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WHAT’S KNOWN ON THIS SUBJECT: Changes in BMI category
appear to be common in young children and are associated with
cardiometabolic risk in cross-sectional studies. However, there
are few longitudinal studies and little information from
multiethnic samples of US middle school children.

WHAT THIS STUDY ADDS: Findings demonstrate that shifts in BMI
category are common in middle-school-aged children and
associated with clinically meaningful changes in cardiometabolic
risk factors. Programs to promote decreases in BMI, prevent
increases, and moderate risk are indicated.

abstract
OBJECTIVES: To evaluate shifts across BMI categories and associated
changes in cardiometabolic risk factors over 2.5 years in an ethnically
diverse middle school sample.

METHODS: As part of HEALTHY, a multisite school-based study designed
to mitigate risk for type 2 diabetes, 3993 children participated in health
screenings at the start of sixth and end of eighth grades. Assessments
included anthropometric measures, blood pressure, and glucose, insulin,
and lipids. Students were classified as underweight, healthy weight,
overweight, obese, or severely obese. Mixed models controlling for
school intervention status and covariates were used to evaluate shifts
in BMI category over time and the relation between these shifts and
changes in risk factors.

RESULTS: At baseline, students averaged 11.3 (60.6) years; 47.6%
were boys, 59.6% were Hispanic, and 49.8% were overweight or obese.
Shifts in BMI category over time were common. For example, 35.7% of
youth who were overweight moved to the healthy weight range, but
13% in the healthy weight range became overweight. BMI shifts were
not associated with school intervention condition, household educa-
tion, or youth gender, race/ethnicity, pubertal status, or changes in
height. Increases in BMI category were associated with worsening of
cardiometabolic risk factors, and decreases were associated with
improvements. Boys who increased BMI category were more vulnerable
to negative risk factor changes than girls.

CONCLUSIONS: There are substantial shifts across BMI categories during
middle school that are associated with clinically meaningful changes in
cardiometabolic risk factors. Programs to promote decreases in BMI and
prevent increases are clearly warranted. Pediatrics 2012;129:e983–e991
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Childhood overweight and obesity have
increased dramatically, with associated
increases in morbidity, in particular, me-
tabolic and cardiovascular risk factors.
Thus, programs to prevent or moderate
the development of obesity and minimize
risk are a public health priority. HEALTHY1

was a 3-year school-based program de-
signed to reduce risk factors for type 2
diabetes in middle-school youth. Results
indicated that there were no differences
between intervention and control schools
in the primary outcome, the combined
prevalence of child overweight and obe-
sity, with overall decreases in prevalence
of ∼4%. Intervention schools, however,
had larger reductions in theprevalence of
obesity, BMI z score, waist circumference,
and fasting insulin levels.

The HEALTHY cohort provides a unique
opportunity to examine longitudinal
patterns of changes in category of BMI
in a multiethnic, high-risk sample of US
children and to examine the health
consequences of these shifts in youth
reaching puberty when risk increases.
Results from longitudinal studies con-
ducted in other countries generally have
suggested moderate2 to strong3,4 sta-
bility of BMI and obesity during child-
hood, but these studies have focused on
elementary school children, and there
are few prospective studies of US mid-
dle school samples. Data from the Na-
tional Heart, Lung, and Blood Institute
Growth and Health Study of Black and
White Girls5 documented an increase in
the onset of overweight and obesity in
girls from ages 9 to 12 years followed by
stabilization. However, the data were
collected in the 1990s, and boys were
not included. In a more recent 2-year
longitudinal study of 451 youth in the
grades 4 through 6, children in the
healthy weight range tended to gain
weight, whereas obese youth tended to
lose weight, although there were stable
rates of overweight and obesity overall.6

With regard to changes in health risk,
there are compelling cross-sectional

data documenting an association be-
tween increased BMI and cardiometa-
bolic risk factors,7–9 as well as findings
that pediatric obesity intervention is
associated with decreases in BMI and
reductions in risk.10,11 Recent prospective
findings from the Avon Longitudinal
Study of Parents and Children (ALSPAC)
in the United Kingdom12 have shown
that BMI assessed in 9- to 12-year-old
children (N = 5235) was significantly
associated with cardiometabolic risk
factors at 15 to 16 years, but few mi-
nority children were included.13 There
is little information from community
samples in the United States about
changes in BMI category and accom-
panying health risks over time. Thus,
herein we examine patterns of change
in BMI categories and their impact on
cardiometabolic risk factors in a large,
ethnically diverse cohort.

METHODS

Study Design

HEALTHYwasa3-yearcluster-randomized,
controlled primary prevention trial.
Details of the HEALTHY protocol have
been described.14 In brief, 42 USmiddle
schools with at least 50% of students
eligible for free or reduced-price lunch
or belonging to a minority group were
recruited by the 7 participating cen-
ters. The study was approved by the
site institutional review boards, and
parent consent and child assent were
obtained. Schools were randomized by
site to intervention or control condi-
tions. All students were invited to par-
ticipate in a health screening in fall
2006, and 57.6% of students agreed.
Intervention schools were provided 2.5
years of a comprehensive program,
which included changes to the school
food environment and physical educa-
tion classes and classroom-based ed-
ucation that incorporated behavior
change activities. Activities were com-
plemented by communication and so-
cial marketing strategies. Participation

of control schools was limited to re-
cruitment and data collection.

Data Collection

Methods for data collection were
reported previously,14 and additional
details are available as a supplement
to the main outcome report.1 Students
participated in standardized assess-
ments at baseline (grade 6) and end of
study (grade 8). Blood was drawn from
fasted students to measure glucose,
insulin, and lipids. Assays were con-
ducted by the Northwest Lipid Metabo-
lismandDiabetes Research Laboratories,
University of Washington, Seattle.14

Height and weight were measured by
trained, certified study staff by using
the Prospective Enterprises PE-AIM-101
stadiometer and the SECA Corporation
a 882 electronic scale. A Gulick tape
was usedmeasure waist circumference
just above the iliac crest. Blood pres-
sure was recorded 3 times by using an
automated blood pressure monitor
(Omron HEM-907 or HEM-907Xl, Vernon
Hills, IL), and themean of the second and
third recordings was used for analysis.
Pubertal status was self-reported by
using the Pubertal Development Scale15

and converted to the pubertal stage
groups outlined by Tanner.16 The scale
was administered to boys and girls
separately by trained study staff in
a private area, with oral instructions
provided from a written script.

Ethnicity and race were self-reported
by students. Because participants fre-
quently misunderstood the distinction
between ethnicity and race, the in-
formation from the separate items was
combined: anyone checking “Hispanic
or Latino” ethnicity was classified as
Hispanic; non-Hispanics choosing only
“black or African American” race were
classified as black; non-Hispanics choos-
ing only “white” race were white; all
other response categories were com-
bined into “other.” A parent or guardian
reported the highest level of household
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education and history of diabetes in
first-degree blood relatives.

Statistical Methods

BMI percentile for age and gender was
calculated by using Centers for Disease
Control reference charts.17 Students
with a BMI$5th percentile and,85th
percentile were classified as healthy
weight; the healthy weight range was
then subdivided into 2 groups, BMI
$5th percentile and ,50th percentile
and BMI $50th percentile and ,85th
percentile. Youth with BMI $85th but
,95th percentile were classified as
overweight, and those$95th but,99th
percentile as obese. Students with BMI
,5th percentile were classified as un-
derweight, and those with BMI $99th
percentile as severely obese.

We created 7 categories to examine BMI
shifts from grades 6 through 8 (cate-
gories with small numbers were col-
lapsed): (1) overweight to obese or
severely obese; (2) healthy weight to
overweight, obese, or severely obese; (3)
stayed obese or severely obese; (4)
stayed overweight; (5) stayed healthy
weight; (6) overweight tohealthyweight;
and (7) obese or severely obese to
overweight or healthy weight. Catego-
rieswerecollapsed further formodeling
because of small cell sizes; specifically,
the first 2 BMI categories collapsed into
an “increased BMI” category, and the
last 2 categories into a “decreased BMI”
category. Finally, underweight students
(n = 82; 2%) were excluded from mod-
eling as shifting to the healthy weight
range was not expected to be associ-
ated with increased risk.

Descriptive statistics including means,
standarddeviations, andpercentswere
calculated for all variables. Next, we
evaluatedwhether longitudinal shifts in
BMI category differed by school inter-
vention status, gender, race/ethnicity,
sixth- and eighth-grade pubertal stage,
and head-of-household education level
by using separate generalized linear

mixed models that took into account
sources of variability within and be-
tween schools and controlled for base-
line BMI percentiles. Change in height
from grades 6 through 8 was evaluated
as a potential confounder in all models
that examined longitudinal changes in
BMI category. Separate mixed models
were also used to analyze associations
between shifts in BMI and changes in
cardiometabolic parameters. Baseline
values of the risk factors of interest,
school intervention status, gender, race/
ethnicity, sixth- and eighth-grade puber-
tal stage, and head-of-household edu-
cation level were included as covariates.
All models tested for BMI shifts and
covariates as main effects and for the
interaction between BMI shifts and
covariates when covariates were sig-
nificant. Because genderwas significant
as a main effect across models, sub-
group analysis was performed by gen-
der. To evaluate the impact of specific
shifts in BMI category, we conducted
pairwise comparisons between each of
theBMIshift categories.WeconsideredP
values #.001 to be statistically signifi-
cant due to multiple comparisons. SAS
9.2 statistical software (SAS Institute
Inc, Cary, NC) was used for analyses.

RESULTS

Of the 4603 students in the HEALTHY co-
hort, 4363 (95%) completed assess-
ments at baseline and end of study. Of
these, 370 children from the heteroge-
neous “other” race/ethnicity category
were excluded; they did not differ from
those included on school any measured
parameter (data not shown). Baseline
characteristics for the study sample (n
= 3993) are presented in Table 1. Stu-
dents averaged 11.3 years, and 47.6%
were boys. More than half the sample
was Hispanic (59.6%), and head-of-
household level of education was high
school graduate or less in 53.6% of
families. Nearly half of the youth (49.8%)
were overweight or obese.

Longitudinal Shifts in BMI Category

Longitudinal changes in BMI categories
are shown in Table 2. Of the 1.55% (n =
62) of sixth-graders who were under-
weight, only 0.6% (n = 23) remained
underweight at the end of eighth grade.
Most sixth-grade youth in the healthy
range (n = 1943) remained there at the
end of eighth grade (n = 1770; 91.1%).
However, when the healthy range was
divided into 2 groups, patterns of
change emerged. Virtually none of the
youth (n = 3; 0.0008%) who started with
a BMI $5th to ,50th percentile be-
came overweight or obese during the
study, but 27.8% shifted to the upper
half of the healthy weight range. Of
sixth graders with a BMI percentile in
the upper range of healthy ($50th to
,85th), 13.0% (n = 150) became over-
weight or obese. There was a notable
amount of shifting among students
who were overweight or obese in sixth
grade. Among overweight sixth-grade
youth (n = 778), 35.7% (n = 278)
moved to the healthy range, 12.7% (n =
99) became obese or severely obese,
and 51.5% (n = 401) remained over-
weight. Among the 947 youth who were
obese, 31.9% (n = 303) improved BMI
category, whereas 61.9% (n = 586)
remained obese and 6.1% (n = 58) be-
came severely obese. Of the 263 sixth-
grade youth who were severely obese,
76.1% (n = 200) stayed severely obese,
but 23.9% (n = 63) moved to the obese
or overweight category. BMI shifts
were not associated with school in-
tervention status or any of the in-
cluded covariates (data not shown).
Furthermore, BMI shifts were not
explained by differential increases in
height across categories (overall mean
height change from sixth to eighth
grade was +11.3 6 5.8 cm).

Shifts in BMI and Changes in Risk
Factors

Table 3 presents longitudinal changes
in risk factors across BMI categories.
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Results of the mixed models that in-
cluded school intervention status and all
covariates documented an overall asso-
ciation between shift in BMI and changes
in glucose, insulin, systolic (SBP) and
diastolic blood pressure (DBP), high-
density lipoprotein (HDL), low-density li-
poprotein (LDL), total cholesterol, trigly-
cerides, and waist circumference (all Ps

, .001). Most pairwise comparisons
documented that increasing BMI cate-
gory was associated with increases in
insulin, SBP, DBP, triglycerides and
waist circumference; decreases in
HDL; and smaller decreases in LDL
and total cholesterol compared with
staying in the same or decreasing BMI
category. Conversely, most pairwise

comparisons documented that de-
creasing BMI category was associated
with improvements in risk factors in
comparison with staying the same or
increasing BMI category. Staying obese
or severely obese was associated with
unfavorable changes in virtually all
health measures relative to staying in
the healthy range or decreasing BMI
category. Staying overweight was as-
sociated with unfavorable changes
relative to staying healthy weight or
decreasing BMI category for insulin,
SBP, HDL, LDL, triglycerides, and waist
circumference.

Change in BMI Category and Risk
Factors by Gender

Changes in cardiometabolic parame-
ters varied significantly by gender for
all parameters except DBP (P = .0067);
changes in insulin were borderline
significant (P = .001). However, differ-
ences were small, and no meaningful
patterns were identified except for
changes in SBP, HDL, and triglycerides
(Ps # .0001), as shown in Fig 1. Boys
had greater increases in SBP across
BMI categories and greater decreases
in HDL than girls, and there was an in-
teraction between BMI shift and gender
with triglyceride change (P , .0001).
Gender differences in lipids over time
were not explained by differential
changes in waist circumference. Spe-
cifically, waist circumference increased
by 4.59 cm (SD= 6.7) in boys and 5.13 cm
(SD = 6.5) in girls, P = .0049.

TABLE 1 Sixth-Grade Student Characteristics

Overalla (n = 3993) Boys (n = 1902) Girls (n = 2091)

Age, y, mean (SD) 11.3 (0.6) 11.3 (0.6) 11.3 (0.5)
Race/ethnicity, %
Hispanic 59.6 59.1 60.0
Non-Hispanic black 19.3 18.3 20.1
Non-Hispanic white 21.2 22.6 19.9

Family history of diabetes, %b 17.5 16.9 18.2
Pubertal stage, %c

Stage 1 11.0 16.8 5.9
Stage 2 26.5 41.1 13.4
Stage 3 40.4 37.4 43.1
Stage 4 20.8 4.5 35.3
Stage 5 1.3 0.2 2.3

Highest education level attained by
head of household, %
Less than high school 13.0 12.7 13.4
Some high school 15.0 14.6 15.3
High school graduate 25.6 24.8 26.4
Some college or specialized training 27.8 27.7 27.8
College or university graduate 12.9 14.3 11.6
Postgraduate training or degree 5.7 5.9 5.6

BMI, mean (SD) 22.3 (5.4) 22.4 (5.5) 22.2 (5.3)
BMI percentile $85th, % 49.8 52.9 46.9
Glucose, mg/dL, mean (SD) 93.6 (6.5) 94.5 (6.5) 92.8 (6.4)
Insulin, U/mL, mean (SD) 13.2 (11.5) 12.2 (12.2) 14.2 (10.8)
SBP, mm Hg, mean (SD) 107.4 (10.1) 108.1 (10.2) 106.8 (9.9)
DBP, mm Hg, mean (SD) 63.7 (8.6) 63.7 (8.7) 63.8 (8.6)
HDL, mg/dL, mean (SD) 52.4 (12.2) 52.9 (12.4) 52.0 (12.1)
LDL, mg/dL, mean (SD) 87.0 (23.2) 89.0 (23.9) 85.3 (22.5)
Cholesterol, mg/dL, mean (SD) 157.3 (27.5) 159.4 (28.4) 155.4 (26.5)
Triglycerides, mg/dL, mean (SD) 89.5 (53.2) 88.1 (51.9) 90.8 (54.3)
Waist circumference, cm, mean (SD) 75.9 (14.5) 76.2 (15.4) 75.7 (13.7)
a All P values for the comparisons between intervention and control schools at baseline (sixth grade) were ..20.14
b A parent or guardian reported history of type 2 diabetes in first-degree blood relatives.
c Based on 3712 (n = 1747 boys; n = 1965 girls) self-reports.

TABLE 2 Categories of BMI Percentile (Frequency and Percent) in Sixth and Eighth Grades

Sixth Grade Eighth Grade

Underweight Healthy (Lower Range) Healthy (Upper Range) Overweight Obese Severely Obese Total
,5 (%) 5–49 (%) 50–84 (%) 85–94 (%) 95–98 (%) 99+ (%)

Underweight ,5 23 (37.1) 39 (62.9) 0 (—) 0 (—) 0 (—) 0 (—) 62
Healthy (lower range) 5–49 19 (2.4) 553 (69.4) 222 (27.8) 3 (0.4) 0 (—) 0 (—) 797
Healthy (upper range) 50–84 1 (0.1) 179 (15.6) 816 (71.2) 137 (11.9) 13 (1.1) 0 (—) 1146
Overweight 85–94 0 (—) 10 (1.3) 268 (34.4) 401 (51.5) 98 (12.6) 1 (0.1) 778
Obese 95–98 0 (—) 3 (0.3) 43 (4.5) 257 (27.1) 586 (61.9) 58 (6.1) 947
Severely Obese 99+ 0 (—) 0 (—) 0 (—) 5 (1.9) 58 (22.0) 200 (76.1) 263
Total 43 784 1349 803 755 259 3993
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DISCUSSION

There was a striking amount of shifting
acrossBMI categoriesduring themiddle
school years.Shifts inBMIcategorywere

not related to school intervention status,
gender, race/ethnicity, baseline or end
of study pubertal status, or head-of-
household education. Furthermore,
shifts in BMI were not explained by

changes in height in this group of
children studied during the pubertal
transition. Of particular interest, more
than one-third of overweight sixth-
graders shifted to the healthy weight

FIGURE 1
Changes (95%CI) inSBP,HDL, and triglycerides inboysandgirlsasa functionofBMIcategoryshifts fromsixthgrade toeighthgrade.Boysaredenotedbysquares
in figures and girls by circles. Ov, overweight; Ob+ or Obese +, obese and severely obese.
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range, and nearly one-third of obese
sixth-graders shifted to a lower BMI
category by the end of eighth grade.
Conversely, of youth who were in the
lower end of the healthy range in sixth
grade,more than one-quartermoved to
the upper end of the healthy range. Sim-
ilarly, of youthwhowere in the upper end
of the healthy range or in the overweight
category in the sixth grade, more than
one-quarter increased BMI category.

Sizeable shifts in BMI category in chil-
dren during childhood have been noted
in studies of younger children and
those outside the United States.2–4 The
ALSPAC2 followed more than 6000 chil-
dren in the United Kingdom from ages 7
to 11 years and documented shifts in
this younger cohort that were similar
to those observed in the current study.
In a U.S. study of 451 African American
and white rural children who were in
the fourth through sixth grade at
baseline and followed over 28 months,6

rates of overweight and obesity were
stable, but rates of incidence and re-
mission of obesity and overweight were
approximately equal. Findings from the
current investigation, however, signifi-
cantly extend those of previous studies.
Given the substantial racial/ethnic dis-
parities in US rates of pediatric obe-
sity,18 it is crucial to determine whether
shifts in BMI are seen across ethnic
minority groups. The HEALTHY sample
includes large numbers of Hispanic as
well as African American and white
youth, and thus the current study pro-
vides evidence that shifts in BMI cate-
gory occur across racial/ethnic groups.

The present investigation also docu-
ments that BMI shifts are associated
with significant changes in cardiome-
tabolic risk factors after adjustment for
school interventionstatus, race/ethnicity,
pubertal stage in sixth and eighth grade,
and household education. Themagnitude
of observed changes is similar to those
reported in pediatric weight manage-
ment programs. For example, Savoye

et al11 followed an ethnically diverse
inner-city group of 209 obese children
and adolescents who participated in a
yearlong family-based weight control
program or a usual care control group
and were evaluated 1 year later. In-
tervention leading to modest weight
decreases22.8 kg/m2) was associated
with decreases in total cholesterol, LDL
cholesterol, and fasting insulin of28.0
mg/dL, 24.4 mg/DL, and 24.7 uIU/mL,
respectively. Changes of comparable
magnitude were observed as a func-
tion of decreasing BMI category in
HEALTHY youth (217.2 mg/dL, 214.2
mg/dL, and 22.3 uU/mL for total
cholesterol, LDL, and fasting insulin,
respectively).

Other research suggests that the ob-
served changes are clinically meaning-
ful. Cross-sectional studies in youth9,19

have documented a strong relation be-
tween BMI and cardiometabolic risk.
For example, Weiss et al9 documented
that each element of the metabolic syn-
drome is exacerbated with increasing
obesity. Similarly, prospective studies
have documented a strong linear re-
lationship between BMI and metabolic
risk factors in childhood and adverse
adult outcomes, including metabolic
syndrome20 and coronary heart dis-
ease.21,22 In summary, available research
findings, although not directly compa-
rable to current data, suggest that the
observed shifts in cardiometabolic risk
are clinically significant.

Consistent with previous findings,12 the
current results also demonstrate con-
vincingly that staying obese or severely
obese is associated with significant
risk. For example, youth who remained
obese or severely obese had significant
increases in fasting insulin, with eighth-
grade levels of 29.7 uU/mL (insulin lev-
els of $30 uU/mL have been used to
define elevated risk23), whereas obese
or severely obese youth who decreased
BMI had significant decreases in fasting
insulin in comparison with those who

remained obese or severely obese
(average eighth-grade fasting insulin
was 14.0 uU/mL). Similarly, youth with
stable obesity had increases in waist
circumference of 5.5 cm compared with
decreases of 4.2 cm for youth who were
obese or severely obese in the sixth
grade but decreased to the healthy
weight range. Finally, staying in the
healthy weight range over time was
associated with the most favorable
levels across risk factors.

Changes in risk factors varied as
a function of gender such that boys had
greater increases in SBP and greater
decreases in HDL than girls. Further-
more, boys and girls had different
patterns of triglyceride changes, with
boys tending to have more unfavorable
changes in response to increases inBMI
and girls benefitting more from decrea-
ses in BMI. These findings echo those
observed in ALSPAC,12 which also docu-
mented that BMI changes were associ-
ated with more adverse risk factor
changes in boys than in girls. Thus, boys
may be particularly vulnerable to the
negative cardiometabolic consequences
of obesity.

The current study has significant
strengths including the large, multi-
ethnic sample from across the United
States and assessments collected by
trained, certified staff by using stan-
dardized procedures. Nevertheless,
there also are limitations. All children
participated in a study designed to
mitigate risk for type 2 diabetes. Thus,
the schools and youthwho participated
may not be representative of all high-
risk US schools or students. All youth
participated in health screenings and
parents were given reports about child
health. Consequently, observed decrea-
ses in BMI category may reflect greater
awareness of the importance of health
behavior among overweight or obese
participants and their family members.
Next, we used BMI as a proxy for adi-
posity. However, other research has
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shown that the association between
BMI and cardiovascular risk factors is
similar to that between directly as-
sessed fat mass and risk factors,12

indicating the validity of BMI as an
index of body fat.

In summary, results document consid-
erable mutability in BMI categories
during the middle school years, with
clinically meaningful changes in car-
diometabolic risk. The shifts in BMI and
associated changes in risk were not as-
sociated with school intervention status
andwererobust toadjustment forsalient
demographic parameters and potential
confounders. Thus, there is compelling
evidence for the relevance of universal
obesity prevention efforts that target
middle-school-aged children across all
BMI categories to enhance downward
shifts inBMIcategory foroverweightand
obesechildrenandmitigate increases in
BMI category among children in the
healthy weight range.
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