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Abstract

Objective: To investigate the prevalence and incidence of overweight and obesity, the
frequency of overweight resolution and the influence of parental adiposity during
middle childhood.
Design: As part of a prospective cohort study, height and weight were measured in
1997 and 2000/2001. Children were classified as non-overweight, overweight or
obese based on standard international definitions. Body mass index (BMI) was
transformed into age- and gender-specific Z-scores employing the LMS method and
2000 growth chart data of the Centers for Disease Control and Prevention. Parents
self-reported height and weight, and were classified as underweight, healthy weight,
overweight or obese based on World Health Organization definitions.
Setting: Primary schools in Victoria, Australia.
Subjects: In total, 1438 children aged 5–10 years at baseline.
Results: The prevalence of overweight and obesity increased between baseline (15.0
and 4.3%, respectively) and follow-up (19.7 and 4.8%, respectively; P , 0.001 for
increase in overweight and obesity combined). There were 140 incident cases of
overweight (9.7% of the cohort) and 24 of obesity (1.7% of the cohort); only 3.8% of
the cohort (19.8% of overweight/obese children) resolved to a healthy weight. The
stability of child adiposity as measured by BMI category (84.8% remained in the same
category) and BMI Z-score (r ¼ 0.84; mean change ¼ 20.05) was extremely high.
Mean change in BMI Z-score decreased with age (linear trend b ¼ 0.03, 95%
confidence interval 0.01–0.05). The influence of parental adiposity largely
disappeared when children’s baseline BMI was adjusted for.
Conclusions: During middle childhood, the incidence of overweight/obesity exceeds
the proportion of children resolving to non-overweight. However, for most children
adiposity remains stable, and stability appears to increase with age. Prevention
strategies targeting children in early childhood are required.
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Overweight/obesity is a chronic health condition afflicting

a large, and growing, number of children1. However,

many parents express no concern about their overweight

or obese child’s weight2,3 and do not perceive it to be a

health problem3. This may be due to the perception that

their children are happy and healthy or will eventually

‘grow out of it’4. Yet we know that overweight and obese

children are more likely to suffer from psycho-emotional

concerns1 and obese children, specifically, are at greater

risk for numerous physical health problems1.

A growing body of evidence indicates that many

overweight and obese children do not ‘grow out of it’.

Findings from longitudinal studies consistently show that

adiposity in childhood is correlated with adiposity in

adolescence and adulthood5. Obese children have a high

likelihood of their obesity persisting into adulthood6,

particularly if one or both parents is/are overweight or

obese7. US data suggest that a child who is overweight or

obese during middle childhood has 10 times greater odds

of being an obese adult than a child who is not

overweight8. More than 50% of overweight or obese

children are still classified as overweight or obese in later

childhood or adolescence9–12.

Evidence on the proportion of children whose over-

weight or obesity resolves is considerably more limited,

and studies provide conflicting results13–15. Various
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definitions of overweight resolution, small sample sizes13,

poor retention rates13,14 and different populations make

the comparison of results across studies difficult. Yet these

children are of particular interest, as they may offer

insights into prevention and management strategies.

Although the prevalence of childhood overweight and

obesity has been widely reported15, information on the

incidence is lacking. For children in the middle childhood

years the incidence of overweight and obesity appears to

be relatively low13,14. However, the accuracy of these

estimates is uncertain as the studies upon which these data

are based had very low retention rates.

In this prospective cohort study, we determined the

prevalence and incidence of overweight and obesity for a

cohort of Australian children aged 5–10 years at

recruitment and followed them up, 3 years later. We

investigated the stability of BMI over the 3 years, and the

proportions of children maintaining overweight/obesity,

developing overweight or obesity and resolving from

overweight/obesity to a healthy weight. We also con-

sidered the influence of parental body mass index (BMI)

on the stability of children’s BMI over time. As far as we are

aware, this is one of only a few population-based studies

to examine these issues in children, and the first to explore

these issues in Australian children.

Methods

Sample

The baseline sample was drawn from the Health of Young

Victorians Study (HOYVS), conducted between Septem-

ber and December 1997. HOYVS employed a two-stage

stratified random sampling design to draw a sample of

children representative of the state of Victoria, Australia. In

the first stage of sampling, 24 primary schools were

selected, with a probability proportional to size of school

enrolment, to be representative of the different school

sectors (government, Catholic, independent) and the

geographic distribution of the state. In the second stage,

one class at each year level (preparatory to grade six) at

each school was randomly selected for the study. Children

in grades preparatory to three (aged 5–10 years) who

provided data in the initial survey were included in the

follow-up study, conducted between October 2000 and

June 2001. The average time between baseline and follow-

up assessments was 3.2 (standard deviation (SD) 0.2)

years. Both studies were approved by the Royal Children’s

Hospital Ethics in Human Research Committee, the

Victorian Department of Education and the Catholic

Education Office.

Measures

At both baseline and follow-up children had their height

and weight measured by trained fieldworkers. Investi-

gation of anthropometric reliability found no evidence of

systematic bias for intra-rater or inter-rater comparisons.

BMI was calculated as weight (in kg) divided by the square

of height (in m). Children were categorised into three BMI

categories (non-overweight, overweight and obese)

according to the gender- and age-specific cut-off points

developed by the International Obesity Task Force16.

Further, BMI was transformed into externally standardised

(Z) scores based on gender and exact age, to adjust for

right skew in the BMI distribution and physiological

changes that occur in child BMI with age. We employed

the LMS method17 using the 2000 growth chart data18 from

the Centers for Disease Control and Prevention to perform

the BMI transformation.

Parents self-reported the height and weight of the

child’s biological mother and father, from which BMI was

calculated. Parents were categorised into four BMI

categories based on World Health Organization defi-

nitions1: underweight (,18.5 kg m22), healthy weight

(18.5–24.9 kg m22), overweight (25–29.9 kg m22) and

obese ($30 kg m22).

Analyses

Characteristics of children retained and those lost to

follow-up were compared using the independent samples

t-test and Pearson’s chi-square statistic. Change in the

prevalence of overweight and obesity was examined using

McNemar’s chi-square statistic. Gender and age differ-

ences in proportions were assessed using Pearson’s chi-

square statistic. Due to small numbers, children aged 10

years at baseline were combined with those aged 9 years

for all analyses by age group. Logistic regression analyses

were used to estimate the relative odds of being classified

as overweight or obese at follow-up, based on a child’s

BMI category at baseline.

We further examined the stability of BMI over time using

continuous BMI Z-score data. Pearson correlation coeffi-

cients were used to assess the relationship between BMI

Z-scores at baseline and follow-up. Change in BMI Z-score

for each subject was calculated as BMI Z-score at follow-

up minus BMI Z-score at baseline. A positive change in

BMI Z-score indicates that a child’s BMI relative to their

age is higher at follow-up than at baseline. Change in BMI

Z-score exceeded two standard deviations for five

children. Exclusion of these children as possible outliers

did not alter the results, and hence they were retained.

Possible differences in change in BMI Z-score by gender

or age group were explored using independent samples

t-test and linear regression for trend analyses, respectively.

Mean BMI Z-score for each child was calculated by

averaging its baseline and follow-up BMI Z-score values.

Unlike baseline BMI Z-score, the association between

mean BMI Z-score and change in BMI Z-score is not

influenced by the strength of correlation between baseline

and follow-up BMI Z-score, thus overcoming the issue of

regression to the mean19.

To investigate relationships between child and parental

adiposity, logistic regression analyses (unadjusted and
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adjusted for baseline child BMI Z-score) were conducted

to consider the odds of a child being overweight/obese at

follow-up, based on their parents’ BMI categories at

baseline. Further logistic regression analyses considered

the odds of a non-overweight child developing over-

weight/obesity based on their parents’ BMI categories at

baseline, and the odds of an overweight/obese child

resolving to non-overweight. Finally, regression analyses

were used to determine whether a linear trend existed

between change in children’s BMI Z-score and parental

BMI category at baseline.

Results

Sample

The response rate for the baseline study was 83.2%

(1943/2336) of children in grades preparatory to three

(ages 5 to 10 years). Of the children who provided data in

the baseline study, 374 did not participate in the follow-up

study: 28 could not be identified, 43 had moved interstate,

11 had moved overseas, 122 had transferred schools and

their whereabouts was unknown, and a further 170

declined to participate. Thus, 1569 children provided data

in the follow-up study, a retention rate of 80.8% of the

baseline cohort. A further 131 children were excluded

from analyses for this paper because of incomplete data.

The remaining 1438 children did not differ from the 505

lost to follow-up or excluded in terms of mean age or

gender. However, children retained in the cohort had a

lower mean BMI at baseline (16.9 vs. 17.5 kg m22;

P , 0.001) than children lost to follow-up, and a smaller

proportion were classified as overweight or obese (15.0 vs.

18.5% overweight and 4.3 vs. 10.3% obese; P , 0.001).

Prevalence and incidence of overweight and obesity

The prevalence of overweight and obesity was 15.0 and

4.3%, respectively, at baseline, increasing to 19.7 and 4.8%

at follow-up (Table 1). The increase in the total proportion

of children classified as overweight/obese was significant

(P , 0.001). A slightly higher proportion of females than

males were classified as overweight (16.7 vs. 13.4%) or

obese (4.9 vs. 3.8%) at baseline and at follow-up (20.7%

overweight and 5.4% obese females vs. 18.7% overweight

and 4.2% obese males). However, the gender difference

was not significant at either time (baseline: P ¼ 0.11;

follow-up: P ¼ 0.30).

Most children (84.8%) remained in the same BMI

category at baseline and follow-up. Only 11.1% of children

who were non-overweight at baseline changed BMI

category. However, 33.8% of overweight and 27.4% of

obese children changed category between baseline and

follow-up. Of the 219 children who changed BMI

category, a larger proportion moved into a higher BMI

category (68.0%) than moved into a lower BMI category

(32.0%). In total, there were 140 incident cases of

overweight (9.7% of the total sample) and 24 incident

cases of obesity (1.7% of the total sample). Males and

females contributed almost identical numbers of incident

cases.

Fifty-five children (3.8% of the total sample; 19.8% of

those classified as overweight or obese at baseline)

resolved their weight problem, to be classified as non-

overweight at follow-up. A slightly higher proportion of

females (20.6 vs. 18.7% of males) and of younger children

(21.9% of 5-year-olds, 27.0% of 6-year-olds, 17.6% of

7-year-olds, 16.2% of 8-year-olds and 17.1% of 9–10-year-

olds) resolved their weight problem. However, neither the

gender nor the age difference was statistically significant

(P ¼ 0.69 and 0.54, respectively).

Logistic regression analyses showed that a child who

was classified as overweight at baseline had 25 times

greater odds (95% confidence interval (CI) 17–35) of

being classified as either overweight or obese at follow-up

than a child who was non-overweight at baseline. A child

who was classified as obese at baseline had 240 times

greater odds (95% CI 58–993) of being classified as

overweight/obese at follow-up than a child who was non-

overweight at baseline. There was no difference in the

magnitude of increased odds by gender or age group.

Stability of BMI Z-scores over time

There was a high correlation (r ¼ 0.84) between BMI

Z-score at baseline and follow-up for the sample overall

(Fig. 1), for males (r ¼ 0.83) and for females (r ¼ 0.85),

and for all age groups (all r . 0.80). The average change

in BMI Z-score between baseline and follow up was20.05

(SD 0.52), suggesting that the total increases in BMI

Z-score were equivalent to the total decreases across the

Table 1 Numbers and proportions of children in each body mass index (BMI) category at baseline and follow-up, and
mean change in BMI Z-score for each group

BMI category at follow-up

BMI category at baseline Non-overweight Overweight Obese Total

Non-overweight 1031 (88.9) [20.11]* 125 (10.8) [0.60] 4 (0.3) [1.19] 1160 (100.0) [20.03]
Overweight 53 (24.5) [20.65] 143 (66.2) [0.00] 20 (9.3) [0.35] 216 (100.0) [20.12]
Obese 2 (3.2) [21.82] 15 (24.2) [20.50] 45 (72.6) [20.06] 62 (100.0) [20.23]
Total 1086 (75.5) [20.14] 283 (19.7) [0.24] 69 (4.8) [0.15] 1438 (100.0) [20.05]

* Values are expressed as n (%) [mean change in BMI Z-score]. Bold denotes children who did not change category.
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sample. Although 70.0% of BMI Z-scores changed by no

more than half a standard deviation (0.5 Z-score) between

baseline and follow-up, there was a wide range (22.85 to

2.05). Change in BMI Z-score was similar for males and

females (P ¼ 0.61). However, mean change in BMI

Z-score was greater in the younger age groups (20.14,

20.08, 20.04, 20.03 and 20.01 for 5-, 6-, 7-, 8- and 9–10-

year-olds, respectively; linear trend b ¼ 0.03, 95% CI

0.01–0.05), even after adjusting for mean BMI Z-score

(b ¼ 0.03, 95% CI 0.01–0.05).

Although there was no mean change in BMI Z-score for

the sample overall, there was a weak positive correlation

between change in BMI Z-score and mean BMI Z-score

(the average of the baseline and follow-up BMI Z-scores)

(r ¼ 0.18). This indicates a tendency for greater increases

among heavier children. However, this can be explained

by the fact that the variation in BMI Z-scores increased

between baseline and follow-up (SD 0.86 and 0.95,

respectively)19.

Association with parental BMI

Cross-sectionally, children had a greater risk of being

overweight/obese at baseline if either parent was

overweight (odds ratio (OR) ¼ 2.23, 95% CI 1.60–3.12

for maternal overweight; OR ¼ 1.39, 95% CI 1.01–1.91 for

paternal overweight) or obese (OR ¼ 3.23, 95% CI 2.18–

4.80 for maternal obesity; OR ¼ 2.49, 95% CI 1.62–3.84 for

paternal obesity). Similarly, children had a greater risk of

being overweight/obese at follow-up if either parent was

overweight or obese at baseline (Table 2). This

relationship persisted for maternal obesity only once

baseline child BMI Z-score was accounted for.

Children who were overweight/obese at baseline had

lesser odds of resolving to non-overweight at follow-up if

they had an obese mother (OR ¼ 0.36, 95% CI 0.13–0.98).

This relationship was weaker once child BMI Z-score at

baseline was accounted for (OR ¼ 0.46, 95% CI 0.16–

1.33). Overweight/obese children with an overweight

father had lesser odds of resolving to non-overweight at

follow-up than did children whose father was a healthy

weight (OR ¼ 0.47, 95% CI 0.23–0.98), even after

controlling for child BMI Z-score at baseline (OR ¼ 0.44,

95% CI 0.20–0.98).

The relationship between parental BMI category at

baseline and change in children’s BMI Z-score was also

considered (Table 3). There was a linear trend in change in

BMI Z-score for girls across baseline maternal BMI

categories (b ¼ 0.10, 95% CI 0.05–0.15); girls whose

mothers were obese at baseline had the greatest upward

change in BMI Z-score over the 3 years. This was less

evident for boys (b ¼ 0.05, 95% CI 20.01, 0.10). No linear

trend was observed across fathers’ BMI categories. For

those children with baseline BMI data for both parents

(n ¼ 1155; 80%), there was a linear association between

number of parents overweight/obese at baseline and

change in children’s BMI Z-score for females (b ¼ 0.08,

95% CI 0.03–0.14) but not for males (b ¼ 0.02, 95% CI

20.04, 0.08). A stronger association was observed for

number of parents obese at baseline and change in

children’s BMI Z-score, which was again clearly significant

for females (b ¼ 0.13, 95% CI 0.04–0.21) but weaker for

males (b ¼ 0.08, 95% CI 20.01, 0.17).

Discussion

This study of a representative sample of Australian

children indicates that BMI remains relatively stable

during middle childhood. The vast majority of children

in this study remained in the same BMI category between

baseline and follow-up, and there was no mean change in

BMI Z-score for the sample overall. However, despite the

majority of children having stable relative BMI over the 3-

year period of this study, there were a small number of

children whose relative BMI did change over time. When

classified using internationally defined criteria, the

Fig. 1 Scatter plot of body mass index (BMI) Z-scores at baseline
and follow-up

Table 2 Odds ratio (95% confidence interval (CI)) for children
being overweight/obese at follow-up, based on parental body
mass index (BMI) category at baseline

n

Odds ratio
(95% CI) 2
unadjusted

Odds ratio
(95% CI) 2 adjusted

for baseline
child BMI Z-score

Maternal BMI category at baseline
Underweight 52 0.3 (0.1–0.9) 0.3 (0.1–1.2)
Healthy weight 824 1.0 1.0
Overweight 254 2.0 (1.5–2.9) 1.3 (0.8–2.0)
Obese 139 3.6 (2.5–5.2) 1.8 (1.1–3.1)

Paternal BMI category at baseline
Underweight 8 2.6 (0.6–10.9) 2.0 (0.2–17.8)
Healthy weight 491 1.0 1.0
Overweight 551 1.6 (1.2–2.1) 1.4 (0.9–2.0)
Obese 139 2.3 (1.5–3.5) 1.0 (0.6–1.9)
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majority of changes between BMI category were towards a

heavier category. Together, these findings suggest that we

cannot be complacent about childhood weight issues.

The increased prevalence of overweight and obesity

observed at follow-up may be a reflection of the secular

changes occurring within our community20 or may be a

result of the increasing ages of the children studied21.

However, the observed changes across BMI categories

could equally be an artefact of applying cut-off points

derived from cross-sectional datasets to these longitudinal

data. Unlike adult cut-off points, the BMI values used to

classify overweight and obesity in children vary by age

and gender to account for the variations in growth that

occur for children at different ages. However, if the growth

curve of the population from which the cut-off points were

derived does not match the growth curve of this cohort,

reported changes in BMI category over the course of the

study may reflect differences in patterns of growth, rather

than true changes in adiposity. Similarly, the slight

increase observed in variance of the BMI Z-score might

be an artefact of age-related variation in the extent to

which growth in our population resembles the US

population from which the reference standard for

converting BMI to BMI Z-score was derived.

While only a small proportion of the cohort showed

resolution of overweight or obesity, these children

represented almost one-fifth of the children classified as

overweight or obese at baseline. This is encouraging and

indicates that some children are able to slow their weight

gain relative to height growth to become non-overweight.

We do not know how many of these children sought

treatment for their weight problems, but the lack of formal

treatment options, and the limited effectiveness of those

available22, make it likely that most of these weight

problems resolved without formal intervention. Such

children may provide clues to characteristics or behaviours

facilitating relative weight reduction, which in turn may

present promising targets for prevention and intervention

strategies aimed at reducing the incidence and prevalence

of childhood overweight and obesity.

Parental BMI was associated with children’s risk of

being overweight or obese at baseline and follow-up, and

with change in BMI Z-score. It may have influenced

whether an overweight child maintained overweight or

resolved to a healthier BMI. Relationships were stronger

for maternal than paternal BMI, and for female than male

children. However, all associations between child and

parental BMI largely disappeared when children’s baseline

BMI was accounted for. This observation is in line with

findings from previous studies8 and suggests that while

parents’ adiposity may be important in setting children on

a weight trajectory, by the middle childhood years the

influence of parental adiposity is secondary to the child’s

own weight history. As such, whilst it may be useful to take

parental adiposity into consideration when targeting

children to be involved in intervention programmes for

overweight, the child’s own weight history may be of

greater importance.

Table 3 Relationship between parental body mass index (BMI) at baseline and change in child BMI
Z-score

Mean change in BMI Z-score

n Males Females

Maternal BMI category at baseline
Underweight 52 20.09 20.25
Healthy weight 824 20.06 20.11
Overweight 254 20.10 20.02
Obese 139 0.09 0.08

Linear trend (95% CI) 0.05 (20.01–0.10) 0.10*** (0.05–0.15)

Paternal BMI category at baseline
Underweight 8 20.21 20.01
Healthy weight 491 20.07 20.10
Overweight 551 20.05 20.06
Obese 139 20.02 0.00

Linear trend (95% CI) 0.03 (20.04–0.09) 0.04 (20.02–0.10)

Number of overweight/obese parents at baseline
Neither 374 20.03 20.13
One 537 20.11 20.08
Both 244 0.03 0.04

Linear trend (95% CI) 0.02 (20.04–0.08) 0.08** (0.03–0.14)

Number of obese parents at baseline
Neither 924 20.08 20.10
One 199 0.00 0.05
Both 32 0.10 0.05

Linear trend (95% CI) 0.08 (20.01–0.17) 0.13** (0.04–0.21)

CI – confidence interval.
*, P , 0.05; **, P , 0.01; ***, P , 0.001.
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The mean BMI of children lost to follow-up in this study

was higher than the mean BMI of those retained in the

cohort. Whilst this reduced the proportion of overweight/

obese children available for study, implications for the

overall findings and conclusions of the study are likely

to be negligible. A tendency for heavier children in this

sample to show greater increases in relative BMI over time,

although largely explained by the increased variation in

BMI Z-scores between baseline and follow-up, may

warrant further investigation. However, as the majority of

children, regardless of baseline weight status, showed little

change in relative BMI over time, there is no reason to

suspect that those lost to follow-up would show greater

change.

The findings of this study suggest that effective

interventions are needed for overweight children in early

childhood. Without intervention, relatively few resolve to

a healthy weight in the middle childhood years, leaving

the great majority to carry their weight problems into

adolescence. While being overweight in the middle

childhood years increases a child’s risk of being

overweight in adulthood, the risk is even higher for

those who are overweight as adolescents8. Tackling the

problem in those children who are already overweight,

whilst important, is unlikely to stem the rising prevalence

of overweight and obesity. Population prevention

strategies aimed at preventing children from initially

becoming overweight or obese are of paramount

importance.

Our findings indicate that 5- and 6-year-old children

experience greater reduction in adiposity than their older

peers. This suggests that young children may be more

malleable, with the precipitants of weight stability not yet

firmly entrenched. School entry provides a unique

opportunity for population intervention strategies.

The school environment provides the first forum since

the early infant period through which almost all children

(and their parents) are easily accessible. However, with

almost one-fifth of the children in this study already

overweight at school entry, research to ascertain the

timing of onset and possible precipitating factors, and

prevention approaches targeting children prior to school

entry, are required.
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