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Abstract

Objective: To determine the extent to which weight gain and eating behaviours in
infancy predict later adiposity.
Design: Population-based, prospective, longitudinal birth cohort study. Weights
collected in infancy were used to calculate Z-scores for weight gain to age 1 year
conditional on birth weight (CWG). To avoid multiple significance tests, variables
from the parent questionnaire completed at age 1 year describing eating avidity were
combined using general linear modelling to create an infancy avidity score.
Anthropometry, skinfold thicknesses and bioelectrical impedance data collected at
age 7–8 years were combined using factor analysis, to create an adiposity index.
Setting: Gateshead, UK.
Subjects: Members of the Gateshead Millennium Study cohort with data at both time
points (n 561).
Results: CWG in infancy significantly predicted adiposity at age 7 years, but related
more strongly to length and lean mass. High adiposity (. 90th internal percentile) at
age 7 years was significantly associated with high CWG (relative risk 2?76; 95% CI
1?5, 5?1) in infancy, but less so with raised (. 74th internal percentile) eating avidity
in infancy (relative risk 1?87; 95% CI 0?9, 3?7). However, the majority of children with
high weight gain (77?6%) or avidity (85?5%) in infancy did not go on to have high
adiposity at age 7 years.
Conclusions: Rapid weight gain in infancy and the eating behaviours which relate
to it do predict later adiposity, but are more strongly predictive of later stature and
lean mass.
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A number of studies have found significant associations

between rapid infancy weight gain and later over-

weight(1), leading to the suggestion that prevention(2,3)

and even treatment of childhood obesity(4,5) should begin

as early as the first year of life. However, weight gain in

infancy reflects growth in bone and muscle as well as fat

and some infants will be showing rapid gain in height or

lean mass rather than adiposity(6). Thus while on average

rapid weight gain may predict later adiposity, what is not

clear is how well it would prospectively identify indivi-

dual children at risk. There is also recent research that

suggests there are distinctive childhood eating behaviours

related to overweight which may reflect an inherent

tendency to overeat(7), so eating behaviour in infancy

could predispose to, or protect against, later obesity(7,8).

Apart from studies examining how the type and style of

milk feeding relates to later obesity(9–11), we currently

know little about eating behaviour in infancy and even

less about how it tracks on to later adiposity or eating

style. We hypothesised that eating avidity, a global term

to denote enthusiasm and hunger for food, might be a

useful predictor of gain in fat.

The Gateshead Millennium Study was set up in order to

examine infant growth and weight gain and how this

relates to eating behaviour, prospectively measured from

birth(12). These children have now been followed into

childhood where measures of body composition have

been collected. We could thus use these data to explore

the extent to which infancy weight gain and eating avidity

predict adiposity later in childhood and the extent to

which these can specifically identify children at risk of

later adiposity.
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Methods

The Gateshead Millennium Study aimed to recruit a

whole population cohort of 1029 Gateshead-resident

children within one week of birth between June 1999 and

May 2000(13) and the mothers of 81 % agreed to take part.

The children were studied prospectively using parent

report questionnaires shortly after birth, at 6 weeks and at

4, 8 and 12 months. The cohort has since been re-traced

at school entry, parent report questionnaires completed at

age 5–8 years, and a range of anthropometric and body

composition measures collected at age 7–8 years(12). The

cohort was predominantly (98 %) white Caucasian, but

the present analyses excluded a small number of Haredi

(ultra orthodox Jewish) children who had follow-up data

at age 7 years, as these children had very different growth

and feeding patterns in the first year(14). Ethical approval

for all phases of the study was granted by Gateshead and

South Tyneside Local Research Ethics Committee.

Growth and body composition measures

Routinely collected clinic weights were returned with

questionnaires by parents throughout the first year. At age

13 months, children were seen by research nurses who

measured length (Raven rollameter) and weight (Seca

scales). At age 7–8 years children were visited at school

where research staff measured height (Leicester portable

measure) and weight and leg-to-leg bioelectrical impe-

dance (BIA) using the Tanita TBF-300MA. Measurements

were also taken of triceps and subscapular skinfolds,

using Holtain skinfold callipers, and waist circumference

using a non-stretchable tape measure. Length, height,

weight and BMI were converted into Z-scores compared

with the UK 1990 reference(15). Change in weight Z-score

from birth to 12 months conditional on birth weight(16)

was calculated to give a figure for conditional infancy

weight gain (CWG). Waist and skinfold thicknesses were

also converted into Z-scores using the best available

external references(17,18) and the mean skinfolds’ Z-score

taken. The BIA data were converted into Z-scores for fat

mass and lean mass, standardised for height, gender and

age, using reference data from the ALSPAC (Avon Long-

itudinal Study of Parents and Children) cohort(19).

Factor analysis, with a promax rotation, on the logged

data was undertaken for thirteen measures of size and/or

adiposity: height, width of shoulders, diameters of elbow,

wrist, hip and knee, waist circumference, skinfold mea-

sures of the subscapular, triceps, biceps and suprailiac,

and the impedance-based measures of fat and lean mass,

as well as age. This produced a three-component model

which explained 79 % of the overall variance. The first

component consisted mainly of measures of fat mass

(waist circumference, the four skinfold measurements

and BIA fat mass), while the second consisted mainly

of measures of size (height, shoulders, elbow, wrist,

knee and lean mass) and the third consisted mainly

of age. The first factor results were thus used to create an

adiposity index.

Internal centiles adjusted for height were calculated

separately for girls and boys. Children with values above

the 75th and 90th internal centiles for any measure were

defined as having raised or high values, respectively.

Infancy eating avidity measures

The parent report questionnaire at 12 months included

twenty-five questions drawn from previous research and

clinical practice selected to describe enthusiasm and appe-

tite for or aversion to food, as well as any oro-motor feeding

difficulties. Many of these correlated significantly with both

weight gain and appetite at different ages, but even the most

predictive of these variables (appetite) individually pre-

dicted only a tiny proportion of the variance in weight to

1 year (4%)(20). We thus needed some sort of data reduction

and summarising process to form a composite measure of

infancy avidity eating behaviours (avidity score).

We first explored these variables using principal com-

ponents analysis, but while this produced apparently

coherent factors, they were unrelated to weight gain,

even when component variables were known to be

individually predictive of weight gain(21). We therefore

adopted a new approach and used general linear

regression modelling to identify which variables inde-

pendently predicted conditional weight gain (CWG) from

birth to 1 year. All variables that showed a borderline

univariable association with CWG (P # 0?2) were added

to a multivariable general linear model. Variables with

insignificant (P . 0?05) coefficients were removed from

the model successively until only variables that were

independently predictive (P # 0?05) remained. These six

items (see Table 4) were then combined by summing

each regression coefficient, multiplied by the response to

each item, to produce each child’s avidity score.

The association of CWG and avidity with measures of

stature and adiposity at age 7–8 years was assessed using

Pearson’s bivariate and partial correlations and the asso-

ciation of high weight gain or avidity with high adiposity

using the x2 test. Post hoc analysis would suggest that

with about 500 subjects the minimum detectable corre-

lation would be about 0?18. This number would give 80 %

power to detect a statistically significant relative risk of

2?5 between any child with values in the top 10 % of

centiles compared with the remainder.

Results

The original cohort comprised 1029 infants (51 % male),

of whom 764 had growth data at age 1 year and 585 had

body composition data at age 7–8 years, after exclusion of

seven Haredi children. The growth characteristics of the

cohort members in infancy and at follow-up when aged

7 years are shown in Table 1. Infancy CWG showed a
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significant association with adiposity at age 7 years, but a

stronger association with height, BMI and lean mass

(Table 2). Children with the most rapid CWG in infancy

were nearly three times more likely than the remainder

to go on to have high adiposity at age 7 years (Table 3).

Children with high BMI at age 1 year were also more

likely to go on to have high adiposity, but the two effects

were not additive. Having relatively high weight gain and

BMI was also associated with some increased risk of going

on to have high adiposity (relative risk 5 1?95).

Twelve individual eating variables univariably pre-

dicted CWG across the first year at P # 0?2 and of these,

six remained independently predictive in a multiple linear

regression model (Table 4). These variables were used

to construct the avidity score available for 561 eligible

children who also had weight data at 1 year. This score

explained 8 % of the variability in CWG from 0 to 12

months (Fig. 1). There was substantial clustering of scores

in the centre of the distribution, with 219 (37 %) children

having the median value, but then a much wider spread

in both directions; the 26 % of children with values above

the median were thus categorised as having a raised

avidity score (Fig. 1).

At age 7–8 years, although correlation coefficients were

low, the avidity score was significantly associated with

both height and BMI in boys. A weak and non-significant

correlation with adiposity became weaker still after

adjustment for height (Table 5). Children with a raised

avidity score in infancy showed only a borderline

tendency to be in the high adiposity range (above 90th

centile) at 7 years (Table 3). Children with avidity score

data did not differ from the cohort as a whole at age

1 year (see Table 1) or in adiposity score at age 7–8 years

(data not shown).

Discussion

Our aim in the present analysis was to explore the extent

to which weight gain and eating behaviour in infancy

can predict the risk of future obesity in childhood. While

CWG did significantly relate to later adiposity, it was

much more strongly related to size than to adiposity.

A number of studies have now shown a relationship

between early weight gain and later adiposity(5,6,22–25),

which demonstrates that many children destined to

become obese are probably already laying down excess

fat in infancy. However, those studies which also con-

sidered the relationship between adiposity and height or

lean mass also generally found a stronger association with

Table 1 Growth and body composition characteristics of cohort members in infancy at age 1 year and at follow-up at age 7 years:
561 members of Gateshead Millennium Study cohort with data at both time points

(a) Age 1 year All in cohort All with infant avidity score data

n Mean SD n Mean SD

Age at health check (years) 811 1?16 0?10 566 1?14 0?08
CWG (birth to 12 months) 826 0?17 0?97 580 0?18 0?96
Length (cm) 811 78?1 4?18 566 77?8 4?39
Length SDS* 810 0?51 1?06 565 0?51 1?07
BMI (kg/m2) 810 17?0 1?37 565 17?0 1?35
BMI SDS* 810 20?32 1?05 565 20?29 1?03

(b) Age 7 years All in cohort

Above external 98th centile

n Mean SD % n

Age at follow-up (years) 585 7?45 0?5 – –
Height (cm) 585 125?0 5?8 – –
Height SDS* 585 0?14 1?0 3?6 21
BMI (kg/m2) 583 16?9 2?5 – –
BMI SDS* 583 0?44 1?1 9?1 53
Waist (cm) 560 56?8 6?3 – –
Waist SDS- 560 0?59 1?1 11?1 64
Triceps skinfold (mm) 561 11?5 4?9 – –
Subscapular skinfold (mm) 546 8?65 5?6 – –
Mean skinfolds SDS-

-

539 0?54 1?0 8?0 43
BIA (ohms) 563 634 67 – –
Fat mass SDS (BIA)y 562 0?49 0?8 3?4 20
Lean mass SDS (BIA)y 563 20?14 1?0 2?6 15
Adiposity indexJ 442 0?014 2?3 – –

CWG, conditional weight gain; SDS, standard deviation score; BIA, bioelectrical impedance.
*Compared with UK 1990 reference(15).
-Compared with McCarthy reference(17).
-

-

Compared with Tanner and Whitehouse skinfold reference(18).
yCompared with ALSPAC (Avon Longitudinal Study of Parents and Children) reference(19).
JInternally standardised.
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later height than with fat mass(5,6,23,25). If a majority of

children with rapid weight gain in infancy are growing

fast, rather than becoming fat, this would be a non-specific

way of predicting future risk.

We had hypothesised that avid eating behaviours might

be more a specific predictor of later adiposity, but in fact

if anything they were less specific and their only sig-

nificant association was with attained height. Rapid

growth requires high nutrient intake, so it is plausible that

infancy eating avidity would be driven by rapid growth at

least as much as by any tendency to overeat and become

obese. There has been little previous work relating infant

eating avidity to growth or weight gain, apart from one,

which found associations between milk feeding vigour

and concurrent skinfold thicknesses in healthy infants(11)

as well as with BMI in the same infants at age 6 years(10).

A number of studies in childhood have found relation-

ships between child eating behaviour and overweight or

adiposity(26–29), but these were not prospective, making it

difficult to distinguish cause and effect. One study has

shown that child eating behaviours track through mid

childhood(30). Recent work in this area has suggested that

childhood eating behaviours associated with adiposity are

quite strongly heritable(31) and thus one might expect that

there would be behavioural associations with adiposity

present at the earliest age. However, the apparent degree

of heritability increases with the age of the children

studied(32), suggesting that a heritable tendency to overeat

may emerge later than the age studied here, once children

are exposed to the family and wider food environment.

A weakness of the present study is that under half of

the cohort had full data at the age of 7 years, but this level

of attrition is comparable to other studies of this long

duration when examining multiple measures(19), and

there were no systematic differences between those with

full data and those without. While this may lessen overall

representativeness, it should not invalidate the internal

relationships revealed.

While BMI is highly correlated with measures of adip-

osity and is often a useful proxy, it can nevertheless

Table 2 Association of conditional weight gain in infancy with growth and body composition measures at age 7 years: Gateshead
Millennium Study cohort

Univariable correlation coefficient Partial correlation adjusted for height

n r P r P

All
Height 551 0?48 ,0?001 –
BMI 549 0?45 ,0?001 0?32 ,0?001
Lean mass (BIA) 549 0?33 ,0?001 0?30 ,0?001
Adiposity index 430 0?31 ,0?001 0?14 0?004

Boys
Height 275 0?48 ,0?001 –
BMI 289 0?39 ,0?001 0?26 0?002
Lean mass (BIA) 275 0?30 ,0?001 0?26 0?001
Adiposity index 213 0?24 ,0?001 0?08 0?244

Girls
Height 276 0?49 ,0?001 –
BMI 275 0?38 ,0?001 0?36 ,0?001
Lean mass (BIA) 274 0?51 ,0?001 0?39 ,0?001
Adiposity index 217 0?43 ,0?001 0?24 ,0?001

BIA, bioelectrical impedance.
Values are Pearson’s correlation coefficients (r) of each measure, expressed as a Z-score, with conditional weight gain from birth to 12 months.

Table 3 Relative risk (RR) of having high adiposity (. 90th internal percentile) at age 7 years relative to different thresholds and combi-
nations of measures collected at age 1 year: Gateshead Millennium Study cohort

Percentage (number)
of those with

adiposity score
above this threshold

Percentage (number) of those
above this threshold with high
adiposity (.90th percentile) at

age 7 years

RR (95 % CI)
compared with

remainder

% n % n RR 95 % CI P

All with adiposity score at age 7 years 100 456 9?9 42
At age 1 year

Weight gain .90th internal percentile 11?4 49 22?4 11 2?76 1?5, 5?1 0?004
BMI .90th internal percentile 8?4 36 16?7 6 1?80 0?8, 4?0 0?128
Avidity .74th internal percentile 25?2 83 14?5 12 1?87 0?9, 3?7 0?082
BMI and weight gain .90th internal percentile 4?3 18 27?8 5 3?12 1?4, 7?0 0?022
BMI or weight gain .90th internal percentile 17?2 73 19?2 14 2?32 1?3, 4?2 0?007
BMI and weight gain .75th internal percentile 14?2 60 16?7 10 1?95 1?0, 3?8 0?048
BMI .75th and avidity .74th internal percentile 8?7 28 17?9 5 2?20 0?9, 5?3 0?093
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mislead, particularly if children have unusual body com-

position(33) or activity levels(34). In the present study the

avidity score was associated with BMI at age 7 years, but

not with adiposity, probably reflecting the combined

association of BMI with height and lean mass, rather than

fat mass. One strength of the study is the wide range of

body composition measures used. Measures of body com-

position are all relatively imprecise and prone to a range of

biases(35), but using different techniques should allow a

‘triangulation’ of the estimates. The adiposity index sum-

marises that process, with the aim of arriving at an average

value that should be more precise and accurate. A limitation

Table 4 Variables independently associated with conditional weight gain from birth to 12 months in general linear regression model:
Gateshead Millennium Study cohort

Univariable analysis Multivariable analysis*

Item n Mean 95 % CI P B P

Prefers drinks to food 0?080 0?001
Often 21 0?570 0?20, 0?94 0?78
Sometimes/rarely 539 0?201 0?12, 0?28 0

Holds food in mouth 0?009 0?024
Often/sometimes 146 0?039 20?11, 0?19 20?20
Rarely 414 0?278 0?19, 0?37 0

Cries/screams during meals 0?047 0?037
Often/sometimes 60 20?014 20?25, 0?22 20?28
Rarely 500 0?243 0?16, 0?33 0

Is your baby feeding enough? 0?001 0?002
No/not always 63 20?173 20?42, 0?08 20?49
Yes 497 0?264 0?18, 0?35 0

How is your baby’s appetite? Total 0?003
Average 67 20?046 20?28, 0?18 0?004 20?50 0?004
Good 218 0?160 0?03, 0?29 0?057 20?29 0?003
Very good 275 0?323 0?21, 0?43 Ref. 0 Ref.

Is your baby easy to feed?- Total 0?001
Average 146 0?196 0?04, 0?35 0?503 0?20 0?080
Easy 237 0?262 0?14, 0?39 Ref. 0 Ref.
Very easy 177 0?168 0?03, 0?30 0?318 20?29 0?006

*Including all other variables in table. R2 for whole multivariable model 5 0?08.
-This variable was significant P , 0?2 in univariate analysis before recoding from five to three response categories.
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Fig. 1 Relationship between infant avidity score and conditional weight gain (CWG) from birth to 12 months: Gateshead Millennium
Study cohort
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is that the adiposity index requires complete data for six

different measurements, which means that it was available

for even fewer children than the single measures.

Conclusions

While rapid weight gain in infancy does predict later

adiposity, both infancy weight gain and eating avidity

predict subsequent height more strongly than adiposity.

Those infants who both gained weight rapidly and had a

relatively high BMI at the age of 1 year did have a nearly

threefold greater risk of high adiposity at age 7 years; but

even among these infants, a majority did not go on to have

high adiposity at age 7 years. So what does this imply for

directing interventions to ‘high-risk’ infants? Even parents

of older children are often unaware that their children are

overweight(36) and unwilling to institute change(37). As

infancy is a time when rapid growth and weight gain have

great priority for parents, much more specific indicators

than weight gain or eating behaviour are going to be

needed if targeted interventions are to be either acceptable

or effective.
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