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Abstract

Methods

Objective To identify risk factors in early life (up to 3 years of
age) for obesity in children in the United Kingdom.
Design Prospective cohort study.
Setting Avon longitudinal study of parents and children, United
Kingdom.
Participants 8234 children in cohort aged 7 years and a
subsample of 909 children (children in focus) with data on
additional early growth related risk factors for obesity.
Main outcome measures Obesity at age 7 years, defined as a
body mass index ≥ 95th centile relative to reference data for the
UK population in 1990.
Results Eight of 25 putative risk factors were associated with a
risk of obesity in the final models: parental obesity (both
parents: adjusted odds ratio, 10.44, 95% confidence interval
5.11 to 21.32), very early (by 43 months) body mass index or
adiposity rebound (15.00, 5.32 to 42.30), more than eight hours
spent watching television per week at age 3 years (1.55, 1.13 to
2.12), catch-up growth (2.60, 1.09 to 6.16), standard deviation
score for weight at age 8 months (3.13, 1.43 to 6.85) and 18
months (2.65, 1.25 to 5.59); weight gain in first year (1.06, 1.02
to 1.10 per 100 g increase); birth weight, per 100 g (1.05, 1.03 to
1.07); and short ( < 10.5 hours) sleep duration at age 3 years
(1.45, 1.10 to 1.89).
Conclusion Eight factors in early life are associated with an
increased risk of obesity in childhood.

The Avon longitudinal study of parents and children is a longitudinal birth cohort study of the determinants of development,
health, and disease during childhood and beyond. This study is
described in detail elsewhere.6 Briefly, 14 541 pregnant women
with an expected date of delivery between April 1991 and
December 1992 were enrolled; 13 971 of their children formed
the original cohort. About 85-90% of eligible mothers took part
in the study. Parents gave informed written consent for their
children to participate. Data have been collected from questionnaires completed by the parents, medical records, and biological
samples. We randomly selected a subsample of children from
the last six months of recruitment (children in focus group),
aged from 4 months to 5 years, and invited their parents to
bring them in for regular physical examinations. From age 7
years onwards these examinations were extended to the whole
cohort.

Introduction
An epidemic of childhood obesity has occurred in recent years,
beginning in the late 1980s in the United Kingdom.1 It is of concern because of adverse consequences in the short term and
long term.1 2 The identification of risk factors is the key to
prevention.3 Evidence on risk factors for childhood obesity is
limited at present,4 5 although awareness is increasing for the
importance of the environment in early life. Almost all
recognised risk factors are potential rather than confirmed. A
systematic review found that most previous studies on risk
factors for obesity were unable to adequately account for
confounding variables (particularly socioeconomic status),5 were
mainly cross sectional, were underpowered,4 5 and failed to investigate the effect of several potential risk factors simultaneously.4 5
We identified and quantified risk factors for obesity at age 7
years in children who were participating in the Avon
longitudinal study of parents and children (ALSPAC). The study
concerns a large contemporary cohort in which confounding
variables are being considered and potential risk factors are
being tested simultaneously. For the present study, we took into
account only risk factors supported by a priori hypotheses.

Anthropometric variables
We measured height to 0.1 cm using the Harpenden stadiometer
(Holtain; Crymych, Wales). Weight was measured to 0.1 kg. From
these values we calculated the body mass index (weight
(kg)/(height (m)2). Body mass indices were converted to standard
deviation scores relative to UK reference data in 1990.7
Definition of obesity
We defined obesity as a body mass index equal to or greater than
the 95th centile, equivalent to a standard deviation score of 1.64
or more. This definition has high specificity and moderate sensitivity for identifying the children with highest body fat
percentage within the British population.8 9 Obesity defined in
this way is also biologically meaningful as it identifies those children who are most likely to experience comorbidity, such as persistence of obesity, presence and clustering of cardiovascular risk
factors, and psychological problems.2
Potential risk factors
We chose putative risk factors on the basis of previously reported
associations with obesity, or plausible prior hypotheses. We cross
checked the results of our literature search against a systematic
review.5 Overall, we identified 31 potential risk factors. Measures
for 21 of these risk factors were available for the entire cohort of
the Avon longitudinal study of parents and children. A further
four potential risk factors relating to growth in infancy and early
childhood were available for the children in focus subsample
(table 1).
Statistical analyses
We carried out a multivariable analysis for the prevalence of
obesity in three stages using multivariable binary logistic
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Table 1 Potential risk factors and confounders, method and time of data collection, and factor level of analysis
Variables

Method and time of data collection

Factor level of analysis

Maternal social class (SES)

Self report (derived from maternal occupation) at 32 weeks’
gestation

I (highest), II, IINM, IIINM,IV,V (lowest)

Maternal education

Self report at 32 weeks’ gestation

CSE or no qualification (lowest), vocational, O level, A level,
degree (highest)

Energy intake of child

Food frequency questionnaire at age 30 months

Megajoules per day, continuous

Potential confounders:

Intrauterine and perinatal factors:
Birth weight

Measured in delivery room

Continuous (unit 100 g)

Sex

Medical records

Male or female

Maternal parity

Self report questionnaire at 18 weeks’ gestation

Number of previous pregnancies resulting in live birth or
stillbirth: 0, 1, ≥2

Maternal smoking during pregnancy (28-32 weeks’
gestation)

Self report questionnaire at 32 weeks’ gestation

Daily: none, 1-9, 10-19, ≥20

Season of birth

Date of birth on medical records

Jan-Mar, Apr-Jun, Jul-Sept, Oct-Dec

Gestational Age

Derived from last menstrual period

Weeks: <37, 37-42, >42

No of fetuses

Medical records

1, 2 (twins)

Breast feeding

Child feeding questionnaire at six months post partum

Exclusive breast feeding at two months; stopped or
non-exclusive breast feeding; never breast fed

Age at introduction of complementary feeding

Child feeding questionnaire at six months post partum

Time (months): <1, 1-2, 2-3, 3-4, 4-6, not yet introduced

Parents body mass index prepregnancy

Maternal self report questionnaire during pregnancy

Body mass indices: both parents <30; father only, >30; mother
only, >30; both parents >30

Number of siblings of child at 18 months

Child based maternal self report questionnaire at 18 months
post partum

Number of siblings younger and older: 0, 1, 2, ≥3

Ethnicity of child

Maternal self report questionnaire at 32 weeks’ gestation

White, non-white

Age of mother at delivery

Enrolment cards, clinical records, notification of delivery

Years: <20, 20-24, ≥25

Infant feeding:

Family characteristics:

Childhood lifestyle:
Time spent watching television per week (at 38 months)

Questionnaire

Hours: ≤4, 4.1-8, >8

Time in car on weekdays per day (at 38 months)

Questionnaire

Not at all, <1 hour, ≥1 hour

Time in car on weekend days per day (at 38 months)

Questionnaire

Not at all; <1 hour; ≥1 hour

Duration of night time sleep (at 38 months)

Questionnaire

Quartiles of sleep duration (hours: <10.5, 10.5-11.4,
11.5-11.9, ≥12)

Dietary patterns

Food frequency questionnaire at 38 months

Factor loadings for food categories from principal components
analysis scores in quartiles: junk, healthy, traditional, fussy or
snack*

Weight standard deviation score at eight months

Measurement as part of children in focus study

In quartiles at eight months

Weight standard deviation score at 18 months

Measurement as part of children in focus study

In quartiles at 18 months

Rapid catch up growth 0-2 years

Weight gain of >0.67 standard deviation scores in first two
years

Catch down, no change, catch up

Adiposity rebound

Change in body mass index up to 60 months

Very early (by 43 months), early (by 61 months), later (after
61 months)

Weight gain in first 12 months

Calculated from variable weight at 12 months minus birth
weight

Continuous: weight gain between birth and 12 months (units
100 g)

Risk factors in children in focus subsample:

*Definitions taken from North and Emmett.10 Factor loading score (highest first): food group 1, Junk type—fizzy drinks, sweets and confectionery, chocolate, chips (fries), fried foods, sausages,
burgers, crisps, takeaway meals, pot noodles, cook in sauces, bread, pizza, biscuits, and flavoured milks; food group 2, healthy type—pulses, vegetarian foods, rice, pasta, salad, fruit juice,
fruit, water, eggs, cheese, and fish; food group 3, traditional type—meat and vegetables as meals, meat, poultry, root vegetables, potatoes (not fries), green vegetables, and legumes (peas,
sweetcorn); food group 4, fussy or snack type—puddings, cakes and buns, biscuits, squash, crisps, cheese, and fruit.

regression models. Firstly, owing to the strong association
between maternal education (as a proxy for socioeconomic status) and childhood obesity, we assessed whether the effect of
potential risk factors was confounded by the mother’s
education. Secondly, in an effort to reduce colinearity and to
minimise the likelihood of producing misleading estimates for
the variables (data not shown), we analysed putative risk factors
for childhood obesity (the effects of which were found to be
independent of maternal education) simultaneously within each
of the four risk factor groups (intrauterine and perinatal factors;
infant feeding and complementary feeding (weaning) practice;
family characteristics and demography; and lifestyle in early
childhood). Finally, risk factors that were independently significant (P < 0.10) at the within group stage were then entered into
a final model in which we analysed all variables simultaneously.
In the final model we further adjusted the variables for sex (we
had a priori reasons for believing that sex might mediate some
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of the effects of some risk factors, although in practice its inclusion or exclusion made little difference to the odds ratios in the
final model); maternal education (to control or adjust for socioeconomic status); and, for the food group variables,10 the child’s
estimated energy intake at age 3 years. We used 2 tests for linear trend for ordered categorical variables and Fisher’s exact
test in contingency tables when the expected frequency in any
cell was less than 5.
To assess the effect of the four growth related risk factors
(measured in the children in focus subsample only) on obesity,
we used multivariable binary logistic regression models, while
controlling for all other statistically significant risk factors
obtained from the analysis of the whole cohort. Owing to the
correlation between these growth related risk factors, we
independently assessed their effect on obesity. We produced five
separate models for the four risk factors. One risk factor, size in
early life, was measured at age 8 and 18 months.
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Results
In total, 8234 children attended the clinic at age 7. Measures for
height and weight were available for 7758 children (3934 boys
and 3824 girls; 55.5% of the original 13 971 children) median
age 7.6 years (range 6.9-8.5 years). The prevalence of obesity did
not differ significantly between the sexes (9.2% for boys (n = 362)
and 8.1% for girls (n = 309; P = 0.08)). Overall, 5493 children
(70.8% of those with measures for height and weight who
attended at age 7, 39.3% of the original cohort) had complete
data for the multivariable analyses.
Risk factors in entire cohort
Intrauterine and perinatal factors
Increasing birth weight was independently and linearly
associated with increasing prevalence of obesity at age 7 (table 2).
Obesity at age 7 was also significantly associated with maternal
smoking between 28 and 32 weeks’ gestation, with some indication of a dose response (2 test for linear trend 27.17).
Infant feeding and weaning practice
The apparent protective effect of exclusive breastfeeding on
obesity at age 7 observed in the univariable analysis remained
when breastfeeding was considered together with the other
infant feeding and weaning practice variable (adjusted odds ratio
0.70, 95% confidence interval 0.54 to 0.91), but had disappeared
in the final model (table 2). In the final model, timing of
introduction of complementary feeding was not significantly
related to the risk of obesity at age 7.
Family characteristics and demographics
When only one parent was obese, the risk of obesity at age 7 was
increased. The risk was higher when both parents were obese
(adjusted odds ratio 10.44, 5.11 to 21.32; table 2).
Lifestyle in early childhood
Sleep Sleep duration in children aged 30 months was
independently associated with prevalence of obesity at age 7
(table 2). Children in the lowest two quarters of sleep duration
( < 10.5 hours and 10.5-10.9 hours) were more likely to be obese
at age 7 than children in the highest quarter ( > 12 hours; 2 test
for linear trend 17.8).
Sedentary behaviour The odds ratio for obesity increased
linearly as the number of hours of television viewing increased
(2 test for linear trend 26.7). For children reported to watch television for 4-8 hours per week at age 3 the adjusted odds ratio
for obesity at age 7 was 1.37 (1.02 to 1.83). For those reported to
watch more than eight hours per week the adjusted odds ratio
was 1.55 (1.13 to 2.12).
Dietary patterns We found no conclusive evidence of an association between dietary patterns at age 3 and risk of obesity at
age 7. A junk food type dietary pattern at age 3 was significantly
associated with risk of obesity at age 7, although the association
only just reached significance at the 10% level in the final model
(table 2).
Risk factors in children in focus subsample
The prevalence of obesity at 7 years in the children in focus subsample was not significantly different from that in the entire
cohort (8.7%; 79/909). Children in the highest quarter for weight
(standard deviation scores) at age 8 months and 18 months were
more likely to be obese at age 7 than children in the lower quarters (table 3). Early adiposity or body mass index rebound,
catch-up growth between birth and two years, and high rates of
BMJ Online First bmj.com

weight gain in the first 12 months were also independently associated with obesity at age 7 (table 3).

Discussion
We found that eight of 25 putative early life risk factors for obesity in childhood were significantly related to risk of obesity. Our
study supports the hypothesis that the environment in early life
can determine risk of later obesity, and suggests several
influences in early life that might be suitable targets for future
obesity prevention interventions. Our study has advantages over
previous similar ones because of its contemporary nature, large
sample size, longitudinal design, and the use of multivariable
analysis. The most critical observers of causes for obesity4 11
believe that evidence suggests a causal role for sedentary behaviour, consumption of sugar sweetened drinks, and, possibly,
formula feeding during infancy. Risk factors for obesity in childhood were, however, uncertain, and evidence based targets for
preventive strategies were lacking.4 5 We found evidence that the
list of potential risk factors for childhood obesity and targets for
preventive interventions should be extended.
Potential risk factors not supported by present study
Many putative risk factors for obesity in our study were not independently associated with the risk of obesity in childhood: sex,
parity, season of birth, gestational age, number of fetuses, timing
of introduction of complementary feeding, number of siblings,
ethnicity, maternal age, and time spent in the car.
Inconclusive potential risk factors
We did not observe an independent protective effect of exclusive
breast feeding on obesity in our final model, despite strong univariable associations, and in contrast to our previous studies.12
The change in direction and magnitude of the odds ratio
between univariable and multivariable models in the present
study, combined with recent evidence of an interaction between
breast feeding and maternal smoking during pregnancy,13 led us
to test for an interaction of this type. Breast feeding in women
who did not smoke during pregnancy (but not in women who
smoked during pregnancy) was significantly associated with a
reduced risk of obesity at age 7 years. Evidence from both human
studies and animal models show that maternal smoking during
pregnancy may increase the risk of obesity later in life, and that
this may operate by programming the regulation of appetite.14 15
Our measures of dietary patterns were generally not significantly associated with the risk of obesity in the final model, but
associations of this kind may be worthy of further investigation.
Potential risk factors supported by present study
In the entire cohort, birth weight, parental obesity, sleep
duration, and television viewing remained independently associated with the risk of obesity in the final model. A further four
factors were significant in the children in focus subsample: size in
early life (standard deviation scores for weight at age 8 months
and 18 months), weight gain in infancy, catch-up growth, and
early adiposity or body mass index rebound (before 43
months16).
Parental obesity may increase the risk of obesity through
genetic mechanisms or by shared familial characteristics in the
environment such as food preferences.17 Duration of night time
sleep may alter later risk of obesity through growth hormone
secretion, or because sleep reduces the child’s exposure to
factors in the environment that promote obesity, such as food
intake in the evening. Alternatively, duration of night time sleep
may be a marker for some other variable such as level of physical
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Table 2 Associations between 21 risk factors and obesity at age 7 years in cohort of Avon longitudinal study of parents and children. Values are percentages
(numbers) unless stated otherwise
Prevalence of childhood obesity
(n=7758)

Unadjusted (univariable) odds
ratio (95% CI)

P value

Final model adjusted odds ratio
(95% CI)† (n=5493)

P value

Birth weight, continuous* (100 g
units)

8.4 (605/7224)

1.05 (1.03 to 1.07)

<0.001

1.05 (1.03 to 1.07)

<0.001

Missing data

12.3 (66/534)

—

—

—

—

0.079

1.00

0.890

Risk factors
Intrauterine and perinatal factors

Sex*:
Male

9.2 (362/3934)

1.00

Female

8.1 (309/3824)

0.87 (0.74 to 1.02)

—

—

—

—

—

0.854

Did not enter

—

—

—

1.00

<0.010

Missing data

0.99 (0.81 to 1.21)

Parity*
0

8.3 (265/3205)

1.00

1

8.4 (215/2557)

1.02 (0.84 to 1.23)

≥2

7.9 (103/1308)

0.95 (0.75 to 1.20)

Missing data

12.8 (88/688)

—

—
<0.001

Maternal smoking during pregnancy per day*
None

7.5 (443/5889)

1.00

1-9

11.5 (50/434)

1.60 (1.17 to 2.18)

1.76 (1.21 to 2.52)

10-19

11.3 (48/423)

1.57 (1.15 to 2.16)

1.59 (1.08 to 2.34)

≥20

13.8 (19/138)

1.96 (1.20 to 3.22)

Missing data

12.7 (111/874)

—

—

—

—

0.884

Did not enter

—

1.80 (1.01 to 3.39)

Season of birth*
Jan-Mar

8.7 (106/1219)

1.00

Apr-Jun

8.0 (167/2080)

0.92 (0.71 to 1.18)

Jul-Sep

8.2 (160/1949)

0.94 (0.73 to 1.21)

Oct-Dec

8.6 (177/2065)

0.98 (0.77 to 1.27)

Missing data

13.7 (61/445)

—

—

—

—

0.436

Did not enter

—

Gestational age (weeks)
<37
37-42
>42
Missing data

8.4 (31/412)

1.00

8.4 (574/6864)

1.12 (0.87 to 1.45)

13.5 (5/37)

1.75 (0.68 to 4.50)

13.7 (61/445)

—

—

—

—

0.635

Did not enter

—

No of fetuses
1

8.7 (655/7551)

1.00

2

7.7 (16/207)

0.88 (0.53 to 1.48)

Infant feeding
Breast feeding*:
Exclusive at 2 months

6.9 (152/2211)

0.64 (0.50 to 0.82)

Stopped or non-exclusive

8.5 (281/3287)

0.81 (0.64 to 1.01)

0.002

1.22 (0.87 to 1.71)

0.464

Never

10.4 (120/1153)

1.00

Missing data

10.7 (118/1107)

—

—

—

—

<1

9.6 (17/177)

1.44 (0.85 to 2.45)

0.003

0.88 (0.42 to 1.87)

0.296

1 or 2

10.6 (12/113)

1.61 (0.83 to 3.01)

1.08 (0.80 to 1.45)
1.00

Introduction of solids (months)*:
1.08 (0.50 to 2.32)

2 or 3

11.6 (77/664)

1.78 (1.33 to 2.39)

1.48 (1.01 to 2.16)

3 or 4

8.3 (320/3868)

1.22 (0.99 to 1.51)

1.08 (0.83 to 1.39)

4-6

6.9 (134/1953)

1.00

Missing data

11.3 (111/983)

—

—

<0.001

1.00
—

—

1.00

<0.001

Family characteristics
Parental obesity (body mass
index)*:
Both parents (<30)

6.2 (264/4253)

1.00

Father (>30)

16.2 (49/302)

2.93 (2.10 to 4.07)

Mother (>30)

23.6 (46/195)

4.66 (3.28 to 6.64)

4.25 (2.86 to 6.32)

Both parents obese

43.8 (21/48)

11.75 (6.55 to 21.06)

10.44 (5.11 to 21.32)

9.8 (291/2960)

1.65 (1.38 to 1.96)

1.33 (1.06 to 1.67)

None

8.8 (251/2858)

1.31 (0.81 to 2.13)

1

7.5 (196/2604)

1.11 (0.69 to 1.81)

2

8.5 (80/944)

1.26 (0.75 to 2.12)

≥3 (I)

6.8 (19/278)

1.00

11.6 (125/1074)

Missing data

2.54 (1.72 to 3.75)

No of siblings*:

Missing data

0.304

Did not enter

—

—

—

—

—

0.156

Did not enter

—

—

—

—

Ethnicity of child:
White

8.0 (535/6647)

1.00

Non-white

10.5 (29/277)

1.34 (0.90 to 1.98)

Missing data

12.8 (107/834)

—
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Risk factors

Prevalence of childhood obesity
(n=7758)

Unadjusted (univariable) odds
ratio (95% CI)

P value

Final model adjusted odds ratio
(95% CI)† (n=5493)

P value

0.204

Did not enter

—

—

—

Age of mother at delivery:
<20

7.4 (10/135)

0.91 (0.47 to 1.73)

20-24

9.8 (98/998)

1.23 (0.98 to 1.55)

≥25

8.1 (502/6180)

1.00

Missing data

13.7 (61/445)

—

—

<0.001

Lifestyle factors in childhood
Time spent watching television per
week (hours)*:
≤4

5.2 (75/1450)

1.00

4.1-8

8.3 (252/3026)

1.66 (1.28 to 2.17)

>8

10.3 (201/1950)

2.10 (1.60 to 2.77)

Missing data

10.7 (143/1332)

—

—

—

—

0.34

Did not enter

—

—

1.00

<0.010

1.37 (1.02 to 1.83)
1.55 (1.13 to 2.12)

Time in car per day
Weekdays (hours):
None
<1
≥1
Missing data

6.9 (37/533)

1.00

8.1 (426/5227)

1.19 (0.84 to 1.69)

9.2 (67/725)

1.37 (0.90 to 2.07)

11.1 (141/1273)

—

—

—

0.090

Did not enter

Weekend (hours):
None

12.3 (26/211)

1.00

<1

8.0 (346/4332)

0.62 (0.40 to 0.95)

≥1

8.2 (157/1907)

0.64 (0.41 to 0.99)

Missing data

10.9 (142/1308)

—

—

—

—

First quarter (<10.5)

10.3 (171/1660)

1.57 (1.23 to 1.99)

<0.001

1.45 (1.10 to 1.89)

<0.010

Second quarter (10.5-10.9)

8.8 (135/1539)

1.31 (1.02 to 1.69)

1.35 (1.02 to 1.79)

Third quarter (11-11.9)

6.4 (87/1351)

0.94 (0.71 to 1.25)

1.04 (0.76 to 1.42)

Fourth quarter (>12)

6.8 (128/1876)

1.00

Missing data

11.3 (150/1322)

—

—

<0.001

Duration of night time sleep (hours)*

1.00
—

—

1.00

0.083

Dietary patterns
Food group 1 (junk)*:
First quarter

5.5 (89/1607)

1.00

Second quarter

7.9 (127/1606)

1.46 (1.11 to 1.94)

Third quarter

10.1 (162/1607)

1.91 (1.46 to 2.50)

1.48 (1.08 to 2.02)

Fourth quarter

9.2 (148/1607)

1.73 (1.32 to 2.27)

1.24 (0.87 to 1.76)

Missing data

10.9 (145/1331)

—

—
0.061

1.43 (1.00 to 1.85)

—

—

1.00

0.769

Food group 2 (healthy)*:
First quarter

9.2 (148/1607)

1.00

Second quarter

8.5 (136/1609)

0.91 (0.71 to 1.16)

1.01 (0.76 to 1.34)

Third quarter

8.4 (135/1607)

0.90 (0.71 to 1.15)

1.02 (0.75 to 1.37)

Fourth quarter

6.7 (107/1605)

0.70 (0.54 to 0.91)

0.87 (0.61 to 1.22)

Missing data

10.9 (145/1331)

—

—
0.088

—

—

1.00

0.386

Food group 3 (traditional)*:
First quarter

7.6 (122/1608)

1.00

Second quarter

8.3 (133/1612)

1.10 (0.85 to 1.42)

1.13 (0.84 to 1.53)

Third quarter

7.3 (117/1607)

0.96 (0.74 to 1.25)

1.01 (0.74 to 1.38)

Fourth quarter

9.6 (154/1601)

1.30 (1.01 to 1.66)

1.26 (0.92 to 1.72)

Missing data

10.9 (145/1331)

—

—
0.005

—

—

1.00

0.635

Food group 4 (fussy)*:
First quarter

9.9 (159/1606)

1.00

Second quarter

8.7 (139/ 1606)

0.86 (0.68 to 1.10)

0.95 (0.71 to 1.27)

Third quarter

7.6 (122/1609)

0.75 (0.58 to 0.96)

0.92 (0.67 to 1.27)

Fourth quarter

6.6 (106/1607)

0.64 (0.50 to 0.83)

0.79 (0.55 to 1.14)

Missing data

10.9 (145/1331)

—

—

—

—

*Effect of variable on obesity at age 7 years is independent of maternal education.
†Odds ratio (95% CI) also adjusted for maternal education, energy intake at age 3 years (food groups), and sex. Variables significant (P<0.01) at within group analysis entered into final model
(data from within group analyses not shown).

activity—that is, children who are more physically active may
sleep longer at night. Television viewing may confer risk through
a reduction in energy expenditure because watching television is
associated with dietary intake, or because large amounts of time
spent sedentary may contribute to impairment of the regulation
of energy balance by uncoupling food intake from energy
expenditure.18 19
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The precise mechanisms by which the early life growth variables studied in the children in focus subsample might increase
the risk of obesity are generally unclear. They are, however, consistent with the increasing body of evidence that the early life
environment is an important determinant of risk of obesity in
later life.3 4 12 20 21

page 5 of 7

Papers

Table 3 Associations between four risk factors and obesity at age 7 years in children in focus subsample. Values are numbers (percentages) unless stated
otherwise
Potential risk factor

Prevalence of childhood obesity
(n=909)

Unadjusted (univariate) odds ratio
(95% CI)

P value

<0.001

Final model adjusted odds ratio
(95% CI)*

P value

1.00

0.004

Standard deviation score for weight
Age 8 months†:
All others

6.1 (42/685)

1.00

Highest quarter

16.5 (37/224)

3.03 (1.89 to 4.85)

3.13 (1.43 to 6.85)

Age 18 months†:
All others

5.9 (37/625)

1.00

Highest quarter

18.9 (39/206)

3.71 (2.29 to 6.00)

3.8 (3/78)

—

—

—

—

Catch down

3.8 (8/212)

0.46 (0.2 to 1.03)

<0.001

0.18 (0.04 to 0.75)

0.002

No change

7.5 (27/359)

1.00

Catch-up

15.8 (33/209)

2.21 (1.30 to 3.8)

Missing data

8.5 (11/129)

—

—
<0.001

Missing data

<0.001

1.00

0.011

2.65 (1.25 to 5.59)

Catch-up growth†
1.00
2.60 (1.09 to 6.16)
—

—

1.00

<0.001

Adiposity rebound†
Later (after 61 months)

4.6 (25/547)

1.00

Early (by 61 months)

12.0 (19/158)

2.85 (1.53 to 5.33)

Very early (by 43 months)

36.5 (19/52)

12.02 (6.01 to 24.03)

Missing data

10.5 (16/152)

—

—

—

—

2.01 (0.81 to 5.20)
15.00 (5.32 to 42.30)

Weight gain in first 12 months† (per 100 g increase)
Data present

8.6 (74/857)

1.07 (1.05 to 1.10)

<0.001

1.06 (1.02 to 1.10)

0.003

Missing data

9.6 (5/52)

—

—

—

—

*Effect of variable on obesity is independent of maternal educational attainment.
†Each variable was offered separately to a model (five models in total) containing birth weight, maternal smoking, parental obesity, hours of sleep at age 30 months, time spent watching
television at age 30 months, food groups 1-4, maternal education, sex, and daily energy intake (MJ). Total number in multivariable models: 533, 511, 487, 486, and 522.

Limitations of the study
Cohort studies are inherently limited to identifying associations
rather than confirming causality. We were unable to analyse several potential risk factors—notably physical activity and energy
expenditure, parental control over feeding in childhood,22 and
maternal diabetes during pregnancy.23 The use of definitions of
obesity based on body mass index is acceptable as an outcome
measure, but no definition of obesity is ideal at present.7–9
The Avon longitudinal study of parents and children cohort
is broadly representative of the UK population,6 although ethnic
minority groups are slightly under-represented. We cannot rule
out the possibility that we underestimated the effect of some risk
factors that are more prevalent in these groups. When we
considered multivariable effects in our models, the sample size
was reduced. The degree of attenuation of effect sizes towards
the final models was, however, generally small, and univariable

What is already known on this topic
Obesity is common in children and adolescents and its
prevalence is still increasing
Risk factors for childhood obesity are not well established
Existing prevention strategies, focused on late childhood
and adolescence, are largely unsuccessful

What this study adds
The early life environment can determine later risk of
obesity
Eight factors in early life were independently associated
with obesity risk at age 7
Eight evidence based targets for future population based
obesity prevention interventions have been identified

odds ratios were usually similar to the multivariable odds ratios,
with the exception of breast feeding.
Implications
Intrauterine life, infancy, and the preschool period (around the
time of the adiposity or body mass index rebound) have all been
considered as possible critical periods during which the long
term regulation of energy balance may be programmed.24 Our
study provides evidence of the role of the early life environment
in the later risk of obesity. Prevention strategies for childhood
obesity to date have usually been unsuccessful and typically focus
on change in lifestyle during childhood or adolescence. Future
interventions might focus on environmental changes targeted at
relatively short periods in early life, attempting to modify factors
in utero, in infancy, or in early childhood, which are
independently related to later risk of obesity.
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