| RESEARCH AND PRACTICE |

Declining Trends and Widening Disparities in Overweight

and Obesity Prevalence Among Massachusetts Public
School Districts, 2009—2014

| Wenjun Li, PhD, James H. Buszkiewicz, MPH, Robert B. Leibowitz, PhD, Mary Ann Gapinski, MSN, RN, NCSN, Laura J. Nasuti, PhD, and Thomas G. Land, PhD

Childhood obesity has been associated with
chronic diseases such as hypertension, cardio-
vascular disease earlier in life,"* asthma, and
sleep apnea.>*® Many of these health risks
continue well into adulthood, contributing to
the higher risks for multiple chronic diseases,
all-cause mortality, and premature death.*=®
Although a few studies have reported limited
success in childhood obesity control,®® reduc-
ing the prevalence of overweight and obesity
among children and adolescents remains

a critically important public health endeavor in
the United States.

In response to growing concerns over child-
hood obesity, in 2003, the American Academy
of Pediatrics released a policy statement ad-
vising that body mass index (BMI) be routinely
assessed and tracked over time.'° In 2005,
the Institute of Medicine recommended that
all school systems develop a BMI measurement
program and track their students annually. The
Institute of Medicine also called on the federal
government to create guidance documents
for the development of these state programs."
Since then, 20 states have developed BMI
screening or body composition assessment
programs.'?

In April 2009, the Massachusetts Public
Health Council unanimously approved the
state’s first BMI screening regulations as a key
component of the state’s Mass in Motion
initiative. Mass in Motion programs use
community-based environmental approaches
to promote healthy eating and active living at
home, at work, and in communities through-
out the state. The goal is to prevent over-
weight and obesity in all segments of the
population.

The state’s BMI screening regulation re-
quires all public school districts to measure
students’ height and weight, by the school
nurse or other trained staff, of all students in
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Objectives. We evaluated the overall and sociodemographic disparities in
trends in prevalence of childhood overweight and obesity in Massachusetts
public school districts between 2009 and 2014.

Methods. In 2009, Massachusetts mandated annual screening of body mass
index for students in grades 1,4, 7, and 10. This was part of the statewide Mass in
Motion prevention programs. We assessed trends in the prevalence of over-
weight and obesity between 2009 and 2014 by district, gender, grade, and district
income.

Results. From 2009 to 2014, prevalence decreased 3.0 percentage points (from
34.3% to 31.3%) statewide. The 2014 district-level rates ranged from 13.9% to
54.5% (median=31.2%). When stratified by grade, the decreasing trends were
significant only for grades 1 and 4. Although rates of districts with a median
household income greater than $37 000 improved notably, rates of the poorest
remain unchanged and were approximately 40%.

Conclusions. Although overall prevalence began to decrease, the geographic
and socioeconomic disparities in childhood obesity are widening and remain
a public health challenge in Massachusetts. Special efforts should be made to
address the needs of socioeconomically disadvantaged districts and to narrow
the disparities in childhood obesity. (Am J Public Health. 2015;105:e76-e82. doi:

10.2105/AJPH.2015.302807)

grades 1, 4, 7, and 10 annually and report
aggregate data to the Massachusetts Depart-
ment of Public Health (MDPH). Before the
2013-2014 school year, the results of the
screening were directly and confidentially
communicated to the parents or guardians of
each student. Starting in 2013-2014, notifi-
cations to parents were no longer required,
although they could be done at the discretion
of the local school district.

Using the data collected between the 2008—
2009 and 2013-2014 school years, we
assessed the overall and district-level variations
in trends in the prevalence of childhood over-
weight and obesity. These data were used to
inform the state’s future efforts on prevention
of childhood overweight and obesity. Further-
more, we examined the trends in childhood
overweight and obesity by district-level income
to inform the state’s efforts to reduce disparities
in childhood obesity.

METHODS

As mandated by a state regulation, Massa-
chusetts educational organizations screened
BMI for students in grades 1, 4, 7, and 10
annually beginning with the 2008-2009
school year through the 2013-2014 school
year. Organizations submitting data included
local public school districts, academic regional
school districts, school unions, vocational—
technical regional school districts, agricultural
school districts, charter school districts, and
educational collaboratives. We excluded data
from private schools. Throughout this article,
we used the term public school “district” to
represent these organizations.

School nurses or trained staff measured the
height and weight of public school students
in grades 1, 4, 7, and 10 and recorded the
information. Although these data were gener-
ally recorded in computer databases containing
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student health records, some data were
recorded on paper and summarized later. Each
child’s BMI was calculated as weight in kilo-
grams divided by the square of height in
meters. For children younger than 18 years,
the BMI score for a child can be plotted on the
Centers for Disease Control and Prevention
BMI for age growth chart'® to determine the
child’s percentile ranking among children of
the same age and gender. The BMI-for-age
percentile is used to classify a child’s weight

TABLE 1—Prevalence Rates of Childhood Overweight and Obesity by Gender, Grade, and
Year in Massachusetts Public School Districts: 2009-2014
Boys Girls Overall

Grade by Year Rate (95% CI) Change Rate (95% CI) Change Rate (95% CI) Change

Grade 1
2009 32.5 (31.6, 33.3) (Ref) 30.7 (29.9, 31.5) (Ref) 31.6 (31.0, 32.2) (Ref)
2010 30.7 (30.0, 31.4) -1.8 28.9 (28.2, 29.6) -1.8 29.8 (29.3, 30.3) -1.8
2011 29.1 (285, 29.7) -34 213 (26.7, 27.9) -34 28.2 (27.8, 28.6) -34
2012 28.4 (27.8, 29.0) -4.1 27.1 (26.5, 27.7) -3.6 271.8 (27.4, 28.2) -3.8
2013 28.4 (21.8, 29.0) -4.1 217.1 (26.6, 21.7) -3.6 21.8 (27.4, 28.2) -3.8
2014 28.0 (27.4, 28.6) -4.5 26.8 (26.2, 27.4) -39 274 (270, 27.8) -4.2
Total 29.2 (28.9, 29.5) 21.7 (27.5, 28.0) 28.5 (28.3, 28.7)

Grade 4
2009 39.7 (38.7, 40.6) (Ref) 35.5 (34.6, 36.4) (Ref) 37.6 (37.0, 38.3) (Ref)
2010 37.5(36.7, 38.3) -22 34.0 (332, 34.8) -15 35.8 (352, 36.3) -1.8
2011 36.2 (35.6, 36.9) -35 329 (322, 33.5) -2.6 34.6 (34.2, 35.1) -2.6
2012 36.2 (35.6, 36.9) -35 323 (317, 32.9) -3.2 34.3 (338, 34.8) -33
2013 34.7 (34.0, 35.3) -5.0 31.3(30.7, 32.0) -4.2 33.0 (32.6, 33.5) -4.6
2014 34.4 (33.8, 35.1) -5.3 31.0 (30.4, 31.6) -4.5 32.8 (32.3, 33.2) -4.8
Total 36.1 (35.8, 36.4) 325 (323, 32.8) 34.4 (342, 34.6)

Grade 7
2009 37.4 (36.4, 38.3) (Ref) 33.3 (324, 34.3) (Ref) 35.4 (34.7, 36.1) (Ref)
2010 37.1 (362, 37.9) -0.3 33.8 (33.0, 34.6) 0.5 35.5 (34.9, 36.0) 0.1
2011 36.7 (36.0, 37.4) -0.7 329 (32.3, 33.6) -04 349 (344, 35.3) -0.5
2012 35.6 (34.9, 36.2) -1.8 32.1 (315, 32.8) -1.2 33.9 (334, 34.3) -15
2013 34.8 (34.2, 35.5) -2.6 32.0 (314, 32.7) -1.3 335 (33.0, 33.9) -1.9
2014 33.6 (33.0, 34.3) -3.8 31.7 (31.0, 32.3) -1.6 32.7 (322, 33.) -2.7
Total 35.6 (35.4, 35.9) 325 (322, 32.8) 34.1 (339, 34.3)

Grade 10
2009 33.0 (32.0, 34.1) (Ref) 30.5 (29.5, 31.5) (Ref) 31.8 (31.1, 32.5) (Ref)
2010 34.2 (33.3, 35.0) 1.2 31.5 (30.6, 32.3) 1.0 32.8 (32.2, 33.4) 1.0
2011 33.8 (33.1, 34.4) 0.8 30.1 (29.5, 30.8) -0.4 31.9 (315, 32.4) 0.1
2012 34.2 (335, 34.9) 1.2 29.2 (28.5, 29.8) -1.3 31.7 (313, 32.2) -0.1
2013 33.7 (33.1, 34.4) 0.7 29.8 (29.2, 30.4) -0.7 31.8 (313, 32.3) 0.0
2014 34.2 (33.5, 34.8) 1.2 30.3 (29.7, 31.0) -0.2 32.3 (31.8, 32.7) 0.5
Total 33.9 (33.6, 34.2) 30.1 (29.8, 30.4) 32.0 (31.8, 32.2)

Note. CI = confidence interval. Change calculated as a difference in rate of any given year - rate of 2009.

status as obese (> 95th percentile), overweight
(>85th and <95th percentile), healthy weight
(= 5th and < 85th percentile), or underweight
(<5th percentile).

A BMI calculator embedded in computerized
health records accessible by school nurses au-
tomatically calculated each child’s BMI and
healthy weight status according to the most
recent child growth charts established by the
Centers for Disease and Control and Preven-
tion."® In schools where computerized health
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records were not available, MDPH distributed
a customized version of a Centers for Disease
Control and Prevention-developed Excel
(Microsoft, Redmond, WA) BMI calculator to
facilitate data collection."* Schools lacking com-
puter access used a BMI wheel or BMI chart to
determine the BMI percentile. The BMI per-
centiles were calculated by each school nurse or
by a data analyst employed by the district. This
information was then gathered and tabulated
into an aggregate district-wide report, and sent
to MDPH. To ensure the results would be
representative of the students in their district,
nurses were asked to complete BMI screenings
on all students whose parents did not opt out of
the screening. Fewer than 2% of parents opted
out on behalf of their children.

Quality assurance was conducted at multiple
levels. The first level of data quality assessment
was performed at the school district level and
usually occurred before the data report was
submitted to MDPH. When the nurse leaders or
district data analysts assembled the data from
each school, they reviewed the results from each
school and followed up on any reported unusual
results. At MDPH, a second level of screening was
performed that focused on identifying results that
were outside the known or expected ranges. Data
reports were screened by identifying districts that
submitted data for more students than were
enrolled in the district, or by identifying districts
that submitted results that were far outside the
typical range for the weight category. We also
screened for evidence of issues with form com-
pletion. A third level of quality assurance in-
volved performing consistency checks, which
included identifying variations in results submit-
ted by the same district across several years. We
excluded those records of a given year that
differed by more than 10% in the prevalence
rates compared with data of the 2 most adjacent
years. In addition, we restricted our analysis to
data from districts that had at least 3 years of data
and at least 100 BMI records between the
2008-2009 and 2013-2014 school years.

District Characteristics

Information on district characteristics was
obtained from Massachusetts Department of
Elementary and Secondary Education. We
categorized district median annual household
income as less than $37 000, $37 000 to
$44 000, $44 001 to $54 000, and greater
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< $37000

$37 000-$44 000
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$44 000-$54 000

TABLE 2—Prevalence of Overweight and Obesity by Median Household Income and Year in Massachusetts Public School Districts: 2009-2014

> $54 000 Overall

Year Rate (95% CI) Change

Rate (95% Cl)

Change Rate (95% Cl) Change

Rate (95% Cl)

Change Rate (95% Cl) Change

2009 39.5 (38.7, 40.3
2010 41.0 (40.2, 41.8
2011 40.0 (39.3, 40.7

2013 40.2 (39.5, 40.9
2014 39.5 (38.7, 40.2

( ) (Ref) 40.4 (39.6, 41.1) ( )
( ) 15 39.1 (38.4, 39.8) ( )
( ) 05 39.1 (38.4, 39.7) ( )
2012 39.3(38.7, 40.0) 0.2 38.9 (38.3, 39.5) -15 33.8 (333, 34.4) 20
( ) 0.7 38.4 (37.8, 39.0) ( )
( ) 0.0 38.0 (37.5, 38.6) ( )

(Ref) 35.8 (35.1, 36.6
-1.3 34.9 (34.3, 35.6
-1.3 34.8 (34.3, 35.4

-2.0 33.3 (32.8, 33.8
-24 33.7 (332, 34.2

(Ref) 27.3 (269, 27.8)
09 27.8 (27.4, 28.2)
-1.0 272 (26.9, 21.5)

27.0 (26.7, 27.3) 03
25 26.2 (25.9, 26.5)
21 26.1 (25.8, 26.4)

(Refy 343 (339,346)  (Red)
0.5 335 (332, 33.8) 038
0.1 324 (322, 32.6) -19

319 (317, 32.2) 2.4
11 315 (313, 31.7) 238
12 31.3 (31.0, 31.5) -30

than $54 000. We included other district
characteristics: numbers and percentages of
students who were White, Black, Asian, His-
panic, or other race/ethnicity; who were from
a low-income family or guardianship; who
received a reduced or free lunch; whose first
language was not English; and who were
learning English.

Geographic information system data
layers of school districts were obtained from
the Massachusetts Office of Geographic
Information.

Statistical Analysis

We calculated the numbers of overweight or
obese students, the total numbers of screened
students, and the prevalence rates by school
district, gender, grade, district-level median
household income category, and report year.
We examined the distributional characteristics
of district-level prevalence rates using univari-
ate kernel density estimates and graphs, overall
and by grade.

We estimated the rate ratios (RRs) of the
reporting year as a measure of the temporal
trend using mixed-effects Poisson regression
models, with and without adjustment for dis-
trict median household income, grade, per-
centage of male students, grade by gender
interaction, and race/ethnicity. We treated
each district as an independent unit. We pre-
scribed the random intercept and slope over
the year of the report at the district level. We
also made adjustments to account for district-
level variations in the percentages of students
on a free or reduced lunch, who were from
a low-income family, who were a racial/ethnic
minority, whose first language was not English,
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Note. Cl = confidence interval. Change calculated as a difference in rate of any given year - rate of 2009.

or who were learning English. Our analysis
assumed a linear trend over the year. We could
not examine nonlinear trends because of the
limited number of years of data collection. In
addition, we restricted our trend analysis for
each gender by grade group to districts with at
least 50 records over a minimum of 3 years of
data. We tested the equivalence of temporal
trends by select subgroups (e.g., gender by
grade) using the likelihood ratio test. In addi-
tion, we examined 3-year changes in the
prevalence for the first, fourth, and seventh
graders when they advanced to grades 4, 7,
and 10, respectively.

We carried out all statistical analyses using
Stata version 13.1 (Stata Corp, College Station,
TX). We generated maps for 2014 district-level
prevalence and temporal trends using ArcGIS
version 10.2 (ESRI, Redlands, CA). We in-
cluded maps for all grades combined.

RESULTS

In total, 275 public school districts reported
at least 3 years of data and 100 or more BMI
records between the 2008-2009 and 2013—
2014 school years. Student profiles of the
districts varied greatly with respect to racial/
ethnic compositions (percentage of racial mi-
norities ranged from 1% to 99.7%), first
language (percentage of student whose first
language was not English ranged from 0% to
87%), disability (percentage with any disability
ranged from 3.6% to 49.7%), and socioeco-
nomic status (percentage of students from
low-income families or guardians ranged from
1% to 92% and percentage of students re-
ceiving free lunch ranged from 1% to 86%).

More information on district characteristics is
available as a supplement to this article at
http://www.ajph.org.

The data under analysis included 1 268 770
BMI records, 647 569 records for boys,
621 201 for girls, and 327 335, 329 493,
320460, and 291 482 records for grades 1, 4,
7, and 10, respectively. The screening
rate ranged from 38% in the 2008-2009
school year to 84% in the 2013-2014
school year.

Temporal Trends

Overall, statewide prevalence rates of over-
weight and obesity decreased 3.0 percentage
points from 34.3% in 2009 to 31.3% in 2014
(P<.001). Rates of overweight and obesity in
boys were higher than those of girls during the
study period (33.7% vs 30.7%; P<.001). Boys
had slightly larger decreases than girls (3.3 vs
2.7 percentage points; P<.05).

As shown in Table 1, rates of overweight
and obesity were lowest among the first
graders and highest among the fourth and
seventh graders. From 2009 to 2014, rate
reductions were the largest among fourth
graders followed by the first and seventh
graders (4.8, 4.2, and 2.7 percentage
points, respectively). However, there
were no notable changes among the 10th
graders.

Districts with lower income generally had
a higher prevalence of overweight and obesity
(Table 2). Although districts with income
greater than $37 000 had significant rate re-
ductions, the rates of the poorest districts
(<$37000) did not change and remained the
highest at approximately 40%.
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District-Level Prevalence Rates and
Temporal Trends

Overall district-level prevalence rate estimates
for 2014, which was the most recent year of data,
are shown on a thermal map (Figure 1a). The rate
estimates ranged from 13.9% (Cohasset Public

School District) to 47.4% (Everett Public School
District), with an average of 30.3%. Figure 2
illustrates the distributional characteristics of the
district-level prevalence estimates by grade and
year of report. As shown, the modes of annual
statewide prevalence rates shifted progressively
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FIGURE 1—Overweight and obesity in Massachusetts public school districts by (a) prevalence in 2014 and (b) temporal trends from 2009-2014.

downward for the first and fourth graders and
possibly among the seventh graders. However,
changes among the 10th graders were not
apparent.

Notable heterogeneity in temporal trends of
overweight and obesity was observed among
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FIGURE 2—The shifting curves of school district-level prevalence of childhood overweight and obesity in Massachusetts for (a) grade 1, (b) grade

4, (c) grade 7, and (d) grade 10: 2009-2014.

districts (Figure 1b). RRs over report year ranged
from 0.82 to 1.32, when data from all grades were
analyzed together. An RR less than 1.00 indicated
a possible declining trend, whereas an RR greater
than 1.00 indicated a possible increasing trend.
Figure 1b shows significantly more districts having
a downward trend (shaded in green color), but the
majority of them were located in the wealthier
eastern part of the state. Among the districts with
adequate data, those in the central or western part
of the state were more likely to have no change
(in yellow and light orange colors). A significant
number of districts had an increasing trend across
the state. These communities were often socio-
economically disadvantaged.

District-level trends in overweight and obesity
varied significantly by grade but not gender.
District-level trends varied for all grades. For the
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first graders, RRs ranged from 0.76 to 1.30, with
amedian of 0.980, with more than two thirds of
the districts having downward trends (67.2% vs
32.8%; 2-sided binomial test P<.01). Among
fourth graders, RRs ranged from 0.80 to 1.45,
with a median of 0.984, with slightly fewer than
two thirds of the districts having a downward
trend (62.8% vs 37.2%; P<.01). Among the 7th
and 10th graders, there were no statistically
significant differences in percent of districts with
a downward or upward trend.

Three-Year Changes in Prevalence for the
Grade 1, 4, and 7 Cohorts

During the study, the prevalence rates for
overweight and obesity increased approxi-
mately 17% when the first graders advanced to
the fourth grade 3 years later (RR=1.17; 95%

confidence interval [CI]=1.15, 1.19;
P<.001). When students advanced from grade
4 to grade 7, the prevalence of overweight
and obesity decreased approximately 4%
(RR=0.96; 95% CI=0.94, 0.99; P<.001).
When students advanced from 7th to 10th
grade, the prevalence decreased approximately
8% (RR=0.92; 95% CI= 0.90, 0.94;
P<.001). Adding covariates to the model did
not change these results.

DISCUSSION

Childhood obesity not only places an enor-
mous burden on the health of children and
adolescents, it also has a major impact on their
health care use and expenditures.'*™° To curb
the rising prevalence of obesity, Massachusetts
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made statewide efforts through various ap-
proaches, including Mass in Motion. We docu-
mented the state’s current status of obesity
prevalence among school age children. Al-
though we confirmed overall declining trends
similar to what several other states reported,
our analysis discovered the widening socio-
economic disparities in childhood obesity and
the limited success of this program in elemen-
tary school students. Such issues have not been
well documented in literature.

We found a persistently high prevalence of
childhood overweight and obesity in Massachu-
setts public school students. Nevertheless, the
clear overall downward trends, especially among
the first and fourth graders, were encouraging.
These findings were consistent with recent stud-
ies that reported similar declining trends nation-
ally®® and in several places, including Arkansas
and Philadelphia, Pennsylvania.'>'® However, the
most recent data from the 2011-2012 nationally
representative National Health and Nutrition
Examination Survey suggested that obesity
prevalence among school-age children remains
high."” Childhood obesity remains one of the
greatest public health challenges nationally and
in Massachusetts.

Our analysis revealed significant geographic
and socioeconomic disparities in both preva-
lence of and trends in obesity among school age
children. Although more districts had generally
downward trends, a substantially large number
of school districts had no change or increasing
trends. Unfortunately, but not surprisingly, the
districts with increases were among the most
socioeconomically disadvantaged.

In the shadow of the promising declining trends
overall and among high-income districts, we
should not overlook the widening socioeconomic
disparities in childhood obesity in Massachusetts
public school districts (Table 2). The disparities
in childhood obesity rates between the poorest
(<$37 000) and the richest (>$54 000) districts
increased progressively from 12.2% in 2009 to
13.4% in 2014. The widening gap reflected the
fact that prevalence in low-income districts did not
change, whereas prevalence in high-income dis-
tricts improved. Improved public health actions
are necessary to close the widening gaps.

The variations in prevalence and differential
rate reductions by grade were also of policy
importance. From grades 1 through 4, the
statewide 2009 to 2014 average prevalence
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increased 5.9 percentage points from 28.5% to
34.4%, and persisted at 32.7% and 32.3% for
the 7th and 10th grades, respectively. This
suggested that the grades 1 through 4 might be
the window of opportunities for effective in-
terventions. In addition, greater declines were
seen among children in lower grades, and the
success appeared to be limited to only ele-
mentary schools. We speculated that the
breakfast program of the elementary schools
might be related the observed declining trends,
which should be further investigated. There-
fore, strategies should be created to help
sustain the lower prevalence at grade 1
through later years in public school. Effective
strategies might include helping lower grade
students and their parents develop healthier
lifestyles early on, and assist them with sus-
taining the healthy lifestyles when the students
become older and more independent.

Strengths and Limitations

Our study had a number of strengths and
limitations. Strengths included the statewide
coverage of the physical measurement of
weight and height by trained school nurses or
staff, for more than 1.2 million records from
nearly 300 school districts collected over 6
years, and the relatively high screening rates
among the reporting districts. As mandated by
a state law, the data were collected consistently
using a common protocol across school dis-
tricts. The study area and school district unit of
analysis were well defined and characterized.
The data quality was carefully examined for
completeness and accuracy. The limitations of
the data included potential year-to-year varia-
tions because of factors that did not reflect
long-term trends. Within a school district, the
enrollment and number and percent of stu-
dents screened in different years might vary,
which might affect the representativeness of
the reported data and the accuracy of the
prevalence estimates. Students’ height and
weight measurements might be measured with
error, and thus, the calculated BMI might be
erroneous as well, which might result in mis-
classification of students’ weight status. Mea-
surements were taken in 4 grade levels and not
from the entire student enrollment. Because
overweight or obesity levels varied by age, our
data in this study might not be generalizable to
all Massachusetts public school students.
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Conclusions

Childhood overweight and obesity preva-
lence progressively declined at the state level in
Massachusetts between the 2008-2009 and
2013-2014 school years. However, reductions
in prevalence varied among school districts and
were concentrated in districts with higher so-
cioeconomic status and to the first and fourth
graders. Although the statewide overall reduc-
tion was promising, socioeconomic disparities in
childhood obesity are widening, with socioeco-
nomically disadvantaged school districts left
behind with persistent and alarmingly high
prevalence. Existing community-based preven-
tion programs should be carefully examined for
approaches, contents, and intensity to ensure
that their interventions are affecting the most
disadvantaged within their communities. Special
efforts should be made to address the needs of
socioeconomically disadvantaged districts. De-
partments of public health need to have a role in
narrowing the disparities gap in the area of
childhood obesity.
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