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Abstract

Objective—To test the hypothesis that individuals who are active but who decrease physical
activity (PA) over time have a higher risk of becoming obese in young adulthood, when compared
to individuals who are consistently active throughout childhood and adolescence.

Methods—Iowa Bone Development Study cohort members (242 males and 251 females)
participated in accelerometry assessments, dual-energy X-ray absorptiometry scans, and dietary
questionnaire surveys at ages 5, 8, 11, 13, 15, 17, and 19 years. Group-based trajectory analyses
identified distinct trajectory patterns of moderate- to vigorous-intensity PA (MVPA), percentage of
body fat (%BF), and energy intake. A multivariable logistic regression model was fit to estimate
the odds of “becoming obese” based on the MVPA trajectories, adjusted for mother’s education,
somatic maturation, and energy intake.

Results—Among males, 74.7% had a “normal” body fat pattern, 14.6% had a “becoming obese”
pattern, and 10.7% had a “consistently obese” pattern, while among females, the percentages were
58.6%, 28.6% and 12.8%, respectively. Participants who were active (=45 minutes MVPA) as
children but decreased MVPA with age were more likely to become obese, compared to
consistently active participants (adjusted OR=2.77; 95% CI=1.16, 6.58).
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Conclusions—An active lifestyle throughout childhood and adolescence could prevent obesity
development in young adulthood.
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Introduction

Population-based surveillance data indicate that children reduce their physical activity (PA)
as they age,l and this reduction is believed to be a risk factor for adult obesity. Despite this
belief, longitudinal s'[udiesz‘4 have produced mixed results, including two studies?"4 that
reported no difference in the likelihood of being obese in adulthood between those who
consistently active and those who were active but decreased their activity. The mixed results
may be partly due to use of less accurate measures, such as self-reported PA and body mass
index (BMI), and no consideration of energy intake. In addition, these three studies utilized
PA data measured only at two time points (baseline and follow-up), which could not address
how PA level changes over time.

Several longitudinal studies have examined the role of childhood PA in adolescent adiposity
development using repeatedly-measured objective PA dalta.s‘8 These studies have produced
mixed results, with at most a minimal effect size.” These findings are reflected in reviews by
Wilks et aI.,Q'10 which concluded that PA is not an important predictor of change in adiposity
among children and adolescents. However, this conclusion could be premature since the
developmental pattern of PA behavior and adiposity is yet to be characterized. To illustrate
the analytic limitations of the current literature, we describe two longitudinal study examples
by Moore et al.6 and Kwon et al.8 The Moore study,6 which aimed to examine the effects of
PA on changes in body fat from the preschool years to early adolescence, showed an inverse
association between PA and body fat. Their study quantified longitudinal PA data in two
ways: a rank (low, medium, and high tertiles) based on the mean of annually measured PA
levels and a rank at each assessment. Although there is much to be admired about this study
(e.g., its long follow-up period and annual measures of PA), the analytic approach of
defining subgroups using prior analysis and subjective classification rules (i.e., tertile groups
by the distribution of PA levels) has statistical dangers, including the dual risks of creating
groups that reflect only random variation, and failing to identify important but atypical
developmental patterns.11 The Kwon study,8 which aimed to examine whether MVPA or
sedentary behaviors are more strongly associated with adiposity during adolescence, showed
that MVVPA was more strongly linked. The growth model approach used in the Kwon s'[udy8
cannot identify distinct developmental patterns of moderate- to vigorous-intensity PA
(MVPA) or adiposity. In addition, the results from the growth model could not directly
address whether consistently active youth are less likely to become obese, because the
growth model assesses the association between MVPA and adiposity variables at each
measurement time point (variable-centered approach), rather than the adiposity development
of subgroups with unique MVPA patterns (person-centered approach).
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Group-based trajectory modeling can complement the two analytic approaches mentioned
above. Group-based trajectory models provide an empirical method to identify groups of
participants who follow typical and atypical developmental trajectories of PA and
adiposity11 and allow for a latent expression of the data and characterize the heterogeneity of
the study population. To advance the understanding of the role of PA in obesity
development, this study used group-based trajectory analytic methodology to investigate the
association between accelerometry-derived PA and DXA-derived percentage of body fat
(%BF) developmental patterns over 14 years from age 5 to 19 years. The study hypothesis
was that individuals who are active but who become less active as they age have a higher
risk of becoming obese in young adulthood when compared to individuals who are
consistently active throughout childhood and adolescence.

Study Sample

Data were obtained from the lowa Bone Development Study (IBDS), an ongoing cohort
study of bone health from childhood through young adulthood. Between 1998 and 2000, the
IBDS recruited participants among a subset (n=890) of the lowa Fluoride Study (IFS) birth
cohort that originally included 1,882 families recruited from eight lowa hospital postpartum
wards.*? Assessments were conducted between 1998 and 2014 when participants were
approximately 5, 8, 11, 13, 15, 17, and 19 years of age (Waves 1 to 7, respectively). The
IBDS uses rolling admission to allow IFS cohort members to participate in any follow-up
examinations. A total of 630 cohort members (312 females; 50.5%) completed at least one
accelerometry assessment. Based on a family demographic questionnaire completed in 2007.
Additional information about the IBDS and its participants can be found in previous
publications.ls'14 Informed written consent and assent were obtained. Of the 630 IBDS
participants, 493 (50.9% females) were included in the current data analysis. Those who
were excluded (n=137) had similar levels of family income and maternal education as those
who were included.15 The University of lowa Institutional Review Board (IRB) approved
the IBDS.

Measurements

Physical activity—PA level was assessed in the autumn season (September to November)
using Actigraph accelerometers (model 7164 at Waves 1 to 4, GT1M at Wave 5, and GT3X+
at Waves 6 and 7; Pensacola, FL). The different versions of Actigraph accelerometers have
been reported to be fairly interchangeable.16 Participants received an accelerometer via the
United States Postal Service (USPS) and were asked to wear the monitors during waking
hours for four consecutive days (including one weekend day) for Waves 1 and 2 and for five
consecutive days (including both weekend days) for all other waves. The accelerometry
epoch length was set at one minute for Waves 1 to 4 and five seconds for Wave 5. Raw data
were collected for Waves 6 and 7. For data analysis, the five-second epoch and raw data
were reintegrated into one-minute epoch data. A non-wear period was estimated using
accelerometry data with the following definition: a period of =260 consecutive minutes of
zero accelerometry counts (with an allowance for two nonzero interruptions) in the
accelerometry data array.17 Participants were considered to have valid PA data for a
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particular wave if the participant wore the accelerometer at least three days during that
wave.18 A day was considered valid if the estimated accelerometer wear time was at least 8
hours.™® The accelerometry count cut-off point used was 2,296 counts/minute for moderate
or higher intensity, and 4,012 counts/minute for vigorous in'[ensity.lgv20 MVPA (minutes/
day) was defined as daily accumulated minutes in moderate- or higher-intensity activity.
Vigorous-intensity PA (VPA; minutes/day) was defined as daily accumulated minutes in
vigorous-intensity activity. Overall activity (light- or higher-intensity activity) counts
(counts/day) were defined as daily accumulated counts when =100 counts/minute.

Percentage of body fat—Fat mass and body mass were measured using whole body
DXA scan data. Participants visited the University of lowa Clinical Research Unit where one
of three trained technicians conducted a DXA scan. DXA models were upgraded over time:
Hologic QDR2000 model (Hologic Inc., Bedford, MA) at Waves 1 and 2, Hologic
QDR4500 Delphi A model at Waves 3 to 6, and Discovery A model at Wave 7. The scans
were analyzed using APEX software version 4.0/13.4. Standard quality control procedures
were performed daily using spine and step phantoms. To adjust for differences between the
QDR2000 and the QDR4500 Delphi A, translational equations to convert from QDR2000
DXA measures to QDR4500A DXA measures were developed in a subsample of 60 IBDS
participants who were scanned on both machines during one study visit.mv21 To adjust for
differences between the QDR4500 Delphi A and the Discovery A, a step phantom was
scanned on both machines for whole body soft tissue calibration. In addition, 12 human
volunteers were scanned on both machines within 60 days. Total body fat mass, visceral fat
mass, and body mass were derived from the DXA scan images. %BF was calculated using
fat mass and body mass data. Pediatric obesity was defined as = 80t percentile of %BF.22
Because the population reference of %BF percentile is unavailable for children younger than
8 years of age, %BF at age 8 was used to classify adiposity status in young childhood (obese
if 233.4%BF for boys and =37.4%BF for girls at age 8).23 Adult obesity was defined as
>25%BF for adult males and >32%BF for adult females.24

Energy intake—Dietary intakes of IBDS cohort members were assessed using three
different instruments across the examinations: targeted nutrient questionnaire at Waves 1 and
2, Block Kids’ Food Ques’[ionnaire25 at Waves 3 to 6, and National Cancer Institute Diet
History Questionnaire ||26,27 at Wave 7. The targeted nutrition questionnaire was not
designed to estimate energy intake; therefore the dietary data collected at Waves 1 and 2
were not used for the analyses. The Block Kids’ Food Questionnaire contained 75 questions
regarding food intake during the previous week. Completed Block Kids’ Food
Questionnaires were reviewed by registered dietitians for completeness before analyses by
NutritionQuest (Berkeley, CA). In a subsample of 129 IBDS participants, the correlation
between energy intake estimated from 3-day diary records and the Block Kids’ Food
Questionnaire was statistically significant, but low (r=0.26; p<0.001).25 The Diet History
Questionnaire 11 contained questions regarding the portion size and intake frequency of 144
food items. In the Diet History Questionnaire validity study, the correlation between energy
intake estimated from a four-day 24-hour recall and the Diet History Questionnaire was
moderate (deattenuated correlation P:O.48).27 Because the absolute value of estimated
energy intake (kcal) from different dietary assessment tools used across waves was not
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comparable, a quartile rank within a wave (coded as 1, 2, 3, or 4) was used as an energy
intake indicator.

Somatic maturity—Anthropometry (sitting and standing height measured in centimeters)
was used to estimate the age of peak height velocity for each participant aged =11 years. A
Harpenden stadiometer (Holtain, UK) and the predictive equations established by Mirwald
and colleagues were used for this prediction.2

Statistical Analysis

IBDS participants who had =3 waves of valid accelerometry data and =3 waves of %BF data
were included in the data analysis. The criterion of having >3 data points allowed for the
consideration of quadratic trajectory models. Descriptive analyses for demographic
characteristics and exposure and outcome variables were performed by sex and by wave, if
appropriate.

To identify distinct %BF trajectory groups, sex-specific group-based trajectory analysis was
conducted in STATA TRAJ.”™ Sex-specific analysis was necessary because body fat
development differs biologically by sex, and the definition of adult obesity based on %BF
levels is sex-specific. In the process of determining the number of %BF trajectory groups, a
quadratic model was initially used for all groups. The final number of groups was
determined based on the Bayesian Information Criterion, similarity of trajectory shapes, and
the proportion of cohort members in each group.30 After determining the final number of
groups, the degree of the polynomial for each group (i.e., quadratic, linear, and constant)
was reduced until the parameter estimate for the highest degree polynomial effect had an
associated p-value<0.01. Model adequacy was evaluated using four diagnostic measures:
average posterior probability of assignment for each group of 0.7 or higher; odds of correct
classification of 5.0 or higher; the proportion of a sample assigned to a certain group close to
the proportion estimated from the model; and 99% confidence intervals (Cls) for the
estimated proportion that are reasonably narrow.™ Each participant was assigned to one of
the trajectory groups, based on the individual’s maximum posterior probability estimated
from the final models. We considered the %BF levels of groups 1, 2, and 3 at age 5 to be
normal, and the %BF level of group 4 at age 5 to be obese (Figure 2). We labeled groups 1
and 2 as “normal,” group 3 as “becoming obese,” and group 4 as “consistently obese.” We
repeated group-based trajectory analysis for energy intake quartiles (1, 2, 3, and 4, as a
continuous variable). Participants were also assigned to one of four MVPA trajectory groups,
termed “consistently inactive,” “substantially decreasing from a high level of MVPA
(substantially decreasing),” “consistently moderately active (consistently active; 45 minutes
of daily MVPA),” and “decreasing from a moderate level of MVPA (decreasing),” based on
MVPA trajectory models identified in our previous publication (Figure 1).1

Excluding those who were considered to be obese at baseline (n=60), we conducted a
multivariable logistic regression analysis to predict obesity development based on the four
MVPA trajectory groups. The “consistently active” group was selected as the reference
group. A previous review31 of the association between PA and adiposity in youth
emphasized the methodological importance of accounting for potential confounding effects
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such as socioeconomic status, maturational timing, and dietary patterns. Therefore, we
included sex, maternal education level (=4-year college degree vs. <4-year college degree),
age of peak height velocity (years), and energy intake quartile trajectory group in our
models. However, accelerometry wear time was not included as a covariate, because
additional logistic regression analysis that included the mean wear time variable showed no
significant association between wear time and %BF trajectory. Sedentary time was not
included as a covariate because two previous studiess'32 showed no independent effect of
sedentary time on adiposity after adjusting for MVPA the, and because the additional
logistic regression analysis that included the sedentary time trajectory variable showed no
significant association between sedentary time trajectory and %BF trajectory. No significant
interaction was identified between sex and age of height velocity, between sex and PA
trajectory, or between sex and energy intake trajectory.

Participant characteristics are presented in Table 1. Of the 493 participants, 33% completed
all seven of the MVPA assessments, 31% completed six, 16% completed five, 13%
completed four, and 7% completed three assessments. Similarly, 30% completed all seven of
the body fat assessments, 29% completed six, 22% completed five, 12% completed four, and
6% completed three assessments. The mean accelerometer wear time per day at each wave
ranged from 12.0 to 12.7 hours. As shown in Table 2, mean %BF was the highest at age 5
for males and at age 19 for females. Four %BF trajectory patterns were identified for both
males and females (Figure 2). The %BF trajectory groups 1, 2, and 3 started at a similar
level of %BF at age 5, but diverged over time. Importantly, the trajectory model for group 3
reflected a level of %BF at age 19 above the criterion for obesity (estimated mean %BF:
28.6% among males and 37.9% among females), while groups 1 and 2 reflected a normal
level of %BF at age 19. For example, estimated %BF at age 19 was 22.1% for males in
group 1 and 32.0% for females in group 2. Group 4, to which 10.7% of males (n=27) and
12.8% of females (n=33) were assigned, maintained a high level of %BF throughout
childhood and adolescence. Among “consistently active” participants, 9.5% were in the
“becoming obese” group, while among participants who followed the “decreasing” activity
pattern, 23.8% were in the “becoming obese” group (p<0.01; Table 3). A higher proportion
of the “consistently obese” participants (88.3%) were in the “consistently inactive” or
“decreasing” activity groups, when compared to “normal” participants (64.1%; p<0.0001).

As presented in Figure 3, four energy intake patterns were identified: “increasing” (group 1),
“consistently low” (group 2), “decreasing” (group 3), and “consistently high” (group 4).
Chi-square tests showed that, when compared to the “consistently low” energy intake group,
a higher proportion of the “increasing” energy intake group were in the “becoming obese”
(p=0.06) or “consistently obese” group (p<0.01). However, between the “decreasing” and
“consistently high” energy intake groups, the percentage of those in the “becoming obese”
and “consistently obese” groups were not different (p=0.11 and p=0.98, respectively).

The multivariable logistic regression model showed that participants with “decreasing”
activity had higher odds of “becoming obese,” relative to “consistently active” participants
(adjusted OR=2.77; 95% CI1=1.16, 6.58; referent group=%BF trajectory groups 1 and 2
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(“normal’™); %BF trajectory group 4 (“consistently obese”) were excluded in the analysis;
Table 4). Additional analyses were conducted using different adiposity (BMI, fat mass index
[FMI], visceral fat mass) and PA indicators (VPA and overall activity). When BMI and FMI
were used, those with “decreasing” activity tended to have a higher likelihood of becoming
obese, but the ORs were statistically insignificant (BMI analysis: OR=1.92; 95% CI1=0.63-
5.89; FMI analysis: OR=2.58; 95% CI=0.66—10.04), partly due to a small proportion of the
“becoming obese” group. Group-based trajectory analyses for visceral fat mass, VPA, and
overall activity did not produce novel heterogeneous patterns of these variables and are not
presented in this report.

Discussion

These results support the study hypothesis that individuals who are active but who become
less active as they age have a higher risk of becoming obese in young adulthood when
compared to individuals who are consistently active throughout childhood and adolescence.
The current study also adds new knowledge that maintaining 45 minutes of accelerometry-
measured daily MVPA throughout childhood and adolescence represents an active life style
for obesity prevention in young adulthood.

Obesity is a significant public health problem that affects one in three American adults. >
Obesity also contributes substantially to an immense social burden.34 Obesity-related illness
was estimated to cost 20.6% of U.S. national health expenditures in 2012.3'4 This study is
one of only a few studies to directly demonstrate that, when compared to individuals who
decrease their PA over time, individuals who are active throughout childhood and
adolescence have a lower risk of obesity in young adulthood. In this study, the group of
consistently active participants maintained approximately 45 minutes of daily MVPA based
on accelerometry data, which is lower than the current U.S. federal PA guidelines for
youth35 which call for at least 60 minutes of MVVPA each day. However, those guidelines
were primarily established using self-report PA data.*® This study supports the current U.S.
federal PA guidelines that call for sustained MVPA throughout the growing years, and
provides valuable information that can be used to develop PA guidelines for obesity
prevention based on accelerometry-measured movement.*®

To our knowledge, this is the first study to report the development of DXA-measured %BF
from childhood to young adulthood. Among the males in our study, the typical development
of %BF was of a continuous decrease over time, while a persistent or even increased level of
%BF until the approximate age of 13 years resulted in obesity in young adulthood. Among
females, the typical development of %BF reflected a ‘U-shaped’ pattern with a rebound at
approximately age 13 years, while a continuous increase in %BF over time resulted in
obesity in young adulthood. These trajectories suggest that the major difference between
typical and atypical patterns appears at age 13 or younger in both males and females.
Adiposity development at age 13 or younger could be critical to determining obesity
development in young adulthood. This finding sheds light on the importance of adiposity
development during pre-puberty and puberty, and supports current public health efforts to
prevent obesity by focusing on early childhood.
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Our study findings do not rule out the potential reverse causal relationship that excess
adiposity status leads to unhealthy PA behavior or a positive feedback Ioop.21'37v38 We found
that most participants (88%) who presented with the “consistently obese” pattern
disproportionally followed unhealthy activity patterns (“consistently inactive” or
“decreasing™), consistent with the reverse causality hypothesis.

This study used a comprehensive longitudinal dataset of objective PA measures and accurate
adiposity measures assessed over 14 years in a fairly large sample of youth. There are
multiple fat mass-based adiposity indicators, including %BF and FMI. There is no
consensus on the most robust indicator. We selected %BF as a main outcome, because
established %BF-based obesity definition for adults exists. We observed a similar level of
ORs in the association of obesity development with %BF and with FMI, although FMI
analysis was statistical insignificant. Future research should follow to confirm our results.
Another strength is that this study applied an innovative analytic approach to identify
heterogeneous developmental trajectories of MVPA, energy consumption and adiposity.
However, several limitations of this study should also be acknowledged. First, because a
group-based trajectory model assumes that missing data are random, non-random missing
data over time could have biased the study findings. However, the majority participants
completed at least six of the seven assessment. Second, the IBDS cohort is comprised of
homogenous White, high(er) socioeconomic families. Therefore, the results are not
generalizable to other populations. Third, different dietary instruments were used across the
study waves. Fourth, the effects of genetic predisposition and other residual and unmeasured
confounding on obesity development were not taken into account. Lastly, because trajectory
group membership was determined based on estimated probabilities from maximum
likelihood analysis, not all group members perfectly followed their assigned group’s
trajectory. Therefore, use of the posterior probability-based classification that does not
account for the uncertainty in group classification is prone to classification error of the
group.39 For example, the fact that an increasing MVPA trajectory pattern was not identified
in the group-based trajectory analysis does not mean that there were zero participants who
actually increased MVPA over time. However, we used this method because the posterior
probability-based classification provides a straightforward basis for producing profiles of
trajectory members and an easy and transparent communication of the findings.

Conclusion

The study results provide evidence that an active lifestyle (maintaining 45 minutes of
accelerometry-measured daily MVPA) throughout childhood and adolescence can prevent
the development of obesity in young adulthood.
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Study Importance Questions
What is already known about this subject?

»  Self-reported PA data have shown that, compared to youth who become less
active, youth who are active in both adolescence and adulthood have a lower risk
of obesity in adulthood.

What does your study add?

» Applying an innovative analytic approach, our study provides evidence that
maintaining 45 minutes of daily moderate- to vigorous-intensity physical
activity [accelerometry-measured] throughout childhood and adolescence
prevents the development of obesity in young adulthood.
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Figure 1.
Moderate- to vigorous-intensity physical activity trajectory groups

MVPA, Moderate- to vigorous-intensity physical activity
Dots indicate actual mean MVPA minutes, solid lines indicate estimated MVPA minutes,
and dotted lines indicate 95% confidence intervals of estimated MVVPA minutes.
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Figure 2.

Percentage of body fat trajectory groups
a. Male

b. Female

Dots indicate actual mean percentage of body fat, solid lines indicate estimated percentage
of body fat, and dotted lines indicate 95% confidence intervals of estimated percentage of

body fat.
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Figure 3.
Energy intake quartile trajectory groups

Dots indicate actual mean energy intake quartile rank, solid lines indicate estimated energy
intake quartile rank, and dotted lines indicate 95% confidence intervals of estimated energy
intake quartile rank.
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Table 1

Characteristics of lowa Bone Development Study participants by sex

Males

Females

n

% or meanSD

n

% or meanzSD

Total 242 251
Annual household income in 2007
<$80,000 126 52.1 129 51.4
>$80,000 107 44.2 110 43.8
Missing 9 3.7 12 4.8
Mother’s education level in 2007
<4-year college degree 126 52.1 129 51.4
24-year college degree 116 479 122 48.6
Age of peak height velocity, years 242 13.6+0.8 251 11.8+0.6
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Table 3

The distribution of percentage of body fat development patterns by physical activity trajectory groups

Percentage of Body Fat Trajectory Group

Normal Becoming Obese  Consistently Obese Total
MVPA Trajectory Group n (%) n (%) n (%) n (%)
Consistently active f 61 (82.4%) 7 (9.5%) 6 (8.1%) 74 (100%)
Substantially decreasing 17 57(83.8%) 10 (9.6%) 1 (1.5%) 68 (100%)
Decreasing trt 186 (63.3%) 70 (23.8%) 38 (12.9%) 294 (100%)
Consistently inactive 111t 25(43.9%) 17 (22.8%) 15 (26.3%) 57 (100%)
Total 329 (66.7%) 104 (21.1%) 60 (12.2%) 493 (100%)

MVPA, moderate- to vigorous-intensity physical activity.

fGroup 2 in MVPA group-based trajectory analysis (Figure 1)

ﬁGroup 4 in MVPA group-based trajectory analysis (Figure 1)

11t

Group 3 in MVPA group-based trajectory analysis (Figure 1)

Tt

Group 1 in MVPA group-based trajectory analysis (Figure 1)
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Multivariable logistic regression model to predict the odds of being in the “becoming obese” trajectory group

Table 4
(n=433)

Effect Adjusted OR 95% ClI
Sex

Male 1.00 Reference

Female 0.42 0.17,1.08
Mother’s education level

<4-year college degree 1.00 Reference

24-year college 1.22 0.76, 1.95
Somatic maturity

Age of peak height velocity (years) 0.43 0.28, 0.66
Energy intake quartile trajectory group

Consistently low 1.00 Reference

Increasing 0.74 0.39, 1.40

Decreasing 1.19 0.61, 2.30

Consistently high 0.64 0.22,1.92
MVPA trajectory group

Consistently active 1.00 Reference

Substantially decreasing 1t 1.9 0.68, 5.82

Decreasing 777 277 1.16,6.58

3.79 1.31,10.99

Consistently inactive 11t

fGroup 2 in MVPA group-based trajectory analysis (Figure 1)

ﬁGroup 4 in MVPA group-based trajectory analysis (Figure 1)

Tt

Group 3 in MVPA group-based trajectory analysis (Figure 1)

s

Group 1 in MVPA group-based trajectory analysis (Figure 1)

ClI, confidence interval; MVPA, moderate- to vigorous-intensity physical activity; OR, odds ratio. Multivariable logistic model: percentage of body
fat trajectory group (becoming obese vs. normal [reference group]) = mother’s education level (=4-year college degree vs. <4-year college degree)
+ estimated age of peak height velocity (years) + energy intake trajectory group (increasing, decreasing, consistently high, vs. consistently low
[reference group]) + MVPA trajectory group (substantially decreasing, decreasing, consistently inactive, vs. consistently active [reference group]).
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