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Abstract

Background: In the general population, at least 50% of time awake is spent in sedentary behaviours. Sedentary
behaviours are activities that expend less energy than 1.5 metabolic equivalents, such as sitting. The amount of
time spent in sedentary behaviours is a risk factor for diseases such as type 2 diabetes, cardiovascular disease, and
death from all causes. Even individuals meeting physical activity guidelines are at a higher risk of premature death
and adverse metabolic outcomes if they sit for extended intervals. The associations between sedentary behaviour
with type 2 diabetes and with impaired glucose tolerance are stronger for women than for men. It is not known
whether sedentary behaviour in pregnancy influences pregnancy outcomes, but if those negative outcomes
observed in general adult population also occur in pregnancy, this could have implications for adverse outcomes
for mothers and offspring.

We aimed to determine the proportion of time spent in sedentary behaviours among pregnant women, and the
association of sedentary behaviour with pregnancy outcomes in mothers and offspring.

Methods: Two researchers independently performed the literature search using 5 different electronic bibliographic
databases. Studies were included if sedentary behaviours were assessed during pregnancy. Two reviewers
independently assessed the articles for quality and bias, and extracted the relevant information.

Results: We identified 26 studies meeting the inclusion criteria. Pregnant women spent more than 50% of their
time in sedentary behaviours. Increased time in sedentary behaviour was significantly associated with higher levels
of C Reactive Protein and LDL Cholesterol, and a larger newborn abdominal circumference. Sedentary behaviours
were significantly higher among women who delivered macrosomic infants. Discrepancies were found in
associations of sedentary behaviour with gestational weight gain, hypertensive disorders, and birth weight. No
consistent associations were found between sedentary behaviour and other variables such as gestational diabetes.
There was considerable variability in study design and methods of assessing sedentary behaviour.

Conclusions: Our review highlights the significant time spent in sedentary behaviour during pregnancy, and that
sedentary behaviour may impact on pregnancy outcomes for both mother and child. The considerable
heterogeneity in the literature suggests future studies should use robust methodology for quantifying sedentary
behaviour.
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Background

Sedentary behaviours are activities that expend very low
energy, close to the basal metabolic rate, without signifi-
cantly increasing energy expenditure. This equates to ac-
tivities such as sitting or lying, that utilise less than 1.5
metabolic equivalent units, or times the basal metabolic
rate [1, 2]. Sedentary behaviours are thus distinct from
lack of physical activity, although the latter is sometimes
mistakenly used as a marker of sedentary behaviour in
the literature [3].

Epidemiological studies have shown that in the general
adult population, around 55 to 60% of time awake is
spent in sedentary behaviours [4, 5]. In the UK, children,
young people, adults and older adults, spend on average
at least half of their waking hours being sedentary [6, 7].
In pregnant women the situation appears to be similar
or even worse [8—12], although the literature has not
been systematically reviewed.

The quantity of time spent in sedentary behaviours is
a key risk factor for diseases such as type 2 diabetes [13],
cardiovascular disease [14], metabolic syndrome [15]
and death from all causes [14, 16, 17]. New evidence
also suggests that sedentary behaviour has an adverse
effect on mental wellbeing, including depression [3].
Importantly some studies have exposed that even
when individuals meet physical activity recommenda-
tions, they are still at a higher risk of premature
death and adverse metabolic health if they sit for
extended intervals [2, 18-20]. Sedentary behaviours,
mostly television watching, are also linked to high
risk of obesity and type 2 diabetes in the general
population, independent of physical activity levels [1, 20],
and in some studies the associations between sedentary
behaviours with type 2 diabetes and with impaired
glucose tolerance were stronger for women than for
men [18, 21, 22].

If the negative health outcomes associated with seden-
tary behaviour in the general population, also occur in
pregnancy, this could have implications for development
of cardiometabolic complications such as gestational
weight gain, gestational diabetes mellitus and hyperten-
sion, as well as mental wellbeing. It is not known
whether sedentary behaviour in pregnancy influences
outcomes for the baby such as birthweight or gestation
at delivery.

We aimed to carry out a systematic review of the litera-
ture investigating sedentary behaviours during pregnancy
to determine:

a) the time spent in sedentary behaviours and the
prevalence of sedentary behaviours among pregnant
women, and

b) whether sedentary behaviours are associated with
pregnancy outcomes in mothers and offspring.
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Methods

Data sources and searches

The Meta-analysis of Observational Studies in Epidemi-
ology (MOOSE) guidelines were followed for the conduct
[23], and the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines for the
reporting of this systematic review [24]. The systematic
review was registered in PROSPERO with the number
CRD42015023611.

Two researchers (CF, KL) independently performed
the literature search using 5 different electronic biblio-
graphic databases: MEDLINE, EMBASE, Web of Sci-
ence, CINAHL and SPORTDiscus. The strategy (Fig. 1)
was developed using Boolean. In MEDLINE medical
subject headings (MeSH) used were: pregnant women
(used also for pregnant woman), pregnancy (used also
for pregnancies and gestation), prenatal care and seden-
tary lifestyle (used also for sedentary lifestyles). In
EMBASE, main terms used were: pregnant woman (used
also for pregnant women), pregnancy (used also for child
bearing, childbearing, gestation, gravidity, intrauterine
pregnancy, labour presentation, pregnancy maintenance
and pregnancy trimesters), prenatal care (used also for
ante natal care, antenatal care and antenatal control),
prenatal period (used also for antenatal period) and
sedentary lifestyle (used also for sedentary life style).
The following keywords were also used for plain text
searching in all databases: pregnan®, gestation®, gravid®,
antenatal, prenatal, sedentar®, sitting, television, screen-
based, TV, watching and viewing. Recursive searching of
reference lists of retrieved articles was performed to iden-
tify any additional studies (Additional file 1).

Studies were included if the sample considered preg-
nant women over 16 years old, and if sedentary behav-
iours (specified as watching TV, sitting or lying, low
energy expenditure activities, etc.) were assessed at any
point during gestation. Only published studies were
included. There were no exclusions related to study
design, language, ethnicity, socioeconomic status, parity
or physical condition.

Two reviewers (CF, KL) independently assessed articles
for inclusion according to the inclusion/exclusion criteria.
After screening the titles and abstracts, the reviewers
selected potentially relevant studies. If it was not possible
to determine relevance from titles and abstracts, full texts
were retrieved. Any disagreements that could not be re-
solved by consensus were discussed with a third reviewer.

Two reviewers (CF, KL) independently extracted rele-
vant information on study characteristics, methodology,
and study results using a data extraction form in order to
determine whether the study reported the time that preg-
nant women spent in sedentary behaviours, the prevalence
of sedentarism among pregnant women, and whether the
sedentary behaviours were linked to pregnancy outcomes.
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For presentation in the tables reporting time and pro-
portion of time in sedentary behaviours, we standardised
the outcomes (converted to the same units) in order to
make them comparable. Due to the heterogeneity of out-
come data, a narrative synthesis was developed.

Quality and risks of bias were assessed using objective
criteria relating to sample population and recruitment,
reliability of instruments, use of validated outcome mea-
sures, follow-up, risk of bias and data analysis, using a
quality assessment instrument that was modified from
the Grading of Recommendations Assessment Develop-
ment and Evaluation (GRADE) Guidelines used in
assessment of clinical trials [25-28]. A paper could
attain a maximum score of 8, a score of 1-3 indicating
poor quality, 4—6 intermediate, and 7-8 good quality.

Results

From 974 abstracts, 39 full text articles were assessed
and 26 studies met the inclusion critera for the system-
atic review (Fig. 1).

Characteristics of included studies
Characteristics of the 26 included studies are displayed
in Table 1. Seventeen were cohort studies [8, 12, 29-43],

7 were cross-sectional studies [9-11, 44—47], and 2 were
randomised controlled trials [48, 49].

Most studies were carried out in the USA (7 =11) and
Europe (7 =9), and the remaining were in China (n = 2),
Africa (n=1), Canada (m=1), Australia (m=1) and
Singapore (n =1). One study included couples (for the
purpose of this review we only considered data from the
women, not the men) [33]; 2 other studies included both
pregnant and non-pregnant women (non-pregnant
women were considered in this review when compari-
sons between the two groups were made) [33, 47]. Three
studies were conducted in Hispanic pregnant women
[34, 40, 43], and 1 in Latina pregnant women [36]. One
study was conducted in nulliparous pregnant women, 1
in obese pregnant women [49], 1 in pregnant women
with type 1 diabetes mellitus [41], and 1 in pregnant
women with sedentary lifestyles [38]. Thirteen studies
utilised objective methods to assess sedentary behaviours
(accelerometers, pedometers, combined heart rate and
accelerometer device, and indirect calorimetry), and 13
studies employed non-objective measures including 4
administrating the Pregnancy Physical Activity Ques-
tionnaire (PPAQ), 9 using another kind of survey or
questionnaire (The Australian Women’s Activity Survey,
Modified version of the Kaiser Physical Activity Survey,
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Behavioral Risk Factor Surveillance System, modified
version of the leisure time activity section of the Physical
Activity Scale for the Elderly, and other type of non-
objective appraisal methods) (Table 2). The PPAQ has
been validated among pregnant women, similarly 2 of the
administered surveys were also validated among pregnant
women, meanwhile 3 studies used validated question-
naires, but not validated among pregnant women. Finally,
4 of the questionnaires were not validated.

Amount and proportion of time spent in sedentary
behaviours (Table 3)

The amount of time spent in sedentary behaviours was
estimated in 8 studies using either objective [8—12, 30,
38, 44] or non-objective methods [42] (Table 3).

The time spent in sedentary behaviours during preg-
nancy assessed objectively, varied between 7.07 and
18.3 h per day. Of these studies 1 declared that sleeping
was included [9], 2 stated that sleep time was not
considered [8, 11], and the rest did not declare anything
regarding sleep [10, 12, 44]. Meanwhile the study which
assessed using a questionnaire found that women spent
24 h per day watching television and the mean of total
sitting time was 8.6 h per day [42] (Table 3).

Among the 5 studies assessing the proportion of time
spent in sedentary behaviours all used objective devices,
finding that pregnant women spent more than 50% of
their time (range 57.1 to 78%) in sedentary activities
[8-12] (Table 3).

Definitions of sedentary behaviours

The definition of time spent in sedentary behaviours dif-
fered according to method of assessment. Studies that
used accelerometers defined activities with less than 100
counts per minute as sedentary behaviours, while activ-
ities expending 1.5 metabolic equivalents or less was
used for combined heart-rate and activity monitors.
Meanwhile, non-objective methods focused mostly on
television viewing and sitting time.

Table 2 Characteristics of included studies

Number of studies  Participants (N)

Assessment tool

Accelerometer 7 1356
Accelerometer and HR sensor 3 415
Pedometer 1 862
Other objective 2 118
Pregnancy Physical Activity 4 4131
Questionnaire (PPAQ)

Other self-reported 9 26559
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Prevalence of sedentarism among pregnant women
(Table 4)

Five studies determined the prevalence of sedentarism
among the pregnant population, all except 1 [30] used
non-objective methods to assess activity behaviour,
and all used their own cut-offs to classify women as
sedentary. Two used the term “sedentary”, defining
this as <5000 daily steps [30] or considering women as
‘sedentary’ if they declared “watching television, or pursu-
ing some other sedentary occupation” as the most appro-
priate description of their activities [35], respectively. One
study focused on the second trimester of pregnancy and
found that prevalence of sedentarism was 18% [30], the
other study assessed women on the third trimester of
pregnancy finding that 29% were sedentary [35]. Three
studies analysed the prevalence of sedentary women, how-
ever these 3 studies did not use the term ‘sedentary, but
used different activity categories defined variously by the
authors as: “watching television (for a certain amount of
time)”, or being “mostly sitting”. One study found that
15.3% of the studied women watched television or videos
for 5 or more hours per day [37], other study found that
34% viewed television 2 h or more per day [29], and the
last one found that 31.9% watched television more than
21 h per week, i.e. about 3 h per day [42]. Additionally 1
of the studies found that 24% of women were “mostly sit-
ting” during usual daily activities [37] (Table 4). Compari-
son of data was difficult due to different cut-offs to define
sedentary behaviour and categorisation of sedentarism.

Change in sedentary behaviour during pregnancy

Among the included studies, 5 aimed to determine
whether time spent in sedentary behaviours was stable
or changed during gestation [8, 10-12, 37]. Four of these
studies examined minutes per day or percentage of day
spent in sedentary activities based on objective measures
[8, 10—12]. Of these, only 1 found that the percentage of
time awake spent in sedentary behaviours significantly
increased between week 18 and 35 of gestation [8]. An-
other study found that women spent a mean of 40 min
(standard deviation +75) less in “very light sitting activ-
ities” (activities that spend around 1.3 times the basal
metabolic rate) in later gestation than in earlier gestation
[38]. The 3 studies which objectively assessed time or
percentage of time of monitored time spent in sedentary
behaviours, did not find significant differences in time
spent in sedentary behaviours between trimesters of
gestation [10-12]. When focused on the number of
sedentary pregnant women across gestation, more
women were sedentary during the third trimester than
during the second trimester (18%, n=155; 24.9%, n =
215, respectively) [30]. When the time spent between tri-
mesters in TV watching and computer use was com-
pared, no differences were found [37].
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Table 3 Time and proportion of time spent in sedentary behaviours
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Studies N Mean or median (SD or SE or IQR)
Time spent in SB (objective)
Time spent in SB (h/day) Ruifrok 2014 [12] 11 8.6 (SD 2.86)
Hawkins 2014 [10] 294 9.2 (SE 16.2)°
Loprinzi 2013 [44] 206 7.7 (SE0.2)°
Hjorth 2012 [9] 304 1837 (IQR16.65-19.6)
Evenson 2011 [11] 359 707 (SE 0.165)°
Di Fabio 2015 [8] 46 12,65 (SD 1.95)°
Sitting quietly or very light sitting activities (h/day) Van Raaij 1990 [38] 18 6.7 (SD1.6)°
Light to moderate sitting activities (h/day) Van Raaij 1990 [38] 18 1.6 (SD1.1)?
Sit/lie time (h/day) Di Fabio 2015 [8] 46 18.2 (IQR17.1-19) w18; 183
(IQR17.6-19.4) w35
Time spent in SB (non-objective)
Television time (h/day) Padmapriya 2015 [42] 171 24 (SD1.5)
Total sitting time (h/day) Padmapriya 2015 [42) 1171 86 (SD3.3)°
Proportion of time spent in SB (objective)
% of day spent in SB Hjorth 2012 [9] 304 764% (IQR 69.37-81.6%
9% of wear time spent in SB Ruifrok 2014 [12] 111 65%
Evenson 2011 [11] 359 57.1% (SE 0.77)
Hawkins 2014 [10] 294 64.4% (SE 0.02)°
9% of time awake in SB Di Fabio 2015 [8] 46 76% (SD11) w18-78% (SD13) w35
% of day time in sit/lie Di Fabio 2015 [8] 46 76% (IQR71-79) w18; 76%

(IQR73-81) w35

? Numbers were calculated as means and converted to the same units

Five studies compared sedentary behaviours between
pregnant and non-pregnant women [35, 38, 42, 43, 47].
Four compared from before pregnancy to during preg-
nancy, and 1 compared pregnant women versus one year
postpartum women [38]. Three studies used non-
objective methods [35, 42, 43], and 2 objective procedures
[38, 47] to assess sedentary behaviours. All found that the
time spent in sedentary activities is significantly greater
among pregnant than non-pregnant women.

When the number of women that watched television
for long periods was compared before and after preg-
nancy, 1 study observed that the number increased [42],
and the other found no change [29].

Table 4 Prevalence of sedentarism among pregnant women

Additional factors affecting sedentary lifestyles

Some studies considered additional factors which could
influence the development of sedentary lifestyles. These
factors included: smoking, meeting physical activity rec-
ommendations, parity, maternal age, and education level.
Time spent in sedentary behaviours was significantly less
among women who smoked cigarettes in the past 5 days,
compared to those who did not [11]. Time spent in
sedentary behaviours at 35 weeks of gestation was sig-
nificantly less among women meeting physical activity
guidelines compared to women who did not [8]. During
pregnancy women expecting their first child decreased
their sedentary time significantly more than non-

Sedentary activity definition Studies Assessment method N Prevalence
Sedentary Jiang 2012 [30] Objective 862 18%
Hegaard 2011 [35] Non-objective 4718 29%
Watching TV or videos 5 or more (h/day) Evenson 2011 [11] Non-objective 359 15.3%
Watching TV 2 or more (h/day) Oken 2006 [29] Non-objective 1581 34%
Watching TV 3 or more (h/day) Padmapriya 2015 [42] Non-objective 171 31.9%

Mostly sitting during day Evenson 2011 [11]

Non-objective 359 24%
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pregnant women without children, as well as first time
pregnant women also decreased their sedentary time
significantly more than those expecting their second
baby as pregnancy advanced [33]. When the changes
before and during gestation were compared, women
aged 16-19 years, significantly decreased their sedentary
activity compared to those aged 20-24 years. Women
who had completed college, also significantly decreased
their sedentary activity during pregnancy, compared with
those with less than a high school education [43].

Interruptions during sedentary time

One study focused on the transitions between sit to stand,
using an objective device that evaluates postural allocation
[8]. No differences were found in sit/lie and upright time
between week 18 and 35 of gestation. However, the num-
ber of transitions between sedentary (sit/lie) to upright per
day and the number of sit/lie bouts increased significantly
from week 18 to week 35 of gestation, whilst the length of
sit/lie bout in minutes per day significantly decreased
across this gestation window.

Associations between sedentary behaviours and maternal
and infant outcomes

Birth and gestation outcomes associated with sedentary
behaviours were studied in 14 of the included studies
[10, 12, 30-32, 34, 36, 39, 40, 44—47, 49]. Of these, 7 were
focused on pregnancy outcomes including gestational
weight gain (GWG) and maternal depression [12, 30, 34,
40, 44—46], 5 on metabolic outcomes [10, 36, 44, 47, 49],
and 5 on infant outcomes [12, 31, 32, 39, 49].

Associations between sedentary behaviours and
pregnancy outcomes (Table 5)

Three studies investigated whether there is an associ-
ation between sedentary behaviours and gestational
weight gain [12, 30, 40]. One study found no association
between percentage of time spent in sedentary behav-
iours with gestational weight gain at 15 weeks of gesta-
tion, between 15 and 32-35 weeks of gestation, or with
gestational weight gain per week [12]. Likewise, change
in percentage of time in sedentary behaviours during 15
to 32-35 weeks of gestation was not associated with
total gestational weight gain or with gestational weight
gain per week. Another study also observed no signifi-
cant associations between sedentary activity and inad-
equate or excessive gestational weight gain, at each stage
of pregnancy [40]. However, in another study the ‘Active’
group (named according to author’s categorisation)
gained significantly lower maternal weight during the
second and third trimesters than the ‘sedentary’ group
(named according to author’s categorisation) [30].

Three studies explored the association between preg-
nancy sedentary behaviours and hypertensive disorders
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Table 5 Associations between sedentary behaviours and
maternal health outcomes

Author Participants Association
(Yes/No)
Pregnancy Outcomes
GWG Ruifrok 2014 [12] 111 No
Chasan-Taber 2014 1276 No
[40]
Jiang 2012 [30] 862 Yes? (p < 0.001)
Hypertensive  Chasan-Taber 2015 1240 No
disorders [34]
Loprinzi 2013 [42] 206 No
Li 2007 [46] 405 Yes® (p <0.05)
Depression Watts 2013 [45] 81 No

Metabolic Outcomes

Glucose levels  Loprinzi 2013 [44] 206 Trend (p = 0.06)

Hayes 2014 [49] 183 No
Insulin Gradmark 2011 [47] 101 No
sensitivity
GDM Hayes 2014 [49] 183 No
AGT Gollenberg 2010 [36] 1006 No
CRP Loprinzi 2013 [44] 206 Yes© (p < 0.05)
Hawkins 2014 [10] 294 Yes© (p < 0.05)
Blood lipids Loprinzi 2013 [44] 206 Yesd (LDL p <005)
levels (Total

Cholesterol, HDL-
cholesterol and
triglycerides)

Infant outcomes

Birth Weight  Ruifrok 2014 [12] 111 No
Hegaard 2010 [32] 4558 No
Both 2010 [31] 11759 Yes® (p < 0.05)
Macrosomia Reid 2014 [39] 100 Yes’ (p < 0.05)
New-born Hayes 2014 [49] 183 Yes? (p < 0.05)
abdominal
circumference
Gestational Ruifrok 2014 [12] 111 No
length Both 2010 [31] 11759 No
Risk of preterm Both 2010 [31] 11759 No

delivery

2 GWG was higher in the sedentary group compared with the active group, ®
the sedentary group developed more hypertension, € Increased time in
sedentary behaviours is associated with higher levels of CRP, ¢ increased time
in sedentary behaviour is associated with higher LDL cholesterol, ¢ Increased
time in sedentary behaviour is associated with lower birth weight, f women
delivering macrosomic infants had higher levels of SB, ¢ the association
between SB and new-born abdominal circumference was inverse at baseline,
and positive at 36 weeks

during gestation. Two studies found no association [34,
44], but 1 study found that women who had persistent
sedentary work (and were not authorised to move from
their work place during working hours), such as sewing
operators, developed significantly more gestational
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hypertension than women in the control group, whose
work was also mostly sedentary, but whom were allowed
to move during working time, such as secretaries [46].

No association was found between pregnancy seden-
tary behaviours and depression [45].

Associations between sedentary behaviours and
metabolic outcomes (Table 5)

The relationship between time spent in sedentary behav-
iours and fasting glucose levels was analysed in 1 study,
finding a positive association [44]. On the other hand,
sedentary behaviours were not associated with altered
insulin sensitivity [47], gestational diabetes mellitus [49],
or abnormal glucose tolerance [36]. Two studies found
associations between sedentary behaviours and C-
reactive protein (CRP) [10, 44]. In 1 study sedentary
time and proportion of wear time spent sedentary were
positively associated with CRP among women in the sec-
ond trimester, but this finding was no longer statistically
significant in analyses adjusting for confounders [10]. In
the other study the positive association between sedentary
behaviours and CRP levels remained after adjustment for
confounders [44]. A significantly positive association
between time spent in sedentary behaviours and higher
LDL cholesterol was found in 1 study, but no association
was found with any other blood lipid marker [44].

Associations between sedentary behaviours and infant
outcomes (Table 5)

Two studies found no association between birth weight
and mother’s sedentary behaviours during pregnancy
[12, 32]. One study found a significant association
between lower birthweight with time spent in sedentary
lifestyle in each trimester of gestation [31], whilst
another found that women who delivered macrosomic
infants (birthweight >4000 g) spent significantly more
time sedentary than women delivering offspring weigh-
ing less than 4000 g [39]. The 1 study exploring the cor-
relation between the new born abdominal circumference
(as an indicator for abdominal adiposity) with mothers’
time spent sedentary found differing results according to
gestation. At 16-18 weeks of gestation a significantly
inverse association was found between infant abdominal
circumference and time spent sedentary, however at
36 weeks of gestation, the relationship became signifi-
cantly positive [49]. No associations were found between
sedentary behaviours and gestational length [12, 31], or
risk of preterm delivery [31].

Quality assessment results

Both reviewers agreed that 2 (7.7%) of the studies
were of good quality [48, 49], 3 (11.5%) were classi-
fied as of poor quality [37, 45, 46], and the rest 21 as
intermediate (80.8%).
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The 2 studies that were classified as good quality were
randomised controlled trials.

Of those classified as poor quality the main reasons
were small sample size [45, 46], use of a non-objective
appraisal tool to classify women as sedentary [37, 45, 46]
and lack of detail about the outcome measures [37, 46].

Discussion

Main findings

There is increasing interest in research in the general
population about whether reducing time spent in seden-
tary behaviours has a beneficial effect on health [50, 51].
Here we systematically reviewed the literature in this
field among pregnant women. Our key findings were
that pregnant women spend at least half of their time in
sedentary activities, which is similar to time reported in
children, young people, adults and older adults in the
UK [6]. Whether sedentary behaviours impact on preg-
nancy outcomes was less clear-cut with inconsistencies
in the literature.

Our review highlights the considerable heterogen-
eity in the definitions of sedentary behaviours and
the methods used to assess this. Differences in the
reported prevalence of sedentary behaviours between
studies could be due to the unclear definition of sed-
entary behaviours, or classification of sedentary. For
example, 1 study used a pedometer, an objective
method, to classify women as sedentary, considering
less than 5000 steps per day as a sedentary lifestyle
[30], meanwhile in another study women were con-
sidered sedentary if they answered “Reading, watch-
ing television, or pursuing some other sedentary
occupation”, as the most appropriate description of
their activities during pregnancy [35]. Many of in-
cluded studies defined sedentary behaviours as activ-
ities expending the same or less than one metabolic
equivalent [39, 41], however there is no consensus in
how many hours per day spent in sedentary behav-
iours are sufficient to be categorised as sedentary,
making it difficult to determine the prevalence of
sedentarism. In addition sedentary behaviours were
often assessed retrospectively [32, 35], potentially
introducing recall bias.

Studies also differed in the assessment measures to
calculate sedentary behaviours making comparisons
difficult. This corresponds with what has been exposed
regarding sedentary behaviours assessment in other
populations [6].

Half of the identified studies considered whether sed-
entary behaviour in pregnancy impacted on maternal or
offspring outcomes. This is an important consideration
as interventions based on increasing physical activity
among obese pregnant women have had limited impact
on pregnancy outcomes [49, 52-55]. One study found



Fazzi et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:32

that reducing time spent in sedentary activity was associ-
ated with decreased gestational weight gain [30]. Two
other studies, including a large study of >1000 women
found no associations with gestational weight gain [12,
40]. Likewise there were discrepancies in studies exam-
ining associations of sedentary behaviours with hyper-
tensive disorders [34, 44, 46]. Notably the 1 study which
found a significant association was classified as poor
quality, which decreases the reliability of the result [46].
Differences in ethnicity between the study populations
may partly explain the discrepant findings with gesta-
tional weight gain (1 study developed in Denmark, other
included only Latin-American pregnant women, and 1
was developed in China) and hypertensive disorders (1
included only Latin-American women, 1 was developed
in the USA and 1 in China). No association was found
between depression and sedentary behaviours, however
the 1 study focusing on that was classified as poor qual-
ity [45]. None of the studies reported associations be-
tween sedentary behaviour and glucose metabolism, as
assessed by fasting glucose levels [44, 49], insulin sensi-
tivity (measured using an oral glucose tolerance test)
[47], gestational diabetes mellitus (GDM) [49] and in a
large study of >1000 women glucose tolerance measured
during a glucose tolerance test [36]. In contrast, 2 stud-
ies found associations between higher CRP levels and in-
creased sedentary behaviour [10, 44], and 1 found an
association with blood lipids [44] suggesting there may
be subtle beneficial effects on maternal metabolism if
time spent sedentary is reduced. Overall, there was some
suggestion that sedentary behaviours may impact on size
at birth [31, 39, 49], but not timing of delivery [12, 31].
However, the largest study including over 11,000
pregnant women and which reported associations of
sedentary behaviour with birthweight but not gestational
length or risk of preterm birth, assessed sedentary be-
haviours during pregnancy using a postal questionnaire
using the question “Are/were you mostly sitting?” [31].

Strengths and limitations

The strengths of this review include the systematic and
comprehensive review process which was followed in
line with PRISMA guidelines. Two researchers inde-
pendently assessed eligibility of the titles, abstracts and
full-text studies, extracted the data and assessed the arti-
cles for bias.

A further strength of the review is that many of the
studies were of considerable sample size. Eleven studies
included samples of over 1000 women [29, 34, 36, 37,
40, 42, 43], including 2 assessing more than 4000 women
using validated questionnaires [32, 35]. Nevertheless,
larger studies using objective assessments of sedentary
behaviour in pregnancy would considerably add to the
literature in this field.
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There are also some potential limitations. Though we
used a robust search strategy developed from other sys-
tematic reviews of sedentary behaviour in the general
population [2, 56, 57], it is possible that some poten-
tially eligible studies may not have been identified. For ex-
ample, some studies appraise sedentary behaviours when
assessing physical activity, but the titles do not mention
the key words we chose to identify sedentary behaviours.
We included a search of reference lists of all papers that
the full text was read, to identify any further additional
papers.

A limitation of the data is that only 2 of the identified
studies were trials, all the rest were observational. Of the
trials, just 1 used an objective method to assess seden-
tary behaviours, the other employed a questionnaire. Of
the 24 observational studies, only 12 used objective in-
struments, the other 12 utilised self-reported methods to
assess sedentary behaviours. Most of these studies were
considered of intermediate quality due to the small sam-
ple size, or lack of use of a validated questionnaire or ob-
jective measurement. Therefore, the use of objective
methods, such as accelerometers, or the combination of
movement and physiological (e.g. heart rate) devices
should be encouraged if we wish to provide a more clear,
realistic, and objective estimate of time spent in seden-
tary behaviours. Also, the cut-offs used for defining sed-
entary behaviours as to categorise people as sedentary
are not clear and differ between studies, and should be
standardised.

Although 3 studies (11.5%) were classified as poor
quality one of these [37] did not report any maternal or
infant outcomes and so will not have influenced our in-
terpretation of the literature. As noted the findings of
the other 2 poor quality rated studies [45, 46] should be
interpreted with caution. The rest of the studies were
classified at least as intermediate quality, mostly because
the designs were less reliable (not randomised controlled
trials), most of the sample size were small, some utilised
non-objective assessment methods, and/or were not vali-
dated, but we are confident that they are representative
of the available literature.

Conclusions

The observation that pregnant women spend much of
their time in sedentary activities opens new approaches
aiming to improve pregnant women’s health. However our
review has identified important gaps in our understanding
in this field. For example only 2 studies considered
sleeping time during pregnancy [8, 38] which may be
an important consideration when assessing sedentary
behaviour due to changing sleep patterns in preg-
nancy. Further, only 1 study assessed the transitions
from sit/lay to stand, or breaks during sedentary time
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[8], which may be an important area to target in fu-
ture interventions studies.

Our review highlights a high prevalence of sedentarism
and significant time spent in sedentary behaviours, also
that changes in sedentary behaviour may impact on
pregnancy outcomes for both mother and child, empha-
sising this as an area for future mechanistic and interven-
tion studies. However, the heterogeneity in the literature
suggests future studies should use robust methodology,
preferably with objective measures for quantifying seden-
tary behaviour.
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