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Abstract

Objective—We tested the hypothesis that among 3- to 5-year-old children attending Head Start,

body mass index z score will decline during the academic year and increase during the summer.

Methods—We used retrospective longitudinal growth data collected over 5 academic years from

1914 children (51% boys, 62% white) enrolled in a Michigan Head Start program. Changes in

body mass index (BMI) z score, calculated as annual rate of change, during 2 academic years and

the intervening summer were assessed by piecewise linear regression analysis. Potential covariates

were gender, single-parent status, program year, race/ethnicity, age at initial enrollment, and

family income (divided by household size).

Results—Mean BMI z score at the start of Head Start enrollment was 0.52 (95% confidence

interval [95% CI] 0.39 to 0.65). Mean annual rates of BMI z score change were: −0.07 (95% CI

−0.28 to 0.14) during the first year of enrollment, 0.62 (95% CI −0.0005 to 1.23) over the summer,

and −0.82 (95% CI −1.50 to −0.13) during the second year of enrollment. The effect was most

robust among girls of minority race/ethnicity.

Conclusions—Head Start is associated with a shifting of BMI z scores toward the norm among

low-income preschool-aged children, particularly among girls of minority race/ethnicity.
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A recent study that used nationally representative data estimated the prevalence of obesity

among 4-year-old children at 18.4%.1 Effective obesity intervention and prevention

programs for low-income and minority preschool-aged children are needed. Head Start is a

United States federally funded preschool program that is free to 3- to 5-year-old children

living below the federal poverty line. To achieve its primary mission of improving school

readiness among low-income children, federal regulations mandate nutritional and health

services, adequate time and space for active play, and parental involvement.2,3 In a recent
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national survey, most Head Start programs reported practices and environments related to

healthy eating and physical activity that exceed these federal regulations.4 Given its

organized structure, standardized regulations, and expansive reach among low-income

preschoolers, Head Start is an ideal venue for obesity intervention and prevention.

Although federal Head Start performance standards mandate that programs monitor

children’s height and weight,5,6 there is no centralized national data bank of these measures,

and the 2 large federal studies of Head Start7,8 have not included anthropometrics. Reports

of obesity prevalence within Head Start programs regionally have consistently described a

higher obesity prevalence9–12 as compared to same-aged children nationally.13,14 Only 3

published reports describe changes in weight status among individual Head Start enrollees

longitudinally, but because longitudinal changes were not the focus of these studies, the

reports provided insufficient detail to allow meaningful inferences.11,15,16

The preschool age range is the period of adiposity rebound, during which body mass index

(BMI) declines to a nadir and then begins to increase. Typically growing children are

therefore expected to have declining BMIs to at least age 4 years, with a subsequent gradual

increase. A z score conveys the number of standard deviation units an individual child’s

BMI is from the reference population mean as it shifts. A girl whose BMI tracks at the 85th

percentile from age 3 to 6 years would have an absolute decline of 0.4 kg/m2 over 18

months, followed by an increase of about 0.2 kg/m2 over the next 18 months, but zero

change in z score throughout this time period, having maintained a consistent z score of

about 1.00 in comparison to the reference population.

To our knowledge, no published studies have described changes in BMI z score within

academic years in Head Start and the intervening summer. This may be particularly

important given that significantly more weight gain has been reported to occur during the

summer months, compared to during the academic year, among 5- to 6-year-old children.17

The present study was therefore a retrospective analysis of existing anthropometric data

from one Head Start program over 5 years that sought to determine changes in BMI z score

within individual children during the academic year and summer while controlling for

potential confounders. We hypothesized that children would show a decrease in BMI z score

during the academic year and an increase during the summer.

METHODS

Sample

The sample was composed of all children enrolled in Head Start classrooms across 14 sites

managed by the Jackson Community Action Agency serving both an urban and rural 3-

county area in south central Michigan. Children’s environments were diverse in that some

lived in urban public housing complexes, while others lived in very rural, remote areas miles

from any markets, restaurants, or community playgrounds. Nearly all (94%) of the children

in our sample had family incomes below the federal poverty line; the other 6%were eligible

because they had a disability, 80%of whom had isolated language delay.
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The present cohort included all children who entered the program between fall 2001 and fall

2006. The number of annual enrollees at this Head Start program has steadily increased to

most recently approximately 800 children; of these, approximately 550 to 600 children each

year are attending half-day classes 4 days per week and are the subject of the present

analysis. Classes operated for half-days from either 8 to 11:30 AM or 1 to 4:30 PM, 4 days a

week (Monday through Thursday), from approximately September 1 to May 15. Classes

included 15 to 17 children, one teacher, and one aide. For morning classes, shortly after

arrival, children were provided breakfast, which typically consisted of a serving of dairy,

meat, and fruit. Lunch was provided shortly before the children left for the day, and

typically consisted of a serving of dairy, meat, vegetable, and fruit. For afternoon classes,

children were provided lunch shortly after arrival. A snack was provided shortly before the

children left for the day and typically consisted of a serving of dairy and meat or a serving of

vegetable and meat. Children participated in 25 minutes of outside exercise, 15 minutes of

music time with dancing and singing, and 60 minutes of free time to choose their own

activities each day. Each Head Start site had an on-site playground. The Head Start program

was not conducting any specific interventions for obesity or nutrition.

Data Collection and Measures

Parents reported basic demographic information at the time their child enrolled in Head

Start. This study was deemed exempt by the University of Michigan Health Sciences

Institutional Review Board because it was a retrospective review of deidentified data.

Measured weights and heights were obtained for all children within 90 calendar days of

enrollment, as required by Head Start regulations.5,6 This particular Head Start program’s

own policy required teachers to weigh and measure each child at the beginning and end of

each academic year as part of efforts to monitor health and nutrition. Teachers were trained

by Head Start health specialists (who were trained as licensed practical nurses or medical

assistants) in how to perform the measurements, and they used the same equipment in a

dedicated health room at both time points with shoes off and light clothing. Teachers

obtained the measurements and provided them to the Head Start program’s clerical office,

where staff entered them into a central database. At the time of measurement, the teachers

did not have access to information that could have generated bias, including prior

measurements or growth patterns or whether the measurements obtained equated to a

categorization of the child’s BMI as obese, overweight, or underweight. Each child enrolled

in Head Start is also required to provide documentation of an annual health maintenance

examination from their health care provider, and these anthropometric data were also

included in the database.

Figure 1 shows the timing of the measurements described above. The clusters of

measurements in the fall and spring of each of the 2 years reflect the measurements taken by

the teachers. Data points in the figure falling on the x-axis outside of these clusters represent

the data points contributed from annual health maintenance exams at the outside health care

providers’ offices. An individual child enrolled in Head Start for a full 2 years would

therefore have up to 4 sets of anthropometric data obtained by Head Start staff and 2 sets of

data obtained from their primary care provider’s office contributing to this data set. As can
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be seen in the figure, the majority of anthropometric data included in this analysis were

measurements taken at Head Start by the teachers.

BMI was calculated and BMI percentiles and z scores derived by using age- and gender-

specific norms from the Centers for Disease Control growth charts.18 Obese was defined as

a BMI ≥95th percentile, overweight as a BMI ≥85th percentile but <95th percentile, and

underweight as a BMI <10th percentile. Normal weight was defined and examined in 2

alternate ways, as a BMI ≥10th percentile but <85th percentile as well as a BMI ≥5th

percentile but <95th percentile. Children were excluded if they had a z score for BMI,

weight or height less than −4; a height z score more than +4; changes in z score for BMI,

weight, or height during the academic year >5 standard deviation units; or a significant

decrease in height between measurements. Less than 5% of the original sample was

excluded on the basis of these criteria, and there were no other exclusion criteria.

Statistical Analysis

We sought to determine whether there were changes in individual children’s BMI z score

longitudinally over time. Initial examination of the data indicated that the change in BMI z

score over time was not linear. Therefore, piecewise linear regression, which allows for

different slopes for different time periods, was performed via repeated measures analysis by

using mixed models with random intercept to evaluate changes in BMI z score across time.

The PROC MIXED procedure in the SAS software package (SAS Institute, Cary, NC), a

powerful statistical method that accounts for within-subject correlation and missing data,

was used to complete this analysis, which included 4374 measurements on 1914 unique

children. Slopes were individually defined within the following 3 windows: September 1

through May 15 of the first year of enrollment; May 15 through September 1 following the

first year of enrollment (ie, summer); and September 1 through May 15 of the second year of

enrollment. Sample sizes within each time frame are shown in Table 1. The slopes identified

in these windows are annual rate of BMI z score change (as opposed to absolute change

within the specified time period), to allow comparison of rates of change between the

academic year and summer. A P value of .05 was used to determine statistical significance.

We included program year as a covariate a priori. We tested the inclusion of additional

potential covariates known to have an association with weight status, which included gender

(male vs female), single-parent status (single-parent vs 2-parent household), race/ethnicity

(white vs minority), household income (divided by number of individuals living in the

household), and initial age at enrollment. We tested interactions of each covariate with time

period (first year of enrollment, summer, or second year of enrollment) and retained in the

model only those covariates that had either significant main or interactive effects. We

present the final adjusted model in the full sample, stratified by gender and race/ethnicity, as

well as by weight status (obese, overweight, normal weight, and underweight) at the time of

initial enrollment. We considered that changes in BMI could occur not only as a result of

changes in rate of weight gain, but also as a result of changes in rate of linear growth. We

therefore also repeated the piecewise linear regression, adjusting for covariates, predicting

height z score as the outcome.
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RESULTS

Characteristics of the sample are provided in Table 2. The sample was 51.2% boys, 62.5%

white, 22.2% black, 7.2% multiracial, 6.7% Hispanic, and 1.4% another race. The final

adjusted model is shown in Table 3. Neither income nor initial enrollment age had

significant main or interactive effects on BMI z score and were therefore not included in the

final model. As shown in the first column of Table 3 reporting results for the full sample, the

mean BMI z score at the start of Head Start enrollment was 0.52 (95% confidence interval

[95% CI] 0.39 to 0.65). Over the first academic year, mean BMI z score declined

(nonsignificantly) by −0.07 (95% CI −0.28 to 0.14) BMI z score units per year, resulting in a

mean BMI z score of 0.47 at the end of the first academic year. During the next summer,

mean BMI z score increased (nonsignificantly) at a rate of 0.62 (95% CI −0.0005 to 1.23)

units per year, resulting in a mean BMI z score at the start of the second academic year of

0.65. During the second academic year, mean BMI z score declined significantly at a rate of

−0.82 (95% CI −1.50 to −0.13) units per year, resulting in a mean BMI z score of 0.07 by

the end of the academic year. Thus, over the course of the 2 years, there was an overall shift

in the distribution of BMIs within the Head Start sample toward the national population

reference mean. Boys, children in single-parent families, and children of minority race/

ethnicity had significantly higher BMI z scores over time. The results stratified by both

gender and race/ethnicity are presented in the remaining columns of Table 3. Significant

changes in BMI z score occurred only for minority girls. For this group, mean BMI z score

significantly increased over the summer and declined during the second year of enrollment.

The results stratified by initial weight status at the time of enrollment are presented in Table

4. Figure 2 shows the mean z scores at the beginning and end of each time period that result

from the annual rates of change described in Table 4 for children beginning Head Start with

the specified weight status. The percentiles corresponding to the cutoffs for obese,

overweight, and underweight are shown on the right-hand side of Figure 2 and signified by

the shaded regions. As depicted by the dark triangles and diamonds in the figure, the starting

BMI distribution of the sample of children who began Head Start in the normal weight range

(by either definition) was shifted slightly upward from the Centers for Disease Control and

Prevention reference mean (ie, z score = 0, or 50th percentile). The BMI distribution of this

group of children remained shifted slightly above the reference mean through the first year

of Head Start and began to shift further upward over the summer, to reach a new sample

mean z score of 0.5 to 0.6. The BMI distribution of this group shifted downward over the

subsequent academic year to meet the population reference mean. As shown in Table 4,

significant shifts in BMI z score for the group of children starting Head Start in the normal

weight range occurred during the second academic year only.

As denoted by the open circle symbol in Figure 2, the BMI distribution of the 255 children

who began Head Start in the overweight range followed a similar pattern to that of the

children beginning Head Start in the normal weight range, in that their BMI distribution

remained shifted upward throughout the first year, shifted further upward over the summer,

and then shifted downward toward the population reference mean during the second year of

enrollment. As shown in Table 4, these changes did not, however, reach statistical

significance. As denoted by the open square symbol in Figure 2, the BMI distribution of the
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259 children who began Head Start in the obese range showed a significant downward

shifting over the first year (P < .05, Table 4). There was some suggestion of a slow rebound,

with a steady upward shifting over the summer and second academic year, but these changes

were not statistically significant. Finally, as denoted by the dark square symbol in Figure 2,

the BMI distribution of the 117 children who began Head Start in the underweight range

showed a significant upward shifting over the first year (P < .05, Table 4), with a significant

rebounding downward shift over the summer (P < .05, Table 4). Among the 22 children

remaining in the sample during the second academic year, there was no significant change in

z score.

There was no significant change in height z score during any of the 3 time periods: b = 0.05

(95% CI −0.14 to 0.23) for the first academic year, b = 0.03 (95% CI −0.52 to 0.57) for the

summer, and b = 0.15 (95% CI −0.46 to 0.76) for the second academic year.

DISCUSSION

The pattern of findings in the present study suggests a beneficial effect of Head Start on

children’s weight status, but the effect was modified by both the child’s sociodemographic

characteristics and weight status at enrollment.

Shift of BMI Distribution Toward Population Reference Mean

The children in the present study began their Head Start experience with a distribution of

BMIs significantly above the national Centers for Disease Control and Prevention reference

means for children of the same age and gender, consistent with the prior reports of Head

Start enrollees having a higher prevalence of obesity than same-aged children in the general

US population.9–12 The central finding of the present study was that over the course of

enrollment, there was a significant shift in the BMI distribution of the sample toward the

population reference mean, such that at the conclusion of 2 years of Head Start exposure,

this sample of low-income children had a distribution of BMIs no different from national

norms defining healthy BMIs for children in this age range. There was the suggestion of a

dose effect, such that the impact on BMI occurred more in the second year of enrollment.

The observation that BMIs rebounded slightly over the summer also supports the hypothesis

that Head Start had a causal role in the normalization of the children’s BMIs.

Moderation by Sociodemographic Characteristics

The shift in weight status toward the population reference norm was most robust for

minority girls. It is possible that the moderating effect of race/ethnicity is rooted in

differences between the home environment and Head Start specific to these groups. For

example, feeding beliefs and practices,19–21 television viewing habits,22–24 and

opportunities for physical activity25,26 may all be more obesity promoting in minority

compared to white racial/ethnic groups. The significant effect in girls, but not boys,

observed in our data may be related to the possibility that boys in this demographic could be

given the opportunity to participate in active play at home more commonly than girls. In

summary, the same Head Start environment may have a more robust effect in these groups
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because the differences between the home and Head Start environment are most

pronounced.

Moderation by Starting Weight Status

The timing of the changes in BMI z score differed according to children’s weight status at

enrollment. Children who began Head Start in the normal weight range (although notably

still with a BMI distribution shifted upward relative to population reference norms)

comprised the majority of the sample. For this group, the greatest shift in the BMI

distribution toward the population reference mean occurred during the second year of

enrollment, suggesting a “dose effect” of Head Start for this group. For children beginning

Head Start in the overweight range, the timing of the change was similar, although it did not

reach statistical significance. In contrast, the timing of the BMI change for the children

beginning Head Start in the obese or underweight ranges differed significantly from those

beginning in the normal weight range, in that the shift in their BMIs toward normal occurred

much sooner, in the first year of enrollment. The fact that changes in BMI occurred sooner,

with less time in Head Start, suggests that the home environments of these children with

regard to nutrition and physical activity diverged more significantly from the norm than

those of the other children. Therefore, exposure to the normative Head Start environment

would have a more pronounced impact on the weight status of these children, translating to a

more robust and immediate effect.

There were no significant changes in BMI z score for the initially obese or underweight

during the second academic year, although the sample sizes were small and any inferences

should be made with caution. However, the findings suggest that the impact of Head Start

alone on normalization of weight status among obese and underweight children is limited,

and the development of additional effective interventions for this group within the Head

Start setting is an important goal.

Limitations

There are limitations to this study. We did not have data regarding maternal weight status or

the child’s birth weight. The anthropometric measures contributing to this analysis were

obtained by both Head Start staff and health care providers’ offices and not in a prospective

fashion for this research study. However, the staff performing the measurements in both

settings had similar training and used similar equipment, and there is no reason to suspect a

systematic bias in measurements.

The study sample consisted of children from one Head Start program in one geographic

area, and the replicability of these findings in other programs is uncertain. However, the

nature of the Head Start regulations makes the quality and character of the Head Start

environment much more consistent across programs than non–Head Start preschool settings.

Absent any nationally representative Head Start data set to address the research question, the

robust regulatory environment surrounding Head Starts nationally that engenders cross-

program consistency allows one greater confidence in extrapolating the findings to other

programs.
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We considered that the decline in BMI z scores during the academic years resulted not from

a slowing of excessive weight gain, but from an increase in height gain, given that gains in

height among children are sometimes seen when environmental stressors are reduced,27 as

may occur when more time is spent in Head Start as opposed to in the home. However, there

were no significant changes in height z score, supporting the primary hypothesis that Head

Start has beneficial effects on changes in weight.

Conclusions

Published work examining associations between child care experience and obesity risk

continues to be conflicting, with some studies indicating a beneficial effect28 and others

showing no effect.29 The effect of child care exposure on obesity risk may be moderated by

age, such that it is a risk factor for children younger than 3 years,30,31 but a protective factor

for children older than 3 years.28 The effect may be also be moderated by sociodemographic

and anthropometric characteristics,32 as in our study.

The present study suggests beneficial effects of Head Start enrollment on the BMI of low-

income preschool-aged children. Head Start has been shown to confer both social and

educational advantages for low-income children,33 and healthy changes in BMI during the

academic year may be one more benefit of enrolling children in Head Start.
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Figure 1.
Timing of measurements of body mass index (BMI) over 2 academic years in relation to

initial enrollment on September 1.
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Figure 2.
Changes in body mass index (BMI) z score across each of 3 time periods (first academic

year in Head Start, summer, and second academic year) by using piecewise regression,

adjusted for gender, race/ethnicity, single-parent status, and program year stratified by

weight status at enrollment (n = 1914 subjects). At right are the percentile equivalents of the

z scores that mark the cutoffs for each weight status as well as the 50th percentile. The
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weight status described is the child’s weight status at enrollment (time zero). Normal weight

is defined and shown in 2 different ways.
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