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Abstract

home, and in particular walking.

Background: Obese and overweight women may benefit from increased physical activity (PA) during pregnancy.
There is limited published data describing objectively measured PA in such women.

Methods: A longitudinal observational study of PA intensity, type and duration using objective and subjective
measurement methods. Fifty five pregnant women with booking body mass index (BMI) > 25 kg/m? were recruited
from a hospital ultrasound clinic in North East England. 26 (47%) were nulliparous and 22 (40%) were obese (BMI >
30 kg/m?). PA was measured by accelerometry and self report questionnaire at 13 weeks, 26 weeks and/or 36 weeks
gestation. Outcome measures were daily duration of light, moderate or vigorous activity assessed by accelerometry;
calculated overall PA energy expenditure, (PAEE), and PAEE within four domains of activity based on self report.

Results: At median 13 weeks gestation, women recorded a median 125 mins/day light activity and 35 mins/day
moderate or vigorous activity (MVPA). 65% achieved the minimum recommended 30 mins/day MVPA. This
proportion was maintained at 26 weeks (62%) and 36 weeks (71%). Women achieving more than 30 mins/day
MVPA in the first trimester showed a significant reduction in duration of MVPA by the third trimester (11 mins/day,
p = 0.003). Walking, swimming and floor exercises were the most commonly reported recreational activities but
their contribution to estimated energy expenditure was small.

Conclusion: Overweight and obese pregnant women can achieve and maintain recommended levels of PA
throughout pregnancy. Interventions to promote PA should target changes in habitual activities at work and at

Background

The prevalence of obesity in the maternal population has
increased sharply, reflecting the trend in the wider popu-
lation [1,2]; one in six women now enter pregnancy
already obese[3]. Maternal obesity is associated with
increased risk of a range of adverse pregnancy outcomes
[4-9]. Obese women are also more likely to retain weight
gained during pregnancy[10]. There is increasing interest
in the promotion of physical activity (PA) during preg-
nancy, not only in relation to maintaining energy balance
and reducing excessive gestational weight gain, but also
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for its potential to improve pregnancy outcome for both
mother and infant [11-18]. Professional bodies recom-
mend that guidelines for the non-pregnant population of
30 minutes or more of at least moderate intensity activity
daily remain appropriate throughout pregnancy. Moder-
ate PA increases the heart and respiratory rate but the
individual should still be able to hold a conversation.
A common example is brisk walking [19-21].

Despite these recommendations there are limited data
describing contemporary PA levels among pregnant
women. Available data are mostly based on self-report,
which may over-estimate activity [13,14,22-24], [25].
Much activity in pregnancy is low intensity and domi-
nated by childcare and domestic tasks, activities which
may be less well captured by questionnaires[23,25,26].
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In recent years, objective methods for measurement of
physical activity such as accelerometry, which have a
high degree of validity for quantifying activity intensity
and duration[27,28], have become available and are
widely used [22,23,29], although few studies have used
these methods to measure activity during pregnancy.
Chasan-Taber et al used accelerometry to validate the
Pregnancy Physical Activity Questionnaire in 54 women
at various stages of pregnancy[22], while Rousham et al
[29] measured activity in 58 women throughout their
first pregnancy.

Information about habitual activity levels in obese and
overweight pregnant women is lacking, although these
women have the potential to benefit most from inter-
ventions to promote PA due to their increased risk of
adverse outcome. This study assessed and compared the
duration and intensity of objectively measured PA in
overweight and obese pregnant women longitudinally in
early and late pregnancy, and explored types of activity
via self report questionnaire.

Method
Study population
Recruitment took place between 03 October 2007 and 31
January 2008. A favourable ethical opinion was obtained
from Durham and Tees Valley 2 Research Ethics Commit-
tee (ref No.07/H0908/53). All pregnant women attending
the Royal Victoria Infirmary, Newcastle Upon Tyne for a
routine first trimester ultrasound scan were sent a partici-
pant information sheet with their appointment. Women
with a booking body mass index (BMI) of 25 kg/m? or
greater, and with a normal scan result, were approached
for consent to participate. BMI was based on weight mea-
sured at booking by the community midwife or by the
research midwife at recruitment. Women were excluded if
they were less than 16 years old, attended for first scan
after 14 weeks of pregnancy, had a multiple pregnancy or
were unable to give informed consent in English.

Participants were randomly allocated using an Excel
random number generating programme into one of
three groups. All women were invited to participate in
the first data collection point immediately following
recruitment. Invitation to subsequent data collection
was on the basis of group allocation: group A were
invited to participate at 26 weeks only, group B at 36
weeks only, and group C at both 26 and 36 weeks. A
flow chart of women’s progress through the study is
detailed in Figure 1. Thus all women were invited to
either two or three data collection points. This design
was chosen to minimise attrition and maximise the
numbers participating in later pregnancy.

Prior to the second and third measurements, hospital
records were checked and women excluded from further
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Figure 1 Flow chart of participants’ progress through the
study.

participation if medical or obstetric complications had
arisen.

Data collection

Participants were asked to wear a GT1 M Actigraph
accelerometer, http://www.theactigraph.com, for seven
days. The accelerometer was attached to an elastic belt
worn around the waist with the monitor positioned over
the right hip. Women were instructed to start wearing
the monitor as soon as practicable in the morning and
to wear it for as much of the day as possible, removing
it for washing and bathing, swimming and for bed at
night. At the end of the seven day period the women
were asked to complete a self report physical activity
questionnaire.

Accelerometry data processing

The accelerometer data files were processed using the
MAHUFEFE Software package http://www.mrc-epid.cam.
ac.uk/Research/PA/Downloads.html. Sedentary beha-
viour was defined as less than 100 counts per minute,
light activity as 100-1951 counts per minute, moderate
intensity activity as 1952-5725 counts per minute and
vigorous activity as more than 5725 counts per minute
[27]. As the time spent in vigorous activity was very
low, minutes of moderate and vigorous physical activity
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(MVPA) were combined to give one summary variable.
An epoch length of 5 seconds was used. Runs of zero
counts lasting more than 60 minutes were excluded, as
it was considered the monitor must have been removed
for this time. A valid day of recording was defined as
one in which more than 500 minutes of monitored on-
time were recorded in a 24 hour period; only women
recording at least three valid days of accelerometry were
included and only valid days were analysed.

Questionnaire data
We used the Recent Physical Activity Questionnaire[30]
(RPAQ). The RPAQ contains closed questions about
activity in four main domains: at home, during work, for
transport and during leisure time. For the purposes of
this study, the time frame of reference for the RPAQ
was modified from four weeks to one week, because it
was anticipated that habitual levels of activity might
change over short time frames during pregnancy.
Estimates of PAEE for the four domains were calcu-
lated by multiplying participation (hrs/day) by the meta-
bolic cost of each activity in metabolic equivalents
(METs) obtained from the Physical Activity Compen-
dium. Total PAEE was calculated by summing PAEE in
each domain[31]. The RPAQ also provided information
regarding types of recreational activity. Questionnaires
were double data entered by an independent data entry
company and all analysis used the statistical package,
SPSS Version 15 (SPSS Inc, Chicago IL).

Statistical analysis

As PA variables were skewed, non-parametric statistics
were used. Summary statistics are presented as the med-
ian and inter-quartile range (IQR). Differences between
subgroups (e.g. nulliparous vs multiparous) were exam-
ined using the Mann-Whitney U test. Changes in activ-
ity between first and second trimester, and between first
and third trimester, were assessed using the Wilcoxon
signed ranks test. This was a paired analysis and there-
fore only women who completed both respective time
points were included. P < 0.05 was considered statisti-
cally significant.

Ethical Approval

Ethical approval was granted by Durham and Tees Val-
ley 2 Research Ethics Committee, 20™ August 2007.
REC reference number: 07/H0908/53

Results

Participants

Sixty five of 177 (37%) eligible women consented to par-
ticipate in the study. Fifty five (85%) completed three or
more valid days of accelerometry measurement (median
seven days) at the first data collection point (median 13
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weeks of pregnancy, range 11-15). Of these 55 women,
26 (47%) were nulliparous and 22 (40%) were obese at
booking (Table 1).

At the second data collection point (median 26 weeks,
range 25-28), 43 women were eligible and 30 (70%)
agreed to participate, of whom 26 (61%) recorded three
or more valid days of accelerometry data (median six
days). Forty women were eligible for the third data col-
lection point (median 36 weeks, range 34-37). Two
women had already delivered and one was excluded due
to severe symphysis pubis pain. Twenty eight (68%)
women agreed to participate and 21 (53%) recorded
three or more valid days of accelerometry data (median
six days). Ten of these women had also participated in
the second data collection (Figure 1). All accelerometers
were returned in working order.

Characteristics of women who participated in the second
data collection were similar to those in the first trimester.
Participants in the third trimester data collection were less
likely to be working outside the home (29%) than partici-
pants in the first (76%) and second (73%) trimester (p <
0.001). Participants in the third data collection were more
likely to be multiparous than first trimester participants
(62% compared to 53%), and to have a degree or post
graduate qualification (52% compared to 33%), although
neither of these differences reached statistical significance.

Physical activity in early pregnancy

The median duration of valid accelerometry recording at
the first data collection point was 798 minutes per day
(table 2). The median duration of non-sedentary time
(i.e. time spent in activity of at least light intensity) was
165 minutes per day, and the median duration of
MVPA was 35 minutes per day. Thirty-five women
(63%) achieved more than the recommended 30 minutes
per day of MVPA.

Multiparous women spent more time in light activity
than nulliparous women (table 2; median 135 min/day
compared to 106 min/day; p = 0.032). Otherwise there
were no statistically significant differences in duration of
sedentary time, MVPA, or in median counts/min,
between nulliparous and multiparous women. There
were no significant differences in duration and intensity
of activity between overweight and obese women (data
not shown).

Data from RPAQ indicated that 62% of self reported
PAEE was related to activity at home and 34% at work.
A very small proportion of self reported PAEE was attri-
butable to recreational activity or to transport. The
most commonly reported recreational activities were
walking (29 women, 51%), swimming (11 women, 19%)
and floor exercises (10 women, 18%). One woman
reported cycling. Women in their second or subsequent
pregnancy reported higher levels of activity within the
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Table 1 Study participants
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First trimester

Second trimester

Third trimester

(n = 55) (n = 26) (n =21)

Age (yrs)

Mean (SD) 30.7 (5.3) 31.3 (6.5 328 (39
Gestation

Median (Range) 13 (11-15) 26 (25-28) 36 (34-37)
BMI category

25-299 kg/m2 33 (60%) 13 (50%) 13 (62%)

> 30 kg/m2 22 (40%) 13 (50%) 8 (38%)
Parity

Nulliparous 26 (47%) 12 (46%) 8 (38%)

Multiparous 29 (53%) 14 (54%) 13 (62%)
Ethnic origin

White British 51 (93%) 24 (92%) 20 (95%)

Other/unknown 4 (7%) 2 (8%) 1 (5%)
Employed in past week

Full time > 35 hours 20 (36%) 5 (19%) 3 (15%)

Part time up to 35 hrs 22 (40%) 14 (54%) 3 (14%)

Not working in previous week 13 (24%) 7 (27%) 15 (71%)
Living with partner

Yes 49 (89%) 23 (88%) 21 (100%)

No 4 (7%) 3 (12%) -

Missing 2 (4%) - -
Education level:

GCSE or lower (16 yrs) 11 (20%) 4 (15%) 3 (14%)

A level/equivalent (18 yrs) 20 (36%) 12 (46%) 6 (29%)

Degree/post graduate 18 (33%) 7 (27%) 11 (52%)

Missing 6 (11%) 3 (12%) 1 (5%)

home domain, which includes childcare, and lower
levels at work compared with those in their first preg-
nancy. This reflects the higher proportion of multipar-
ous women who were working part-time (18 (78%)

compared to 6 (29%); p < 0.001).

Changes in physical activity during pregnancy

In women with repeated measures, there were small but
statistically significant decreases in total recorded time
and sedentary time, at both the second and third data
collection points (table 3 and Table 4).

Table 2 Objectively measured and self reported physical activity in first trimester (median; interquartile range)

All women Nulliparous Multiparous

n=>55 n=26 n=29 p value
Accelerometry data:
Total recorded time (mins/day) 798 (742 -835) 789 (736-782) 808 (743-836) 0711
Sedentary time (mins/day) 631 (574-673) 631 (580-683) 620 (553-667) 0613
Light activity (mins/day) 125 (97- 153) 106 (96-136) 135 (108-163) 0.032
MVPA (mins/day) 35 (28-51) 36 (27-50) 32 (27-52) 0.649
Counts per minute 261 (209-318) 266 (207-299) 248 (211-342) 0933
Recording 30+ mins/day MVPA (number) 35 (63.3%) 19 (67.9%) 16 (47.1%) 0.168
RPAQ data: n=>57 n=26 n =31
Total (METhrs/day) 26.5 (24.9-29.2) 25.6 (24.3-27.2) 28.0 (25.8-30.0) 0.022
Home (domestic + childcare) (METhrs/day) 17.0 (13.7-204) 14.1 (12.6-16.0) 202 (17.0-21.5) < 0.001
Transport (METhrs/day) 0.19 (0.09-0.63) 0.25 (0.12-0.84) 0.18 (0.04-0.57) 0219
Work (METhrs/day) 94 (55-114) 10.6 (8.3-12.0) 7.5 (4.0-106) 0.007
Recreational activities (METhrs/day) 093 (0.12-1.9) 0.83 (0.5-1.6) 1.2 (0-2.5) 0.734




McParlin et al. BMC Pregnancy and Childbirth 2010, 10:76
http://www.biomedcentral.com/1471-2393/10/76

In women with data for both first and third trimesters,
there was no significant change in duration of light
activity or in counts per minute. The overall median
duration of MVPA was unchanged between the first and
third trimester (33 minutes) and the proportion of
women recording at least 30 minutes MVPA was also
unchanged at 71%. There was however a reduction
(median 8 minutes) in duration of MVPA (p = 0.05)
(Figure 2) which was mainly confined to women who
recorded longer durations of MVPA in the first trime-
ster. In women who achieved at least 30 minutes of
MVPA in the first trimester, the median reduction was
11 minutes (p = 0.003). These women also recorded a
significant reduction in counts/min (change -49 counts
p = 0.023).

Self reported data from RPAQ found no significant
changes between 13 and 26 weeks in overall calculated
PAEE. Between 13 and 36 weeks, overall self-reported
estimated PAEE decreased by a median of 1.85 METh-
ours/day (p = 0.027). Estimated PAEE at home increased
whilst PAEE at work reduced. The proportion of women
reporting participation in recreational walking and floor
based exercise was largely maintained at all data collec-
tion points. Between 13 and 26 weeks of pregnancy the
proportion reporting swimming increased (4 (15%) vs 7
(27%); p < 0.001).

Discussion

This study describes the amount, intensity and type of
habitual PA in overweight and obese pregnant women
of mixed parity using both objective and self report
measurement methods. To our knowledge, this is the
first study to report objectively measured activity levels
longitudinally during pregnancy in obese and overweight

Page 5 of 9

women. We found that accelerometry was well tolerated
even in late pregnancy, and that PA levels did not differ
between overweight and obese women. Women contin-
ued to meet recommended PA levels throughout
pregnancy.

Over 60% of our overweight and obese subjects
achieved more than the recommended 30 minutes per
day of moderate or vigorous activity in early pregnancy.
In a study of non-pregnant women (mean age 40.7
years, SD 6.4) assessed using the same methodology
34% achieved at least 30 minutes MVPA/day [32]. The
2008 Health Survey for England reported a mean of 31
minutes/day MVPA in overweight women aged 16-34
years, and 27 minutes/day in obese women [33]. Com-
parison with other studies in pregnancy is difficult due
to differences in recording methods and definitions. A
large telephone survey of pregnant women in the USA
found that only 16% of pregnant women achieved
recommended activity levels of at least 30 minutes of
moderate activity on 5 days per week[34].

Thus, the proportion of women in our study achieving
30 minutes of daily MVPA was higher than might be
anticipated. It should be noted that we did not analyse
bouts of continuous MVPA, but rather included all
accumulated episodes of MVPA occurring throughout
the day. The proportion of women undertaking continu-
ous five or ten minute bouts of MVPA is likely to have
been substantially lower [32]. It is possible that our par-
ticipants consciously or sub-consciously increased their
PA whilst activity measurement was taking place; how-
ever, most women returned at least six valid days of
recording, which compares favourably with many accel-
erometer studies. Only 37% of eligible women agreed to
participate and these may have been biased to more

Table 3 Change in physical activity levels between first and second trimesters (median, interquartile range)

First trimester Second trimester Change first-second trimester p value

Accelerometry data: n = 26*

Total recorded time (mins/day) 780 (725, 838) 742 (693, 800) -44 (-91.4, 9.3) 0.018
Sedentary time (mins/day) 631 (570, 673) 585 (524, 637) -25 (-84, 12.4) 0.023
Light activity (mins/day) 122 (95, 152) 122 (101, 154) -9 min (-17.2, 12.0) 0.304
MVPA (mins/day) 36 (26, 66) 33 (27,52) -2 min (-8.9,+1.8) 0.269
Counts per minute 262 (199, 384) 259 (226, 338) 3 (-406, 34.8) 0.909
30+ mins/day MVPA (number)(%) 17 (65%) 16 (62%)

RPAQ* data: n = 26*

Total (METhrs/day) 264 (23.0, 29.0) 25.7 (228, 29.1) -0.35 (-2.12, 1.28) 0.638
Home (METhrs/day) 164 (13.1, 20.5) 17.2 (13,0, 19.7) 0.29 (-141, 1.77) 0.990
Transport (METhrs/day) 0.25 (0.11, 0.66) 1 (0.07, 0.76) 0 (-0.07, 0.10) 0.906
Work (METhrs/day) 3(57,11.3) 0 (5.6, 10.1) 0 (-2.06, 0.04) 0.037
Recreational (METhrs/day) 0.71 (0.0, 1.25) 0.88 (0.28, 2.21) 0.36 (-0.37, 1.58) 0.055

*Paired analysis of those participating in first and second trimester data collection

* Recent Physical Activity Questionnaire[30]
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Table 4 Change in physical activity levels between first and third trimesters (median, interquartile range)
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First trimester Third trimester Change first-third trimester p value
Accelerometry data: n=21"
Total recorded time (mins/day) 817 (787, 866) 778 (727, 840) -32.6 mins (-784, 9.2) 0.019
Sedentary time (mins/day) 670 (615, 701) 625 (547, 683) -23.6 mins (-58.9, 7.0) 0.017
Light activity (mins/day) 129 (102, 155) 120 (105, 164) 38 (-219,17.6) 0.986
MVPA (mins/day) 33 (29, 55) 33 (28, 35) -84 mins (-21.7, 1.3) 0.050
Counts per minute 262 (213, 323) 247 (210, 287) -1.5 (-89.7, 26.5) 0.274
30+ mins/day MVPA (number)(%) 15 (71%) 15 (71%) -
RPAQ* data: n=27"
Total (METhrs/day) 26.0 (24.6, 28.0) 235 (225, 27.6) -1.85 (-4.40, 0.24) 0.027
Home (METhrs/day) 154 (133, 189) 205 (17.3, 21.9) 3.03 (0.72, 6.58) < 0.001
Transport (METhrs/day) 0.5 (0.2, 09) 0 (0.0, 0.1) -0.32 (-0.93, -0.06) < 0.001
Work (METhrs/day) 96 (5.7, 10.7) 0 (0.0, 6.9 -543 (-100, 0) < 0.001
Recreational (METhrs/day) 09 (04, 1.6) 1.1 (0.0, 3.0) 0.20 (-043, 1.29) 0.174

Paired analysis of those participating in first and third trimester data collection
* Recent Physical Activity Questionnaire[30]

active women; however the mean age, BMI and ethnic
background of participants were comparable to women
who declined. A third of participants were educated to
at least degree level, and women of more advantaged
socio-economic status are more likely to meet recom-
mended PA levels than women in less advantaged socio-

100 A

80 1

60 A

50 1 =

30 1

Mean Moderate or Vigourous Activity (Minutes)

10 A

Week13 Week 36
Gestation
Figure 2 Change in objectively measured moderate or
vigorous activity between week 13 and week 36 of
pregnancy’

economic groups [33]. Moreover, those who declined
participation may have been more likely to be either
habitually inactive or affected by physical limitations
related to pregnancy, and thus not inclined to enter a
study with a focus on measuring PA.

Our sample size was relatively small and thus we had
limited power to detect differences between subgroups
such as obese and overweight women, and multiparous
and nulliparous women. Non-significant results should
therefore not be considered as proof of no effect. We
restricted our study to women with uncomplicated preg-
nancies and are unable to provide information on PA
levels in women with pregnancy complications. Three
women were excluded from the third trimester measure-
ment due to complications arising during pregnancy.

In this sample of overweight and obese pregnant
women the duration of objectively measured light and
MVPA, total recorded body movements (accelerometer
counts/min), and the proportion achieving the recom-
mended level of 30 minutes/day MVPA were relatively
stable throughout pregnancy. However, women who
recorded more than 30 minutes of MVPA in early preg-
nancy did reduce their duration of MVPA, by a median
of 11 minutes per day, by the third trimester. Counts per
minute also significantly reduced in this group. We are
aware of only one other longitudinal study of objectively
measured activity in pregnancy. Rousham et al reported
that average counts per minute decreased substantially as
pregnancy progressed[29]. In that study all participants
were low risk nulliparous women, who may have had
higher baseline activity levels than our participants.

In contrast to objectively recorded activity levels, there
was a decline in overall self reported PAEE between the
first and third trimesters. This is consistent with other
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studies using self reported measures of activity
[26,35,36]. It should be noted that the RPAQ was not
designed to measure changes over time and therefore
these findings should be interpreted with caution [30].
Further, in the validation of a similar questionnaire[37]
the home domain was less strongly correlated with
objective measurement than other domains. In our
study, this domain accounted for the majority of self-
reported PAEE, and this may explain the discrepancy
between changes in objectively reported activity and self
reported activity. PAEE was calculated on the basis of
published MET values from the general population;
pregnancy-specific MET values are unavailable and we
were unable to assess the extent to which this may have
biased PAEE estimates.

As in other studies [34,38] the main recreational activ-
ities reported by the women during pregnancy were
walking and swimming. These were also activities that
were maintained or reported by more women in later
pregnancy. Other authors have also reported that walk-
ing is maintained as pregnancy progresses [39,40].

We found that estimated self reported PAEE attributa-
ble to recreational activities was low compared to that
attributed to activity at home and at work. Thus, main-
tenance of PA levels during pregnancy is likely to be
determined mainly by habitual activities associated with
daily domestic and work routines, rather than by partici-
pation in structured leisure time activities.

Between the first and third trimester there was an
increase in self-reported PAEE attributed to home activ-
ities (including childcare) and a reduction in PAEE
derived from work. This trend has also been reported by
Derbyshire et al[41], who reported a higher proportion
of self reported expenditure in the home in the third tri-
mester. In contrast, Clarke [42] found that self reported
estimated energy expenditure related to domestic activ-
ities remained static throughout pregnancy, however the
participants were all women in their first pregnancy.
The findings of the current study are consistent with
substitution of home activity for work activity towards
the end of pregnancy; the objective measurements sug-
gest that overall light activity was maintained whilst
higher intensity activities were reduced.

Multiparous women recorded a higher duration of
light activity in early pregnancy, and self reported data
suggested that this was attributable to activity in the
home. Larger studies are needed to further explore dif-
ferences between nulliparous and multiparous women
and whether these differences are maintained as preg-
nancy progresses.

Our study demonstrates that measurement of activity
by accelerometry is feasible and acceptable throughout
pregnancy. A major benefit of objective measurement
methods is that they are unlikely to produce biased
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measures, unlike subjective measures which quantify the
individual’s perception of activity, and therefore fre-
quently over-estimate activity levels [43]. We selected a
questionnaire which captured activity related to domes-
tic and childcare tasks separately. Whilst this is an
important contributor to habitual non-sedentary activity
in pregnant women, it may be particularly subject to
over reporting as women often perform more than one
task at once, for example housework and childcare [44].
Accelerometry does not have the same limitations but
the quality of the data is affected by compliance and
acceptability of the device. Furthermore, accelerometry
cannot capture activity related to swimming, which was
reported throughout pregnancy, thus slightly under-
estimating activity levels in those women who swam.
Similarly, accelerometry is a poor method for capturing
activity during cycling; however only one woman in our
sample reported this.

At later time points, the accelerometers were worn for
shorter periods of time and recorded sedentary time was
reduced, suggesting that the monitor was worn less
often during resting or sitting in the second and third
trimesters. Nevertheless, the duration and number of
days recording achieved in this study compare well with
that reported in other populations [22,29]. There is no
consensus about the most appropriate activity count cut
off points for sedentary, light, moderate and vigorous
PA levels in pregnancy. We chose those proposed by
Freedson et al, which have been widely used in the non-
pregnant adult population [27].

Conclusion

Our study shows that it is possible for overweight and
obese women to achieve the recommended 30 minutes
of moderate activity throughout pregnancy, and we sug-
gest this is a realistic aim for this group. Women who
were more active in early pregnancy significantly
reduced their recorded MVPA in late pregnancy. The
reasons why some women reduce their activity levels,
and methods to encourage maintenance of PA through-
out pregnancy, require further investigation. Recrea-
tional activities appear to contribute little to overall
habitual activity levels in this group of women, and
therefore future studies should use measurement meth-
ods which capture overall habitual PA. Interventions to
promote PA in pregnancy should target and support
changes in habitual activities at work and home, and in
particular walking.

Acknowledgements

The authors would like to sincerely acknowledge all the women who
participated in the study and the support given by the staff within the
Directorate of Women's Services, Royal Victoria Infirmary, Newcastle upon
Tyne.



McParlin et al. BMC Pregnancy and Childbirth 2010, 10:76
http://www.biomedcentral.com/1471-2393/10/76

Funding
The study was supported jointly by Newcastle University and the Directorate
of Women'’s Services, Royal Victoria Infirmary, Newcastle Upon Tyne, UK.

Author details

'Newcastle-upon-Tyne Hospitals NHS Foundation Trust, Newcastle upon
Tyne, UK. “Institute of Cellular Medicine, Newcastle University, Newcastle
upon Tyne, UK. 3Institute of Health and Society, Newcastle University,
Newcastle upon Tyne, UK. “MRC Epidemiology Unit, Institute of Metabolic
Science, Cambridge, UK.

Authors’ contributions

CMcP contributed to the study design, recruited participants and collected
the data, analysed the data and wrote the first draft of the manuscript. SCR
contributed to the conception and design of the study and interpretation of
the results. PT provided statistical advice and contributed to the
interpretation of the results. HB provided PAEE calculations from the raw
RPAQ data. JR contributed to the design of the study and interpretation of
the results. MP contributed to the design of the study, gave advice
regarding statistical analysis and interpreted the results. AJA contributed to
the design of the study and interpretation of the results. RB contributed to
the conception and design of the study, analysis and interpretation of the
data and writing of the manuscript. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 1 June 2010 Accepted: 29 November 2010
Published: 29 November 2010

References

1. Heslehurst N, Ellis LJ, Simpson H, Batterham A, Wilkinson J, Summerbell CD:
Trends in maternal obesity incidence rates, demographic predictors, and
health inequalities in 36821 women over a 15-year period. BJOG: An
International Journal of Obstetrics and Gynaecology 2007, 114:187-194.

2. Kanagalingam MG, Forouhi NG, Greer IA, Satter N: Changes in booking
body mass index over a decade: retrospective analysis from a Glasgow
Maternity Hospital. BJOG: An International Journal of Obstetrics and
Gynaecology 2005, 112:1431-1433.

3. Heslehurst N, Rankin J, Wilkinson JR, Summerbell CD: A nationally
representative study of maternal obesity in England, UK: trends in
incidence and demographic inequalitites in 619323 births, 1989-2007.
International Journal of Obesity 2009, 34:420-428.

4. Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, Beard RW, et al.
Maternal obesity and pregnancy outcome: a study of 287213
pregnancies in London. International Journal of Obesity 2001, 25:1175-1182.

5. OBrien TE, Ray JG, Chan WS: Maternal body mass index and the risk of
preeclampsia: A systematic overview. Epidemiology 2003, 14:369-374.

6. Chu SY, Lau J, Schmid CH, Dietz PM, Callaghan WM, Curtis KM: Maternal
obestiy and risk of stillbirth: a metaanalysis. Am J Obstet Gynecol 2007,
197:223-228.

7. Smith SA, Hulsey T, Goodnight W: Effects of obesity on pregnancy. Journal
of Obsetrics, Gynaecology and Neonatal Nursing 2008, 37:176-184.

8. Poobalan AS, Aucott LS, Gurung T, Bhattacharya S: Obesity as an
independent risk factor for elective and emergency caesarean dleivery
in nulliparous women - a systematic review and meta-analysis of cohort
studies. Obesity Reviews 2008, 10:28-35.

9. Stothard KJ, Tennant PW, Bell R, Rankin J: Maternal overweight and
obesity and the risk of congenital anomalies. A systematic review and
meta-analysis. Journal of the American Medical Association 2009,
301:636-650.

10.  Nohr EA, Vaeth M, Baker JL, Sorensen TIA, Olsen J, Rasmussen KM:
Combined associations of prepregnancy body mass index and
gestational weight gain with the outcome of pregnancy. American
Journal of Clinical Nutrition 2008, 87:1750-1759.

11. Sorensen TK, Williams MA, Lee IM, Dashow EE, Thompson ML, Luthy DA:
Recreational physical activity during pregnancy and risk of preeclampsia.
Hypertension 2003, 41:1273-1280.

12. Dempsey J, Sorensen T, Williams M, Lee IM, Miller R, Dashow E, Luthy D: A
prospective study of gestational diabetes mellitus risk in relation to

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

Page 8 of 9

physical activity before and during pregnancy. American Journal of
Obstetrics and Gynecology 2003, 189:5106-5106.

Dempsey JC, Butler CL, Sorensen TK, Lee IM, Thompson ML, Miller RS,
Frederick 10, Williams MA: A case-control study of maternal recreational
physical activity and risk of gestational diabetes mellitus. Diabetes
Research and Clinical Practice 2004, 66:203-215.

Oken E, Ning Y, Rifas-Shiman SL, Radesky JS, Rich-Edwards JW, Gillman MW:
Associations of physical activity and inactivity before and during
pregnancy with glucose tolerance. Obstetrics and Gynecology 2006,
108:1200-1207.

Physical Activity Guidelines Advisory Committee: 2008 Physical Activity
Guidelines for Americans. US Dept of Health and Human Servies 2008.
Meher S, Duley L: Exercise or other physical activity for preventing pre-
eclampsia and its complications. Cochrane Database of Systematic Reviews
2006, 2.

Chasan-Taber L, Marcus BH, Stanek E, Ciccolo JT, Marquez DX, Solomon CG,
Markenson G: A randomized controlled trial of prenatal physical activity
to prevent gestational diabetes: design and methods. Journal of Womens
Health 2009, 18:851-859.

Nelson SM, Matthews P, Poston L: Maternal metabolism and obesity
modifiable determinants of pregnancy outcome. Human Reproduction
Update 2010, 16:255-275.

American College of Obstetricians and Gynecologists: Exercise during
pregnancy and the postpartum period. International Journal of Gynecology
& Obstetrics 2002, 77:79-81.

Bell BB, Dooley MM: Exercise in Pregnancy. Royal College of Obstetricains
and Gynaecologists 2006.

Physical Acitivity Guidelines Advisory Committee: 2008 Physical Activity
Guidelines for Americans. US Dept of Health and Human Servies 2008.
Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G,
Freedson PS: Development and validation of a pregnancy physical
activity questionnaire. Medicine and Science in Sports and Exercise 2004,
36:1750-1760.

Schmidt MD, Freedson PS, Pekow P, Roberts D, Sternfeld B, Chasan-Taber L:
Validation of the Kaiser physical activity survey in pregnant women.
Medicine and Science in Sports and Exercise 2006, 38:42-50.

Zhang CL, Solomon CG, Manson JE, Hu FB: A prospective study of
pregravid physical activity and sedentary behaviors in relation to the
risk for gestational diabetes mellitus. Archives of Internal Medicine 2006,
166:543-548.

Borodulin KM, Evenson KR, Wen F, Herring AH, Benson AM: Physical
Activity Patterns during Pregnancy. Medicine and Science in Sports and
Exercise 2008, 40:1901-1908.

Lof M, Forsum E: Activity pattern and energy expenditure due to
physical activity before and during pregnancy in healthy Swedish
women. British Journal of Nutrition 2006, 95:296-302.

Freedson P, Melanson E, Sirard J: Calibration of the Computer Science and
Applications, Inc. accelerometer. Medicine & Science in Sports & Exercise
1998, 30:777-781.

Corder K, Ekelund U: Accelerometers and pedometers: methodology and
clinical application. Current Opinion in Clinical Nutrition and Metabolic Care
2007, 10:597-603.

Rousham EK, Clarke PE, Gross H: Significant changes in physical activity
among pregnant women in the UK as assessed by accelerometry and
self-reported activity. European Journal of Clinical Nutrition 2006,
60:393-400.

Besson H, Jakes RW, Ekelund U, Wareham NJ: Estimating physical activity
energy expenditure, sedentary time and physical activity by self-report
in adults. American Journal of Clinical Nutrition 2010, 91:106-14.

Ainsworth AE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al:
Compendium of Physical Activities: an update of activity codes and MET
intensities. Medicine & Science in Sports & Exercise 2000, 32:5498-S516.
Ekelund U, Griffin SJ, Wareham NJ: Physical activity and metabolic risk in
individuals with a family history of Type 2 diabetes. Diabetes Care 2007,
30:337-342.

Health Survey for England 2008, Vol. 1 (Physical Activity and Fitness.
Edited by: Craig R, Mindell J. Hirani V: The Health and Social Care
Information Centre; 2009.

Evenson K, Huston SL: Leisure-time physical activity among pregnant
women in the USA. Paediatric and Perinatal Epidemiology 2004, 18:400-407.


http://www.ncbi.nlm.nih.gov/pubmed/17305899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17305899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16167951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16167951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16167951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20029373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20029373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20029373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11477502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11477502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17826400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17826400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19021871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19021871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19021871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19021871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19211471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19211471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19211471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18541565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18541565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12719446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15533588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15533588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19966268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19966268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15595297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15595297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16534041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16534041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16534041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18845974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18845974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17693743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17693743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19889820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19889820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19889820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17259504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17259504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15535815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15535815?dopt=Abstract

McParlin et al. BMC Pregnancy and Childbirth 2010, 10:76
http://www.biomedcentral.com/1471-2393/10/76

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Schmidt M, Erickson JB, Freedson PS, Markenson G, Chasan-Taber L:
Physical activity patterns during pregnancy in a low income racially
diverse population. American Journal of Epidemiology 2002, 155:5103-5103.
Fell DB, Joseph KS, Armson BA, Dodds L: The impact of pregnancy on
physical activity level. Maternal and Child Health Journal 2009, 13:597-603.
Wareham NJ, Jakes RW, Rennie KL, Mitchell J, Hennings S, Day NE: Validity
and repeatability of the EPIC-Norfolk Physical Activity Questionnaire.
International Journal of Epidemiology 2002, 31:168-174.

Zhang J, Savitz DA: Exercise during pregnancy among US women. Annals
of Epidemiology 1996, 6:53-59.

Da Costa D, Rippen N, Dritsa M, Ring A: Self-reported leisure-time physical
activity during pregnancy and relationship to psychological well-being.
Journal of Psychosomatic Obstetrics and Gynecology 2003, 24:111-119.
Mottola MF, Campbell MK: Activity patterns during pregnancy. Canadian
Journal of Applied Physiology-Revue Canadienne De Physiologie Appliquee
2003, 28:642-653.

Derbyshire E, Davies GJ, Costarelli V, Dettmar PW: Habitaul patterns of
physical activity during pregnancy and postnatally. British Journal of
Midwifery 2008, 16:20-24.

Clarke PE, Rousham EK, Gross H, Halligan AWF, Bosio P: Activity patterns
and time allocation during pregnancy: A longitudinal study of British
women. Annals of Human Biology 2005, 32:247-258.

Reilly JJ, Davies G, Grant S, Paton JY: Objective measurement of physical
activity and sedentary behaviour: review with new data. Archives of
Diseases in Childhood 2008, 93:614-619.

Collins BS, Miller YD, Marshall AL: Physical activity in women with young
children: how can we assess ‘anything that's not sitting’? Women and
Health 2007, 45:95-116.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2393/10/76/prepub

doi:10.1186/1471-2393-10-76

Cite this article as: McParlin et al: Objectively measured physical activity
during pregnancy: a study in obese and overweight women. BMC
Pregnancy and Childbirth 2010 10:76.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/18719984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18719984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8680626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12854395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12854395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12904639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16099772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16099772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16099772?dopt=Abstract
http://www.biomedcentral.com/1471-2393/10/76/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Method
	Study population
	Data collection
	Accelerometry data processing
	Questionnaire data
	Statistical analysis
	Ethical Approval

	Results
	Participants
	Physical activity in early pregnancy
	Changes in physical activity during pregnancy

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

