)

Obese

0.6

33.1

43.0

23.4

100 (547)

A ge 33

Men (n)
Underweight
Normal

Women (n)

'
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(162)

TABLE 5.12. Parental BMI groups and mean BMI (n) of offspring at five ages (7 to 33 years)
Parental BMI group
Age o f offspring
7 years

11 years

16 years

23 years

33 years

1 underweight

Both normal

1 overweight

Both overweight

1 obese

Both obese

sons

15.5 (404)

15.7 (1532)

15.9(1512)

16.2 (491)

16.2(1323)

17.0(181)

daughters

15.3 (408)

15.5 (1463)

15.8 (1429)

16.2(461)

16.2(1210)

17.0(150)

sons

16.4 (428)

16.7(1650)

17.2 (1625)

17.9(529)

17.9 (1447)

18.8(188)

daughters

16.6 (443)

17.0(1613)

17.6(1563)

18.1 (499)

18.4(1336)

19.7(167)

sons

19.2 (336)

19.6 (1306)

20.2 (1242)

2 0 .8 (4 1 8 )

20.9 (1085)

22.4 (146)

daughters

20.0 (330)

20.3 (1237)

2 1 .0 ( 1211 )

21.5 (369)

21.8 (1 0 1 9 )

23.8 (127)

sons

22.2 (345)

2 2.2 (1360)

23.0 (1 3 6 0 )

23.5 (447)

23 .9 (1 1 7 9 )

25.3 (156)

daughters

21.1 (383)

21.3 (1401)

22.0 (1363)

22.6 (421)

2 2 .9(1147)

25.0 (1 5 1 )

sons

24.2 (313)

2 4 .6 (12 74 )

25.6(1167)

26.4 (406)

26.5 (1023)

28.5 (146)

daughters

23.2 (349)

23.5 (1280)

24.4 (1240)

25.6 (379)

25.8 (1042)

2 8 .3 (1 3 7 )
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S.4.2.2 Relationship between cohort member (offspring) and parental BM I

Table 5.2 shows that approximately 50% of parents had BMIs in the normal range, and as
predeterm ined by the definition of parental obesity, approximately 15% were obese. About 3% of
offspring had two obese parents, 9% had two who were overweight, and over a quarter had two
parents of normal BM I (Table 5.3).

In general, the mean BMIs were sim ilar for offspring with

either an underweight, overweight or obese mother or father so these are combined and reported as
the one underweight, one overweight or one obese parent groups respectively. Table 5.12 shows that,
in general, the mean BM I of the offspring (cohort members) increases as the degree of parental
fatness increases. This is consistent for sons and daughters at each age from 7 to 33 years.

The

largest difference in mean BMI was for those with both parents obese compared to those with one
obese (range 0.8 to 2.5 kg/m^) . The smallest difference was found between offspring with one
underw eight parent compared to both with normal BMI (range 0.2 to 0.4 kg/m^).Differences

in

mean BM I increased with increasing age of the child: for example, 7-year old daughters with two
obese parents had a mean BMI 9.7% greater than those with two normal BMI parents; this
difference increased to 20.4% at age 33. To some extent the mean BMIs underplay large differences
in the risk of adult obesity at age 33 for those with obese or overweight parents. Odds ratios for men
and women with two obese parents (relative to those with normal BMI parents) were 8.4 (95%
confidence interval, 5.5, 13.0) and 6.8 (4.6, 10.0) respectively (Table 5.13).

TABLE 5.13. Odds ratios of obesity in offspring at age 33 for parental BM I groups.
Sons

Daughters

Parental BMI group

OR

(95% Cl)

OR

(95% Cl)

1 underweight

1.29

(0.77, 2.17)

0.95

(0 .6 3 ,1 .4 4 )

both normal*

1

1 overweight

1.99

(1.45,2.73)

1.47

(1.14, 1.88)

both overweight

3.41

(2.36,4.93)

2.65

(1 .9 5 ,3 .6 2 )

1 obese

3.43

(2.53,4.64)

2.98

(2.35, 3.78)

both obese

8.42

(5.47,13.00)

6.75

(4.5 7,9 .9 6 )

1

-

* baseline group: tw o normal BMI parents
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The association between parental BMI and that of their offspring is further dem onstrated in Table
5.14.

This shows moderate correlations, ranging from 0.15 to 0.25 at the different ages of the

offspring. From age 11 onwards, the daughters’ BMI was more strongly correlated with the BM I of
their mother than with their father.

A similar but weaker pattern was evident for the sons.

Correlations with m others’ BMI was similar for sons and daughters at all ages, but the father-son
correlations in adulthood were significantly stronger than those for father-daughter (p< 0.05).

Correlation (n)
A ge of offspring

Father

Mother

sons

0.15 (5513)

0.16 (5658)

daughters

0.15 (5177)

0.15 (5353)

sons

0.18 (5966)

0.23 (6126)

daughters

0.17 (5695)

0.25 (5898)

sons

0.20 (4611)

0.22 (4727)

daughters

0.20 (4350)

0.23 (4512)

sons

0.21 (4924)

0.24 (5030)

daughters

0.17 (4943)

0.25 (5087)

sons

0.20 (4403)

0.21 (4496)

daughters

0.15 (4491)

0.24 (4644)

7 years

11 years

16 years

23 years

33 years

* adjusted for date o f measurement o f offspring at ages 7, 11 and 16

Table 5.15 demonstrates the extent of tracking between childhood and adulthood for the offspring,
according to parental BMI. It presents correlations of offspring BMI between ages 7 and 33 for each
of the six parental BMI groups. In general, daughters have slightly stronger BMI correlations than
sons.

Long-term associations, denoted by the 7 to 33 year correlation, tend to be moderate and

similar for those with both parents with normal BMI (0.25 for males, 0.32 for females). Among the
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sons, the tracking of BMI strengthened with increasing fatness of the parents: the trend for
daughters was more quadratic than linear.

However, child to adult correlations are strongest for

both sons and daughters with two obese parents (0.46 for males, 0.54 for females) and differ
significantly from the group with both normal BMI parents.

TA B LE 5.15. Partial* BMI correlations between ages 7 and 33 for parental BMI groups___________
Correlation (n) between age 7 and 33
Parental BMI group

Sons

Daughters

1 underweight

0.19

(263)

0.38

(297)

both normal

0.25

(1075)

0.32

(1062)

1 overweight

0.33

(999)

0.34

(1045)

both overweight

0.37

(350)

0.29

(322)

1 obese

0.29

(858)

0.29

(865)

both obese

0.46

(125)

0.54

(114)

* adjusted for date o f measurement o f offspring at age 7

5.5 Discussion

In a recent review of tracking and childhood obesity, the paucity of studies with follow-up beyond
the early adult years was identified as a serious limitation of the literature to date^^. This is
confirmed in a further review conducted by Power et al

(Appendix 5). Thus, a major strength of

the 1958 cohort study is that it utilises data for a large number of subjects followed through to their
third decade of life. The large sample is especially valuable to locate where the majority of obese
adults (that is, those in the range associated with serious disease) were in childhood. One of the most
im portant findings of this investigation is, therefore, that body mass index is not well predicted from
childhood. This is suggested by moderate correlations between childhood and adulthood BMI and by
the small proportion of obese 33-year olds identified from childhood. Taking the 95th centile as an
arbitrary cut-off for childhood, only 17% and 18% of obese 33-year old men and women
respectively, would have been identified from their BMI at age 7. The percentage identified
increased with age, but it is notable that only ten years earlier at age 23, a higher proportion of obese
33-year olds had had a BMI in the normal range than had been obese. Other studies have reported
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moderate correlations between childhood and adulthood body mass

M ost relevant, the

correlations found here are rem arkably similar to those from a comparable British follow-up study
(the 1946 birth cohort)
report stronger correlations

Author
Braddon e ta l(\9 S 6 ^ ^

whereas other studies using different sampling methods and measures
(Table 5.16).

Measure
Age (y)
childhood
Rwr
7

Age (y)
Measure
adulthood
BMI
36

Correlation
males
females
0.28
0.40

RWT

14

BMI

36

0.46

0.60

BMI

5-7

BMI

30

0.41

0.21

BMI

5-7

BMI

50

0.41

0.05

BMI

18

BMI

30

0.67

0.66

BMI

9-10

BMI

21-25

0.61

0.59

BMI

13-14

BMI

31-35

0.91

0.77

WT^

9-10

WT

21-25

0.57

0.51

WT

13-14

WT

31-35

0.88

0.78

WT

6

WT

18-25

0.63

0.53

BMI

6

BMI

18-25

0.60

0.50

BMI

7

BMI

35

0.31

0.51

BMI

13

BMI

35

0.50

0.65

BMI

18

BMI

35

0.65

0.77

BMI

3

BMI

13

0.35*

BMI

7

BMI

13

0.58*

w T /n r

5

WT/HT

22

0.35*

WT/HT

14

WT/HT

22

0.67*

RWT

7

RWT

14

0.52

0.59

RWT

7

RWT

16

0.49

0.55

Rolland-Cachera et al (1987)^'

BMI

I

BMI

21

Rolland-Cachera et al (1989)'*^

BMI

7

BMI

18-25

0.65

0.58

Stark e r a / (1981)*

RWT

6

RWT

26

0.32

0.38

RWT

14

RWT

26

0.52

0.64

Casey et al {1992f

Clarke & Lauer (1993)^^

Casser et al{l995Ÿ^

Guo et al (1994)'^

Kelly et a / (1992)*

Miller et a / (1972)^'

Peckham et al (1983)'*^

* sexes com bined a: relative weight b: weight c; weight-for-height
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0.25*

Notw ithstanding the differing methods used, it is now a consistent finding in the literature that most
obese adults were not fat children
Serdula et al

(Table 5.17). Using data from several published sources,

estim ate that less than half of adult obesity can be attributable to obesity in

childhood. Their estimates of population attributable risk, ranging from 8% to 22%, com pare with 7
to 9% for males and females in the present study. Part of the variation in these estimates is due to
different measures and definitions of obesity. Setting aside problems of definition of obesity, it is
estim ated that less than a third of the variability in BMI at age 33 is explained by BM I in childhood
in the present study.

TABLE 5.17. Adiposity distribution o f fattest children and fattest adults
Author

Abraham & Nordsieck 1960^

Abraham el al 1971^

Braddon el al 1986“*^

C ham ey el al 1976*

Clarke & Lauer 1993“^

A ge (years)

7o o f obese adults who

) still obese in
adulthood

childhood
10-13

adulthood
2 9 -3 4

9-13

4 2 -53

males
74

w ere obese children

fem ales
72

m ales
24

females
41

63*

15*

7

36

-

.

3

8

14

36

-

-

14

32

< 1

2 0 -3 0

-

-

36*

9-1 0

31-35

57

64

-

-

13-14

3 1-35

77

70

-

-

1-5

19-26

-

-

7

35

40

20

-

-

13

35

40

30

-

-

7

14

90

87

4

12

7

16

63

62

10

13

Freedman et al 1987^^

2-14

10-24

Lloyd el al 1 9 6 l”

1-14

10-23

13-17

27-31

G am & L avelle 1985^'

G uo el al 1994*

Peckham el al 1983'**

Srinivasan el al 1996^'*

* sexes combined
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27*

43*

42

43*

66

58*

-

57*

-

It has been reported previously for this cohort

and elsewhere 2-3.42-44^ that extremely overweight

children tend to remain overweight (Table 5.17). Expressed as a relative risk, males and females
above the 98th centile at age seven, have a risk of adult obesity of 4.2 and 5.4 respectively (Table
5.18). These risks are sim ilar in m agnitude to those found in another large British cohort study (the
1946 study)

(Table 5.18). These estimates also fall within the middle of the range of a 2- to 6.5

fold excess risk for obese children, given in a recent review of the literature^^. The wide range of
estimates for adult obesity risk reflects differences in study design, including ages and tim e intervals
surveyed. Table 5.18 shows the risk of adult obesity increases with the age of the obese child. At
age 16, the risk of adult obesity is 7.0 for the fattest 2% o f males and females. Comparison of study
findings is further complicated by differences in the measures of adiposity and cut-offs used^^'^*
(§3.1). Standard cut-offs defining obese adults have been established. T he rationale behind these
definitions is based upon the link between obesity and mortality whereby those above a certain cut
off point are at increased risk. There is no accepted definition of obesity for children or adolescents
based on this criterion since there are limited data linking childhood obesity to adult mortality
(§1.5). In the absence of such evidence, selected centile cut-offs of BMI have been applied in the
present study as recommended for the US ’ and the

and reported associated BMI centile values

accordingly.

Study

Overweight group

Prevalence*
% (m ,0

A ge (years)
c/hood

a/hood

RR

RR

95%CI (m)

95%CI ( 0

Childhood to adulthood
1946 birth cohort

R W T > 120%

2 .4

(Stark e r a /, 1 9 8 1/^

RW T > 120%

12, 11

1958 birth cohort

BMI > 98th centile
BM I> 3 0(m ), 2 8.6(f)

2 ,2

7

26

3.8 (2.9,5.1)

4.1 (3.3,5.1)

7

33

4 .2 (3.3,5.5)

5.4 (4.5,6.5)

11

33

5 .4 (4 .3 ,6 .7 )

5.4 (4.5,6.5)

16

33

7 .0 (5.7,8.4)

7.0 (6.0.8.2)

11, 12

A dolescence to adulthood

1958 birth cohort

BMI > 98th centile
B M I> 30(m ), 2 8 .6 (0

1958 birth cohort

BMI > 98th centile
BM I> 30(m ), 2 8 .6 (0

2 ,2
11, 12

2 ,2
11, 12

top row = definitions and prevalence in childhood/adolescence bottom row = definitions and prevalence in adulthood
m: males fifem ales RWT; relative weight
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In relation to parental BMI, tracking of BM I from childhood to adulthood is low to moderate for the
28% o f subjects whose parents are both within the normal BMI category (correlation coefficients
between ages 7 and 33, r=0.25, 0.32, sons and daughters respectively).

These correlations are

sim ilar in m agnitude to those described above for the whole cohort (r=0.33, 0.37 for men and
women respectively).

However, for the sm aller percentage (3%) with both parents obese, the

associations between child and adult BMI were considerably stronger (r=0.46, 0.54, sons and
daughters respectively). This suggests that, compared to those with parents in the other parental
obesity groups, prediction of adult BMI from that in childhood is much better for children with two
obese parents and that the stronger tracking of BMI over the long-term indicates less variable BMIs
among these offspring. Thus, the fattest children would be expected to be more likely to stay in the
upper BM I centiles throughout life (indicated by the stronger correlation between BMI at 7 and 33).
Offspring with one obese parent resembled those with two parents with normal BMI showing a
weaker child to adult BMI relationship, although at each age their mean BMI was interm ediate
between those with two normal BMI parents and those with two obese parents. It is of course well
known that parental adiposity is related to that of their offspring ^

but the extent to which parental

obesity influences the BMI trajectory of their children does not appear to have been documented
previously.

Unfortunately, there are few published reports that provide information on the tracking of the child’s
BMI in relation to parental fatness, with which the present study can be compared. Indeed, only one
other relevant study was found, Charney et al ^ showed that of the fattest 25% of infants (based on
their weight status at 6 months) 51% were still overweight at age 20 for those with at least one
overweight parent, compared to 20% for those with neither parent overweight. By comparing a
group o f children consisting of those with at least one obese parent to those with no obese parents
(i.e. both with normal BMI) in the current study, stronger tracking in the former group would be
evident which is consistent with Charney et al

There is extensive evidence demonstrating a parent - child relationship for BM I at a particular age in
childhood

Stunkard et al

found approximately linear relationships with BMI of adult
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adoptees and BMI of biological parents but not the adoptive parents, which they attribute to a strong
genetic influence. In the present investigation the mean BMI of the offspring increased linearly with
the number of obese parents: 7-year old boys with parents within the normal BMI range had a mean
BMI of 15.7, increasing to 16.2 for those with one obese parent, to 17.0 for those with two obese.
This trend strengthened slightly with increasing age. Focusing on adult obesity at age 33, the
population attributable risks associated with having one obese parent were 37% and 32% for men
and women respectively; whereas, attributable risks associated with the small percentage (3% ) with
both parents obese, were 20% and 15% (men and women respectively). For obesity am ong the
offspring therefore, there appears to be a substantial risk associated with parental BMI.

These risks are obscured to some extent when the overall relationship between parent and child BMI
is examined: in the 1958 birth cohort 2 to 6% of the variability in the offspring’s BMI is explained
by parental BMI. Correlations reported here between child and parental BMI were weak (r=0.15 to
0.25) as has been shown previously ^-'3.14.28,57 lyiother-child correlations were slightly stronger than
father-child correlations.
studies

This greater influence of maternal adiposity is consistent with some

but not all '®-'3.'4

the present study, the stronger maternal correlations may be due to

the poorer quality of the father’s height and weight data. The adequacy of the self-reported parental
height and weight data is of course a limitation of this investigation. A data validation check was
undertaken for the m others for whom measured and self-reported heights were available in 1958 and
1969: the correlation was strong (r=0.79) but weaker than expected with an associated m easurem ent
error of 3 cm.

Reported parental weights are likely to be less precise, partly because they were

recorded in categories with the exact weight unknown. However, it is unlikely that the relationship
described here will be affected by an underestimation of the absolute value of BMI because the
parental obese group was defined using a population-specific relative value, nam ely the 85th BMI
centile. The lim itations of the self-reported data do not appear to have had a major effect on the
relationships that are of interest, since as mentioned above, the parent-child correlations are
consistent with other studies based on measured heights and weights
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These findings suggests that obesity in adulthood is related to the tim ing of puberty. Earlier
m aturation, as indicated by age of menarche among females and axillary hair stage in males, was
associated with increased BMI subsequently at ages 23 and 33. Previous evidence is inconsistent,
with greater adiposity reported for earlier maturers in some studies^^'^'* but not all

Although it

has been appreciated for some tim e that fatter children are more developmentally advanced, it is only
with recent evidence such as that presented here, that the continuing burden of obesity for early
m aturers becomes apparent. The long established nature of the maturation-adiposity relationship was
suggested by van Lenthe et aVs

study, but generalisability from their sample is limited by small

num bers and a highly selected socio-economic group. Nevertheless, their data for ages 13 to 27 are
broadly consistent with trends evident over the longer period between ages 7 and 33 in the 1958
birth cohort. Considering the continuity of the m aturation/BM I relationship, we found that for men
adulthood relationships became generally weak and non-significant after adjustment for BMI in
childhood and adolescence. For women, the relationship of age of menarche and BMI at age 33 was
substantially but not entirely due to associations with BMI in childhood. Hence, relationships with
adult BM I largely reflect the heavier childhood weight of earlier maturers, as described previously
for the 1958 birth cohort

This interpretation is consistent with Frisch’s

hypothesis that a critical

weight and height must be attained to initiate sexual maturation. The relationship between tim ing of
maturation and adiposity over long periods could also indicate common regulatory influences
occurring early in life. So far, however, few explanations for the relationship between maturation
and adiposity are available. Further investigations need to take a broader view of mechanisms,
possibly incorporating factors in early life. Cooper et
positively associated

argue that the timing of m enarche is

with birthweight and that menarcheal age may be programmed in utero.

However, the association they describe is only weak (and insignificant) and is not consistent with the
lack of association found here and elsewhere

Factors in the postnatal environment are im plicated

by the demonstration here that puberty is unrelated to birthweight but strongly associated with BMI
at age 7.

In contrast with the moderate child to adult correlations for BMI, those for height were strong
(r=0.70) between ages 7 and 33, for both sexes. Slightly lower correlations were observed between
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female height at age 11 and adult height (compared with correlations between ages 7 and 33). This
was expected because, as has been known for some time, correlations around the tim e of m aturation
m ay be slightly poorer than for prepubertal measures after age two

M easures of m aturational

stage therefore improve the prediction of adult height. This has been dem onstrated with measures of
skeletal m aturity in clinical studies

and with estimates of peak height velocity in population based

studies^*^. In the 1958 birth cohort, the most predictive measures of m aturation were pubic and
axillary hair for males, and breast development, pubic hair and age of m enarche for females. Poorer
prediction was observed for broken voice, stage of genitalia and facial hair development for boys and
axillary hair for girls. W hile these results partly reflect the ages of assessments (11 and 16) they
confirm that broken voice is a poorer m arker of maturation than the other well established measures
In comparison with BMI, the trend in adult height associated with pubertal stage for men tended
to be the reverse of that for women: that is, advanced m aturation was associated with taller adult
stature among men, but shorter stature among women. The findings for women are in general
agreem ent with other studies^^’^'*, although there is stronger evidence from the 1958 birth cohort that
the height/m enarche relationship is non-linear (females with m enarche at age 15 or later were not as
tall as the age 14 group).

Policies to prevent adult obesity include targeting adolescents at greatest risk of obesity and its
adverse sequelae \

Based on the weak tracking of BMI from childhood to adulthood in the 1958

cohort prevention of adult obesity may not be effective, where the prevalence of obesity is low, by
targeting this particular group.

Population-based approaches to prevention are likely to be more

effective than approaches targeted at fat children, first because of the poor prediction of adult obesity
from child/ adolescent measures, and second, because risks of adult mortality and morbidity may be
elevated for individuals ‘acquiring’ their obesity in adult life and who may not have been fat in
childhood/adolescence

This second argum ent appears to be especially im portant for the

prevention of diabetes

However, it could also be argued that early adulthood affords an

opportunity for intervention. In this study sample, the prevalence of obesity increased from 2% to
11% in men and 3% to 12% in women over ten years between ages 23 and 33. Similarly, with data

145

on triceps fatfolds in the US Ten-State Nutrition Survey, a marked increase was observed during
early adulthood^.

However, the stronger BMI child to adult correlation observed here for the group with two obese
parents has im portant implications. W hen the prevalence of parental obesity is relatively low, as is
the case in the of the 1958 cohort, the overall trend is dom inated by the m oderate correlations of the
normal BM I groups. However, when the prevalence of obesity among parents increases, as is now
happening in several developed countries

then the pattern of tracking from childhood to

adulthood will be more influenced by the stronger child-adult relationships shown here for those
with obese parents.

Using a standard definition for parents and their offspring at age 33, it is

estimated that the prevalence of two obese parents in the 1958 cohort, has doubled from 1969 to
1991 (3.2% to 6.0%). Thus, the child to adult tracking of BMI is likely to strengthen in the next
generation, that is among the offspring of 1958 birth cohort members.

In such cases, preventive

strategies could commence in childhood and adolescence.

In conclusion, in populations with a high prevalence of obesity, prevention of adult obesity may be
more dependent on the identification and prevention of fatness in childhood. In contrast, where the
prevalence of obesity is low, population-based approaches to prevention are more likely to be
effective.
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Chapter 6

6. W om en’s reproductive health

6.1 Introduction

Body size has been related to several gynaecological disorders or symptoms including polycystic
ovary syndrome *

infertility

and general menstrual disorders

(Table 1.2). Figure 1.1 shows

a proposed pathway between obesity and infertility. Higher risks of infertility have been found in
both overweight and underweight women

suggesting a ‘J ’-shaped relationship. Not all of this

evidence is consistent, however, with some studies showing no associations, for example between
overw eight and infertility

Furtherm ore, elevated risks may not be confined to those acquiring their overweight in adulthood but
may be independently related to fatness in childhood or adolescence. Hartz et al ^ emphasised the
im portance of teenage obesity on fertility, having observed that the incidence of obesity was greater
for nulligravida m arried women than for previously pregnant m arried women and for women having
ovarian surgery for polycystic ovaries than for women having ovarian surgery for other reasons. In
another study, menstrual disorders were more common among women who had onset of obesity
during puberty or adulthood than among those with onset of obesity in childhood

Age of onset of

obesity has also been correlated with oligomenorrhoea or am enorrhoea in obese women affected by
polycystic ovary syndrome

M ore recently, Rich-Edwards et al ^ suggested that adolescent obesity

may be causally related to polycystic ovary syndrome. There is also evidence that the age of
m enarche tends to be lower in obese

and higher in underweight

compared to normal weight

girls (Figure 5.1, Chapter 5) which may have implications for subsequent gynaecological problems.
Sundell et al

found that dysmenorrhoea occurred more often just after menarche and more severe
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dysm enorrhoea was associated with earlier menarche. Thus, age of onset of obesity may be critical in
the determ ination o f gynaecological risks.

There are however few studies that investigate associations between female reproductive problems
and body mass, particularly in respect of body mass at different ages. In this chapter, the relationship
between childhood and adolescent body mass index, is investigated, in addition to that in adulthood,
with subsequent reproductive problems.

6.2 Methods

Heights, weights (at 7, 11, 16, 23 and 33 years) and reproductive data for 5799 women were used in
the analyses. Information was also used on social class at birth, at 7 and 23 years, age of menarche,
parity (natural children or no natural children), smoking behaviour at age 23 and parental education.
Reproductive outcomes (details in Table A6.1) and sample sizes are as follows:

(1) M enstrual problems before age 16 were ascertained from the parental interview, three categories
were defined:
(a) N one (n = 4234 / 6403)
(b) M ild (1224 / 6403) problems in the previous 12 months, but not severe
enough to cause prolonged school absence or require medical attention.
(c) Severe (945 / 6403) problems causing school absence for more than one week,
a hospital admission in the last year (either overnight or as an outpatient) or a GP
consultation.

Outcomes prior to or at age 33 were derived from specific questions and/or from the International
Classification of Disease (ICD) codes recorded for hospital admissions:
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(2) M enstrual problems at or before age 33 (1041 / 5770) includes positive responses to ‘Have you
ever suffered from persistent trouble with periods?’, or a hospital admission for m enstrual disorders
(ICD code 625 or 626).

(3) Hypertension in pregnancv (at or before age 33) (325 / 4618) includes positive responses to
‘Ever had high blood pressure in pregnancy?’ or a hospital admission for hypertension complicating
pregnancy, childbirth and the puerperium (ICD code 642).

For measures (1) and

(2) the analyses included all women, whereas for m easure (3) they were

limited to women who were ever-pregnant.

(4) Subfertilitv at or before age 33 was indicated by the time taken to conceive from cessation of
contraception (i.e. tim e to pregnancy).
biologic fertility

Time to pregnancy is regarded as a sensitive measure of

and reliable recall has been demonstrated

At age 33, respondents provided

detailed information on past pregnancies, including the outcome of each pregnancy and tim e to
conception. All live births from first pregnancies of women not using contraception around the time
of conception were analysed (n = 3327 / 4000).

To reduce selection effects due to past obstetric

history on reproductive behaviour and to avoid violation of the statistical assumption of
independence of events caused by the tendency for some couples to experience recurrent adverse
events (including subfertility) only first pregnancies were used. Only live-births were included since
validity o f recall is m ore reliable for this group compared to other birth outcomes

6.2.1 Statistical methods

Three measures were used to assess the effect of weight and height on the reproductive outcomes:
BMI, weight / height^ (kg/m^) (obtained as an optimal power index from the data, see §3.1.2.3 for
derivation), and, in addition, weight and height analysed as separate variables.
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Results for each

weight/height m easure were similar, therefore only those for BMI will be presented. Sim ilar results
were also obtained with BM I at 23 and at 33 years, hence only 23-year data are presented.

Firstly, sim ple exploratory analyses were undertaken.

These examined the prevalence of each

reproductive health outcome within each of the four BMI groups at the particular ages which were to
be used in the main analyses.

Analyses of reproductive outcomes (1) to (3) were based on logistic regression (§3.2.4.6) with the
reproductive outcome as the dependent variable. Models were fitted for child BM I (7 years) and
then separately for adult BM I (at ages 16 for outcome (1), at ages 23 and 33 for outcomes (2) to (4)).
Independent effects of childhood BMI were estimated in models that adjusted for ‘current’ BMI
depending on the tim ing of the outcome variable. Significant effects were indicated using the W ald
statistic com pared to a

distribution with one degree of freedom. Overall goodness-of-fit of the

models was assessed using the log-likelihood ratio statistic compared to a i/j%^ distribution under the
null hypothesis. A 5% significance level was used throughout.

T A B L E 6 .1 . Categories o f BMI (weight/height^)
7 years
Cut-off

16 years

n(% )

Cut-off

n(%)

Cut-off*

23 years

33 years

n(% )

n(% )

BMI group
Underweight

<14.2

9 5 2 (1 5 )

<18.7

1095 (21)

< 18.7

5 8 8 (1 0 )

2 1 3 (4 )

Normal

14.3-17.3

4420 (69)

18.8-22.9

3147(59)

18.8-23.8

4183 (68)

2802 (49)

Overweight

17.4-20.6

8 8 9 (1 4 )

23.0-27.3

9 2 1 (1 7 )

23.9-28.6

1103(18)

1753 (31)

> 2 0 .6

161 ( 2 )

> 2 7 .3

179 ( 3 )

> 2 8 .6

271 (4)

9 0 2 (1 6 )

Obese

* cut-offs apply to BMI at age 23 and 33

Analyses were conducted using BMI at ages 23 and 33 as a categorical variable, using previously
defined cut-offs

(Table 6.1).

For ages 7 and 16 cut-offs for BMI defined sim ilar proportions to
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those obtained for relative weight

(Table 6.1). Odds ratios were derived by exponentiating the

parameter estimates p, using females o f normal weight as the reference category.

Survival analysis was used to investigate BM I on subfertility (§3.2.5.1). Cox’s proportional hazards
models were fitted with ‘time to pregnancy’ being censored after 12, and in a separate model, after
96 months. A 12 month cut-off is conventionally used to define clinical subfertility

Tim es to

pregnancy were available up to 96 months and censored thereafter.

TABLE 6.2. Categories for weight change
Weight change group

nt

(%)

2463

(49.9)

(2) normal BMI at 7, overweight/obese at 23

652

(13.2)

(3) overweight/obese at ages 7 and 23

367

(7.4)

[1455]

[29.5]

4937

(100)

(1) normal BMI at ages 7 and 23

(4) [other combinations]
Total
t numbers used in subfertility analyses are slightly low er

In order to investigate the effect of change in BMI between ages 7 and 23, women were classified as:
(1) within the normal BMI range at both ages, (2) normal BM I at age 7, overweight or obese at age
23; and (3) overweight or obese at both ages (Table 6.2). The sam e cut-offs (Table 6.1) were used to
define overweight, obesity and normal BMI. Unadjusted odds were obtained for women in weight
change groups (2) and (3) relative to women with normal BM I at both ages.

Confounding factors identified from the literature included social class at birth, 7 and 23 years;
smoking at 23 years; parental education; parity; menstrual problems at 16 years; and age of
menarche.

Confounding factors (Table 6.3) were added separately to each model and covariates

significantly improving the fit of the model were retained in the analysis; this procedure was
repeated until the model could not be improved.
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TABLE 6.3. Relationship between selected confounding factors and reproductive outcomes
Confounding factor

n (9&)

Menstrual problems by age 33
Social class at birth
116/933 (12)

I &I I

84/522 (16)

III non-manual
III manual

508/2671 (19)

IV & V

227/1100 (21)

X \3 ) = 28.0 (0.0001)

X^(df) (p-value)

Smoking status at 23 years
Never smoked

272/1665 (16)

Ex-smoker

203/1360 (15)

1-20 cigarettes/day

257/1282 (20)

21-40 cigarettes/day

150/676 (22)
9/26 (35)

> 40 cigarettes/day
%^(df) (p-value)

X \4 ) = 28.5 (0.0001)

Hypertension in pregnancy (by 33)
Social class at birth
I &I I

47/670 (7)

III non-manual

33/392 (8)

111 manual

173/2164 (8)
42/939 (5)

IV & V

x \ d f ) (p-value)

% :(3)= 11.8 (0.008)

Subfertility by age 33
Social class at birth
I &I I

65/462 (14)

III non-manual

47/282 (17)

III manual

318/1575 (20)

IV&V

158/690 (23)

X^(df) (p-value)

%"(3) = 15.6 (0.001)

6.3 Results

6.3.1 Exploratory analyses

W omen who were obese at ages 7 and 23 had the highest prevalence of menstrual problems,
hypertension in pregnancy and subfertility reported by age 33 (Table 6.4). T he prevalence of severe
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m enstrual problems reported by age 16 was highest for obese girls at age 7 and 16, but lowest among
obese girls with m ild menstrual problems.

Hypertension in

Menstrual problems (%)
by age 16
Mild

by age 33

Subfertility by age 33(%)

pregnancy (%)

Severe

12 months*

96 months**

BMI a t age 7 (n)

(982)

(748)

(825)

(262)

(516)

(207)

Underweight

20.0

12.3

15.9

5.3

21.3

7.0

Normal

19.4

15.2

17.9

5.3

19.0

7.8

Overweight

18.9

14.7

18.7

7.3

18.6

7.9

Obese

14.5

16.2

27.9

9.9

25.5

11.8

9.7 (3), (0.02)

7.7 (3), (0.05)

2.6 (3),(0.5)

1.5 (3), (0.7)

-

-

-

-

(872)

(283)

(548)

(211)

Underweight

20.1

4.1

22.1

8.1

Normal

15.8

5.2

18.6

7.5

Overweight

20.2

6.8

17.8

5.7

Obese

31.4

13.4

33.6

14.1

42.2 (3),(0.001)

30.4 (3),(0.001)

19.2 (3),(0.001)

10.7 (3),(0.001)

X^(dO, (p-value)

5.9 (6), (0.4)

(1007)

(797)

Underweight

17.8

13.5

Normal

19.4

15.0

Overweight

18.9

15.6

Obese

16.2

18.4

BMI a t age 16 (n)

X^(df) (p-value)

BMI at age 23 (n)

6.2 (6), (0.4)

-

-

X^(df) (p-value)

a; % o f wom en who had not conceived within 12 months b; % o f women w ho had not conceived within 96 months

6.3.2 Menstrual problems

An ordinal logistic regression model was fitted (§3.2.4.6) using severity of menstrual problems by
age 16 (severe, mild, none) as the response variable. The proportional odds assumption was satisfied
(score test

= 4.5, p=0.6, under the null hypothesis that the proportional odds are the same), thus
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the log odds of severe m enstrual problems and mild or severe m enstrual problems were considered to
be the same.

BMI at ages 7 and 16, classified into four groups, was not significantly associated with menstrual
problem s by age 16 (Table 6.5).

TA BLE 6.5. ORs (95% Cl) for menstrual problems by age 16 according to BM I at ages 7 and 16
BMI at 7
unadjusted

BMI at 16
unadjusted

adj for BMI at 16

adj for BMI at T

BMI group
0.90

0.88

(0 .7 5 ,1 .0 4 )

0.89

(0.7 4 ,1 .0 8 )

0.87

norm af

1.00

-

1.00

-

1.00

overweight

0.96

(0 .8 1 ,1 .1 3 )

0.90

(0.7 4 ,1 .1 0 )

1.02

(0 .8 7 ,1 .1 8 )

1.06

(0 .8 9 ,1 .2 6 )

obese

0.88

(0.60, 1.30)

0.76

(0.4 8 ,1 .2 0 )

1.06

(0 .7 8 ,1 .4 5 )

1.24

(0 .8 6 ,1 .7 7 )

t reference category

(0 .7 6 ,1 .0 1 )

(0 .7 6 ,1 .0 6 )

underweight

1.00

t adjusted ORs for BMI at age 7 and age 16 are derived from the sam e m odels

M enstrual problems by age 16 were related to age of menarche, with the highest risk for the earliest
menarcheal age (Table 6.6).

M enstrual problems reported at ages 16 and 33 were strongly

associated (girls with severe menstrual problems by age 16 had over twice the risk of menstrual
problems by age 33, odds ratio (OR) = 2.12 (95% confidence interval (Cl) 1.75, 2.56); OR = 1.30
(1.08, 1.56) for girls with m ild menstrual problems by 16 years).

The association with age of

m enarche did not persist: menstrual problems reported at age 33 were not associated (Table 6.6).

TABLE 6.6. ORs for risk o f menstrual problems (reported by ages 16 and 33) according to age o f menarche
Mild menstrual problem

n(% )

OR (95% Cl)

Severe menstrual problem

n(% )

OR (95% Cl)

Any menstrual problem

n(% )

OR (95% Cl)

Age of menarche
1 1 3 /6 4 4 (1 8 )

1.00

14^

1 7 0 /7 7 8 (2 2 )

13

2 8 2 /1 3 1 0 (2 2 )

0 .9 8 (0.79, 1.22)

2 0 9 /1 2 3 7 (17)

1.08 (0.85, 1.39)

2 1 9 /1 1 7 2 (1 9 )

1.08 (0 .8 4 , 1.39)

12

2 1 7 /9 3 4 (2 3 )

1.08 (0.86, 1.36)

1 5 9 /8 7 6 (1 8 )

1.18 (0.91, 1.54)

159/845 (19)

1.09 (0 .8 3 ,1 .4 2 )

< 11

1 5 9/552 (28)

1.45* (1 .1 3 , 1.86)

143/5 3 6 (27)

1.94* (1.47, 2.5 6 )

106/538 (20)

1.15 (0.86, 1.55)

trend (df) p-value
* p < 0.05

1.00

1 1 4 /7 2 2 (1 6 )

1.00

8 .6 ( 1 ) 0 .0 0 3

8 .6 (1) 0.003

t reference category
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0.8 ( 1 ) 0 .4

TABLE 6.7. Odds ratios for menstrual problems and hypertension in pregnancy according to BMI at ages 7 and 23
BMI at 7
unadjusted

adj for BMI at 23^

BMI at 23
adj for BMI at 23

unadjusted

adj for BMI at 7

adj for BMI at 7*

+ other confounders*

+ other confounders*

M enstrual problem s by age 33
Underweight

0.87

(0.70, 1.08)

0.88

(0.69, 1.13)

0.90

(0.70, 1.16)

1.34

(1.04, 1.72)

1.45

(1.09, 1.91)

1.40

(1.04, 1.89)

Normal

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

Overweight

1.05

(0.85, 1.31)

1.00

(0.78, 1.28)

1.01

(0.79, 1.30)

1.34

(1.11, 1.62)

1.39

(1.12, 1.71)

1.32

(1.06,1.64)

Obese

1.78

(1.16, 2.72)

1.57

(0.97, 2.53)

1.59

(0.97, 2.61)

2.43

(1.8 0 ,3 .2 7 )

1.97

(1.37, 2.83)

1.75

(1.19, 2.57)

H ypertension in pregnancy by age 33
Underweight

1.03

(0.71, 1.49)

1.22

(0.83, 1.81)

1.10

(0.72, 1.67)

0.84

(0.51, 1.38)

0.95

(0.56, 1.61)

0.95

(0.54, 1.66)

Normal

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

Overweight

1.46

(1.04, 2.05)

1.37

(0.93, 2.00)

1.40

(0.95, 2.07)

1.26

(0.93, 1.72)

1.10

(0.77, 1.57)

1.09

(0.75, 1.57)

Obese

2.14

(1 .0 8 ,4 .2 3 )

1.78

(0 .8 3 ,3 .8 1 )

1.77

(0.83, 3.83)

3.02

(1.96, 4.63)

2.31

(1.35 ,3.94)

2.37

(1 .3 5 ,4 .1 3 )

t identifies the same m odel for menstrual problems and hypertension separately
t confounders: menstrual problems (social class at birth, sm oking at 23y); hypertension in pregnancy (social class at birth)
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Risks o f m enstrual problems were significantly elevated for girls who were obese at age 7 (OR =
1.78 (1.16, 2.72)) compared to those of normal BMI (Table 6.7).

This risk remained elevated,

although less so, and achieved borderline significance after adjustment for BMI at age 23. Further
adjustm ent for social class at birth and smoking behaviour at 23 years had little effect on the
m agnitude o f this risk (OR = 1.59 (0.97, 2.61)). W hen risks associated with BMI at age 23 were
considered separately, underweight, overweight and obese women all had significantly higher risks
of m enstrual problems, suggesting a J-shaped relationship. After adjustment for BMI at age 7, these
risks rem ained statistically significant and sim ilar in magnitude for underweight and overweight
women, although a larger attenuation in risk was evident among those who were obese at 23 years.
Further adjustm ent for social class at birth and smoking status at age 23 led to similar risks among
underw eight (OR = 1.40 (1.04, 1.89)) and overweight women (OR = 1.32 (1.06, 1.64)), but there
was a further attenuation of risk among the obese (OR = 1.75 (1.19, 2.57)). This relationship was
not accounted for by differences in age of menarche or parity, which were unrelated to menstrual
problems by age 33.

Weight change group

Menstrual problems

Hypertension in pregnancy

Normal BMI at 7 and 23*

1.00

1.00

Normal BMI at 7, overweight/obese at 23

1.49(1.18, 1.89)

1.39 (0.94, 2.07)

Overweight/obese at 7 and 23

1 .67(1.26, 2.23)

2 .1 6 (1 .4 2 ,3 .3 0 )

* reference category

Women who were overweight or obese at ages 7 and 23 compared to those within the normal BMI
range at both ages had increased risks of menstrual problems (OR = 1.67 (1.26, 2.23)) (Table 6.8).
Elevated risks of menstrual problems were also evident for women with normal BMI at 7, but who
were overweight/obese at age 23 (OR = 1.49 (1.18, 1.89)) (Table 6.8).
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6.3.3 Hypertension in pregnancy

T he relationship between BMI and hypertension in pregnancy is given in Table 6.7.

It shows

significantly elevated risks for 7-year old girls who were overweight (OR = 1.46 (1.04, 2.05) or obese
(OR = 2.14 (1.08, 4.23)) compared to those of normal BMI. This risk was reduced after adjustment
for BMI at age 23. Obese women at age 23 had a higher risk of hypertension in pregnancy (OR =
3.02 (1.96, 4.63)), even after taking account of BMI at age 7 and social class at birth (OR = 2.37
(1.35, 4.13)). Table 6.8 shows that women who were overweight or obese at both 7 and 23 years
compared to those with normal BMI at both ages had the highest risks of hypertension in pregnancy
(OR = 2.16 (1.42, 3.30)). Elevated risks were also evident for women who had normal BMI at 7, but
were overweight/obese at age 23 (OR = 1.39 (0.94, 2.07)) (Table 6.8).

6.3.4 Subfertility

In contrast to the risks reported for the previous reproductive outcomes, a low risk ratio (that is,
below unity) in these analyses indicates an elevated risk of subfertility.

The chance (risk) of

becoming pregnant within 12 or 96 months did not differ between the four BMI groups at age 7
(Table 6.9). However, obese women at age 23 were less likely to conceive within 12 m onths (Risk
Ratio (RR) = 0.70; 95% Cl, 0.56, 0.87). The low conception risk for women who were obese at 23
years remained significant after adjustment for BMI at age 7 and social class at birth (RR = 0.69;
95% Cl, 0.53, 0.91). Similarly, obese women at age 23 were also less likely to conceive within 96
months after adjustment for the same confounders (RR=0.74 (0.59, 0.94)).
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TABLE 6.9. Risk ratios for conceiving within 12 and 96 months by BMI at 7 and 23 years
BMI at 23

BMI at 7
unadjusted

adj for BMI at 23

unadjusted

adj for BMI at 23 +

adj for BMI at 7

social class at birth

adj for BMI at 7 +
social class at birth*

Times censored at 12 months
Underweight

0.91

(0.81, 1.03)

0.93

(0.81, 1.06)

0.92

(0.80, 1.05)

0.91

(0.78, 1.07)

0.93

(0.78, 1.11)

0.88

(0.73, 1.07)

Normal

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

Overweight

1.00

(0.88, 1.13)

1.07

(0.93, 1.22)

1.05

(0.91, 1.20)

1.03

(0.92, 1.14)

1.02

(0.91, 1.15)

1.06

(0.94, 1.20)

Obese

0.80

(0.58, 1.11)

0.89

(0.62, 1.28)

0.85

(0.58, 1.24)

0.70

(0.56, 0.87)

0.67

(0.52, 0.87)

0.69

(0.53, 0.91)

Times censored at 96 months
Underweight

0.95

(0.85, 1.06)

0.97

(0.86, 1.10)

0.97

(0.85, 1.10)

0.92

(0.80, 1.07)

0.93

(0.78, 1.09)

0.89

(0.75, 1.06)

Normal

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

1.00

-

Overweight

0.99

(0.88, 1.11)

1.06

(0.93, 1.20)

1.04

(0.91, 1.18)

1.04

(0.95, 1.15)

1.04

(0.93, 1.17)

1.09

(0.97, 1.22)

Obese

0.81

(0.60, 1.09)

0.88

(0.63, 1.23)

0.84

(0.59, 1.19)

0.73

(0.60, 0.89)

0.72

(0.58, 0.90)

0.74

(0.59, 0.94)

t , t identifies where the sam e m odels used
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Times censored at
Weight change group

12 months

96 months

Normal BMI at 7 and 23*

1.00

1.00

Normal BMI at 7, overweight/obese at 23

1.03 (0.90, 1.18)

1.01 (0.89, 1.14)

Overweight/obese at 7 and 23

0.97 (0.81, 1.15)

0.98 (0.83, 1.15)

* reference category

In contrast to m enstrual problems and hypertension in pregnancy, women who were overweight or
obese at ages 7 and 23 did not have increased risks of subfertility, neither did women who were
within the normal BM I range at age 7, but overweight/obese at age 23 (Table 6.10).

FIGU RE 6.1. Tim e to pregnancy distribution for four BMI groups at age 23 (censored at 12 months)
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Obese women at 23 years were less likely to become pregnant within 12 months than women of
normal weight (33.6% of obese women did not conceive within 12 months of cessation of
contraception, compared to 18.6% of those of normal weight (log-rank test,

= 15.0; p = 0.002).

Similarly, obese 23 year-old women were less likely to conceive within 96 months of cessation of
contraception (14.1% of obese women compared to 7.5% of normal weight women did not conceive
(log-rank test,

= 15.2; p = 0.002).

FIGURE 6.2. Time to pregnancy distribution for four BMI groups at age 23 (censored at 96 months)
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Figures 6.1 and 6.2 show the survival distribution (estimated by Kaplan-Meier, equation (3.24)), for
the time to pregnancy for the four BMI groups at age 23, censoring times at 12 and 96 months
respectively. These show that obese and underweight women have a consistently lower chance of
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pregnancy (that is, a higher probability of not conceiving) within 12 or 96 m onths of cessation of
contraception.

6.4 Discussion

Findings reported in this chapter suggest that adverse effects on women’s reproductive health can be
added to the list of obesity-related problems. Some reproductive risks are well-known, for example,
in relation to hypertension in pregnancy

while others are less so. Few previous studies have

been able to investigate the effects of both childhood and adulthood BMI on reproductive problems
since they lack data on heights and weights during this critical period. Some of the inconsistencies
in the literature arise from the measurement (§3.1) and analysis of body mass.

A growth spurt

occurs just prior to m enarche with taller and heavier children having an earlier m enarche and this
may distort weight-for-height measurement around puberty. Thus, it was preferable to use heights
and weights at age 7 in the analyses, rather than at other ages. Three analytical strategies were used
here, producing consistent results and thereby emphasising the reliability of the findings.

Some

studies suggest that the distribution of body fat in women may have more impact on m enstrual
abnormalities

and fertility ^ than obesity, but such data were not available in the cohort study.

A further concern is with the adequacy of self-reported data on reproductive health. Thus m enstrual
problems, such as dysmenorrhoea and amenorrhoea were not differentiated, possibly obscuring
relationships for particular subgroups.
underweight

Amenorrhoea has been shown to be associated with

and one recent study that recorded details of duration and severity of m enstrual pain

in a twelve-month diary found increased risks for overweight women

This specific finding

relating to menstrual pain supports observations in this chapter for non-specific menstrual problems.
Evidence is lacking for other menstrual disorders.

Notwithstanding this, the reporting of

reproductive health outcomes is considered to be good, as indicated by agreem ent between selfreports and medical records (Table A6.2).

For example, Paganini-Hill and Ross

reported

approxim ately 90% agreement between interview and medical records for several m enstrual and
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reproductive variables and for height and weight.
recalled accurately

Age of menarche has also been shown to be

and the validity and reliability of measuring time-to-pregnancy by means of a

questionnaire was found to be reasonably good

Joffe

reported high agreement between

questionnaire and self-completed data on time-to-pregnancy even after recall periods of greater than
14 years, especially among women who had had a live birth. Hence, there is evidence that reporting
of the reproductive outcomes used here is fairly reliable. Further credence to the quality of the data
is dem onstrated by the well-known relationship between obesity and hypertension in pregnancy
T he current findings showed a twofold increase in risk for hypertension in pregnancy in obese
women at age 23 compared to those of normal weight. Despite the detailed information on relevant
confounding factors such as social class at each age, smoking and age of menarche in this cohort,
there is a lack of data for tim ing of reproductive health problems; for male partner’s characteristics
and for last contraceptive method.

Nonetheless, the present investigation shows menstrual problems to be associated with both current
and prior obesity: girls who were obese at age 7 and women who were obese at age 23 had increased
odds ratios of 1.59 and 1.75 respectively, of menstrual problems in adult life. The elevated risks of
menstrual problems associated with adult obesity were in part related to risks acquired in childhood,
as dem onstrated by a reduced odds ratio for obese women at age 23, after controlling for BMI at age
7. However, risk of menstrual problems was increased for obese 23-year old women independent of
their BMI in childhood, indicated by an adjusted odds ratio of 1.97. Confounding factors (namely
social class at birth and smoking status at 23 years) did not affect the risk associated with childhood
obesity but attenuated slightly that associated with adult obesity. In contrast, risks for underweight
and overweight women were due mainly to their adult BMI. Highest risks were found for women
who rem ained obese throughout childhood and early adulthood, and elevated risks were also
observed among women who had gained weight since childhood, relative to women with normal
BMI at both 7 and 23 years. These findings suggest that women with lifetime obesity have the
highest risks of subsequent menstrual problems, although women acquiring obesity since childhood
are also at risk.
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M enstrual problems have a high prevalence and although they are not generally associated with
serious or life-threatening disease, are a source of considerable discomfort to women and account for
work or school absences. For example, m enorrhagia is one of the most common conditions referred
to specialist outpatient clinics, accounting for 12% of all gynaecological referrals

Among women

in the 1958 birth cohort 14% reported that by age 33, they had menstrual problems within the past
year for which the majority (10%) consulted their doctor.

In the same women by age 16, 19%

reported mild, and 15% severe menstrual problems.

The J-shaped relationship found between body mass index at age 23 and menstrual problems was
consistent with other studies

Further support for the relationship between obesity and menstrual

problem s has been presented in this chapter, in that sim ilar associations were evident for subfertility,
with obese women at 23 years less likely to conceive within 12 months compared to those of normal
weight. Consistent with this was a suggestion of a risk of menstrual problems among overweight
and obese at age 16, although as reported these were not statistically significant.

However,

underweight females may only just have reached menarche, whereas heavier girls with an earlier age
of m enarche have had a longer exposure time in which to experience menstrual problems.

For

women within this cohort the relationship between age of m enarche and subsequent menstrual
problems appears to be short-lived: strong relationships evident at age 16 did not extend to age 33.
Previous findings suggest that dysmenorrhoea occurs more often during the teenage years after
m enarche than in women in their twenties and that early m enarche is associated with more severe
dysmenorrhoea

However, these studies have been lim ited to a much shorter follow-up period and

relationships over a longer period are not well-documented.

It has also been shown that oral

contraceptive users have a lower prevalence of dysmenorrhoea than users of other methods of
contraception.

The present investigation also suggests that childhood obesity may have consequences for subsequent
m enstrual problems although this appears to be partly m ediated through an association with BMI in
adulthood. Others have proposed that childhood obesity may be related to menstrual disorders
although Combes et al

found juvenile-onset obesity less likely to be associated with later menstrual
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disorder when com pared to pubertal or adult-onset obesity.

Hartz et al ^ hypothesise that weight

fluctuation causes m enstrual abnormalities associated with more frequent dieting by obese women in
order to lose weight, or alternatively, that both obesity and menstrual disorders can be attributed to a
hormonal imbalance. The literature on obesity, insulin resistance and polycystic ovary syndrome
(PCOS) suggests a pathway linking childhood obesity with adult menstrual disorders, in that obesity
and associated insulin resistance may increase the risk of PCOS

In turn, PCOS could manifest

as menstrual symptoms in adulthood. PCOS is common in young women

and may underlie the

high prevalence of m enstrual symptoms found by age 33. Amenorrhoea has also been demonstrated
in underweight women
and Van V ugts’

suggesting that body fat has a regulatory role in reproduction

Reid

review provided evidence that underweight women may suffer from endocrine

abnorm alities which in turn leads to menstrual abnormalities and thus subsequent infertility. They
found that most obese women remain fertile suggesting that obesity p er se is not the sole explanation
for menstrual disorders and infertility. Current evidence appears to suggest a more complex
endocrinological mechanism.

Previous studies have suggested that obesity may increase the risk of subfertility
conflicting evidence also exists

although

It is notable therefore that women who were obese at age 23

were less likely to conceive within 12 months compared to those with normal BMI. The majority of
women had their first child in their early twenties so that the use of BMI at age 23 provides a good
proxy measure of adiposity at around the time of their pregnancy. Thus, obesity in early adulthood
may be a risk factor for subfertility as hypothesised by Garrow (Figure 1.1).

In conclusion, obesity in early adulthood may increase the risk of menstrual problems, hypertension
in pregnancy and subfertility. Childhood obesity may also carry adverse consequences for menstrual
problems but this appears to be partly mediated through its association with adult BMI.

W omen

with lifetime obesity had the highest the risk of subsequent menstrual problems, although those
acquiring their obesity since childhood also had elevated risks.

Hence, these reproductive health

problems are likely to increase with the current trends of increasing fatness in the general
population.
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Chapter 7

7. Back pain and obesity: c a u se or effect?

7.1 Introduction

Back pain is particularly common in early adulthood, with 34% of 25-34 year olds in Britain
reporting low back pain, 9% with onset in the last 12 months \

Between 1991-2, 8% of British 25-

44 year olds consulted their GP about back pain

W hilst in Canada, 6% of 25-34 year olds were

identified as having long-term back problems

Several risk factors have been documented,

including occupational factors, postural and heavy manual work
psychological factors such as depression

smoking

and

Elevated risk of back pain has also been observed in

relation to obesity, especially among women
linear trend of back pain risk and adiposity

tall stature

(Table A7.1). Some studies suggest a positive
while others show that the risk is confined to those at

the extreme of the BMI distribution (upper fifth of obesity)

M ore generally, Seidell et

found

the obese to be more than twice as likely to consult a medical specialist for problems with the back,
joints or muscles than those who were of normal weight. One study found the overweight to have a
higher mean low back pain symptoms score than those of normal weight, but they did not have a
significantly higher risk of lumbosacral disorder

A major shortcoming of work to date is that few studies have been able to establish the direction
underlying any association between back pain and adiposity.

Garrow

recognised that the

association could reflect different processes, given that back pain may lead to a reduction in physical
activity, and thence to increased adiposity, that is, obesity could be a consequence of back pain.
Alternatively, obesity could increase the mechanical load on the spine, thereby increasing the risk of
back pain (that is, obesity could play a causal role) (Figure 1.1).
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Since most studies are cross

sectional there is scant evidence on the relative importance of these different processes. T here are
few longitudinal studies that investigate whether back pain is associated with increased adiposity.
Aro & Leino

exam ined the temporal relationship between change in low back pain symptoms

score and weight change over a 10 year period, but found no association.

They also found no

relationship between incident lumbosacral disorder over the 10 year period and relative weight
The causal direction of the association between obesity and back pain can be clarified using
longitudinal data. This chapter examines (a) whether back pain is associated with greater weight
gain in early adulthood, and (b) whether adiposity in childhood and early adulthood influences the
risk of subsequent back pain. If adiposity is a consequence of back pain, the weight gain over a ten
year period in early adulthood should be greatest among those with pre-existing back problems.
Conversely, if adiposity influences the likelihood of back pain, obesity should increase the risk of
subsequent pain onset.

7.2 Methods

TABLE 7.1. Categories o f BM I (kg/m^) at ages 7 and 23
23 years

7 years
BMI cut-offs

n

(%)

(15.2)

n

(%)

919

(15.0)

>20.4 & <22.1

1418

(23.1)

1341

(21.9)

1554

(25.3)

902

(14.7)

942

(15.3)

BMI cut-offs

M ales
thin

<14.6

1043

underweight

>14.6 & <15.5

1751

normal

>15.5 & <16.1

1244

(18.1)

>22.1 & <23.4

overweight

>16.1 & <17.3

1829

(26.6)

>23.4 & <25.6

1007

(14.6)

954

(14.9)

<19.2

(23.6)

>19.2 & <20.9

1487

(24.2)

>20.9 & <22.1

1259

(20.5)

1523

(24.8)

934

(15.2)

obese

>17.3

<20.4

>25.6

Females
thin

<14.2

underweight

>14.2 & <15.3

1515

normal

>15.3 & <16.0

1389

overweight

>16.0 & <17.4

1617

(25.2)

947

(14.7)

obese

>17.4
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>22.1 & <24.9
>24.9

W eigh t w as used as a continuous variable in the analyses o f ch an ge betw een ages 23 and 33.

For

other analyses BM I w as classified into five groups at ages 7 and 23 (approxim ate cen tile groups
given in brackets): thin (<15th centile); underweight: (15th - 39th); norm al w eight: (40th - 60th);
overw eight: (6 1 st - 85th); and obese: (> 85th cen tile) (T able 7.1 ).

FIG U R E 7.1. D iagram sh ow in g lo w back pain area

At age 23 and 33 years subjects were asked whether they often had backache as part o f a self
com pletion checklist o f psychological and som atic sym ptom s (the M alaise Inventory

T able A 2 .2 ).

A t age 33 subjects w ere sp ecifically asked about low back pain. T he questions were derived from an
instrum ent developed by W alsh and Coggan
ep id em iological study

w hich has previously been used in a large

Subjects were asked whether they had ever experienced low back pain for

over a day in an area illustrated in Figure 7.1, between the twelfth rib and the gluteal folds.

Pain

associated with flu, pregnancy or menstruation was excluded. If subjects reported ever h avin g back
pain, they w ere then asked the age o f onset o f pain. T his inform ation was used to construct fiv e back
pain groups:
(1) "chronic’: includes those reporting backache at age 23 and low back pain or backache at age 33.
A lso included were those w ho reported low back pain at 33 years with an age o f onset at or before 23
years o f age;
(2) "incident’ : includes those experiencing back pain during the 10 years from 23 to 33 years {"10
y e a r ’), with no back pain before 23 years (as ascertained from the 23-year survey or from ag e o f
onset reported at age 33).

T his group was subdivided into a "1-year in ciden t' group, with recent
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onset between 32 and 33 years; and the rem aining ‘9 year incident' group, with back pain onset
between 23 and 31 years;
(3) ‘lost': includes those reporting backache at or before age 23 but not subsequently;
(4) ‘never': subjects with no backache or pain at 23 or 33 years.

Inform ation was available on several potential confounding factors identified from the literature.
These included manual occupation (indicated by the Registrar G eneral’s social classification),
education, smoking habit, parity, psychological distress (assessed using the M alaise Inventory (Table
A2.2) but excluding the question on backache) and height (Tables A7.2 and A7.3).

7.2.1 Statistical Methods

(a) W eight gain and back pain

First, to investigate back pain associated adiposity gains, mean weight change between ages 23 and
33 was estimated for the five back pain groups: ‘never’, ‘1-year incident’, ‘9-year incident’, ‘lost’
and ‘chronic’.

Differences between the five back pain groups were examined using analysis of

variance (ANOVA) (§3.2.3.7).

Potential confounding factors were examined separately using

analysis of covariance (ANCOVA) (§3.2.3.7) and statistically significant covariates (p<0.05) were
retained in the analysis. Initially, analyses were adjusted only for baseline (23-year) weight (to allow
for initial weight) and then additional confounders were examined, including height at age 33 (to
allow for body size).

(b) Obesity as a risk fa cto r fo r back pain

Second, the association between obesity and subsequent pain onset was examined using logistic
regression (§3.2.4.6). Risks of back pain onset between 23 and 33 years were estimated for BMI
groups at age 7 and 23. Odds ratios were calculated relative to those with ‘norm al’ BMI (between
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the 40th and 60th centiles). Separate analyses were conducted for ‘1-year’ and ‘10-year’ incident
pain. Models were fitted separately and simultaneously for BMI at ages 7 and 23 years to estimate
the contributions of child and adult BMI. In further analyses to investigate the effect of changes in
BM I from child to adulthood on the risk of incident back pain, an interaction term was included in
the model for BM I at ages 7 and 23. In order to increase the sample sizes in the extreme interaction
groups (e.g. those moving from the thinnest group at 7 years to the fattest group at 23 years), it was
necessary to collapse the five BMI groups to three representing underweight/thin; < 40th BMI
centile; normal: 40 - 60th; overweight/obese: > 60th.

Potential confounding factors were added

separately to each logistic model and covariates significantly improving the fit of the model were
retained. This procedure was repeated until the model fit could not be improved.

7.3 Results

(a) W eight gain and back pain

TA BLE 7.2. Categories of back pain symptoms by age 33 years^ and baseline weight (kg) (age 23)
Women

Men
weight 23y (kg)

weight 23y (kg)

mean

(SD)

%

(n)

mean

never

71.85

(9.87)

46.0

(2 0 2 0 )

57.26

10 year incidence”

72.70

(10.08)

26.7

(1172)

1 yea r incidence

72.05

(10.64)

6.9

9 yea r incidence

72.92

(9.87)

lost*’

73.35

chronic'’

75.31

(SD)

%

(n)

#3^

47.1

(2198)

59.00

(9.06)

20.9

(974)

(302)

58.70

(8.97)

5.4

(237)

19.8

(870)

59.11

(9.10)

15.5

(723)

10.40

16.4

(719)

59.19

(9.46)

18.3

(854)

(10.72)

11.0

(484)

60.18

(10.06)

13.6

(636)

Back pain categories

t sam ple restricted to those with data on weight at 23 and 33 years a; symptoms reported between ages 23 and 33, but not before
age 23 b: sym ptom s reported up to age 23 but not subsequently c: symptom s at both ages 23 and 33

Eleven percent of men and 14% of women were identified as having chronic back pain, 27% and
21% respectively had incident pain, about a quarter of whom had pain with onset in the 12 months
preceding the survey (Table 7.2). The five back pain groups were compared with respect to their
mean

weight

increase

over

the

ten

years
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between

ages

23

and

33

(Table

7.3).

TABLE 7.3 Mean weight increase between ages 23 and 33 years for Five back pain categories
Mean weight increase (kg) (95% Cl)
Back pain categories

(n)

Adjusted for weight at 23 y

Unadjusted

Adjusted for weight at 23y & other confounders^

Men
never

(2 0 2 0 )

7.21

(6.83, 7.58)

7.20

(6.8 1,7.58)

7.24

(6.83, 7.65)

1 year incident

(302)

7.33

(6.58, 8.09)

7.32

(6.32, 8.32)

7.43

(6.41, 8.44)

lost

(719)

7.54

(6.90, 8.17)

7.55

(6.90, 8.20)

7.60

(6.94, 8.26)

9 year incident

(870)

7.35

(6.75, 7.94)

7.35

(6.76, 7.94)

7.44

(6.84, 8.05)

chronic

(484)

8.02

(7.04, 9.00)

8.06

(7.27, 8.85)

8.13

(7.33, 8.93)

F value (p-value) *

1.00 (0.4)

1.01 (0.4)

Women
never

(2198)

6.51*

(6.17, 6.85)

6.65

(6.30, 7.00)

6.32

(5 .9 1 ,6 .7 4 )

I year incident

(251)

6.69

(5.72, 7.65)

6.64

(5 .6 1,7.68)

6.52

(5.42, 7.62)

lost

(854)

7.01

(6.44, 7.58)

6.91

(6.34, 7.47)

6.58

(5 .96,7.19)

9 year incident

(723)

7.29

(6.6 7 ,7 .9 1 )

7.20

(6 .5 9 ,7.81)

6.89

(6.23,7.56)

chronic

(636)

7.59*

(6.84, 8.33)

7.37

(6.72, 8.02)

7.05

(6.33, 7.77)

F value (p-value) *

2 .6 (0 .0 3 /

1.3 (0.3)

1.1 (0.4)

t adjusted for weight at 23y, sm oking behaviour, physical activity and height at 33y (men); weight at 23y, sm oking behaviour and height at 33y & social class at birth (manual vs non-manual) (w om en)
t F-test for differences betw een weight change for 5 back pain groups

§ significant difference between ‘never’ and ‘chronic’ group (Tukey-Kramer multiple comparison test, p< 0.05)
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N o sign ifican t relationship was found for m en, but am ong w om en, w eigh t gain differed sig n ifica n tly
betw een the back pain groups (F = 2.6, p = 0 .0 3 ).

T he greatest d ifference w as between w om en with

chron ic pain and those with no sym ptom s (Tukey-Kramer m ultiple com parison test, p < 0 .0 5 ),
although a sign ifican t linear trend (p= 0 .0 0 0 2 ) suggested that mean w eigh t gain increased with
in creasin g duration o f back pain sym ptom s. A djustm ents were m ade to allow for initial w eight
d ifferences, given that wom en with chronic back pain were 2 .9 2 kg heavier (95% Cl: 2 .0 6 , 3 .7 8 ) at
a g e 23 than those with no pain (Table 7 .2 ).

A lso, w eight gain w as, in general, related to initial

w eigh t (a 1 kg increase in w eight at age 23 was associated with an additional w eight gain o f 0 .1 3 kg)
(T able A 2 .1 5 ). After adjustment for w eight at 23 years the d ifference in w eight gain betw een back
pain groups becam e non-significant, with w eight gain attenuating the m ost am ong w om en with
chron ic back pain (T able 7.3). Further adjustments were m ade, because sm ok in g behaviour (at 33
years) w as found to have a negative confounding effect: men and w om en with back pain w ere m ore
lik ely to sm oke than those with no pain (Tables A 7 .2 and A 7 .3 ) and sm okers gained less w eight
betw een ages 23 and 33 than non-sm okers (Figure 7.2).

F IG U R E 7.2. R elationship betw een w eight gain (2 3-33 years) and sm ok in g behaviour at age 33

Men

Women
8 .5

8
7 .5
kg

7

kg

7
6 .5

6
5 .5
n ever

ex

current

n ev er

Smoking behaviour at 33 years

ex

current

Smoking behaviour at 3 3 y ea r s

T he addition o f sm oking to the A N C O V A m odels increased the w eight gain in all o f the back pain
groups (for exam ple, from 7.59 kg to 7 .7 6 kg am ong wom en with ch ron ic back pain), but not am ong
w om en

with no back pain sym ptom s. D ifferences in w eight gain were, how ever, no longer

sign ifican t after allow in g for all relevant confounding factors (social cla ss at birth, w eigh t at ag e 23,
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height and smoking at age 33) (Table 7.3) although the linear trend of increasing weight gain with
duration of pain persisted (p=0.002). Physical activity was not included in the model because it did
not significantly improve the model fit or affect the relationship between back pain and weight gain.

( ii) Obesity as a risk fa cto r fo r back pain

TABLE 7.4. Percentage with back pain onset between 32-33 years (1-year incidence) and 23-33 years (10-year
Men

Women
23y

7y
%
BMI group
1-year incidence (32-33y)

23y

7y

(n)

%

(n)

%

(n)

%

(n)

thin

13.3

(498/368)

15.5

(58/374)

8.9

(32/361)

10.3

(40/389)

underweight

10.6

(60/568)

12.0

(72/600)

8.6

(49/571)

7.4

(47/637)

normal

10.3

(41/400)

12.3

(62/503)

10.4

(53/511)

9.9

(54/547)

overweight

11.6

(71/612)

13.0

(73/561)

6.4

(39/608)

11.2

(67/597)

obese

14.2

(44/310)

13.1

(39/298)

9.2

(31/338)

14.6

(47/322)

4.3 (p=0.4)

X^=2.8 (p= 0 .6 )

% =5.9 (p=0.2)

X^=13.0 (p=0.01)

lO -year incidence (23-33y)
thin

32.8

(156/475)

36.7

(183/499)

27.2

(123/452)

27.9

(135/484)

underweight

32.6

(246/754)

33.8

(269/797)

26.2

(185/707)

27.5

(224/814)

normal

32.5

(173/532)

36.3

(251/692)

28.3

(181/639)

30.2

(213/706)

overweight

34.6

(286/827)

38.3

(303/791)

24.6

(186/755)

32.7

(257/787)

obese

34.6

(141/407)

40.3

(175/434)

29.3

(127/434)

36.5

(158/433)

= 1.3 (p=0.9)

%'==6.4 (p=0.2)

X^=4.1 (p=0.4)

%^=14.0 (p=0.007)

Table 7.4 shows back pain onset between ages 32 and 33 (1-year incidence) and 23 and 33 (10-year
incidence) according to BMI at ages 7 and 23. No relationship was found for men, while for women
BMI at age 23, but not age 7, was related to incident pain, with the highest rates among those who
were overweight or obese. Among women, the elevated risk of incident back pain associated with
obesity strengthened after adjustment for confounding factors recorded at age 23, including social
class, psychological distress, height and smoking behaviour, and BMI at age 7 (1-year incident pain:
OR=1.78; 95% C l (1.08, 2.94)) (Table 7.5). Similar results, though slightly weaker, were found for
10-year incident back pain: the adjusted OR for women who were obese at age 23 was 1.51, 95% Cl,
(1.13, 2.03) (Table 7.5).

184

TABLE 7.5. ORs (95% CI) for 1-year incident (ages 32 to 33) and 10-year incident back pain (ages 23-33) according to BMI at age 23 (women)
BMI (age 23)

adjusted for BMI at age 7

unadjusted

adjusted for confounders^

1-year incidence (32-33y)
thin

1.05

( 0 .6 8 , 1.61)

0.91

(0.54, 1.53)

0.97

(0.57,1.65)

underweight

0.73

(0.48, 1.09)

0.78

(0.49, 1.24)

0.79

(0.49, 1.29)

normal"

1.00

-

1.00

-

1.00

-

overweight

1.15

(0.79, 1.69)

1.37

(0.89, 2.11)

1.42

(0 .9 1 ,2 .2 1 )

obese

1.56*

(1.0 3 ,2 .3 7 )

1.92*

(1 .18,3.12)

1.78*

(1.08, 2.94)

thin

0.90

(0.69, 1.16)

0.81

(0.60, 1.09)

0.80

(0.59, 1.08)

underweight

0.88

(0.70, 1.10)

0.83

(0.64, 1.06)

0.82

(0.63, 1.06)

normal"

1.00

-

1.00

-

1.00

-

overweight

1.12

(0.90, 1.40)

1.24

(0.97, 1.59)

1.24

(0.97, 1.59)

obese

1.33*

(1.03, 1.71)

1.49*

(1.12, 1.98)

1.51*

(1 .1 3 ,2 .0 3 )

10-year incidence (23-33y)

* p < 0.05 II reference category; t 1-year incident back pain: adjusted for BMI at age 7, social class (manual vs non-manual) and psychological distress at 23 years;
10-year incident back pain: adjusted for BM I at age 7, psychological distress, height and sm oking at 23 years
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For women, no statistically significant interaction was found between BMI at 7 and 23, although in
general those moving from a lower BMI group at age 7 to the overweight/obese group at age 23
years had elevated risks of incident back pain relative to those who rem ained in the norm al group at
both ages (Table 7.6). T he highest risks were for women who were thin/underw eight at age 7 but
overweight/obese at age 23 years, these risks were even higher than those with lifetime obesity. The
lowest risks were for women who were not overweight/obese at age 23 years, irrespective of their
childhood BM I status, relative to those with normal BMI at both ages.

TABLE 7.6. Unadjusted ORs (95% Cl) for 1-year incident (ages 32 to 33) and 10-year incident back pain
(ages 23-33) according to an interaction o f BMI at ages 7 and 23 (women)
BMI (23 years) OR(95% Cl)
thin/underweight

normal

overweight/obese

1-year incidence (32-33y)

BMI (7 years)

thin/underweight

0.97 (0.12,7.91)

0.94

normal

1.03 (0.45,2.34)

l.OO"

overweight/obese

0.41 (0.05,3.50)

0.91

(0.40,2.09)

1.09 (0.15,7.99)

thin/underweight

0.83 (0.56, 1.23)

0.83

(0.52, 1.33)

1.34 (0.86, 2.09)

normal

0.85 (0.54, 1.34)

1 .0 0 "

overweight/obese

0.53 (0.33, 0.85)

0.85

(0.40,2.19)

1.66 (0.12,12.97)
1.90 (0.87,4.12)

10-year incidence (23-33y)

BMI (7 years)

1.15 (0.73, 1.82)
(0.54, 1.34)

1.06 (0.71, 1.56)

II reference category: normal BMI at both 7 and 23 years

7.4 Discussion

These analyses suggest, first that back pain is associated with weight gain in early adulthood, with
particularly marked increases among those with chronic pain. This was significant only for women,
among whom the greater weight increase of those with chronic pain was due, in part, to their heavier
weight initially at age 2 3. Second, the study suggests that obesity in early adulthood increases the
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risk of back pain onset among women, with an estimated 51% to 78% excess risk (for 10- and 1-year
incidence respectively) for those who were obese at age 23.

Obesity in early adulthood was of

particular importance, whereas BMI at age 7 had no independent relationship with the onset of pain
for either sex.

T he findings in this chapter depend on the adequacy of self-reported data on back pain. Clearly, the
questions do not perm it a specific diagnosis, but this is likely to reflect the non-specific nature of
back com plaints among adults in the general population. Further validity of the back pain measure
is found in a study by W alsh & Coggon

who showed the questions to be highly repeatable. It is

unfortunate that data on body fat distribution are not available in the 1958 cohort.

Some studies

suggest that fat distribution, in particular centralised obesity, may be an im portant risk factor for low
back pain, in that central fat may alter gait which may affect shock absorbance and hence increase
stress on the spine

However, consistent results for risk of low back pain using both BMI and waist

circum ference have been demonstrated

The analyses, therefore, provide some evidence that the relationship between back pain and obesity
is only in part causal, and to some extent it appears to be secondary to lifestyle changes associated
with ill-health. Women with chronic back pain had an estimated excess weight gain between 23 and
33 years of 1.08 kg (95%CI: 0.26, 1.90) compared to those without back pain (0.73 kg after
adjustm ent for other factors).

Moreover, the trend in weight gain appeared to mimic a ‘dose-

response’ relationship with the m agnitude of weight gain tending to increase with duration of back
pain symptoms. The explanation for the greater weight increase for women with back pain is not
entirely clear, but it does not appear to be due to reduced physical activity. However, the measure of
physical activity is likely to be imprecise and does not take account of changes in activity. Smoking
had a negative confounding effect in these analyses. This is not surprising because smoking is a risk
factor for back pain ^

and smokers are generally thinner than never-smokers

are prone to post-cessation weight gain

and ex-smokers

Consequently, when smoking was added to the

ANCOVA models, weight gain increased for all of those with back pain, but not in the pain-free
group. In a similar analysis for respiratory symptoms (Chapter 8), the role of additional factors that
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may lie on the pathway from ill-health to weight gain are considered. It was not possible, however,
to identify the m ajor factors involved in relation to back pain.

In this cohort, a key factor

influencing weight gain in young women appears to be their initial weight status (weight gain was
greatest for the heaviest women) (Table A2.15). Hence, differences between the back pain groups in
mean weight gain reduced after allowing for weight at age 23.

This suggests that women with

chronic back pain may have greater weight gains as they age, due to their increasingly heavier
weight.

The results on weight gain cannot be compared directly with other studies since no similar
longitudinal studies investigating this issue have been found. However, in a 10-year follow up of
Finnish 18-64 year olds, a high mean score for low back pain was found among those with relative
weight above 120%, but there was no association with baseline weight nor change in weight and low
back score over the 10 years of follow up

Notw ithstanding the relationship between back pain and subsequent weight change, there is also
evidence supporting a causal role for obesity, at least among women. Thus, women who were obese
at age 23 had an elevated risk of 1.51 of back pain onset in the following ten years, and a risk of 1.78
for onset several years later (ages 32 to 33). It is unlikely that this relationship could be explained by
a reverse effect of back pain on adiposity, because individuals with onset of symptoms were
identified and exam ined in relation to prior BMI status (age 23). The risk estimates for women are
slightly stronger, but generally consistent with those observed in other studies

Increased odds of

chronic low back pain (pain lasting for more than 12 weeks in the past 12 m onths) of 1.23 (adjusted
for age, smoking behaviour and education) and low back pain in the past 12 months of 1.21 were
observed among women in the top third of the BMI distribution compared to the lowest third in a
cross-sectional study of 20-60 year-olds in the Netherlands

In another British sample, the Health

and Lifestyle Survey, age-adjusted risks of current back pain were higher (OR=1.45) among women
with BM I > 27.3 kg/m^ (relative to those with BMI < 21 kg/m^)

Deyo and Bass ’’ found an

increased risk of 1.57 for 1-year period prevalence of low back pain among women in the NHANES
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II study in the top fifth of BMI relative to the lowest. These three studies

are consistent with the

1958 cohort in showing a positive trend in risk of back pain. They are also consistent in showing no
significant increased risk of back pain among overweight men

There appears to be no

satisfactory explanation for the gender difference in the relationship between back pain and BMI,
although lifestyle factors may be involved.

Garrow

tolerance, which leads to inactivity and muscle wasting

suggests that obesity decreases exercise
The extent to which

obesity-induced

inactivity can account for gender differences in back pain risk is not yet clear.

After allowing for BMI at 7 years, the risks associated with overweight and obesity in early
adulthood strengthened, suggesting that interactive effects of childhood and adult BMI may exist.
This was particularly striking for obese women, where the risk of 1-year incident back pain
increased from 1.56 to 1.92 after adjusting for childhood BMI. Further analyses showed that in
general, elevated risks were found among women who were thin/underw eight at age 7 but
overweight/obese at 23 years. These risks suggest that weight gain may be especially im portant in
relation to subsequent back pain.

However, these results are based on small numbers who had

changed their BMI group, with wide confidence intervals, hence they should be interpreted
cautiously. Although there is low power to detect statistically significant results in the BMI change
groups, they illustrate the general effect of changing BMI status from child to adulthood on the risk
of incident back pain. It has been suggested that a prolonged burden of excess weight may cause low
back pain through increased load compression on the intervertébral discs

thus it is surprising that

those with lifetime overweight/obesity did not have the greatest risk on incident back pain.

Back pain is not generally associated with serious or life-threatening disease. However, it is a source
of considerable discomfort and disability and accounts for work absences

In the 1958 birth

cohort 23% of men and 14% of women had taken time off work because of their back pain. The
population attributable risks for 1-year and 10-year incident back pain associated with obesity among
women were 11% and 7% respectively. These analyses suggest that obesity increases the risk of
back pain onset, at least for women.

This risk was not explained by reverse causation.
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Hence

obesity may play a causal role in precipitating back pain symptoms, and theoretically, represents a
modifiable risk factor for this common disorder.
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Chapter 8

8. R espiratory sy m p to m s and obesity: c a u s e or effect?

8.1 Introduction

A num ber of risk factors for respiratory disease and associated symptoms in adult life have been
identified * including smoking
vegetable consumption
prem ature birth

short stature

lower social class

poor diet

including low fresh fruit and

low physical activity

low birth weight and

Impaired respiratory function is also an indicator of mortality risk

It has been

proposed that obesity may exert an adverse effect on respiratory function and increase risk of
respiratory symptoms (Figure 1.1, Table 1.2), although the evidence to date is inconsistent (Table
A8.1).

For example, obese men and women have been reported to have an increased risk of

emphysema, respiratory insufficiency, chronic bronchitis and bronchial asthma. However, for most
of these disorders, a U-shaped relationship was found, with elevated risks observed also for the
underweight group
underweight

Others have shown elevated risks of respiratory symptoms among the

and overweight

that have investigated the relationship between

respiratory function (assessed using spirometry data) and obesity are inconsistent

Although

findings vary according to the measure of respiratory disorder, in general these associations are
stronger for adults, and particularly for women, and inconsistent for children. Studies showing an
association between obesity and respiratory symptoms raise the question of temporal sequence and
causal direction, especially since evidence to date is largely from cross-sectional studies
Excessive weight may contribute to respiratory disease, for example, due to mechanical effects on the
diaphragm or chest wall

or alternatively respiratory disease may contribute to excessive weight

gain through a reduction in physical activity
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There is , therefore, little evidence on the direction of the association between obesity and respiratory
symptoms, or on the role of factors, such as physical activity, diet and smoking, which may lie on the
pathway between these two health risks.

The aims of this chapter are (a) to establish whether

respiratory symptoms influence subsequent weight gain; and if so, the pathways through which this
m ight operate and (b) to determ ine whether adiposity in childhood and early adulthood influences
the risk o f subsequent respiratory disorders. Specifically, the extent of weight gain was compared
over a ten year period in early adulthood (between the ages of 23 to 33) am ong men and women with
and w ithout pre-existing respiratory symptoms. Secondly, the risk of incident respiratory symptoms
between ages 23 and 33 was determined for those with prior obesity.

8.2 Methods

W eight change between ages 23 and 33 was used as a continuous variable as in the analyses for back
pain (Chapter 7). Likewise, for other analyses BMI was classified into five groups at ages 7 and 23
(approxim ate centile groups given in brackets): thin (<15th centile); underweight: (15th - 39th);
normal weight: (40th - 60th); overweight: (61st - 85th); and obese: (> 85th centile) (Table 7.1,
Chapter 7).

To determ ine whether respiratory morbidity was associated with a greater subsequent weight gain,
two respiratory symptom groups were defined. The first group, of cough and phlegm symptoms in
early adulthood, was based on the Medical Research Council’s Questionnaire

A t age 23, subjects

were asked whether they usually coughed or brought up phlegm from their chest first thing in the
m orning or during the day or night in the winter. Individuals were classified as those reporting no
symptoms at age 23 or those reporting either or both cough and phlegm at age 23 (never and cough
and/or phlegm respectively).

Either group could include individuals with prior asthma/wheeze

symptoms, which was the second group of respiratory symptoms identified.

A sthm a and wheezy

bronchitis was ascertained from parental report at ages 11 and 16 years and from self-report at age
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23, when subjects were asked to report asthm a or bronchitis since their 16th birthday. Individuals
were assigned to one of three asthma/wheeze groups as follows: (1) never: those with no
asthma/wheezy bronchitis symptoms at 11, 16 or 23 years and excluding those with cough or phlegm
symptoms at 23 years; (2) intermittent: those reporting asthm a or wheezy bronchitis at least once
between 11 to 23 years but not at each age; and (3) persistent: those reporting asthm a or wheezy
bronchitis at 11, 16 and 23 years. Groups (2) and (3) may also include those with cough or phlegm
symptoms at age 23. Information on prior and current asthma/wheeze by age 7 was not used in the
definition of prior respiratory symptom groups since this is common in early childhood, frequently
transient, and is not predictive o f subsequent childhood asthma/wheeze

To determ ine whether pre-existing obesity increased the risk of subsequent respiratory morbidity,
only incident symptoms (between ages 23 and 33) were of interest. So individuals who had reported
cough, phlegm or asthma/wheeze symptoms by age 23 (based on the above definitions) were
excluded.

Therefore, the sample used was free from respiratory symptoms at age 23, thus

individuals reporting respiratory symptoms at age 33 were considered to be incident cases between
ages 23 to 33. For the first outcome, individuals were classified as those reporting cough and/or
phlegm symptoms at age 33 or those reporting no symptoms. For the second outcome, information
was used from subject’s reports at age 33 on (1) whether they ever had wheezing or whistling in the
chest; (2) whether they had ever been told they had asthma; and (3) whether they ever get short of
breath walking with other people their own age on level ground. Women who were pregnant at the
time o f interview were excluded from question (3). Individuals were classified as those reporting
asthma, wheeze or breathlessness at age 33 or those reporting no symptoms. The cough/phlegm and
asthma/wheeze/breathlessness groups were not m utually exclusive, but in each case they represent
‘incident’ cases (i.e. did not report symptoms at age 23).

Information was also available on several potential confounding and intermediary factors identified
from the literature. These include, at age 33: smoking behaviour (never, ex- or current smoker),
height, physical activity (high or low), parity (children or no children) and fresh fruit and vegetable
consumption (high consumption: fruit and vegetables m ore than once a week; moderate: fruit or
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sm oking behaviour (never, ex- or current smoker), social class (I & II, III non-m anual, III manual or
IV & V), education (above A level, A level of equivalent, O level or equivalent, below O level, no
qualifications), parity (children or no children); and maternal smoking during pregnancy (Tables
A 8 .2 -A 8 .5 ).

8.3 Statistical Methods

(a ) W eight gain a n d resp ira to ry sym p to m s

To investigate respiratory morbidity associated adiposity gain, mean weight change between ages 23
and 33 for those with and without respiratory symptoms was compared using analysis of variance
(ANOVA) (§3.2.3.7).

Initially, analyses were adjusted only for weight at 23 years, to allow for

baseline (23-year) weight status using analysis of covariance (ANCOVA) (§3.2.3.7).

Potential

confounding factors identified in univariate analyses as being significantly related to weight change
(Table A2.6, Appendix 2) were examined in the ANCOVA model, and statistically significant
covariates (p<0.05) retained in the analysis. The effect of intermediary factors thought to lie on the
pathw ay between respiratory symptoms and weight gain, namely physical activity and diet, were also
exam ined. Each factor was added to the ANCOVA models to establish first, if they were significant
in the model, and second, the effect on mean weight change for the respiratory symptom groups.

( b) O b e sity a s a risk f a c to r f o r re sp ira to ry sy m p to m s

The association between obesity and subsequent onset of respiratory symptoms was examined using
logistic regression (§3.2.4.6).

Risks of respiratory symptom onset between 23 and 33 years were

estim ated for BMI groups at age 23. Odds ratios were calculated relative to those with ‘norm al’
BMI (between the 40th and 60th centiles). Childhood BMI (at age 7) was added to this model to
establish whether the association between BMI at age 23 and incident respiratory symptoms was
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independent of childhood adiposity.

Potential confounding factors were added separately to the

model, and covariates significantly improving the fit of the model were retained.

This procedure

was repeated until the model fit could not be improved.

8.4 Results

(a) W eight gain and respiratory symptoms

Summ ary statistics for height, weight and BMI at ages 23 and 33 years, and increases in these
measures over the ten year period are given in Table A8.6 for 4568 men and 4844 women with
complete data on weight at 23 and 33 years and cough/phlegm at 23 years. The summary statistics
are sim ilar for the whole sample (§2.2) and for those with complete respiratory information from 1123 years (2597 men, 2881 women, Table A8.7).

TABLE 8.1. Prevalence (%) o f respiratory symptoms and baseline weight (age 23)*
Women

Men
Prevalence

weight 23y (kg)
Respiratory symptom

weight 23y (kg)

Prevalence

mean

(SD)

n

(%)

mean

(SD)

n

(%)

cough &/or phlegm

73.56

(11.35)

813

(18)

59.29

(10.26)

728

(15)

no cough or phlegm

72.50

(9.85)

3755

(82)

58.20

(8.82)

4116

(85)

persistent

71.58

(10.42)

84

(3)

58.54

(11.64)

88

(3)

intermittent

73.10

(9.92)

566

(2 2 )

59.37

( 10 .0 0 )

535

(19)

never^

72.58

(9.95)

1947

(75)

58.09

(8.51)

2258

(78)

cough o r phlegm at 23 years

asthma or wheeze, JJ-23 years^

*sample restricted to those with w eight data at 23 and 33 years

t never group may include those with asthm a/wheeze symptom s prior to age 7 years (n=329 men; n=358 w om en)
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TABLE 8.2. Mean weight increase (kg) between ages 23 and 33 years according to respiratory symptoms
Mean weight increase (kg) (95% Cl)
Unadjusted

(n)

Adjusted for weight at 23 y

Adjusted for weight at 23y & other confounders^

Cough or phlegm at 23 years
Men:

no cough or phlegm

3755

7.44

(7.16, 7.72)

7.44

(7 .16,7.72)

7.45

(7 .1 4 ,7 .7 6 )

cough &/or phlegm

813

7.13

(6.49, 7.76)

7.14

(6.53, 7.74)

7.56

(6.94, 8.19)

F value (p-value)

0.9 (0.4)

0.8 (0.4)

0.1 (0.7)

Women: no cough or phlegm

4116

6.77

(6.52, 7.02)

6.79

(6.54, 7.05)

6.78

(6.49, 7.06)

cough &/or phlegm

728

7.64

(6.98, 8.30)

7.52

(6 .91,8.13)

7.89

(7.27, 8.52)

F value (p-value)

6 .6 * (0 .0 1 )

4.7* (0.03)

10.3* (0.001)

Asthma or w heeze, 11-23 years
Men:

never
intermittent
persistent

1947

7.48

(7.09, 7.87)

7.48

(7.1 1,7 .8 5 )

7.47

(7 .0 6 ,7 .8 8 )

566

7.41

(6 .8 1 ,8 .0 2 )

7.41

(6.72, 8.10)

7.49

(6.79, 8.19)

84

6.64

(5.1 2,8 .1 6 )

6.65

(4.85, 8.44)

6.75

(4 .9 1 ,8 .5 8 )

F value (p-value)

Women: never
intermittent
persistent
F value (p-value)

,

0.4 (0.7)

0.4 (0.7)

0.3 (0.7)

2258

6.55

(6.2 1 ,6 .9 0 )

6.57

(6.23, 6.92)

6.66

(6.27, 7.04)

535

6.95

(6.24, 7.67)

6.87

(6.16, 7.57)

6.94

(6 .2 2 ,7 .6 7 )

88

7.81

(6.12, 9.50)

7.79

(6.05, 9.53)

7.73

(5.96, 9.50)

1.1 (0.3)

1.3 (0.3)

t adjusted for w eight at 23y, sm oking behaviour at 33y and adult height

* significant difference between respiratory groups
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0.9 (0.4)

A t age 23 years, 18% o f men and 15% o f w om en reported h avin g cough and/or p hlegm either first
thin g in the m orning or during the day or night in w inter (T able 8.1 ). B y age 23 years, 3% o f men
and w om en were identified as having persistent a sth m a/w h eeze with onset after age 1 1 , w ith a
further 22% o f men and 19% o f w om en having interm ittent sym ptom s (Table 8.1). H ow ever, there
w as overlap o f respiratory sym ptom s: 17% o f m en and 29% o f w om en with cough and/or p h legm at
age 23 years also had asthm a/w heeze sym ptom s w ith on set sin ce age 11.

F I G U R E 8.1 R e la tio n s h ip b e tw e e n c o u g h and p h le g m at 2 3 y e a r s a n d s m o k in g b e h a v io u r at a g e 3 3

W om en

M en

% 30

% 30

co u g h &/or
p h legm

co u g h &/or
sy m p to m s

ph legm

I n ev er E e x O current sm o k e r

s y m p to m s

n ev er B e x D c u r ren t sm o k er

C om paring unadjusted w eight increases for the tw o cou gh /p h legm groups, statistically sign ifican t
differences were found for w om en but not men (T able 8.2 ). W om en with sym ptom s had a greater
w eight gain than those with no sym ptom s (unadjusted m ean difference, 0 .8 7 kg, 95% C l (0 .1 6 ,
1.58)). After adjusting for w eight at age 23, the d ifferences in w eight gain am ong w om en reduced
sligh tly reflecting the fact that wom en with cough and/or p h legm sym ptom s were heavier at ag e 23
than those without (Table 8.1).

However, the d ifferen ces increased after adjustment for sm ok in g

behaviour at 33 years, su ggestin g negative con fou n d in g by sm ok in g (adjusted mean difference, 1.11
kg; 95% C l (0.42, 1.80)). M en and wom en with cough and/or p hlegm sym ptom s were more lik ely to
sm oke than those with no sym ptom s (Figure 8 .1 ), and sm okers gained less w eight between ages 23
and

33

than

non-sm okers

(Figure

7.2,

Chapter

7).

H ence,

the

unadjusted

w eight

gain

underestim ates the difference between the respiratory sym ptom s groups. W om en with cough and/or
ph legm sym ptom s at 23 years gained 7 .8 9 kg com pared with 6 .7 8 kg am ong those w ith no
sym ptom s, after adjustment for w eight at 23 years, sm ok in g behaviour and height at age 33 (T able

20 0

8.2).

For women, with the exception of smoking and physical activity (which was of borderline

significance), no other interm ediary factors (including diet and parity) were independently associated
with weight gain in this cohort.

However, adjusting for physical activity did not affect the

respiratory symptoms-weight gain relationship (weight gain for those with symptoms: 7.85 kg (7.22,
8.48); no symptoms: 6.74 kg (6.46, 7.02)).

For asthm a/wheeze symptoms, the greatest weight gain among women was observed for those with
persistent symptoms and the least gain for those with no symptoms (Table 8.2).

However,

differences between groups were not significant (unadjusted mean difference, 1.26 kg, 95% C l (0.44, 2.96)), probably due to the small sample with persistent symptoms (n=88). A reverse pattern
was evident for men in that those without symptoms had greater weight gains, but differences were
not significant. Sim ilar results were obtained when analyses were repeated, excluding those with
prior or current asthma/wheeze at age 7 years from the ‘never’ group (data not presented).

TABLE 8.3. Prevalence and incidence of respiratory symptoms’^
Incidence*’ (23-33 years)

Prevalence at age 33
%

(n)

%

(n)

21.0

(1148/5463)

12.8

(250/1953)

cough

16.2

(888/5485)

9.3

(182/1964)

phlegm

12.2

(678/5548)

6.6

(130/1981)

30.2

(1676/5553)

16.9

(335/1984)

asthma/wheeze

28.9

(1614/5580)

15.8

(315/1993)

breathlessness

3.3

(181/5542)

1.9

(38/1984)

17.1

(967/5648)

9.3

(212/2272)

15.0

(849/5678)

7.7

(175/2283)

8.1

(462/5738)

4.3

(99/2317)

33.5

(1832/5474)

22.8

(499/2192)

asthma/wheeze

29.4

(1693/5765)

19.4

(451/2326)

breathlessness

7.8

(422/5381)

4.8

(104/2172)

Men
cough &/or phlegm

asthma/wheeze/breathlessness

Women
cough & /or phlegm

cough
phlegm
asthma/wheeze/breathlessness^

a:

sy m p to m

g r o u p s a r e n o t m u tu a lly e x c lu s iv e

b:

e x c lu d e s t h o s e w ith s y m p t o m s a t a g e 2 3 .

c:

b r e a th le s s n e s s g r o u p e x c lu d e s w o m e n w h o w e r e p r e g n a n t a t th e t im e o f in te r v ie w
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(b) Obesity as a risk factor fo r respiratory symptoms

Thirteen percent of men and 9% of women were identified as having incident cough/phlegm
symptoms; 17% of men and 23% of women had incident asthma/wheeze/breathlessness between
ages 23 and 33 (Table 8.3).

Table 8.4 shows respiratory symptom onset between 23 and 33

according to BMI at ages 7 and 23. No consistent relationships between incident cough/phlegm and
BMI were found for men or women. Risks of incident cough and/or phlegm were highest among the
thinnest women and slightly elevated among the overweight and obese, but none of these risks were
significant either before or after controlling for 7-year BMI and smoking behaviour (Table 8.5).

TABLE 8.4. Percentage with onset of respiratory symptoms (23-33 years) according to BMI at ages 7 and 23
Women

Men
23y

7y
%
Incident cough &/or phlegm

23y

7y

(n)

%

(n)

%

(n)

%

(n)

BMI group
thin

11.7

(31/264)

13.4

(38/284)

8.7

(25/288)

10.3

(33/321)

underweight

13.2

(57/431)

12.7

(62/490)

9.3

(45/482)

8.9

(50/565)

normal

16.1

(48/299)

13.3

(56/422)

8.8

(38/430)

8.5

(42/496)

9.1

(41/450)

11.6

(56/483)

9.3

(46/493)

9.9

(54/545)

12.6

(30/238)

13.7

(33/241)

8.4

(21/250)

9.6

(30/313)

overweight
obese

X^=8.6 (p=0.07)

%=1.0 (p=0.9)

%=0.3 (p=1.0)

%"=1.2 (p=0.9)

Incident asthma/wheeze/breathlessness^
BMI group
thin

16.8

(45/268)

18.2

(52/286)

23.2

(63/272)

21.5

(67/312)

underweight

15.5

(68/438)

14.6

(73/499)

20.6

(94/456)

21.4

(115/538)

normal

23.5

(71/302)

16.6

(71/429)

23.2

(98/422)

20.5

(97/474)

overweight

15.9

(73/458)

18.8

(91/485)

21.6

(103/478)

23.5

(124/527)

obese

15.7

(38/242)

16.1

(40/249)

25.5

(63/247)

29.1

(90/309)

%^=10.2 (p=0.04)
t

b r e a th le s s n e s s g r o u p e x c lu d e s w o m e n

X^=3.5 (p=0.5)

w h o w e r e p r e g n a n t a t th e tim e o f in te r v ie w
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%=2.7 (p=0.6)

%=9.6 (p=0.05)

BMI (age 23)

unadjusted OR (95% Cl)

adjusted for smoking at 23y

adjusted for BMI at age 7

adjusted for other confounders*

Cough and/or phlegm
thin

1.24

(0.77, 2.00)

1.10

(0.64,1.91)

1.08

(0.61, 1.92)

underweight

1.05

(0.68, 1.61)

1.07

(0.67, 1.71)

1.07

(0.65, 1.74)

normal'

1.00

-

1.00

-

1.00

-

overweight

1.19

(0.78, 1.81)

1.13

(0.70, 1.81)

1.18

(0.72, 1.93)

obese

1.15

(0.70, 1.87)

1.38

(0.81,2.35)

1.41

(0.81,2.45)

-

-

Asthma/wheeze/breathlessness
thin

1.06

(0.75, 1.51)

1.08

(0.73,1.59)

1.09

(0.76, 1.56)

1.15

(0.80, 1.67)

underweight

1.06

(0.78, 1.43)

1.06

(0.76,1.47)

1.11

(0.82, 1.52)

1.12

(0.81, 1.55)

normal'

1.00

-

1.00

-

1.00

-

1.00

-

overweight

1.20

(0.89, 1.62)

1.24

(0.90, 1.72)

1.19

(0.87, 1.62)

1.16

(0.84, 1.59)

obese

1.60*

(1.15, 2.23)

1.58*

(1.09, 2.28)

1.51*

(1.07, 2.12)

1.40

(0.99, 2.00)

* p < 0.05 II reference category t breathlessness group excludes women who were pregnant at the time of interview
t adjusted for smoking behaviour, education at age 23 and maternal smoking during pregnancy
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For incident asthma/wheeze/breathlessness, there was a significant association with BMI at age 23,
but not age 7, among women, with the highest rates among those who were overweight or obese. No
consistent

relationship

was

found

for

men

(Table

8.4).

Elevated

risks

of

incident

asthma/wheeze/breathlessness of 1.20 (95% Cl: 0.89, 1.62) among overweight and of 1.60 (1.15,
2.23) among obese women emerged, although these were significant only for the obese (Table 8.5).
These risks were unaffected after adjusting for childhood BMI (at age 7). Adjusting for smoking
behaviour at age 23 attenuated the risks slightly which was surprising since it was anticipated that
smoking might negatively confound the relationship. Men and women with respiratory symptom
onset between ages 23 and 33 were more likely to smoke (Figure 8.2).

FIGURE 8.2 Relationship between respiratory symptoms onset (between ages 23 and 33) and smoking
behaviour at age 33

(i) incident cough and/or phlegm
Men

Women

synptom B

sym ptom s

I never h ex □ current smoker

I never B ex □ current smoker

(ii) incident asthma/wheeze/breathlessness
Men

Women

sym ptom s

symptoms

I never g ex o current smoker

I never m e x □ current smoker
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However, although others have shown that smokers are lighter than never smokers

this was not

the case in the 1958 cohort: 23-year old women who smoked had a m ean BMI of 22.2 kg/m^
com pared to 22,0 kg/m^ for never smokers (Table A2.10). After further adjustm ent for education at
age 23 and m aternal sm oking during pregnancy, the risks reduced and were of borderline
significance among the obese (OR=1.40; 95% C l (0.99, 2.00)) (Table 8.5). There were no consistent
relationships between BM I and incident respiratory symptoms for men.

8.5 Discussion

These analyses suggest that women with symptoms of cough and/or phlegm have a greater
subsequent weight gain over a 10 year period in early adulthood: they gained an average 1.11 kg
more than other women, after taking account of differences in sm oking behaviour and other
confounding factors.

Sim ilar differences for asthma/wheeze symptoms in women were non

significant, probably due to small numbers.
Second,

the

study

suggests

that

obesity

No consistent relationships were found for men.
in

early

adulthood

increases

the

risk

of

asthma/wheeze/breathlessness onset among women, with an estimated 40% excess risk (adjusted) for
those w ho were obese at age 23. Elevated risks of subsequent cough and/or phlegm symptoms were
also observed for obese women, although these were non-significant.

No consistent relationships

were observed for men Obesity in early adulthood was of particular im portance, whereas BMI at age
7 had no independent relationship with the onset o f symptoms for either sex.

These findings are based on questions about cough, phlegm (at ages 23 and 33), wheeze and
breathlessness (at age 33) derived from the MRC questionnaire on respiratory symptoms

These

questions have been used previously in several other large epidemiological surveys
Symptoms of cough and phlegm are related to poor peak expiratory flow rates ^ and have also been
found to predict m ortality from chronic bronchitis

Symptoms of asthm a and wheezy bronchitis

were com bined since the clinical or pathological basis for distinguishing between them is weak
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However, symptoms of cough/phlegm and asthma/wheeze overlap to a large extent

In this cohort,

17% o f men and 29% of women with cough and/or phlegm also had asthm a/wheeze symptoms at
age 23 years; conversely, approximately 40% o f men and women with asthm a/wheeze at 23 years
also had cough and/or phlegm symptoms. Similarly, there was overlap am ong those with symptom
onset by age 33: 39% of men and 51% of women with incident cough and/or phlegm had incident
asthm a/wheeze/breathlessness;

while,

29%

of

men

and

21%

of

women

with

asthm a/wheeze/breathlessness onset also reported incident cough and/or phlegm. In constructing the
respiratory symptom groups for analyses of the effects of symptoms on subsequent w eight gain there
was some overlap of categories (the symptom groups were not mutually exclusive).

However, to

ensure the comparison group was symptom free, those with cough or phlegm were excluded from the
never asthm a/w heeze group. Although data were available for prior and/or current asthma/wheeze
at age 7 years, this was not included in the definition of the asthma/wheeze groups since such
symptoms in
asthm a/w heeze

early childhood are frequently transient

and

not predictive

of subsequent

As shown in other studies of respiratory symptoms in this cohort

only

negligible sam ple biases were found for the cohort members with complete inform ation at 11, 16 and
23. Moreover, no biases were found in height, weight or BMI changes over tim e in relation to the
restricted samples with respiratory symptoms (Tables A8.6 and A8.7).

The results suggest that, for women at least, associations with obesity and respiratory morbidity
found in cross-sectional studies
with prior respiratory symptoms.

may be explained in part by increased weight gain among those
The findings for men and women were not consistent.

One

potential explanation for this gender difference in weight gain is parity, since there is some evidence
of greater weight gain in association with increased parity
finding

although this is not a consistent

Parity and respiratory symptoms also have a sim ilar social patterning. Even so, adjusting

for parity in the current analyses did not diminish the observed greater weight gain in women with
cough and/or phlegm.
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Diet

and physical activity ^ were also considered as potential intermediary factors or factors that

m ight explain the gender difference in the association with weight gain. In the 1958 cohort, of the
interm ediary lifestyle factors examined, only smoking and physical activity were related to weight
change for both men and women (Table A2.6).

However, the significant positive relationship

between cough and/or phlegm and weight gain in women persisted after taking account of
differences in physical activity, suggesting that this factor was not an explanation for the greater
weight gain am ong those with symptoms.

Nonetheless, the conclusions regarding both diet and

physical activity are tentative given that the measures o f lifestyle factors were limited.

In contrast there was a strong effect of smoking on the respiratory symptom-weight gain
relationship.

T he differential smoking behaviour between those with and without respiratory

symptoms was striking. M ore than half of those with cough and/or phlegm symptoms were current
smokers, com pared to about a quarter of those without symptoms.

Over a third of men with

asthm a/wheeze symptoms smoked compared to about a quarter of those with no symptoms; this was
not so consistent am ong women. Smoking is strongly related to weight change both in this cohort
(Figure 7.2) and elsewhere

Post-cessation weight gains are common among ex-smokers

Gender differences in weight gain associated with cough/phlegm symptoms could not, however, be
explained by a gender difference in smoking behaviour. The prevalence of current, ex- and never
smokers was sim ilar among men and women, as were the smoking cessation rates between 23 and
33 years. This may explain why the prevalence of cough and/or phlegm symptoms is sim ilar for
both sexes in the 1958 cohort, while others have found a substantially lower prevalence rate among
women

Notw ithstanding the relationship between respiratory symptoms and subsequent weight change,
there is also evidence supporting a causal role for obesity, at least among women. W omen who were
obese at age 23 had an elevated risk of onset of asthma/wheeze/breathlessness and of cough and/or
phlegm in the following 10 years (adjusted OR=1.40 and 1.41 respectively).

Although these

adjusted risks reached only borderline significance for asthma/wheeze/breathlessness, they are
suggestive of a causal role of obesity. Risk estimates for women in the 1958 cohort are slightly lower
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(possible due to lower BM I cut-offs used to define overweight and obesity), but generally consistent
with those observed in other studies

Unfortunately, no longitudinal studies were identified that

were directly comparable with the current findings. In a large cross-sectional study based on the
1983 Italian National Health Survey, obese women had elevated age-adjusted risks for bronchial
asthm a o f 1.99, and for chronic bronchitis of 1.43
little effect on these risk estimates.

Adjustment for education and sm oking had

In a large Dutch sample of adults elevated risks of

asthm a/bronchitis were observed among obese women (OR=1.80), after adjustment for age and
education level

A nother cross-sectional study found higher prevalence of several respiratory

disorders among both men and women including bronchitis syndrome (prolonged cough and phlegm
and shortness of breath), m orning cough, phlegm, breathlessness and w heezing

O ther studies

which have investigated the relationship between obesity and respiratory function have been based
on spirom etry data and thus are not directly comparable.

Nonetheless, these studies have found

inconsistent results

One possible explanation for a gender difference in the association found here between obesity and
onset o f respiratory symptoms is differences in reporting illness. Although in general women may
be m ore willing to report symptoms and to recall m inor health problems than men

it would be

surprising were this to occur specifically for respiratory symptoms as reported in this chapter, and
not for back pain (Chapter 7). Another potential explanation for gender differences is the proposed
role of hormonal factors in the aetiology of asthma, especially given the higher incidence of asthm a
among women compared to men with the onset of puberty. One study found an elevated risk of
asthm a among women who had previously used oral contraceptives

This has not yet been

investigated in the 1958 cohort because there is insufficient data on this measure. Recent research
suggests that a central body fat distribution may be a more im portant risk factor for respiratory
disorders than BMI

This would not explain the findings in this chapter since young adult women

tend to have less excess central fat than men. Garrow

suggests that obesity decreases exercise

tolerance and this m ay contribute to respiratory problems among the obese, but for women in this
cohort physical activity was not strongly related to incident respiratory symptoms, thus adjusting for
this did not affect risk estimates. Smoking was strongly related to incident respiratory symptoms.
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However, the percentage of current smokers among women at age 33 was only slightly greater than
among men.

In addition, there were more men who were ex-smokers at age 33 than women

(incident cough and/or phlegm, percentage of ex-smokers: 13.9%, 9.7% (men, women respectively);
incident asthma/wheeze/breathlessness: 23.1%, 16.8%). Smoking cessation rates between ages 23
and 33 were sim ilar for men and women.

In conclusion, these analyses suggest that the cross-sectional relationship between obesity and
respiratory symptoms observed in some studies could operate in both directions.

In addition to a

causal role of obesity, respiratory symptoms are also a predictor of weight gain for women in early
adulthood. A t a population level, cough and phlegm are very common symptoms and hence the
associated weight gains are o f public health importance.
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Chapter 9

9. C onclusions

There is a growing appreciation that risk factors for adult disease are not necessarily established in
adulthood, but occur early in life and at other life stages. Studies of life course relationships are
therefore o f great interest. One consideration in studies extended over a long period is the natural
history of risk factors, such as obesity. A second consideration in studies of life course relationships
is that the temporal sequences need to be clarified in order to establish the likely causal directions of
any associations. Thirdly, it is necessary to take account of confounding factors since confounding
may be especially problematic in studies that cover a long time period.

Cross-sectional analyses

which report adverse associations between obesity and health (Table 1.1, Chapter 1) often assume
that obesity plays a causal role. However, if ill-health also contributes to weight gain, results from
cross-sectional studies may overestimate the causal role of obesity.

In this thesis, relationships

between height and body mass index from child to adulthood have been examined; this tracking
from child to adulthood was also investigated in relation to parental fatness. The effect of adiposity
at different life stages has been exam ined in respect of three health outcomes, namely, women’s
reproductive health, back pain and respiratory symptoms. The general aim of these analyses was to
disentangle the associations between health and adiposity.

Allowing for factors over the life course is not straightforward. First, there is the problem of how to
characterise adiposity at different life stages. A review of the literature on different measures of
adiposity supported the body mass index as the most suitable and practical measure of adiposity in
both childhood/adolescence and adulthood. Other measures are available which may measure body
fat more accurately, such as skinfold thickness, but such data were not available in the 1958 cohort
study.

Second, there are methodological problems with analysing longitudinal data, particularly

repeated measures.

These data violate many standard statistical assumptions, m ainly due to the
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correlation o f measures at successive ages which also varies according to length of time taken
between measurements. Tracking indices, which can be used to assess stability of anthropometric
variables over time, have been developed to take account of repeat m easurements for several ages.
M any o f these indices summarise much complex information into a single index, thereby masking
some relationships between measurements. Moreover, many indices are very similar. Regression to
the m ean also needs to be considered when investigating anthropometric data on several occasions.

A third problem with studying life course relationships is that there are few sources of data with
measures at several different life stages, large sample size and followed up for enough years to
investigate adult health outcomes.

The particular study sample used in this thesis has health

outcomes recorded at several life stages, but given that at the last follow-up in 1991 the cohort
members were 33 years old, chronic disease is rare.

Health outcomes investigated here, namely

m enstrual problems and back pain, are not life-threatening, but are of considerable public health
im portance because they account for considerable discomfort, GP consultations and work absences.
This also applies to respiratory symptoms in early adult life, but additionally for this outcome, there
may be longer-term health consequences. Moreover, the prevalence of these conditions is relatively
high in this age group, thus the effect of obesity on the health outcomes examined are important
from a public health perspective.

W ith respect to anthropometric measures, this thesis has focused on obesity prim arily because of the
secular trend of increasing fatness in the UK and in other industrial countries, and because it is
thought to have many adverse health consequences. Underweight may also be a risk factor for adult
disease, but the impact on public health may well be less than for obesity because a smaller
proportion of the population are underweight.
investigation.

Hence underweight was not a main focus of this

Similarly, health risks associated with height have not been investigated, although

these may also be of interest.

One focus of this research was to consider the health impact of childhood obesity.

This was

addressed in part by analyses that investigated relationships between child and adult BMI at different
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life stages. Adult BMI was only weakly predicted from childhood (r=0.33, 0.37, men and women
respectively). The fattest children had the highest risks of adult obesity, although the majority of
obese adults had not been fat as children, which was a consistent finding in the literature. The mean
BMI o f cohort members increased as the degree o f parental fatness increased, this was evident at all
ages. Risks of adult obesity for those with two obese parents compared to those with both parents of
normal BM I were substantial (OR=8.4, 6.8; sons, daughters respectively). For those with two obese
parents, adult BMI was more strongly predicted from childhood (r=0.46, 0.54 men and women
respectively) than those with parents with a lesser degree of obesity.

Thus in general, the fattest

children have the highest risks of obesity, these are exacerbated if the child has fat parents, and this
in turn would increase the risk of adult disease.

The role of childhood adiposity was also investigated in relation to specific adult health outcomes.
Childhood obesity was an independent risk factor for menstrual problems in adulthood (OR=1.59),
although this appears to be partly mediated through its association with adult BMI.

However,

childhood obesity was not independently associated with back pain or respiratory symptoms. For all
three health outcomes investigated, obesity in adulthood was a far more im portant risk factor for
adult health problems.

For women, obesity at 23 years independently increased the risk of m enstrual problems by age 33
(OR=1.75) after adjusting for BMI at age 7, social class at birth and smoking behaviour at age 23.
Obese 23-year old women also had increased risk of hypertension in pregnancy (OR=2.37), after
adjusting for BMI at age 7 and social class at birth. Consistent with these findings, these women
were less likely to conceive within 12 months of unprotected intercourse after adjustment for
confounders (RR=0.69).

To disentangle the temporal sequence between poor health and obesity for back pain and respiratory
symptoms, analyses were undertaken to investigate the effect of prior obesity on subsequent health
and also the effect of prior ill-health of subsequent weight gain. Women who were obese at age 23
had an elevated risk of 1-year incident (OR=1.78) and 10-year incident (0R =1.51) back pain after
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adjusting for confounding factors and had an increased risk of asthma/wheeze/breathlessness onset
(adjusted OR=1.40). N o consistent relationships were found for men for back pain or respiratory
symptoms. These analyses which investigated the risk of prior obesity on incident cases suggested a
possible causal role o f obesity, particularly among women.

Further analyses investigating whether a relationship existed in the opposite direction, that is from
ill-health to obesity, showed that women with chronic back pain gained more weight between ages
23 and 33 (7.59 kg) com pared to those with no pain (6.51 kg), but this was in part due to their
heavier initial weight. There was a suggestion of a increasing weight gain over the ten year period
with increasing duration of back pain among women. Sim ilar patterns were found for men but these
were not significant.

Similarly for respiratory symptoms, women with cough and/or phlegm

symptoms gained m ore weight between ages 23 and 33 than those without symptoms (mean
difference, 0.87 kg). This association strengthened after adjusting for smoking, initial weight and
adult height (mean difference, 1.11 kg).

Women with persistent asthma/wheeze had a greater

weight gain than those with no symptoms (mean difference, 1.26 kg) but this was not statistically
significant. No differences were found for men.

The thesis also exam ined whether acquisition of body fat since childhood was a risk factor for
subsequent reproductive problems among women. Analyses of change in BMI status between child
and adulthood showed that women who had been overweight or obese at age 7 and at 23 had the
highest risk of subsequent menstrual problems (OR=1.67) and hypertension in pregnancy (OR=2.16)
compared to those who remained within the normal BMI category at both ages.

W omen who

acquired their obesity since childhood also had elevated risks for these reproductive outcomes.
Neither lifetime overweight/obesity or the acquisition of obesity since childhood were risk factors for
subsequent subfertility.

For back pain, the risk of subsequent pain onset among overweight and obese women increased after
adjusting for BMI at age 7, hence the effect of BMI change between ages 7 and 23 years was
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investigated.

In general, women moving from a lower BMI group at age 7 to overweight/obese

groups in early adulthood had the greatest risk of subsequent pain onset.

All of the analyses conducted were based on the 1958 cohort study, a large, nationally representative,
non-clinical sample, thus the results are likely to be generalisable to the UK population.

Several

published studies have been based on clinical or small samples which m ay yield biased results. The
majority o f studies that have exam ined the effect of obesity on health have been cross-sectional and
have been unable to disentangle whether obesity is the cause or consequence of poor health. There is
also a paucity of studies that have examined the effect of earlier BMI on adult health, most studies
exam ine the effect o f adult obesity on health in cross-sectional analyses.

Given the current prevalence of obesity in the UK and the moderate prediction of adult obesity from
childhood found in this cohort, population-based strategies to prevent adult obesity are likely to be
more effective than targeting obese children. Evidence from other studies, and that presented in this
thesis, also suggest that risks of adverse health in adulthood are m ainly associated with adult obesity.
However, as the prevalence of obesity increases in the UK population, the prediction of adult obesity
from childhood is likely to strengthen, hence in this case, approaches may be more dependent on the
identification and prevention o f fatness in childhood.

These findings suggest that adult obesity is a particularly im portant risk factor for several conditions
affecting young adults and that childhood obesity plays a more m inor role. Nonetheless, obesity at
earlier life stages should not be ignored, given the relationship found between childhood and adult
obesity and also with subsequent menstrual problems.

Increasing BMI from child to adulthood

appears to be important. Future studies need to take account of life course relationships and this
would be facilitated with the development of suitable longitudinal methods.
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Appendix 1
TABLE A L l. All cause mortality risk associated with adult adiposity
Study,age

Relationship

Adiposity groups

Risk
Men

Waaler 1984 ^
55-59y

Mortality" (%)
U-shape, steeper

BMI: 17-19 kg/m^

slope for underweight

25%

15%

23-27 k g W

17%

7%

31-35 k g W

21%

9%

Van Itallie 1979 ^
Build & BP

Relative mortality^ (%)
linear

all ages

Cancer Study

J-shape

all ages

Build Study

J-shape

all ages

>20% of average weight

125%

121%

< 20% o f average weight

95%

87%

>20% of average weight

121%

123%

>40% of average weight

162%

163%

< 20% o f average weight

110%

100%

>20% o f average weight

120%

110%

>40% of average weight

153%

136%

< 20% o f average weight

105%

110%

Manson et al 1995 ^

30-55y

RR o f m ortality‘s
all women

never smokers

J-shape (all women)

BMI: 29-31.9

1.2

1.7

linear (never

BMI > 32 kg/m^

1.5

1.9

smokers)

(reference: BMI < 19.0)

Lew & Garfinkel 1979 ^
all ages

Women

M ortality ratios
J-shape

< 80% o f average weight

1.25

1.19

120-129% average weight

1.27

1.29

> 140% average weight

1.87

1.89

(reference: 90-109%)
a; mortality = number o f deaths / initial population at risk
b: extra mortality according to variations from the average weight for each study
c: adjusted for age, sm oking, menopausal status, oral contraceptive and postmenopausal hormone use and parental history o f
myocardial infarction before age 60.

220

Study, age

Disease

Relationship

Adiposity groups

Risk
Men

Waaler 1984 ‘
50-64y

Mortality^ (%)
cardiovascular

BMI: 19kg/m^

cerebrovascular

0.8%

0.35%

25 kg/m^

0.8%

0.25%

33 kg/m^

1.3%

0.5%

1.2%

1.2%

25 kg/m^

1.0%

0.7%

33 kg/m^

2.0%

1.5%

BMI: 19kg/m^

Van Itallie 1979 ^
Cancer Study

Relative mortality^
CHD; stroke

all ages

Build Study

CHD; stroke

all ages

>20% o f average weight

128%

116%

>40% o f average weight

175%

191%

>20% o f average weight

118%

110%

>40% o f average weight

169%

164%

Manson et al 1995 ^
30-55y

Women

RR o f mortality^
cardiovascular

+vely related

BMI: 29-31.9;

3.7

> 32 kg/m^

4.1

(reference: BMI < 19.0)

CHD

+vely related

BMI: 29-31.9

4.6

BMI > 32 k g W

5.8

(reference: BMI < 19.0)

Lew & Garfinkel 1979
all ages

M ortality ratios
CHD

+vely related

<80% o f average weight *

0.88

1.01

120-129% o f average weight

1.32

1.39

>140% o f average weight

1.95

2.07

< 80% o f average weight

1.21

1.33

120% -129% average weight

1.17

1.16

> 140% average weight

2.27

1.52

(reference: 90-109%)

cerebrovascular

J-shape

(reference: 90-109%)
a: mortality = number o f deaths / initial population at risk
b: extra mortality according to variations from the average weight for each study
c: adjusted for age

221

TABLE A l.3. Cancer mortality risk associated with adult adiposity
Study,age

Cancer site

Relationship

Risk

Definition of obesity
Men

Waaler 1984 ^
50-64y

M ortality” (%)
Colon

BMI: 19 k g W

Stomach

0.19%

0.45%

25 kg/m^

0.25%

0.25%

33 kg/m^

0.4%

0.27%

1.0%

0.7%

25 kg/m^

0.6%

0.35%

33 kg/m^

0.5%

0.35%

1.8%

0.35%

25 kg/m^

0.7%

0.12%

33 kg/m^

0.5%

0.08%

BMI: 19kg/m^

Lung

BMI: 19 k g W

Relative m ortality’’ (%)

Van Itallie 1979 ^
Cancer Study

all cancer

all ages

Build Study

all cancer

all ages

20 % above average weight

105%

40% above average weight

124%

20 % above average weight

100%

40% above average weight

105%

RR o f mortality^

Manson et al 1995 ^
30-55y

Women

all cancer

+vely related

BMI: 29-31.9

1.7

BMI > 32 k g W

2.1

(reference: BMI < 19.0)
a: mortality = number o f deaths / initial population at risk
b: extra mortality according to variations from the average w eight for each study
c: adjusted for age
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TABLE A l.4. Summary o f literature on child/adolescent adiposity and adult mortality/morbidity
_______________ (5 main studies)___________________________________________________________
Author/yr/
country

A ges

Method

Body fat
measure/outcomes

Main findings

Abraham et al

c/hood: 9 -13y

1971

a/hood: 4 2 -5 3 y

prospective
longitudinal
study

RW T in childhood &
adulthood
>1 2 0 ‘obese’

U SA

1691 out o f the
original 1963 men
were follow ed up
after 3 0 -4 0 years. O f
these 717 men were
available for
examination.

Childhood RW T (9-13 years) was not
significantly related to adult levels o f the
physiological measures or
cardiovascular renal disease. A U shaped relationship was found between
RWT and hypertensive vascular disease.
Adult RWT w as associated with
hypertensive vascular and
cardiovascular renal disease (overw eight
had higher risk).

Outcomes
physiological measures:
fasting blood sugar
values; serum
cholesterol; Plipoproteins; BP.

T he highest risks were for those w ho had
acquired their overw eight status as
adults.
M ust et

c/hood: 13-18y

1992

a/hood: 68 -7 3 y

U SA

f/up: 55y

prospective
longitudinal
study

c/hood: 18y

1988

a/hood: 50y

Netherlands

78 6 1 2 men

Hoffm ans et a /”

c/hood: 18y

1989

a/hood: 50y

Netherlands

78 6 1 2 men

N ieto et aÜ

c/hood: 5-18y
(1933-45).; follow ed
up in 1 9 6 3 ,1 9 7 5 ,
1985.

1992
U SA

n=13 146

same age & sex, on > 2
occasions.
Outcomes
all-cause mortality;
CHD; atherosclerotic
cerebro-vascular disease;
colorectal & breast

n=508 (som e data);
n=309 (m id-life data)

Hoffm ans et aC

Overweight: BM I > 75th
centile in subjects o f

retrospective
longitudinal
study

BMI at baseline only:
< 18.99; 19.00-19.99;

For men (but not w om en), there was an
increased risk o f mortality from all
causes for those w ho were overw eight in
adolescence compared to those w ho
were lean: O R =1.8 (all-cause); O R =2.3
(CHD); O R =13.2 artherosclerotic
cerebro-vascular disease); OR=9.1
(colorectal cancer).
Morbidity risk for CHD, atherosclerosis,
colorectal cancer (m en), gout (m en) and
arthritis (w om en) and functional
difficulty (walking, clim bing stairs)
(w om en) was increased among those
w ho were overw eight in adolescence.
N ID D M appeared to be related to
overw eight in adulthood and not in
adolescence.
M oderately obese young men have an
increased mortality risk.

2 0 .00-24.99; > 24.00.
Outcome
all-cause mortality

retrospective
longitudinal
study

BMI at baseline only:
< 1 8 .9 9 ; 19.00-19.99;
2 0 .0 0-24.99; > 24.00.
Outcome
CHD, cancer, lung
cancer

nested
matched casecontrol within
a prospective
longitudinal
study

RW T (quintiles).
Outcomes
total mortality
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Overweight men had an increased risk o f
CH D but low est risk o f cancer.
O R = 1 .2 0 ,2.62 for underweight,
overweight men at 18 y respectively, for
CH D mortality. O R =1.40, 1.01 for
underweight, overw eight at 18y
respectively for cancer mortality. (Little
information was available on
confounding factors e.g smoking)
Childhood & adolescent RWT were
positively associated with adult all-cause
mortality. 0 R = 1.5, 1.6 o f mortality risk
for pre-pubertal and postpubertal
overweight subjects respectively
(compared to those in the low est
quintile)

TABLE A l .5. Summary o f literature on child/adolescent adiposity & adult mortality/morbidity
Author/yr/
country

Ages

Method

Body fat measure

Main finding

DiPietro et al^°

c/hood; 2 m -16y

BMI

1994

a/hood: = 37-7 0 y

Stockholm

23 3 m ales,
271 fem ales

prospective
longitudinal
study
(overweight
children)

Subjects w ho died and those reporting
cardiovascular disease after the 4 0 year
follow up were significantly heavier at
puberty and in adulthood than healthier
subjects. There was a large increase in
BM I between post puberty and age 25
am ong those who had died, those reporting
cardiovascular disease or diabetes. Those
reporting cancer had low er BM I
throughout adulthood. N o association was
found between overweight in early
childhood and adult morbidity/mortality.

Fung e r a /"

c/hood: 6.5 -2 0 y

BMI > 90th centile =
overweight

1990

7 0 5 m ales, 881
females

crosssectional
study

Outcome
respiratory function

H ong Kong

L ew & Garfinkel'*

a/hood: 3 0 -8 9 y

1979

f/up: 13 y

U SA

n=750 000

Lissnerer a /"

a/hood: mean 5 6 .4y

1990

f/up: 2 - 27 y (mean
14y)

Outcomes
Cardiovascular disease,
diabetes, cancer,
m usculoskeletal
disorders, digestive
disorders, psychiatric
illness and all-cause
mortality.

prospective
longitudinal
study

prospective
longitudinal
study

U SA

RWT.
Outcomes
all-cause, C H D , cancer,
diabetes, digestive
disease, cerebral
vascular disease.
Variability o f weight.
Outcomes
all-cause mortality,
C HD and cancer

Positive partial correlations w ere found
between BM I and lung function in normal
w eight boys and girls, overw eight girls but
not for overweight boys. In contrast to
adults, in girls o f all weights and normal
w eight boys BMI has a positive effect.
Increased weight was associated with
increased all-cause mortality (and
mortality from diabetes (esp. wom en),
C H D and cancer): mortality w as 50%
higher in those 30-40% heavier than
average, and about 90% higher in those >
40% heavier.
B ody weight variability was not predictive
o f subsequent CHD, cancer, or all-cause
mortality.

n = 8 4 6 men

Lissnerer a /"

a/hood: 3 0 - 62y
(m ean = 4 3 y )

1991
U SA

prospective
longitudinal
study

(recalled w eight at
25y)

Variability o f weight.
Outcomes
all-cause mortality,
CHD
mortality/morbidity.

f/up: 32 y (mean
14y)

R ecalled body w eight at 25y made an
important contribution to the total
variance o f individual subjects’ w eights
and therefore contributed to the effect
observed.

n = 5127

M ossberg '

c/hood: 0-17 y
(m ean 9 .6 y)

1989
Sweden

a/hood: 37-70y
(mean 50.7 y)
f/up: 40 y

prospective
longitudinal
study
(overweight
children clinic sample)

w eight/height SD S > +3
= overweight.
Outcomes
mortality,
cardiovascular,
hypertension, diabetes,
locomotor, digestive.

n = 504

Rhoads & K agan"
1983

a/hood: 4 5 -6 8 y (&
recalled height &
w eight at 25y)

U S A (Japanese
subjects)

f/up: 10 y
n=8 0 0 6 men

Higher risk o f CH D and all-cause
mortality (but not cancer) was associated
with greater body weight fluctuations.
O R = 1.27 to 1.93 for all-cause mortality,
for highest weight variability compared to
low est variability.

retrospective
longitudinal
study

BMI (quintiles)
Outcomes
all-cause, C H D &
cancer mortality.
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A ll diseases appeared earlier in obese
subjects compared to a reference
population (only significant for
cardiovascular and digestive diseases).
W /H SD S in childhood tended to be
positively associated with higher rates o f
mortality and morbidity. T hose with a
W /H SD S > +3 in childhood/puberty had
the worst prognosis.
M ortality was highest in the leanest and
fattest men. Excess deaths in the top BMI
quintiles were due to CHD

Author/yr/

A ges

Method

B ody fat measure

Main finding

Som erville et a/'®

c/hood: 5-1 ly

1984

n=7 800

mixed
longitudinal
study

S D S score for weightfor-height & triceps
skinfold thickness.

Triceps skinfold and w eight-for-height
were both significantly positively
related to ‘colds usually goin g to head’;
‘chest ever w h eezy’ ; bronchitis in most
analyses. O verw eight children had
highest prevalence rates.

Outcom es
respiratory symptoms

England &
Scotland
Labarthe et

Various ages in
childhood.

1991
Various countries
(review )
Clarke et aZ'*

c/hood: 6-18 y

1986

f/up: 10 y

U SA

n=2 925

review o f 12
cross-sectional
studies & 6
longitudinal
studies.

B M I & change in B M l.
O utcom es
systolic & diastolic
blood pressure

prospective
longitudinal
study

Benn index (W /H ’’,
p = l,2 ,3 ); BMI; RWT;
pondéral index
(H /V W ).

(Muscatine
Study)

Aristimuno et a/'*

c/hood: 2-14y

1984

f/up: 5-6y

U SA

n=4 2 3 8

(Bogalusa
Study)

Lauer et

c/hood: 8-18y

1988

a/hood: 2 0 -2 5 y or
2 6 -3 0 y

prospective
longitudinal
study

prospective
longitudinal
study

n= 2 44 6
c/hood: 16-24y

1993

f/up: 7y

U SA

n = 10 0 3 9

Hansson et aP^

c/hood: 20y (recall)

1994

a/hood: 4 0 -7 9y

Sweden

n =338 cases; n=679
controls

Sangi et aP^

c/hood: 6-14y

1992

n =743

U.S

Triceps skinfold
> 85th centile ‘o b ese’
Outcom es
cardiovascular risk
factors.
BMI expressed as a
measure o f RWT.

C hange in ponderosity is associated
w ith change in BP. i.e ponderosity
decrease relative to peers leads to
decrease in systolic & diastolic BP;
conversely, increasing ponderosity is
associated with B P increases.
Correlation betw een adolescent
ponderosity and blood pressure: r=0.25
to 0 .3 0 (systolic), n=0.11 to 0.15
(diastolic).
Children w ho track as ‘ob ese’ over the
5 year f/up period had higher levels at
baseline, for w eight, ponderosity
(W/H^), systolic & diastolic BP, serum
triglycerides, pre-P and P-lipoprotein
cholesterol.
D evelopm ent o f obesity in
childhood/adolescence is a risk factor
for high cholesterol levels in adulthood.

Outcom e
cholesterol level in
adulthood

U SA

Gortmaker et aP’'

Outcom es
systolic & diastolic BP

O besity (& change in obesity) is
p ositively related to blood pressure (&
change in BP).

prospective
longitudinal
study

BM I > 95th centile =
‘overw eight’
Outcom es
Rosenberg self-esteem
scale; socio-econom ic
variables

population
based casecontrol study.

cross-sectional
study

BMI (quartiles)
O utcom e
gastric cancer

5 skinfold measures, 4
circumference measures,
&BM 1
Outcom es
cardiovascular risk
factors
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A dolescent overw eight is associated
with adverse social and econom ic
factors, particularly in w om en. N o
association w as found between
adolescent overw eight and self-esteem
in early adult life.

B M I at age 20y and gastric cancer risk
were positively associated am ong both
sexes. N o association was found
b etw een gastric cancer and BMI 20
years prior to interview.

C anonical correlations between
anthropometric measures and
cardiovascular risk factors ranged from
r=0.37 to 0.82. Appeared to be an
association betw een central fat and risk
at m ost but not all ages (skinfold
vector). Circumference vectors suggest
that size or fatness, not body fat
distribution, was related to risk. Hip
circum ference and sum o f skinfolds
consistently entered regression analyses.
A ssociations o f central fat with C V D
risk factors is less than it is adults.

Author/yr/
country

A ges

M ethod

Body fat measure

Main finding

Rumpel &
Harris^*

c/hood: 9-1 ly

prospective
longitudinal
study.

BMI

Higher BM I is not associated with low er
self-esteem and external locus o f control.

1994

n = 936)

(n = 3 0 0 0 ) & 15-17y
(n = 1500) (both ages

Outcomes
self-esteem and locus o f
control

U SA
Friedman &
Brownell^^

Various ages.

1995
R eview o f
several studies

Gillum et

b/line: 16-25y (mean
2 0 .5 y ) (n = 1 6 7 )

1982
U SA

20y f/up (n = l 18) &
32y f/up (n = l 12)

R eview o f the
literature on
the
psychological
effects o f
obesity.

Various measures o f
body fat and definitions
o f obesity.

prospective
longitudinal
study.

RWT, BM I, weight, sum
o f triceps and
subscapular skinfold
thickness.

(selected
sample o f
college
students)

Findings were inconsistent and unclear
and unclear, although the authors
believe that not all obese people suffer
from psychological distress.

Outcomes
depression; anxiety; body
im age dissatisfaction;
body im age distortion;
self-concept.

Outcomes
D iastolic and systolic
blood pressure.

B ody w eight, RW T, BM I and body
density were significantly correlated
with baseline systolic blood pressure
(r = 0 .3 5 ,0.31, 0.30, -0.31 respectively).
but not with diastolic B P or follow -up
B P in 1968 or 1979. Sk infold thickness
were significantly correlated w ith both
diastolic and systolic BP.
Although strong significant correlation’s
were found between body fatness indices
at baseline and diastolic B P 2 0 (r=0.35
to 0.36) and 32 years later (r=0.22 to
0.23), non significant, weaker
correlations were found for systolic BP
at follow-up.

Srinivasan et

aF
1996
U SA

c/hood: 13-17y
(n = 1 5 9 4 )
f/up for 12-14y (aged
2 7 - 3 ly )( n = 7 8 3 )

Retrospective
longitudinal
study (2 crosssectional
surveys)

Height, weight, triceps
skinfold thickness. BMI
> 75th percentile =
‘overw eight’.
Outcomes
Cardiovascular risk
factors (BP, cholesterol,
insulin, glucose) M edical
history, obtained through
questionnaire.
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A dolescent overw eight w as associated
with m ultiple cardiovascular risk
factors. A dolescent overw eight and
weight gain from adolescence to
adulthood had independent adverse
affects on adult cardiovascular risk.
Prevalence o f hypertension increased
8.5-fold and dyslipidem ia increased 3.1
to 8.3-fold in the overw eight compared
to the lean groups.
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Appendix 2

A 2.1 Summary of information coiiected by NCOS & PMS

TA BLE A2.1. Sum m ary o f selected information collected during the PMS and NCDS
Source

PM S, 1958 (birth)

N C D S l, 1965 (7 y )

N C D S 2, 1 9 6 9 ( l l y ) &

N C D S 4, 1981 (2 3 y )

N C D S 5 ,1 9 9 1 (3 3 y )

N C D S 3, 1974 (16y)
Parents

social class

fam ily size

fathers occupation

birthweight

fathers occupation

father’s education

gestation

father’s education

medical history

mother’s sm oking

medical history

during pregnancy

no o f rooms
in house

M edical

height

height

height

weight

weight

weight

pubertal assessment

Subject

height

current/last job

weight

partners current job

employm ent

education

education

pregnancies

no. o f natural

no o f natural

children

children

marriage &

marriage &

cohabitation

cohabitation

malaise index

health & health

health

history

hospital adm issions

hospital admissions

leisure activities

health behaviour
m alaise index
leisure activities
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TABLE A2.2. The Malaise Inventory (% with symptoms at ages 23and 33)

Item no.

% with symptoms

% with symptoms

(23y)

(33y)

men

women

men

women

1

Do you often have backache?

14.7

23.2

22.1

26.4

2

Do you often feel tired most of the time?

11.9

22.6

14.0

23.6

3

Do you often feel miserable or depressed?

10.2

18.7

8.6

14.3

4

Do you often have bad headaches?

6.0

19.8

8.5

20.4

5

Do you often get worried about things?

30.4

54.3

24.4

40.8

6

Do you usually have great difficulty in falling or staying asleep?

9.6

11.5

11.1

12.9

7

Do you usually wake up unnecessarily early in the morning?

15.0

16.5

17.0

16.3

8

Do you wear yourself out worrying about your health?

1.8

3.1

2.5

3.5

9

Do you often get into a violent rage?

4.6

7.1

3.3

5.9

10

Do people often annoy or irritate you?

24.5

29.0

21.2

22.3

11

Have you at times had a twitching of the face, head or

8.0

7.9

7.9

6.7

12

shoulders?

3.8

13.1

3.0

6.7

13

Do you often suddenly become scared for no good reason?

2.2

16.8

1.1

5.1

14

Are you scared to be alone when there are no friends near you?

14.5

31.9

11.8

20.7

15

Are you easily upset or irritated?

3.3

12.1

2.3

7.1

16

Are you frightened of going out alone or of meeting people?

3.3

4.4

3.5

4.4

17

Are you constantly keyed up and jittery?

12.4

10.2

14.6

11.4

18

Do you suffer from indigestion?

9.1

11.2

10.6

8.9

19

Do you often suffer from an upset stomach?

3.7

5.1

3.0

4.6

20

Is your appetite poor?

1.4

3.3

1.7

3.7

21

Does every little thing get on your nerves and wear you out?

6.0

8.2

4.4

7.1

22

Does your heart often race like mad?

4.7

5.3

3.9

4.1

23

Do you often have bad pains in your eyes?

2.7

5.1

3.4

4.8

24

Are you troubled with rheumatism or fibrositis?

1.2

2.1

2.0

3.3

Have you ever had a nervous breakdown?
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A2.2 Non-response at age 33 years by gender
TA BLE A2.3. Response samples at age 33 (categorical variables, men)
Variable
Social class a t birth (n)

Whole sample
%
% Bias‘d
(8510)

Target sample (33y)
%
% Bias"
(7129)

Some data (33y)‘’

N o data (33y)“

(5077)

(2052)

I& II

17.5

8.6

17.4

9.2

19.0

13.5

III NM

9.8

7.1

10.0

5.0

10.5

8.8

HIM

50.9

-0.4

50.3

0.8

50.7

49.4

IV & V

21.8

-8.7

22.3

-10.8

19.9

28.3

76.0 (3) 0.001

(df) p-value'
Social class a t age 23 (n)

(5925)

(5734)

(4494)

(1240)

I& II

21.6

4.6

21.2

7.1

22.6

15.8

III NM

17.0

6.5

17.1

5.8

18.1

13.4

HIM

40.7

0.2

40.9

-0.2

40.8

41.4

IV & V

20.7

-10.6

20.8

-11.1

18.5

29.4

90.0 (3) 0.001

X^ (df) p-value
BMI status a t age 7 (n)

(6874)

(6874)

(9149)

(2995)

Underweight

10.7

-0.9

10.7

-0.9

12.9

11.6

Normal weight

75.8

-0.1

75.8

-0.1

72.1

73.5

Overweight

12.0

3.3

12.0

3.3

13.1

12.7

Obese

1.5

-13.3

1.5

-13.3

1.9

2.3

(4351)

(1558)

2.9 (3) 0.4

X^ (df) p-value
BMI status a t age 11 (n)

(6381)

(5909)

Underweight

17.5

1.7

17.6

1.1

17.8

16.9

Normal weight

63.9

-0.6

63.9

-0.6

63.6

64.7

Overweight

13.7

-

13.7

-

13.7

13.6

Obese

4.8

2.1

4.9

-

4.9

4.8

(3953)

(1368)

0.8 (3) 0.8

X^ (df) p-value
BMI status a t age 16(n)

(5321)

(5698)

Underweight

17.4

-

17.6

-1.1

17.4

18.4

Normal weight

64.2

-0.8

63.9

-0.3

63.7

64.3

Overweight

15.3

4.6

15.4

3.9

16.0

13.7

Obese

3.1

-6.5

3.1

-6.5

2.9

3.6

(4634)

(1281)

5 .2 (3 ) 0.2

X^ (df) p-value
BMI status a t age 23(n)

(6134)

(5915)

Underweight

10.1

-

10.0

1.0

10.1

10.0

Normal weight

69.3

-

69.0

0.4

69.3

67.9

Overweight

18.3

0.5

18.6

-1.1

18.4

19.4

Obese

2.3

-4.3

2.3

-4.3

2.2

2.7

1 .7 (3 ) 0.6

(df) p-value
il. icpicbcruî» 111U5 C 111 iiic liiigci saiiipjc ill age

CAeiuuiiig ciiugiaiiviib ui ucaiiib uciwccii

som e data vs w hole sample c; % bias between those with som e data vs target sam ple d;
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u.

70

üias uciwccii iiiubc wiui

test between those with som e vs no data

TABLE A2.4. Response samples at age 33 (continuous variables, men)
W hole sample (%)

Some data at age 33 (%)

No data at age 33 (%) ^

(n=5606*)

(n=2418*)

Variable

(n)

mean ± sd

Birthweight (ounces)

(8636)

118.6 ± 2 0 .5

(5143)

120.4 ± 18.4**

(2113)

118.4 ± 19.2

7 years

(7036)

1.228 ± 0 .0 5 8

(4629)

1.230 ±0.057**

(1760)

1.223 ± 0 .0 6 0

11 years

(6494)

1.439 ± 0 .0 6 9

(4415)

1.441 ±0.068***

(1596)

1.433 ± 0 .0 7 0

16 years

(5746)

1.702 ± 0 .0 7 9

(3984)

1.705 ±0.078**

(1381)

1.692 ± 0 .0 8 2

23 years

(6226)

1.773 ± 0 .0 7 0

(4700)

1.775 ±0.069**

(1304)

1.767 ± 0 .0 7 1

1 years

(7043)

24.1 ± 3 .5

• (4626)

24.2 ± 3.5

(1773)

24.0 ± 3.6

11 years

(6434)

36.0 ± 6.9

(4378)

36.1 ±6.8*

(1574)

35.7 ± 7 .0

16 years

(5719)

58.9 ± 10.3

(3970)

59.1 ± lo .r *

(1369)

58.1 ± 10.9

23 years

(6165)

72.7 ± 10.4

(4659)

72.7 ± 10.3

(1287)

72.7 ± 11.0

(n)

mean ± sd

(n)

mean ± sd

Height (m)

Weight (kg)

t represents those that were in the target sample at age 33, excluding those that emigrated or died between N C D S4-5

t sample sizes used in

analyses w ill be less than or equal to this value

* p< 0.05 ** pcO.005 ***p<0.001 (significant difference between those with som e data at 33y vs no data at 33y)

233

TABLE A2.5. Response samples at age 33 (categorical variables, women)
Variable

%
Social class a t birth (n)

Some data (33y)

Target sample (33y)

Whole sample
% Bias'*

(7944)

%

N o data (33y)“

% Bias'*

(6822)

(5251)

(1571)

I& II

17.5

2.3

17.3

3.5

17.9

15.4

III NM

9.5

5.3

9.6

4.2

10.0

8.2

HIM

50.8

2.0

50.8

0.6

51.1

50.0

IV & V

22.1

-5.0

22.3

-5.8

21.0

26.4

2 4 .7 (3 ) 0.001

(df) p-value'*
Social class a t age 23 (n)

(6084)

(5882)

(4897)

(985)

I& II

21.1

4.3

20.7

6.3

22.0

14.2

III NM

50.0

1.0

50.3

0.4

50.5

49.0

HIM

9.2

-2.2

9.2

-2.2

9.0

10.3

IV & V

19.7

-6.1

19.9

-7.0

18.5

26.5

5 1 .9 (3 )

(df) p-value
BMI status at age 7 (n)

(6422)

(5900)

0.001
(4627)

(1273)

Underweight

14.8

2.7

14.9

2.0

15.2

13.8

Normal weight

68.8

-0.3

68.7

-0.1

68.6

69.3

Overweight

13.8

-

13.8

-

13.8

14.1

Obese

2.5

-4.0

2.4

3.0

(4526)

(1162)

-4.0

2.5

2 .7 (3 ) 0.4

X^ (df) p-value
BMI status a t age 11 (n)

(6118)

(5688)

Underweight

21.8

-1.4

21.7

-0.9

21.5

22.6

Normal weight

56.2

-0.5

56.0

-0.2

55.9

56.4

Overweight

16.8

1.8

16.8

1.8

17.1

15.9

Obese

5.3

3.8

5.4

1.9

5.5

5.1

(4081)

(922)

1 .5 (3 )

X^ (df) p-value
BMI status at age I6(n)

(5342)

(5003)

0.7

Underweight

20.5

-1.5

20.7

-2.4

20.2

22.7

Normal weight

58.9

0.3

58.6

0.9

59.1

56.4

Overweight

17.2

-

17.3

-0.6

17.2

17.9

Obese

3.4

2.9

3.4

2.9

3.5

3.0

(4945)

(1001)

3.7 (3) 0.3

X^ (df) p-value
BMI status a t age 23(n)

(5946)

(6145)

Underweight

9.6

6.3

9.4

4.3

9.0

11.5

Normal weight

67.1

0.3

67.1

0.3

67.3

65.8

Overweight

18.9

1.1

19.1

-

19.1

18.7

Obese

4.4

4.5

4.3

2.2

4.6

4.0

6 .5 (3 )

X^ (df) p-value

0.09

a: represents those that were in the target sample at age 33, excluding those that emigrated or died between N C D S4-5
b: % bias between those with som e data and w hole sample c: % bias between those with som e data and target sam ple
d:

test between those with som e data vs no data
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TABLE A2.6. Response samples at age 33 (continuous variables, women)
Whole sample (%)

Some data at age 33 (%)

No data at age 33 (%) ^

(n=5799*)

(n=1844*)

(n)

mean ± sd

Birthweight (ounces)

(8138)

113.8 ± 1 9 .8

(5356)

115.1 ± 18.0

(1624)

114.4 ± 18.5

1 years

(6598)

1.219 ± 0 .0 6 1

(4763)

1.220 ±0.060**

(1304)

1.213 ± 0 .0 6 2

11 years

(6195)

1.447 ± 0 .0 7 5

(4576)

1.449 ±0.075***

(1183)

1.439 ± 0 .0 7 4

16 years

(5382)

1.609 ± 0 .0 6 2

(4111)

1.610 ±0.062***

(930)

1.601 ± 0 .0 6 2

23 years

(6230)

1.622 ± 0 .0 6 7

(5013)

1.623 ± 0.067***

(1016)

1.614 ± 0 .0 6 6

1 years

(6601)

23.7 ± 3.9

(4755)

23.7 ± 3.9

(1307)

23.5 ± 4 .1

11 years

(6166)

37.2 ± 7 .7

(4560)

37.3 ±7.7*

(1174)

36.8 ± 8.0

16 years

(5372)

54.4 ± 8.5

(4106)

54.5 ± 8.5*

(923)

53.8 ± 8 .7

23 years

(6170)

58.2 ± 9 .1

(4960)

58.4 ±9.1**

(1010)

57.3 ± 9 .4

(n)

mean ± sd

mean ± sd

Variable

(n)

Height (m)

eight {kg)

t represents those that were in the target sam ple at age 33, excluding those that emigrated or died between N C D S4-5

i sam ple sizes used in

analyses w ill be less than or equal to this value

* p< 0.05 ** pcO.005 ***p<0.001 (significant difference betw een those with som e data at 33y vs no data at 33y)
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A2.3 Data Editing

A2.3.1 Height and weight at age 33 years

Height and weight data at age 33 years were edited using the following set of rules. Two different
samples were used in the analyses, and these were defined in terms of how the heights were edited at
age 33 years. §A2.3.2 describes these differences in more detail.

Heights

(1) A dditional height data on a subset of 2000 subjects were available of cohort members obtained
from a separate study of respiration function undertaken by researchers at St. George’s Hospital
Medical School. These data were used if no 33-year height was obtained from the main 33-year
survey.

(2) Heights obtained from St. George’s were compared to existing 33 year heights and where there
were differences of more than 5 cm the heights at all previous available ages were compared to
centile charts. The 33-year height that was closest to the previous height centiles was used.

(3) Individuals who were very tall (i.e height at 33 > 1.98m) were examined. Heights recorded at
ages 7, 11, 16, 23 and 33 were compared to centile charts. W here inconsistencies were found, the
height recorded at age 23 was used as the 33-year height since this appeared to be more reliable.
Height at 33 years was set to m issing for those subjects with insufficient height data at earlier ages to
determ ine the validity o f height at age 33.

(4) Individuals who were very short (i.e height at 33 < 1.46m) were examined. Heights recorded at
ages 7, 11, 16, 23 and 33 were compared to centile charts. If the difference in height between ages
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23 and 33 was m ore than 5 cm then the height recorded at age 23 was used as the 33 year height
with som e exceptions. Height at 33 years was predicted for three women using height at 16 years +
mean change in height for women between 16 and 33 years. In two cases height at 33 years could
not be reliably imputed and was thus set to missing. In another case the 23 year height was used
instead o f the height at 33 years since it was more reliable.

(5) Large changes in height between ages 16 and 33 (> 18 cm for men and > 12 cm for women) were
investigated. Heights were com pared to centile charts and any obvious discrepancies were noted.
For m en, most irregularities could be explained by a late growth spurt, however ten individuals had
inconsistent heights at age 33 so the 23-years height was used since this was more reliable.

For

women, most of the large differences were inconsistent with previous heights so 23-year heights
were used.

For three women, height at 23 was missing so height at age 33 was predicted from

height at age 16 (see (4)). In three cases the heights at age 33 were not amended because they were
consistent with centile charts.

(6) Large changes in height between the ages of 23 and 33 were investigated for both men and
women (>15 cm). Heights were compared to centile charts and any obvious discrepancies noted. In
most cases the height recorded at age 23 was considered to be more reliable and was used instead of
the 33-year height.

(7) W here height at age 33 was missing 23-year height was used instead.

(8) For women with m issing height data at age 23 and 33, height at age 33 was predicted using 16year height + mean increase in height between ages 16 and 33.

(9) The majority of 33-year heights recorded as less than Im were interpreted as miscodes, where a
zero had been typed instead of a one. Corrected 33-year heights were obtained by adding 1 metre to
the miscoded height at age 33, these were compared to centile charts to check for consistency with
previous heights. In four cases, height at age 33 was treated as missing because insufficient data was
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available at previous ages to establish whether this height was plausible.

In another four cases

corrected height at age 33 (after adding Im ) appeared to be inconsistent with previous heights after
com paring them to centile charts, therefore height at 23 years has been used instead since this was
m ore reliable.

Weights

(1) Previous weights at earlier ages were exam ined for subjects with weight at 33

< 10kg.

In each

case it appeared that these were likely to be coding errors with the decimal point being misplaced.
Therefore, edited 33-year weights were taken as original weight * 10.

(2) Previous weights at earlier ages were examined for subjects with very low weights at age 33.
M ost appeared to be coding errors with the decimal points in the wrong place so these were corrected
individually.

(3) Implausibly large weights at 33 years (i.e 600-999 kg) were examined. Most were obvious coding
errors with the decimal point in the wrong place. These were corrected by dividing the original
weight at 33 by 10.

(4) Subjects with extrem e values for weight at 33 years which appeared to be inconsistent with
previous weights were compared to the original questionnaires (34 individuals), and subsequently
recoded.

(5) Very light men and women (i.e 20-30 kg) have been treated as missing.

(6) Very heavy men and women (i.e >198 kg) have been treated as missing.

(7) W omen with weights between 30-40 kg were examined, most of these were implausible and were
treated as missing with 14 exceptions.
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(8) M en with weights between 30-46 kg were examined, most of these were im plausible and were
treated as m issing with 3 exceptions.

A2.3.2 Two samples used in analyses
S a m p le 1

The first sam ple used the fully edited heights and weights, including 33-year heights that were
imputed from earlier data, in particular height at 23 years and height at age 16 for women. In most
cases m en and women would have achieved their adult height potential by ages 23 and 16 years
respectively. This sample has been used in the analyses which exam ine the health consequences of
body size in childhood and adulthood (Chapters 6 to 8).

TA BLE A2.7. Sample 1: edited heights and weights at 33 years
n(% )
Whole sample
Height at 33 years (N)

Women

Men

(3557)

(1877)

(1680)

Type o f editing^
1

3252

(91.4)

1526

(90.8)

1726

(92.0)

2

37

(1.0)

27

(1.6)

10

(0.5)

3

268

(7.5)

127

(7.6)

141

(7.5)

Weight at 33 years (N)

(353)

(157)

(194)

-

-

Type o f editing^
1

-

2

227

(64.3)

100

(63.7)

127

(64.8)

3

126

(35.7)

57

(36.3)

69

(35.2)

f Using the rules outlined previously (§A2.3.1), edited data f a ll into one o f the follow in g broad categories:

1 height:

represents those with missing N C D S heights but with height data obtained from (a) St G eorges or (b) imputed from

previous heights, mainly at age 23 years, but also at 16 years for females; weight: no weight data were available from St Georges
and they w ere not imputed from previous weights.
2 height: represents those with implausible N C D S height data with no corresponding height data from St. G eorges and previous
height data cannot be used to impute height, thus these are set to missing; weight: these w eights were im plausible and cannot be
imputed from previous data due to large variablility o f this measure, thus these were set to m issing.
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3 height: represents those with im plausible N C D S height data but either (a) these heights had obviou sly been mistyped and could
easily be corrected (e.g in several cases, a zero had been typed instead o f a one givin g heights, for exam ple, o f 0.6 7 m instead o f
1.67m ) or (b) more reliable heights were available from St G eorges so these were used instead or (c) heights could be imputed from
previous data. In all cases, N C D S heights were compared to current centile charts using height data at earlier ages to ensure they
were reliable; weight: these were implausible weights, often incorrectly entered in stones and pounds rather than kilogram s or
mistyped with the decimal place in the wrong place, these were easily corrected. In both cases, N C D S w eights were compared to
current centile charts using w eight data at earlier ages to ensure they were reliable.

Sample 2
The second sample excludes heights that were imputed from earlier data. This sample has been used
in analyses that exam ine tracking of anthropometric variables over time, including regression to the
mean and tracking indices (Chapters 4 and 5).

In these cases, correlation between heights at

different ages are of interest and if imputed heights are used in analyses then stronger correlations
will be found since no measurement errors will be found in these cases.

TABLE A2.8. Sample 2; edited heights and weights at 33 years
n(% )
Whole sample
Height at 33 years (N)

Women

Men

(308)

(156)

(152)

Type o f editing^
1

3

(1.0)

2

(1.3)

1

(0.7)

2

196

(63.6)

96

(61.5)

100

(65.8)

3

109

(35.4)

58

(37.2)

51

(33.6)

Weight at 33 years (N)

(353)

(157)

(194)

1

-

-

-

2

227

(64.3)

100

(63.7)

127

(65.5)

3

126

(35.7)

57

(36.3)

67

(34.5)

Type o f editing^

t Using the rules outlined previou sly (§A2.3.1)(excluding rules that im pute heights fro m previou s data), edited data f a ll into
one o f the fo llo w in g b road categories:

1 height:

represents those with m issing N C D S height data but with height data obtained from St Georges; weight: no weight data

was available from St Georges.
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2

height: represents those with im plausible heights and no corresponding height data from St. G eorges, thus these are set to

m issing; weight: these w eights w ere im plausible, thus set to missing.
3 height: represents those with im plausible N C D S height data but either (a) these heights had obviously been mistyped and could
easily be corrected (e.g in several cases, a zero had been typed instead o f a one giving heights, for exam ple, o f 0.6 7 m instead o f
1.67m ) or (b) more reliable heights were available from St Georges so these were used instead. In both cases, N C D S heights were
compared to current centile charts using height data at earlier ages to ensure they were reliable; weight: these w ere im plausible
weights, often incorrectly entered in stones and pounds rather than kilogram s or mistyped with the decimal place in the wrong place,
these were easily corrected. In both cases, N C D S w eights were compared to current centile charts using w eight data at earlier ages
to ensure they w ere reliable.
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A2.4

Factors associated with BM! at 23 years

TABLE A2.9. Factors associated with BM I at 23 years (men)
BMI at age 23 years

Smoking at 23 years
never
ex
current
F value (p-value)
Smoking at 33 years
never
ex
current
F value (p-value)
Social class at 23 years
I&II
H im
HIM
IV & V
F value (p-value)
Social class at 23 years
manual
non-manual
F value (p-value)
Social class at birth
I&II
HI NM
HI M
IV & V

kg/m^

(n)

23.1
23.3
23.1

(2973)

F=1.7

(P=0.2)

23.0
23.1
23.2

(2218)
(883)
(1409)

F=3.3

(p=0.04)

22.5
22.7
23.4
23.4

(1264)
(999)
(2363)
(1175)

F=39.1

(p=0.0001)

23.4

22.6

(3538)
(2263)

F= 114.3

(p=0.0001)

22.5
23.2
23.5

(998)
(581)
(2754)
(1189)

F=29.3

(p=0.0001)

23.3
22.5

(3943)
(1579)

F=79.1

(p=0.0001)

23.5
23.1

(5736)

F=7.3

(p=0.007)

22.6

F value (p-value)
Social class at birth
manual
non-manual
F value (p-value)
Depression at 23 years
yes
no
F value (p-value)
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(638)
(2423)

(367)

BMI at age 23 years
kg/m^

(n)

22.4
22.9
23.2
23.5
23.6

(1175)
(1361)
(1471)
(1203)
(917)

F=31.1

(p=0.0001)

22.5
23.1
23.1
23.7
23.9

(1380)
(1150)
(1070)
(564)
(351)

F=29.0

(p=0.0001)

23.1
23.0
23.1

(2592)
(1060)
(2467)

F=0.7

(P=0.5)

Daily exercise (33y)
high
low

23.1
23.1

(2205)
(2404)

F value (p-value)

F=0

(p=1.0)

22.9

(435)
(668)
(1336)
(1325)

Education at 23 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Education at 33 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Sport (23y)
frequent
moderate
none
F value (p-value)

Birthweight for gest age
< 10th
10-24th
25-50th
51-75th
76-90th
> 90th

22.8
22.9
23.1
23.4
23.5

F value (p-value)
Fresh fruit/veg at 33y
none
fru it o r veg
fru it and veg
F value (p-value)
Birthweight
low
normal
F value (p-value)
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(688)
(531)

F=6.1

(p=0.0001)

23.1
23.1
23.0

(1959)
(2059)

F=0.1

(P=0.9)

22.7
23.1

(5480)

F=6.6

(p=0.01)

(603)

(295)

BMI at age 23 years

Gestation
short ( < 3 7 weeks)
norm al
F value (p-value)
Maternai smoking in
pregnancy
no
yes
F value (p-value)
Crowding at age 7
> 2 / room
1.5 - 2 / room
1 - 1.5/room
< 1/room
F value (p-value)
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kg/m^

(n)

22.9
23.1

(235)
(4990)

F=1.6

(p=0.2)

23.4
22.9

(2245)
(3483)

F=1.6

(p=0.2)

23.4
23.4
23.3
22.9

(176)
(516)
(1386)
(3061)

F=8.6

(p=0.0001)

TABLE A2.10. Factors associated with BMI at 23 years (women)
BMI at age 23 years

Smoking at 23 years
never
ex
current
F value (p-value)
Smoking at 33 years
never
ex
current
F value (p-value)
Social class at 23 years
I&II
I I I NM
HI M
IV & V
F value (p-value)
Social class at 23 years
manual
non-manual
F value (p-value)
Social class at birth
I&II
I I I NM
HIM
IV & V

kg/m^

(n)

22.0

(3095)

22.4

22.2

(573)
(2329)

F=4.7

(p=0.01)

22.0
22.1
22.5

(2464)
(870)
(1491)

F=9.0

(p=0.0001)

21.7
21.9
22.7
22.7

(1268)
(2989)
(543)
(1164)

F=30.1

(p=0.0001)

22.7
21.9

(1707)
(4257)

F=86.0

(p=0.0001)

21.4

22.5

(997)
(553)
(2833)
(1177)

F=24.5

(p=0.0001)

22.3

21.6

(4010)
(1550)

F=56.5

(p=0.0001)

22.0
22.2

F value (p-value)
Social class at birth
manual
non-manual
F value (p-value)
Depression at 23 years
yes
no
F value (p-value)
Education at 23 years
> A level
= A level
= 0 level
< 0 level
none

22.4

(954)

22.1

(5165)

F=9.2

(p=0.003)

21.6

22.4
23.0

(1118)
(700)
(1831)
(1577)
(919)

F=35.1

(p=0.0001)

21.5

22.0

F value (p-value)
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BMI at age 23 years
kg/m^

(n)

21.7
21.7

23.3

(1296)
(540)
(1767)
(805)
(446)

F=28.8

(p=0.0001)

22.7
21.9

(1979)
(4166)

F=82.9

(p=0.0001)

21.7
22.3

(1355)
(857)
(3931)

F=24.4

(p=0.0001)

22.1
22.2

(2280)
(2637)

F=3.0

(p=0.08)

22.0
22.1
22.0
22.0
22.3
22.5

(449)
(718)
(1411)
(1180)
(809)
(497)

F=2.5

(p=0.03)

22.0
22.1

(244)
(1674)
(3014)

F=2.1

(p=0.1)

Birthweight
low
normal

22.2
22.2

(387)
(5435)

F value (p-value)

F=0

(p=1.0)

Gestation
short (< 37 weeks)
normal

22.4

22.1

(201)
(5047)

F=1.6

(p=0.2)

Education at 33 years
> A level
= A level
= 0 level
< 0 level
none

22.1
22.6

F value (p-value)
Parity at 23 years
at least one child
no children
F value (p-value)
Sport (23y)
frequent
moderate
none

21.8

F value (p-value)
Daily exercise (33y)
high
low
F value (p-value)
Birthweight for gest age
< 10 th
10-24th
25-50th
5I-75th
76-90th
> 90th
F value (p-value)
Fresh fruit/veg at 33y
none
fru it or veg
fru it and veg

22.3

F value (p-value)

F value (p-value)
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BMI at age 23 years

Maternal smoking in
pregnancy
no
yes
F value (p-value)
Crowding at age 7
>2 / room
1.5 - 2 / room
1 - 1.5/room
< 1/room
F value (p-value)
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kg/m^

(n)

22.4

22.0

(2388)
(3384)

F=28.3

(p=0.0001)

22.0
22.2
22.7
21.9

(176)
(1439)
(571)
(3021)

F=8.6

(p=0.0001)

A2.5 Factors associated with BMI at 33 years

TA BLE A 2 .1 1. Factors associated with BMI at 33 years (men)
BMI at age 33 years

Smoking at 23 years
never
ex
current
F value (p-value)
Smoking at 33 years
never
ex
current
F value (p-value)
Social class at 23 years
I&II
II I NM
HI M
IV & V
F value (p-value)
Social class at 23 years
manual
non-manual
F value (p-value)
Social class at birth
I&II
I I I NM
HIM
IV & V
F value (p-value)
Social class at birth
manual
non-manual
F value (p-value)
Depression at 23 years
yes
no
F value (p-value)
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kg/m^

(n)

25.6
25.7
25.5

(2309)
(495)
(1766)

F=0.6

(p=0.5)

25.7
25.9
25.4

(2571)
(1065)
(1731)

F=4.1

(p=0.02)

25.1
25.2
25.9
26.0

(1005)
(796)
(1808)
(812)

F=14.3

(p=0.0001)

25.9
25.2

(2620)
(1801)

F=42.7

(p=0.0001)

25.0
25.2
25.8
26.1

(946)
(520)
(2530)
(988)

F=13.8

(p=0.0001)

25.9
25.1

(3518)
(1466)

F=37.0

(p=0.0001)

26.0
25.6

(246)
(4376)

F=3.0

(p=0.08)

BMI at age 33 years

Education at 23 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Education at 33 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Sport (23y)
frequent
moderate
none
F value (p-value)
Daily exercise (33y)
high
low
F value (p-value)
Birthweight for gest age
< lOth
10-24th
25-50th
51-75th
76-90th
> 90th
F value (p-value)
Fresh fruit/veg at 33y
none
fru it or veg
fru it and veg
F value (p-value)
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kg/m^

(n)

24.9
25.5
25.6
26.2
26.1

(943)
(1098)
(1142)
(872)
(595)

F=15.5

(p=0.0001)

25.1
25.6
25.8
26.2
25.9

(1571)
(1303)
(1277)
(721)
(492)

F=12.2

(p=0.0001)

25.6
25.6
25.6

(1944)
(839)
(1860)

F=0.1

(P=0.9)

25.5
25.8

(2596)
(2891)

F=7.8

(p=0.005)

25.3
25.4
25.5
25.5
26.0
26.1

(387)
(592)
(1221)
(1219)
(618)
(488)

F=4.3

(p=0.0007)

25.4
25.7
25.6

(735)
(2336)
(2424)

F=1.6

(p=0.2)

TABLE A2.12. Factors associated with EMI at 33 years (women)
BMI at age 33 years

Smoking at 23 years
never
ex
current
F value (p-value)
Smoking at 33 years
never
ex
current
F value (p-value)
Social class at 23 years
I & II
I I I NM
HI M
IV & V
F value (p-value)
Social class at 23 years
manual
non-manual
F value (p-value)
Social class at birth
I & II
I I I NM
HIM
IV & V
F value (p-value)
Social class at birth
manual
non-manual
F value (p-value)
Depression at 23 years
yes
no
F value (p-value)
Education at 23 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
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kgW

(n)

24.6
24.5
24.7

(2486)
(484)
(1841)

F=0.4

(P=0.7)

24.7
24.9
24.5

(2786)
(993)
(1773)

F=2.1

(P=0.1)

24.2
24.4
25.2
25.4

(1049)
(2419)
(434)
(893)

F=14.4

(p=0.0001)

25.4
24.4

(1292)
(3425)

F=42.1

(p=0.0001)

23.6
24.3
25.0
24.9

(923)
(517)
(2616)
(1081)

F=20.0

(p=0.0001)

25.0
23.9

(3697)
(1440)

F=53.4

(p=0.0001)

25.1
24.6

(727)
(4180)

F=8.7

(p=0.003)

24.0
24.0
24.6
25.0
25.8

(930)
(574)
(1523)
(1249)
(653)

F=18.3

(p=0.0001)

BMI at age 33 years

Education at 33 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Parity at 23 years
at least one child
no children
F value (p-value)
Parity at 33 years
at least one child
no children
F value (p-value)
Sport (23y)
frequent
moderate
none
F value (p-value)
Daily exercise (33y)
high
low
F value (p-value)
Birthweight for gest age
< 10 th
10-24th
25-50th
5 ] -75 th
76-90th
> 90th
F value (p-value)
Fresh fruit/veg at 33y
none
fru it o r veg
fru it and veg
F value (p-value)
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kg/m^

(n)

24.0
24.2
24.6
25.1
25.9

(1432)
(578)
(2018)
(942)
(602)

F=19.3

(p=0.0001)

25.2
24.4

(1552)
(3377)

F=33.8

(p=0.0001)

lA .l
24.5

(4278)
(1178)

F=2.6

(p=0.1)

24.1
24.3
24.9

(1084)
(722)
(3121)

F=13.5

(p=0.0001)

24.5
24.8

(2627)
(3028)

F=6.1

(p=0.01)

25.3
25.4
25.5
25.5
26.0
26.1

(354)
(577)
(1104)
(948)
(642)
(402)

F=4.3

(p=0.0007)

24.2
24.8
24.6

(302)
(1912)
(3954)

F=2.1

(p=0.1)

A2.6 Factors associated with weight change between 23-33 years

TABLE A2.13. Factors associated with weight change between 23-33 years (men)
weight change

Smoking at 23 years
never
ex
current
F value (p-value)
Smoking at 33 years
never
ex
current
F value (p-value)
Social class at 23 years
I & II
I I I NM
HI M
IV & V
F value (p-value)
Social class at 23 years
manual
non-manual
F value (p-value)
Social class at birth
I & II
I I I NM
HI M
IV & v
F value (p-value)
Social class at birth
manual
non-manual
F value (p-value)
Depression at 23 years
yes
no
F value (p-value)
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kg

(n)

7.61
7.44
7.07

(2278)
(491)
(1738)

F=1.9

(p=0.1)

7.59
8.30
6.56

(2199)

F=11.5

(p=0.0001)

7.72
7.59
7.22
7.31

(997)
(1783)
(793)

F=O.S

(P=0.5)

7.25
7.66

(2576)
(1786)

F=2.3

(p=0.1)

7.34
7.77
7.38
7.17

(810)
(444)
(2094)

F=0.4

(P=0.7)

7.32
7.49

(2919)
(1254)

F=0.3

(p=0.6)

7.60
7.39

(4320)

F=0.1

(p=0.7)

(875)
(1400)

(789)

(825)
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weight change

Education at 23 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Education at 33 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Sport (23y)
frequent
moderate
none
F value (p-value)
Daily exercise (33y)
high
low
F value (p-value)
Birthweight for gest age
< 10th
10-24th
25-50th
51-75th
76-90th
> 90th
F value (p-value)
Fresh fruit/veg at 33y
none
fru it o r veg
fru it and veg
F value (p-value)
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kg

(n)

13%
7.32
7.35
7.88
6.97

(934)
(1083)
(1131)
(859)
(576)

F=1.0

(p=0.4)

7.64
7.11
7.66
7.68
6.26

(1366)
(1141)
(1059)
(554)
(356)

F=2.4

(p=0.05)

7.09
7.56
7.65

(1920)
(380)
(1827)

F=2.1

(P=0.1)

6.87
7.91

(2190)
(2386)

F=16.2

(p=0.0001)

6.20
7.47
7.11
7.42
8.16
7.66

(324)
(492)
(1021)
(1030)
(523)
(405)

F=2.3

(p=0.04)

7.02
7.56
7.37

(603)
(2039)
(1941)

F=0.9

(P=0.4)

TABLE A2.14. Factors associated with weight change between 23-33 years (women)
weight change

Smoking at 23 years
never
ex
current
F value (p-value)
Smoking at 33 years
never
ex
current
F value (p-value)
Social class at 23 years
I & II
I I I NM
HIM
IV & V
F value (p-value)
Social class at 23 years
manual
non-manual
F value (p-value)
Social class at birth
I & II
I I I NM
HIM
IV & y
F value (p-value)
Social class at birth
manual
non-manual
F value (p-value)
Depression at 23 years
yes
no
F value (p-value)
Education at 23 years
> A level
= A level
= 0 level
< 0 level
none

kg

(n)

7.10
5.97
6.85

(2449)
(478)
(1818)

F=3.6

(p=0.03)

7.22
7.64
6.07

(2423)
(857)
(1472)

F=12.0

(p=0.0001)

6.87
6.73
6.83
7.34

(1038)
(2293)
(425)
(875)

F = l.l

(p=0.3)

7.18
6.77

(1300)
(3431)

F=2.2

(p=0.1)

5.90
6.42
7.38
6.77

(804)
(451)
(2264)
(924)

F=6.7

(p=0.0002)

7.20
6.09

(3188)
(1255)

F=15.8

(p=0.0001)

7.13
6.89

(708)
(4134)

F=0.5

(P=0.5)

6.40
6.82
7.15
7.56

(922)
(571)
(1502)
(1233)
(633)

F=2.2

(p=0.07)

6.68

F value (p-value)
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weight change

Education at 33 years
> A level
= A level
= 0 level
< 0 level
none
F value (p-value)
Parity at 23 years
at least one child
no children
F value (p-value)
Parity at 33 years
at least one child
no children
F value (p-value)
Sport (23y)
frequent
moderate
none
F value (p-value)
Daily exercise (33y)
high
low
F value (p-value)
Birthweight for gest age
< 10th
10-24th
25-50th
51-75th
76-90th
> 90th
F value (p-value)
Fresh fruit/veg at 33y
none
fru it o r veg
fru it and veg
F value (p-value)
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kg

(n)

6.60
6.58
6.80
7.45
7.75

(1268)
(532)
(1740)
(798)
(443)

F=2.6

(p=0.03)

7.13
6.81

(1520)
(3341)

F=1.5

(p=0.2)

6.92
6.90

(3658)
(1156)

F=0.01

(P=0.9)

6.62
6.70
7.05

(1076)
(714)
(3070)

F=1.3

(P=0.3)

6.67
7.09

(2247)
(2600)

F=3.1

(p=0.08)

5.70
7.03
6.59
6.87
7.74
7.52

(356)
(578)
(1105)
(949)
(644)
(403)

F=3.5

(p=0.004)

6.41
7.01
6.89

(244)
(1639)
(2976)

F=0.6

(p=0.6)

TABLE A2.15. Relationship between weight change (kg) (23 and 33y) and height (cm) and weight at 23y (kg)
Men

Height at age 33 (cm)

Women

P'

(SE)

P

(SE)

0.062

(0.019)

0.072

(0.019)
F=14.3 (p=0.0002)

F=10.3 (p=0.001)
Weight at age 23 (kg)

-0.008

(0.013)

0.128

F=0.4 (p=0.5)

(0.013)
F=92.5 (p=0.0001)

'^a unit change in height (cm) or weight (kg) represents a P kg increase in weight gain between ages 23 & 33.
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Appendix 4

A4.1 Formulae for tracking Indices

Standard notation

N = num ber o f subjects
T = number o f occasions (time points)
X/, = subject! on occasion t, where i = 1,

N, t = 1,

T

Xf = mean at occasion t
Ri, = corresponding rank for individual i on occasion t
Zit = corresponding z-score for individual i on occasion t

Non-parametric tracking indices

(i) T = 2

(1) Spearm an’s rank correlation coefficient (r^)

Once the ranks of the two variables are found, the formula for Pearson’s correlation coefficient given
in (5) is applied to the ranks.
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( ii )T > 2

(2) Cohen ’s kappa { k)

\-p

where G = number of percentile groups (e.g. 0= 4 , if using quartiles),
nig = number o f times individual i is in the gth percentile group where g = 1, ..., 0 and 0 <nig<T.

(3) Foulkes-Davis tracking index (non-parametric) (yj)

f —Ijk—

^W (iV -l)/2

where Iff

= 1 if the growth curves of individuals i and k do not cross and Ij/

= 0 if the two

curves cross over the time period. N ( N - 1 ) / 2 is the number of distinct pairs of individuals.

(4) K endall’s coejficient o f concordance (W)

258

D ata are ranked at each tim e point and Ri is the mean of the ranks assigned to the individual i; R
is the average (grand mean) of the ranks assigned across all individuals; N is the number of
individuals; and N { N ^ - 1 ) /1 2 is the sum o f the squares of /?,-.

Parametric tracking indices

(i) T = 2

(5)

P ea rso n ’s correlation coejficient (r)

r=

'^(xn -Xi)(Xi2 - xj )
‘\ l ' ^ ( X j l ~ X i ) ( Xi 2~X2) ^

( i i ) T>2

(6)

Intraclass correlation coejficient (ICC)

IC C =
v ar(x ,J

where x^, - r^, + e,v ;
population

or

c rJ + c j;

//, is the steady-state or ‘true’ value for the

between

subject

variance

CT^ ;

represents

individual at time t with
m easurem ent

error

where

£;, ~ N (0 , (j I ) . In the Model II ANOVA (§3.2.3.7), the between subjects mean square is estimated
by MS ÿ

+ T o \ , and the within mean square, MSy/ = g \ , hence the ICC can be estimated by,

M Sb + ( T - l ) M S w
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T(g ] + g \ )

(7) (i) G oldstein's growth constancy index (

^= 1 —

1
-—

^

where the measure of departure from tracking (the within sums of squares) is

,
f=l

Z/ is the m ean o f an individual’s z-scores over T time points.

(ii)

G oldstein’s m odified growth constancy index,

(8)

M cM ahan’s index ( r)

(9)

Foulkes and D avis tracking index (/;)

The param etric version of this index is calculated in the same way as the non-param etric version
described in (3), except polynomial curves are fitted to the growth profiles and these are used to
obtain 1//,.^ .
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A4.2 Algebraic comparisons of tracking indices

(1) ICC = square of the Pearson’s correlation coefficient when T = 2

(A)

when T=2, I C C =

M S g + MSy^

M S,+(T-l)M S,

MiSw, = o \

(within subject mean square)

M S g = (T^ + J'CT^ (estim ate o f the between subject mean square)

(B)

Substituting (B) into (A)
(C)

Thus (C) represents the coefficient of determination (i.e. the proportion of variability explained by
regression), or the square o f Pearson’s correlation coefficient.
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(2) ICC = Parametric form of Kendall’s W when T > 2

W = — ^ ---------------

where R- = average of ranks assigned to ith individual; R =

average (grand mean) of ranks

assigned across all N individuals.

^

( R^ — R f

represents the sum of the deviation of the mean individuals rank from the overall

/=i

mean rank for all individuals, that is the between subject sums of squares (SS b)-

N { N + l){ N + 2)
= -----------------------------

The sums of squares o f ranks is given by
/=i

The corrected total sums of squares (SS t) is

(=1

1=1

12

.1=1

12

SS.
W can be written in terms of sums of squares, W = — — where SSg = ^ ( 7 ? ,- - 7 ? ) ^
SSj
1=1

S S j = ------ —

-

1)

which is equivalent to the ICC.
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and

(3) McMahan’s Index = Goldstein’s modiHed growth constancy index

N

M cM ahan’S index, t = 1 - ^ i r 'T V T

T

T

Sf = ^ (z u ~ Z if;

i >X

e*

^~\!T

C l

1

Goldstein’s modified growth constancy index, Ç = ------------- where Ç = 1 ---------------------> D;

1-1/r

'

Therefore,

r- 1

!--------- t o , : — L_

(«-i)(r-i)^

r-i

N

=1

------ !— y D]2

Since variables are standardised, D f =

, hence M cM ahan’s index = G oldstein’s modified growth

constancy index.

263

(4) McMahan’s index is similar to the ICC

Consider the following ANOVA;
DF

SS

MS

Between subjects

N -1

SSs

S S s / ( N - 1)

Between ages (time points)

T -1

SS a

SS a / ( T - 1)

Residual

(N-1)(T-1)

SSw

S S w / ( N - 1 ) ( T - 1)

Total

NT - 1

SS t

N

M cM ahan's index, T = 1 - -

T

where

T

z, = - ^ z , v

= within or residual sums of squares (5 5 ^, with associated degrees of freedom, (N - 1) (T - 1),
hence M Sw = S S w / (N - 1 ) (T - 1). Since standardised variables are used, the total mean square, M S t
= SS t/ ( N T - 1 ) = 1.

Therefore, M cM ahan’s index can be rewritten as t = 1 - M Sy/ = M Sj- - M Sy/ = 1 -

Similarly, the ICC = ^ =
SSr

^^r-S S „ ^ ^
SSt

S S ,,
SSn
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MS-,

(5) Kendall’s W is equal to the average of T(T - 1)/2 Spearman’s correlation coefïïcients

From proof (2), the param etric form of K endall’s W = ICC, hence it follows that Kendall’s W is
equivalent to a non-param etric form o f the ICC.

From the definition given in §A4.1 (1), Spearm an’s correlation coefficient = non-param etric version
of Pearson’s correlation coefficient.

The ICC is equivalent to the average of T(T - l ) / 2 Pearson’s correlation coefficients \ hence in the
non-parametric case, K endall’s W = average o f T ( T - 1 ) / 2 Spearman’s correlation coefficients.
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Appendix 5
TABLE A .5.1. Summary o f literature on child to adulthood adiposity
Author/yr/
country

A ges

Method

B ody fat
measure

Main finding

Abraham e t a l ‘

c/hood; 9-1 By

R W T >120
‘obese’

63% o f obese children, still obese as adults c .f 16%
with average RWT.

1971

a/hood:42-53y

prospective
longitudinal
study

9 5 -1 0 4 ‘average’

15% o f obese adults were obese as children

U .S

n=717 (m ales)

Casey et al^

c/hood: 0-1 By

BM I

1992

a/hood :30,40,50y

U.S

n= 296 at birth
n = 9 1 at age 50

r=
r=
r=
r=
r=

prospective
longitudinal
study

0.41,
0.60,
0.67,
0.51,
0.41,

0.21
0.50
0.66
0.44
0.05

(m,f):
(m,f):
(m,f):
(m,f):
(m,f):

5-7y & BOy
2y ^ f o r e PH V & 30y
18y & BOy
18y & 50y
5-7y & 50y

Tracking o f BMI is good from late adolescence
Abraham &
Norsdiek^

c/hood: 10-1 By
a/hood:26-B6y

prospective
longitudinal
study

R W T > 120
‘obese’

1960
U .S

74%, 72% (m ,f) in childhood were still obese in
adulthood
24%, 41% (m ,0 o f obese adults were obese children

n=977, 9 6 6 (m ,f) at
10-lB y
n = 174/200 records
selected in a/hood.

Stark et al"*

c/hood: 6,7,1 l,I 4 y

1981

a/hood: 2 0 ,2 6 y

prospective
longitudinal
study

R W T > 120
‘o b ese’

r = 0.32,0.38 (m/f): 6y & 26y
r = 0.52 ,0 .6 4 (m/f): 14y & 26y
43%, 41 % (m ,f) o f obese 7-y olds were obese at 26

U.K
7%, 14% (m ,f) o f obese adults w ere obese at 7 y
Guo et al ’

c/hood: 1-18y

1994

a/hood: B0-40y

U.S

Peckham et al^

(com bined data
from 4 studies
include som e
mentioned here)

1.c/hood: 7,1 l,l 4 y
( 1946 cohort)

1983
U.K

prospective
longitudinal
study

prospective
longitudinal
study

c/hood:
‘o b ese’ > 95th
BMI centile
‘overw eight’ >
60th centile

r = 0.31,0.51 (m /f): 7y & 35y
r = 0.50,0.65 (m/f): 13y & 35y
r = 0.65,0.77 (m/f): 18y & 35y
p(obese at 35y)= 0.4.0.2 (m ,f): 7y, >95th
p(obese at 35y)= 0.4.0.3 (m ,f): 13y, >95th

a/hood:
B M I>28 (m)
BM 1>26 (f)

c/hood:
R W T > 130
‘obese’

2.c/hood: 7 ,1 1 ,1 6y
(1958 cohort)

p(obese at 35y)=0.8.0.7 (m ,f): 18y, >95th
O R =4.59, 3.13 (m ,f) for obesity at 35y if >95th at
7y cf. those 50th at 7y.
0 R = 8 .39,5.00 (m ,0 for obesity at 35y if >95th at
1By cf. those 50th at 1By.
1. r = 0.52,0.59 (m/f): 7y & 14y
90%,87% (m ,f) obese 7 year olds were obese at 14y
(these were based on small samples).
O f those obese at 14y, 4,12% (m ,f) had been obese
at 7.
2. r = 0.49,0.55 (m/f): 7y & 16y
63%,62% (m ,f) obese 7 year olds were obese at 16y.
O f those obese at 16y, 10,15% (m ,f) had been obese
at 7.

Braddon et ai’

c/hood: 7, 11, 14y

1986

a/hood: 20,26,B 6y

U.K

( ! 946 cohort)

prospective
longitudinal
study

c/hood:
R W T > 1B 0
‘obese’
a/hood:
BM I > 29.9 (m)
BM I >29.1 (f)

* r=correlation coefficient
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r = 0.28,0.40 (m,f): 7y & 36y
r = 0.46,0.60 (m/f): 14y & 36y
O f the obese at 36y, 2.6% , 7.5% (m ,f) were obese at
7y, 14%,32% (m ,f) were obese at 14y and 10%,
30% were obese at 1 ly .

Author/yr/
country

A ges

Method

Body fat measure

M ain finding

RollandCachera et al*

c/hood: 0 -1 8y

prospective
longitudinal
study

B M l>75th centile
‘fat’

r = 0.25 (m ,f combined): ly & 21y
0 R = 2 o f being fat in adulthood if fat at ly
41% o f the initially fat infant remained in the same
fatness group from l-2 1 y .

a/hood: 19-23y
1987

B M l<25th ‘lean’
n=54,59 (m , f)

France

Earlier AR^ led to higher adult adiposity (though
BM I at ly had been lower).
Late AR^ led to low er adult adiposity (though
BM I at l y had been higher).

Serdula et al*

c/hood: 6 m -16y

1993

a/hood: 18-53y

U S/UK/Europe

f/up: 2 -4 5 y

Siervogel et al’°

c/hood: 2 -1 8 y

1991

n=473

review o f
literature
(19 7 0 -9 2 ) o f
longitudinal
studies.

W /H , W /H \
W/H*, skinfold
thickness

prospective
longitudinal
study

BMI

M ost obese adults were not obese as children.

US

Hawk &
B rook"

O bese children are at higher risk from obesity in
adulthood.

Earlier the AR occurs in childhood the earlier the
increase in adiposity leading to higher adiposity at
18y.
Correlations between childhood and adulthood
increase m onotonically from 0.28 at 1y to 0.78 at
16y (boys), these were similar for girls.

c/hood: 2 -1 5 y
a/hood: 17-30y

prospective
longitudinal
study

skin fold
thickness: triceps.
subscapular.
suprailiac, biceps
(SD scores)

Combined skinfolds:
r = 0 .65,0.62 (m,f): 7 & 22y
r = 0 .5 9 ,0 .3 2 (m ,f): 1 3 & 2 8 y

prospective
longitudinal
study

skinfold
thickness: triceps.
subscapular.
(Z-scores
>85 th obese
<15th lean)

skinfolds correlations
r = 0.13 to 0.16 (m & f combined): l-5 y & 19-26y

1979
n = 3 1 8 ,3 0 3 (m .O
U.K
Gam & La
V elle"

c/hood: l-5 y
a/hood: 19-26y

1985
n=383
U.S

27% o f initially fat children (> 85th centile)
remained fat as young adults.
Fatness distribution o f the initially lean and obese
tend to overlap after 2 decades.

Kelly et a l"

c/hood: 3,7,1 l,1 3 y

1992

n=888 at 3y
n =712 at 13y

prospective
longitudinal
study

B M l>75th
‘heavy’

r = 0.35 ( m & f combined): 3 & 13y
r = 0.71 ( m & f combined): 7 & 13y

B M l<25th ‘light’

40% o f those > 75th centile at 3y were in this same
BM I group at 13y.

c/hood:
wt >75th ‘h eavy’
wt < 25th ‘light’

36% o f heavy infants (i.e > 90th centile) were
overw eight in adulthood, that is 2.6 tim es average
or lean infants. Heavy infants represent the
minority o f overw eight adults.

N ew Zealand
C ham ey et a l"

c/hood:
6w ks,3m ,6m

1976

retrospective
longitudinal
study

a/hood: 20 -3 0 y
U.S

a/hood:
wt-ht-age >20%
‘overw eight’

n =366

Prokopec &
B ellisle"

c/hood: 3,6 ,9 ,1 2 m
to 20y

1993

n =80,78 (m ,0 at
18y

prospective
longitudinal
study

BMI >75th ‘fat’
BMI <25th ‘lean’

0 R = 1 .8 risk o f fat babies becom ing fat adults cf.
non-fat babies.
Earlier AR led to higher values o f BMI at 18y
(both sexes).

C zechoslovakia
* r=correlation coefficient
^ adiposity rebound
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Author/yr/
country

Ages

Method

Body fat measure

Main finding

Gasser et al
1995

c/hood;
1,3,6,9,12,18m 218y

prospective
longitudinal
study

BM I, weight,
skinfolds (triceps,
subscapular)

r=
r=
r=
r=

Switzerland

n = 1 2 0 ,1 1 2 (m ,f)

C asey et al

c/hood: 0 -1 8y

1994

a/hood: 30y

US

n=309 at birth
n=67, 67 (m ,f) at
18y

Clarke &
Lauer’*

c/hood: 9-18y
a/hood: 23, 28, 33y

H eaviest 20%
= ‘heavy’

prospective
longitudinal
study

W H R , BMI

(m ,f):
(m ,f):
(m ,f):
(m ,f):

w eight at 6y & ‘adulthood’
BM I at 6y & ‘adulthood’
T SF at 6y & ‘adulthood’
SS F at 6y & ‘adulthood’

Heavier children were at increased risk o f
becom ing heavy adults. BMI correlated better with
adult values cf. Skinfolds. Sm all correlation (0.30)
between age o f A R and adult BM I.
r = 0 .4 7 ,0 .4 0 (m ,f): 6 & 30y (W H R )
r = 0 .6 5 ,0 .7 9 (m ,f): 18 & 30y (W H R )
Childhood values o f W HR were moderate-poor
predictors o f W H R in adulthood; W H R in
adolescence w as a good predictor.

prospective
longitudinal
study

BM I classified
into quintiles,
TSFs

1993
U.S

0 .63,0.53
0 .6 0 ,0 .5 0
0.52 ,0 .3 9
0.40 ,0 .5 6

r=0.61, 0.59 (m ,f) BMI at 9-1 Gy & 21 -2 5 y
r=0.49, 0 .4 4 (m ,f) T SF at 9-lO y & 21 -2 5 y
r=0.91, 0.77 (m ,f) BM I at 13-14y & 3 1-35y
r=0.72, 0.55 (m ,f) T SF at 13-14y & 3 1-35y

n=1471 at 23y
n=1497 at 28y
n=574 at 33y

62%,65% (m ,f)
BMI quintile at
75%,88% (m ,f)
BMI quintile at
35y.

o f children w ho were in the upper
age 9-lO y remained so at 21-25y.
o f children w ho were in the upper
age 13-14y remained so at 31-

Correlations for T SF weaker than for BMI
correlation’s at several ages compared.
Rimm &
Rimm"*

c/hood: no age
specified

1976

a/hood: 20-49y

U.S

n=73 5 3 2 (f)

RollandCachera^'

c/hood: l-1 6 y
a/hood: 17-25y

retrospective
longitudinal
study

W /H classified
into deciles

A s severity o f adult obesity increased so did the
percentage o f w om en w ho were fat children.
2.4 times more severely obese wom en than normal
weight wom en were fat children.

prospective
longitudinal
study

BMI, SFs

r = 0 .6 5 ,0.58 (m ,f) BM I at 7y & adulthood
r=0.50, 0.39 (m ,f) SFs com bined at 7y &
adulthood

1989
n=135

BMI was the best predictor o f adult BMI.
Prediction with skinfold measurement depended on
site and sex e.g trunk skinfolds predict better in
fem ales, whereas biceps predict better in males.

France

S0renson &
Sonne-Holme^

c/hood: 7-13y
a/hood: 18-26y

1988
Denmark

retrospective
case-cohort
study

B M 1>31 (or
>99.5th centile)
for ‘o b ese’ adult
males.

n=429 severely
obese males

At 7y median index o f adult obese group w as 98th
centile. At 13y it was the 99th centile. T he adult
obese group has higher median BMI when they
were 7y.
BM 1>19 had 20% influence on the incidence o f
obesity.

n=908 population
sample males

M ales in the upper extrem e o f the BMI distribution
at 13y had a higher incidence o f adult obesity if
they increased or decreased in percentile level
during the preceding years c.f. if they had
maintained this level throughout the school years.
Only 21% , 20% o f the adult obese group were >
99.5th centile at 7, 13y respectively.

* i^correlation coefficient
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Author/yr/
country

Ages

Method

Body fat measure

Main finding

C r o n k e ta P ^

c/hood; 3m -18y

1982a,b

a/hood: 30y

prospective
longitudinal
study

Principal
components
analysis used to
summarise trends
in BMI in
childhood.

High levels o f BM I or persistently increasing
levels o f BMI over long periods during childhood
and adolescence predispose to high levels o f body
fat in adulthood.

(combined
data from 6
U S studies)

U.S

Increasing w eight after pubescence is associated
with higher levels o f body fat in adulthood.
Adult body fat levels were found to be highest
when a fem ale has a history o f upward shift in
percentile from 4-18 years and a high W/H^ level
during infancy.

M iller et al^'*
1972

c/hood: 3; 5
(n = 8 4 7 );9 ; 13; 14;
15 (n = 750)

UK

a/hood: 22y
(n = 442)

Lloyd &

Wolffs

c/hood: 1-14y
(m ean=9y, n=98)

1961

a/hood :20-24y

UK

clinic sample
(grossly overweight
children)

Srinivasan et

c/hood: 13-17y

al"
1996

a/hood: 27-31 y
(12y f/up)

USA

n=783

Freedman et al^’

c/hood: 2-14y

1987

8y f/up

USA

n= 1 4 9 0

Prospective
longitudinal
study.

prospective
longitudinal
study

weight-for-height:
% o f observed
w eight to
standard weight
for a given height
& age.

Significant correlations were found for weight-forheight, between all ages for both sex es ( 5 ,9 ,1 3 ,
1 5 & 2 2 y).

Engelbach’s
weight-for-height
tables were used
to estimate
overw eight by
comparing actual
weight with the
standard for the
patients sex and
height.

Obesity in childhood is likely to persist into adult
life, the outlook may be slightly better for boys
compared to fem ales.

r^O.35 between w eight-for-height at age 5 and 22.

42% o f boys and 66% o f girls w ere still
overw eight at 20-24 years.
O f the 13 children w ho were grossly overw eight at
the first exam ination, 12 remained so.

retrospective
longitudinal
study (2
crosssectional
surveys)??

Height, weight,
triceps skinfold
thicloiess.
B M l>75th centile
= ‘overw eight’.
BM I 25-50th:
‘moderately
lean’ .

O f those overw eight in adolescence, 58% remained
so in early adulthood.

prospective
longitudinal
study

Height, weight,
triceps skinfold
thickness. Rohrer
Index
(weight/height^)
& RW T (as zscores).

r=0.72: w eight at b/line & at f/up.
r=0.67: w eight at b/line & at f/up.
r=0.66: w eight at b/line & at f/up.

TSF > 85th
centile = ‘obese’

* r^correlation coefficient
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57% o f overw eight adults had been overw eight
during adolescence.

43% , 66% o f obese children (T SF>85th,
T R SF>95th) remained so 8y later. 50% o f
children with W/H^ > 85th centile remained so 8y
later.
O f those obese (T SF > 85th) at follow -up, 43%
had originally been classified as obese at baseline.
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Appendix 6
TABLE A6.1. Questions identifying reproductive outcomes
Reproductive Measure

Age 16

M enstrual problems (n^=6403)
mild

1224

‘ever suffered from dysmenorrhoea in the past 12 months?’

severe

2023

945

‘absent from school for more than 1 week during the past 12 months for dysmenorrhoea?’

725

‘overnight hospital admission for dysmenorrhoea?’

4

‘hospital admission within the past 12 months for menstrual problems?’

8

‘GP attendance for menstrual problems?’

335

‘hospital outpatient for menstrual problems?’

12

Age 33

M enstrual problems (n^=5770)

1041

‘Ever had a persistent period problems?’

1037

ICD codes: 625 menstrual disorders

7

626 menstrual disorders

11

Hypertension in pregnancy (n^=4618)

325

‘Ever had high blood pressure in pregnancy (only when pregnant)?’
ICD code: 642 hypertension complicating pregnancy, childbirth & the puerperium

307
34

Subfertility (n^=3327)
time to conceive > 12 months

649

time to conceive > 96 months

254

t size o f sam ple used in analyses
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TABLE A6.2. Validity of self-reported female reproductive outcomes
Agreement between medical records and self-reported reproductive data
Fair

Good
Hospitalised during pregnancy

Martin 1987 ’

Cartwright & Smith 1979 overestimated by
women who had live births, overestimated by
Doctors for stillbirths.
Oakley et al 1990

Number of pregnancies

Poor
Tilley etal 1985

overestimated by mothers.

Tilley eta l 1985 '‘i 85-92%
Paganini-Hill & Ross 1982 ^:93%
Joffe & Grisso 1985
Oakley et al 1990

Vaginal bleeding/ discharge

88%
90%

Oakley et al 1990 90% hospital
records reported more episodes.

Tilley et al 1985''

Joffe & Grisso 1985

under-reporting in hospital notes.

Cartwright & Smith 1979
High BP in pregnancy

Age of menarche

Cartwright & Smith 1979
women.
Bean et a/ 1979

90% (± 1 year).

overestimated by

Bean et al 1979

59% (exact)

Bean et al 1979

44-60%, variability - unreliable.

Martin 1987 '

Hewson & Bennett 1987 *
Mean cycle length (+-1 day)
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Hewson & Bennett 1987 *

overestimated by women.
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Appendix 7
TABLE A7.1. Summary of literature on back pain & body size
Study details

Age

Method

Outcomes

Main findings

Rissanen et al

25 -6 4 y at b/line
(1 9 6 6 -7 2 )

prospective
longitudinal
study

Work disability due to
diseases o f back

0 R = 1 .8 (B M l 30-32.4); 1.4 (> 32.5)
age, sex, occupation, region, sm oking

1990
f/up until 1982

In general RR o f work disability due to
back problems increased linearly with
increasing B M l

Finland
n = 1 9 0 7 6 (m)
n = 12053 (w )
Han et al^

20-60y

1997

n = 5 8 8 7 (m )
n=7018 (w )

Crosssectional study

Netherlands

(1 )L B P (la st 12m)
(2) chronic L BP (pain > 12
w eeks in last year)
(3) symptom s o f invertebral
disc herniation
B M l, waist circumference,
height, waist-hip ratio
(tertiles)
overweight: B M l>26.9(m );
> 2 5.9 ( 0

M ansson et al

median 48y at
b/line (1974-78)

diseases o f back

1996

B M l <20 (underweight);
2 0 -2 4.9 (normal);
25-29.9 (overw eight);
> 30 (obese)

n= 5932
Sweden
f/up 11 y later

Croft & Rigby'*

> 18y

1994

Health &
Lifestyle Survey
1984-5

UK

Prospective
longitudinal
study

self-reported back pain
(within the past month)
weight, BM l: quintiles
(B M l > 27.3)

18-64y
lOy f/up

1983
Finland

n=902 (b/line);
n=652 (f/up)

Men: (1) O R = L 2 2 ’; 1.11 (N S ) (unadj, adj
for age, smoking, education)
(2) O R = 1 .6 r ;1 .1 5 (N S ) (unadj, adj)
(3) O R = L 7 4 ‘; 1.21 (N S ) (unadj, adj)
W omen: (l)O R = L 3 4 * ; 1.21* (unadj, adj
for age, smoking, education)
(2) 0R = 1.65*; 1.23* (unadj, adj)
( 3 ) 0 R = 1.80*; 1.35* (unadj, adj)
W omen in the top tertile o f waist
circumference, waist-hip ratio also had
increased risk o f (1), (2) & (3) after
adjustment for confounders.
M usculoskeletal diseases, w hich were more
common among the obese (& underweight),
was the predominate reason for granting a
disability pension. A m ong this group,
prevalence o f diseases o f the back for
different B M l categories 6% (U ); 8% (N);
12% (O v) 6% (Ob) (based on sm all n)
BP: (24-34y): 13.8% (m ),15.5% (w)
men: 0 R = 1 .2 5 N S (0.92, 1.71) (adj for
age); women: OR = 1.45* (1.16, 1.83)
(relative to thinnest quintile)
For women only there was a positive trend
with increasing risk o f back pain with
increasing weight and B M l.

n=9003

Aro & Lei no

Prevalence o f chronic L BP and invertebral
disc herniation increased with increasing
B M l. W omen had more L B P than men

Prospective
longitudinal
(lOy f/up)

(1) low back score (hip
joints, lumbosacral region,
radiation o f lumbosacral
pain to legs)

Mean LB scores (adj for age & occupation):
<120% ; >120% : 1.8; 2.3 (m en); :2.0; 2.7
(women).
Change in LB score over 10 years not
related to weight change or baseline weight.

(2) lumbosacral disorder
(overweight: RWT > 120%)
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Slightly higher RR o f lumbosacral disorder
for men (NS); Significant RR=3.1 among
fem ale blue-collar workers (N S among
white collar fem ales). Incident lumbosacral
disorder not related to relative weight

Study details

Age

Method

Outcomes

Main findings

Seidell et al

>20y

Crosssectional

O R = 1.38 (0.97, 1.96) overw eight
O R =2.17 (1.14, 4.0 9 ) obese

1986

n=19126

Reason for consulting
m edical specialist; back/
joints/m uscles problems
B M l 20-24.9: normal; 25-

Netherlands

29.9: overweight; > 30:
obese
D eyo & B ass’

>25y

1989

n = 10404
(physical exam)

Crosssectional study
(N H A N E S 11
1976-80)

1-year period prevalence o f
low back pain (from
questionnaire)
B M l, subscapular & triceps
SF thickness: split into
quintiles

U SA

Svensson et al

4 0 -4 7 y

1983

n = 9 4 0 men

Crosssectional

LBP: (1) life time incidence
(2) prevalent at time o f
interview (pain at least once
a month) (3) prevalent &
severe (pain daily or
recurring tw ice a w eek) (4)
no back pain

Crosssectional

long-term serious &/or
disabling back problem

Sweden

Liira et al*

16-64y

1996

n = 3 l 140
(w orking)

State that reduced physical activity from
chronic illness may have contributed to
ex cess o f weight, thus relationship may
not be causal
men & wom en: no clear trend in
prevalence o f L B P am ong 4 low est
quintiles for SF thickness. Higher
prevalence in top quintile o f B M l show ed monotonie trend with increasing
quintiles (highest vs lowest: 14.8% vs
8.5% ; O R = 1.57; PA R =10.9% ).
A nalysed separately - stronger assoc for
w om en: men, not monotonie increasing,
high vs low : 13.9% vs 11.0; w om en
alm ost m onotonie: 15.6% vs 7.3%
(R R =2.1); higher prevalence in top
quintile not due to longer duration.
Prevalence and incidence o f LBP: (1)
61%; (2) 31; (3) 16% (4) 39%
Physical activity at work and leisure time
w as related to LBP. Mean weight was
highest in L BP gp (1), and also higher in
(2 ) & (3).
Unclear in which direction the physical
activity-L BP relationship may operate:
L B P m y prevent physical activity or LBP
may occur more often in the less
physically active.
Prevalence o f long-term back problem
(2 4 -3 4 y ), 6%.
Men & w om en combined: positive trend
betw een B M l and long-term back
problems: B M l > 2 7 : 11.5%; B M l <20:
5.5%

Canada
n= 18290 (used
in multivariate
analyses - with
com plete data on
all confounders)
Ontario Health
Survey
Garziilo &
Garzilio'”

R eview o f association
between L BP and obesity (7
studies)

Found a possible association between
obesity & L BP only in the upper quintile;
no evidence o f a temporal relationship
between w eight change and LBP change.
Several o f the studies found did not
distinguish between L BP and other back
problems.

back pain (all back pain)

High B M l & waist-hip ratio & low
exercise associated with increased risk o f
sickness absence due to back pain?

1994
R eview (19 7 0 -9 4 )

Hemingway et al"

1998

35-5 5 y
n = 3 5 0 6 (m )
n = 1 3 8 0 (w )

UK
W hitehall 11
Study

Prospective
(mean o f 4y
f/up) &
retrospective
analyses

sickness absence (short: < 7
days; long > 7 days)
Self-reported back pain at
baseline
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S tu d y d e ta ils

A g e

M eth o d

O u tc o m e s

M a in

M a k e l a e t a l ‘^

^ 3 0 y

C ro ss-

L B P

c h r o n ic L B P

&

d is a b ility

red u ced

s e c tio n a l
1 9 9 3

n = 7 2 1 7

(m

fin d in g s
w a s a s t r o n g d e te r m in a n t o f

w o r k in g c a p a c ity

a n d o c c a s io n a l

n e e d o f a s s is ta n c e in t h o s e 3 0 - 6 4 y .

&

w )
F in la n d

W a l s h e t a l ‘^

2 0 -7 0 y

C ro ss-

L B P

(s im ila r d e fn )

1 9 8 9

n = 2 6 7

(m )

n = 2 6 8

(w )

1 9 9 3

(w ).

A sso c b e tw e en

U K

K u h e t a i'" *

L if e t im e in c id e n c e o f a ll L B P : 6 4 .5 %
( m ) , 6 1 .4 %

s e c tio n a l

o c c u p a t io n a l a c tiv itie s a n d

L B P

4 3 y

P r o s p e c tiv e

‘s c i a t i c a , l u m b a g o o r s e v e r e

18 m o n th

lo n g itu d in a l

b a c k a c h e ’, a g e o f o n s e t &

4 3 y : 2 2 .6 %

s e v e r ity

n = 1 6 3 4

(m )

d a ta (c r o ss-

n = 1 6 2 8

(w )

s e c tio n a l

U K

a n a ly se s)

p r e v a le n c e o f b a c k s y m p to m s at
( m ) , 2 4 .6 %

T a lle r s t a n d in g h e ig h t &
h e ig h t

(w )

s it t in g h e ig h ts

in c r e a s e d r is k o f b a c k a c h e

(N S H D )

W a l s h e t a l'^

1 9 9 2

2 0 -5 9 y

n = l 1 7 2 (m );

C ross-

L B P (sa m e d e fn a s ou r

3 0 - 3 9 y : lif e t im e p r e v a le n c e : 6 0 .4 %

(m );

s e c tio n a l

stu d y ) &

5 3 .8 %

(w );

(m );

3 3 .6 %

(w )

m o n th s

n = 1 4 9 5 (w )

L B P

in p a s t 1 2

L B P

U K

1 - y r p r e v a le n c e : 3 7 .1 %

m o r e c o m m o n in m e n

w ith m a n u a l

j o b s ( n o c le a r tr e n d f o r w o m e n
s /c la s s )
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and

TABLE A7.2. Potential confounding factors for back pain (men)

number with back pain
Confounding factor

(n)'

(n)'

(n)"

chronic

incident

incident

(9 year)

(1-year)

lost

never

Social class (23y)
non-manual

(1749)

(1337)

(1035)

152

302

106

260

929

manual

(2543)

(1764)

(1216)

330

548

190

449

1026

71.5

41.8

14.2

p=0.001

p=0.001

p=0.001

p-value

Social class (birth)
non-manual

(1336)

(1008)

(767)

118

241

77

210

690

manual

(3173)

(2368)

(1801)

350

567

207

455

1594

0.4

1.2

H'

6.8

p-value

p=0.1

p=0.5

p=0.3

above A level

(910)

(710)

(552)

64

158

49

136

503

A level or equivalent

(1058)

(780)

(562)

102

218

59

176

503

0 level or equivalent

(1303)

(924)

((%9)

159

265

93

220

566

below 0 level

(245)

(165)

(112)

33

53

18

47

94

none

(1003)

(696)

(497)

143

199

92

164

405

30.2

26.3

p=0.001

p=0.001

Education (33y)

76.5
p=0.001

p-value

Education (33y)
above A level

(1443)

(1150)

(902)

103

248

76

190

826

A level or equivalent

1197)

(871)

(621)

134

250

65

192

556

0 level or equivalent

(1161)

(855)

(656)

121

199

84

185

572

below 0 level

(625)

(440)

(329)

85

111

34

100

295

none

(420)

(318)

(258)

45

60

39

57

219

68.2

15.4

13.2

p=O.OOI

p=0.004

p=0.01

p-value

Smoking status (33y)
N ever smoked

(2244)

(1734)

(1313)

191

421

155

319

1158

Ex-smoker

(481)

(331)

(236)

59

95

29

91

207

current

(1721)

(1156)

(798)

248

358

123

317

675

21.1

5.8

p=0.001

p=0.05

79.8
p=0.001

p-value
a: n u m b e r
c:

(a n d % , p - v a lu e ) fo r 5 b a c k

n u m b e r (a n d % , p -v a lu e ) fo r

p a in g r o u p s

b:

n u m b e r (a n d % , p -v a lu e )

1 -y e a r in c id e n t b a c k p a in
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fo r

1 0 - y e a r in c id e n t b a c k p a in

n (%) with back pain
Confounding factor

(n)'

(n)"

(n)=

chronic

incident

incident

(9 year)

(1-year)

lost

never

Smoking status (33y)
N ever smoked

(2355)

(1872)

(1454)

175

418

151

308

1303

Ex-smoker

(961)

(696)

(519)

111

177

50

154

469

current

(683)

(1065)

(787)

205

278

104

260

683

70.0

9.3

5.5

p=0.001

p=0.01

p=0.07

low

(2591)

(1907)

(1447)

291

460

160

393

1287

high

(2363)

(1805)

(1375)

209

430

150

349

1225

8.4

0.06

0.02

p=0.08

p=0.8

p=0.9

poor

(211)

(101)

(63)

53

38

18

57

45

good

(4294)

(3161)

(2306)

447

855

293

686

2013

84.0

15.4

13.5

p=0.001

p=0.001

p=0.001

poor

(258)

(140)

(98)

75

42

19

43

79

good

(4692)

(3567)

(2719)

425

848

292

700

2427

119.9

8.3

7.2

p=0.001

p=0.004

p=0.007

(1950)

(1455)

270

495

181

413

1274

(47)

(28)

13

19

4

8

24

p-value

Physical activity (33y)

X^

p-value

Psychological health (23y)

X^

p-value

Psychological health (33y)

X^

p-value

Partnership status (23y)
single, living alone

(2633)

sep, div, wid living alone

(68)

married

(1597)

(1116)

(780)

190

336

113

291

667

single, cohabiting

(198)

(148)

(105)

25

43

12

25

93

sep,div, w id cohabiting

(20)

(11)

(11)

3

0

1

6

10

37.1

16.1

2.3

p=0.002

p=0.003

p=0.7

X^

p-value
a: n u m b e r
c:

(a n d % , p - v a lu e ) fo r 5 b a c k p a in

n u m b e r (a n d

yj,

p -v a lu e ) fo r

grou p s

b;

n u m b e r (a n d % , p -v a lu e )

1 -y e a r in c id e n t b a c k p a in
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fo r 1 0 - y e a r in c id e n t b a c k p a in

TABLE A7.3. Potential confounding factors for back pain (women)

number with back pain
Confounding factor

(n)“

(n)'

(n)=

chronic

incident

incident

(9 year)

(1-year)

lost

never

Social class (23y)
non-manual

(3405)

(2393)

(1833)

425

560

162

587

1671

manual

(1277)

(781)

(610)

217

171

91

279

519

53.8

3.1

18.2

p=0.001

p=0.08

p=0.001

p-value

Social class (birth)
non-manual

(1338)

(997)

(795)

123

202

56

218

739

manual

(3423)

(2363)

(1892)

466

471

188

594

1704

1.4

5.7

p=0.2

p=0.02

25.8
p=0.001

p-value

Education (23y)
above A level

925

678

531

97

147

43

150

488

A level or equivalent

543

417

311

49

106

23

77

288

0 level or equivalent

1820

1216

939

251

277

101

353

838

below O level

202

136

103

25

33

11

41

92

none

1325

827

645

234

182

82

264

563

X^

71.3

3.1

9.9

p-value

p=0.001

p=0.5

p=0.04

above A level

(1351)

(998)

(795)

138

203

60

215

735

A level o r equivalent

(544)

(414)

(316)

51

98

22

79

294

0 level o r equivalent

(1883)

(1332)

(1054)

233

278

96

318

958

below 0 level

(855)

(564)

(469)

121

95

54

170

415

none

(523)

(338)

(274)

95

64

22

90

252

2.2

7.6

p=0.7

p=0.1

Education (33y)

6&2

p=0.001

p-value

Smoking status (23y)
N ever smoked

2444

1748

1387

271

361

119

425

1268

Ex-smoker

470

316

232

56

84

23

98

209

current

1782

1129

851

307

278

112

346

739

X^

64.7

18.0

12.1

p-value

p=0.001

p=0.001

p=0.002

a: number (and % , p-value) for 5 back pain groups b: number (and % , p-value) for 10-year incident back pain
c: number (and

p-value) for 1-year incident back pain

282

n (%) with back pain
Confounding factor

(n)"

(n)'

(n)=

chronic

incident

incident

(9 year)

(1-year)

lost

never

Smoking status (33y)
N ever smoked

(2620)

(1941)

(1587)

266

354

115

413

1472

Ex-smoker

(919)

(621)

(475)

118

146

33

180

442

current

(1590)

(1059)

(826)

257

233

105

274

721

21.8

22.6

p=0.001

p=0.001

76.5
p=0.001

p-value

Physical activity (33y)
low

(2802)

(1981)

(1579)

374

402

141

447

1438

high

(2422)

(1707)

(1369)

279

338

118

426

1251

6.9

0.2

0.09

p=0.1

p=0.6

p=0.8

p oor

(603)

(287)

(209)

153

78

42

163

167

good

(4196)

(2974)

(2307)

501

667

218

721

2089

158.3

17.8

23.4

p=0.001

p=0.001

p=0.001

p oor

(509)

(275)

(203)

153

72

42

81

161

good

(4719)

(3417)

(2744)

501

673

218

801

2526

194.2

30.4

38.2

p=0.001

p=0.001

p=0.001

p-value

Psychological health (23y)

p-value

Psychological health (33y)

p-value

Partnership status (23y)
single, living alone

(1659)

(1210)

(945)

190

265

81

259

864

sep, div, wid living alone

(167)

(110)

(84)

28

26

11

29

73

m arried

(2665)

(1737)

(1340)

388

397

149

540

1191

single, cohabiting

(263)

(184)

(136)

37

48

18

42

118

sep,div, w id cohabiting

(60)

(32)

(23)

13

9

1

15

22

46.2

5.07

6.9

p=0.001

p=0.2

p=0.01

X^
p-value

a: number (and % , p-value) for 5 back pain groups b: number (and % , p-value) for 10-year incident back pain
c; number (and

p-value) for 1-year incident back pain
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n (%) with back pain
Confounding factor

(n)'

(n)"

(n)=

chronic

incident

incident

(9 year)

(1-year)

lost

never

Parity (23y)
> 1 child

(1525)

(924)

(722)

285

202

96

316

626

no children

(3290)

(2350)

(1807)

371

543

164

569

1643

1.5

10.0

p=0.001

p=0.2

p=0.002

> 1 child

(3932)

(2722)

(2156)

524

566

187

686

1969

no children

(1155)

(839)

(667)

128

172

71

188

596

0.5

2.4

p=0.5

p=0.1

76.6
p-value

Parity (33y)

8.2
p-value

p=0.09

a: number (and

p-value) for 5 back pain groups b: number (and

c: number (and

p-value) for 1-year incident back pain
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p-value) for 10-year incident back pain
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Appendix 8
TABLE A8.1. Summary o f literature on respiratory morbidity & body size
Study

Age

Method

Outcomes

Main finding

N egri et al

> 15y

Cross-sectional
study

1988

n=72 2 8 4

(1) emphysema/respiratory
insufficiency
(2) chronic bronchitis
(3) bronchial asthma

U -shape relationships were found among
men and w om en for outcom es (1) & (2)
and B M l and am ong men for (3); linear
relationship w as found for (3) for women.

BM l: < 2 0 (underweight)
2 0 -2 4 .9 (norm al)
25 -2 9 .9 (overw eight)
> 30 (ob ese)

A ge-adjusted RR for underweight,
overweight, obese: (men; w om en)
(1 ) 1.48', 0 .9 2 , 1.37*; 1.63*, 1.07,1.40*
(2 ) 1.19*, 1.07, 1.24*; 1.11, 1.01, 1.43*
(3 ) 1.42*, 1.15*, 1.70*; 0 .9 8 , 1.17*, 1.99*

1983 Italian
N ational
Health Survey

Italy

Adjusting for sm oking & social class had
little influence on risk
Som erville et al

5 -lly

1984

n = 7 8 0 0 (6 2 0 0
E nglish, 1500
Scottish)

England &
Scotland

M ixed
longitudinal
study

National Study
o f Health and
Growth

Peckham &
Butler^

lly

1958 cohort

n=13 5 0 9
1978
UK

Dean et al

3 7-67y

1978

n =12 7 3 6

Cross-sectional
study

UK

( 1) colds usually g o to chest
(2) chest ever w heezy/w histling
(2b) on most days or nights?
(3) bronchitis (last 12m)
(4) asthma (last 12m)
(5) cough first thing in morning
(6) cough during day/night

B oys had higher prevalence o f respiratory
sym ptom s than girls. T SF & W /H were
positively (linear) related to (1), (2) &
(3): fattest having highest prevalence
rates. For (5) & (6) -ve association with
TSF (England): lean children had highest
prevalence

triceps SF thickness; weight-forheight index expressed as SD S

A ge-sex adj prevalence am ong English
boys (8y); under, average, overweight:
(1 )2 3 .9 % , 27.6% , 33.1%
(2) 11.9%, 12.4% , 14.4%
(3) 4.2% , 4.6% , 6.1%
A -ve relationship was not found for
asthma

(1) asthma - current attacks (at
least 1/month; less frequently)
(2) asthma - past attacks
(3) w heezy bronchitis - current
attacks
(4) w heezy bronchitis - past
attacks

Significantly low er mean relative weight
(4% lighter than expected) in those with
current attacks o f asthma &/or wheezy
bronchitis in w hom the attacks occurred
at least m onthly compared to children in
the other 3 groups (never, less frequent,
past attacks)

R elative weight.

M ean height in 4 groups did not differ
betw een the 4 groups (adjusting for sex &
social class).

(1)
(2)
(3)
(4)
(5)

A g e adjusted prevalence: underweight;
average; overw eight; obese:
Men: (1) 11.7% , 6.3% , 5.0% , 6.4%
(2) 44.7% , 28.4% , 26.7% , 29.3%
(3) 25.5% , 17.0% , 16.5%, 20.5%
(4) 35.5% , 29.2% , 29.7% , 36.1%
(5 )2 7 .6 % , 19.0% , 18.5%, 20.8%

‘bronchitis syndrom e’'
morning cough
shortness o f breath
w heezing
phlegm score 3 or 4

U sed the M RC Respiratory
Sym ptom s Questionnaire
(1 9 6 6 )
obesity index = [weight
(lbs)/height (in ch es)]* 100:
< 3.0 (underweight)
3.0 - 3.3 (average)
3.4 - 3.7 (overw eight)
> 3 .7 (ob ese)

prolonged cough, prolonged phlegm & shortness o f breath
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W om en: (1) 5.9% , 3.1%, 2.9% . 6.0%
(2) 22.0% , 18.4% , 19.7%, 20.9%
(3) 21.9% , 18.2% , 20.0% , 33.1%
(4) 22.1% , 20.6% , 22.1% , 30.6%
(5)16.3% , 11.9% , 11.3%, 14.2%
High sym ptom prevalence was associated
with low exercise level in a number o f
cases. Inverse association with shortness
o f breath: those with symptom s unable to
take exercise.

Study

Age

Method

Outcomes

Main finding

Lusky et al

17 y

cross-sectional
study

bronchial/lung conditions
(including asthma)

1996

n = l11000

-ve association with increasing weight and
respiratory symptom s: prevalence 18.9%,
14.2%, 10.8% (thin, underweight,
normal). N o association with overweight

B M l < 5th centile (thin)
5-15th (underweight)
15-85th (normal [ref group])
85-95th (overweight)
> 95th (obese)

Israel

R issanen et al®

2 5 -6 4 y (at
baseline)

1990

Prospective
longitudinal
study

respiratory disease

(short paper)

respiratory problems

proposes that the increased mechanical
load associated with obesity contributes to
the reduced exercise tolerance and
respiratory problems o f obese people.

Prospective
longitudinal?
(they examined
w eight loss
over an
unknown
period o f time)

spirometry data (FEV, VC, etc)

concluded that an abnormal pulmonary
function test value should be considered
as caused by intrinsic lung disease and not
obesity, except in those with extreme
obesity.

spirometry data (F E V ,, FVC,
VC, PEF, forced mid-expiratory
flow rate)

Standing height more important than B M l
in predicting lung function.

Finland

1991

Ray et al*

19-32 y
(m ean=25y)

1983
U SA

n=43 (m assively
obese, nonsmokers)

Fung et al*

6 .5 -2 0 y

1990

n = 1 5 8 6 (nonsmokers)

H ong K ong

-ve association with increasing weight
men:
O R = l, 0.7, 0 .6 (under, B M l 2 2 .5-24.9, >
25 (4 groups)
adj for age, sex, occupation, region,
sm oking

10 y f/up

Garrow’

Risk o f respiratory sym ptom s 0R =1.3*,
1.8* (underweight, thin)

B M l > 90th centile
(overweight)

B M l significantly contributed to
prediction o f all tests in girls and all but
forced mid expiratory flow rate in boys
+ ve partial correlations (adjusting for
height and age) between B M l and lung
function were observed in girls with
normal or overw eight and in boys o f
normal w eight, but not overw eight boys.
Explained the gender difference in the
overw eight due to different fat
distribution patterns; obese boys - fat on
abdomen; girls - scapular area.

Schwartz et al

6 -2 4 y

1988

n = 1963

U SA

N H A N E S 11
(1 9 7 6 -8 0 )

Cross-sectional
study

spirometry data (FEV, FVC,
PEF, etc); those pre-existing
with respiratory diagnoses were
excluded as were current & e x 
smokers

Used regression m odels with
log(pulmonary function) and several
predictor variables including height, age,
B M l, sex & race. B M l was a significant
predictor (m ore so than w eight) o f
pulmonary function across all age groups

BM l
Balfour-Lynn
1986
UK

n=66 with
chronic
perennial asthma
mean age =7.5y
mean f/up
tim e=13.1y

prospective
longitudinal
study

height and weight measured at
6 monthly intervals, compared
to standard growth centile
charts; onset o f puberty was
assessed

2 88

found those children with the most severe
asthma in the group who were treated
with steroids, were underweight. The
incidence o f delayed puberty was
significantly increased: children with
asthma tended to grow normally until
about lOy, then there was a delay in
puberty, but these children did attain their
predicted adult height.

Study

Age

Method

Outcomes

Main finding

H ole etal'^

n=7058 men
n=8353 wom en

Prospective
longitudinal
study

FE V ,; mortality from
respiratory disease.

Found subjects with higher relative FEV,
values had a greater mean B M l, nonsm okers, social class IV or V . (1st
quintile o f relative FEV , vs 5th quintile;
B M l 25.3 kg/m^ vs 26.3 kg/m^).

1996
4 5 -6 4 y
Scotland

C ole et al

5 5 -6 4 y (m en)

1974

n =183 Danish
n =387 English

Denmark &
England

Prospective
longitudinal
study

mean age 18y

1972

n=20 men (12
lean, 8 obese)

Prospective
longitudinal
study
9 w eek f/up

U SA
mean age;
30y (normal);
4 7 y (obese)

Cross-sectional
study

1960
Canada

Gold et al
1993

n=36 (24
normal, 12
obese)

7 -14y
n=8322 (white);
1056 (black)

FEV, FVC, PFR % change in
nitrogen
M RC respiratory questionnaire.

lOy follow up
(1 9 5 8 -6 8 )

Kollias et al

Naimark &
C hem iack’^

B M l.
(Renfrew &
Paisley survey)

Height, weight & B M l

Subjects participated in 9 w eek
physical conditioning program.
FVC, M W , FE V ,, M EFR,
M MFER
The elastic properties o f the
total respiratory system and its
components were compared
am ong a group o f obese and
normal subjects.
V C , IC, M M EFR, maximum
breathing capacity etc

Cross-sectional
study

Asthma, w heeze, hay fever,
breathlessness, chronic cough,
chronic phlegm , pneumonia,
bronchitis, chest illness

U SA
BM l

Seidell et al
1986

>20y
n=9369 (men);
9757 (w om en)

BM l; 2 0-24.9 (normal);
2 5 -2 9 .9 (overw eight);
3 0 -4 0 (obese)

Holland
Reported GP consultations,
treatment as outpatient,
hospitalisation, chronic illness
etc
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Prevalence o f bronchitis was 6 tim es
higher & the ventilatory function was
low er in the English industrial town.
E xcess bronchitis mortality in the English
town w as 30 tim es the rate o f the Danish
town. D ifferences in sm oking habit only
partly explain the differing patterns o f
mortality (more smokers in English
sam ple). Obesity accounted for early
deaths in the Danish sample, these men
were 12.7kg heavier than those in the
English sample. Cigarette smokers were
less obese than non-smokers. In
populations largely free from bronchitis,
obesity may be implicated in as many
deaths as cigarette smoking.
D ifferences in pulmonary function
between the lean and obese were minimal.
Physical conditioning did not effect most
m easures o f pulmonary function.

The com pliance o f the total respiratory
system is reduced in obese individuals.,
this reduction in mainly due to
com pliance o f the chest wall, i.e there is
an increase in elastic resistance to
distention in the obese. These findings
support the hypothesis that increased
oxygen cost o f breathing in obesity is at
least part due to an increased mechanical
work done to overcom e elastic resistance
o f the chest wall. The reduction in V C in
the obese is related to reduction in the
com pliance o f the total respiratory
system.
Higher B M l predicted higher prevalence
o f all respiratory illnesses except hay
fever and chronic phlegm , e.g asthma;
0 R = 1 .1 7 (1.05, 1.30), w heeze; 0 R = 1 .1 6
(1.09, 1.23) (for a unit increase in B M l
(kg/m^).

O bese wom en reported they suffered from
asthma/bronchitis more often than those
o f normal weight;
0 R = 1 .07 (0.78. 1.47) (overw eight);
O R = 1.80 (1.18, 2.7 6 ) (obese)

TABLE A8.2. Potential confounding factors for incident cough/phlegm between age 23 and 33 (men)
Confounding factor

n (%) with incident cough &/or phlegm

Social class at 23 years
I & 11

51/460

11.1

II! non-manual

41/377

10.9

III manual

92/727

12.7

IV & V

60/283

2 1 .2

%^=19.6 (p= 0 .0 0 1 )
Social class at 23 years
non-manual
manual

92/837

11.0

152/1010

15.1
%^=6.6 (p= 0 .0 1 )

Education by age 33 years
above A level

54/628

8.6

A level or equivalent

71/513

13.8

0 level or equivalent

57/466

12.2

below 0 level

37/207

17.9

24/99

24.2

none

%^=27.1 (p=0.001)
Smoking status at 23 years
N ever smoked
Ex-smoker
current

90/1117

8.1

39/220

17.7

117/581

20.1

%= 6.0 (p= 0 .0 1 )
Smoking status at 33 years
N ever smoked
Ex-smoker
current

83/1082

7.7

34/358

9.5

127/466

27.3
X^=6.0 (p=0.01)

Daily exercise at 33 years
high

105/960

10.9

low

145/990

14.7
%= 6.0 (p= 0 .0 1 )

Fresh fruit & vegetable consumption
fru it & vegetables

89/905

9.8

fru it or vegetables

109/800

13.6

52/246

21.4

none

%^=22.9 (p=0.001)
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TABLE A8.3. Potential confounding factors for incident cough/phlegm between age 23 and 33 (women)
Confounding factor

n (%) with incident cough &/or phlegm

Social class at birth
non-manual
manual

42/633

6.6

150/1486

10.1

%^=6.4 (p=0.01)
Social class at 23 years
I & 11

28/527

5.3

96/1155

8.3

HI manual

28/188

14.9

IV & V

53/351

15.1

III non-manual

%^=32.4 (p=0.001)
Social class at 23 years
non-manual
manual

124/1682

7.4

81/539

15.0
X^=28.6 (p= 0 .0 1 )

Education by age 33 years
above A level

31/617

5.0

A level or equivalent

19/255

6.9

0 level o r equivalent

86/866

9.9

below 0 level

46/338

13.6

none

29/149

19.5
% W 0.9 (p= 0 .0 0 1 )

Smoking status at 23 years
N ever smoked
Ex-smoker
current

86/1273

6.8

19/249

7.6

104/692

15.0
%=37.0 (p=0.001)

Smoking status at 33 years
N ever smoked
Ex-smoker
current

77/1260

6.1

20/380

5.3

110/572

19.2
%=88.9 (p=0.01)

Frequency of TV viewing at 23 years
> 5 times/week

153/1563

9.8

3-4 times/week

23/388

5.9

< 3 times/week

35/320

10.9
%=6.7 (p=0.04)
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Confounding factor

n (%) with incident cough &/or phlegm

Fresh fruit & vegetable consumption (33y)
fru it & vegetables

88/1428

6.2

fru it or vegetables

102/742

13.8

22/101

21.8

none

X^=52.5 (p=0.001)
Parity at 23 years
children
no children

89/680

13.1

123/1592

7.7
X^=16.2 (p= 0 .0 0 1 )

Overcrowding at 7 years
99/1243

8.0

1 - 1 . 5 people/room

45/545

8.3

1 . 5 - 2 people/room

24/188

12.8

12/56

21.4

< 1 person/room

> 2 people/room

X^=16.0 (p= 0 .0 0 1 )
Birthweight
< 2500g (low)
> 2 5 0 0 g (normal)

20/140

14.3

182/2053

8.9
% W .6 (p=0.03)
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TABLE A8.4. Potential confounding factors for incident asthma/wheeze/breathlessness(age 23 and 33) (men)
Confounding factor

n (%) with incident asthma/wheeze/breathlessness

Social class at 23 years
I & II

69/467

14.8

III non-manual

48/382

12.6

122/746

16.4

63/289

21.8

III manual
IV & V

X^=11.2 (p=0.01)
Social class at 23 years
non-manual
manual

117/849

13.8

185/1035

17.9
%^=5.8 (p=0.02)

Education by age 33 years
above A level

81/635

12.8

A level or equivalent

84/530

15.9

0 level or equivalent

85/475

17.9

below 0 level

43/209

20.6

none

18/102

17.7
%^=9.7 (p=0.05)

Smoking status at 23 years
N ever smoked
Ex-smoker
current

115/1135

10.1

47/227

20.7

146/595

24.5
X^=65.9 (p=0.001)

Smoking status at 33 years
N ever smoked
Ex-smoker
current

106/1098

9.7

71/372

19.1

124/474

26.2
%=73.5 (p=0.001)

Sport at 23 years
frequent
moderate
none

120/892

13.5

59/360

16.4

136/737

18.5
%'=7.7 (p=0.02)

Daily exercise at 33 years
high
low

129/979

13.2

186/1011

18.4
X"=10.2 (p=0.001)
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TABLE A8.5. Potential confounding factors for incident asthma/wheeze/breathlessness^ (age 23 and 33)
(women)
Confounding factor

n (%) with incident asthm a/w heeze/breathlessness

Social class at 23 years

94/497

18.9

243/1120

21.7

III manual

53/187

28.3

IV & V

95/340

27.9

I & II
III non-manual

X^=13.4 (p=0.004)
Social class at 23 years
non-manual
manual

337/1617

20.8

148/527

28.1
%^=11.0 (p=0.001)

Education by age 33 years

103/591

17.4

A level or equivalent

45/263

17.1

0 level o r equivalent

195/834

23.4

below 0 level

95/333

28.5

none

52/142

36.6

above A level

X^=36.4 (p=0.001)
Smoking status at 23 years
Never smoked
Ex-smoker
current

206/1223

16.8

53/238

22.3

228/675

33.8
%'=70.9 (p=0.001)

Smoking status at 33 years
Never smoked
Ex-smoker
current

200/1206

16.6

82/363

22.6

206/565

36.5
X^=86.2 (p=0.001)

Fresh fruit & vegetable consumption (33y)
fru it & vegetables

286/1365

21.0

fru it or vegetables

181/728

24.9

31/98

31.6

none

%=8.8 (p=0.01)
Parity at 23 years
children
no children

187/671

27.9

312/1521

20.5

%^=14.3 (p=0.001)
t excludes women who were pregnant at time of interview
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Confounding factor

n (%) with incident asthm a/w heeze/breathlessness

Maternal smoking
sm oked during pregnancy
no sm oking during pregnancy

220/803

27.4

258/1300

19.9
X'^=16.1 (p= 0 .0 0 1 )
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TABLE A8.6. Summary statistics for men and women (cough/phlegm)^
Men

Women

(n)

mean

(SD)

Weight 23y (kg)

(4568)

72.69

Weight 33y (kg)

(4568)

Weight increase 23-33y (kg)

(n)

mean

(10.14)

(4844)

58.36

(9.06)

80.08

(13.31)

(4844)

65.26

(13.20)

(4568)

7.38

(8.76)

(4844)

6.90

(8.43)

Height 23y (m)

(4543)

1.775

(0.069)

(4829)

1.623

(0.066)

Height 33y (m)

(4567)

1.768

(0.067)

(4844)

1.629

(0.064)

BM l 23y (kg/m^)

(4543)

23.05

(2.80)

(4829)

22.16

(3.23)

BM l 33y (kg/m^)

(4567)

25.59

(3.93)

(4844)

24.58

(4.77)

BM l increase 23-33y (kg/m^)

(4542)

2.54

(2.93)

(4829)

2.43

(3.22)

t sam ple with data on w eight at 23 and 33 years and cough or phlegm at 23 years
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(SD)

TABLE A8.7. Summary statistics for men and women (asthma/wheeze)^
Women

Men
(n)

mean

(9.96)

(2881)

58.34

(8.93)

80.10

(13.07)

(2881)

65.01

(12.78)

(2597)

7.44

(8.38)

(2881)

6.67

(8.36)

Height 23y (m)

(2583)

1.778

(0.068)

(2876)

1.625

(0.066)

Height 33y (m)

(2597)

1.771

(0.066)

(2881)

1.631

(0.063)

BMl 23y (kg/m^)

(2583)

22.97

(2.71)

(2876)

22.11

(3.19)

BM l 33y (kg/m^)

(2597)

25.52

(3.81)

(2881)

24.44

(4.63)

BM l increase 23-33y (kg/m^)

(2583)

2.55

(2.76)

(2876)

2.34

(3.19)

(n)

mean

Weight 23y (kg)

(2597)

72.66

Weight 33y (kg)

(2597)

Weight increase 23-33y (kg)

(SD)

t sample with data on weight at 23 and 33 years and asthma/wheeze (11-23 years)
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(SD)
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Women^s reproductive health: the role of body
m ass index in early and adult life
JK L a k e \ C Po>ver' and TJ Cole^
^Department o f Epidemiology <&Biostatistics, Institute o f Child Health, 30 Guilford Street, London, fVClN lEH, UK; and ^MRC Dunn
Nutrition Unit, Dow'uhams Lane, Milton Road, Cambridge, CB4 IXJ, UK

BACKGROUND: Higher risks of menstrual problems and infertility have been found in underweight and overweight
women but evidence is inconsistent especially in relation to llic effect of age of onset of obesity.
OBJECTIVE: To determine whether body mass index (BMI) in adulthood or childhood affects the reproductive health
of women.
METHODS: Heights, weights (at 7, 11, 16, 23 and 33y) and reproductive data were available for 5799 females in the
1958 British birth cohort study. Body mass index (BMI) was calculated as weight/height^. Age-specific cut-offs were
used to define overweight and obesity. Reproductive outcomes reported at age 33 included: menstrual problems (also
reported at 16y), hypertension in pregnancy and subfertility.
RESULTS: Early menarcheal age was associated w ith higher risks of menstrual problems by 16y but this relationship
did not persist to 33 y. Obesity at 23 y and obesity at 7 y both independently Increased the risk of menstrual problems
by age 33 (OR = 1.75, OR = 1.59 respectively) after adjusting for other confounding factors. Obesity at 23 y increased
the risk of hypertension in pregnancy (OR = 2.37), after adjusting for confounders. Consistent with these findings,
obese women at 23 y were less likely to conceive within 12 months of unprotected intercourse after adjustment for
confounders (RR = 0.69).
CONCLUSIONS: Overweight and obesity in early adulthood appears to increase the risk of menstrual problems,
hypertension in pregnancy and subfertility. Other than menstrual problems, childhood body mass index had little
impact on the reproductive health of women.
Keywords: body mass index; fertility; longitudinal studies; menarche; menstruation disorders; obesity

Introduction
Body size has been related to several gynaecological
disorders or symptoms including polycystic ovary
syndrome,'"^ infertility'^^ and general menstrual dis
orders.'^’^ ' ' Higher risks o f infertility have been found
in both overweight and underweight women,
suggesting a ‘J’-shaped relationship. Not all o f this
evidence is consistent, however, with some studies
showing no associations, for example between over
weight and infertility.'^’''* If the adverse findings are
confirmed then the recent increase in overweight and
obesity in Britain,'^’'^ the United States'^*'^ and else
where'^ would have implications for the prevalence o f
gynaecological problems.
Furthermore, elevated risks may not be confined to
those acquiring their overweight in adulthood but may
be independently related to fatness in childhood or
adolescence. Hartz et al^ emphasised the importance
jof teenage obesity on fertility, having observed that
the incidence o f obesity was greater for nulligravida
married women than for previously pregnant married
women and for women having ovarian surgery for
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polycystic ovaries than for women having ovarian
surgery for other reasons. In another study, menstrual
disorders were more common among women who had
onset o f obesity during puberty or adulthood than
among those with onset o f obesity in childhood.^
Age o f onset o f obesity has also been correlated
with oligomenorrhoea or amenorrhoea in obese
wom en affected by polycystic ovary syndrome.'’^
More recently, Rich-Edwards et af" suggested that
adolescent obesity may be causally related to poly
cystic ovary syndrome. There is also evidence that the
age o f menarche tends to be lower in obese'°’^° and
higher in underweight^' compared to normal weight
girls, which may have implications for subsequent
gynaecological problems. Sundell et
found that
dysmenorrhea occurred more often just after
menarche and more severe dysmenorrhea was asso
ciated with earlier menarche. Thus, age o f onset of
obesity may be critical in the determination o f gynae
cological risks.
There are however few studies that investigate
associations between female reproductive problems
and body mass, particularly in respect o f body mass at
different ages. In this paper, we investigate the rela
tionship between childhood and adolescent body mass
index, in addition to that in adulthood, with subse
quent reproductive problems by using longitudinal
data from the 1958 British birth cohort study.
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Materials and methods
' Sample

The 1958 British birth cohort study includes all
children bom in Scotland, W ales and England,
between the 3rd and 9th o f March 1958.^^ From a
target population o f 17 733 births information was
obtained on 98%. Major follow-ups o f sundving
children were conducted at 7, 11, 16, 23 and 33
Immigrants to Britain bom during the same week in
1958 were incorporated into the survey at ages 7, 11
and 16y. Sample attrition has occurred, but despite
this the representativeness o f the study has been
maintained, in general, through to 33 y when 11 407
subjects (73% o f the target population) provided
information.^^’^^ However, there is some evidence to
suggest a slight under-representation o f the ‘disadvan
taged’.^'* Information at 23 and 33 y was obtained
through an interview with the study subjects. Previous
sweeps collected data from several sources, including
parents and schools (teachers and doctors) as w ell as
from the individuals.

Measures
Heights and weights w ere measured by trained m ed
ical personnel at 7, 11 and 16y. Subjects were
weighed in their underclothes to the nearest pound,
and height was measured to the nearest inch. Selfreports o f height and w eight were obtained at 23 y.
These reports are in agreement with measured heights
in a national sample o f British adults surveyed in
1980.^^ At 33 y, heights were measured without shoes
using a stadiometer reading to the nearest centimetre,
and weights were measured in indoor clothing using
Salter portable scales. Data were checked to detect
coding errors.^* Information was also available on
social class at birth^; at 7 and 23 y (based on occupa
tion o f head o f household), age o f menarche, parity,
smoking habit at 23 y and parental education. Repro
ductive outcomes and sample sizes used in the ana
lyses are as follows:
(1) Menstrual problem s before 1 6 y were ascertained
from the parental interview, three categories were
defined:
(a) None {n — 4234 out o f 6403)
(b) M ild (1224 out o f 6403) problems in the
previous 12 months, but not severe enough
to cause prolonged school absence or require
medical attention.
(c) Severe (945 out o f 6403) problems causing
school absence for more than one week, a
hospital adm ission in the last year (either
overnight or as an outpatient) or a GP con
sultation.
Outcomes before 33 y w ere derived from specific
questions and/or from the International Classification

o f Disease (ICD) codes recorded for hospital admis
sions:
(2) M enstrual problem s before 3 3 y (1041 out o f
5770) includes positive responses to ‘Have you
ever suffered from persistent trouble with peri
ods?’, or a hospital adm ission for menstrual dis
orders (ICD code 625 or 626).
(3) Hypertension in pregnancy before 3 3 y (325 out o f
4618) includes positive responses to ‘Ever had
high blood pressure in pregnancy?’ or a hospital
admission for hypertension complicating preg
nancy, childbirth and the puerperium (ICD code
642).
For measures (1) and (2) the analyses included all
women, whereas for measure (3) they were limited to
women who were ever pregnant.
(4) Subfertility before 3 3 y w as indicated by the time
taken to conceive from cessation o f contraception
(namely time to pregnancy). Tim e to pregnancy is
regarded as the most sensitive measure o f biologic
fertility^^ and reliable recall has been demonstrated.^^'^* At 33 y, respondents provided detailed
information on past pregnancies, including the
outcome o f each pregnancy and time to concep
tion. A ll live births from first pregnancies o f
women not using contraception around the time
o f conception were analysed (« = 3327 out o f
4000). To reduce selection effects due to past
obstetric history on reproductive behaviour and
to avoid violation o f the statistical assumption o f
independence o f events caused by the tendency
for some couples to experience recurrent adverse
events (including subfertility) only first pregnan
cies were used. Only live-births were included
since validity o f recall is more reliable for this
group compared to other birth outcomes.^^
Statistical methods
Three measures were used to assess the effect o f
weight and height on the reproductive. outcomes:
Quetelet’s body mass index (BMI), defined as
weight(kg)/height^(m^); weight/height^ as obtained
as an optimal power index from the data; and, in
addition, weight and height analysed as separate
variables. Results for each weight/height measure
were similar, therefore only those for BMI will be
presented. Similar results were also obtained with
BMI at 23 and at 33 y, hence only 23 y data are
presented, except where differences occur (Tables 4
and 5).
Analyses o f reproductive outcom es (l} -(3 ) were
based on logistic regression using PROC LOGISTIC
in SAS (version 6.09). M odels were fitted for child
BMI (7 y ) and then separately for adult BMI (at 16 y
for outcome (1), at 23 and 33 y for outcomes (2)-{4).
Independent effects o f childhood BMI were estimated
in models that adjusted for ‘current’ BMI depending
on the timing o f the outcom e variable. Significant
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Table 1 Categories of BMI (weight/height’ )
7v

BMI
Underweight
Normal
Overweight
Obese

16 y

23y

33 y

Cut-off

n (%)

Cut-off

n (%)

Cut-off^

n {%)

n (%)

<14.2
14.3-17.3
17.4-20.6
>20.6

952 (15)
4420 (69)
889 (14)
162 (2)

<18.7
18.8-22.9
23.0-27.3
>27.3

1095 (21)
3147 (59)
921 (17)
179 (3)

<18.7
18.8-23.8
23.9-28.6
>28.6

588 (10)
4183 (68)
1103 (18)
271 (4)

213(4)
2802 (49)
1753 (31)
902 (16)

‘ Cut-offs apply to BMI at 23 and 33 y.

effects were indicated using the Wald chi-squared
statistic compared to a
distribution with one
degree o f freedom. Overall goodness-of-fil o f the
models w as assessed using the log-likelihood ratio
statistic compared to a
distribution under the null
hypothesis. A 5% significance level was used through
out.
Analyses were conducted using BMI at 23 and 33 y
as a categorical variable, using previously defined cutoffs^^ (Table 1). For 7 and 16 y cut-offs for BMI
defined similar proportions to those obtained for
relative weight^^’^"* (Table 1). Odds ratios were derived
by exponentiating the parameter estimates ft using
females o f normal weight as the reference category.
Survival analysis was used to investigate BMI on
subfertility using PROC PHREG in SAS (version
6.09). C ox’s proportional hazards models were fitted
with ‘time to pregnancy’ being censored after 12 and
after 96 months. A 12 month cut-off is conventionally
used to define clinical su b fe r tility .T im e s to preg
nancy were available up to 96 months and censored
thereafter.
Table 2 Relationship between confounding factors and repro
ductive outcomes
Confounding factor
f\/lenstrual problems
by 33 y

Social class at birth
1and II
Ill non-manual
III manual
IV and V
Smoking status at 23 y
Never smoked
Ex-smoker
1-20 cigarettes/d
21-40 cigarettes/d
40+ cigarettes/d

n (%)
116/933 (12)
84/522 (16)
508/2671 (19)
227/1100 (21)

272/1665 (16)
203/1360 (15)
257/1282 (20)
150/676 (22)
9/26 (35)
Hypertension in
pregnancy b y 3 3 y

Social class at birth
1and II
III non-manual
III manual
IV and V

n (%)
47/670 (7)
33/392 (8)
173/2164 (8)
42/939 (5)
Subfertiiity by 3 3 y

Social class at birth
1and II
III non-manual
Ill manual
IV and V

n (%)
65/462 (14)
47/282 (17)
318/1575 (20)
158/690 (23)

Confounding factors identified from the literature
include social class at birth, 7 and 23 y; smoking at
23 y; parental education; parity; menstrual problems at
16 y; and age o f menarche. Confounders were added
separately to each model and covariates significantly
improving the fit o f the model were retained in the
analysis; this procedure was repeated until the model
could not be improved (Table 2).

Results
M enstrual problems
BMI at 1 6 y classified into four groups was not
significantly associated with menstrual problems by
that age. Menstrual problems by 16 y were related to
age o f menarche, with the highest risk for the earliest
menarcheal age (Table 3). Menstrual problems
reported at 16 and 33 y were strongly associated
(girls with severe menstrual problems by 16y had
over twice the risk o f menstrual problems by 33 y,
odds ratio (O R )= 2 .1 2 (95% confidence interval (Cl)
1.75-2.56); 0 R = 1.30 (1.08-1.56) for girls with mild
menstrual problems by 16y). The association with age
o f menarche did not persist; menstrual problems
reported at 33 y were not associated (Table 3).
Risks o f menstrual problems were significantly
elevated for girls who were obese at 7 y ( 0 R = 1.78
(1.16-2.72)) compared to those o f normal weight
(Table 4). This risk remained elevated, although less
so, and achieved borderline significance after adjust
ment for BMI at 23 y. Further adjustment for social
class at birth and smoking status at 23 y had little
effect on the magnitude o f this risk (OR = 1.59 (0 .9 7 2.61)). When risks associated with BMI at 23 y were
considered separately, underweight, overweight and
obese wom en all had significantly higher risks o f
menstrual problems, suggesting a J-shaped relation
ship. After adjustment for BMI at 7 y , these risks
remained statistically significant and similar in mag
nitude for underweight and overweight women,
although a larger attenuation in risk was evident
among those who were obese at 23 y. Further adjust
ment for social class at birth and smoking status at
23 y lead to similar risks among underweight
(OR = 1 .4 0 (1.04-1.89)) and overweight women
(OR = 1 .3 2 (1.06-1.64)), but there was a further
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Table 3

%
43

Odds ratios for risk o f m enstrual p rob lem s (reported by 16 and 33 y) according to a g e of m en arch e
MHd menstrua!problem (16 y)
n (%)

Age of menarche
14“
13
12
9, 10 and 11
■/ trend (df) P

Severe menstrua!problem (16 y)
n (%)

OR (95% Cl)

170/778 (22)
1.00
282/1310 (22)
0.98 (0.79-1.22)
217/934 (23)
1.08 (0.86-1.36)
159/552 (28)
1.45‘’ (1.13-1.86)
8.6 (1) 0.003

A ny menstrua! problem (33 y)

n (%)

OR (95% Ci)

114/722 (16)
209/1237 (17)
159/876 (18)
143/536 (27)
21.6 (1)

1.00
1.08 (0.85-1.39)
1.18(0.91-1.54)
1.94^’ (1.47-2.56)
0.0001

OR (95% Cl)

113/644 (18)
1.00
219/1172(19)
1.08 (0.84-1.39)
159/845 (19)
1.09 (0.83-1.42)
106/538 (20)
1.15 (0.86-1.55)
0.8 (1) 0.4

* Reference category for age of menarche = 14 y.
<0.05.

attenuation o f risk among the obese ( 0 R = 1.75 (1.19 2.57)). This relationship was not accounted for by
differences in age o f menarche (Table 3) or parity,
which were unrelated to menstrual problems.

women at 23 y had a higher risk o f hypertension in
pregnancy (OR = 3.02 (1.96-4.63)), even after taking
account o f BMI at 7 y and social class at birth
(OR = 2.37 (1.35-4.13)).

Hypertension in pregnancy

Achieving a pregnancy within 12 months did not
differ between the four BMI groups at 7 y (Table 5).
However, obese women at 23 y were less likely to
conceive within 12 months (Risk Ratio (RR) = 0.70,
(95% Cl 0.56-0.87). The low conception risk for
women who were obese at 23 y remained significant
after adjustment for BMI at 7 y and social class at

Subfertiiity

The relationship between BMI and hypertension in
pregnancy is given in Table 4. It shows significantly
elevated risks for 7 y old girls who were overweight
(OR = 1 .4 6 (1.04-2.05)) or obese (OR = 2.14 (1 .0 8 4.23)) compared to those o f normal weight. This risk
did not persist after adjustment for BMI at 23 y. Obese

Table 4 O d d s ratios for menstrual problems and hypertension in pregnancy according to BMI at 7 and 23 y
BMI at 2 3 y

BMI a t? y
Unadjusted

Menstrual problems
Underweight
Normal®
Overweight
Obese

A dju sted for BMI
a t2 3 y ^

Adjusted for BMI at 2 3 y
arid other confounders^"^

Unadjusted

Adjusted for BM!

Adjusted for BM! at 7 y
and other confounders'^"'^

0.88
1.00
1.00
1.57

0.90
1.00
1.01
1.59

1.34*
1.00
1.34*
2.43***

1.45*
1.00
1.39**
1.97**

1.40*
1.00
1.32*
1.75**

1.22
1.00
1.37
1.78

1.10
1.00
1.40
1.77

0.84
1.00
1.26
3.02***

0.95
1.00
1.10
2.31***

0.95
1.00
1.09
2.37*»*

by 33 y
0.87
1.00
1.05
1.78*

Hypertension in pregnancy by 33 y
Underweight
1.03
Normal*
1.00
Overweight
1.^6*
Obese
2.^4*

* P < 0 .0 5 : •*/»<0.005; ***/'<0.0001.
“reference BMI category.
‘’ adjusted ORs for BMI at 7 and 23 y are derived from the same models, separately for menstrual problems and hypertension in
pregnancy.
* models including adjustments for confounders were the same for BMI at 7 and 23 y (separately for menstrual problems and
hypertension in pregnancy).
‘‘ confounders: menstrual problems (social class at birth, smoking status at 23 y); hypertension in pregnancy (social class at birth).

Table 5 Risk ratios for conceiving within 12 months according to BMI at 7 and 23 y
BMI at 2 3 y

BMI at 7 y

Underweight
Normal*
Overweight
Obese

Unadjusted

A djusted for BM!
at 2 3 Z’

Adjusted for BM! at 2 3 y
and social class at birth^

Unadjusted

A djusted for BM!
a t? ^

A djusted for BM! a t ? y
arid soda! class at birth'^

0.91
1.00
1.00
0.80

0.93
1.00
1.07
0.89

0.92
1.00
1.05
0.85

0.91
1.00
1.03
0.70*»

0.93
1.00
1.02
0.67**

0.88
1.00
1.06
0.69*

*P<0.Q 5', ** /» < 0.005.
“reference BMI category.
‘’"'’ identifies where the same models were used.
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birth (RR = 0.67, 95% Cl 0.52-0.87). Results using
BMI at 33 y were weaker but consistent with those for
23 y. Obese wom en at 23 y were less likely to become
pregnant within 12 months than women o f normal
weight (33.6% o f obese women did not conceive
within 12 months, compared to 18.6% o f those o f
normal weight).

Discussion
There is an extensive literature on the health risks
associated with overweight and obesity. Findings
reported in the present paper suggest that some
adverse effects on w om en ’s reproductive health can
be added to this growing list o f obesity-related pro
blems. Some reproductive risks are well-known,
for example, in relation to hypertension in
p r e g n a n c y , w h i l e others are less so. Before
discussing these results it is necessary to identify
strengths and limitations o f the present investigation.
Most importantly, the study is based on a large,
nationally representative, non-clinical sample, thus
allowing results to be generalised to a wide popula
tion, whereas many previous studies have been based
on clinic samples w hich may yield biased results.
Furthermore, few previous studies have been able to
investigate the effects o f both childhood and adult
hood BMI on reproductive problems since they lack
data on heights and w eights during this critical period.
However, a main concern is with the adequacy o f
self-reported data on reproductive health. Thus men
strual problems, such as dysmenorrhea and amenor
rhea were not differentiated, possibly obscuring
relationships for particular subgroups. Amenorrhea
has been shown to be associated with underweight^*
and one recent study that recorded details o f duration
and severity o f menstrual pain in a twelve-month
diary found increased risks for overweight women.^^
This specific finding relating to menstrual pain sup
ports observations from the present study for non
specific menstrual problems. Evidence is lacking for
other menstrual disorders. Notwithstanding this, the
reporting o f reproductive health outcomes is consid
ered to be good, as indicated by agreement between
self-reports and medical records. For example, Paganini-Hill and Ross"^® reported approximately 90%
agreement between interview and medical records
for several menstrual and reproductive variables and
for height and weight. A ge o f menarche has also been
shown to be recalled accurately,"^' and the validity and
reliability o f measuring time-to-pregnancy by means
o f a questionnaire was found to be reasonably
good.^°'"^^ Joffe^' reported high agreement between
questionnaire and self-com pleted data on time-topregnancy even after recall periods o f greater than
14y, especially among women who had had a live
birth. Hence, there is evidence that reporting o f the

reproductive outcomes used here is fairly reliable.
Further credence to data quality is demonstrated by
the well-known relationship between obesity and
hypertension in pregnancy.*'"'"^’ Our study showed a
tw ofold increase in risk for hypertension in pregnancy
in obese women at 23 y compared to those of normal
weight. The 1958 British birth cohort study has a
further advantage with detailed infonnation on rele
vant confounding factors such as social class at each
age, smoking and age o f menarche. Some deficiencies
remain, notably in respect o f a lack o f data for timing
o f reproductive health problems; for male partners
characteristics and for last contraceptive method.
Nonetheless, the present investigation shows men
strual problems to be associated with both current and
prior obesity: girls who were obese at 7 y or women
who were obese at 23 y had increased odds ratio of
1.59 and 1.75 respectively, o f menstrual problems in
adult life. The elevated risks o f menstrual problems
associated with adult obesity were in part related to
risks acquired in childhood, as demonstrated by a
reduced odds ratio for obese women at 23 y, after
controlling for BMI at 7 y. However, risk o f menstrual
problems was increased for obese 23 y old women
independent o f their BMI in childhood, indicated by
an adjusted odds ratio o f 1.97. Confounding factors
(namely social class at birth and smoking status at
23 y) did not affect the risk associated with childhood
obesity but attenuated slightly that associated with
adult obesity. In contrast, risks for underweight and
overweight women were mainly due to their adult
BMI.
Menstrual problems have a high prevalence and
although they are not generally associated with ser
ious or life-threatening disease, are a source of con
siderable discomfort to wom en and account for work
or school absences. For example, menorrhagia is one
o f the most common conditions referred to specialist
outpatient clinics, accounting for 18 out o f 10000 o f
all gynaecological referrals. ^ Among women in the
1958 birth cohort 14% reported that by 33 y, they had
menstrual problems within the past year for which the
majority (10%) consulted their doctor. In the same
w om en by 16y, 19% reported mild, and 15% severe
menstrual problems.
The J-shaped relationship found between body
mass index at 23 y and menstrual problems was
consistent with other studies."'’^ Further support for
the relationship between obesity and menstrual pro
blem s is available in the cohort study. That is, similar
associations were evident for subfertility, with obese
wom en at 23 y less likely to conceive within 12
months compared to those o f normal weight. Consis
tent with this was a suggestion o f a risk o f menstrual
problems among overweight and obese at 16 y,
although as reported these were not statistically sig
nificant. However, underweight females may only just
have reached menarche whereas heavier girls with an
earlier age o f menarche have had a longer exposure
time in which to experience menstrual problems. For
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women within this cohort the relationship between
age of menarche and subsequent menstrual problems
appears to be short-lived: strong relationships evident
at 16y did not extend to 3 3 y. Previous findings
suggest that dysmenorrhea occurs more often during
the teenage years after menarche than in wom en in
their twenties and that early menarche was associated
with more severe dysmenorrhea,^" However, these
studies have been lim ited to a much shorter follow up period and relationships over a longer period are
not well-documented. It has also been shown that oral
contraceptive users have a lower prevalence o f dys
menorrhea than users o f other methods o f contra
ception.
The present investigation also suggests that child
hood obesity may have consequences for subsequent
menstrual problems although this appears to be partly
mediated through an association with BMI in adult
hood. Others have proposed that childhood obesity
may be related to menstrual disorders,^ although
Combes et a f found juvenile-onset obesity less
likely to be associated with later menstrual disorder
when compared to pubertal or adult-onset obesity.
Hartz et a f hypothesise that weight fluctuation
causes menstrual abnormalities associated with more
frequent dieting by obese wom en in order to lose
weight, or alternatively, that both obesity and m en
strual disorders can be attributed to a hormonal
imbalance. The literature on obesity, insulin resistance
and polycystic ovary syndrome (PCOS) suggests a
pathway linking childhood obesity with adult m en
strual disorders, in that obesity and associated insulin
resistance may increase the risk o f P C O S . ' I n turn,
PCOS could manifest as menstiual symptoms in
adulthood. PCOS is common in young women'''^ and
may underlie the high prevalence o f menstrual sym p
toms found by 33 y. Amenorrhoea has also been
demonstrated in underweight women,^'"'*^ suggesting
that body fat has a regulatory role in reproduction.
Reid and Van V ugts’"' review provided evidence that
underweight wom en may suffer from endocrine
abnormalities w hich in turn leads to menstrual
abnormalities and thus subsequent infertility. They
found that most obese wom en remain fertile suggest
ing that obesity p e r se is not the sole explanation for
menstrual disorders and infertility. Current evidence
appears to suggest a more com plex endocrinological
mechanism.
Previous studies have suggested that obesity may
increase the risk o f subfertiiity,"^^ although conflicting
evidence also e x i s t s . I t is notable therefore that
women who were obese at 23 y in this general
population sample were less likely to conceive
within 12 months compared to those o f normal
weight. The majority o f women had had their first
child in their early twenties so that the use o f BMI at
23 y provides a good proxy measure o f adiposity at
around the time o f their pregnancy. Thus, obesity in
early adulthood may be a risk factor for subfertility.
Some o f the inconsistencies in the literature arise

from the measurement and analysis o f body mass.
There is much debate concerning the most suitable
proxy for body fat."*^ Quetelet’s body mass index
(BMI) (weight (kg)/height^(m^)) tends to misclassify
subjects in the most extreme height groups (with very
short and tall people more often incorrectly classified
as obese)"'^ and it is a less reliable proxy for body fat
in puberty than in infancy and adulthood."'^ It is wellknown that a growlh spurt occurs just prior to
menarche with taller and heavier children having an
earlier menarche. This may distort weight-for-height
measurement around puberty. Thus, it was preferable
to use heights and weights at 7 y in the analyses, rather
than at other ages. Three analytical strategies were
used here, producing consistent results and thereby
emphasising the reliability o f the findings. However,
some studies suggest that the distribution o f body fat
in women may have more impact on menstrual
abnormalities" and fertility^ than obesity, but such
data were not available in the cohort study.

Conclusions
Obesity in early adulthood may increase the risk o f
menstrual problems, hypertension in pregnancy and
subfertility. Childhood obesity may also carry adverse
consequences for menstrual problems but this appears
to be partly mediated through its association with
adult BMI. Hence, these reproductive health problems
are likely to increase with the current trends o f
increasing fatness in the general population.
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s
(falling). T his process occurs in diverse condi
tions, som e physiological, such as in embryonic
developm ent and involutional processes; and
others pathological, as in im m u n e mediated
cell killing, and ischaem ic injury. In their
review article Nicholas D A'lasarakis aiui
colleagues (see p F I 65) highlight the broad
spectrum o f neurological disorders where
apoptosis is a feature, inclu d in g hypo.x’icischaem ic brain injury in the new born. T he
im portance o f learning more about this form of
cell death is that if effective aniiapoptotic
strategies were available they w ould be poten
tially applicable to a w ide range o f disorders.
If, as we have seen , fetal nutrition influences
health in adulthood it is reasonable to ask to
what extent aging, in this co n tex t biological
sen escen ce, occu rs in the placenta. This
subject is reviewed by Jlarold Jux (see pF171)
w ho indicates that, far from sen escen ce, the
term placenta show s con tin u in g D N A synthe
sis, and persisting villous growth and expansion
o f villous surface area. H e refutes the widely
held n otion that, co m e 4 0 w eeks’ gestation, the
placenta goes in to a decline, both functionally
and anatorhically. In d eed , he draws attention to
fetal m acrosom ia in prolonged pregnancy. H e
argues that the classical clinical syndrom e o f

'postm aturity’ (n ow u n co m m o n ) is related to
oligohydram nios, for which the placenta
should not take the blam e as there is no
evidence that in late pregnancy it has a role in
the production o f am n iotic fluid, or in the c o n 
trol o f its volum e.
In conclusion, high quality ep id em iological
research during the next dccade'w ill present us
with many intriguing discoveries ab ou t the
influence o f fetal and early ch ild h ood exper
ience on diseases in adult life. We n eed also to
tease out sim ilarities o f biological m echanism s
o f disease processes in the you n g and the
elderly. T reatm ent strategics aim ed at m an ip u 
lating biological p rocesses may b e com m on to
both. Stroke in the elderly and hypoxicischaem ic brain dam age in the new b orn is but
one example. We should also acknow ledge the
notion that ‘d ep en d en cy ’ provokes sim ilar p sy
chosocial problem s at the two extrem es o f life
including n eglect and abuse. T h e basic scicitcc
that governs the state o f d ep en d en cy o f the very
young and the elderly has sim ilarities that
might be exp loited to provide im proved
preventive and m anagem ent strategies for
both, even though there will be differences in
detail.
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A b s tra c t
O b jectives—To assess re la tio n s betw een
th e adipositx’ o f c h ild re n a n d th e ir p aren ts
a n d to e sta b lish w h e th e r trac k in g of
a d ip o sity fro m ch ild h o o d to adulthood
v a rie s a c c o rd in g to the p a re n ta l body
m a s s in d ex (B M I).
M e th o d s —L o n g itu d in a l d a ta fro m the 195S
B ritish b ir th c o h o rt stu d y w ere used (6540
m e n a n d 6207 w om en). T h e h eig h t and
w eight o f th e stu d y subjects w ere m easured
a t 7 ,1 1 ,1 6 ,2 3 (se lf re p o rte d ), a n d 33 years.
P a re n ta l h e ig h t a n d w eight w ere self
re p o rte d w hen th e ir c h ild ren w ere 11 years
old. T h e c h ild re n w ere classified into six
p a re n ta l BM I (w eight/height') groups.
R e s u lts —A t e a c h age o f follow up the
m e a n B M I o f th e ch ild re n in c re a se d as the
p a re n ta l B M I in c re a se d . H ig h e r risks of
a d u lt (33 y e a r) obesitj' w ere evident
a m o n g c h ild re n w ith overw eight or obese
p a re n ts : th e o d d s fo r sons a n d dau g h ters
w ith two obese p a re n ts (c o m p are d with
th o se w ith b o th p a re n ts o f n o rm a l BMI)

w ere 8.4 a n d 6.8, respectively. T h e c h il
d re n o f two o bese p a re n ts also show ed th e
stro n g e st ch ild to a d u lt tra c k in g o f B M I as
in d ica te d by th e c o rre la tio n betw een ages
7 an d 33 ( r = 0.46, 0.54, sons a n d
d a u g h te rs, resp ectiv ely ).
C onclusions—T h e ch ild re n o f obese a n d
overw eight p a r e n ts have a n in c re a s e d ris k
o f obcsit)". S u b je c ts w ith tw o obese p a re n ts
a re fa tte r in c h ild h o o d a n d also show a
stro n g e r p a tte r n o f tra c k in g fro m c h ild 
hood to a d u lth o o d . As th e p rev a le n c e o f
p a re n ta l ob esity in c re a se s in th e g en era l
p o p u la tio n th e e x te n t o f ch ild to a d u lt
trac k in g o f B M I is likely to stre n g th e n .
{Arch Dis Child 1997;77:376-381)
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Obesity is a common nutritional disorder
and is an im portant risk factor for several
chronic diseases.' *Thus factors influencing the
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d evelop m en t o f obcsit}’ have been sought with
the aim o f identifying appropriate prevention
strategics. A m on g factors linked to obesity in
ch ild h ood and adolescence arc parental
o b esity /'" poor paternal education," parental
n eg lect," poor quality housing,"' learning diOiculties,'"
minorit)'
cthnicit}',^ "
fewer
siblings,"
excessive television v i e w i n g , a
high protein intake in infancy,^' and short sleep
duration."' Parental obesity has been identified
as a predom inant risk factor, with childhood
fatness increasing linearly with an increasing
level o f parental fatness.’ ■*® Children with two
obese parents have higher risks o f obesity than
those w ith one or neither parent obese,’ * Som e
studies suggest diflerential effects o f maternal
and paternal obesity," “ but this is not a
con sisten t finding.’ ’ " " Parent-child adiposity
correlations also appear to increase with the age
o f the ch ild .’
M o st studies o f parental obesity have been
cross section al, however, in that childhood data
are available for only one age. C onsequently, it
is n o t know n w hether parental obcsit}’ affects
the child-adult adiposity trajectory o f their off
spring. P ublished data on the tracking o f
adiposity from childhood to adulthood, al
though extensive, does not address this issue,
b ut it d oes show a m oderate relation betw een
early and adult life.’' ” T h e purpose o f this
study w as to assess relations betw een the
ad ip osity o f children and their parents and to
establish w hether the tracking o f adiposity from
ch ild h o o d to adulthood varies according to
parental obesity status. We used data from the
1958 British birth cohort study, a longitudinal
sam ple for w hich we have previously reported
ch ild -ad u lt associations for body m ass index
(B M I) and h eigh t.”

S u b je c ts a n d m e th o d s
S .\.M P L E

T h e 1 9 5 8 British birth cohort study includes
all children born in Scotland, Wales, and E ng
land b etw een 3 and 9 M arch 1 9 5 8 .’" From a
target p op u lation o f 17 7 3 3 births, inform ation
was ob tain ed on 98% . M ajor follow ups o f sur

viving children were con d u cted at the ages of 7 ,
1 1 , 16, 23, and 33 years." Im m igrants to Brit
ain born during the sam e w eek in 1958 were
incorporated into the survey at ages 7, 11, and
16. Sam ple attrition has occu rred , but despite
this die repiescntativencss o f I'ne study has
been maintained, in general, through to the age
o f 33 years, when 11 4 0 7 subjects (69% o f the
target population) provided
information.
There is som e ev id en ce to su ggest a slight
under representation o f ‘disadvantaged’ sub
jects." Inform ation at ages 23 and 33 years was
obtained through an interview w ith the study
subjects. Previous sw eeps collected data from
several sources, in clu d in g parents and schools
(teachers and d o cto rs), as w ell as from the
individual subjects.
MK.VSÜRES

T h e heights and w eights o f the cohort
mem bers (the offspring) were m easured by
trained medical staff at 7 ,1 1 , and 16 years. T he
subjects were w eigh ed in their underclothes to
the nearest p ou n d , and their h eigh t was m eas
ured to tlie nearest inch. S e lf reports o f height
and weight were o b tain ed at the age o f 23 years
and were checked to d etect co d in g errors."
T h ese self reports are in agreem ent with the
measured heights in a national sam ple o f Brit
ish adults surveyed in 1 9 8 0 .” A t the age o f 33
years, heights were m easured w ith ou t shoes
using a stadiom eter reading to th e nearest cen
timetre, and w eights were m easured in indoor
clothing using Salter portable scales. T h e dates
o f m easurem ent w ere recorded at the ages o f 7,
11 , and 16 years.
T h e heights and w eights o f th e parents were
self reported w hen their children were aged 11
years in 1969. H eigh ts were reported to the
nearest inch; w eights were classified into one of
27 groups ranging from 6 stone 4 pounds (39.9
kg) to 19 stone 10 p ou n d s (1 2 5 .2 kg) in incre
m ents o f 6 pounds (2 .7 kg). For tlie purpose o f
estimating Q u etelet’s B M I (defin ed as weight/
height’), the parents were assigned a weight
equivalent to the m id p oin t o f tlieir weight
group. T h e BM I w as calculated at a single time

Table! Ko (%) and means in the six parental BMI groups
Daughters

Sons
Paremal BM! groups

Ko (%) (n=6S40)

Mean BMI
Father
Mother

One underweight
Both normal
One overweight
Both ovenveight
One obese
Both obese

4SI (7.4)
18-14(23.2)
1807 (27.6)
583 (8.9)
1609 (24.6)
2 1 6 (3 .3 )

21.9
22.9
2-1.5
26.2
26.7
30.4

.
.

19.5
21.6
23.5
25.3
27.0
31.4

Ko (%) (n=6207)

BMI
Mother
Father

486 (7.8)
1781 (28.7)
1723 (27.8)
545 (8.8)
1482 (23.9)
190(5.1)

21.6
22.9
24.4
26.2
26.9
30.4

19.7
21.5
23.6
25.3
26.7
31.3

Tab!-: 3

Parciaa! IL M I j;roiips a n d m :a i; B M I (n u m b e r c f subjects) c f offspring a: f v c ages ( 7 lo 3 3 y ea rs)
P.:r:>iial B M I group

o f offspring

O'Utind:r,oc!g!:; Bah norme!

One c-een-.iigh:

Both (ner.-:etgl:t One obese

Both obese

15.5 (-10-1)
15.3 (-10S)

15.7 (1 5 3 2 )
15.5 (1 4 6 3 )

1 5 .9 (1 5 1 2 )
15.8 (1 4 2 9 )

16.2 (491)
16.2 (461)

16.2 (1 3 2 3 ) '.
16.2 (1 2 1 0 )

1 7 .0 (1 8 1 )
17 .0 (1 5 0 )

16.4 (42S )
15.6 (443)

16.7 (1 6 5 0 )
1 7 .0 ( 1 6 1 3 )

17.2 (1 6 2 5 )
17.6 (1 5 6 3 )

17.9 (529)
I S .l (499)

17.9 (1 4 4 7 )
18.4 (1 3 3 6 )

18 .6 (1 6 8 )
19.7 (167)

19.2 (5 3 6 )
20.0 (5 3 0 )

19.6 (1 5 0 6 )
20.3 (1 2 5 7 )

2 0 .2 (1242)
2 1 .0 ( 1 2 1 !)

2 0 .6 (416)
2 1 .5 (3 5 9 ;

2 0 .9 (1 0 6 5 )
2 1 .8 (1 0 1 9 )

22.4 (146)
23.8 (127)

22.2 (345)
21.1 (5S 3)

22 .2 (1 3 6 0 )
2 1 .3 ( 1 4 0 1 )

2 3 .0 (1360)
2 2 .0 (1353)

2 3 .5 (44 7 )
2 2 .6 (42 1 )

2 3 .9 (1 1 7 9 )
2 2 .9 (1 1 4 7 )

25 .3 (155)
2 5 .0 (1 5 1 )

24.2 (3 1 5 )
23.2 (349)

24 .6 (1 2 7 4 )
23.5 (1 2 8 0 )

2 5 .6 (1167)
2 4 .4 (1240)

2 5 .4 (40 6 )
2 5 .6 (57 9 )

2 6 .5 (1 0 2 3 )
2 5 .8 (1 0 4 2 )

28.5 (140)
2 8 .3 (137)

I yc-irs

Sons
D .vjgh:crs
I I years
S ons

DiV-ishcirs
16 years
Son.s
D au g h te rs
23 years
Sons
D au g h te rs
33 years
S ons
D au g h te rs

for ihe parenis (liiai is, w hen ihcir children
were aged 11 years) and ac each o f ihc five ages
o f follow up for the children. Parental B M I was
first classified as undci-wcight, norm al, over
w eight, or ob ese, as defined by the 8 5 th centile
(see table ] for cut offs). T h is particular cut o ff
corresponds to the cen tile used to d efin e o b es
ity in the U S ' V although the definition is
arbitrary and other centiles have b een
suggested.*' T h e 85th cen tile ensured adequate
sam ple sizes in the ob ese groups. Six parental
obesity groups were then con stru cted (the
abbreviated nam es o f th ese groups are given in
quotes and these are u sed throughout this
paper). T h ese are ordered in increasing paren
tal fatness based on the com b in ation o f the
m oth er’s and father’s m ean B M I (see table 2
for m eans): (a) 'one und erw eigh t’— o n e parent
underw eight, one n ot ob ese (that is, u n d er
w eight, norm al, or overweight); (b ) ‘both
n orm al’— b oth parents o f norm al B M I; (c)
‘one overw eight’— one parent overw eight, o n e
o f norm al B M I; (d) ‘both overw eight’— both
parents overweight; (e) ‘one o b ese’— one par
ent ob ese, on e n ot ob ese (that is, underw eight,
norm al, or overweight); and (f) ‘both o b e se ’—
both parents obese.
S T A TISTJC .A L M E T H O D S

T h e relation betw een the B M I o f th e parents
and their offspring w as assessed u sin g partial
correlation coefficients, adjusted for m easu re
m ent date in ch ild h ood , at ages 7, 1 1, 16, 2 3 ,
and 33 years. To investigate the tracking o f adiposit}' from child to adult life, in relation to
parental obesit>’ status, partial correlation c o e f
ficients were then calculated b etw een the
child’s B M I at ages 7 and 33 years (adjusted for
m easurem ent date at age 7 years) separately
for each o f the six parental obesity groups.
Table 4

To reduce the sk ew n ess o f the B M I distribu
tions, correlations were also calculated using
log.(BA II) and -l/B iM I . Trivial differences
( - 0 .0 6
to 0 .0 3 )
were found
between
correlations u sin g transform ed and not
transform ed B M Is, so only the latter arc
presented. D ifferen ces in the correlation coeffi
cients (ages 7 and 3 3 years) b etw een parental
obesity groups w ere tested u sin g Fisher’s
transformation.^’
R e s u lts
Table 1 show s that approxim ately 50% o f par
ents had BM Is in the norm al range and, as
predeterm ined by the definition o f parental
obesity, approxim ately 15% w ere ob ese. About
3% o f the children had tw o o b ese parents, 9%
had tw o w ho were overw eight, and over a quar
ter had two parents o f norm al B M I (table 2 ). In
general, the m ean B M Is w ere similar for
children with eith er an underw eight, over
w eight, or obese m oth er or father, so these arc
com bined and reported as the on e under
w eight, one overw eight, or o n e ob ese parent
groups, respectively.
Table 3 show s that, in general, the mean
B M I o f the children increases as the degree o f
parental fatness increases. T h is is consistent for
sons and daughters at each age from 7 to 33
years. T h e largest difference b etw een adjacent
groups in m ean B M I was for th ose with both
parents obese com p ared w ith th ose with one
ob ese (range 0 .8 to 2 .5 k g/m ’). T h e smallest
difference was fo u n d betw een children with
one underw eight parent com pared with both
w ith norm al B M I (range 0 .2 to 0.4 kg/m’).
D ifferences in m ean B M I increased with
increasing age o f th e child— for exam ple, 7 year
old daughters w ith tw o o b ese parents had a
m ean B M I 9.7% greater than those with two

Odds ratios of cbesity in offspring at age 33 years for parental B M I groups

Daughters

Sons

Purenta! BM! groups

Odds ratio

95%Confidence
interva!

Odds ratio

95%Confidence
interva!

O n e up.derwcighc
B oth n o rm a l’
O n e o verw iight
B oth overw eight
O n e obese
Both o b is e

1.29

0.77 to 2.17

0.95

0.63 to 1.44

1

1

1.99
3.41
3.43
8.42

Baseline g ro u p : tw o n orm al B M I p aren ts.

1.45
2.36
2.53
5.47

to
to
to
to

2.73
4.93
4.64
13.00

1.47
2.65
2.93
6.75

1.14
1.95
2.35
4.57

to 1.83
to 3.62
to 3.78
to 9.96

C h tU 10 o duli b o Jv m ass index

379

Jliblc 5 Pariia! B M I corrdaiiaus beiaceu paror.s and
cffsprms at five ages (7 lo 33 years). Adjusted for date of
meastiremeit: of offspring at a^es 7, / / , end 16

Ccrrdjtion (So ofsnbjeen)
/h ':

ofoffspring

7 v ia rs
So.ns
D .iuchccrs
11 yc?.rs
So.-iS
D au g h te rs
16 years
D au g h te rs
23 years
Sons
D au g h te rs
33 years
S ons
D au g h te rs

Father

.Mother

0 .1 5 (5 5 1 3 )
0 .1 5 ( 5 1 7 7 )

0 .1 6 (56 5 8 )
0 .1 5 (5353)

0 .1 8 ( 5 9 6 6 )
0.1 7 (5695)

0 .2 3 (6126)
0 .2 5 (5S9S)

0 .2 0 (-1611)
0 .2 0 (-1350)

0 .2 2 (4727)
0 .2 3 (4512)

0.21 (4924)
0.1 7 (4 9 -1 3 )

0 .2 4 (5030)
0 .2 5 (5087)

0 .2 0 (4103)
0 .1 5 (4491)

0.21 (4496)
0.2-1 (46-14)

'fable 6 rnrtia! correlations beinecii ages 7 and 33 for
parental BMI groitps. Adjustedfor date ofiitcasureincnt of
offspring at age 7years
Correlation (So ofstibjeeis) teifeeen
age 7aid 33years
Parcma!

BMI groups

O n e u n derw eight
B o th n o rm a l
O n e overw eight
B o th o v e n w ig h t
O n e obese
B o th obese

Sons
0 .1 9
0 .2 5
0 .3 3
0 .3 7
0 .2 9
0 .4 6

Daughters
(263)
(1075)
(999)
(350)
(858)
(125)

0 .3 S (297)
0 .3 2 (10 6 2 )
0 .3 4 (1045)
0 .2 9 (322)
0 .2 9 (565)
0 .5 4 ( 1 1 4 )

norm al B M I parents and this diflcrence
increased to 20.4% at the age o f 3 3 years. T o
som e extent the m ean B M Is underplay large
difterences in the risk o f adult obesity at the age
o f 33 years for th o se w ith ob ese or overweight
parents. T h e odds ratios for m en and w om en
w ith two obese parents (relative to those w ith
norm al B M I parents) were 8 .4 (95% con fi
d en ce interval 5 .5 to 13.0) and 6 . 8 (4 .6 to
1 0 .0 ), respectively (table 4 ).
Table 5 show s further the association
betw een parental B M I and that o f their
children. T h is sh ow s weak correlations, rang
ing from 0 .1 5 to 0 .2 5 at the different ages o f the
children. From the age o f 11 years onw ards, the
d aughters’ B.MI was m ore strongly correlated
w ith the B M I o f their m other than with their
father. A similar, but weaker, pattern was
evident for the sons. C orrelations with m o th 
ers’ B M I was sim ilar for sons and daughters at
all ages, but the father-son correlations in
adulthood were significantly stronger than
th ose for father-daughter (p < 0 .0 5 ).
Table 6 show s the exten t o f tracking betw een
ch ild h ood and ad u lth ood for the children
according to parental B M I. It presents correla
tions o f offspring B M I betw een the ages o f 7
and 33 years for each o f the six parental B M I
groups. In general, daughters have slightly
stronger B M I correlations than sons. L on g
term associations, d en o ted by the 7 to 33 year
correlation, tend to be m oderate and similar for
th ose w ith both parents with norm al B M I
(0 .2 5 for son s, 0 .3 2 for daughters). C hild to
adult correlations are strongest for both son s
and daughters w ith tw o o b ese parents (0 .4 6 for
son s, 0 .5 4 for daughters) and differ signifi-

_ cantly from the group with tw o norm al B.MI
parents.
D is c u s s io n
M o st investigations o f the tracking o f B.MI
from childhood to adulthood report only weak
to m oderate associations.''
T h is is apparent
from the literature review o f Serdula ct al.’' In
agreem ent with this, we reported elsewhere for
this large nationally representative birth cohort
sam ple that associations b etw een child and
adult B M I were only m oderate (r = 0.3 3 for
m en and r = 0 .3 7 for w o m e n ) . T h u s it is no
surprise that in the present analyses child to
adult B M I correlations are lo w to m oderate for
the 28% o f subjects w hose parents arc both
w ithin the norm al BM I category (correlation
coefficients b etw een ages 7 and 33 years, r =
0 .2 5 , 0 .3 2 , so n s and daughters, respectively).
For the sm aller percentage (3% ) with both
parents o b ese, how ever, the associations b e
tween child and adult B.MI w ere considerably
stronger (r = 0 .4 6 , 0 .5 4 , so n s and daughters,
respectively). T h is suggests that, com pared
with those with parents in th e other parental
obesity groups, the prediction o f adult B M I
from that in ch ild h ood is m u ch better for chil
dren with two ob ese parents and that the
stronger tracking o f B M I over the life course
indicates less variable B M Is a m o n g these chil
dren. T h u s w e w ould e x p ect the fattest
children to be m ore likely to stay in the upper
B M I centiles throughout life (indicated by the
stronger correlation betw een B M I at 7 and 33
years). Subjects w ith one o b ese parent resem 
bled those w ith tw o parents w ith norm al BM I
show ing a weaker child to ad u lt B M I relation,
although at each age their m ean B M I was
interm ediate b etw een those w ith two normal
B M I parents and those w ith tw o o b ese parents.
It is, o f cou rse, well know n that parental
adiposity is related to that o f their offspring,^'”
but the exten t to w hich parental obesity
influences the B.MI trajectory o f their children
d oes n o t appear to have b een d o cu m en ted pre
viously.
T h e stronger B M I child to ad u lt correlation
observed here for the group w ith ob ese parents
has im portant im plications. W h en the preva
len ce o f parental obesity is relatively low, as in
the present study, the overall trend is d om i
nated by the m oderate correlations o f the nor
mal B M I groups. U n d er th ese circum stances
the identification and prevention o f childhood
fatness m ay n o t b e seen as an im portant strat
egy for the prevention o f ad u lt obesity. W hen
the prevalence o f obesity am on g parents
increases, how ever, as is n ow h ap p en in g in sev
eral d eveloped c o u n t r i e s , t h e n the pattern
o f tracking from childhood to ad u lth ood will be
m ore in flu en ced by the stronger child-adult
relations show n here for those w ith ob ese par
ents. U sin g a standard d efin ition for parents
and their offspring at the age o f 33 years, it is
estim ated that the prevalence o f two obese par
ents in the 1 958 coh ort has d o u b led from 1969
to 1991 ( 3 . 2 to 6.0% ). T h u s th e child to adult
tracking o f B M I is likely to stren gth en in the
n ext generation— that is, a m o n g the offspring
o f 1958 birth co h o rt m em bers.

%
Only one ocher scudy was found ihai
provided inforniacion on the tracking o f the
ch ild ’s BM I in relation to parental fatness with
w hich the present study can be compared,
C harney et a! showed that o f the fattest 25% o f
infants (based on their w eight status at 6
m onths), 51%, were still o\erw eight at the age
o f 2 0 years for those with at least one
overweight parent, compared with 2 0 % for
those with neither parent ovei-wcight/' If we
compared a group o f children consisting of
those with at least one obese parent with those
w ith no obese parent (that is, both with normal
B M I) in the current study, we w ould still show
stronger tracking in the former group, which is
consistent with the results o f Charney ci al.''
There is extensive evidence showing a
parent-child relation for BM I at a particular age
in c h i l d h o o d . ' S t u n k a r d ci al found ap
proximately linear relations with the BMI o f
adult adoptees and tlte BM I o f biological
parents, but not the adoptive parents, which
they attribute to a strong genetic influence.* In
the present investigation the m ean BMI of the
children increased linearly with the number o f
ob ese parents: 7 year old boys with parents
w ithin the normal BMI range had a mean BM I
o f 15.7, increasing to 16.2 for those with one
obese parent and to 17.0 for those with two
obese parents. T h is trend strengthened slightly
w idi increasing age. Focusing on adult obesity
at the age o f 33 years, the population attribut
able risks associated widi having one obese par
ent were 37% and 32% for m en and women,
respectively, whereas the attributable risks asso
ciated with the small percentage (3%) with both
parents obese were 20% and 15% (sons and
daughters, respectively). For obesity among the
offspring therefore, there appears to be a
substantial risk associated with parental BMI.
T h ese risks are obscured to som e extent
w hen the overall relation betw een parent and
child BM I is examined: in the 195S birth
cohort 2 - 6 % o f the variability in the children’s
B M I is explained by the parental B M I. Corre
lations reported here between child and paren
tal B M I were weak (r = 0 .1 5 -0 .2 5 ), as has been
show n previously.'
■** M other-child corre
lations were slightly stronger than father-child
correlations. T his greater influence o f maternal
adiposity is consistent with som e studies,''"’
but not a ll.'" " ' In the present study the
stronger maternal correlations may be due to
the poorer quality o f the father’s height and
w eight data. T h e adequacy o f the self reported
parental height and weight data is a limitation
in this investigation. S elf reported data tends to
underestimate B M I and h en ce obesity as
height tends to be overestimated and weight
underestim ated.'' T h u s a data validation check
was undertaken for the m others for whom
measured and self reported heights were avail
able in 1958 and 1969: the correlation was
weaker than expected (r = 0 ,7 9 ) with an asso
ciated measurem ent error o f 3 cm . Reported
parental weights are likely to b e less precise,
partly because they were recorded in categories
with the exact weight unknown. It is unlikely,
however, that the relation described here will
be aftected bv an underestim ation o f the abso

lute value o f the BM I because the ob ese g: oup
was defined using a population specific relative
value, nam ely the 85th B.MI centile. T h e lim i
tations of the self reported data do not appear
to have had a major effect on the relations that
are o f interest because, as m en tion ed earlier,
the parent-child correlations arc consistent
with other stu d ies based on m easured heights
and weights."
In con clu sion , the children o f ob ese parents
are at increased risk o f obesity throughout
childhood and early adult life, particularly if
both parents are obese. Tracking o f BM I from
the age o f 7 to 33 years am ong the children
with two ob ese parents was m uch stronger than
for those with two parents o f norm al B M I,
suggesting that the B M Is o f this group are less
variable with increasing age. At present, this
stronger tracking pattern is not predom inant,
at least within this British population, therefore
the prevention o f adult obesity is n ot strongly
influenced by the prevention o f childhood
fatness.'" As the prevalence o f obesity increases
am ong adults, their ofispring arc likely to be
affected by the stronger child-adult relations
shown here. In this instance, in which the
prevalence o f obesity is relatively high, the pre
vention o f adult obesity m ay be m ore depend
ent on the identification and prevention o f fat
ness in childhood.
T h e study was f u n d e d by th e M ed ical R esearch C o u n cil. C. P is
su p p o rted by th e C a n a d ia n In stitu te for A d vanced R esearch as
a W eston Fellow.
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A b stra c t
O bjective—To exam ine th e association
betAveen b irth w eight and body fa t d is tri
b u tio n in a group o f adolescent girls.
D esign—A total o f 216 white girls who were
b o rn in S outh am p to n had th e ir heights,
w eights, w aist and hip circum ferences, an d
skinfold thicknesses m easu red w hen they
w ere aged bcDveen 14 and 16 years.
R e s id ts —T he girls who w ere sm allest at
b irth , b u t who w ere fattest a t tim e of
m e a su re m e n t were the m o st cen trally
obese. In girls w hose body m ass index was
above th e m ed ian (21 kg/m ‘), th e s u b 
s c a p u la r to tricep s skinfold ra tio rose by
9% fo r every kilogram d ecrease in b irth
w eight. A m ong overweight girls, w ith a
body m ass index over 25, th e ra tio rose by
27% fo r every kilogram d ecrease in b irth
w eight.
C onclusion—In adolescent g irls, the te n 
dency to store fat on the tru n k ra th e r th a n
th e lim b s, seem s to be p ro g ra m m e d by
grow th in fetal life, and is m o st evident in
those who are overweight.
{A rch D is C liilJ I 9 9 7 ;7 7 :3 S l- 3 - S 3 )
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L ow w eight at birth is associated with the
developm ent
of
non-insulin
dependent
diabetes and the insulin resistance syndrome in
adult life.' Central obesity is a com ponent o f
this syndrom e. T h is is one o f the observations
that has led to the hypothesis that non-insulin
dependent diabetes and cardiovascular disease
are ‘program m ed’ by events in fetal life that
lead to persisting changes in the body’s
structure and m etabolic function.
A num ber o f studies suggest that low birth
w eight is associated with a central pattern o f
fat distribution. Increased central fat deposi
tion, indicated by a high ratio o f subscapular to
triceps skinfolds has been found in 7 -1 2 year
old children in the U SA w ho were born sm all,’
and also in young adult M exican-A m ericans.’
H igher waist circumference^ and higher waist
to hip ratio' ‘ have both been associated with
low birth w eight in adults. T h ese findings sug
gest that im paired fetal growth leads to
increased d ep osition o f fat on the trunk in
adult life. A recent case-control study o f ado
lescents in the U K produced findings in con 
sistent w ith this hypothesis.^ T here were no
differences in the body fat distribution o f low
birthw eight adolescent girls and boys and nor
mal birthweight adolescent controls." Difi'crences in study design m ake it difficult to

Body mass index and height from childhood to adulthood
in the 1958 British birth cohort^'^
Chris Power, Julie K Lake, and Tim J Cole
ABSTRACT
Tlie piiqiose of this study was to assess relations
among height, weight, and body mass index (B.MI) at different
ages from childhood to adulthood, and to examine long-term
relations among timing of pubeny, height, and BMI. Longitudinal
data from tlie 1958 British birth cohort (all cliiklren born between
March 3rd and 9th, 1958) were used. Heiglu and weight were
measured at ages 7, 11, 16, 23 (self-reported), and 33 y; pubertal
status was assessed at ages 11 and 16 y. Data for 5700 females and
5512 males were analyzed. Adult height was well predicted from
childhood, with strong conelations (r = 0.7 for both se.xes) be
tween height at ages 7 and 33 y. Correlations for B.MI were
weaker, especially between childhood and early adulthood (r =
0.33 for males and 0.37 for females, ages 7 and 33 y), although
they increased with increasing age. Although the fattest children
had the highest risks of adult obesity, most obese adults had not
been fat at earlier ages: only 17% and 18% of obese 33-y-oId men
and women, respectively, had been fat at age 7 y. A strong and
evenly graded association was found between timing of puberty
and BMI, with higher mean BMIs for the earlier maturers at ages
7-33 y. The moderate prediction of adult B.MI in this large and
unselectcd sample suggests that although the prevention of child
hood fatness may be desirable, most obese adults could not be
identified from their childhood B.MI, and hence, preventive strat
egies need to be population-based.
Am J Clin Nutr
1997;66:1094-101.

mainly because too few studies have been based on large and
unselected population samples.
A predictive effect on mortality has also been observed for
height (22, 23), although the ctiologic significance of this is
more contentious (24). Although studies o f age trends in stature
have been conducted, their primary purpose has been to iden
tify growth-associated disorders (25) rather than to prevent
adult mortality. Hence, height is typically followed over rela
tively short periods during childhood, with few studies tracking
height through to adulthood. Relations between timing of mat
uration and adult anthropometric measures have also been
investigated, early maturation being associated with shorter
adult stature (26, 27) and with higher adult BMI (26-29). But
these observations tend to be based on small, selected samples
with limited information on long-term relations c.xtending back
into childhood. Further clarification o f these relations is there
fore required.
We used longitudinal data from the 1958 British birth cohort
study to investigate relations among height, weight, and BMI at
different ages from childhood to adulthood, specifically to
assess: /) associations between the height of children and
adults, 2 ) the extent to which fat children become obese adults,
and 3) whether obese adults were fat children. We also exam
ined long-term relations between liming of maturation and
height and B M I.using alternative indicators o f stage of
maturation.

KEY WORDS
Body i)\ass index, obesity, height, longitu
dinal studies, children, adults, puberty. United Kingdom
SUB.JECTS AND METHODS
Subjects
INTRODUCTION
In recent years, evidence has emerged from North American
and European countries for a secular trend in body mass index
(BMI) and obesity (1-6) and height (7-9), although not all
studies are consistent in this respect. An increase in the prev
alence o f obesity is a particular concern given that it is an
important risk factor for several chronic diseases (10-16).
Prevention o f obesity is therefore a public health priority (17).
It is from the perspective o f prevention that the relation be
tween childhood and adulthood fatness has been investigated,
with several studies showing a tendency for those who were
fatter in childhood to remain overweight as adults (18-21), the
evidence for which is extensive, with consistent re.sults being
observed. However, the evidence is incomplete on the more
general impact o f fatness in childhood on that in adulthood,
1094

The 1953 British birth cohort study includes all children bom
in Scotland, Wales, and England between the 3rd and 9th of
March 1958 (30). From a target population o f 17 733 births,
information was obtained on 98%. Major follow-ups of sur
viving children were conducted at ages 7, II, 16, 23, and 33 y
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BM I A N D H filG llT FROM CHILDHOOD TO ADULTHOOD
(31). Immigrants to Britain born during the same week in 1958
wcic incorporated into the survey at ages 7, Jl, and 16 y. At
ago 33 y. 11 407 subjects (73% o f the target population)
provided information. Sample attrition has resulted in a slight
underrepresentation of those who arc most disadvantaged, but
the remaining sample is considered to be generally represen
tative of the original sample (31). Information at ages 23 and
33 y was obtained through personal interview with the study
subject. Previous sweeps collected data from several sources,
iiiuiijiiig parvius and .sciiools (teachers and doctors; as well as
from the individuals themselves.
.Measures
Heights and weights were measured by trained medical
personnel at 7, II, and 16 y. Subjects were weighed in their
underclothes to the nearest pound, and height was measured to
the nearest inch. Self reports of height and weight were ob
tained at age 23 y (in 1981). These reports agree with measured
heights in a national sample o f British adults surveyed in 19S0
(32). .At ago 33 y, heights were measured in subjects not
wearing shoes with a stadiometer reading to the noare.st centi
meter. and weights were measured with Salter portable scales
in subjects wearing indoor clothing. Data were checked to
detect coding errors (33). Quctelet’s BMI, defined as weight
(kg)/height (m )\ was calculated at each age. This measure
correlates highly with body fat (34). Percentiles used to define
childhood BMI groups were selected to be comparable, in large
part, with national reference standards based on SD scores (35).
For e.xamplc, the 97.7th percentile is reported here as the 98ih
percentile, although it is calculated as 2 SDs above the mean.
Age-specific values are given in Tabic 1 . Adult BMIs at ages
23 and 33 y were classified as follows: underweight ( < 20.0),
normal weight (20.0-24.9), overweight (25.0-30.0), and obese
(> 30.0). Birth weight was recorded in pounds and ounces by
the midwives in charge of the delivery.
Stage of puberty in both boys and girls was rated by doctors
as follows. For boys aged 11 y, a scale from 1 to 5 (1 =
preadolcscent; 5 = mature) was used to rate the stage o f
genitalia and stage o f pubic hair (36). For boys aged 16 y,
ratings were based on /) broken voice (yes or no). 2 ) pubic hair
(absent, sparse, intermcdia(^for adult), 3) axillary hair (absent,
"i'arse, intermediate, or adult), and 4) facial hair (absent,
sparse, or adult), For girls aged 11 y, a scale from I to 5 (1 =
preadolescent: 5 = mature) was used to rate the breast stage
and stage of pubic hair (36). For girls aged 16 y, ratings were
based on /) age of menarche (9-11, 12, 13, 14, 15. or 16 y), 2)
breast development (absent, intermediate, or adult). 5) pubic
hair (absent, sparse, intermediate, or adult), and 4) axillary hair
lab.sent, sparse, intermediate, or adult).
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Statistical methods
Partial correlation coefficients, adjusted for date of measure
ment, were calculated between height at 33 y and at all earlier
ages, similarly for weight and B.MI. To reduce the skewness of
the weight and B.MI distributions, correlations were also per
formed by using Iog,(weight), log,(BM l) and - 1/B.Ml. Trivial
difterences (-0 .0 3 to 0.04) were found between correlations
using transformed and untransformed variables, so only the
latter are presented. Analyses were repeated using subjects
with complete data at all ages. Results were similar to those
based on subjects with incomplete data. Predictive effects of
each puberty rating listed above were examined in separate
linear-regression analyses of adult height and BMI at age 33 y.
The relation between timing of maturation and height and BMI
is presented only for one pubeily rating at each age. The rating
selected for presentation was that showing the strongest pre
dictive effect in the regression analyses. Childhood and adult
hood BMI categories were cross-classified. Percentages are
presented primarily to show outcome for the fattest children,
and secondarily to show the BMI distribution in childhood for
the dilferent BMI groups at age 33 y. All analyses were
performed by using SAS version 6.09 (SAS Institute Inc,
Cary, NC).

RESULTS
Mean (± SD) heights, weights, and BMIs for subjects from
7 to 33 y, indicating Increasing body size with increasing age,
are shown in Table 2.
Height
Strong correlations between height at 7 and 33 y for both
males and females (r = 0.70) are shown in Table 3. Correla
tions tended to be greater over shorter intervals. Males had
higher correlations than females at age 11 y but lower corre
lations at age 16 y, These sex differences reflect the timing of
the pubertal growth spurt, which occurs later for males (height
is more variable around the pubertal growth spurt; therefore,
correlations are lower). Correlations between ages 23 and 33 y
and between ages 16 and 23 y were lower than expected (r 0.91 for males and 0.92 for females), even for females, who
would have completed their growth by age 16 y. This was due
both to measurement ciTor and self reportin': of height at age
23 y.
There was no significant linear trend between puberty ratings
at age 11 y and adult height for males or females. At age 16 y,
a significant trend of increasing height and maturational stage
cmersed for males, but for females it was the earlier maturers

i'A iti.E 1
C-'uiiiffs for upper B.MI p ercen tiles at a g es 7. i t . 16. and 23 y'
.Males
Age

9 is t

7v
iiy
ir.y

[7 .9 [614]
20 .4 [5751
2 3 .6 (5 1 2 1
26 .9 [5491

•' y

il in brackets.

95th

..

18.7
2 2 .0
25.1
2 8 .3

[3 46]
[3 20]
[2 84]
[3 0 4 ]

F em ales
9Sth
19.9 [161]
2 4 .2 (1 4 6 ]
2 7 .4 (1 32]
3 0 .0 (1 4 4 ]

91st
18.3
21 .5
25 .0
26.4

(534]
[550]
[479]
[544]

95th
19.3
2 3 .0
2 6 .3
2 8 .2

(3 3 2 ]
[3 05]
[2 69]
[3 07]

9Sth
2 0 .8 (1 4 7 ]
2 4 .8 (1 4 1 ]
2 8 .0 (1 2 2 ]
3 0 .7 (1 3 3 ]
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TAIM .K 2
Mean liei'jhl. w eight, and BM I al a ce s 7 - 3 3 y '

•M.ilc.s
7 y (;; = 68 7 4 )
1 1 y (/J = 6381 )
16 V (ii = .6698)
2.1 V (II = 61 3 4 )
33 y (II = 54 3 8 ;
Fem ales
7 y (il = 6 4 22)
11 y (il = 61 IS;
16 y (« = 5 3 4 2 )
23 y (il = 6 1 4 5 )
33 y (il = 5 6 2 5 )

H eigh t

W eight

B.Ml

III

Ag

ks/itr

1.2 3
1.44
1.7 0
1.77
1.77

± 0 .0 6
± 0 .0 7
± 0 ,0 8
± 0 .0 7
± 0 .0 7

24.1
3 6 .0
5 8 .9
7 2 .7
80.1

±
±
±
±
±

3.5
6.9
10.3
10.4
13.5

15.9
17.3
20 .2
23.1
2 5 .6

± 1.6
± 2 .4
± 2.7
± 2.9
± 4 .0

1.22
1.45
1.61
1.62
1.63

± 0 .0 6
± 0 .0 8
± 0 .0 6
± 0 .0 7
± 0 .0 6

23 .7
37 .2
54 .4
58 .2
6 5 .4

±
z
±
±
±

3.9
7.7
8.5
9.2
13.5

15.9
17.6
2 1 .0
22.1
2 4 .6

± 1.9
± 2.7
± 3 .0
± 3 .3
± 4 .9

' .V ± SD. II va lu es for h eiyh t and \v el” lii m ay be slightly larger in som e
ca.ses.

who were shorter at age 33 y (Tabic 4). For e.xamplc, girls with
onset of meiKirche by age 11 y were significantly shorter (1.622
m) than those with onset after age 11 y (1.631 m). After
adjustment for height at the lime of pubertal assessment, all
puberty ratings significantly predicted height at 33 y (P <
0.001), most notably ratings of axillary hair (/' = 481) and
pubic hair (F = 477) at 16 y for males and ratings of breast
development (F ~ 1566), pubic hair (F - 1210), and age at
menarche (F = 195 after adjustment for height at 16 y) at 11 y
for females.
Weight and body m ass index
In general, correlations for weight were not as strong as
those for height (r = 0.46 for males and 0.45 for females
between ages 7 and 33 y) although, again, stronger associations
were observed over the short term similarly for both sexes
(Table 3). Correlations between BMI at different ages were
weaker than for cither weight or height (r = 0.33 for males and
0.37 for females between ages 7 and 33 y) but for BMI,
correlations were slightly stronger for females than for males at
all ages. The corrélations indicate that only 20-30% of the
variability in BMI at age 33 y was explained by BMI at 11 or
16 y.
The relation between BMI at age 33 y and timing o f puberty
is shown in Table 4. BMI increased linearly as age o f matura
tion decreased. For age o f menarche the trend was particularly
strong, with an increase in mean BMI from 22.5 at age > 15 y
to 26.6 at age ^ 11 y. However, the relation between adult
BMI and puberty was partly mediated by associations with
BMI at ages 11 or 16 y. This was because B.MI at ages 11 or
16 y is itself strongly linearly related to puberty stage. The
longer-term association between puberty and BMI is presented
in Figure 1. It is evident that earlier maturation is associated
with a higher mean BMI, with a highly significant relation at
every age from 7 y onward. However, a significant association
between B.MI at 33 y and menarche remained, though substan
tially reduced, after adjustment for adolescent BMI at age 11 y
(F = 16.4) or 16 y (F = 15.8). The relation between maturation
and body size earlier in life was examined by using biilh
weight (Table 5). No consistent trend was found among fe
males, whereas for males those maturing later (with axillary

hair stage "absent" at 16 y) had lower birth weights than other
groups. Thus, the relation with birth weight was weak and
inconsistent for males and females.
BMI oufeome for fat children
To assess whether fat children become obese adults, the data
in Table 6 focus specifically on those above the 91st, 95th. and
98th percentiles at ages 7, 11, 16, and 23 y, giving the per
centage who were subsequently in each B.MI category at age
33 y. In general, the higher the percentile used to define fatness
the higher the chance of being obese al age 33 y. For example,
38% o f 7-y-old female.s above the 91st percentile were obese at
33 y compared with 44% of females who were above the 95th
percentile and 60% of those above the 98th percentile. The
chances o f a fat child becoming an obese adult increased
consistently with age: for example, for the fattest males (above
the 98th percentile) the percentage who were obese at age 33 y
increased from 43% at age 7 y, 54% at age 11 y. and 64% at
age 16 y to 78% at age 23 y.
Previous BMI of obese 33-y olds
To assess whether obese 33-y olds were fat as children, the
data in Table 7 present percentages for BMI groups at age 33 y
who had been within different percentile groups in childhood.
At every age in childhood, most obese 33-y olds had a BMI
below the 91st percentile, ic. most would not have been iden
tified as fat children. For example, *=«75% of obese 33-y olds
were below the 91st percentile at age 7 y and «*90% were
below the 98th percentile. Not surprisingly, this percentage
diminished with increasing age, such that 51% of obese 33-yold men and 49% o f women were below the 91st percentile at
age 23 y. Similar trends were seen for males and females.
On the basis o f adult cutoffs to define BMI groups at ages 23
and 33 y, the prevalence of obesity increased between the two
ages from 2.3% to 10.9% in men and from 3.1% to 12.1% in
women. Only 16% o f obese 33-y-old men had been obese at
23 jf whereas 63% had been overweight and 21% had been of
normal weight (Table 8 ). Similarly, for obese women at age
33 y, only 23% had been obese at 23 y whereas 43% had been
overweight and 33% had been o f normal weight. Thus, more
obese adults were in the normal category at age 23 y than from
the obe.se category.

DISCUSSION
In a review o f tracking and childhood obesity, the paucity of
studies with follow-up beyond the early adult years was iden
tified as a serious limitation of the literature to date (37). Thus,
it is a major strength of the present study that it used nationally
representative data for a large number of subjects followed
through to their third decade of life. The large sample is
especially valuable to locate where most obese adults (ie. those
in the range associated with serious disease) were in childhood.
One o f the most important findings of this investigation was,
therefore, that B.MI is not well predicted from childhood. This
is suggested by moderate correlations between childhood and
adulthood BMI and by the small proportion of obese 33-y olds
identified from childhood. Taking the 95th percentile as an
arbitrary cutoff for childhood, only 17% and 18% o f obese
33-y-old men and women, respectively, would have been iden-
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TAHLE 3
Partial correlation m atrix o f h eigh t, w eig h t; and BM I at ag es 7 - 3 3 y'
M ales
7y

lly

16 y

7~y
II y
16 y
23 y
33 y
W eigh t

1 .0 0 (7 0 3 6 ]

0.8 7 [5 5 2 7 ]
1.0 0 (6 4 9 4 ]

0 .7 6 [4 703]
0 .8 4 (46461
1 .0 0 [5 746]

7 y
lly
16 y
23 y
33 y
BM I

1.00 [7 043]

0 .7 9 [5 5 2 4 ]
1.00 (64.34)

7 y
lly
16 y

1 .0 0 (6 8 7 4 ]

0 ,6 3 (5336J
1.0 0 (6 3 S 1 )

F em ales
23 y

33 y

7 y

11 y

16 y

23 >

3.3 y

0 .8 3 [5264]
1 .0 0 (6 1 9 5 ]

0.74 [4 4 4 5 ]
0.7 2 [4 4 0 5 ]
1.00 [5.382]

0 .7 0 (5 1 2 8 ]
0 .6 5 [4 929]
0.9.3 f-iJ35]

0 .7 0 [4669]
0 .6 6 [4497]
0.9 2 [401.'1]

1.00 [62.30]

0 .9 2 [4931]
1 .0 0 (5 7 0 0 ]

H eight
[5 103]
[4 8 8 6 ]
[4465]
[6226]

0 .7 0
0 .7 2
0.7 7
0.91
1.00

[4548]
[4.347]
(3 927]
[4632]
[5 512]

1.00 [6 5 9 8 ]

0 .6 8 [4 6 9 0 ]
0 .8 2 [4 5 8 8 ]
1.0 0 [5 7 1 9 ]

0.5 4 [5 064]
0 .6 2 [4 798]
0.71 [4 406]
1 .0 0 (6 1 6 5 ]

0 .4 6
0.5 4
0.61
0.7 5
1.00

[4536]
[4307]
(.3901]
[4585]
[5 506]

1 .0 0 (6 6 0 1 ]

0 .7 9 [5264]
1.00 [6166]

0.67 [44.31]
0.75 [4.372]
1.00 [5 3 7 2 ]

0 .5 4
0 .5 9
0.7.3
1.00

[5079]
[4867]
[4398]
[6170]

0 .4 5
0.5 2
0 .6 3
0.7 7
1.00

[4639]
[4449]
[4023]
[4861]
(5672]

0.51 [4 5 6 2 ]
0 .7 5 [45.36]
1 .0 0 (5 6 9 8 ]

0 .3 6
0 .5 2
0 .6 4
1.00

0.3 3
0.4 5
0.5 4
0.6 7
1.00

[4 398]
[4 2 4 2 ]
[3858]
[4519]
(5458]

1 .0 0 (6 4 2 2 ]

0 .6 8 (.5073]
1.0 0 [6 118]

0 .5 6 [4 2 9 1 ]
0.7 2 [4.324]
1.00 [5.342]

0 .4 2
0 .5 5
0.6 7
1.00

[4927]
(4811]
[4356]
[6 145]

0.3 7
0 .4 9
0 .5 7
0 .7 4
1.00

[4477]
[4.381]
[3961]
[4806]
[5625]

23 y
33 y

0 .6 9
0 .7 3
0 .7 8
1.00

[4924]
[4 738]
[4363]
[6 134]

h i in brackets. C orrelations adjusted for date ot'm easurem ent.

tificd from their BMI at age 7 y. The percentage identified
increased with age, but it is notable that only 10 y earlier at age
23 y, a higher proportion of obese 33-y olds had had a BMI in
the normal range than had been obese. Other studies have
reported moderate correlations between childhood and adult-

TABLE 4
H eight and BM I at age 3 3 y accord in g to puberty stage at 11 and 16 y '
H eigh t

BM I

m

ks/in-

M ates
Pubic hair stage (11 y)
1 (preaclolescent)
1.768 ± 0 . 0 6 8 [2 754]
1.7 72 ± 0 .0 6 7 (1 406]
2
,.L 7 7 0 ± 0 .0 7 2 [176]
3 -5 (atlü lesceni)
0.7
P value for trend
A xillary hair stage (1 6 y)
1.762 ± 0 .0 7 0 [424]
1 (prcadole.scent)
1.767 ± 0 . 0 6 6 [1 038]
2
1.7 70 ± 0 .0 6 8 [1 295]
3
1.7 74 ± 0 .0 6 7 (1 1 7 1 ]
4 (adult)
0 .0 0 5
P value for trend
Fem ales
Brea.st rating ( I l y )
1.632 ± 0 .0 6 6 (1 608]
1 (preadolescent)
1.6 3 0 ± 0 .0 6 1 [1 6 4 2 ]
• 2
1.6 29 ± 0 .0 6 2 [956]
3
1.6 2 2 ± 0 .0 6 5 [324]
4 - 5 (adolescen t)
0 .0 8
P value for trend
A ge o f m enarche
1 .6 3 0 ± 0 .0 6 2 [235]
> I5y
1.6 39 ± 0 .0 6 3 [640]
14 y
1.631 ± 0 .0 6 4 (1 162]
13 y
1.6 27 ± 0 .0 6 2 [834]
12y
1:622 ± 0 . 0 6 3 [5 26]
rs 11 y
0.2
P value for trend
' X ± SD ; II in brackets.

25 .5 ± 3 . 9 [2721]
2 5 .6 ± 4 .0 (1 3 9 7 ]
2 6 .9 ± 4 .1 [175]
0.3
2 4 .6
2 5 .2
2 5 .6
26.1

± 3 . 6 [421]
± 4 .1 [1029]
± 3 . 7 [1279]
± 4 .1 [1160]
0 .0 0 3

23 .5
24 .7
25 .5
2 6 .6

± 4 .3 (1584]
± 4 . 8 [1623]
± 5 .1 [937]
± 5 . 7 [319]
0.0 0 3

2 2 .5
2 3 .6
2 4 .2
2 5 .0
2 6 .6

± 3 .7 [232]
± 4 . 0 [631]
± 4 . 3 [1147]
± 5 .0 [822]
± 5 .7 [519]
0 .0 0 2

hood body mass (20, 38), Most relevantly, the correlations
found here are remarkably similar to those from a comparable
British follow-up study (39, 40); however, other studies using
different sampling methods and measures report stronger cor
relations (41-43). Notwithstanding the different methods used,
it is now a consistent finding in the literature that most obese
adults were not fat children (18, 19, 39, 40). Using data from
several published sources, Serdula et al (37) estimated that less
than half o f adult obesity can be attributable to obesity in
childhood. Their estimates of population attributable risk, rang
ing from 8 % to 22%, compare with 7-9% for males and
females in the present study. Part o f the variation in these
estimates is due to different measures and definitions of obe
sity. Setting aside problems of definition of obesity, we esti
mate that less than one-third of the variability in BMI at age
33 y was explained by BMI in childhood.
The second finding of note is that, as reported previously for
this cohort (44) and others (18, 19, 39-41), extremely over
weight children tend to remain overweight. Expressed as a
relative risk, males and females above the 98th percentile at
age 7 y have a risk of adult obe.sity of 4.2 and 5.4. respectively.
These estimates fall within the middle of the range of a 2- to
6.5-fold excess ri.sk for obese children given in a review of the
literature (37), The wide range o f estimates for adult obesity
risk reflects differences in study design, including ages and
time intervals surveyed. A comparison of study findings is
further complicated by differences in the measures o f adiposity
and cutoffs used (34, 45). Standard cutoffs defining obese
adults have been established. The rationale behind these defi
nitions is based on the link between obesity and mortality
whereby those above a certain cutoff point are at increased risk.
There is no accepted definition of obesity for children or
adolescents based on this criterion because there are limited
data linking childhood obesity to adult mortality (46). In the
absence o f such evidence, we applied selected percentile cut
offs o f BMI as recommended for the United States (17) and the
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T.ABLE 5

Mnles

M ean birth w eig h t and tim ing o f puberty'
P ub eny siu ee

t
®

20

-

A x illa ry h a ir stage

—t — adult
—B—interm ediate
—. — s p a rs e
—jf—a b s e n t

7

11

16

33

23

Age (y)

M ules
A xillary hair stage (1 6 yj
A bsent
Sparse
Interm ediate
Adult
/ ’ value for trend
Fem ales
A c e o f m enarche
> 15 y
14 y
13)
12 y
< il y
P value for trend

Birth w eight

3.371
3 .4 2 3
3 .4 4 0
3 .4 4 3

±
±
±
=

0 .5 0 6 1 6 0 7 ]
0.5.37 II3931
0.5 1 4 11660]
0 .5 3 7 (1494]
0.1

3 .2 8 9
3 .2 9 7
.3.283
3 .2 8 6
3.2 9 7

±
=
±
±
±

0.5 0 3
0.5 2 3
0.4 9 4
0 .5 0 3
0 .5 2 6
0.8

(283]
(8 I6 |
[1.394]
[994]
[633]

' .V ± SD ; H in brackets.

Females
28 -,

24 -

cT^
E

S

20

-

A ge of m enarche

# ^11

7

11

16

23

33

Age (y)
F IG U R E 1. M ean B M I from a c e 7 to 33 y and tim ing o f puberty
indicated by axillary hair stage at ag e 16 y tor m ales and by age o f
m enarche for fem ales. T h e m in im um num ber o f individuals per m ean is
given in T able 4.

United Kingdom (35) and reported associated BMI percentile
values accordingly.
Third, the present study suggests that obesity in adulthood is
related to the timing of puberty. Earlier maturation, as indicated
by age of menarche among females and axillary hair stage in
males, was associated with increased BMI subsequently at ages
23 and 33 y. Previous evidence is inconsistent, with greater
adiposity reported for earlier maturers in some studies (26,27)
but not all (47.48). Although it has been appreciated tor some
time that fatter children are more deveiopmentally advanced, it
is only with recent evidence, such as that presented here, that
the continuing burden of obesity for early maturers becomes
apparent. The long-established nature of the relation between
maturation and adiposity was suggested by van Lenthe et al's
(29) study, but generalizabilily from their sample is limited by
small numbers and a highly selected socioeconomic group.
Nevertheless, their data for ages 13-27 y are broadly consistent
with trends evident over the longer period between ages 7 and
33 y in the 1958 birth cohort.

Considering the continuity o f the relation between matura
tion and BMI, we found that adulthood relations became gen
erally weak and nonsignificant for men after adjustment for
BMI in childhood and adolescence. For women, the relation of
age of menarche and BMI at age 33 y was substantially but not
entirely due to associations with BMI in childhood. Hence,
relations with adult BMI largely reflect the heavier childhood
weight of earlier maturers, as described previously for the 1958
birth cohort (49). This interpretation is consistent with Frisch’s
(50) hypothesis that a critical weight and height must be
attained to initiate sexual maturation. The relation between
timing of maturation and adiposity over long periods of the life
course could also indicate common regulatory influences oc
curring early in life. So far, however, few explanations for the
relation between maturation and adiposity are available. Fur
ther investigations need to take a broader view o f mechanisms,
possibly incorporating factors in early life. Cooper ct al (51)
argue that the timing of menarche is positively associated with
birth weight and that menarcheal age may be programmed in
utero. However, the association they describe is only weak (and
insignificant) and is npt consistent with the lack of association
found here and elsewhere (52). Factors in the postnatal envi
ronment are implicated by the finding here that puberty was
unrelated to birth weight but strongly associated with BMI at
age 7 y.
Finally, in contrast with the moderate correlations between
BMI from childhood to adulthood, those for height were strong
(/• = 0.70) between the ages 7 and 33 y for both sexes. Slightly
lower correlations were observed between female height at age
11 y and adult height (compared with correlations between
ages 7 and 33 y). This was expected because, as has been
known for some time, correlations around the time o f matura
tion may be slightly poorer than for prepubertal measures after
age 2 y (36). Measures of maturational stage therefore improve
the prediction o f adult height. This has been shown with
measures of skeletal maturity in clinical studies (53) and with
estimates of peak height velocity in population-based studies
(54). In the 1958 birth cohort, the most predictive measures of
maturation were pubic and axillary hair for males, and breast
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TAHLE 6
BM I outcom e at age 33 y for the fattest 7-, I I - , 16-, and 2 3 -y o ld s'
F em ales at age 33 y

M ales at age 33 y

Percentile

U n derw eight and
normal

O verw eigh t

O bese

A ge 7 y
> 9 1 st
> 95th
> 9 S th
A ge 1 1 y
> 9 is t
> 95th
> 98th
A ge 16 y
> 91st
> 9.5th
> 9 S th
A ge 23 y
> 9 ls t
> 95th
> 98th

12082]
21.9
20.4
20.4
12033]
17.3
16.4
12.1
[1 883]
1 1 .1
6.9
3.7
[2170]
4.4
5.1
6.0

[1 8 4 6 ]
4 3 .8
4 1 .2
3 6 .6
[1 7 5 6 ]
4 1 .9
39 .9
34.1
[1 5 7 4 ]
4 0 .6
3 6 .8
32.1
[1 8 7 6 ]
35 .7
2 6 .6
16.0

[477]
34.3
38.4
4 3 .0
[456]
40 .8
43 .8
53 .9
[401]
48 .4
56 .3
64 .2
[473]
60 .0
68 .2
7 8 .0

T otal (n)

U nderw eight and
normal

O verw eigh t

O bese

[2842]
31.3
29.5
21.4
[2803]
2.3.6
18.4
8.9
12512]
15.2
10.8
3.6
[3 064]
6.3
3.8
2.9

[1101]
30 .8
26 .5
18.4
[1 069]
33.7
32 .6
33.7
[991]
38 .6
33.3
24.1
[1 195]
27.7
17.2
5 .8

[544]
37 .9
4 4 .0
60 .2
[515]
42 .7
4 9 .0
5 7 .4
[4 58]
4 6 .2
5 5 .9
72 .3
[5 4 7 ]
6 6 .0
7 9 .0
9 1 .3

T otal (n)

%
100.0 [.379]
100.0 [211]
100.0 [93]
100.0 [3 75]
1 0 0 .0 1 2 0 8 ]
100.0 [91]
100.0 [3 35]
100.0 [1 74]
100.0 [81]
100.0 [387]
10 0.0 [2 14]
100.0 [100]

1 0 0 .0 [399]
1 0 0 .0 [223]
10 0 .0 [98]
10 0 .0 [398]
1 0 0 .0 [218]
10 0 .0 [101]
10 0 .0 [342]
1 0 0 .0 [186]
10 0 .0 [S3]
1 0 0 .0 [426]
10 0 .0 [238]
1 0 0 .0 [103]

' /; in brackets.

devclopinent, pubic hair, and age o f menarche for fetnales.
Poorer prediction was observed for broken voice, stage o f
genitalia, and facial hair development for boys and axillary hair
for girls. Although these results partly reflect the age at the
time of assessment (II and 16 y), they confirm that broken
voice is a poorer marker of maturation than are the other
well-established measures (55). In comparison with BMI, the
tiend in adult height associated with pubertal stage for men

tended to be the reverse of that for women: ie, advanced
maturation was associated with taller adult stature in men, but
shorter stature in women. The findings for women generally
agree with the findings of other studies (2 6,27), although there
is stronger evidence from the 1958 birth cohort that the heightmenarche relation is nonlinear (females who were aged > 1 5 y
al menarche were not as tall as those who were aged 14 y at
menarche).

TABLE 7
B eicen tjges w ithin B.MI cen tile groups at earlier ag es according to BM I status at ag e 33 y
Fem ales at ag e 3 3 y

M a les .at age 33 y
Percentile
group'

U nderw eight and
norm al

O verw eigh t

O bese

\g e 7 y
:S91.st
> 9 1 st
> 95th
> 98th
\ g e 11 y
^ 9 ls t
> 9 1 st
> 9 5 th
> 98th
\g e 16 y
-^ 91st
> 9 1 .st
> 95th
> 98th
\g e 2 3 y
2 91st
> 9 1 .St
> 95th
> 98th

[2 0 8 2 ]9 6 .0
4 .0
2.1
0 .9
[2 0 3 3 ]
96 .8
3.2
1.7
0 .5
[1 883]
9 8 .0
2.0
0 .6
0 .2
[2 1 7 0 ]
9 9 .2
0 .8
0 .5
0 .3

[1 846]
9 1 .0
9 .0
4 .7
1.8
[1 756]
91.1
8.9
4 .7
1.8
[1 5 7 4 ]
9 1 .4
8 .6
4.1
1.7
[1 8 7 6 ]
9 2 .6
7 .4
3 .0
0 .9

[477]
72 .7
27 .3
17.0
8.4
[456]
66 .4
3 3 .6
20 .0
10.7
[401]
59 .6
4 0 .4
2 4 .4
13.0
[473]
5 1 .0
4 9 .0
3 0 .9
16.5

U nderw eight and
normal

O verw eigh t

O bese

[2 842]
95 .6
4 .4
2.3
0.7
[2 803]
9 6 .6
3.4
1.4
0.3
[2512]
97 .9
2.1
0.8
0.1
[3 0 6 4 ]
99.1
0 .9
0 .3
0.1

[1 1 0 1 ]
8 8 .8
11.2
5 .4
1.6
[1 0 6 9 ]
8 7 .5
12.5
6 .6
3.2
[9 9 1 ]
86 .7
13.3
6 .3
2 .0
[1 1 9 5 ]
90.1
9 .9
3 .4
0 .5

[544]
72 .2
2 7 .8
18.0
10.9
[515]
6 7 .0
33 .0
20 .8
11.3
[458]
65 .5
34 .5
22 .7
13.1
[547]
4 8 .6
51 .4
34 .4
17.2

%

' C entile groups arc not m utually
n in brackets.

e.\clusive.

ie, > 91 st cen tile in clu d es those > 95th and > 98th.
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BM I sMtus o f m en and w o m en ai a g e 2 3 y w lih in t’lcir BM I group at age 33 y '
H M l group at age 33 y
B.MI status at a g e 23 y
M en
Underw eight (/i - 4 5 5 )
N orm al w eight (// = 3 1 4 2 )
O verw eight {/t = 8 2 5 )
O bese (ii = 97 )
Total ( h - 4 5 1 9 )
W om en
U nderw eight fn = 1149)
N orm al v.clgh.t ( n = 2 9 5 6 )
O verw eight (>i = 5 5 7 )
O bese (;i = 144)
Total (/t = 4 8 0 6 )

U nderw eight

N orm al w eig h t

60.5
38.3
1.2
Ü.Ü
1 0 0 (1 6 2 ]
70.7
28 .0
1.1
0.2
100 [475]

O v erw eig h t

O bese

15.7
80 .4
3.5
0 .3
100 [2 0 0 8 ]

2.1
7 2 .8
2 4 .3
0 .9
1 0 0 (1 8 7 6 ]

0.2
21.1
62.8
15.9
100 [473]

2 8 .9
68.1
2 .8
0 .2
10 0 [2 5 8 9 ]

5.1
7 3 .6
2 0 .4
0 .8
1 0 0 (1 1 9 5 ]

0.6
33.1
43,0
23.4
1 0 0(54 7]

%

' n in brackets.

ChiltJ to adult relations for both height and obesity, and
influences on these relations, will continue to be of interest to
researchers. Meanwhile, policies to prevent obesity arc being
discussed, including targeting of adolescents at greatest risk of
obesity and its adverse sequelae (17). However, the evidence
presented here and summarized elsewhere (37) suggests that
prevention of adult obesity cannot rely on identification and
treatment of a high risk group in childhood or adolescence.
Population-based approaches to prevention are likely to be
more effective than approaches targeted at fat children first
because of the poor prediction o f adult obesity from childadolescent measures, and second, because risks of adult mor
tality and morbidity may be elevated for individuals who
become obese in adult life and who may not have been fat
during their childhood or adolescence (14, 18). This second
argument appears to be especially important for the prevention
o f diabetes (15, 56). Preventive strategies could, nonetheless,
commence in childhood and adolescence. This may be desir
able because there is a strengthening o f Ihc relation between
childhood and adulthood BMI as the time gap between them
narrows. However, it could also be argued that early adulthood
affords an opportunity for intervention. In this study sample,
the prevalence o f obesity increased from 2% to 11% in men
and from 3% to 12% in women during the 10-y period between
ages 23 and 33 y. Similarly, data on triceps fatfold thickness
from the US Ten-State Nutrition Survey showed a marked
increase during early adulthood (57). Future research should,
therefore, consider influences that arc particularly associated
with the development of obesity during this life stage.
0
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Review

Measurement and long-term health risks of
child and adolescent fatness
C P ow er’, JK L ake' and TJ Cole"
^Department o f Epidemiology' c& Biosiatistics. Institute of Child Health, 30 Guilford Street, London WCIN JEH, UK and -MRC Dunn
Nutrition Unit, Downhams Lane, Milton Road. Cambridge, CB4 IXJ, UK

This paper reviews child and adolescent adiposity measures and associated long-term health risks. The first section
argues that anthropometric measures are practical for large scale epidemiological studies, particularly the body mass
index. Limitations of this and other measures are presented. The second section summarises the evidence on the
relationship between child and adolescent and adult adiposity. This is based on a search for relevant literature in the
following computerised databases: Medline (198&-96), BIDS (EMBASE and Science Citation Index 1985-96). The
literature search revealed that the child to adult adiposity relationship is now well-documented, although methodo
logical differences hinder comparisons. Nonetheless, consistently elevated risks of adult obesity are evident for fatter
children, although the prediction of adult obesity from child and adolescent adiposity measures is only moderate.
Fewer studies could be identified in relation to long-term health risks of child and adolescent adiposity. It is therefore
difficult to specify categories of risk associated with childhood adiposity without more information from long-term
studies. Further evidence is also required to confirm the suggestion from some studies th at adult disease risks are
associated with a change in adiposity from normal weight in childhood to obesity In adulthood. However, on the basis
of the evidence available, it is argued that population-based approaches to the prevention of obesity are likely to be
more effective than approaches targeted at fat children. Population-based approaches are desirable, first because of
the poor prediction of adult obesity from child and adolescent measures, and second, because risks of adult mortality
and morbidity may be elevated for individuals who become overweight after adolescence.
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Introduction
Prevention o f obesity is a public health priorit>',’ with
much o f the concern focusing on childhood and
adolescence." Child and adolescent adiposity is o f
particular interest because o f possible long-term asso
ciations with adult disease, but evidence on long-term
relationships is fragmentary and an overview is
needed that clarifies how they might occur.
There are three main sections to this review. The
first provides a summaiy o f the basic methods used to
•assess child and adolescent adiposity. This key issue is
included here because it is essential that appropriate
measures are used, for example, to investigate trends
over time and over the life course. The second section
summarises the evidence on the relationship between
child and adolescent and adult adiposit}'. This rela
tionship is studied because o f the concern that child
and adolescent adiposit}' influences adult disease pri-
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marily through its association with adiposity in adult
life. Evidence is now available from several prospec
tive and retrospective samples follow ing subjects
from childhood to adulthood. The specific questions
o f interest in this section are: (i) do fat children stay
fat? (ii) were obese adults fat as children? (iii) what is
the strength, overall, o f the child to adult adiposity
relationship? and (iv) does adiposity increase at a
particular age in childhood and adolescence?
Finally, in a third section, we review the evidence
on long-term health outcomes for child and adolescent
adiposity. \V*hereas relationships for adult obesity are
well documented^ less evidence is available for earlier
life stages. Investigations o f long-term relationships
with child and adolescent adiposity may be valuable
in disentangling causes and consequences o f obesity.
Furthermore, studies o f weight change between child
hood and adolescence and adulthood may indicate
where adult disease is primarily related to the acquisi
tion of obesit}\ In order to discuss obesity and fatness,
we need to consider the spectrum o f thin to fat during
childhood and adolescence. The term ‘adiposity’ is
used here to represent that spectrum.

Measurement of child and
adolescent adiposity

shape can materially bias the response rate.^ Many
subjects will be loathe to undress, especially those
who believe themselves to be fat.

Definition of adiposit}’

Weight-height indices
Weight. Weight is a simple and direct index o f body
size, easy to measure, cheap and reproducible. It is
also reasonably highly correlated with body fat.'“
However its high correlation with height, which is
only weakly correlated with body fat,*' means that
weight adjusted for height is far more useful as an
index for assessing fatness. Note though that weightfor-height. however defined, does not measure fatness
as such, only overweight. Individuals who are unu
sually muscular, for example athletes, may be over
weight but not fat, and so screen false positive for
fatness. Like weight, height is simple and cheap to
measure. Unlike weight it needs trained observers and
continuous quality control to ensure high precision,
but this is less important in the context o f measuring
adiposit)'. Self-reported values o f weight and height in
adolescence lend to be biased in opposite directions,
with weight underestimated and height exaggerated,
and the weight error is larger in heavier subjects.'^’'^
Relative weight. There are many definitions o f
weight-for-height,*'* o f which one o f the simplest is
relative weight. It requires a table or chart o f expected
weight for the child’s height and sex (and possibly age
and maturation as well), and the child’s weight is then
expressed as a fraction or percentage o f expected
weight. I f the expected weight is based on just
height and sex, then the index is known as weightfor-height. Weight-for-height, because it takes no
account o f the child’s age, is useful in parts o f the
world where dates o f birth are not recorded, but it
leads to a biased assessment in infancy and adoles
cence.*'
The World Health Organisation’s international
growth reference*^ includes a weight-for-height
chart, which for technical reasons is truncated at the
age o f 10 y for girls and 11.5 y for boys. So for the
assessment o f adiposity during adolescence it is o f no
value. The need to adjust weight for both height and
age is now widely accepted, and has led to the study
o f power indices like weight/height^ and weight/

Two requirements: a measure and a cut-off. Adiposit)'
is a measure o f the amount o f fat in the body, this can
be expressed either as the absolute fat mass (kg) or
alternatively as the fraction o f total body mass (%),
here the preferred usage is absolute fat mass. Obesit)' is
an excess o f body fat. To be o f practical use. adiposit)'
requires a suitable measure o f body fat, and obesit)’ a
suitable cut-off. In adults, obesit)' is a well-established
risk factor for chronic diseases such as heart disease,
hypertension, stroke or diabetes. Adult obesit)' is
usually assessed using the body mass index (weight,/
height^, also knowm as Quetelet’s index), and obesit)'
cut-offs based on mortality risk or other criteria are
defined in body mass index units o f kg/m".
The distribution or patterning o f body fat in adults
is also a risk factor for later disease, independent o f
the level o f obesit)'.'* Adults with central, trunk or
android fat patterning, who are at greater risk/ deposit
fat preferentially around the waist, while w'ith gynoid
patterning fat is found more towards the extremes o f
the body. Body fat distribution is assessed anthropometrically by comparing trunk and extremity fat,
measured either by skinfold thicknesses, body circum
ferences or diameters. The most commonly used ratios
are waist circumference, waist-hip ratio and subscapular-to-triceps sk in fo ld .^
Differences bety,>een children and adults. Some obese
adults were fat as children, so that child fatness may
be a risk factor in its own right for later disease.
However there is one important difference between
childhood and adulthood in the assessment o f fatness,
that is children grow in size, so that anthropometric
cut-offs for fatness need to be adjusted for age, and in
adolescence for maturation as well. For this reason,
the assessment o f adiposity needs to be reconsidered
for childhood and adolescence.

M easuring body fat
Criteria f o r a suitable measure. An ideal measure o f
body fat should be accurate in its estimate o f body fat;
precise, with small measurement error; accessible, in
terms o f simplicit)', cost and ease o f use; acceptable to
the subject; and well-documented, with published
reference values. N o existing measure satisfies all
these criteria. Highly accurate reference methods
like deuterium dilution or underwater weighing are
expensive, and more accessible cheaper methods
based on anthropometry are not very accurate. For
screening purposes anthropometry is the only realistic
alternative, despite its poorer accuracy, on account o f
its low cost.
Acceptability to the subject is o f paramount impor
tance during adolescence, where concerns aboiit body

height^*^'*^
Weight/height^' indices, (i) uncorrelated with height:
In the strict statistical sense, relative weight is weight
adjusted for height, and so is by definition uncorre
lated with height. The same principle can be applied
to indices like weight/height”, that is the power o f
height n can be chosen to make the index uncorrelated
with height. To adjust for age the calculation is done
in narrow age groups*^ or weight and height are
adjusted for age first.*’
In early childhood n is near 2, so the best index is
weight/height^.*^’’^ The value o f n increases during
childhood and peaks during adolescence, reaching a
value o f three or so (namely weight/height^), and then
drops back to two in adulthood.**’^* For much o f
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childhood w eight/heighr is uncorrelated with height,
but during adolescence it is positively correlated with
height.
(ii)
highly correlated with body fat: Weight
adjusted for height is a measure o f under/overweight,
not lean/fat. An alternative is to choose the index
weight/height" explicitly for maximal correlation with
body fat rather than zero correlation with height. The
two criteria lead to the same index only if, after
adjusting for age, height and body fat are uncorre
lated. In practice body fat, like weight/height^, is
weakly positively associated with height in adoles
cence,*'’ and the tw o correlations tend to cancel out.
Weight/height^ is better than weight/height^ for asses
sing body fat during adolescence.
The interdependence between weight, height, body
mass index and body fat is often insufficiently well
understood. For exam ple the body mass index is
sometimes criticised because o f its association with
h e i g h t , y e t this is only a flaw i f the index is
required to be uncorrelaied with height. From a
broader perspective the association is actually an
advantage, as it flags the greater fatness o f tall
children during adolescence. Equally it is important
to realise that the body mass index cannot be used by
itself to demonstrate an association between adiposity
and height in adolescence. The only way to coiinnn
this is to measure body fat by skinfolds or another
more direct method.
The natural history o f body mass index is a steep
rise during infancy with a peak at nine months o f age,
followed by a fall until age 6 y and then a second rise
which lasts until adulthood (Figure 1). Charts o f body
mass index for British, French and North American
children have been p u b l i s h e d .R o ll a n d - C a c h e r a
et a P called the second rise the adiposity rebound,
and showed that the age when it occurred in individual
children was predictive o f their body mass index as
young adults. ®H ow ever Gasser et al~^ have pointed
out that the strength o f the correlation may be too
small to be o f practical benefit. It is possible that
combining the age o f adiposity rebound with the value
o f the body mass index at that age may be more
predictive than either factor alone. This requires
further work.
Skinfold thicknesses. Skinfold thickness measures
subcutaneous fat at various sites o f the body, most
commonly the triceps and subscapular. Skinfold thick
ness is cheap and fairly simple to measure, but the
need to partially undress may put some subjects off,
leading to bias. It is difficult to measure reproducibly,
either for a single obser\’er on the same subject,
particularly if the subject is fat, or for different
observers. For this reason strict quality control is
necessary, which increases the cost.
• Skinfold thickness correlates w ell with total body
fat, but the size o f the correlation depends on the site
and the sex.^ Total body fat can be predicted from
skinfolds at several sites, both in childhood and

adolescence.' The British charts o f triceps and sub
scapular skinfolds are now rather old.^"
Body fat distribution is known to relate to future
health in adults, but not yet in children, so that it needs
to be treated with caution. Body fat distribution is
assessed by ratios o f skinfold thicknesses at trunk and
extremit}’ sites,^ but currently there are no growth
charts for skinfold ratios. The large measurement error
o f skinfold thickness is compounded in skinfold
ratios, which weakens their association with any out
come measure.
Circumferences and diameters. Body circumferences
have been measured in children for many years,
notably the head and mid-upper aim, but the emphasis
on their link with body fat distribution has arisen only
recently."' In adults the most commonly used circum
ferences for body fat distribution have been the waist,
hip and thigh, and the same sites are now starting to be
measured in children.^ They are simple and cheap to
measure, and with suitable training are adequately
reproducible.
These circumferences are used mainly to calculate
indices like the waist-hip or waist-thigh ratio, repre
senting body fat distribution. However the signifi
cance o f such measurements is by no means clear in
childhood, and they may not relate to adiposity at all.
In addition there are no growth charts for them.
Circumferences have smaller measurement errors
than skinfolds, and the same holds for circumference
ratios compared to skinfold ratios.^"
Mid-upper arm circumference is w idely used to
monitor underweight in pre-school children, either
alone or adjusted for height.^^ It may also be a
useful proxy for fatness during later childhood,
although its value could lie in measuring changes in
muscle as much as fat. In adults waist circumference
is starting to be used either on its own, or divided by
height, rather than as the waist-hip ratio.^'^"* This is
likely to be relevant to childhood as w ell, if only
because height and all circumferences (not just waist)
are strongly age dependent. Working with circumfer
ence ratios can mask the fact that either circumference
on its own, or their average, is more predictive than
the ratio. For this reason circumferences should
always be analysed as separate entities to start with,
and should only be combined as ratios subsequently.
Diameters are som etim es used instead o f circum
ferences when somatotype photographs are available,^
or when measurement with an anthropometer is felt to
be more convenient than with a tape. In terms o f
acceptability, photographs are likely to be less accep
table than anthropometer or tape.
A cautionary tale. FlegaP^ tells a cautionary tale
about rwo studies o f trends in obesity, based on the
same three national surveys o f adolescents, where the
conclusions were diametrically opposed due to ..the
studies using different definitions o f obesity, body
mass index in one and triceps skinfold in the other.
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The 85ih centile o f body mass index remained fairly
constant across the three siin^eys, whereas the 85th
centile for triceps skinfold increased sharply. Thus the
issue o f whether or not obesity was increasing
depended on its definition, body mass index or triceps
skinfold. This highlights the arbitrariness o f the defi
nition o f obesity. Body fat is more closely associated
with skinfolds than with body mass index, so the lack
o f a time trend in body mass index may have meant
that the increase in body fat mass was matched by a
corresponding decrease in muscle mass. If so, a more
direct measure o f body fat, such as skinfolds, is
needed to monitor trends in obesity.

M easuring excess body fat
A ssociated outcome measure. In the clinical situation
a decision needs to be made: is the child obese or not?
This requires a cut-off, based on some outcome
measure for which obesity is a risk factor, such as
current morbidit)'; later morbidity (including obesity);
later mortality. Whichever outcome measure is
chosen, the strength o f its association with adolescent
obesity should be used to set the cut-off. The two
severe practical difficulties with this are that (a) the
associations so far discovered are weak, and (b) the
dose-response curves linking obesity and outcome are
essentially linear over a broad spectrum o f adiposity,
so that no obvious cut-off point exists. This makes the
setting o f a cut-off largely arbitrary.
Anthropometry is used not only at the individual
level, as a clinical screening aid, but also at the
population level to assess the health o f groups. A s a
screening aid the assessment o f obesit)' should be
sensitive and s p e c if ic ,w h ile as a public health tool
it should detect differences between groups concur
rently or over time. In the epidemiological situation
there is less need for a cut-off, since the degree o f
obesity can be handled satisfactorily as a continuously
varying quantit)'.^^ This accords with the nature o f the
association between fatness and later outcome.
Defining the cut-off. In adults a cut-off o f 30kg/m^ for
body mass index is often used to define obesity.^^ I f a
fixed cut-off like this were applied to children it would
screen in different proportions o f children at different
ages, and differences in maturation would complicate
the issue further. Artificial age trends in the pick-up
rate need to be avoided, particularly when they reflect
physiological rather than pathological differences. For
this reason an age-related cut-off is essential.
Where a growth reference exists, it can be used in
either o f two ways to provide a cut-off, the simpler
being some fixed percentage o f the median, say 120%.
However this screens in different proportions o f the
population at different ages if the coefficient o f
variation o f the measurement changes with age.
The other alternative is some predetermined a g e sex centile o f the measurement, say the 85th centile
for body mass index.^ If available, an adjustment for

maturation may also be included. However ill
important to realise that using a centile cut-off
one direct consequence: the prevalence o f obesit)
set, at all ages in both sexes, to the proportion of
reference population above the chosen centile. nami
15% for the 85th centile. By definition, the prevaleij
o f obesit}' defined by a centile cut-off in the referer
population is independent o f age and sex.
At a time when the prevalence o f obesity is increJ
ing steeply in both adults'’®'^^ and c h ild r e n ,it may
counter-productive to update centile charts for bol
mass index and skinfolds on a regular basis. A beti
strategy may be to ‘freeze’ the chans at a panicuj
date, and then use them to quantif}' rime changes
obesity prevalence. The recently published Britij
body mass index charts^" may well seiwe this purpos
but the current British skinfold, thickness charts aj
out o f date.^*^ If the charts are updated regularly, as
height and weight,'^' then the prevalence will n|
appear to change at all.

I

Choice o f centile. The examples above have used tl|
85th centile for a cut-off, as this is available for t
body mass index in the USA."^ Alternatively Him
and Dietz" propose the 95th centile to define obesi
and the 85th centile for overweight. - However i|
Britain other centiles are available."" in particul
the 91st, 97.7th and 99.6th, and two different criterij
can be used to decide which centile is appropriate.
The clinical criterion assumes that children abov
the centile are at clearly greater risk than those belo
it, and that the centile separates those that are ill froi
those that are well. However in practice this i
unrealistic, as the risk increases monotonically.
The setting o f a cut-off implies that subjects abov
it require treatment for obesit}^ and this has resourc
implications. For example the 85th centile implies th
15% o f the population need treatment. Conversely i|
the cut-off is raised to the 98th centile this reduces th
prevalence o f obesity to 2%, less by a factor o f 7. A
the same time, if obesity (by these two definitions) i
related to later outcome, the risk is likely to appea
greater using the more extreme definition. So thf
choice o f cut-off defines both the prevalence o:
obesit)' and also the strength o f its association witl
later outcome. The suitable choice of cut-off need:
further work.

Conclusions
For large-scale screening o f obesit)'. measures based
on anthropometry are essential. The main contenders
are the body mass index and selected skinfolds. Body
mass index is more reproducible than skinfolds, but its
correlation with body fat is weaker. In addition, to
assess body fat distribution two or more skinfolds or
possibly body circumferences are required. In terms o f
acceptabilit)', body mass index has the edge over
skinfolds. Body mass index is the best single measure,

but there may be a case for collecting skinfold or
circumference data as well.
For many purposes body mass index is better
treated as a continuous variable, rather than splitting
it in two with a cut-off. If a cut-off is required, it
should be based on a specified reference centile, even
though this assumes that the prevalence o f obesity is
independent o f age, which is unlikely. We recommend
that disease risks be assessed for the current values o f
the 97.7th and 91st centiles on the recent British body
mass index reference charts.^'’ This evaluation would
confirm whether the values provide meaningful cut
offs for the diagnosis o f childhood obesity. Although
arguments could be presented for alternative cut-offs,
it is desirable to relate disease risks to specified
standard values, as afforded by the reference charts.

Relationships between child and
adolescent adiposity and adult
adiposity
As argued in the introduction, relationships between
child and adolescent and adult adiposity are o f interest
primarily because o f disease risks established in rela
tion to adult obesity. A review o f relevant literature
was therefore conducted to identify-studies o f child
and adult adiposity relationships, and for the follow 
ing section, studies o f long-term disease risks asso
ciated with child and adolescent adiposity. The search
for relevant literature was based on the following
computerised databases: Medline (1985-96), BIDS
(EMBASE and Science Citation Index 1985-96).
Key papers that were cited in some o f the papers
identified from the search were also followed up.
Studies identified by this process are summarised in
Appendix 1. Several general conclusions can be
drawn from this literature, in relation to the following
questions: (i) do Tat children stay fat? (ii) were obese
adults fat as children? (iii) what is the strength, over
all, o f the child to adult adiposity relationship? and
(iv) does adiposity increase at a particular age in
childhood and adolescence?

Do fat children stay fat?
All the studies that examined the persistence (track
ing) o f fatness from childhood and adolescence to
adulthood found that fatter children were more likely
to be obese later in life. The magnitude o f the risk for
fatter children depends on: the cut-off used to define
overweight/obesity
(obesit)'
prevalence
varies
between 5% and 25% (Appendix I)): the age o f initial
assessment and length o f period follow-up: and the
measure o f adiposity.
Rather than attempt to generalise from studies using
different methods and definitions (Table I), we restrict
our comparison to the large and representative study

samples contained in the British cohort studies to
illustrate the magnitude o f risk o f obesity in adult life
for the fattest children (Table 2). It is evident that the
fatte.st 2% o f adolescents at ages 11 and 16y have a
high risk o f obesity in adulthood. Risks for children
identified at age 7 y are weaker, but are also elevated
with a relative risk above 3.0 in both study samples. As
might be expected, the risk o f adult obesity reduces
when lower cut-offs are used to define overweight: for
example, using the 91st centile in the 1958 cohort at
age 7 y gives a relative risk o f 4.0 and 3.2 for males and
females respectively. The variation in reported risks for
fatter children, evident in Table 1 (and associated
sununaries in Appendix 1) and in another review of
European and North American stu d ie s,th e r e fo r e
partly reflects the cut-off values used.
Were obese adults fat as children?
Some studies provide estimates o f the prediction of
adult obesity from indicators o f adiposity at earlier
ages (Appendix 1). In general the majority o f obese
adults were not fat in adolescence. In the 1946 birth
cohort, 14% o f males and 32% o f females who were
obese at age 36 y had been overweight at age
while in the 1958 birth cohort, 13 and 11% o f obese
33 y old men and women had been overweight at age
16 (C Power, JK Lake, TJ Cole— unpublished data).
Nor were the majority o f obese adults fat in child
hood. In the 1946 birth cohort, only 3% o f males and
8% o f females who were obese at age 36 y had been
overweight at age 7y; while in the 1958 cohort, 8%
and 9% o f obese 33 y old men and women had been
overweight at age 7 y. These differences between the
studies are likely to be due to differences in definitions
o f obesity and sample sizes. Thus, prediction o f adult
obesity is poor, although it is better when based on
adiposity' in adolescence rather than childhood.
Few studies examine the effect on adult adiposity o f
change in adiposity during childhood and adoles
cence. Cronk et
report that persistently increas
ing levels o f BM l in childhood and adolescence or
increasing weight after pubescence predispose to high
levels o f bodv fat in adulthood.

What is the strength of the child to adult adiposity
relationship?
Correlations between childhood and adolescence and
adulthood adiposity are summarised in Table 3. In
general the literature shows that associations with
adult adiposity strengthen with increasing age in
childhood. Correlations for BM l and other indices o f
adiposity between ages 13-14 y and 25 -3 6 y, vary
from 0.46-0.91 for males and 0.60-0.78 for females;
correlations between younger ages and adulthood are
moderate to poor (namely r% 0.30). Differences
between studies are likely to be due to variations in
sample size and representativeness (some studies are
based on small numbers and depend on well moti
vated and probably selected samples).

Table 1

Adiposity distribution of fattest children and fattest adults

Author
(y)

A b r a h a m a n d N o r d s ie c k (1950)® ^
A b r a h a m e ta l (1971)^®
B r a d d o n e ta l (1985)*^
C h a r n e y eta l (1976)®^
C la rk e a n d L a u e r (1993)®®
G a rn a n d L a v e lle (1985)® ’
G u o e t a / (1994)®®
P e c k h a m e / a / (1983)®®
F r e e d m a n eta l (1 9 8 7 )’ °
L lo y d e t a / (1 9 6 1 )" '
S r in iv a s a n e / a / (1 9 9 5 )”
P o w e r , L ak e a n d C o le
( u n p u b lis h e d d a ta )

% still obese m adulthood

% of obese adults who
were obese children

Criildnood

Adulthood

Males

Females

Males

Females

1 0 -1 3
& -13
7
14
< 1
9 -1 0
1 3 -1 4
1 -5
7
13
7
7
? -1 4
1 -1 4
1 3 -1 7
7
11

2 9 -3 4
4 2 -5 3
35
35
2 0 -3 0
3 1 -3 5
3 1 -3 5
1 9 -2 5
35
35
14
16
1 0 -2 4
1 0 -2 3
2 7 -3 1
33
33
33

74
63'

72

24
15"
3
14

41

—
—

—
35"
57
77
27"
40
40
90
63
43"
42
58"
43
54
64

—

64
70
20
30
87
62
66
63
64
78

—
—
—
—
—
4
10
43"
—
57"
8
11
13

8
32
__
.—
_
—

—
—
12
13
—
9
9
11

"Sexes combined.

Ill studies that used both adiposity measures, better
correlations between childhood and adulthood are
reported for BMl than for skinfolds (Tables 3 and 4).
It is unclear whether this is because BMl partly reflects
body frame, which is less subject to variation that
adipose tissue, or to better measurement o f height and
weight (skinfolds have greater measurement error).
Associations for waist-hip ratio (WHR) (Table 5)
appear to be stronger than those for skinfolds but
slightly weaker than for BM l. So far results are avail
able for one study only, and the appropriateness o f
WHR has not yet been established for prepubescent
children. Finally age o f adiposity rebound predicts adult
BMI^^ but probably not as well as BM l in childhood.^^
Does adiposity increase at a particular age in childhood
and adolescence?
From a public health perspective, it would be useful to
establish whether the prevalence o f fatness increases

monotonically throughout childhood, or whether the
increases occur at panicular ages.
An extensive literature on growth and development
documents appreciable changes in BM l and body fat
during childhood and adolescence that relate, in large
part, to normal physiological development (Figures 1
and 2). The extent to which these changes in adiposit}'
correspond to changes in excess fat is less clear.
Disentanglement o f normal from pathological
age-related changes might be achieved with a com
parison o f populations representing these differing
states. So, for example, relevant evidence might be
obtained from geographical studies in which fat and
non-fat communities are compared; alternatively, the
BMl charts might be ‘frozen’, as previously suggested,
to provide baseline measures against which subse
quent change is established. However, we would not
want to minimise the difficulties o f such an approach,
since it is based on the assumption that ‘normal’

Table 2 Relative risks (RR) of adult obesity for fat children and adolescents
Study

Childhood to adulthood
1946 birth cohort
(Stark etal, 1981)”
1958 birth cohort
(Power, Lake and
Cole—unpublished
data)
Adolescence to adulthood
1958 birth cohort
(Power, Lake and
Cole—unpublished
data)
1958 birth cohort
(Power, Lake and
Cole—unpublished
data)

Overweight group*

Prevalence*
0/
fr n jj
r\
/o (m

Age (y)
Childhood

Adulthood

7

26

7

33

RR

RR

95% a (m)

'95% a (f)

3.8
(2.9, 5.1)
4.2
(3.3, 5.5)

4.1
(3.3, 5.1)
4.2
(3.5, 5.0)

RWT >120%
RWT >120%
BMl > 98th centile
BMI>30(m), 28.6(f)

2,4
12,11
2,2
11, 16

BMl > 98th centile
BMI>30(m), 28.6(0

2,2
11, 16

11

33

5.4
(4.3, 6.7)

4.4
(3.7, 5.2)

BMl > 98th centile
BMI>30(m), 28.6(0

2,2
11, 16

16

33

7.0
(5.7, 8.4)

5.5
(4.8, 6.4)

"Top row= definitions and prevalence in childhood and adolescence; bottom row=definitions and prevalence in adulthood;
abbreviations: BMl (body mass index); RWT (relative weight).

3 Summary of correlation coefficients between cfiildhood and adulthood adiposity (BMl, weight, relative weight or weight-forheight)®

T ab le

Author

Age (y)

Measure

Measure

Childhood

Braddon efa/(1986)*^

R m
RWT

Casey eta/(1992)’ *

BMl
BMl
BMl
BMl
BMl
WT
WT

Clarke and Lauer
(1993)®®

Casser eta/(1995)’ ®
Guo eta/(1994)®®

Kelly eta/(1992)’ ®
Miller eta/(1972)’ ®
Peckham eta/(1983)®®
Rolland-Cachera eta/
(1987)’ ®
Rolland-Cachera eta/
(1989)”
Stark et a /(1981)”
Power, Lake and Cole
(unpublished data)

WT

BMl
BMl
BMl
BMl
BMl
BMl
V^/HT
WT/HT
RWT
RWT
BMl

Age (y)

Correlatior) coefficient

Aduhhood

7
14
5-7
5-7
18
9-10
13-14
9-10
13-14
6
6
7
13
18
3
7
5
14
7
7
1

Males

Females

0.40
0.60
0.21
0.05
0.66
0.59
0.77
0.51
0.78
0.53
0.50
0.51
0.65
0.77

BMl
BMl
BMl
BMl
BMl
BMl
BMl
WT
WT
WT
BMl
BMl
BMl
BMl
BMl
BMl
WT/HT
WT/HT
RWT
RWT
BMl

36
36
30
50
30
21-26
31-35
21-25
31-35
18-25
18-25
35
35
35
13
13
22
22
14
16
21

0.28
0.46
0.41
0.41
0.67
0.61
0.91
0.57
0.88
0.63
0.60
0.31
0.50
0.65
0.35^
0.58®
0.35®
0.67®
0.52
0.49
0.25®

18-25

0.65

0.58

26
26
23
23
33
33
33

0.32
0.52
0.36
0.52
0.33
0.45
0.54

0.38
0.64
0.42
0.55
0.37
0.49
0.57

BMl

7

BMl

RWT
RWT
BMl
BMl
BMl
BMl
BMl

6
14
7
11
7
11
16

RWT
RWT
BMl
BMl
BMl
BMl
BMl

0.59
0.55

'Abbreviations: BMl (body mass index); WT (weight! ; RWT (relative weight); WT/HT (weight-for-height).

Table 4 Summary of correlation coefficients between childhood and adulthood adiposity (skinfold
thickness)*
Author

Clarke and Lauer
(1993)®®
Garn and LaVelle
(1985)®’
Casser e ta l (1995)’ ®
Hawk and Brook
(1979)’ ®

A ge(y)

Adiposity
measure

TSF
TSF
TSF
SSF
comb. SFs
TSF
SSF
TSF
SSF
Bl
SI
comb. SFs
TSF
SSF
Bl
SI
comb. SFs

Correlation coefficient

Childhood

Adulthood

Males

Females

9-10
13-14
5
5
1-5
6
6
7
7
7
7
7
13
13
13
13
13

21-25
31-35
22
22
19-26
17-25
17-25
22
22
22
22
22
28
28
28
28
28

0.49
0.72
0.35
0.22
0.13-0.16®
0.52
0.40
0.53
0.85
0.42
0.72
0.65
0.80
0.77
0.74
0.43
0.59

0.44
0.55
0.18
0.13
0.39
0.56
0.71
0.49
0.52
0.50
0.62
0.30
0.55
0.35
0.54
0.39

‘ Abbreviations: SF (skinfold thickness); TSF (triceps skinfold thickness); SSF (subscapular skinfold
thickness); Bl (biceps skinfold thickness); SI (suprailiac skinfold thickness)
^Sexes combined.

513

514
Tabic 5 Summary of correlation coefficients betv^een child
hood and adulthood waist-to-hip ratio
Author

Correlation
coefficient

A ge (y)

Casey eta! (199^^"

Childhood

Adulthood

Males

Females

6
18

30
30

0.47
0.65

0.40
0.79

24j-

22

20
IS

/

15

peak
fa tn ess

PLATEA U

I T ADULT

K

12
physiological development in non-fat communities
can be identified.
Age-related changes are illustrated in Figures 1
and 2 using US data for skinfolds and recent British
data for BM l. A s stated above, we cannot easily
differentiate, at present, between normal and exces
sive fatness gain in childhood and adolescence:
whereas after 18-20 y adiposity associated with
growlh has stabilised. Hence, increases in adiposity
after 18-20 y are more likely to be pathological than
increases at younger ages that may be associated with
normal growih. A ges 1 8-20 y could therefore be an
important life stage to focus preventive strategies. A
further argument for this is suggested by Figure 2
which shows that ages 18-20 y precede a period of
rapid increase in fatness occurring in early adulthood
(ages 2 0 -3 0 y). This suggests that efforts to reduce
fatness in the late teens and early twenties might be
especially important in the prevention o f adult
obesity. (This does not o f course preclude health
promotion at earlier ages). Further work on age
trends would confirm whether this applies to other
countries.

B oys

PREPUBERTAL
GAIN

/ ADO LESC EN T'

fem ales

M ALES

^
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Figure 2 Lifecycle adiposity: skinfold thickness (triceps)
Ten-State Nutrition Survey. Source: Garn and Clarke, 1976
are grateful to the Pediatrics journal for permission to reprc
this graph).

Conclusions
■
Associations between adolescent and adult adipc
are stronger than those between childhood and a
hood, but even so, prediction o f adult obesity is
moderate. Therefore, the prevention o f adult ob
cannot rely on the identification and treatment
high risk group in childhood and adolescence. i
major shortcomings o f the available studies are |
few studies have followed up subjects from childh
to age 50 or more,^’'^^ and the majority o f studies h
taken frequent measurements on a small and inert
ingly selected sample.

G irls

o

0-4
0-4

Age (years)

Age (years)

Figure 1 Lifecycle adiposity: BMl. Centiles for British boys and girls 1990. The centiles are spaced two-thirds of an SD score apai
Source: Cole eta!. 1995^* (we are grateful to the BMJ publishing group for permission to reproduce these graphs).

Child and adolescent adiposity and
long-term health outcomes
In contrast to the fairly extensive literature available
for review in the previous section, few studies provide
information on long-term health risks in relation to
child and adolescent adiposity. Most prospective
studies o f obesity have been limited to middle-aged
cohorts being follow ed primarily in relation to cardi
ovascular disease risk. There is, however, a need for
such information to establish whether adult disease
risk is established earlier in life. Using the search
strategy described in the previous section, we identilied only five major studies with baseline information
on adiposity before age 20 and adult health outcomes
several decades later.'’^^ ’ These are summarised in
Appendix 1,

M ain findings

The main findings from the five studies are as follows.
Adolescent overweight is associated with increased
mortality, primarily in men, and especially for cor
onary heart disease, atherosclerosis and colorectal
cancer. In the U S, all cause mortality was elevated
in the fattest 25% o f adolescent men (crude relative
r isk = 1.8) but not in women."^’ The male increase did
not appear to reflect associations with adult adiposity:
in a sub-sample with adult data, the relative risk
reduced from 2.9 (95% Cl, 1.5, 5.8) to 2.4 (1.1, 5.0)
after adjustment for adult BML Adjustment for smok
ing did not affect the risk either.
Child and adolescent relative weight, at ages 5 18y, was positively associated with adult mortality in
a second US study.^° For all cause mortality, odds
ratios were 1.5 and 1.6 for the highest (vj the lowest)
fifth o f relative w eight in subjects measured prepubertally and postpubertally respectively. The weak asso
ciations were consistent for both sexes. However, the
study failed to establish whether the obser\’ations
reflected associations with adult adiposit}'. for which
there were no data.
Approximately 2% o f Dutch men with a BM l o f 25
or more at age 18y, had increased mortalit}' from all
causes, with risk ratios o f 1.5 after 20 y o f follow-up
(BMIs 19-19.9 formed the comparison category).'**''*^
This risk was unaffected by adjustment for education
and adolescent health status. N o information was
available for adult adiposit}' or smoking behaviour,
so it was not possible to exclude the role o f these
factors in explaining the relationship.
Adolescent overweight is associated with increased
adult morbidit}' in men for gout, and in women for
arthritis, and reported functional limitation. .Among
women childhood overweight may be associated with
menstrual problems in early adulthood.'' Men who
were overweight in adolescence were three times
more likely to report that they had gout, compared
with lean subjects.'*^ In addition, they reported

increased morbidity for conditions for which mortality
risk was elevated (namely, coronary heart disease,
atherosclerosis and colorectal cancer). Women who
were overweight in adolescence were twice as likely
to report arthritis and eight tim es more likely to report
functional limitation, as indicated by abilit}' to per
form activities o f daily living."*^ Risk o f menstrual
problems in early adulthood may also increase in
relation to adiposity earlier in life, although odds
ratios for childhood fatness at age 7 y (1.78) were o f
borderline significance after adjustment for adult BM l
(1.59), suggesting that childhood risks are partly
mediated through associations with adult BMl.^'
Change from nomial weight in adolescence to
overweight in adulthood, ‘acquired obesit}'’, may be
associated with increased morbidity in adulthood.
Subjects with ‘acquired’ obesity (that is, low or
normal weight-for-height in childhood and high rela
tive weight in adulthood) have elevated rates o f
hypertensive vascular disease and cardiovascular
renal disease in adulthood, compared with those
with stable relative weights:'’^ odds ratios were esti
mated as 1.83 (95% Cl 1.29, 2.59) and 1.52 (1.11,
2.07) respectively. Acquired obesity appears to be
especially important for non-insulin dependent dia
betes, given that this disease is associated with over
weight in adulthood, but not with that in
adolescence.^^^’^^ Research on growth in early life is
consistent in showing high rates o f diabetes and
glucose concentration among men who were light in
early life, as indicated by weight at one year or
pondéral index at birth, but who were overweight in
adult life.'-’-^'*

Shortcomings of studies
There are as yet too few studies on which to base
firm conclusions. In addition to this general paucity
o f information, the follow ing are noteworthy: few
studies investigate long-term risks, with information
on both child and adolescent and adult life adiposity
(2 o f the 5 main studies discussed above have no data
on adult adiposity). Data for wom en are particularly
scarce (only 3 out o f the 5 main studies include
women), and some studies o f long term risk have
been limited to special populations, such as college
alumni.'®

The broader literature
In addition to the evidence cited above, information is
available from a limited review o f the broader litera
ture that is relevant here. First, follow-up o f a clinic
population shows excessive overweight in puberty to
be associated with higher than expected mortality and
morbidit}'. compared with national statistics.^^’^^
Second, in the absence o f adolescent adiposity m ea
sures in some studies, adult mortality appears to be
related to weight and weight change from the earliest
adulthood measures available (for example, at age
25 y).^^""'’ Third, obesity acquired in adolescence and

D lü

early adulthood has been shown to have deletrious
effects on adult cholestcro; levels and lipoprotein
fr a c tio n s ,w h ile weight gain in adulthood is accom
panied by increases in blood pressure.^^ Fourth, the
evidence linking adolescent and adult adiposit)', pre
sented here, provides a pathway through which child
and adolescent adiposity and adult disease outcomes
may be associated.
Other infonnation is beginning to emerge linking
early life adiposit)’ and adult disease. Notably, the
social pathways for overweight adolescents appear to
diverge from those o f normal weight adolescents,
especially among women. Fatter adolescent women
are less likely to mart)’, have poorer job chances and
lower incomes than less overweight women (only one
paper^* is included in the summai)', but this is con
sistent with other reports). These socio-econom ic
consequences o f overweight would themselves influ
ence disease risk in adult life. Thus, the role o f a
‘social’ pathway linking adolescent adiposity and
adult disease risk also needs to be considered.

Conclusions

There is some evidence to suggest that adiposity in
childhood and adolescence influences adult mortality
and morbidit)'. This needs to be confirmed in other
studies. It is also important to clarify whether any
links between childhood adiposity and adult disease
operate primarily through continuities in adiposit)'
over the lifecourse. Further investigations should,
therefore, assess disease risks for those remaining fat
over long periods and for those gaining weight exces
sively from childhood and adolescence.

Summary
Several key points emerge from this review' o f child
and adolescent measures and relationships with adult
adiposity and-disease risks. With respect to measure
ment it appears that the body mass index (BM l) is the
best single measure o f adiposity in childhood and
adolescence. An individual child’s or adolescent’s
BM l can be compared to standard reference values
using published, British^'^, French'^’^" and North
American^^’^^ BM l charts. Overweight in adolescence
may weakly predict later health risks, but the risks are
not yet w'ell-defined and need to be confirmed in
future studies. In addition, it is unclear whether
disease risks are greater for adolescents w'ho are
overweight at the time or for those who become
overweight later. Adult adiposit)' is only moderately
well predicted from childhood and adolescence; the
majority o f obese adults would not have been identi
fied as fat children.
Thus, population-based approaches to the preven
tion o f obesity are likely to be more effective than
approaches targeted at fat children, first because o f the

poor prediction o f adult obesit)' from child and
lescent measures, and second, because risks o f a|
mortalit)’ and morbidit)' may be elevated for inc
duals who become overweight after adolescence.
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Appendix 1
Presentation o f results

Key fmdings extracted from the studies are presented
as follows ^Tables A .l, A.2):
(i)

the authors, year o f publication and country of
participants
(ii) age (childhood and adulthood), sample size
(iii) type o f study
(iv) body fat measure and main outcomes
(v) summary o f important results.

Abbrenations
adiposity reboimd
AR
body mass index
BMl
blood pressure
BP
coronary heart disease
CHD
confidence interval
Cl
cardio-vascular disease '
H o r HT height
NIDDM non-insulin dependent diabetes mellitus
OR
odds ratio
peak height velocity
PH\'
correlation coefficient
r
relative risk
RR
RWT
relative weight
standard deviation
SD
standard deviation score
SDS
skinfold
SF
suprailiac skinfold
SIT
subscapular skinfold
SSF
triceps
skinfold thickness
TSF
W or WT weight
waist-hip ratio
WHR
weight-for-height
W/H

c\m

Child and adolescent fatness
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Summary of literature
Table AT

S u m m ary o f literature on child to adulthood ad ip osity

Authorlyear!

A oes

M ethod

Body fat measure

Main finding

Childhood; 9-13 y

Prospective
longitudinal study

RWT > 120 'obese'

63% of obese children, still obese as adults c.f.
15% with average RWT.
15% of obese adults were obese as children

country
Abraham efa/^®
1971, USA

95-104 'average'

Adulthood: 4253 y
n = 717 (males
only)
C a se y e / 3/ 1 9 9 2 ,

USA

Childhood: 0-13 y
Adulthood: 30, 40,
50 y

Prospective
longitudinal study

BMl

n = 295 at birth
n = 91 at age 50

r=0.41,
r - 0.60,
r= 0.67,
r= 0.51,
r= 0.41,

0.21 (m.f): 5-7 y and 30 y
0.50 (m,f): 2 y before PHV and 30 y
0.66 (m,f): 18 y and 30 y
0.44 (m,f): 18 y and 50 y
0.05 (m,f): 5-7 y and 50 y

Tracking of BMl is good from late adolescence
Abraham and
Norsdiek®* 1960,
USA

Childhood: 10-13 y

Prospective
longitudinal study

RWT > 120 'obese'

Adulthood:
25-36 y

74%, 72% (m,f) in childhood were still obese in
adulthood
24%, 41% (m,f) of obese adults were obese
children

n = 977,966(m,f)at
10-13 y
n = 174/200 records
selected in
adulthood.
Stark eta!
UK

1981,

Childhood: 6, 7,11,
14 y

Prospective
longitudinal study

RWT > 120 'obese'

r=0.32, 0.38 (m/f): 6 y and 26 y
r=0.52, 0.64 (m/f): 14 y and 26 y
43%, 41 % (m,f) of obese 7 y olds were obese at
26

Adulthood: 20,
26 y

7%, 14% (m,f) of obese adults were obese at
7y
Guoefa/
UK

1994,

Childhood:1-18 y
Adulthood:
30-40 y

Prospective
longitudinal study
(combined data
from 4 studies
including some
mentioned here)

Childhood:
'obese'> 95th BMl
centile
'overweight' > 60th
centile
Adulthood:
BMl >29 (m)
BMl > 26 (f)

r=0.31, 0.51 (m/f): 7 y and 35 y
r=0.50, 0.65 (m/f): 13 y and 35 y
r=0.65, 0.77 (m/f): 18 y and 35 y
p(obese at 35 y)%0.4, 0.2 (m,f): 7 y, >95th
p(obese at 35 y) %0.4, 0.3 (m,f): 13 y, > 95th
p(obese at 35 y)%0.8, 0.7 (m,f): 18 y, >95th
OR = 4.59, 3.13 (m,f) for obesity at 35 y if
> 95th at 7 y cf. those 50th at 7 y.
OR = 8.39, 5.00 (m,f) for obesity at 35 y if
> 95th at 13 y cf. those 50th at 13 y.

Peckham efa/®®
1983, UK

1. Childhood: 7,
11. U y (1946
cohort)

Prospective
longitudinal study

Childhood:
RWT > 130 'obese'

1. r=0.52, 0.59 (m/f) 7 y and 14 y: 90%, 87%
(m,f) obese 7 y olds were obese at 14 y (these
were based on small samples).
Of those obese at 14 y, 4, 12% (m,f) had been
obese at 7 y.
2. f=0.49, 0.55 (m/f) 7 y and 16 y: 63%, 62%
(m,f) obese 7 y olds were obese at 16 y. Of
those obese at 16 y, 10,15% (m,f) had been
obese at 7 y.

Prospective
longitudinal study

Childhood:
RWT > 130 'obese'

r= 0 .2 8 ,0.40 (m,f): 7 y and 36 y
r=0.46, 0.60 (m,f): 14 y and 36 y

Adulthood:
BMl >29.9 (m)
BMl >29.1 (f)

Of the obese at 36 y, 2.6?a. 7.5% (m,f) were
obese at 7 y, 14%, 32% (m.f) were obese at
14 y and 10%, 30% were obese at 11 y

2. Childhood: 7,
11. 16 y (1958
cohort)

Braddon
1986, UK

Childhood: 7, 11,
14 y
Adulthood: 20, 26,
35 y (1945 cohort)

(continued)

Table A l

[continued]

Author/yearl
country

Rolland-Cachera et
a/” 1987, France

A ges

M ethod

B ody fat measure

Childhood: 0-18 y

Prospective
longitudinal study

BMl > 75th centile
'fat'

Adulthood:
19-23 V
n = 54, 59 (m,f)

BMl < 25th 'lean'

Main finding

r=0.25 (m,f combined): 1 y and 21 y
OR = 2 of being fat in adulthood if fat at 1 y
41% of the initially fat infant remained in the
same fatness group from 1-21 y
Earlier AR led to higher adult adiposity (though
BMl at 1 y had been lower).
Late AR led to lower adult adiposity (though
BMl at 1 y had been higher).

Serdula etal"''
1993, US/UK/
Europe

Childhood:
6 m-16 y

Review of
literature (1970-92)
of longitudinal

Adulthood:
18-53 y

studies.

W/H, W /H \ W/H^
skinfold thickness

Obese children are at higher risk from obesity
in adulthood.
M ost o b e s e a d u lts w e r e n o t o b e s e as children.

f/up: 2-45 y
Siervogel etaP ^
1991, US

Childhood: 2-18y

Prospective
longitudinal study

BMl

n = 473

Earlier the AR occurs in childhood the earlier
the increase in adiposity leading to higher
adiposity at 18 y.
Correlations between childhood and
adulthood increase monotonically from 0.28 at
1 y to 0.78 at 16 y (boys), these were similar for
girls.

Hawk and Brook’ ®
1979, UK

Childhood: 2-15 y

Prospective
longitudinal study

Skinfold thickness:
triceps,
subscapular,
suprailiac, biceps
(SD scores)

Combined skinfolds:
r=0.65, 0.62 (m,f): 7 and 22 y
r=0.59, 0.32 (m,f): 13 and 28 y

Prospective
longitudinal study

Skinfold thickness:
triceps,
subscapular,
(Z-scores > 85th
obese < 15th lean)

skinfolds correlations
r=0.13 to 0.16 (m and f combined): 1-5 y and
19-26 y

Adulthood:
17-30 y
0 = 318, 303 (m,f)

Garn and La Velle®’
1985, USA

Childhood: 1-5 y
Adulthood:
19-26 y
0 = 383

27% of initially fat children ( > 85th centile)
remained fat as young adults.
Fatness distribution of the initially lean and
obese tend to overlap after 2 decades.

Kelly eta P ^ 1992,
New Zealand

Childhood: 3,7,11,
13y

Prospective
longitudinal study

BMl > 75th 'heavy'

r=0.35 (m and f combined): 3 and 13 y
r=0.71 (m and f combined): 7 and 13 y

BMl < 25th 'light'
40% of those > 75th centile at 3 y were in this
same BMl group at 13 y

0 = 8 8 8 at 3 y
0 = 712 at 13 y

Charney eta/®®
1992, USA

Childhood: 6 wks,
3 m, 6 m

Retrospective
longitudinal study

Adulthood:
20-30 y

Childhood: 3, 6 , 9,
12 m to 20 y
0 = 80, 78 (m,f) at

18y

36% of heavy infants (i.e>90th centile) weoverweight in adulthood, that is 2.6 times
average or lean infants. Heavy infants
represent the minority of overweight adults

Adulthood:
wt-ht-age > 20 %
'overweight'

0 = 366

Prokopec and
Bellisle®® 1993,
Czechoslovakia

Childhood:
wt>75th 'heavy'
wt>25th 'light'

Prospective
longitudinal study

BMl > 75th 'fat'
BMl < 25th 'lean'

OR = 1.8 risk of fat babies becoming fat adults
cf. non-fat babies.
Earlier AR led to higher values of BMl at 18 y
(both sexes).
[continued)
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Ages

Author/yearl
country
G asser

1995,

Switzerland

Childhood: 1, 3, 6,
9, 12, 18 m 2-18 y

M ethod

Prospective
longitudinal study

3 c . fat measure

BMl, weight,
skinfolds (triceps,
subscapular)

n=120, 112 (m,f)
Heaviest
20% = 'heavy'

Main finding

r=0.63, 0.53
'adulthood'
r=0.60, 0.50
r=0.52, 0.39
r=0.40, 0.56

(m,f): weight at 6 y and
(m,f): BMl at 6 y and 'adulthood'
(m,f): TSF at 6 y and 'adulthood'
(m,f): SSF at 6 y and 'adulthood'

Heavier children were at increased risk of
becoming heavy adults.
BMl correlated better with adult values cf.
skinfolds.
Small correlation (0.30) between age of AR and
adult BMl.
C a s e y

era/® 1994,

Childhood: 0-18 y

USA

Prospective
longitudinal study

WHR, BMl

r=0.47, 0.40 (m,f): 6 and 30 y (WHR)
r=0.65, 0.79 (m,f): 18 and 30 y (WHR)

Adulthood: 30 y
Childhood values of WHR were moderate-poor
predictors of WHR in adulthood: WHR in
adolescence was a good predictor.

n = 309 at birth
n = 67, 67 (m,f) at
18y
Clarke and Lauer®®
1993, USA

Childhood: 9-18 y

Prospective
longitudinal study

BMl classified into
quintiles TSFs

Adulthood: 23, 28,
33 y

r=0.61, 0.59 (m,f) BMl at 9-10 y and 21-25 y
r=0.49, 0.44 (m,f) TSF at 9-10 y and 21-25 y
r=0.91, 0.77 (m,f) BMl at 13-14 y and 31-55 y
r=0.72, 0.55 (m,f) TSF at 13-14 y and 31-35 y

n = 1471 at 23 y
n=1497 at 28 y
n = 574 at 33 y

62%, 65% (m,f) of children who were in the
upper BMl quintile at age &-10 y remained so
at 21-25 y
75%, 88% (m,f) of children who were in the
upper BMl quintile at age 13-14 y remained so
at 31-35 y
Correlations for TSF weaker than for BMl
correlation's at several ages compared.

Rimm and Rimm®’
1976, USA

Childhood: no age
specified

Retrosoective
longitudinal study

W/H classified into
deciles

Adulthood:
20-49 y

As severity of adult obesity increased so did
the percentage of women who were fat
children.
2.4 times more severely obese women than
normal weight women were fat children.

n = 73 532 (f)
Rolland-Cachera^’'
1989, France

Childhood: 1-16 y

Prospective
longitudinal study

BMl, SFS

Adulthood:
17-25 y
/7=

Sprenson and
Sonne-Holme®^
1988, Denmark

BMl was the best predictor of adult BMl.
Prediction with skinfold measurement
depended on site and sex e.g. trunk skinfolds
predict better in females, whereas biceps
predict better in males.

135

Childhood: 7-13 y
Adulthood:
18-26 y

r=0.65, 0.58 (m,f) BMl at 7 y and adulthood
r=0.50, 0.39 (m,f) SFS combined at 7 y and
adulthood

Retrosoective
case-cohort study

BMl >31
(or > 99.5th centile)
for 'obese' adult
males

At 7 y median index of adult obese group was
98th centile. At 13 y it was the 99th centile. The
adult obese group has higher median BMl
when they were 7 y.

n = 429 severely
obese males

BMI> 19 had 20% influence on the incidence
of obesity.

0 = 908 population

Males in the upper extreme of the BMl
distribution at 13 y had a higher incidence of
adult obesity if they increased or decreased in
percentile level during the preceding years c.f.
if they had maintained this level throughout
the school years.

sample males

Only 21%, 20% of the adult obese group were
> 99,5th centile at 7,13 y respectively.
(continued)
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Authorlyear/
country

Cronk etai**'^^
1982a,b, USA

Ages

M ethod

Body fat measure

Childhood;
3 m-18 y

Prospective
longitudinal study

Adulthood: 30 y

(combined data
from 6 US studies)

Principal
components
analysis used to
summarise trends
in BMl in
childhood.

Main finding

High levels of BMl or persistently increasing
levels of BMl over long periods during
childhood and adolescence predispose to hie
levels of body fat in adulthood.
Increasing weight after pubescence is
associated with higher levels of body fat in
adulthood.
Adult body fat levels were found to be highe
when a female has a history of upward shift
percentile from 4-18 y and a high W/H" leva
during infancy.

C Power, JK Lake
and TJ Cole,
unpublished data,
UK

Childhood:
7(n=13 296);
11 (n=12 499);
16 (n=11 040)

Prospective
longitudinal study

Childhood;
. BMl > 95th
centile = 'obese'

Adulthood: 23
(n=12 279); 33
( n = l l 083)
(1958 cohort)
Miller eta/’ ®1972,
UK

Childhood: 3; 5
(n = 847);9; 13; 14;
15 (n=750)

Prospective
longitudinal study

Adulthood: 22 y
1/7 = 442)
Lloyd and Wolff ”
1961, UK

Childhood: 1-14 y
(mean = 9 y,
n=98)

Adulthood:
27-31 y (12 y f/up)

Childhood: 2-14 y
8 y f/up
n = 1490

Adulthood:
BMl >30.0 (m);
BMl >28.6 (f)

Of those obese at 33 y, 8%, 9% (m,f) were
obese at 7 y.

Weight-for-height:
% of observed
weight to standard
weight for a given
height and age.

Significant correlations were found for v/eigh.
for-height between all ages for both sexes (5,
9, 13, 15 and 22 y).
/ = 0.35 between weight-for-height at age 5 ani

Engelbach's
Obesity in childhood is likely to persist into
weight-for-height
adult life, the outlook may be slightly better fo
tables were used to boys compared to females,
estimate
42% of boys and 66% of girls were still .
overweight by
comparing actual
overweight at 20-24 y.
weight with the
Of the 13 children who were grossly
standard for the
overweight at the first examination, 12
patients sex and
remained so.
height.

Retrospective
longitudinal study
(2 cross-sectional
surveys)

Height, weight,
triceps, skinfold
thickness
BMl > 75th centile
= 'overweight'.
BMl 25-50th:
'moderately lean'.

Prospective
longitudinal study

Height, weight,
triceps skinfold
thickness. Rohrer
Index [weight/
height^) and RWT
(as z-scores).

n=783
Freedman eta/’ °
1987, USA

43%, 63% (m,f) of those obese at 7 y remaine
so at 33 y.

Prospective
longitudinal study

Clinic sample
(grossly
overweight
children)
Childhood: 13-17 y

/ = 0.33, 0.37 (m,f): BMl at 7 and 33 y.
r=0.45, 0.49 (m,f): BMl at 11 and 33 y
/=0.54, 0.57 (m,f); BMl at 16 and 33 y.

22.

Adulthood:
20-24 y

Srinivasan etal^^
1996, USA

BMl at 7,11, 16,2.3,
33 y.

TSF > 85th
centile = 'obese'

Of those overweight in adolescence, 58%
remained so in early adulthood.
57% of overweight adults had been overweigh
during adolescence.

r=0.66 to 0.72: weight at baseline and a:
follow-up.

43%, 66% of obese children (TSF > 85th,
TSF> 95th) remained so 8 y later. 50% o'
children with W/H^ > 85th centile remained sc
8 y later.
Of those obese (TSF > 85th) at follow-up, 43%
had originally been classified as obese a:
baseline.

u n iio a n d ad o iescen i la tn ess
C P o w er e: a'
Table A2

Sum m ary of literature on ch ild /a d o lescen t adiposity and ad u lt m ortality and m orbidity
Ages

Authorlyear!
country

Abraham e ta l '
1971, USA

Must e ta l
USA

1992,

M ethod

Adulthood:
42-53 y

RWT in childhood
and
adulthood > 120
'obese'

1691 out of the
original 1963 men
were followed up
after 30-40 y. Of
these 717 men
were available for
examination.

Outcomes
Physiological
measures: fasting
blood sugar
values; serum
cholesterol; ^lipoproteins; BP

Childhood: 9-13 y

Childhood: 13-18 y

Prospective
longitudinal study

B ody fat measure and
outcom es

Prospective
longitudinal study

Adulthood:
68-73 y

Overweight:
BMl > 75th centile
in subjects of same
age and sex, on
> 2 occasions.

f/up: 55 y
Outcomes
All-cause
mortality; CHD;
atherosclerotic
cerebro-vascular
disease; colorectal
and breast cancer.

r?= 508 (some
data); n = 309
(mid-life data)

Hoffmans eta/*®
1988, Netherlands

Childhood: 18 y

Retrospective
longitudinal study

Adulthood: 50 y

BMl at baseline
only: <18.99;
19.00-19.99; 20.0024.99; >25.00.

Main findings

Childhood RWT (9-13 y) was not significantly
related to adult levels of the physiological
measures or cardiovascular renal disease. A
U-shaped relationship was found between
RWT and hypertensive vascular disease. Adult
RWT was associated with hypertensive
vascular and cardiovascular renal disease
(overweight had higher risk). The highest risks
were for those who had acquired their
overweight status as adults.

For men (but not women), there was an
increased risk of mortality from all causes for
those who were overweight in adolescence
compared to those who were lean: OR = 1.8
(all-cause); OR = 2.3 (CHD); OR = 13.2
atherosclerotic cerebro-vascular disease);
OR = 9.1 (colorectal cancer). Morbidity risk for
CHD, atherosclerosis, colorectal cancer (men),
gout (men) and arthritis (women) and
functional difficulty (walking, climbing stairs)
(women) was Increased among those who
were overweight in adolescence. NIDDM
appeared to be related to overweight in
adulthood and not in adolescence.
Moderately obese young men have an
increased mortality risk.

78 612 men
Outcome
All-cause mortality
Hoffmans eta/*®
1989, Netherlands

Childhood: 18 y

Retrospective
longitudinal study

Adulthood: 50 y

BMl at baseline
only: <18.99;
19.00-19.99; 20.0024.99; >25.00

78 612 men
Outcome
CHD, cancer, lung
cancer
Nieto era/®° 1992,
USA

Childhood: 5-18 y
(1933-45)
followed up in
1963, 1975, 1985.

Nested matched
case-control within
a prospective
longitudinal study

RWT (quintiles).
Outcomes
Total mortality

Overweight men had an increased risk of CHD
but lowest risk of cancer. OR = 1.20, 2.62 for
underweight, overweight men at 18 y
respectively, for CHD mortality. OR = 1.40,1.01
for underweight, overv/eight at 18 y
respectively for cancer mortality. (Little
information was available on confounding
factors e.g. smoking).
Childhood and adolescent RWT were
positively associated with adult all-cause
mortality. OR = 1.5,1.6 of mortality risk for pre
pubertal and postpubertal overweight subjects
respectively (compared to those in the lowest
quintile).

n=13 146
Lake eta!
UK

1997,

Childhood: 7 y
Adulthood: 23 y
n = 5799 women

Prospective
longitudinal study

BMl >20.6 =
'obese': childhood
BMl >28.6
= 'obese':
adulthood
Outcomes
reported at 33 y
Menstrual
problems,
subfertility,
hypertension in
pregnancy

Obesity at 23 y (OR = 1.75) and at 7 y
(0R= 1.59) both independently increased the
risk of subsequent menstrual problems. Obese
women at 23 y were less likely to conceive
within 12 months of unprotected intercourse
(RR = 0.69). Obesity at 23 y increased the risk
of hypertension in pregnancy (OR = 2.37).
Obesity at 7 y was a risk factor for subsequent
hypertension in pregnancy, but this risk was
borderline significant after adjusting for BMl at
23 y.

{continued)
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Authonyear/
country

Ages

DiPietro eta!
1994, Stockholm

Childhood:
2 m-16 y
Adulthood:
%37-70 y

M ethod

Prospective
longitudinal study
(overweight
children)

233 males,
271 females

Fung etal^^ 1990,
Hong Kong

Childhood:
6.5-20 y

Cross-sectional
study

705 males,
881 females

Lew and
Garfinkel
USA

1979,

Adulthood:
30-89 y

Prospective
longitudinal study

Outcomes
Cardiovascular
disease, diabetes,
cancer,
muculoskeletal
disorders,
digestive
disorders,
psychiatric illness
and all-cause
mortality.
BMl > 90th
centile =
overweight

RWT

Outcomes
All-cause, CHD,
cancer, diabetes,
digestive disease,
cerebral vascular
disease.

n=750 000

Adulthood: mean
56.4 y

BMl

Outcome
Respiratory
function

f/up: 13 y

Lissner etaf^^
1990, USA

Body fat measure
and outcomes

Prospective
longitudinal study

Variability of
weight.

Main finding

Subjects who died and those reporting
cardiovascular disease after the 40 year foliov.
up were significantly heavier at puberty and ir
adulthood than healthier subjects. There was a
large increase in BMl between post puberty
and age 25 among those who had died, those
reporting cardiovascular disease or diabetes
Those reporting cancer had lower BMl
throughout adulthood. No association was
found betwen overweight in early childhood
and adult morbidity/mortality.

Positive partial correlations were found
between BMl and lung function in normal
weight boys and girls, overweight girls but no:
for overweight boys. In contrast to adults, in
girls of all v/eights and normal weiglit boys
BMl has a positive effect.

Increased weight v/as associated with
increased all-cause mortality (and mortality
from diabetes (esp. women), CHD and cancer)
mortality was 50% higher in those 30-40%
heavier than average, and about 90% higher ir
those > 40% heavier.

Body weight variability was not predictive of
subsequent CHD, cancer, or all-cause
mortality.

Outcomes
All-cause mortality,
CHD and cancer

f/up: 2-27 y (mean
14 y)
n = 846 men
Lissner eta!'
1991, USA

Adulthood:
30-62 y
(mean SS43 y)

Prospective
longitudinal study

Variability of
weight
Outcomes
All-cause mortality,
CHD mortality/
morbidity.

(recalled weight at
25 y)
f/up: 32 y (mean
14 y)

Higher risk of CHD and all-cause mortality (but
not cancer) was associated with greater body
weight fluctuations. OR = 1.27 to 1.93 for all
cause mortality, for highest weight variability
compared to lowest variability. Recalled body
weight at 25 y made an important contribution
to the total variance of individual subjects'
weights and therefore contributed to the effec:
observed.

n = 5127
Mossberg®® 1989,
Sweden

Childhood: 0-17 y
(mean 9.6 y)

Prospective
longitudinal study

Adulthood:
37-70 y (mean
50.7 y)

(overweight
children - clinic
sample)

f/up: 40 y
n = 504
Rhoads and
Kagan®^ 1983, USA
(Japanese
subjects)

Adulthood: 4568 y (and recalled
height and weight
at 25 y)

Retrospective
longitudinal study

Weight/height
SDS > -f 3 =
overweight.
Outcomes
Mortality,
cardiovascular,
hypertension,
diabetes,
locomotor,
digestive.
BMl (quintiles)
Outcomes
All-cause, CHD and
cancer mortality.

All diseases appeared earlier in obese subjects
compared to a reference population (only
significant for cardiovascular and digestive
diseases). W/H SDS in childhood tended to be
positively associated with higher rates of
mortality and morbidity. Those with W/H
SDS > -f-3 in childhood/puberty had the wors:
prognosis.

Mortality was highest In the leanest and fattes"
men. Excess deaths in the top BMl quintiles
were due to CHD

f/up: 10 y
/7 = B 006 m en
[continued

Child and adolescent fatness
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A ges

Authorlyear!
country

Somerville efa/®®
1984, England and
Scotland

Childhood: 5-11 y

M ethod

Body fat measure
and outcomes

Mixed longitudinal
study

SDS score for
weight-for-height
and triceps
skinfold thickness.

n = 7800

Main finding

Triceps skinfold and weight-for-height were
both significantly positively related to 'colds
usually going to head'; 'chest ever v/heezy';
bronchitis in most analyses. Overweight
children had highest prevalence rates.

Outcomes
Respiratory
symptoms
Labanhe eta f
1991, Various
countries (review)

Clarke e/a/®® 1986,
USA

Various ages In
childhood,

Childhood: 6-18 y

Review of 12 crosssectional studies
and 6 longitudinal
studies.

Prospective
longitudinal study

f/up: 10 y
(Muscatine Study)

BMl and change in
BMl.
Outcomes
Systolic and
diastolic blood
pressure
Benn index (W/H'’,
p = 1,2, 3); BMl;
RWT; pondéral
index (H/^./W).

n = 2925
Outcomes
Systolic and
diastolic BP
Aristimuno efa/®®
1984, USA

Childhood: 2-14 y

Prospective
longitudinal study

f/up: 5-6 y

Triceps skinfold
> 85th centile
'obese'

(Bogalusa Study)
Outcomes
Cardiovascular risk
factors

n = 4 238

Lauer efs/®® 1984,
USA

Childhood: 8-18 y

Prospective
longitudinal study

Adulthood:
20-25 y or 26-30 y

Childhood: 16-24 y

BMl expressed as a
measure of RWT.

Prospective
longitudinal study

BMl > 95th centile
= 'overweighL

f/up: 7 y
Outcomes
Rosenberg self
esteem scale;
socio-economic
variables

n=10039

Hansson era/®°
1994, Sweden

Childhood: 20 y
(recall)

Change in ponderosity is associated with
change in BP. i.e. ponderosity decrease
relative to peers leads to decrease in systolic
and diastolic BP; conversely, increasing
ponderosity is associated with BP increases.
Correlation between adolescent ponderosity
and blood pressure: r=0.25 to 0.30 (systolic),
r=0.11 to 0.15 (diastolic).
Children who track as 'obese' over the 5 y
f/up period had higher levels at baseline for
weight, ponderosity (W/H^), systolic and
diastolic BP, serum triglycerides, pre-^ and
^•lipoprotein cholesterol.

Development of obesity in childhood and
adolescence is a risk factor for high cholesterol
levels in adulthood.

Outcomes
Cholesterol level in
adulthood

/?= 2446
Gortmaker era/®’
1993, USA

Obesity (and change in obesity) is positively
related to blood pressure (and change in BP).

Population based
case-control study.

BMl (quartiles)
Outcome
Gastric cancer

Adulthood:
40-79 y

Adolescent overweight is associated with
adverse social and economic factors,
particularly in women. No association was
found between adolescent overweight and
self-esteem in early adult life.

BMl at age 20 y and gastric cancer risk were
positively associated among both sexes. No
association was found between gastric cancer
and BMl 20 y prior to interview.

n = 33 8 cases;
n = 679 controls

Sangi efa/®’ 1992,
USA

Childhood: 6-14 y
/? = 743

Cross-sectional
study

Canonical correlations between
anthropometric measures and cardiovascular
risk factors ranged from r=0.37 to 0.82.
Appeared to be an association between central
fat and risk at most but not all ages (skinfold
vector). Circumference vectors suggest that
Outcomes
Cardiovascular risk size or fatness, not body fat distribution, was
related to risk. Hip circumferences and sum of
factors
skinfolds consistently entered regression
analyses. Associations of central fat with CVD
risk factors is less than it is adults.
[continued)
5 skinfold
measures, 4
circumference
measures, and BMl
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Authorlyear;
country

Rumpel and
Harris®^ 1994, USA

A ges

Method

Childhood; 9-11 y

Prospective
longitudinal study.

(n% 3000) and
15-17 V (n%1500)
(both ages r;%93G)
Friedman and
Brownell
1995,
Review of several
studies

Various aoes

Body fat measure
and outcom es

BMl

Main finding

Higher BMl is not associated with lower self
esteem and external locus of control.

Outcomes
Self-esteem and
locus of control
Review of the
literature on the
psychological
effects of obesity.

Various measures
of body fat and
definitions of
obesity.

Findings were inconsistent and unclear,
although the authors believe that not all obes
people suffer from psychological distress.

Outcomes
Depression;
anxiety; body
image
dissatisfaction;
body image
distortion; selfconcept.
Gillum etal
USA

1982,

B/line: 16-25 y
(mean 20.5 y)
(r;=167)
20 y f/up |rj= 118)
and
32 y f/up (/7=112)

Srinivasan etal^^
1996, USA

Childhood: 13-17 y
{n= 1594}
f/up for 12-14 y
(aged 27-31 y)
(n = 783)

Prospective
longitudinal study.
(Selected sample
of college
students)

Retrospective
longitudinal study
(2 cross-sectional
surveys)

RWT, BMl, weight,
sum of triceps and
subscapular
skinfold thickness.
Outcomes
Diastolic and
systolic blood
pressure.

Height, weight,
triceps, skinfold
thickness.
BMl > 75th
percentile =
'overweight'.
Outcomes
Cardiovascular risk
factors (BP,
cholesterol,
insulin, glucose)
Medical history,
obtained through
questionnaire.

Body weight, RWT, BMl and body density w e n
significantly correlated with baseline systolic
blood pressure (r=0.35, 0.31, 0.30, —0.31
respectively), but not with diastolic BP or
follow-up BP in 1968 or 1979. Skinfold
thicknesses were significantly correlated with
both diastolic and systolic BP.
Although strong significant correlations v/ere
found between body fatness indices at
baseline and diastolic BP 20 |r = 0.35 to 0.35)
and 32 years later (r=0.22 to 0.23), non
significant, weaker correlations were found for
systolic BP at follow-up.
Adolescent overweight was associated with
multiple cardiovascular risk factors.
Adolescent overweight and weight gain from
adolescence to adulthood had independent
adverse affects on adult cardiovascular risk. ’
Prevalence of hypertension increased 8.5-fold
and dyslipidemia increased 3.1 to 8.3-fold in
the overweight compared to the lean groups.

