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Objective: The objective of this study was to determine the evolution of

obesity status (OS) in a longitudinal cohort of low birth weight preterm

(LBWPT) infants to an age of 8 years, and to determine whether rapid

weight gain in the first year of life independently predicts 8-year OS.

Study Design: In total, 985 infants (birth weight p2500 g, gestation

age p37 weeks) were recruited from the nursery in an eight-site

intervention research program and were evaluated at an age of 3, 5,

6.5 and 8 years. Weight and height were measured by standard protocol at

each visit and body mass index was calculated. Obesity status is X95%

for age and sex. Multiple logistic analyses were performed on 8-year OS

with predictor variables including infant race, gender, small for

gestational age status, birth weight category, neonatal health index,

treatment group and first-year weight gain; maternal education and

weight status before conception; and HOME Inventory.

Result: Overall, 2.3% were OS at an age of 3 years, 6.1% at an age of

5 years, 7.7% at age 6.5 years and 8.7% at an age 8 years. OS varied by birth

weight category at each visit. The infants born p1500 g had the lowest

prevalence of OS at each age. In the logistic regression, maternal race

(Hispanic) (adjusted odds ratio¼ 2.8, confidence interval¼ 1.2 to 6.8),

maternal obese status (adjusted odds ratio 3.4, confidence interval¼ 1.5

to 7.8) and first-year weight gain (adjusted odds ratio¼ 2.7, confidence

interval¼ 1.9 to 3.9), significantly predicted 8-year OS.

Conclusion: OS is common in LBWPT infants during childhood, and

prevalence varies by birth weight category. High weight gain in the first year

of life is an important predictor of the development of OS in LBWPT children.
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Introduction

National surveys have demonstrated that the prevalence of
childhood obesity has been increasing since the 1980s.1 Nearly 11%

of children aged from 6 to 19 years in the United States in
1994 were obese compared with nearly 5% in the 1970s.2 The
prevalence of obesity in children aged from 6 to 19 years has
gradually increased to more than 17% in 2003 to 2006.3 During
that period, the prevalence of obesity among 2- to 5-year-old
children more than doubled from 5% in the 1970s4 to 12.4% in
2003 to 2006.3 This impressive increase in the prevalence of
obesity, which has been associated with increased severity of
obesity,5 is associated with a large array of long-term
negative physical and mental health consequences and
economic burden.6–8

Low birth weight (LBW) status is associated with later childhood
and adult obesity and related diseases such as hypertension,
diabetes and cardiovascular disease.9–12 Although some studies
focused on small for gestation age (SGA) status, recent research
has demonstrated the association of LBW, regardless of SGA status,
with later insulin resistance, hypertension and cardiovascular
disease.13–15 Others have focused on excessive weight gain in the
early years of life, demonstrating that excessive weight gain in
children in the early years is associated with later childhood and
adult obesity.16–18 Excessive weight gain in the early years of
life in LBW infants may be associated with even greater risk for
later disease.19–21

The evolution of obesity in an exclusively LBW preterm
(LBWPT) population born during the years of rapid increase in
childhood obesity has not previously been demonstrated. As LBW
infants, and particularly LBW infants who demonstrate excessive
weight gain early in life, may be at increased risk of obesity later in
childhood, we used the prospective cohort of LBWPT infants
followed in the Infant Health and Development Program (IHDP) to
evaluate the evolution of obesity in this population to the age of
8 years. The IHDP is a national, collaborative and randomized
clinical trial that was conducted at eight medical schools, and was
designed to evaluate the efficacy of a comprehensive intervention in
the first 3 years of life in a cohort of LBWPT children who were
born in 1985.22,23 The cohort was enrolled in the nursery at eight
sites and was followed in standardized study protocol. The broad
array of high quality data collected in this unique long-term
longitudinal study allows us to avoid many of the limitations in
follow-up studies of LBWPT children. Using this large longitudinal
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cohort born in 1985, we examined the following research
questions: (1) What is the prevalence of obesity in the IHDP cohort
at age 3, 5, 6.5 and 8 years? (2) Does the prevalence of obesity vary
by birth weight category? (3) What maternal and child
demographic and clinical characteristics, including infant rapid
weight gain in the first year of life, best predicts obesity in this
LBWPT cohort at the age of 8 years?

Methods

Descriptions of IHDP recruitment and subjects, study design and
intervention have been published in detail elsewhere,22,23 and are
reviewed briefly here.

Sample
Infants were eligible for the IHDP study when they had a birth
weight of p2500 g, had gestational age of 37 weeks or less, resided
in the catchment area and did not have severe medical illness or
neurological impairment.22 Unhealthy infants were included in the
sample, unless they had conditions (e.g., neural tube defects, severe
sensory deficits) or neurological dysfunction that was recognized
before nursery discharge and was judged to be so severe as to
preclude participation in the intervention. Only 61 such infants
were excluded. The infants were enrolled from October 1984
through August 1985. A total of 985 infants constituted the primary
analysis group. These infants were randomly assigned to the
intervention group (N¼ 377) or the non-intervention group
(N¼ 608) using a design with two birth weight categories; lighter
(p2000 g, (N¼ 623)) and heavier (2001 to 2500 g, (N¼ 362)).
All children assigned in the intervention group, regardless of
compliance with intervention, were included in the analyses as
intervention children. The intervention program began at
discharge from the Neonatal nursery and continued until October
1988, when each child was at least 36 months of age corrected for
prematurity. The intervention consisted of home visits (birth to
3 years), center-based child development intervention services (age
1 to 3 years) and parent group meetings (age 1 to 3 years). There
was no nutrition focus in the IHDP Program and no nutrition data
were collected. After the intervention ended, the sites attempted to
find appropriate community education programs for children in
both groups before school age entry. Although there were no
differences in length or body mass index (BMI) between
intervention and non-intervention groups at age of 3 years,22 the
intervention children at 8 years were significantly taller and had
larger head circumference.23 The prevalence of both overweight
(9%) and underweight (4.5%) at age 8 years was the same in
both groups.23

Data collection
Infants in both intervention and non-intervention groups received
the same periodic medical, developmental and social assessments

through 8 years of age. All children were assessed at 40 weeks
postconceptional age and at 4, 8, 12, 18, 24, 30 and 36 months
gestation-corrected age and at 4, 5, 6.5 and 8 years. Clinical staff at
each site typically included a pediatrician, a nurse clinician and a
social worker. Clinicians provided general care instructions during
all follow-up clinic visits to intervention and non-intervention
children, including nutrition advice as needed. All growth
measurements were collected by standardized protocol after
careful training.

8-Year sample
Of the original 985 in the primary analysis group, 878 children
(89%) were evaluated at 8 years of age.24 The percentage retained
within the intervention and non-intervention groups were similar,
both overall and within sites. Overall, 89.7% of the intervention
group and 88.8% of the non-intervention group were available;
90.5% of the infants at birth weight <1500 g and 86.7% of infants
with birth weight from 2001 to 2500 g were available at 8 years.

Measures
Weight (kilograms) and height (centimeters) were collected by
standard protocol after appropriate training procedures. Growth
status was assessed by clinic staff who had access to the child’s
treatment group assignment and history. Obesity status (OS) was
defined by BMI (kilograms divided by meters squared) X95th
percentile for age and sex, based on the 2000 Center for Disease
Control growth charts (http://www.cdc.gov/GrowthCharts/).

� Maternal obesity: BMI X30, based on self-reported preconcep-
tion weight and length.
� Self-reported maternal education and race.
� HOME Inventory.25 This is a measure of the quality and quantity

of stimulation and support available to a child in the home
environment. This was collected at the age of 12 months in a
1-h home visit. To ensure that the HOME Inventory was
administered properly, a 2-day training session was conducted
for assessors from all IHDP sites. Higher scores indicate better
quality home environments.
� SGA status: Less than 10th percentile for gestation-adjusted age

on the Lubchenco Growth Standards.
� Neonatal Health Index: this is a measure of the neonatal course,

calculated based on the duration of stay in the nursery, adjusted
for birth weight and standardized to a mean of 100, with higher
scores indicating better health.
� Child weight gain in the first year of life: this was defined as the

change in weight from birth to 12 months gestation-adjusted
age divided by age in months and was expressed as 100 g per
month.

Analyses
Data were available for 336 intervention children and 538 non-
intervention children. All available data were used at each step of
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the analyses, but the sample size varied because of missing data.
The prevalence of obesity was calculated for three birth weight
groups of 2001 to 2500 g, 1501 to 2000 g and p1500 g at age 3, 5,
6.5 and 8 years of age. Pearson w2-tests and t-tests were used to
compare intervention and non-intervention groups at baseline.
Categorical variables were summarized as N (percent). Continuous
variables were summarized as mean±standard deviation.

A multivariable logistic regression model (N¼ 686) was used to
predict the log odds of being overweight at 8 years of age
(BMI>95th percentile) with mother’s race (Black, Hispanic or
White/other/Asian), maternal education (below high school, high
school, beyond high school), maternal weight status (normal
(BMI<25), overweight (BMI>25 to 30), obese (BMI>30)), HOME
Inventory at 36 months, infant gender, birth weight category (0 to
1500 g, 1501 to 2000 g, 2001 to 2500 g), SGA status, neonatal
health index, IHDP treatment group (intervention, follow-up),
weight gain at first year (units of 100 g per month). The model
was specified a priori. The area under the receiver operating curve
was used to check the predictive value of the model. Goodness of fit
model was assessed using the Hosmer–Lemeshow goodness of fit
test with 10 partitions.

Results

As noted earlier, the sample was stratified to one-third intervention
and two-thirds non-intervention (Table 1). There were no
differences between intervention and non-intervention group in any
of these characteristics. The average birth weight was near 1790 g
and the average gestational age was 33 weeks. The average
maternal age was near 25 years. About 38% had less than high
school education and nearly 33% had some post-high-school
education. 53% were African American and about 37% were White.
Nearly 50% were male.

The prevalence of obesity in the IHDP cohort at age 3, 5, 6.5
and 8 years is depicted in Table 2. Although the available sample
size varied at each data collection, the prevalence increased from
2.3% at age 3 (N¼ 876) to a prevalence of 8.6% for the IHDP
sample at age 8 years (N¼ 810).

There is a gradual increase in the prevalence of obesity for each
birth weight category at each age, except for the smallest birth
weight group between 6.5 and 8 years (Figure 1). The highest
prevalence of obesity at each data collection occurred in the largest
preterm infants with birth weight category from 2001 to 2500 g.
Out of these infants, 11.2% were obese at the age of 8 years. The
lowest prevalence of obesity occurred in the preterm infants in the
lowest birth weight category of p1500 g. 4.8% of this group was
obese at the age of 8 years. The prevalence of obesity of the larger
birth weight preterm infants was more than twice that of the
smallest preterm infants at each age.

The results of the logistic regression on 8-year OS are shown in
Table 3. Maternal Hispanic race and maternal OS significantly

Table 1 Baseline characteristics of available IHDP sample

Int NI P-value

Total no. (% of randomized infants) 336 (89.1) 538 (88.5) 0.68

Birth weight, ga 1799±439 1787±466

Birth weight group, %

p2000 g 64.5 63.9 0.85

2001–2500 g 35.4 36.1

Gestational age, weeksa 32.9±2.5 33.0±2.8 0.52

Neonatal health indexa 100.6±15.9 99.9±15.4 0.50

Maternal age at enrollment, yearsa 24.5±5.8 25.0±6.1 0.21

Maternal education, %

<High school 40.8 36.2 0.24

¼ High school 29.2 28.4

>High school 30.1 35.3

Race, % of infants

African American 53.0 52.8 0.99

Hispanic 9.5 9.8

White/Other 37.5 37.4

Male 49.7 49.4 0.94

Abbreviations: IHDP, Infant Health and Development Program; Int, intervention group;
NI, non-intervention group.
aValues are shown as means±s.d.

Table 2 IHDP cohort obese by age

Age (in years) N Obese (%)

3 876 20 2.3

5 782 48 6.1

6.5 639 49 7.7

8 810 70 8.6

0.9

2.1

4.9 4.8

2.3

6.1

7.7
8.6

2.8
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Birth Weight ≤1500 gm Birth Weight 1501-2000 gm Birth Weight 2001-2500 gm

%
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5 Years
N=782

Figure 1 Percent obese by birth weight category and age.
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predicted OS of 8-year-old child. Neither the IHDP treatment group
nor the 12-month measure of the quality of the child’s home
environment (HOME Inventory) predicted 8-year OS. Infant
gender, SGA status and the Neonatal Health Index did not predict
obesity at the age of 8 years. Infant weight gain in the first year of
life was the strongest infant characteristic which predicted to 8-year
child OS.

Discussion

In this large cohort of LBWPT infants, the prevalence of obesity
gradually increased from 2.3% at the age of 3 years to 8.6% at the
age of 8 years. The prevalence of obesity among the smallest LBW
infants (birth weight p1500 g) was only 4.8% at age of 8 years.
This contrasts with an obesity prevalence of 11.2% among the
larger LBW infants (birth weight 2001 to 2500 g). Infant weight
gain in the first year of life significantly and independently
predicted 8-year OS, along with maternal Hispanic ethnicity and
maternal preconception obesity.

To our knowledge, ours is the first descriptive report of the
evolution of OS in a longitudinal cohort of LBWPT infants. How
does the prevalence of OS in this group compare with the general
population of children born in the same birth cohort? These
children were born in 1985, and they turned 8 years old in 1993.
An increasing prevalence of OS was already being noted in various
national surveys and longitudinal research projects at that time.
This increase was noted as early as in 1976,1,2,26 and has continued
until recently.4,27,28 A recent analysis of clinical data suggested that
the number of children diagnosed as obese may have stabilized or

decreased since 2005.29 Although data specific to 8-year-old
children born in 1985 are not available, an MMWR report of 6- to
11-year-old children evaluated in the 1988 to 1994 NHANES III
found a prevalence of 13.7% obese children.30 Using the same
NHANES III, Troiano31 reported an obesity prevalence in 6- to
11-year-old children of 10.6%. NHANES found a prevalence of
obesity in 6 to 11-year olds of 15.3% by 1999 to 20004 and 18.8% in
2003 to 2004.32 Thus, the overall prevalence of OS of the IHDP
LBWPT cohort of 8.6% was not greater than the general population
as represented in the national survey.5 In fact the prevalence of
11.2% in the largest LBW group was nearly the same as the general
population.

There is increasing concern that rapid weight gain in the early
years of life, whether the infant is born normal birth weight at
term, small for gestational age or preterm and LBW, is associated
with greater risk for obesity and glucose dysregulation in later
childhood or adult years, independent of birth weight.16–21,33 The
association of high weight gain to later child and adult weight
status in general populations of children has been noted as early as
the first weeks of life,34–36 the first 3 to 6 months,16,17,37,38 the first
year35,39,40 and the first 2 years17,41,42 and beyond.38 There has
been no uniform definition of high or excessive weight gain, but
methods have included absolute weight gain (gram per
months),16,37 change in weight adjusted standard deviation
score38,42 and change in Z scores.35,43 Reports have been
cross-sectional,37 retrospective42,44 and longitudinal.16,18,38

There has been less focus on the evolution and prediction of later
childhood obesity in LBW or LBWPT infants. In a cohort of 463
Intrauterine growth-restricted infants born <2211 g at term,
the BMI at 7 years of age was linearly related to postnatal gain in
the first 4 months of life.33 Euser21 evaluated 403 (19-year old)
adults born at <32 weeks gestation and found that greater weight
gain from 0 to 3 months of age was associated with higher
BMI at the age of 19 years. To our knowledge, our report is the
first that describes in a longitudinal cohort of LBWPT infants
the association of high weight gain in the first year of life with
later childhood obesity. As there is no gold standard to define
rapid weight gain, we chose to use absolute weight gain in the
first year. We also performed analyses using change in weight
Z scores in the first year of life, and found similar results as
the absolute weight gain.

Others have evaluated maternal and child characteristics, which
predicted obesity in children and adults in general populations.
Data of 3022 children in the National Longitudinal Survey of
Youth found that the best predictors of childhood overweight status
at age 6 to 7 years were maternal ethnicity and pre-pregnancy
obesity, along with the child being overweight at an earlier time
between 2 to 3 years and 4 to 5 years.44 In a cohort of 1780
children in France, the best predictors of overweight status at the
age of 4 years were having an overweight mother and the child
being overweight by 9 to 24 months of age.45 Finally, the best

Table 3 Logistic regression 8-year obesity status

AOR Confidence

intervals

P-value

Maternal Hispanic race (vs White/other) 2.8 (1.2, 6.8) 0.02

Maternal Black race (vs White/other) 1.5 (0.7, 3.2) 0.33

Maternal education (high school vs less

than high school)

0.36 (0.2, 3.8) 0.36

Maternal obesity status (vs normal) 3.4 (1.5, 7.8) 0.004

HOME inventory at 12 months 1.0 (0.97, 1.1) 0.63

Infant gender (male vs female) 0.75 (0.4, 1.3) 0.33

Birth weight category

(p1500 vs X2001 g)

2.1 (.94, 4.7) 0.07

SGA status 0.6 (0.26, 1.5) 0.3

Neonatal health index 1.0 (0.98, 1.02) 0.9

IHDP treatment group

(intervention vs follow-up)

1.0 (0.5, 1.7) 0.9

Weight gain at first year

(100 g per month)

2.7 (1.9, 3.9) 0.0001

Abbreviations: AOR, adjusted odds ratio; IHDP, Infant Health and Development Program;
SGA, small for gestation age.
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predictor to adult BMI in a group of 261 (40-year old) women was
rapid weight gain from age 1 to 7 years.46 Our findings in the
IHDP cohort mirror these studies, and demonstrates the significant
contribution of maternal pre-pregnancy OS, maternal race and
infant weight gain at the first year of life to childhood OS at 8 years
in previously LBWPT infants. SGA status did not independently
contribute to the prediction of 8-year obesity in this LBW
cohort when taking into account the other environmental and
child characteristics. Clearly, the ultimate development of obesity
during childhood for LBW infants is determined by a variety of
parent and child characteristics. Unfortunately, we do not have
access to information such as the parent feeding style, the
diet the children consumed or other environmental features,
which would be important to better understand the evolution of
childhood obesity.

The IHDP cohort provides much methodological strengths,
including infants being born in eight communities and families
with a broad array of demographic characteristics. Data were of
high quality as all growth data were collected in research protocol
by evaluators trained to reliability. However, the generalizability of
the IHDP sample to a contemporary group of LBWPT children is
somewhat restricted, as these infants were born in 1985. The
medical and nutritional care of LBWPT infants born at that time
varies from current treatment practices, and it is unclear how this
difference may affect the growth of contemporary LBWPT children.
In addition, the IHDP cohort did not include a large number of
extremely LBW infants, as the mortality of those infants was much
greater in 1985 compared with current mortality rates. Finally, 89%
of the original IHDP sample was available for data collection at the
age of 8 years, despite significant efforts at each IHDP site to
evaluate the entire longitudinal cohort. The effect of this loss of
subjects on these results is uncertain.

In summary, the prevalence of obesity in this LBWPT cohort
was greater in the larger infants born 2001 to 2500 g (11.2%) as
compared with the infants born <2000 g (4.8%). This prevalence
in the larger preterm infants was similar to the prevalence of
obesity noted in general populations of children born in the same
birth cohort. If LBWPT children are at greater risk for obesity as
compared with normal birth weight term infants, the onset of
obesity likely occurs at an age later than 8 years. As in the general
population of children, the associations of high weight gain in the
first year of life in these LBWPT infants strongly predicted obesity in
8-year-old children. Clinicians who provide ongoing care for
LBWPT infants have historically attempted to facilitate growth
rebound to normal size in the early years of life. These data suggest
that clinicians should be cautious in their nutritional treatment
and attempt to assure gradual catch up of weight with weight
symmetric to length in order to avoid excessively rapid weight gain
early in life. Further longitudinal follow-up of LBWPT children into
adult years will better document the impact of rapid weight gain in
LBWPT infants on obesity as adults.
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