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Physical Activity Patterns during Pregnancy in 
a Diverse Population of Women

MICHAEL D. SCHMIDT, Ph.D.,1 PENELOPE PEKOW, Ph.D.,2 PATTY S. FREEDSON, Ph.D.,3
GLENN MARKENSON, M.D.,4 and LISA CHASAN-TABER, Sc.D.2

ABSTRACT

Background: Participation in physical activity during pregnancy may reduce the risk of ges-
tational diabetes mellitus and preeclampsia and help prevent excess maternal weight gain.
However, studies describing patterns and correlates of activity during pregnancy are sparse.
The purpose of this cross-sectional study was to describe total physical activity (house-
hold/caregiving, occupational, leisure, sports/exercise, and transportation) and correlates of
total physical activity in a racially and economically diverse sample of 233 prenatal care pa-
tients.

Methods: Bilingual interviewers administered three 24-hour physical activity recalls among
women in the first trimester (11%), second trimester (36%), and third trimester (53%) of preg-
nancy.

Results: Median total energy expenditure (MET-hours/day) was similar among women
in the first and second trimesters (33.4 and 33.8 MET-hours/day, respectively) and was
slightly, but not statistically significantly, lower among women in the third trimester (32.6
MET-hours/day). Moderate intensity activity followed a similar pattern, being statistically
significantly lower among women in the third trimester; vigorous intensity activity was
low among women in each trimester of pregnancy. In terms of activity type, house-
hold/caregiving activity was the largest contributor to both total and combined moderate
and vigorous intensity energy expenditure among women in each trimester, constituting
24%–40% of total energy expenditure. Overall, total energy expenditure was highest in
white non-Hispanic women and positively associated with increasing education and a his-
tory of previous live births (p � 0.01).

Conclusions: Results from this study highlight the importance of including household/care-
giving and occupational activities in addition to sports/exercise activities in the assessment
of total energy expenditure during pregnancy.
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INTRODUCTION

AGROWING BODY OF LITERATURE suggests that
healthy and well-nourished women can

safely participate in most forms of physical ac-
tivity during pregnancy.1 Indeed, physical activ-
ity during pregnancy may reduce the risk of ges-
tational diabetes mellitus2–5 and preeclampsia,6,7

and help prevent excess maternal weight gain.8

These potential benefits are reflected in the latest
guidelines of the American College of Obstetri-
cians and Gynecologists (ACOG), which recom-
mend that women without medical or obstetrical
complications accumulate 30 minutes or more of
moderate intensity activity on most, if not all,
days of the week.1

Sparse data are available, however, concerning
patterns of physical activity among pregnant wo-
men. The majority of studies measuring physical
activity levels in pregnancy have been limited by
(1) measurement of leisure time physical activity
or exercise only, (2) a focus on vigorous intensity
activity, (3) the use of measurement tools that fail
to assess the frequency, intensity, and duration of
activities, or (4) reliance on recall of physical ac-
tivity after delivery.9–14 To our knowledge, stud-
ies to date have not measured total energy ex-
penditure (household/caregiving, occupational,
leisure, sports/exercise, and transportation) dur-
ing pregnancy. In addition, few studies have
identified correlates of physical activity during
pregnancy, essential for targeting interventions
designed to increase participation in physical ac-
tivity during pregnancy.

The current study extends the prior literature
by describing patterns and correlates of total
physical activity (household/caregiving, occupa-
tional, leisure, sports/exercise, and transporta-
tion) in a racially and economically diverse sam-
ple of prenatal care patients.

MATERIALS AND METHODS

Study design and population

Data for this cross-sectional study were col-
lected as part of a larger study designed to de-
velop a pregnancy physical activity question-
naire.15 Prenatal care patients in each trimester of
pregnancy were recruited during the same time
period (1 year) at a large tertiary care hospital in
western Massachusetts in 2000. Women were

considered ineligible if they had any of the fol-
lowing characteristics: insulin-dependent diabe-
tes, hypertension or heart disease, chronic renal
disease, multiple gestation pregnancy, or �16
or �40 years of age. A total of 250 patients from
the first, second, and third trimesters combined
agreed to participate and fulfilled the eligibility
criteria. The study was reviewed and approved
by the Human Subjects Committee of the Uni-
versity of Massachusetts at Amherst and the In-
stitutional Review Board of Baystate Medical
Center, and each woman completed a written in-
formed consent document prior to her participa-
tion.

Assessment of physical activity

Bilingual (English/Spanish) interviewers used
standardized open-ended forms to record a de-
tailed description of each activity performed by
participants during a 24-hour period beginning
at 12:00 midnight the previous day. Follow-up in-
terviews were conducted approximately 1 week
later to obtain 24-hour recalls for the 2 previous
days (ensuring that 1 of the days was a weekend
day). The concurrent validity of the 24-hour phys-
ical activity recall method in women, using phys-
ical activity diaries as the comparison measure,
has been previously reported as r � 0.54 for
household activity, r � 0.74 for occupational ac-
tivity, and r � 0.68 for leisure time physical ac-
tivity.16

An activity-specific intensity code from the
Compendium of Physical Activities was assigned
to each activity episode recorded in the 24-hour
recall.17 The Compendium of Physical Activities
is a comprehensive list of physical activities with
corresponding estimates of intensity in metabolic
equivalent task units (METs), where 1 MET is
equal to the energy expended during quiet sit-
ting. The number of minutes spent in each re-
ported activity was multiplied by its MET inten-
sity and summed to calculate total daily energy
expenditure. Energy expenditure values were av-
eraged across the multiple physical activity re-
calls completed within the trimester. Average 
energy expenditure was also calculated within
categories of activity intensity and type. Intensity
categories were sedentary (�1.5 METs), light
(1.5–2.9 METs), moderate (3.0–6.0 METs), and
vigorous (�6.0 METs) and were based on the
Centers for Disease Control and Prevention-
American College of Sports Medicine (CDC-
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ACSM) position statement,18 modified to distin-
guish sedentary from light intensity activity.
Specifically, the sedentary activity category in-
cluded reading, writing, television viewing, and
sleeping. Categories of types of activity were
household/caregiving (includes self-care, house-
work, gardening, child care), occupational (in-
cludes occupational sitting, driving, standing,
walking with or without a load, and manual la-
bor), leisure (includes computer use, reading,
television viewing, games), sports and exercise,
transportation (includes riding in auto or bus, 
driving, walking for transportation), and sleep.

Covariate assessment

Interviewers collected information on a number
of sociodemographic variables using a structured
form including age, income, education, maternal
place of birth, and language preference. Race/eth-
nicity was classified based on self-report of race
and Hispanic origin. Self-reported prepregnancy
weight, height, and parity (defined as number of
live births) were also obtained. Body mass index
(BMI) was calculated as weight in kilograms di-
vided by height in meters squared.

Data analysis

All analyses were completed using the Statis-
tical Analysis System (SAS Institute, Cary, NC)
version 9.1. Mean, median, and interquartile en-
ergy expenditure values were calculated by both
activity type and intensity across trimesters and
across categories of age, race/ethnicity, educa-
tion, income, parity, and prepregnancy BMI. The
statistical significance of differences in estimates
across trimesters was assessed using the Kruskal-
Wallis test of rank-order differences.

Using logistic regression, we calculated odds
ratios (ORs) and 95% confidence intervals (CI) for
a high level (defined as the top quartile of
trimester-specific energy expenditure) of com-
bined moderate/vigorous energy expenditure,
total energy expenditure, and type-specific en-
ergy expenditure. Multivariate logistic regression
was used to statistically adjust for covariates
found to be statistically significantly associated
with a high level of activity in unadjusted mod-
els at p � 0.05. Tests of trend were calculated by
modeling ordinal subject characteristics as con-
tinuous variables (i.e., 1, 2, 3). Effect modification
by trimester of pregnancy was evaluated by in-

spection of stratum-specific ORs as well as by
evaluating significance of interaction terms via
chi-square likelihood ratio tests.

RESULTS

A total of 445 physical activity recalls were
completed by 250 participants, with an average
of 1.8 � 0.9 recalls obtained from each woman.
Approximately 52% of women in the first
trimester, 53% of women in the second trimester,
and 34% of women in the third trimester com-
pleted two or more physical activity recalls, with
the majority of these women (80% in first
trimester, 85% in second trimester, 84% in third
trimester) completing three recalls. Of the recalls
obtained, 93% were considered complete (at least
20 hours of information), with no differences ob-
served in completion rates among women in dif-
ferent trimesters. Overall, 31 recalls from 17 par-
ticipants were deemed incomplete and were
excluded, resulting in a final sample size of 233
women. Eleven percent of women were in the
first trimester, 36% were in the second trimester,
and 53% were in the third trimester. Participants
recorded an average of 16.5 � 5.7 activities per
day (range 5–35). Overall, 115 distinct physical
activities listed in the Compendium of Physical
Activities were reported.

Participants ranged in age from 16 to 39 years,
with a mean age of 26.2 years (Table 1). Overall,
more than one half of women were white non-His-
panic (54.0%), 28.5% were Hispanic, and 14.5%
were African American. Over half of women re-
ported a high school education or less (54.9%), and
approximately one quarter of participants (29.0%)
reported an annual household income of �$15,000.
Based on prepregnancy BMI values, 45.1% of wo-
men overall were classified as overweight or obese.
With the exception of a higher proportion of His-
panic women in the third trimester, the distribu-
tion of participant characteristics did not differ sig-
nificantly across trimesters. 

Median total energy expenditure (MET-
hours/day) was similar between women in the
first and second trimesters (33.4 and 33.8 MET-
hours/day, respectively) but was slightly, al-
though not statistically significantly, lower
among women in the third trimester (32.6 MET-
hours/day) (Table 2). Significantly lower levels
of sedentary intensity energy expenditure were
reported by women in the second trimester of
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pregnancy, and light intensity energy expendi-
ture was higher among women in the second and
third trimesters, although these differences were
not statistically significant. Median moderate in-
tensity energy expenditure was similar among
women in the first and second trimesters (2.3–2.5
MET-hours/day) but substantially lower among
women in the third trimester (0.8 MET-hours/
day) (p � 0.03). Participation in vigorous inten-
sity activity was low among women in each
trimester of pregnancy, with no more than 8% of
women in a given trimester reporting any vigor-
ous activity.

In terms of type of activity, the highest median
levels of energy expenditure in each trimester
were spent in household and caregiving activities
(Table 2). Median household/caregiving energy
expenditure was lower among women in the first
trimester (6.8 MET-hours/day) compared with

women in the third trimester women (12.5 MET-
hours/day) (p � 0.01). Occupational activity was
the only other type of activity that differed sub-
stantially between women in different trimesters,
with women in the first trimester reporting a me-
dian of 6.4 MET-hours/day compared with 0.0
MET-hours/day reported by women in the last
two trimesters of pregnancy (p � 0.01). These dif-
ferences were predominantly due to the higher
proportion of early pregnancy women who were
employed (60% in the first trimester) compared
with women in later pregnancy (33% in the third
trimester).

We then calculated the percent contribution of
specific activities to total energy expenditure (Table
3). Household/caregiving and occupational activ-
ity were the largest contributors to total energy ex-
penditure, although their relative contribution 
varied substantially across women in different
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TABLE 1. DESCRIPTIVE CHARACTERISTICS OF STUDY PARTICIPANTS, BY TRIMESTER OF PREGNANCY

First trimester Second trimester Third trimester
(n � 25) (n � 84) (n � 124)

Characteristic % %a %b p valuec

Age, years
16–19 8.0 9.9 21.5 0.12
20–24 32.0 34.6 25.6
25–29 36.0 22.2 29.8
30–39 24.0 33.3 23.1

Race/ethnicity
African American 20.0 19.5 9.9 0.001
Hispanic 16.0 14.6 40.5
White 60.0 61.0 47.9
Other 4.0 4.9 1.7

Education
�High school 28.0 17.1 24.8 0.64
High school graduate 28.0 36.6 30.6
Some tertiary education 44.0 46.3 44.6

Annual household income
�$15,000 20.0 25.6 33.1 0.31
$15,000–30,000 24.0 24.4 14.9
$�30,000 40.0 39.0 33.1
Don’t know/refused 16.0 11.0 19.0

Previous live births
0 44.0 45.1 41.4 0.68
1 20.0 31.7 30.2
�2 36.0 23.2 28.4

Prepregnancy BMI
�25.0 64.0 59.2 50.0 0.67
25.0–29.9 24.0 26.3 31.6
�30.0 12.0 14.5 18.4

aDenominator excludes missing values for age [n � 3 (3.6%)], race, education, income, parity [n � 2 (2.4%)], BMI 
[n � 8 (9.5%)].

bDenominator excludes missing values for age, race, education, income [n � 3 (2.4%)], parity [n � 8 (6.5%)], BMI 
[n � 10 (8.1%)].

cFisher exact probability test of differences across trimesters.
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trimesters, likely due to the noted differences in
employment status. For example, the contribution
of household/caregiving activity to total energy ex-
penditure was lowest in first trimester women
(23.8%) and highest in third trimester women
(39.6%), whereas the relative contribution of occu-
pational activity followed an opposite pattern, be-
ing highest among women in the first trimester
(25.4%) and lowest among women in the third
trimester (10.3%). The proportion of total energy
expenditure attributable to leisure and sports/ex-
ercise activity was relatively consistent among wo-
men in different trimesters. Because prior studies
have often observed health benefits for higher in-
tensity activities during pregnancy,5,7,8,19 we also
calculated the percent contribution of each type of
activity to total moderate and vigorous intensity ac-
tivity (Table 3). Again, household/caregiving and
occupational activity were the largest contributors
to moderate and vigorous intensity activity during
pregnancy, with the relative contribution of house-
hold/caregiving activity being substantially higher
among women in their last trimester compared
with women in their first trimester (64.5% vs.
22.0%). 

We then identified participant characteristics
associated with achieving a high level of moder-
ate and vigorous energy expenditure, defined as
being in the top quartile of energy expenditure for
a given trimester (Table 4). In unadjusted analy-
ses, increasing age (ptrend � 0.04) and level of ed-
ucation (ptrend � 0.001), white non-Hispanic eth-
nicity, and having one or more live births were
statistically significantly associated with having a
high level of moderate and vigorous energy ex-

penditure. Following adjustment for other co-
variates, women in younger age categories were
at increased, but not statistically significant, odds
for a high level of moderate and vigorous energy
expenditure. In addition, although point estimates
of the association between race/ethnicity and a
high level of moderate and vigorous energy ex-
penditure remained unchanged, associations
were no longer statistically significant following
adjustment for other covariates. Correlates of a
high level of total energy expenditure were com-
parable with those observed for moderate and
vigorous intensity activity. Effect modification by
trimester of pregnancy was not observed.

Associations between participant characteristics
and a high level of energy expenditure were also
calculated for each type of activity (Table 5). Hav-
ing one or more previous live births was most
strongly associated (OR 11.6, 95% CI 4.1, 32.3) with
a high level of household/caregiving energy ex-
penditure. Compared with white non-Hispanic
women, Hispanic (OR 0.3, 95% CI 0.1, 0.8) and
African American (OR 0.2, 95% CI 0.1, 0.8) women
were less likely to be classified as having a high
level of household/caregiving energy expendi-
ture. The odds of having a high level of occupa-
tional energy expenditure significantly increased
(ptrend � 0.04) with level of education but was de-
creased in Hispanic compared with white non-
Hispanic women and in women with one or more
previous live births. The likelihood of having high
levels of leisure activity, which primarily consisted
of sedentary and light intensity activities, was
higher in both Hispanic and African American wo-
men, as well as in women with less than a tertiary

SCHMIDT ET AL.914

TABLE 3. PERCENT OF TOTAL AND MODERATE/VIGOROUS ENERGY EXPENDITURE (MET-HOURS/DAY) AMONG

PREGNANT WOMEN ACCOUNTED FOR BY TYPE OF ACTIVITY ACCORDING TO TRIMESTER

First trimester (n � 25) Second trimester (n � 84) Third trimester (n � 124)
% % %

Total energy expenditurea 100.0 100.0 100.0
Household/caregiving 23.8 35.8 39.6
Occupational 25.4 17.4 10.3
Leisure 19.3 15.1 18.3
Sports/exercise 0.6 2.6 0.9
Transportation 4.6 5.7 5.4

Moderate and vigorous energy 100.0 100.0 100.0
expenditureb

Household/caregiving 22.0 36.9 64.5
Occupational 72.1 44.6 26.3
Leisure 2.1 3.9 2.4
Sports/exercise 3.8 14.6 6.8

aSleep accounted for the remaining 23%–26% of total energy expenditure across trimesters.
bMean transportation-related moderate/vigorous energy expenditure was zero across all trimesters.



level of education. Participant characteristics were
not significantly associated with sports/exercise
energy expenditure. Prepregnancy BMI was not
associated with high levels of any type of energy
expenditure for any activity type.

DISCUSSION

In this cross-sectional study of total physical
activity during pregnancy, we found that activ-
ity intensity and type varied significantly across
women in different trimesters of pregnancy.
Mean energy expenditure in moderate intensity
activity, which was similar between women in
the first and second trimesters, was approxi-
mately 45% lower among women in the third
trimester. Alternatively, mean household/care-

giving energy expenditure was markedly higher
among women in later pregnancy and was the
most important constituent of moderate/vigor-
ous activity expenditure during pregnancy. 

Increasing education and having a previous live
birth were associated with high levels of total, as
well as combined moderate and vigorous, energy
expenditure. However, when associations were ex-
amined by type of activity, a higher level of edu-
cation was primarily associated with increased oc-
cupational energy expenditure, whereas parity was
strongly and positively associated with house-
hold/caregiving energy expenditure and nega-
tively associated with occupational energy expen-
diture. Compared with white non-Hispanic
women, both Hispanic and African American wo-
men were less likely to have high levels of moder-
ate and vigorous intensity energy expenditure.

PHYSICAL ACTIVITY PATTERNS IN PREGNANCY 915

TABLE 4. UNADJUSTED AND MULTIVARIATE ADJUSTED ORS AND 95% CIS FOR ASSOCIATION BETWEEN PARTICIPANT

CHARACTERISTICS AND HIGH LEVELa OF ENERGY EXPENDITURE (MET-HOURS/DAY) DURING PREGNANCY

Moderate and vigorous Total physical activity
energy expenditure energy expenditure

Unadjusted Adjustedb Unadjusted Adjustedb

Characteristic OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age, years
16–19 0.2 (0.1, 0.8) 1.4 (0.3, 7.0) 0.1 (0.0, 0.6) 0.8 (0.1, 5.0)
20–24 0.7 (0.3, 1.5) 2.0 (0.7, 5.6) 0.5 (0.2, 1.1) 1.4 (0.5, 3.7)
25–29 1.1 (0.5, 2.4) 1.9 (0.8, 4.6) 1.0 (0.5, 2.2) 1.6 (0.7, 3.9)
30–39 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000

p value for linear trend 0.04 0.32 0.001 0.79
Race

White non-Hispanic 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
Hispanic 0.4 (0.2, 0.8) 0.4 (0.2, 1.1) 0.3 (0.1, 0.6) 0.3 (0.1, 0.8)
African American 0.3 (0.1, 0.8) 0.3 (0.1, 1.1) 0.5 (0.2, 1.3) 0.8 (0.3, 2.4)

Education
�High school 0.3 (0.1, 0.7) 0.3 (0.1, 0.9) 0.1 (0.0, 0.4) 0.2 (0.1, 0.7)
High school graduate 0.3 (0.1, 0.6) 0.3 (0.1, 0.8) 0.3 (0.2, 0.7) 0.4 (0.2, 1.0)
Some tertiary education 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000

p value for linear trend �0.001 0.01 �0.001 �0.01
Annual household income

�$15,000 0.6 (0.3, 1.3) 2.1 (0.7, 6.4) 0.5 (0.2, 1.0) 1.4 (0.5, 4.1)
$15,001–30,000 0.9 (0.4, 1.9) 2.5 (0.9, 7.0) 0.8 (0.3, 1.7) 1.8 (0.6, 5.0)
$�30,000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
Don’t know/refused 0.4 (0.1, 1.1) 1.0 (0.3, 3.6) 0.4 (0.2, 1.1) 0.8 (0.2, 2.9)

p value for linear trendc 0.21 0.34 0.05 0.37
Previous live births

0 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
�1 2.5 (1.3, 4.8) 2.8 (1.4, 6.0) 2.9 (1.5, 5.7) 3.9 (1.8, 8.5)

Prepregnancy BMI, kg/m2

�25.0 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
25.0–29.9 0.5 (0.2, 1.1) 0.5 (0.2, 1.2) 0.5 (0.2, 1.0) 0.6 (0.2, 1.4)
�30.0 2.0 (0.9, 4.3) 2.3 (0.9, 5.9) 1.0 (0.4, 2.3) 0.8 (0.3, 2.3)

p value for linear trend 0.35 0.27 0.51 0.50

aIn the top quartile of trimester-specific energy expenditure.
bAdjusted for age, race, education, and previous live births.
c“Don’t know/refused” category excluded.



Taken together, household/caregiving and oc-
cupational activity comprised approximately
49%–53% of total energy expenditure and 81%–
94% of moderate/vigorous energy expenditure
during pregnancy, depending on the trimester.
The relative contribution of household/caregiv-
ing activity to both total and moderate/vigorous
energy expenditure was highest among women
in later pregnancy, and the contribution of occu-
pational activity was highest among women in
earlier pregnancy. This may be due, in part, to re-
duced participation in occupational tasks in later
pregnancy. Sports/exercise activity, which has
been the focus of most prior studies of pregnancy
physical activity, contributed very little to total
energy expenditure and only modestly to mod-
erate/vigorous energy expenditure. These results
are in general agreement with two prior studies
conducted in nonpregnant populations.20,21

Prior studies of physical activity have focused
largely on correlates of sports/exercise during preg-
nancy and have identified increasing level of in-
come,11,14 younger12–14 or older11 age, and nulli-
parity11,12,14 as factors associated with increased
participation. Consistent with previous studies, wo-
men in the current study who had higher levels of
income, were nulliparous, and were white non-His-
panic were more likely to have a high level of
sports/exercise energy expenditure. In addition,
older rather than younger women were most likely
to have high levels of sports/exercise participation.
These findings, however, were not statistically sig-
nificant likely because of the low prevalence of
sports/exercise participation in the current study.

To our knowledge, prior studies have not re-
ported the correlates of household or occupational
physical activity among pregnant women. How-
ever, in a sample of 2636 nonpregnant female
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TABLE 5. MULTIVARIATE ADJUSTED ORS AND 95% CIS FOR ASSOCIATION BETWEEN PARTICIPANT CHARACTERISTICS AND

HIGH LEVELa OF TYPE-SPECIFIC ENERGY EXPENDITURE (MET-HOURS/DAY) DURING PREGNANCY

Household/
caregiving Occupational Leisure Sports/exercise
adjustedb adjustedb adjustedb adjustedb

Characteristic OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age, years
16–19 0.4 (0.1, 2.4) 1.0 (0.2, 4.4) 0.4 (0.1, 1.4) 0.7 (0.1, 3.1)
20–24 0.9 (0.3, 2.8) 1.3 (0.5, 3.5) 0.6 (0.2, 1.7) 0.6 (0.2, 1.8)
25–29 1.6 (0.6, 4.0) 1.6 (0.7, 3.7) 0.6 (0.2, 1.6) 0.2 (0.1, 0.7)
30–39 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000

p value for linear trend 0.43 0.82 0.20 0.54
Race

White non-Hispanic 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
Hispanic 0.3 (0.1, 0.8) 0.4 (0.2, 1.0) 2.2 (1.0, 5.1) 0.5 (0.1, 1.4)
African American 0.2 (0.1, 0.8) 0.8 (0.3, 2.2) 2.4 (1.0, 5.9) 0.8 (0.2, 2.4)

Education
�High school 1.0 (0.3, 3.3) 0.3 (0.1, 1.1) 2.4 (0.9, 6.5) 0.9 (0.2, 3.4)
High school graduate 0.9 (0.4, 2.4) 0.5 (0.2, 1.2) 2.4 (1.1, 5.5) 0.9 (0.3, 2.5)
Some tertiary education 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000

p value for linear trend 0.97 0.04 0.07 0.82
Annual household income

�$15,000 1.1 (0.3, 3.3) 0.6 (0.2, 1.7) 0.7 (0.3, 2.0) 0.8 (0.2, 2.9)
$15,001–30,000 0.8 (0.2, 2.6) 1.9 (0.7, 5.0) 0.3 (0.1, 0.9) 1.0 (0.3, 3.3)
$�30,000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
Don’t know/refused 1.1 (0.3, 3.8) 0.4 (0.1, 1.7) 0.9 (0.3, 2.8) 0.7 (0.2, 2.6)

p value for linear trendc 0.94 0.35 0.36 0.95
Previous live births

0 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
�1 11.6 (4.1, 32.3) 0.5 (0.3, 1.0) 0.6 (0.3, 1.1) 0.7 (0.3, 1.6)

Prepregnancy BMI, kg/m2

�25.0 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000 1.0 (Ref)000
25.0–29.9 0.9 (0.4, 2.3) 0.7 (0.3, 1.5) 0.7 (0.3, 1.7) 1.0 (0.4, 2.6)
�30.0 1.8 (0.6, 5.2) 0.4 (0.2, 1.3) 1.4 (0.5, 3.6) 0.6 (0.2, 2.2)

p value for linear trend 0.37 0.11 0.74 0.55

aIn the top quartile of trimester-specific energy expenditure.
bAdjusted for age, race, education, and previous live births.
c“Don’t know/refused” category excluded.



members of a large health maintenance organiza-
tion aged 20–65 years, Sternfeld et al.22 observed
significant associations between the number of
children under the age of 5 years, Hispanic eth-
nicity, and older age and a high level of partici-
pation in household/caregiving activity. Consis-
tent with these findings, in the current study, we
observed a positive association between parity and
household/caregiving activity. However, we did
not observe consistent associations for age and, in
contrast to Sternfeld et al., observed that Hispanic
women were less, as opposed to more, likely to
participate in household/caregiving activities
compared with white non-Hispanic women. Dis-
crepancies in findings may be due to the pregnant
state of the study population or, in part, to the het-
erogeneity of the Hispanic population. In the cur-
rent study, Hispanic women were predominantly
Caribbean Islanders (e.g., Puerto Ricans and Do-
minican Republicans) as opposed to Mexican
Americans in the study by Sternfeld et al.22

In terms of occupational activity, Sternfeld et
al.22 found that having a high school level of edu-
cation or less was associated with higher levels of
occupational activity among nonpregnant women.
In contrast to these findings, we observed a posi-
tive association between increasing education and
occupational activity. However, Sternfeld et al. re-
stricted the analysis of occupational activity to
those employed. Given the high proportion of un-
employed women in our sample, our observation
of a positive association between education and oc-
cupational activity may simply reflect an increased
likelihood of remaining employed during preg-
nancy among those with higher levels of education.

This study has several limitations. The reduced
sample sizes in the first and second trimesters
limited our power to make inferences regarding
differences in activity levels between trimesters
of pregnancy. For example, the lack of observed
differences in total activity levels between women
in different trimesters may have been due to the
smaller numbers of women in the first and sec-
ond trimesters. However, for those activity do-
mains for which we did observe statistically sig-
nificant differences between trimesters, in spite of
small sample sizes (i.e., for moderate, sedentary,
household, and occupational activities), we can
be reasonably confident that these differences
were not due to chance. Another study limitation
stems from the complexity of physical activity be-
havior, such as the day-to-day variability in ac-
tivity patterns and between-person variation in

the intensity at which activities are performed,
which make it difficult to accurately measure
physical activity in free-living humans. However,
by recording the previous day’s activities during
the pregnancy, as opposed to relying on recall af-
ter delivery, inaccuracies caused by memory er-
ror were likely reduced. Study interviewers were
trained to use memory cues to elicit more precise
information and ensure the completeness of each
recall. Finally, the open-ended nature of the 24-
hour recall helps to ensure that important phys-
ical activities are not missed; this is particularly
important for a population, such as pregnant
women, whose activity habits have not been well
characterized. Nonetheless, imprecision in phys-
ical activity assessment, especially for women
who did not complete multiple recalls, likely led
to an attenuation of our findings.

The cross-sectional nature of the study design
precluded prospectively following individual par-
ticipants over the course of pregnancy, and 
we were, therefore, unable to assess longitudinal
trends over pregnancy. Because of this study de-
sign, trimester differences in physical activity could
be due to differences in participant characteristics.
For example, although most self-reported charac-
teristics were similar between women in different
trimesters, a significantly higher proportion of wo-
men in the third trimester were of Hispanic eth-
nicity. In general, however, relative differences in
trimester-specific estimates of physical activity
were similar when examined within categories of
race/ethnicity (data not shown), although these
differences may not have been statistically signifi-
cant because of the reduced sample sizes. 

Participants in this study were healthy women
of diverse socioeconomic and racial/ethnic back-
grounds who received prenatal care while un-
dergoing a singleton pregnancy. Care should be
taken in generalizing results to pregnant women
not receiving prenatal care.

CONCLUSIONS

To our knowledge, this is the first study to ex-
amine the frequency, intensity, and duration of
total physical activity during pregnancy. Physi-
cal activity patterns in this economically and
racially diverse sample of pregnant women var-
ied significantly between women in different
trimesters. Mean energy expenditure in moder-
ate intensity activity and occupational activity
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was lower in women in later trimesters, whereas
household/caregiving energy expenditure was
higher. Overall, total energy expenditure was
highest in white non-Hispanic women and posi-
tively associated with increasing education and a
history of previous live births. Correlates of en-
ergy expenditure varied significantly between
different types of activity, with a history of pre-
vious live birth strongly and positively associated
with household/caregiving energy expenditure
but negatively associated with occupational en-
ergy expenditure. Results from this study high-
light the importance of including household/
caregiving and occupational activities in addition
to sports/exercise activities in the assessment of
total energy expenditure during pregnancy.
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