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ABSTRACT Early-childhood obesity has reached epidemic proportions, particularly
among low-income, minority, urban children. Understanding the progression of obesity
prevalence rates from infancy through early childhood can inform public health efforts
to combat this epidemic and create developmentally appropriate strategies. In this
study, we assessed the prevalence of overweight and obesity among urban 1- to 5-year
olds and estimated risk by age and gender. We surveyed the medical records of a
random sample of 1,713 children seen at a New York City primary-care network.
Outcome measures were weight-for-length for G2-year olds and body mass index for 2-
to 5-year olds. Overweight was defined as percentiles ≥85% to G95%, obesity ≥95%.
Analysis utilized chi-square, logistic regression, and z tests. Between 1 and 5 years of
age, overweight increased 3.7% to 20.8% and obesity 7.5% to 29.8% (pG0.01). Risk
increased with age: compared with 1-year olds, 5-year olds were 8.2 times as likely
(95% confidence interval (CI)=5.5–12.21) to be overweight or obese. Boys were more
likely to be obese than girls (adjusted odds ratio=1.3; 95% CI=1–1.64). Significant
increases in overweight and obesity occurred between ages 1 and 3 years (overweight,
3.7% to 16%, pG0.01; obesity, 7.5% to 30.2%, pG0.01). Among urban children, more
than half were overweight or obese by age 5. Overweight and obesity rates increased
dramatically between the ages of 1 and 3 years. Interventions aimed at this age period
may have the greatest impact at preventing childhood obesity.
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INTRODUCTION

Nationwide, early-childhood obesity has reached epidemic proportions, particularly
among low-income, minority, urban children.1–10 Although not all obese children
become obese adults, research reveals obesity in early childhood is predictive of
obesity later in life.6,11,14 In a national sample, children who were overweight at ages
24, 36, or 54 months were five times more likely to be overweight at age 12 years
compared to those not overweight.13 Children who are obese are more likely to have
high blood pressure, abnormal lipids, asthma, type 2 diabetes, nonalcoholic fatty
liver disease, and sleep apnea.15 Moreover, adults who were overweight as children
have higher morbidity and mortality than those who were never overweight, even if
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they lose the extra weight during adulthood.14,16 The children at greatest risk for
overweight at an early age are low-income and minority children. Case studies also
suggest that children living in large metropolitan areas are also at risk.6

Overweight and obesity start early in life, but how early? In 2000, using data
from the Centers for Disease Control and Prevention Pediatric Nutrition Surveil-
lance System (PedNSS 2000), the prevalence of obesity among low-income 2-year
olds nationwide was 12.5%, 14.2% among 3-year olds, and 16% among 4-year
olds, with a slight male-to-female preponderance.7 In 2001, among children enrolled
in the Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC) in New York City, 14% of 2-year olds were obese, and 17.1% were
overweight. The rate of obesity nearly doubled to 26.5% among 4-year olds, while
the rate of overweight slightly increased to 18.7%.17 Boys and girls were equally at
risk. These findings suggest that, at least in certain low-income, minority, urban
populations, early childhood may be a critical time period in the development of
obesity, and therefore, provide an important window for introducing programs
aimed at reducing risk of overweight.

Yet data are lacking on the prevalence of obesity and overweight for children under
2 years of age. This may be due to several factors, including body mass index (BMI)
reference value standards not having been established for this age group; the weak
association of obesity in early childhood and later life; the concern of labeling young
children as obese; and lastly, the fear of making major nutritional changes to the diet of
toddlers at a time when myelination of the central nervous system is very active.18

Additional research is needed on the progression of obesity prevalence rates from
infancy through early childhood—ages 1 through 5 years—to inform public health
efforts to combat this epidemic and create developmentally appropriate strategies.

The objectives of our study were to estimate the prevalence of overweight and
obesity among 1- to 5-year-old low-income, minority boys and girls seen at a large,
primary-care network in New York City; to quantify their risk of overweight and
obesity based on age and gender; and to identify a critical age period in early
childhood when the highest prevalence of overweight and obesity are documented.

RESEARCH METHODS AND PROCEDURES

Study Setting
This study was conducted in a large, hospital-affiliated, primary-care network in
Northern Manhattan, New York City, one of the most disadvantaged communities
in New York City and the nation. The ethnic breakdown of this community of
approximately 200,000 persons is two thirds Latino, the majority from the
Dominican Republic, and one sixth African American. A third of residents live in
poverty.19 The hospital is the primary birth center for the community20 and refers
the majority of the newborns to the five-practice network. The practice network
serves 920,000 children, with 60,000 pediatric visits per year. The patient
population of this primary-care network mirrors the ethnic breakdown of the
community: virtually all are minority and low income (85% of the children receive
Medicaid). The relative high insurance rates found in this population is a tribute to
Child Health Plus, New York’s state health insurance program, available to all
children regardless of immigration status, and to the efforts of a coalition-led
facilitated enrollment program which has actively enrolled over 7,000 children in
this community.21,22
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Study Design
We conducted a cross-sectional survey of a random sample of children ages 1–
5 years who had made a visit to the practice network between September 2004 and
January 2005. The sampling frame was generated from the hospital registration
database. The database was stratified by age (single years) and gender. Five single-
year age groups were constructed. Each group included children with ages spanning
the 12 months of each respective age-group year (i.e., age-group 1 year=12 months
to 24 months minus 1 day; age-group 2 years=24 months to 36 months minus
1 day; etc.) To be able to detect a 10% difference in BMI for each single year of age
(1 to 5 years) and by gender, we estimated a sample size of 300 children per year for
a total sample size of 1,500 children. Within each age group, we randomly selected
the requisite number of children, alternating the selection between the two genders.
This study was approved by the Institutional Review Board of Columbia University
Medical Center.

Data Collection
Weight, height, age, and gender were collected from the children’s medical records.
Insurance and ethnicity were extracted from the hospital database.

Outcome Measures
We calculated weight-for-length values for children 12–23 months of age and BMI
values for children ages 2–5 years. The weight-for-length and BMI values were
converted to weight-for-length or BMI percentiles for age and gender according to
the Centers for Disease Control and Prevention growth charts.23 Children were
classified into the following standardized weight categories: (1) underweight, ≤5th
percentile; (2) normal weight, 5th to 85th percentiles; (3) overweight, ≥85th to
G95th percentiles; and (4) obese, ≥95th percentile.

Data Analysis
Chi-square testing was used to detect significant differences in the distribution of
weight categories among and within the different age groups when stratified by age,
gender, and ethnicity. We defined the critical age period of overweight or obesity
development as the interval between single-year age groups where we documented
the highest increase in prevalence. The z test of two proportions was used to
determine statistically significant differences in weight-category means among
successive age groups. For the z-test analysis, we compared prevalence rates of
overweight and of obesity between successive age-group pairs (1- to 2-year olds, 2-
to 3-year olds, 3- to 4-year olds, and 4- to 5-year olds). Data analysis was performed
using SPSS version 13.0.24 We performed multivariate analysis using logistic
regression to further quantify any significant associations of weight category with
age, ethnicity, and gender. The paired-sample t test was used to test for significant
differences in BMI between our study population and the comparable distribution
for the nation, from the PedNSS 2000.25

RESULTS

Patient Characteristics
A total of 5,437 patients between the ages of 1 and 5 years made visits to the
practice network during the study period (girls, n=2652, 48.8%; boys, n=2785,
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51.2%). Seventy-four percent of the patients were Latino, 15% African American,
and 11% other. The random sampling procedures generated a selection of 1,713
children between the ages of 1 and 5 years, split almost equally between the two
genders (female, n=813; male, n=900). Seventy-eight percent of the children were
Latino, 17% African American, and 4.5% other. Eighty-five percent of patients were
Medicaid recipients. There were no statistically significant differences in gender or
ethnicity of children among the five different age groups (chi-square=0.037, p=1
and chi-square=2.319, p=0.97, respectively).

Distribution of Weight Categories by Age and Gender
Overweight prevalence increased from a low of 3.7% among 1-year olds to 20.8%
among 5-year olds. Obesity prevalence increased from a low of 7.5% among 1-year
olds to 29.8% among 5-year olds (Figure 1). The prevalence of overweight and
obesity increased with age (chi-square=190.3, pG0.001). By age five, half (50.6%)
of the children were overweight or obese.

There was a significant, nonlinear association between gender and weight
category, with more boys obese and more girls overweight. Among boys, 12.0%
were overweight, and 24.2% were obese, while among girls, 14.8% of girls were
overweight, and 20.4% were obese (chi-square=5.1, p=0.02). Within each age
group, there were no statistically significant differences in the distribution of weight
categories by ethnicity or gender.
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FIGURE 1. Distribution of weight categories by age, children ages 1–5 years.
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Risk of Overweight and Obesity by Age
With each year of age, children were more likely to be overweight or obese. Older
age was positively and significantly associated with an increased likelihood of being
overweight or obese independent of ethnicity and gender (Table 1). Compared with
1-year olds, 2-year olds were 3.1 times, 3-year olds 4.7 times, 4-year olds 5.7 times,
and 5-year olds 6.4 times as likely to be overweight. There was a similar increase in
the risk of obesity with each additional year of life, but the progression was not as
gradual as for overweight risk. The largest increase was for 3-year olds, and after
that age the obesity risk remained stable. Compared with 1-year olds, 2-year olds
were 3.4 times, 3-year olds 5.9 times, 4-year olds 5.8 times, and 5-year olds 5.6
times as likely to be obese. There was no significant association between overweight
or obesity and gender or ethnicity. The prevalences of overweight and obesity in this
study population were significantly higher than the national rates for 2-, 3-, and 4-
year olds compared to those reported by the PedNSS25 (2-year olds, z=4.458, pG
0.001; 3-year olds, z=8.346, pG0.001; and 4-year olds, z=6.638, pG0.001).

The combined risk of being overweight or obese significantly increased with
each successive year of age (Table 1). Compared with 1-year olds, 2-year olds were
3.7 times, 3-year olds 7.2 times, 4-year olds 7.9 times, and 5-year olds 8.2 times as
likely to be overweight or obese.

Risk of Overweight and Obesity by Gender
After adjusting for age and ethnicity, boys were slightly more likely to be obese than
girls, [adjusted odds ratio=1.3, 95% confidence interval (CI)=1–1.635]. The
strongest age trends in obesity and overweight were observed for boys, among
whom rates of overweight and obesity increased from 16.7% and 31.0%,
respectively, at age 3 to 19.0% and 34.6%, respectively, at age 5 (Figure 2).
Although not statistically significant, for girls rates of overweight continued to
increase with each year of age, from 15.3% at age 3 to 22.8% at age 5 years. Rates
of obesity decreased between ages 3 (29.3%) and 5 years (24.3%; Figure 2).

Risk of Overweight and Obesity by Ethnicity
There were no significant differences in the rates of obesity in terms of ethnicity
(Latino vs. African American).

Critical Age Period for Overweight and Obesity
We examined the overweight and obesity prevalence as it progressed with each
single-year age group and found that the most significant increases in overweight

TABLE 1 Risk of obesity or overweight by age, children ages 1–5 years

Age (years)
Risk of overweight,
OR (95% CI)

Risk of obesity,
OR (95% CI)

Risk of overweight or obesity,
OR (95% CI)

1 Ref 1 1 1
2 3.1 (1.7–5.7) 3.4 (2.1–5.3) 3.7 (2.5–5.5)
3 4.7 (2.6–8.5) 5.9 (3.8–9.4) 7.2 (4.9–10.6)
4 5.7 (3.1–10.3) 5.8 (3.6–9.2) 7.9 (5.2–11.7)
5 6.4 (3.5–11.6) 5.6 (3.5–8.9) 8.2 (5.5–12.2)

p valuesG0.01 for all OR
OR Odds ratio
Ref 1 Reference value, age 1 year
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and obesity occurred in two time intervals: 1–2 years and 2–3 years of age [z score
(1–2 years)=−6.9, pG0.01 and z score (2–3 years)=−4.2, pG0.01). Between the ages
of 1 and 3 years, overweight increased from 3.7% to 16%, and obesity increased
from 7.5% to 30.2%. There were no significant differences in the prevalence of
overweight or obesity for the 3- to 5-year age groups.

DISCUSSION

This study of low-income minority urban children shows that overweight and
obesity start very early in life, with prevalence rates increasing dramatically
between the ages of 1 and 3 years. The study findings expand on those of a study
of WIC participants in New York City that found a significant increase in
prevalence of overweight and obesity between the ages 2 and 3.17 The ages from 1
to 3 may represent a critical age in the development of overweight and obesity, one
that may be crucial to target for public health and population-based prevention
interventions.

What is happening between the ages of 1 and 3 that could explain the dramatic
jump in obesity prevalence at this time? The toddler years represent a major
transition period for children with regard to diet and activity. From infancy to
toddlerhood, children move from a milk-based diet to one consisting of a variety of
solid foods. They also establish food preferences, start feeding themselves, and
develop eating behaviors.26 Similarly, physical activity levels change dramatically in
this period with the development of ambulation, increased socialization, and
increased hours of television or DVD watching. In addition to the influence of the
home environment, day-care centers may play a significant role in shaping dietary
and activity patterns early in life.
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FIGURE 2. Percent of overweight vs. obesity among children ages 1 through 5 years.
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Our study also documented the staggeringly high prevalence of overweight and
obesity among this community’s youngest members. The risk of overweight or obesity
increased with each successive year of age, and by age 5, more than half the children
were overweight or obese. The rates of overweight and obesity in the study population
were significantly higher than the national averages at these ages.1,2,17,27,28 This may
be explained by the Latino predominance in our sample, the racial/ethnic group with
the highest rates of obesity nationwide.1,2,9,10,17,27 However, health outcomes in
Latino populations vary by national origin,29 and it is possible that higher rates are
found among preschoolers of Dominican origin, the largest Latino group in this
community. Dominicans often have mixed racial heritage, and this may also
distinguish their obesity trajectories from other Latino groups.30

A major factor contributing to the rapid rise in overweight and obesity in this
community may be its location, namely an inner-city, minority community. As in
other inner-city communities, this community has areas where the most convenient
grocery stores may not carry fresh vegetables, fruits, or even low-fat milk, all of
which are recommended to reduce the risk of obesity. In addition, in this
community, there is a paucity of playgrounds and parks, particularly ones that are
both accessible and considered safe by the community. Families may not have the
opportunities to ensure that their children are able to play as actively as is
recommended.15,31 Our study findings suggest that living in an inner-city
community adds to the risk of early-childhood obesity and that strategies aimed at
reducing early-childhood obesity will need to take into consideration the effect of the
neighborhood resources and barriers to healthy living.

This study demonstrated a gender difference, with girls having higher rates of
overweight and boys having higher rates of obesity. These non-symmetric findings
reflect the mixed pattern of weight-associated gender differences among pre-
schoolers in other studies. While some studies have not found any gender-related
differences,10,17 others have showed boys7,9 or girls with higher rates.1,2 Gender
differences have also been noted in studies regarding parental perceptions of obesity.
In a study based on National Health and Nutrition Examination Survey 1988–1994
data, mothers were more likely to misclassify their overweight daughters as “obese”
than their sons.32 This finding may reflect greater parental acceptance for boys to be
heavier than girls and could result in variable parental practices in managing weight
issues in their children.

The findings from our study emphasize the need to start obesity prevention at
the earliest stages. These efforts need to be comprehensive and reinforcing across the
home, the medical home, day care, nutritional support programs, the community,
and the media. In the home, parental modeling and feeding practices play a role in
the development of satiety and food preferences,26 but studies are limited by small
sample size and lack of cultural context. In addition, further research is needed on
exploring what developmental-appropriate interventions are most effective in
promoting self-regulation of energy intake in early childhood.33

Although primary-care providers are concerned with obesity, most feel
ineffective at preventing obesity and poorly prepared to deal with the overweight
or obese child and his/her family.15 Most successful obesity programs are
multidisciplinary and have been conducted in academic settings. However, there
has been little work adapting successful programs for the fast pace of the primary-
care setting, nor has money been made available to cover for the cost of their
implementation.34 An additional provider challenge is the clinical controversy of
how to approach the management of toddlers under 2 years who are overweight or
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obese. In recently published guidelines, the Expert Committee recommended
decreasing juice and milk intake, offering healthy food choices and, importantly,
not restricting total energy intake.15 Therefore, resources are needed to create
interventions applicable to the primary-care settings, train providers, and provide
funding for the effort required.

The majority of low-income children benefit from the WIC program, and WIC
efforts should complement those of primary-care providers. The WIC program,
which serves half of US infants and a quarter of US children ages 1–4 years, has
recently announced significant positive changes to its nutrition supplements, to be
fully implemented in the next 18 months.35 In response to a commissioned Institute
of Medicine report,36 WIC packages will eliminate juice through age 12 months,
decrease juice and milk allowance after 12 months, allow only low-fat milk after age
2 years, and add a $6 allowance a month for fruit and vegetables—potatoes
excluded. These changes may have an impact in preventing obesity, provided the
neighborhood stores stock adequate fresh produce, an ongoing challenge for inner-
city communities.34,37

Day care is another critical environment that helps shape nutritional and activity
patterns in early childhood. Nationwide, a third of children under age 6 attend day
care.38 Head Start has mandated nutritional and exercise standards, which can
reduce the risk of overweight development, but these are effective only for children
3–5 years of age, after the age group where we have documented the rise in
overweight. In addition, Head Start regulations pertain only to these federally
regulated programs, and all other day-care facilities, including those serving children
from infancy up, are regulated by a widely varying set of standards applied in each
state.34 The expansion of federal regulations for healthy food and exercise at Head
Start programs to all state-regulated day-care facilities would impact a large number
of children, particularly those at younger ages. The integration of improved diet and
exercise standards for all child-care settings would be very important for families
living in inner-city communities, where there are not enough Head Start program
slots and many children are in other forms of family or group day care.

This study has several limitations. Our study was conducted in an inner-city,
minority community, and generalization to other communities, particularly non-
metropolitan or to other ethnic groups, should be made with caution. BMI reference
value standards have not been established for children under 2.15 Therefore, the
assessment of overweight and obesity uses one set of measures (weight-for-length
percentiles) for 1-year olds, while for 2- to 5-year olds, BMI percentiles were used.
This measurement may have affected the calculation of change in overweight and
obesity across these age groups. In addition, the cross-sectional design did not allow
tracking of individual children.

In conclusion, our study suggests that the ages between 1 and 3 represent a
critical age period for the development of obesity among inner-city, minority
children. Our study does not permit assessment of the factors contributing to this
extraordinary risk of early-childhood obesity in this community, but we think that
the limited opportunities for outdoor active play and access to healthy foods may
contribute to this risk. Future research should include prospective studies looking at
the development of overweight and obesity, along with associated neighborhood,
physical, and dietary risk factors for children as they progress through early
childhood. This could further define the concept of a critical age period for the
development of overweight and obesity and help design culturally and developmen-
tally appropriate population-based interventions to prevent childhood obesity.
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