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Abstract

Background: Sedentary behavior is associated with adverse health outcomes in the general population. Whether
sedentary behavior during pregnancy is associated with newborn outcomes, such as birth size, is not established,
and previous studies have been inconsistent. While previous research suggests that male and female fetuses
respond differently to maternal behaviors, such as physical activity, the role of infant sex in sedentary behavior-birth
size associations has not been examined.

Methods: Participants in the Omega study, a cohort in Washington State (1996–2008), reported leisure time sedentary
behavior (non-work time spent sitting), light intensity physical activity, and moderate/vigorous leisure time physical
activity duration in the year before pregnancy (N = 1373) and in early pregnancy (N = 1535, mean 15 weeks). Offspring
birth size was abstracted from delivery records. Non-parametric calibration weighting was used to assign adjustment
weight (matching the distribution of sociodemographic and medical characteristics of the full cohort (N = 4128)) to
participants with available sedentary behavior data. Weighted linear regression models were used to estimate mean
differences in offspring birthweight, head circumference, and ponderal index (birthweight/length3) associated with
leisure time sedentary behavior. Regression models were run overall and stratified by offspring sex. Isotemporal
substitution modeling was used to determine mean differences in birthweight associated with replacing sedentary
behavior with light or moderate/vigorous physical activity.

Results: On average, women spent 2.3 and 2.6 h/day in leisure time sedentary behavior during pre- and early pregnancy,
respectively. There were no associations of pre-pregnancy leisure time sedentary behavior with mean birthweight, head
circumference, or ponderal index (adjusted β = − 12, 95% CI: -28, 4.1; β = 0.0, 95% CI: -0.04, 0.1; and β = 0.1, 95% CI: -0.2,
0.4, respectively). Early pregnancy sedentary behavior was not associated with mean birth size. Associations of sedentary
behavior with mean birth size did not differ by offspring sex. Replacing sedentary time with light or moderate/vigorous
physical activity was not associated with mean birthweight.

Conclusions: We did not observe associations of maternal sedentary behavior during pre- or early pregnancy with mean
offspring birth size. Pre-pregnancy and early pregnancy sedentary behavior may have important adverse effects on
maternal health, but our results do not support associations with mean offspring birth size.
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Background
A growing body of literature has identified prolonged
sedentary behavior (low energy expenditure waking be-
havior while in a sitting, reclining, or lying posture [1]),
independent of moderate to vigorous leisure time
physical activity, as a risk factor for mortality, diabetes
mellitus, and cardiovascular disease [2, 3]. Recognizing
the adverse health impact of sedentary behavior, the
American Heart Association recently issued an advisory
to “Sit less, move more” [4], and the American College
of Sports Medicine issued recommendations for reduc-
tion of total time spent in sedentary behavior in addition
to regular physical activity [5].
Similar to the general population, pregnant women

may spend as much as half of their day being sedentary
[6, 7]. Sedentary behavior during pregnancy has been as-
sociated with increased risk for gestational diabetes
mellitus [8], a strong risk factor for macrosomia [9]. The
adverse cardiometabolic changes associated with mater-
nal sedentary behavior, including increased blood pres-
sure and triglycerides in addition to changes in glucose
metabolism [10], may affect the intrauterine environ-
ment and fetal development. An altered intrauterine en-
vironment may adversely affect fetal nutrition in the
short term, possibly resulting in increased risk for fetal
overgrowth, and programming of somatotrophic axes
regulating metabolism and postnatal growth in the long
term [11].
Previous reports of associations of maternal sedentary

behavior during pregnancy and offspring birth size, an
indicator of newborn health and risk of future dis-
ease, have been inconsistent. Both low and high birth-
weight and high ponderal index are associated with
greater risk of obesity and cardiovascular disease in
later life [12–14]. Smaller head circumference is asso-
ciated with impaired neurological development and
lower intelligence in childhood [15]. Several studies
have observed associations of sedentary behavior dur-
ing pregnancy and lower birthweight [16, 17], while
another study has observed increased risk of offspring
macrosomia [18]; however, other studies have found
no associations [19–21]. All previous studies have
considered sedentary behavior independently from
other leisure time activities, such as light intensity or
moderate/vigorous intensity physical activity, which
sedentary behavior may be replacing. Leisure time
sedentary behavior, light intensity physical activity,
and moderate/vigorous physical activity can be con-
sidered together using substitution modeling as a
more informative approach to the relationship be-
tween leisure time behaviors. This approach considers
substitution of one type of activity for another, rather
than independent associations of each type of activity
in single activity regression models. Moreover, despite

sex-specific fetal growth patterns [15] and sex-specific
differences in response to changes in the intrauterine
environment [16] and maternal behaviors, such as
physical activity [17], the role of infant sex in associa-
tions of sedentary behavior and offspring birth size
has not been examined.
The objective of this study was to investigate associa-

tions of maternal pre-pregnancy and early pregnancy
leisure time sedentary behavior (measured using TV
watching and quiet activities done while sitting) with off-
spring birth size using single activity regression models
and substitution modeling, and to examine if associa-
tions differ by offspring sex.

Methods
Study setting and study population
Data from the Omega study, a prospective pregnancy
cohort, were used for this analysis. Details about the
study design and data collection have been published
previously [22]. Briefly, pregnant women were recruited
from clinics associated with Swedish Medical Center and
Tacoma General Hospital in Washington State from
1996 to 2008. Women were eligible to participate in the
Omega study if they were at least 18 years old, were able
to speak and read English, initiated prenatal care prior
to 20 weeks gestation, and planned to carry the
pregnancy to term and deliver at one of the two study
hospitals. Of 5063 eligible women who were approached,
4602 agreed to participate (91%). The Omega study was
approved by the Institutional Review Boards of Swedish
Medical Center and Tacoma General Hospital. All
participants gave written informed consent.
Sedentary behavior data are limited to participants

who enrolled in the Omega study between 2003 and
2008, as information on sedentary behavior was only
collected during this period of the study (N = 1484 for
pre-pregnancy, N = 1658 for early pregnancy). Partici-
pants with sedentary behavior data, live singleton births,
and available data on birthweight were included in the
current analyses (N = 1406 for pre-pregnancy, N = 1568
for early pregnancy). Participants with missing data for
smoking (N = 11), alcohol use (N = 16), or other covari-
ates (N = 6) were excluded. A total of 1373 study partici-
pants remained for pre-pregnancy analyses and 1535
remained for early pregnancy analyses after these exclu-
sions (Table 1).

Data collection
Study participants completed an in-person structured
interview with a trained study interviewer at an average
of 15 weeks gestation. Information collected during the
interview included sociodemographic characteristics
(maternal age, race, marital status), reproductive and
medical history (parity, height, pre-pregnancy weight),
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and behaviors before and during pregnancy (sedentary
behavior, physical activity, smoking and alcohol use).
Participants were followed until delivery, and study
personnel abstracted medical records for information on
course and outcomes of the pregnancy (birth size, gesta-
tional age at delivery, and offspring sex). Pre-pregnancy
body mass index (BMI) was calculated using reported
height and pre-pregnancy weight and categorized ac-
cording to standard cutoffs (underweight: < 18.5 kg/m2,
normal: 18.5–24.9 kg/m2, overweight: 25–29.9 kg/m2,
obese: ≥30 kg/m2).

Sedentary behavior
Pre-pregnancy leisure time sedentary behavior was
assessed using the following questions: 1) “In the year
before you became pregnant, how many hours per day
did you sit quietly and watch TV?” and 2) “In the year
before you became pregnant, how many hours per day
did you sit quietly and perform an activity such as

reading or knitting?”. Early pregnancy leisure time
sedentary behavior was assessed using the same ques-
tions but for the period of time since becoming preg-
nant. Total leisure time sedentary behavior per day
was calculated by summing responses for these two
questions, separately for pre-pregnancy and early
pregnancy. Participants were also categorized into
groups based on quartiles of pre-pregnancy sedentary
behavior as well as quartiles of early pregnancy sed-
entary behavior.

Birth size
Birthweight (g), head circumference (cm), and birth
length (cm) were abstracted from infant medical re-
cords. Measurements were made immediately after
birth and recorded to the nearest 0.5 cm and 1 g by
hospital personnel. Ponderal index (kg/m3) was calcu-
lated using birthweight and birth length (birthweight/
birth length3).

Table 1 Maternal and offspring characteristics of the full Omega cohort and participants included in the current pre-pregnancy and
early pregnancy analyses

Full Omega cohort
(n = 4128)

Pre-pregnancy analysis
(n = 1373)

Early pregnancy analysis
(n = 1535)

Maternal characteristics

Age (years), mean (SD) 33 (5) 33 (4) 33 (4)

Non-Hispanic white race, n (%) 3504 (85) 1196 (87) 1329 (87)

High school education or more, n (%) 3733 (96) 1337 (97) 1496 (97)

Married, n (%) 3746 (91) 1263 (92) 1417 (92)

Nulliparous, n (%) 2510 (61) 803 (58) 894 (58)

Pre-pregnancy BMI, n (%)

Underweight (< 18.5 kg/m2) 76 (2) 28 (2) 31 (2)

Normal weight (18.5–24.9 kg/m2) 2961 (72) 997 (73) 1121 (73)

Overweight (25–29.9 kg/m2) 700 (17) 250 (18) 273 (18)

Obese (≥30 kg/m2) 391 (9) 98 (7) 110 (7)

Total gestational weight gain (kg), mean (SD) 14 (5) 14 (4) 14 (5)

Maternal behaviors

Smoking during pregnancy, n (%) 225 (6) 71 (5) 80 (5)

Alcohol use during pregnancy, n (%) 375 (9) 167 (12) 172 (11)

Pre-pregnancy sedentary time (hours per day),
mean (SD)

2.3 (1.4) 2.3 (1.3) 2.3 (1.3)

Early pregnancy sedentary time (hours per day),
mean (SD)

2.6 (1.6) 2.7 (1.6) 2.6 (1.5)

Pre-pregnancy moderate/vigorous leisure time
physical activity (hours per week), median (IQR)

4.3 (5.4) 4.5 (4.7) 4.4 (4.6)

Early pregnancy moderate/vigorous leisure time
physical activity (hours per week), median (IQR)

3.0 (5.7) 2.3 (3.6) 2.3 (3.8)

Offspring characteristics

Birthweight (grams), mean (SD) 3449 (555) 3447 (524) 3440 (534)

Gestational age at delivery (weeks), mean (SD) 39 (2) 39 (2) 39 (2)

Male, n (%) 2110 (51) 738 (54) 830 (54)
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Statistical analysis
Maternal characteristics, maternal behaviors, and off-
spring characteristics were summarized for the full
Omega cohort, the pre-pregnancy analytic population,
and the early pregnancy analytic population. Continuous
variables were described using mean and standard
deviation. Categorical variables were described using fre-
quency and percentage.
Participants with available data for pre-pregnancy or

early pregnancy sedentary behavior were assigned adjust-
ment weights (to match the distribution of age, race,
parity, pre-pregnancy BMI, and marital status of partici-
pants with live, singleton births and available birthweight
data in the full Omega study cohort, N = 4128) using
non-parametric calibration weighting [23]. This missing
data approach increases the precision of estimates over a
complete case analysis because it uses information from
the full study cohort [24]. Weighted linear regression
was used to estimate mean differences and 95% confi-
dence intervals (CI) for birthweight, head circumference,
and ponderal index for maternal sedentary behavior as a
continuous and categorical (quartiles) exposure. Models
were run separately for pre-pregnancy and early
pregnancy. Sedentary behavior quartiles were also mod-
eled as a continuous variable to determine P values for
linear trend. Regression models were adjusted for
maternal age, race (white/non-white), nulliparity (Y/N),
at least high school education (Y/N), married (Y/N),
pre-pregnancy BMI category (underweight/normal
weight/overweight/obese), smoking during pregnancy
(Y/N), alcohol use during pregnancy (Y/N), moderate to
vigorous leisure time physical activity (quartiles) in
pre-pregnancy or early pregnancy (depending on expos-
ure), gestational age at delivery (weeks), and offspring
sex. Models were also run stratified by offspring sex.
Two-way multiplicative interaction terms and corre-
sponding P values were used to assess interaction by off-
spring sex.
We also conducted isotemporal substitution modeling

analyses [25] to determine mean differences in offspring
birthweight associated with replacing leisure time seden-
tary behavior with light physical activity or moderate/
vigorous physical activity. For these analyses, light phys-
ical activity duration was calculated from reported activ-
ities with a metabolic equivalent of task (MET) value < 3
[26]. The models contain terms for total leisure time
duration (calculated as the sum of average leisure time
moderate/vigorous physical activity, light physical activ-
ity, and sedentary behavior), moderate/vigorous leisure
time physical activity duration, and light leisure time
physical activity duration, and covariates listed previ-
ously. Models were run separately for pre-pregnancy and
early pregnancy. Results from this model are interpreted
as the mean change in birthweight of increasing one

parameter (hours per week of light or moderate/vigorous
physical activity) at the expense of time spent in seden-
tary behavior (the component of total leisure time not
included as a variable in the model), while keeping the
other variables constant. Isotemporal substitution
models were also stratified by low/high sedentary time.
High sedentary time was defined using the median
sedentary time (14 h/week in pre-pregnancy, 17 h/week
in early pregnancy). Two way multiplicative interaction
terms and corresponding P values were used to assess
interaction by low/high sedentary time.
A two-sided alpha level of 0.05 was used for statis-

tical significance in all analyses. Analyses were per-
formed using SAS 9.4 (SAS Institute Inc., Cary NC)
and R 3.0.2 [27].

Results
Omega participants were 33 years old, on average. The
majority were non-Hispanic white, married, and 97%
had more than a high school education (Table 1).
Women spent about 2 h per day in sedentary time
pre-pregnancy and about 3 h in sedentary time during
early pregnancy. Pre-pregnancy and early pregnancy sed-
entary time were strongly correlated (ρ = 0.6). Character-
istics were similar for participants included in
pre-pregnancy or early pregnancy analyses and partici-
pants in the full Omega study.
Although mean offspring birthweight was lower by

12 g (95% CI: -28, 4.1) for each additional hour spent in
pre-pregnancy sedentary behavior, there were no statisti-
cally significant associations between pre-pregnancy
leisure time sedentary behavior or early pregnancy
leisure time sedentary behavior and mean offspring
birthweight (Table 2). There were no associations of
pre-pregnancy or early pregnancy leisure time sedentary
behavior with mean head circumference or ponderal
index. Associations of pre-pregnancy or early pregnancy
sedentary behavior with mean birth size were similar in
male and female offspring (Table 3).
Similarly, there were no statistically significant associa-

tions of replacing leisure time sedentary behavior with
light physical activity or moderate/vigorous physical
activity with mean offspring birthweight (Table 4). Esti-
mates for differences in mean birthweight associated
with replacing leisure time sedentary behavior with light
physical activity or moderate/vigorous physical activity
were similar in women with low or high levels of seden-
tary time.

Discussion
In our study, we did not observe associations between
pre-pregnancy or early pregnancy leisure time sedentary
behavior and mean offspring birth size. Replacing seden-
tary behavior with light or moderate/vigorous physical
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activity was also not associated with mean offspring
birth size. In addition, we did not observe effect modifi-
cation of associations by offspring sex.
Our findings are similar to several [19–21], but not all

[16–18], reports. Prospective cohort studies of singleton
births in the United Kingdom [19], the Netherlands [20],
and India [21], with either objectively measured or
self-reported sedentary behavior in early, mid, and late
pregnancy did not find associations between duration of
sedentary time or percent of total time spent in seden-
tary behavior and mean birthweight or macrosomia.
These studies were small, with study sizes ranging from
111 to 546 participants, and may not have been ad-
equately powered to detect smaller, but still clinically
important differences in birthweight associated with ma-
ternal sedentary behavior. A larger prospective cohort
study of singleton births (N = 11,759) in the United
Kingdom by Hayes et al. found that a sedentary lifestyle

in early and mid-pregnancy was associated with 21 g
(95% CI: -3.5, − 40) and 22 g (95% CI: -3.7, − 40) lower
mean offspring birthweight, respectively, compared to an
active lifestyle [16]. In this study by Hayes et al., seden-
tary behavior was characterized by self-report of ‘mostly
sitting’ during the day, and did not quantify duration of
sedentary behavior. A case-control study in Brazil
reported 30% increased risk for intrauterine growth re-
striction (OR = 1.30; 95% CI: 1.27, 1.31) associated with
sedentary behavior during mid-pregnancy [17], but the
increased risk observed may be an overestimate due to
absence of control for confounding variables. A
cross-sectional study in Ireland reported that women
who delivered macrosomic infants spend 2.0 more hours
(95% CI: 0.3, 3.7) in sedentary time during late preg-
nancy compared to women who delivered normal weight
infants [18]. In that study, sedentary behavior included
sleep, which is also associated with offspring birth size

Table 2 Associations of pre-pregnancy and early pregnancy sedentary time with offspring birth size

N Mean differencea

(95% CI)
N Mean differencea

(95% CI)

Birthweight (g)

Pre-pregnancy sedentary time (hours/day) Early pregnancy sedentary time (hours/day)

Continuous (hrs) 1373 −12 (−28, 4.1) Continuous (hrs) 1535 −0.8 (−15, 13)

Quartile 1 (0.0–1.4) 327 Reference Quartile 1 (0.0–1.5) 418 Reference

Quartile 2 (1.5–2.0) 409 −29 (−90, 31) Quartile 2 (1.6–2.4) 340 11 (−48, 69)

Quartile 3 (2.1–2.9) 220 −46 (− 119, 26) Quartile 3 (2.5–3.1) 395 16 (−42, 75)

Quartile 4 (3.0–13) 417 −51 (− 114, 11) Quartile 4 (3.2–13) 382 −18 (−80, 44)

P for trend 0.11 P for trend 0.64

Head circumference (cm)

Pre-pregnancy sedentary time (hours/day) Early pregnancy sedentary time (hours/day)

Continuous (hrs) 1362 0.0 (−0.04, 0.1) Continuous (hrs) 1524 0.1 (−0.03, 0.2)

Quartile 1 (0.0–1.4) 323 Reference Quartile 1 (0.0–1.5) 413 Reference

Quartile 2 (1.5–2.0) 405 0.2 (−0.1, 0.6) Quartile 2 (1.6–2.4) 338 −0.2 (− 0.5, 0.1)

Quartile 3 (2.1–2.9) 220 0.6 (0.2, 0.9) Quartile 3 (2.5–3.1) 393 0.1 (−0.2, 0.4)

Quartile 4 (3.0–13) 414 0.1 (−0.2, 0.4) Quartile 4 (3.2–13) 380 0.1 (−0.3, 0.5)

P for trend 0.45 P for trend 0.40

Ponderal index (kg/m3)b

Pre-pregnancy sedentary time (hours/day) Early pregnancy sedentary time (hours/day)

Continuous (hrs) 1364 0.1 (− 0.2, 0.4) Continuous (hrs) 1525 0.0 (− 0.3, 0.4)

Quartile 1 (0.0–1.4) 324 Reference Quartile 1 (0.0–1.5) 414 Reference

Quartile 2 (1.5–2.0) 406 0.6 (−0.5, 1.6) Quartile 2 (1.6–2.4) 339 −1.5 (−3.1, 0.2)

Quartile 3 (2.1–2.9) 219 0.5 (−0.7, 1.7) Quartile 3 (2.5–3.1) 392 −0.8 (−2.5, 0.8)

Quartile 4 (3.0–13) 415 0.6 (−0.2, 1.5) Quartile 4 (3.2–13) 380 −0.7 (− 2.5, 1.0)

P for trend 0.25 P for trend 0.53
aModel is adjusted for maternal age (years), white race, nulliparity, pre-pregnancy BMI category (underweight/normal weight/overweight/obese), high school
education or more, marital status (married/single), smoking during pregnancy, alcohol use during pregnancy, gestational age at delivery (weeks), offspring sex,
and pre-pregnancy moderate/vigorous leisure time physical activity duration (quartiles) for pre-pregnancy sedentary time analyses or early pregnancy moderate/
vigorous leisure time physical activity duration (quartiles) for early pregnancy sedentary time analyses
bResults are excluding outliers for ponderal index (> 400 kg/m3)
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Table 3 Associations of pre-pregnancy and early pregnancy sedentary time with offspring birth size by offspring sex

Females Males

N Mean differencea

(95% CI)
N Mean differencea

(95% CI)

Birthweight (g)

Pre-pregnancy sedentary time (hours/day) Pre-pregnancy sedentary time (hours/day)

Continuous (hrs) 635 −9.9 (− 29, 9.6) Continuous (hrs) 738 −14 (− 41, 13)

Quartile 1 (0.0–1.4) 139 Reference Quartile 1 (0.0–1.4) 188 Reference

Quartile 2 (1.5–2.0) 186 −6.8 (− 96, 84) Quartile 2 (1.5–2.0) 223 − 39 (− 120, 43)

Quartile 3 (2.1–2.9) 105 −68 (− 175, 39) Quartile 3 (2.1–2.9) 115 −14 (− 110, 83)

Quartile 4 (3.0–13) 205 −54 (− 145, 37) Quartile 4 (3.0–13) 212 −38 (− 124, 48)

P for trend 0.15 P for trend 0.52

P for interaction continuous = 0.37, quartiles = 0.70

Early pregnancy sedentary time (hours/day) Early pregnancy sedentary time (hours/day)

Continuous (hrs) 705 1.8 (−17, 21) Continuous (hrs) 830 −1.1 (−22, 20)

Quartile 1 (0.0–1.5) 190 Reference Quartile 1 (0.0–1.5) 228 Reference

Quartile 2 (1.6–2.4) 145 44 (−46, 135) Quartile 2 (1.6–2.4) 195 −14 (− 88, 61)

Quartile 3 (2.5–3.1) 195 44 (−44, 132) Quartile 3 (2.5–3.1) 200 5.7 (−70, 81)

Quartile 4 (3.2–13) 175 −4.4 (− 96, 88) Quartile 4 (3.2–13) 207 − 17 (− 102, 68)

P for trend 0.97 P for trend 0.81

P for interaction continuous = 0.45, quartiles = 0.71

Head circumference (cm)

Pre-pregnancy sedentary time (hours/day) Pre-pregnancy sedentary time (hours/day)

Continuous (hrs) 631 0.0 (−0.04, 0.1) Continuous (hrs) 731 0.1 (− 0.1, 0.2)

Quartile 1 (0.0–1.4) 138 Reference Quartile 1 (0.0–1.4) 185 Reference

Quartile 2 (1.5–2.0) 184 0.5 (0.02, 0.9) Quartile 2 (1.5–2.0) 221 0.1 (−0.4, 0.5)

Quartile 3 (2.1–2.9) 105 0.7 (0.3, 1.2) Quartile 3 (2.1–2.9) 115 0.5 (− 0.1, 1.1)

Quartile 4 (3.0–13) 204 0.1 (−0.3, 0.4) Quartile 4 (3.0–13) 210 0.2 (−0.3, 0.7)

P for trend 0.99 P for trend 0.29

P for interaction continuous = 0.84, quartiles = 0.51

Early pregnancy sedentary time (hours/day) Early pregnancy sedentary time (hours/day)

Continuous (hrs) 701 0.1 (−0.1, 0.2) Continuous (hrs) 823 0.0 (−0.1, 0.2)

Quartile 1 (0.0–1.5) 189 Reference Quartile 1 (0.0–1.5) 224 Reference

Quartile 2 (1.6–2.4) 145 0.1 (−0.3, 0.5) Quartile 2 (1.6–2.4) 193 −0.4 (− 0.9, 0.1)

Quartile 3 (2.5–3.1) 193 0.3 (−0.1, 0.6) Quartile 3 (2.5–3.1) 200 0.0 (−0.5, 0.5)

Quartile 4 (3.2–13) 174 0.1 (−0.3, 0.6) Quartile 4 (3.2–13) 206 0.0 (−0.6, 0.6)

P for trend 0.45 P for trend 0.62

P for interaction continuous = 0.48, quartiles = 0.34

Ponderal index (kg/m3)b

Pre-pregnancy sedentary time (hours/day) Pre-pregnancy sedentary time (hours/day)

Continuous (hrs) 691 0.2 (− 0.2, 0.6) Continuous (hrs) 733 0.0 (−0.3, 0.3)

Quartile 1 (0.0–1.4) 139 Reference Quartile 1 (0.0–1.4) 185 Reference

Quartile 2 (1.5–2.0) 184 0.8 (−0.6, 2.3) Quartile 2 (1.5–2.0) 222 0.4 (−1.0, 1.8)

Quartile 3 (2.1–2.9) 104 0.3 (−0.8, 1.4) Quartile 3 (2.1–2.9) 115 0.7 (−1.2, 2.7)

Quartile 4 (3.0–13) 204 1.0 (−0.03, 2.1) Quartile 4 (3.0–13) 211 0.3 (−1.0, 1.6)
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[28] and may explain the observed association between
sedentary behavior and macrosomia. Our study ad-
dressed limitations of previous studies by controlling for
several potential confounders and quantifying leisure
time sedentary behavior duration. Additionally, we
considered associations of replacing leisure time seden-
tary behavior with light physical activity or moderate/
vigorous physical activity in a substitution model.
However, we were not able to reliably estimate associa-
tions of maternal sedentary behavior with small- or
large-for-gestational age due to small numbers of these
outcomes in our study population.
Strengths of our study include its prospective design,

multiple measures of birth size, adjustment for variables
associated with sedentary behavior in our study popula-
tion (education, BMI, parity, and marital status), and use

of non-parametric calibration weighting to address miss-
ing data and increase the power of our study. Despite
this approach to missing data, our study may not have
been adequately powered to detect small differences in
birthweight that have been reported in previous studies.
The results of the calibration weighting approach are
representative of the full cohort under a missing at ran-
dom assumption, where availability of sedentary behav-
ior data depends only on the matching variables. This is
plausible in our data because the availability of seden-
tary behavior data is dependent on enrollment period,
but we were unable to include lifestyle characteristics,
such as physical activity, smoking, or alcohol, in the cal-
culation of adjustment weights due to missingness in
these variables in the full cohort, which may have re-
duced the additional precision we were able to achieve.

Table 3 Associations of pre-pregnancy and early pregnancy sedentary time with offspring birth size by offspring sex (Continued)

Females Males

P for trend 0.17 P for trend 0.64

P for interaction continuous = 0.45, quartiles = 0.70

Early pregnancy sedentary time (hours/day) Early pregnancy sedentary time (hours/day)

Continuous (hrs) 700 0.2 (−0.2, 0.6) Continuous (hrs) 825 −0.1 (− 0.6, 0.4)

Quartile 1 (0.0–1.5) 190 Reference Quartile 1 (0.0–1.5) 224 Reference

Quartile 2 (1.6–2.4) 144 −0.2 (−1.3, 0.9) Quartile 2 (1.6–2.4) 195 −2.5 (−5.3, 0.4)

Quartile 3 (2.5–3.1) 192 0.2 (−0.9, 1.3) Quartile 3 (2.5–3.1) 200 −1.5 (−4.5, 1.4)

Quartile 4 (3.2–13) 174 0.2 (−1.4, 1.8) Quartile 4 (3.2–13) 206 −1.5 (− 4.3, 1.3)

P for trend 0.74 P for trend 0.38

P for interaction continuous = 0.35, quartiles = 0.55
aModel is adjusted for maternal age (years), white race, nulliparity, pre-pregnancy BMI category (underweight/normal weight/overweight/obese), high school
education or more, marital status (married/single), smoking during pregnancy, alcohol use during pregnancy, gestational age at delivery (weeks), and pre-
pregnancy moderate/vigorous leisure time physical activity duration (quartiles) for pre-pregnancy sedentary time analyses or early pregnancy moderate/vigorous
leisure time physical activity duration (quartiles) for early pregnancy sedentary time analyses
bResults are excluding outliers for ponderal index (> 400 kg/m3)

Table 4 Substitution of light or moderate/vigorous leisure time physical activity for sedentary behavior and associations with
offspring birthweight (g)

Overall Low sedentary time High sedentary time

Mean differencea (95% CI)

Pre-pregnancy (n = 1373)

Light physical activity (hours/week) −48 (− 116, 21) −54 (− 147, 39) −57 (− 154, 41)

Moderate/vigorous physical activity (hours/week) 0.4 (− 5.2, 6.0) − 2.7 (− 13, 7.8) 4.5 (− 4.0, 13)

P for interaction = 0.96 for light physical activity, 0.28 for moderate/vigorous physical activity

Early pregnancy (n = 1535)

Light physical activity (hours/week) −1.2 (− 19, 17) 11 (− 5.5, 27) −8.3 (− 44, 27)

Moderate/vigorous physical activity (hours/week) −4.7 (− 12, 2.0) −10 (− 22, 1.8) −1.9 (− 12, 8.3)

P for interaction = 0.18 for light physical activity, 0.67 for moderate/vigorous physical activity
aModel is adjusted for pre-pregnancy or early pregnancy sedentary time (hours/week), total pre-pregnancy or early pregnancy leisure time (hours/week), maternal
age (years), white race, nulliparity, pre-pregnancy BMI category (underweight/normal weight/overweight/obese), high school education or more, marital status
(married/single), smoking during pregnancy, alcohol use during pregnancy, gestational age at delivery (weeks), and offspring sex
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Omega study participants were generally healthy, with
high participation in physical activity, low smoking rates,
and other healthy behaviors. Our population may be less
sedentary than other populations as the average seden-
tary time in our population was much lower than in the
general population, or adverse effects of sedentary be-
havior may not be as strong in our population compared
to less healthy populations. We only assessed a limited
number of leisure time sedentary behaviors (watching
TV and quiet activities such as reading and knitting),
which may also explain the low average sedentary
behavior in our study if participants tended to do other
sedentary activities. Limited measurement of sedentary
behavior in our study may explain the observed lack of
association between maternal sedentary behavior and
mean infant birthweight we observed. Sedentary behav-
ior was also recalled and self-reported, which may have
introduced measurement error into our study. Validity
of self-reported time spent watching television among
pregnant women has not been assessed; however, validity
has been shown to be good compared to accelerometer
data (r = 0.83) in non-pregnant adults [29]. Finally, the
majority of participants in the Omega study were of high
socioeconomic status [22], due to the geographical area
and study hospitals from which participants were re-
cruited. Results may not be generalizable to more socio-
economically diverse populations.

Conclusions
In summary, we did not find associations of
pre-pregnancy or early pregnancy sedentary time and
mean offspring birth size. Pre-pregnancy and early
pregnancy sedentary behavior may have important
adverse effects on maternal health, but our results do
not support associations of maternal sedentary behav-
ior before or during pregnancy with mean offspring
birth size.
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