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Abstract

Background: Physical activity is recommended for all pregnant individuals and can prevent excessive gestational
weight gain. However, physical activity has not been assessed among military personnel and other TRICARE ben-
eficiaries, who experience unique military lifestyles. The current study assessed physical activity among pregnant
TRICARE beneficiaries, both active duty and non-active duty, as measured by accelerometry and self-report data to
examine potential predictors of physical activity engagement in the third trimester, and if self-report data was consist-
ent with accelerometry data. We expected having a lower BMI, being active-duty, and having higher baseline physical
activity engagement to be associated with higher physical activity at 32-weeks. We also hypothesized that accelerom-
etry data would show lower physical activity levels than the self-reported measure.

Methods: Participants were 430 TRICARE adult beneficiaries (204 Active Duty; 226 non-Active Duty) in San Antonio,
TX who were part of a randomized controlled parent study that implemented a stepped-care behavioral intervention.
Participants were recruited if they were less than 12-weeks gestation and did not have health conditions preclud-

ing dietary or physical activity changes (e.g., uncontrolled cardiovascular conditions) or would contribute to weight
changes. Participants completed self-report measures and wore an Actical Activity Monitor accelerometer on their
wrist to collect physical activity data at baseline and 32-weeks gestation.

Results: Based on the accelerometer data, 99% of participants were meeting moderate physical activity guidelines
recommending 150 min of moderate activity per week at baseline, and 96% were meeting this recommendation

at 32-weeks. Based on self-report data, 88% of participants at baseline and 92% at 32-weeks met moderate physi-
cal activity recommendations. Linear regression and zero-inflated negative binomial models indicated that baseline
physical activity engagement predicted moderate physical activity later in pregnancy above and beyond BMI and
military status. Surprisingly, self-reported data, but not accelerometer data, showed that higher baseline activity was
associated with decreased vigorous activity at 32-weeks gestation. Additionally, self-report and accelerometry data
had small correlations at baseline, but not at 32-weeks.

Conclusions: Future intervention efforts may benefit from intervening with individuals with lower pre-pregnancy
activity levels, as those who are active seem to continue this habit.
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Trial Registration: The trial is registered on clinicaltrials.gov (NCT 03057808).
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Background

Physical activity is recommended for all those who are
pregnant [1] and can prevent excessive gestational weight
gain (GWG@) [2], as well as promote other health bene-
fits [2, 3]. However, physical activity may be particularly
important among pregnant active-duty United States
(U.S.) military personnel since they are required to pass
physical fitness tests at 12 months postpartum. Failure to
successfully meet physical fitness guidelines may result
in discharge from military service [4]. Guidelines are
provided about personnel needing to maintain “physi-
cal readiness,” or the ability to meet physical demands of
duty or combat [5] and how much weight pregnant per-
sonnel should gain over the course of their pregnancy [6],
but there is limited information regarding how pregnant
individuals covered under TRICARE meet these guide-
lines and maintain physical activity in order to maintain
“physical readiness” during pregnancy.

Research among civilians has shown that levels of
physical activity are lower during pregnancy compared to
reported pre-pregnancy activity [7], and most pregnant
individuals do not receive information about exercising
during their prenatal care [8]. However, many studies
of physical activity in pregnant individuals rely on self-
report, such as the International Physical Activity Ques-
tionnaire (IPAQ) [9-11]. Pregnancy-specific self-report
measures of physical activity have been created (e.g.,
Pregnancy Physical Activity Questionnaire [PPAQ]), but
have still been found to overestimate the amount of phys-
ical activity [12] when compared to accelerometry data,
which can provide real-time and more objective data. In
addition, there are few studies that examine changes in
physical activity over the course of pregnancy and none,
of which we are aware, that have assessed physical activ-
ity changes over the course of pregnancy by accelerom-
eter among active-duty personnel. Active-duty personnel
may be more likely to be physically active during preg-
nancy compared to civilians given their job requirements.

The current study aimed to assess physical activity lev-
els among pregnant TRICARE beneficiaries, both active-
duty and non-active-duty (i.e., partners or dependents
of active-duty personnel), as measured by accelerom-
etry and self-report data to examine potential predictors
of physical activity engagement in the third trimester,
when activity is expected to be lower [7]. We also aimed
to determine if self-report data provided by partici-
pants was consistent with their accelerometry data. We
expected having a lower BMI, being active-duty, and

having higher baseline physical activity engagement to
be associated with higher physical activity at 32-weeks.
We also hypothesized that accelerometry data would
show lower physical activity levels than the self-reported
measure.

Methods

Participants and procedures

Participants were 430 TRICARE beneficiaries ages
18 years or older living in San Antonio, TX, USA who
were part of a randomized controlled trial parent study
that implemented a stepped-care behavioral intervention
program based on the Look AHEAD (Action for Health
in Diabetes) intensive lifestyle intervention [13-15].
Rationale and methodology plans are described else-
where [16]. Briefly, the study provided interventions for
physical activity and diet modifications to prevent exces-
sive GWG and/or postpartum weight loss while also
managing the challenges that accompany military life-
styles (e.g., deployment, base environment). Participants
were recruited if they were less than 12-weeks gestation
and were excluded from the study if they had health con-
ditions that would preclude dietary or physical activity
changes (e.g., uncontrolled cardiovascular conditions) or
would contribute to weight changes (e.g., uncontrolled
thyroid conditions). Additionally, potential participants
taking medications that may impact weight, recent bari-
atric surgery or history of significant weight loss (more
than 4.5 kg in the past 3 months), unmanaged psychiat-
ric conditions, and smoking were exclusion criteria. Par-
ticipants were recruited from medical clinics on military
bases in the U.S. and completed a screening visit and
received medical clearance before being randomized to a
study condition.

Participants could be randomized into one of three
conditions: a GWG intervention (occurring during
pregnancy to address management of weight gain from
enrollment in the first trimester to delivery), a post-
partum weight loss (PPWL) intervention (occurring
from 6 weeks post-partum to 12 months post-partum
to address weight loss in the post-partum period), or a
GWG+PPWL intervention, and the outcomes of this
trial are described elsewhere [17]. The interventions were
delivered via telephone and electronic scales to reduce
participant burden given the challenges of accessing
face-to-face support within military families, similar to
the delivery of the Look AHEAD intensive lifestyle inter-
vention among military personnel in the Fit Blue study
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[18, 19]. Informed consent was obtained from all par-
ticipants. All study procedures were approved by the 59
Medical Wing Institutional Review Boards. All methods
were carried out in accordance with Declaration of Hel-
sinki. Study recruitment occurred from February 2017 to
October 2020. Physical activity data were collected from
February 2017 to March 2021, and follow-up data was
collected by March 2021. The trial ended after recruit-
ment and data collection were completed.

Measures

Demographics and physical measurements

At their screening visit, participants self-reported demo-
graphics, including age, race, ethnicity, and previous live
births. Height was measured at the screening visit or
self-reported during the COVID-19 pandemic. Weight
was measured at each visit using a calibrated digital scale
while the participant was wearing light clothing and no
shoes or cellularly transmitted to the study team using a
BodyTrace smart scale during the COVID-19 pandemic.
The screening visit weight was used to calculate pre-
pregnancy body mass index (BMI), given past literature
showing that early first trimester BMI is a good proxy for
pre-pregnancy BMI [20].

Physical activity

Participants also completed a self-report measure of
physical activity: the International Physical Activity
Questionnaire (IPAQ) at baseline and 32-weeks gesta-
tion. This measure has previously been used in studies
related to pregnant individuals [9, 11]. Moderate and
vigorous activity minutes were added together to create
scores for physical activity engagement.

Participants also wore an Actical Activity Monitor
accelerometer on their wrist to provide objective physi-
cal activity data. These measurements were obtained at
baseline and 32-weeks gestation. It is important to note
that, due to the COVID-19 pandemic, accelerometer
data was only captured at baseline and 32 weeks up until
March 2020, as it was unclear if providing accelerometers
(and having staff members and participants touch objects
handled by others) was safe once COVID-19 was initially
identified. Thus, there is greater missing data for the
accelerometry. Specifically, 38% of participants had miss-
ing accelerometer data at baseline and 57% at 32-weeks
gestation. For self-reported physical activity, 1% were
missing these data at baseline and 13% at 32-weeks
follow-up.

The activity data were retrieved from the Actical activ-
ity monitoring devices (Philips Respironics Co. Inc.,
Bend, OR) using the Actical Software. Actical accelerom-
eters were set up to record accumulated activity counts
every minute, collecting 1440 samples daily. Physical
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activity was assessed on a minimum of three days and
a maximum of 5 days, including at least 1 weekend day
and 2 weekdays, consistent with previous research [21,
22]. Days with less than 24 h of recorded activity were
excluded [21, 22]. The information extracted from the
Actical accelerometer for each epoch included the time
and date, activity count, number of steps, activity energy
expenditure (kcals/min/kg), and the level of physical
activity. Total activity counts per day were calculated,
and the days where the total activity count was less than
250 counts were also excluded. Finally, the time spent in
each of the four levels of physical activity (i.e., sedentary,
light, moderate and vigorous) was reported according to
the following cutoff points [23]. The level of activity was
tagged as sedentary when the average activity count for 3
successive minutes was less than 50 counts/min in each
epoch. All epochs lower than 600 counts/min but not
labeled as sedentary were marked as light. However, if the
epoch activity count was higher than 600 counts/min, the
activity energy expenditure was compared with another
set of kcals/min/kg cutoff points [23]. In this case, if the
activity energy expenditure was less than 0.031 kcal/min/
kg, the epoch was labeled as light. If the activity energy
expenditure was more than 0.031 kcal/min/kg and less
than 0.083 kcal/min/kg, the epoch was marked as moder-
ate; otherwise, the epoch was tagged as vigorous, with an
activity energy expenditure greater than 0.083 kcal/min/

kg.

Data analysis

All data analyses were carried out with SAS/STATv15.2.
Outcome measures of the moderate and vigorous physi-
cal activity minutes were examined for distributional
normality using Kolmogorov-Smirnov test, summary
statistics and distributional visualizations, and the aver-
age number of daily minutes for each intensity level was
used in the final models. A Bland—Altman difference
plot was used to assess the agreement between accel-
erometry and self-reports for moderate and vigorous
activity at baseline and 32-weeks [24, 25]. Descriptive
statistics included frequencies and proportions, as well
as means and standard deviations for discrete and con-
tinuous variables, respectively. They were generated for
the overall sample and by military status. Comparisons
by military status were performed with two-sample t-test
or chi-square test, respectively. Based on observed out-
come distributions, both self-reported and accelerometry
moderate physical activity were modeled with a multi-
variable linear regression model. In contrast, we applied
zero-inflated negative binomial model for self-reported
and accelerometry vigorous physical activity due to data
dispersion and excess zero mass. Models controlled for
baseline activity, intervention group, previous live birth,
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and BMI category. These variables were included in the
model given their potential influence on activity levels
during pregnancy. For example, previous live births may
indicate someone who may have more knowledge about
pregnancy and thus what to expect physically.

Results

Participant characteristics

Participant characteristics are displayed in Table 1.
About 68% identified as White, 15% identified as Black
or African American, and 17.2% identified with other
racial identities. At baseline, 32.8% were of healthy BMI,
40.0% had overweight, and 27.2% had obesity. Two-hun-
dred and four participants were active-duty and 226 were
other TRICARE beneficiaries. Active-duty and other
TRICARE beneficiaries were significantly different in
racial identity, BMI, and number of previous live births,
but not age or intervention assignment.

The average daily minutes engaging in moderate and
vigorous physical activities at both time points for both
self-report and accelerometry data are displayed in
Table 2. At baseline, participants, overall, were aver-
aging 111.0 (SD=63.9) minutes of moderate physical
activity each day based on accelerometry data and 133.8

Table 1 Participant characteristics
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(8D=130.7) minutes of moderate physical activity each
day based on self-reported data. This level of physical
activity was maintained at 32-weeks gestation.

Based on the accelerometer data, 99% of participants
were meeting moderate physical activity guidelines rec-
ommending 150 min of moderate activity per week [26]
at baseline, and 96% were meeting this recommendation
at 32-weeks. Based on self-report data, about 88% of par-
ticipants at baseline and 92% at 32-weeks met moderate
physical activity recommendations. It is also important to
note that there were no significant differences in physi-
cal activity at baseline or follow-up between intervention
groups for self-report and accelerometer data.

Self-report and accelerometer agreement

Figure 1 depicts the agreement between self-reported
and accelerometer data. Self-reported and accelerom-
eter-measured baseline moderate (r=0.20, p=0.01)
and vigorous activity (r=0.16, p=0.04) had small sta-
tistically significant correlations. At 32-weeks ges-
tation, self-reported and accelerometer-measured
moderate (r=0.05, p=0.48) and vigorous activity
(r=0.05, p=0.52) were not significantly correlated.

Active-Duty (n=204) Other TRICARE Overall (N=430)
Beneficiary (n=226)
N (%) N (%) 14 N (%)

Race 0.001

Black or African American 43 (21.1%) 21(9.3%) 64 (14.9%)

White 134 (65.7%) 158 (69.9%) 292 (67.9%)

Other racial groups 27 (13.2%) 47 (20.8%) 74 (17.2%)
Body Mass Index (BMI) 0.001

Healthy 65 (31.9%) 76 (33.6%) 141 (32.8%)

Overweight 98 (48.0%) 74 (32.7%) 172 (40.0%)

Obese 41 (20.1%) 76 (33.6%) 117 (27.2%)
Previous Live Birth 0.03

Yes 102 (50.0%) 137 (60.6%) 239 (55.6%)

No 102 (50.0%) 89 (39.4%) 191 (44.4%)
Intervention Assignment 049

GWG-only/GWG + PPWL 140 (68.6%) 148 (65.5%) 288 (67%)

PPWL only 64 (31.4%) 78 (34.5%) 142 (33%)
Baseline Physical Activity

150 + min moderate activity — Self- Report 172 (85.2%) 203 (90.2%) 0.11 375 (87.8%)

150 + min moderate activity — Accelerometer 131(99.2%) 130 (96.3%) 0.21 261 (97.8%)
32 Weeks Physical Activity

150 + min moderate activity — Self- Report 163 (91.6%) 182 (92.4%) 0.77 345 (92%)

150 + min moderate activity — Accelerometer 89 (98.9%) 90 (94.7%) 0.21 179 (96.8%)
Age (M (SD)) 306(5.2) 30.7 (4.5) 0.89 306 (4.9)

M Mean, SD Standard deviation; GWG Gestational weight gain, PPWL Post-partum weight loss. a= Denominators do not reflect the total Ns listed, but rather the

number of participants with complete data
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Table 2 Average engagement in moderate and vigorous physical activity at each time period

Active Duty Other TRICARE Beneficiary Overall

Average Daily Physical Baseline M (SD) 32 Weeks M (SD) Baseline M (SD) 32 Weeks M (SD) Baseline M (SD) 32 Weeks M (SD)
Activity (in minutes)

Accelerometer N=132 N=90 N=135 N=95 N=267 N=185
Moderate 109.1 (54.6) 102.2 (61.1) 112.9(72) 117.8 (69.8) 111.0(63.9) 110.2 (66.0)
Vigorous 0.7 (1.76) 0.18(0.7) 045 (1.65) 0.36 (1.54) 0.57(1.7) 0.27 (1.21)
Self-report n=202 n=178 n=225 n=197 n=427 n=375
Moderate 1304 (126.5) 147.6 (142.1) 136.8 (134.6) 1689 (151.9) 133.8(130.7) 158.9 (147.5)
Vigorous 41.7 (75) 299 (68.8) 20 (41.6) 47.9(91.7) 30.2 (60.7) 39.3(82)

M Mean, SD Standard deviation
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Predicting physical activity at 32-Weeks gestation and accelerometry data, while Table 3 displays results
Table 2 displays the average amount of daily moderate from final adjusted models for both self-report and accel-
and vigorous activity across groups from both self-report  erometry data. In models using self-report data, baseline
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Table 3 Regression results predicting moderate activity at 32 weeks
Predicting Self-Reported Predicting Self-Reported 32-Week Vigorous Physical Activity
32-Week Moderate Physical
Activity
Logit NB
B(SE) p B(SE) p B p
Military Status
Active Duty 17.2 (20.5) 0.40 -0.27 (0.26) 0.30 0.63(0.37) 0.09
Other TRICARE beneficiary Reference
Body Mass Index
Normal Weight Reference
Overweight 16.1 (27.1) 0.55 0.19(0.31) 052 0.13(04) 0.76
Obese -2.7(234) 091 047 (0.34) 0.17 -0.02 (0.46) 0.97
Baseline activity 0.58(0.07) <0.0001 0.01 (0.002) 0.02 -0.02 (0.01) 0.0002

Predicting Accelerometer-
Measured 32-Week Moderate
Physical Activity

Predicting Accelerometer-Measured 32-Week Vigorous Physical Activity

Logit NB
B(SE) p B(SE) p B p
Military Status
Active Duty -154(8.8) 0.08 -2.7(0.81) 0.0008 -25.1(121,081) 1.00
Other TRICARE beneficiary Reference
Body Mass Index
Normal Weight Reference
Overweight 6.8 (10) 0.4959 2.06 (0.83) 0.01 1.7.2.0) 0.41
Obese -1.8(11.6) 0.8774 -0.5(0.95) 0.59 -22.6 (118,166) 1.00
Baseline activity 047 (0.07) <0.0001 0.62 (0.22) 0.006 0.15(0.28) 0.60

Models controlled for baseline activity, age, intervention group, and previous live birth. SE Standard error, NB Negative binomial. Zero-inflated negative binomial

model consists of logistic model and negative binomial model

physical activity was positively associated with moderate
activity (B=0.58, SE=0.07, p<0.0001) and negatively
associated with vigorous physical activity at 32-weeks
(B=-0.02, SE=0.01, p=0.0002). Higher baseline activity
was associated with increased odds of zero reported vig-
orous activity (B=0.01, SE=0.002, p=0.02). BMI cate-
gory and military status were not significantly associated
with 32-week activity (p >0.05).

In models using accelerometry data, baseline activ-
ity also predicted engagement in moderate activity at
32-weeks (B=0.47, SE=0.07, p<0.0001), but not vig-
orous activity at 32-weeks (p>0.05). BMI category and
military status were not significantly associated with
32-week activity (p>0.05).

Discussion

The current study found that baseline physical activity
engagement predicts engagement in moderate physical
activity later in pregnancy above and beyond BMI cat-
egory or military duty status. In other words, past behav-
ior predicts future behavior when it comes to moderate
physical activity engagement during pregnancy. This find-
ing is consistent with past research demonstrating that

women with higher activity levels prior to pregnancy are
more likely to engage in higher levels of physical activ-
ity during pregnancy (see review by Gaston & Cramp)
[7]. Additionally, self-reported data showed that higher
baseline activity was associated with decreased vigor-
ous activity at 32-weeks gestation, although this was not
corroborated using accelerometer data. This finding may
indicate that individuals who are very physically active
or engaging in higher intensity physical activities early in
pregnancy may perceive a shift later in pregnancy to less
intense physical activity.

The current study also found that majority of partici-
pants (88%+) in the sample were meeting or exceeding
the physical activity guidelines of 150 or more minutes
of moderate activity per week. Further, participants were
approaching the 150-min recommendation in a given
day. Another study of pregnant individuals assessing
self-reported physical activity rates over the course of
pregnancy found that only about 23.4% of participants
achieved 150 min of physical activity during the week
[27]. Our results are surprising given that so many par-
ticipants were exceeding physical activity guidelines
even during their third trimester. It is also notable that
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both active-duty and non-active-duty beneficiaries were
engaging in these high levels of physical activity. We
expected active-duty personnel to be much more active
given that they must meet physical fitness standards to
maintain their position in the military, while other TRI-
CARE beneficiaries are not expected to maintain spe-
cific fitness standards. It may be the case that exposure
to military lifestyles impacted the physical activity of
both groups. However, more research is needed to bet-
ter understand why physical activity is high among these
groups and how to best support its maintenance.

Additionally, self-report and accelerometry data had
small correlations at baseline but were not significantly
correlated at 32-weeks gestation. Consistent with past
studies [12, 28], self-reported activity was typically higher
than accelerometer data. One potential explanation for
the discrepancy in self-report data, aside from recall bias,
may be that the perceived exertion when engaging in
physical activity increases as pregnancy progresses, and
what is considered inactive pre-pregnancy may be con-
sidered active during pregnancy [29, 30]. It also may be
due to the cutoff points for moderate and vigorous activ-
ity being based on non-pregnant samples, and different
cutoffs may be needed to adequately assess activity dur-
ing pregnancy given the changes they are experiencing
across gestation. Differences may also be attributable, in
part, to the type of accelerometer worn in this study (i.e.,
wrist worn). One previous study compared a waist-worn
accelerometer, a thigh-worn accelerometer, and self-
report measures of sedentary time across three trimes-
ters. Results indicated that the accelerometers reported
comparable sedentary time, but only had moderate
agreement related to physical activity. Future research
assessing the validity of different ways to measure physi-
cal activity in a way that considers the unique and chang-
ing needs of pregnant individuals are needed.

Strengths and limitations

Despite the strengths of the study, including the range
of BMI categories represented and the novelty of the
research question, there are some limitations to con-
sider. Limitations of the study include that accelerom-
etry data collection was stopped once the COVID-19
pandemic began due to the uncertainty at the start of the
pandemic as to how COVID-19 was transmitted; thus,
there is more missing data with the accelerometry meas-
urement. Additionally, the current study was conducted
among TRICARE beneficiaries, and may not generalize
to other pregnant individuals not covered by TRICARE.
Lastly, participants who chose to participate in this study
related to health and weight may have been particularly
motivated to engage in positive health behaviors such as
physical activity. Further research is needed to determine
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if active-duty and other TRICARE beneficiaries who are
not part of health intervention research also engage in
similar levels of physical activity.

Conclusions

Overall, active-duty and non-active-duty TRICARE ben-
eficiaries are largely exceeding physical activity guidelines
before pregnancy and during pregnancy, even during the
third trimester. Baseline activity also seems to be the best
predictor of activity during pregnancy. Future interven-
tion efforts may benefit from targeting individuals with
lower pre-pregnancy activity levels regardless of BMI or
military status to increase subsequent activity, as those
who are active seem to continue this habit.
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