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A B S T R A C T

Background: Maternal reports of decreased fetal movements are associated with adverse pregnancy outcome, but
there are conflicting data about perception of fetal movements in women with obesity.
Aim: To compare perceived fetal movements in women with obesity (body mass index [BMI] ≥30 kg/m2) and
women with normal BMI (< 25 kg/m2).
Material and methods: Data from two separate pregnancy studies were used for this analysis; the Healthy Mums
and Babies (HUMBA) trial, which recruited women with obesity and the Multicentre Stillbirth Study (MCSS),
which recruited women from a general obstetric population. Fetal movement data were collected using identical
interviewer-administered questionnaire in each study. We compared fetal movement strength, frequency and
pattern between HUMBA and MCSS women with obesity and MCSS women with normal BMI.
Results: Participants were 233 women with obesity and 149 with normal BMI. Mean (SD) gestation at interview
was similar between groups (36.9 [2.2] vs 36.6 [0.9], P=0.06). Perceived fetal movement strength and fre-
quency did not differ between groups. In both women with obesity and normal BMI, a diurnal fetal movement
pattern was present, with the majority reporting strong or moderate movements in the evening (88.7% vs
99.3%) and at night-time (92.1% vs 93.1%). Women with obesity, were more likely to report strong fetal
movements when hungry (29.1% vs 17.7%, P=0.001) and quiet fetal movements after eating (47.4% vs 32.0%,
P=0.001).
Conclusions: In women with obesity compared to normal BMI, strength and frequency of fetal movements were
similar, although patterns were altered in relation to maternal meals.

1. Introduction

Obesity amongst pregnant women is increasing as prevalence of
obesity climbs worldwide [1]. Maternal body mass index (BMI) above
the normal range (≥25 kg/m2) is associated with increased poor peri-
natal outcomes across the spectrum, ranging from lower rates of con-
ception and increased miscarriage through to increased risk of stillbirth
and reduced infant survival [1,2]. Beyond the perinatal period, ma-
ternal obesity (BMI ≥30 kg/m2) is associated with adverse outcomes
for offspring such as increased infant language delay [3], lower school-
age IQ [4], autistic spectrum disorder [5], and attention deficit and
hyperactivity disorder [6]. In high-income countries maternal obesity is
the leading modifiable risk-factor for stillbirth, surpassing even ma-
ternal smoking in terms of the population attributable fraction [7].

A common strategy used in clinical practice to prevent stillbirth is
monitoring of maternally perceived fetal movements [8]. In approxi-
mately half of stillbirth cases maternal perception of decreased fetal
movements (DFM) precedes diagnosis of fetal death [9]. Reducing de-
layed (> 48 h) presentation with DFM has been shown to reduce still-
births in Norway [10]. However, the large AFFIRM trial in the United
Kingdom reported that a programme of encouraging presentation for
DFM, coupled with low-threshold for induction of labour led to in-
creased intervention with no significant reduction in stillbirths. Thus,
the optimal approach to screening and management of women with
DFM has yet to be determined. Despite this, maternal concern about
reduced fetal movements remains an important indicator of possible
fetal compromise and maternity providers are encouraged to review
such cases [11]. One group of particular interest in relation to DFM is
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women with raised BMI.
Presentations for DFM are noted to be higher amongst women with

raised BMI [12,13]. It has been suggested that DFM in women with
obesity is due to a dampening effect of abdominal fat on fetal move-
ment sensations and therefore more likely to be benign [12]. However,
maternal obesity is also associated with pregnancy conditions such as
gestational diabetes and preeclampsia which are also associated with
fetal and infant death [1,14]. Further, it is been shown that women with
DFM and raised BMI ≥25 kg/m2 have increased risk of stillbirth and of
small for gestational age infants when compared to women with DFM
and normal BMI [15]. The question of whether fetal movement per-
ception is altered in pregnant women with obesity is an important
practical question for maternity providers given the increasing pre-
valence of obesity amongst pregnant women, and the conflicting re-
ports about the significance of DFM in women with obesity.

A systematic review of the limited available data on maternal obe-
sity and fetal movements found no evidence for reduced perception of
fetal movements amongst women with raised BMI and only a small
increase in the incidence of DFM presentations [16]. Studies in-
vestigating perceived fetal movements in women with obesity are scant
and questions remain as to any potential differences in fetal behaviour,
perception of fetal movements, and clinical significance of DFM in
women with obesity [16]. In this study we therefore aimed to describe
maternally reported fetal movement strength, frequency, and pattern in
women with obesity compared to women with normal BMI in early
pregnancy.

2. Material and methods

Participants were recruited from two studies conducted during
pregnancy in New Zealand. The first study, the Healthy Mums and
Babies (HUMBA) trial was a two-by-two factorial randomised con-
trolled trial of dietary intervention and/or probiotics that aimed to
reduce excessive gestational weight gain and infant birthweight [17].
Eligible participants for HUMBA had a BMI ≥30 kg/m2, no diabetes at
the time of enrolment and were residing in Counties Manukau, an urban
locality in South Auckland, New Zealand with a multi-ethnic population
and high rates of deprivation and obesity. Ethical approval for the
HUMBA study was obtained from the Southern Health and Disabilities
Ethics Committee (14/STH/205). Recruitment occurred between April
2015 and June 2017.

The Multicentre Stillbirth Study (MCSS) was a case-control study
conducted across seven healthcare regions in New Zealand exploring
modifiable risk factors for late (≥28weeks') stillbirth [18]. Recruit-
ment occurred between February 2012 and December 2015 and the
main findings have been reported elsewhere [18]. Ethical approval for
this study was obtained from the Northern “X” Regional Ethics Com-
mittee: NTX/06/05/054. For the present study, we used data from
control women (ongoing pregnancies with a singleton, non-anomalous
fetus randomly selected from hospital booking lists).

Demographic data were collected during interview and birth out-
come data from medical records. A single prioritised ethnicity was es-
tablished as recommended by the New Zealand Ministry of Health [19].
Social deprivation was derived from the address where the woman lived
during pregnancy [20]. For both studies, we used customised birth-
weight centiles to define birth weight, taking into account maternal
characteristics (height, earliest available pregnancy weight, ethnicity
and parity), as well as gestation at birth and infant sex [21]. Small for
gestational age (SGA) was defined as birthweight< 10th customised
centile and large for gestational age (LGA) was defined as birthweight
≥90th customised centile. Maternal BMI was calculated using the
earliest available pregnancy weight, and height measured at interview.

2.1. Fetal movement questionnaire

Women from the HUMBA trial or the MCSS control group were

eligible for the present study if they had completed the fetal movement
questionnaire at ≥32weeks' gestation. Women from HUMBA and
MCSS with BMI ≥30 kg/m2 (obese) were compared to MCSS women
with BMI< 25 kg/m2 (normal). Data on maternally perceived fetal
movement strength, frequency and pattern was collected using a
structured questionnaire that was administered face-to-face by trained
research midwives in the setting of the woman's choosing, usually the
home. Fetal movement questions pertained to perceived fetal move-
ments in the two weeks prior to interview and included strength, fre-
quency, busy times, patterns of movement in relation to time of day,
maternal position, maternal meals, and fetal stimuli. Maternal percep-
tion of strength and frequency of fetal movement was categorised as
increased, decreased, stayed the same or unsure. Busy times were de-
fined for participants as ‘a period where there is a group of movements,
rather than single isolated movements, which might be short (15-45
seconds) or prolonged and involving many movements for up to 20
minutes’. Fetal movement responses in relation to time of day, maternal
position, maternal meals, and fetal stimuli were categorised as ‘notably
quiet’, ‘subtle or light movement’, ‘moderate movement’, ‘jumps or
startles’ and ‘unsure/don't notice’.

2.2. Statistical analysis

Data were analysed using SAS v9.4 (SAS Institute, Cary, NC, USA).
The frequency of categorial fetal movement variables was compared
between women with obesity and women with normal BMI, using chi
square, with a P value<0.05 regarded as statistically significant.

3. Results

The obesity group comprised 233 women with a mean early preg-
nancy BMI of 38.9 (SD 6.3). Of these 233 women, 163 had been re-
cruited through HUMBA and 70 through MCSS. The normal BMI group
comprised 149 women, all recruited through MCSS. Mean (SD) gesta-
tion at interview was similar for women included from both studies
(36.9 [2.2] vs 36.6 [0.9], P=0.06). All women gave birth to liveborn
infants without major congenital abnormality. There were significant
differences in demographic characteristics between groups, with
women in the obese group more likely to be living in areas of high
social deprivation, smoking and single marital status (Table 1). The rate
of small-for-gestational age infants was similar in obese and normal
BMI groups (Table 1). There were twice as many large-for-gestational
infants in the obese group, but this difference was of borderline sig-
nificance (11.2% vs 5.4%, P=0.05) (Table 1).

3.1. Fetal movement strength, frequency and busy times

The majority of women reported that fetal movement strength had
increased in the two weeks prior to interview and that frequency had
either stayed the same or increased, with no significant differences
between women with obesity and women with normal BMI (Table 2). In
both groups, the majority of women reported between 3 and 7 fetal
busy times per day, although overall, women with obesity reported
more fetal busy times (Table 2, P=0.02). The length of busy times was
not different between women with obesity and women with normal
BMI (Table 2, P=0.79).

3.2. Fetal movement strength and time of day

In both women with obesity and women with normal BMI, there
was a clear diurnal pattern of fetal movements with increasing fre-
quency of strong fetal movements later in the day (Table 3). However,
significant differences were seen between the two groups in reported
fetal movement strength in the afternoon (P=0.01) and evening
(P=0.003) (Table 3). In the afternoon, more women with obesity than
normal BMI reported strong fetal movements (44.1% vs 31.7%) and in
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the evening more women with obesity (9.3%) reported that their fetus
was quiet than women with normal BMI (0.7%) (Table 3). At night
time, including bedtime, the majority reported strong fetal movements
and this was not different between women with obesity and women
with normal BMI (Table 3).

3.3. Fetal movements in relation to maternal position, maternal meals and
purported fetal stimuli

There was no difference in perceived strength of fetal movements
between women with obesity and women with normal BMI in relation

to maternal position (Table 4). In both groups, women were most likely
to perceive quiet fetal movements when standing or walking around
and strong movements when sitting quietly (Table 4).

There were significant differences between women with obesity and
women with normal BMI in reported fetal movement strength around
maternal meals and hunger (Table 5). When hungry, 29.1% of obese
women reported strong fetal movements compared to 17.7% of women

Table 1
Participant characteristics.

Characteristics Normal BMI
N=149

Obese
N=233

P

Age (years)
< 20 0 (0.00) 4 (1.7) 0.10
20–39 146 (98.0) 218 (93.6)
≥40 3 (2.0) 11 (4.7)

Ethnicity
Māori 9 (6.0) 41 (17.7) < 0.05
Pacific 6 (4.0) 107 (45.9)
Indian 34 (22.8) 14 (6.0)
Other Asian 21 (14.1) 6 (4.3)
European 78 (52.4) 60 (25.8)
Other 1 (0.7) 5 (2.2)

Parity
0 73 (49.0) 80 (34.3) < 0.001
1–3 75 (50.3) 130 (55.8)
≥4 1 (0.7) 23 (9.9)

BMI at booking (kg/m2) 21.95 (1.9) 37.70 (6.0) < 0.05
Smoker 8 (5.4) 41 (17.6) < 0.001
Marital status (married) 117 (78.5) 139 (59.7) < 0.001
In paid work (last month) 99 (66.5) 125 (53.7) 0.01
Socioeconomic deprivation (highest

quintile)
20 (13.4) 140 (60.1) < 0.001

Gestation at interview (weeks) 36.9 (2.2) 36.6 (0.9) 0.06
Gestation at birth (weeks) 39.6 (1.1) 39.4 (1.3) 0.05
Infant birthweight (g) 3482 (449) 3657 (525) < 0.001
Customised birthweight centile 49 (29) 49 (29) 0.96
Small-for-gestational-age infant 16 (10.7) 25 (10.7) 1.0
Large-for-gestational-age infant 8 (5.4) 26 (11.2) 0.05

Data are number (percent), or mean (standard deviation).

Table 2
Fetal movement strength, frequency and busy times.

Interview question Normal BMI
N=149

Obese
N=233

Chi-square (P)

In the last two weeks did the strength of your baby's movements?
Increase 81 (54.4) 140 (60.1) 6.80 (0.08)
Decrease 7 (4.7) 23 (9.9)
Stay the same 57 (38.3) 66 (28.3)
Unsure 4 (2.7) 4 (1.7)

In the last two weeks did the frequency of your baby's movements?
Increase 60 (40.3) 103 (44.2) 2.57 (0.46)
Decrease 25 (16.8) 26 (11.2)
Stay the same 63 (42.3) 102 (43.8)
Unsure 1 (0.7) 2 (0.9)

In the last two weeks, how many busy times did your baby have in a day?
0–2 36 (24.3) 31 (13.4) 7.48 (0.02)
3–7 77 (52.0) 138 (59.5)
8+ 35 (23.7) 63 (27.1)

In the last two weeks, on average, how long did these busy times last?
Longer than before 52 (35.6) 86 (36.9) 0.48 (0.79)
About as long as before 85 (58.2) 129 (55.4)
Shorter than before 9 (6.2) 18 (7.7)

Data are number (percent), Chi-square and P value is for comparison between
normal BMI and obese groups.

Table 3
Fetal movement strength and time of day.

Normal BMI
N=149

Obese
N=233

Chi-square (P)

On waking (missing= 2)
Quiet 63 (43.5) 111 (49.6) 3.80 (0.15)
Moderate 52 (35.9) 59 (26.3)
Strong 30 (20.7) 54 (24.1)
Unsure 3 8

During morning (missing=4)
Quiet 56 (38.6) 71 (31.4) 2.93 (0.23)
Moderate 60 (41.4) 95 (42.0)
Strong 29 (20.0) 60 (26.5)
Unsure 3 4

During afternoon (missing= 3)
Quiet 29 (20.0) 51 (22.5) 8.61 (0.01)
Moderate 70 (48.3) 76 (33.5)
Strong 46 (31.7) 100 (44.1)
Unsure 2 4

During evening (missing=4)
Quiet 1 (0.7) 21 (9.3) 11.83 (0.003)
Moderate 37 (25.3) 51 (22.6)
Strong 108 (74.0) 154 (68.1)
Unsure 2 4

Night time including bedtime (missing= 5)
Quiet 10 (6.9) 18 (7.9) 0.16 (0.93)
Moderate 26 (17.9) 42 (18.4)
Strong 109 (75.2) 168 (73.7)
Unsure 1 3

Data are number (percent), Chi-square and P value is for comparison between
normal weight and obese groups of quiet, moderate and strong fetal move-
ments.

Table 4
Fetal movement strength and maternal position.

Normal BMI
N=149

Obese
N=233

Chi-square (P)

Walking around (missing= 3)
Quiet 82 (59.4) 111 (50.7) 2.61 (0.27)
Moderate 41 (29.7) 80 (36.5)
Strong 15 (10.9) 28 (12.8)
Unsure 10 12

Standing in one spot (missing= 2)
Quiet 80 (57.6) 104 (47.3) 3.64 (0.16)
Moderate 39 (28.1) 75 (34.1)
Strong 20 (14.4) 41 (18.6)
Unsure 9 12

Sitting quietly (missing= 7)
Quiet 29 (20.1) 38 (16.7) 0.83 (0.66)
Moderate 50 (34.7) 78 (34.4)
Strong 65 (45.1) 111 (48.9)
Unsure 1 3

Lie on side (missing= 2)
Quiet 35 (24.5) 50 (22.2) 0.41 (0.82)
Moderate 56 (39.2) 95 (42.2)
Strong 52 (36.4) 80 (35.6)
Unsure 5 7

Data are number (percent), Chi-square and P value is for comparison between
normal weight and obese groups of quiet, moderate and strong fetal move-
ments.
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with normal BMI. One hour after eating, 47.4% of women with obesity
reported that the fetus was ‘quiet’, compared to 32.0% of women with
normal BMI. (Table 5). There were no significant differences in per-
ceived fetal movement strength between women with obesity and
women with normal BMI in relation to purported physical stimuli such
as cold drinks, loud noises, touching the abdomen or sitting in a
cramped position (Table 6).

4. Discussion

We compared maternally perceived fetal movements in a group of
women with obesity to a group with normal BMI. Our data demonstrate
that maternally reported fetal movement; strength, frequency, length of
busy times, and strength of fetal movements in response to maternal
position and purported fetal stimuli, are very similar in women with
obesity and women with normal BMI. In both groups, there was a
diurnal pattern of perceived fetal movements involving an increase in
frequency of strong movements later in the day. However, there were
some differences between groups in reported fetal movement strength
around mealtimes, and in the afternoon and evening.

Contrary to our hypothesis, fetal movement strength and frequency
was not substantially different in women with obesity compared to
women with normal BMI. Although it is widely believed that women
with high BMI are less able to perceive fetal movements, a number of
studies have explored maternal perception of fetal movements using
ultrasound and reported no difference in rates of accurate movement
perception attributable to maternal weight, BMI or thickness of skin-
folds [22–25]. Our data support no significant reduction in sensitivity
to fetal movement sensations in women with obesity compared to
normal BMI.

Differences in fetal behaviour around maternal meals reported by
women with obesity in this study are supported by existing literature.
Increased fetal activity has been demonstrated in association with hy-
poglycaemia in diabetic women and a decrease or slowing of fetal
movements following administration of glucose or when the mother is
hyperglycaemic [26,27]. A small qualitative descriptive study of ma-
ternal perception of fetal movements in the third trimester reported that
some women described increased fetal movement when they were
hungry which they interpreted as a fetal demand for food. Participants
also reported fetal quiescence following meals, which some interpreted
as fetal satiation [28].

Behaviours commensurate with hunger and satiety are known to be
hormonally controlled [29,30]. Maternal obesity is thought to have a
causative role in development of offspring obesity due to programming
of fetal metabolism in response to the altered endocrine milieu of
pregnancy in women with obesity [31]. Animal studies have demon-
strated that maternal obesity is also associated with altered neural
pathways in offspring that regulate appetite and feeding behaviour
[31,32]. Further, in a study of women undergoing oral glucose toler-
ance testing, fetal brain reactivity to stimulus one hour after oral glu-
cose ingestion was inversely correlated with maternal glucose and in-
sulin concentrations [33]. It is plausible, therefore, that the differences
in fetal behaviour around meals reported by women with obesity in this
study reflect longer term programming of metabolism and appetitive
traits.

A diurnal fetal movement pattern characterised by increased like-
lihood of perception of strong movements in the evening and at night-
time was apparent in both women with obesity and women with normal
weight. This is in keeping with other studies that show an increase in
fetal movements during the evening by both maternal report [34] and
objective observation by ultrasound [35,36]. In a separate study, ma-
ternal perception of quiet fetal movement in the evening was associated
with an almost four-fold increased odds of late stillbirth, including after
adjustment for maternal BMI [37]. One possible explanation for the
small differences in fetal movement strength in the afternoon and
evening seen in this study is confounding by the differences in fetal
movement strength reported around maternal meals. Increased strength
of fetal movements in the afternoon in women with obesity may reflect
the fetal response to maternal hunger or anticipation of the evening
meal, and likewise, increased quiet fetal movements reported by
women with obesity in the evening may be related to postprandial
quiescence. Although, the differences in fetal movement strength in the
afternoon and evening in this study were statistically significant, very
few women in either group reported quiet fetal movements in the

Table 5
Fetal movement strength and maternal meals.

Normal BMI
N=149

Obese
N=233

Chi-square (P)

Before eating (missing= 4)
Quiet 72 (60.5) 98 (45.8) 7.00 (0.03)
Moderate 27 (22.7) 73 (34.1)
Strong 20 (16.8) 43 (20.1)
Unsure 28 17

When hungry (missing=2)
Quiet 64 (53.9) 71 (33.3) 13.66 (0.001)
Moderate 34 (28.6) 80 (37.6)
Strong 21 (17.7) 62 (29.1)
Unsure 29 19

During a meal (missing=7)
Quiet 79 (59.0) 97 (45.5) 6.07 (0.05)
Moderate 30 (22.4) 67 (31.5)
Strong 25 (18.7) 49 (23.0)
Unsure 1 14

Within 15min of eating (missing=3)
Quiet 46 (34.6) 80 (37.1) 0.31 (0.86)
Moderate 46 (34.6) 69 (27.8)
Strong 41 (30.8) 67 (31.0)
Unsure 15 15

Within 1 h of eating (missing= 5)
Quiet 39 (32.0) 101 (47.4) 13.49 (0.001)
Moderate 59 (48.4) 61 (28.6)
Strong 24 (19.7) 51 (23.9)
Unsure 24 18

Data are number (percent), Chi square and P value is for comparison between
normal weight and obese groups of quiet, moderate and strong fetal move-
ments.

Table 6
Fetal movement strength and physical stimuli.

Normal BMI
N=149

Obese
N=233

Chi square (P)

Cold drink (missing= 3)
Quiet 40 (31.8) 68 (34.0) 1.40 (0.50)
Moderate 41 (32.5) 73 (36.5)
Strong 45 (35.7) 59 (29.5)
Unsure 22 29

Rub or prod abdomen (missing= 2)
Quiet 43 (30.5) 61 (26.6) 3.36 (0.19)
Moderate 41 (29.1) 88 (38.4)
Strong 57 (40.4) 80 (34.9)
Unsure 7 3

Loud noise (missing=4)
Quiet 39 (38.6) 93 (49.5) 3.13 (0.21)
Moderate 27 (26.7) 42 (22.3)
Strong 35 (34.7) 53 (28.2)
Unsure 47 45

Sit in cramped position (missing= 2)
Quiet 46 (35.9) 66 (31.1) 3.19 (0.20)
Moderate 43 (33.6) 61 (28.8)
Strong 39 (30.5) 85 (40.1)
Unsure 20 20

Data are number (percent), Chi square and P value is for comparison between
normal weight and obese groups of quiet, moderate and strong fetal move-
ments.
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evening or at night-time, including bedtime, suggesting that increased
fetal movement in the evening is normal regardless of maternal body
size.

A strength of our study is that it includes fetal movement data de-
rived from maternal report by a sizable group of women with obesity
and comparison to women with normal BMI using the same data col-
lection tool. Accuracy of maternal perception of fetal movements in
women with obesity is often questioned based on the observation of
increased clinical presentation for DFM amongst these women.
However, very few studies have directly investigated perception of fetal
movements or reported fetal movements in women with high BMI.
Maternal perception of fetal movement is generally considered to be
reliable, with studies reporting that more than a third of fetal move-
ments observed on ultrasound are detected by mothers [16,38]. Small
fetal movements such as subtle movements of the hands and fetal
movements that do not contact maternal structures such as the fetus
touching their own face or contacting the placenta are unlikely to be
detected by mothers [24]. However, stronger, more complex, and
longer lasting bouts of movement are more accurately detected by
pregnant women [39]. Importantly, subjective perception of decreased
fetal movements by pregnant women is a known indicator of adverse
pregnancy outcome and considered clinically important.

An acknowledged limitation of our study is that we were not able to
consider possible differences in actual fetal behaviour, as opposed to
reported fetal behaviour, between women with obesity and women
with normal BMI. Maternal perception, though surprisingly accurate at
times, varies widely between individuals and is subject to limitations.
However, to the best of our knowledge, no gold-standard method of
objective fetal movement observation currently exists. A further lim-
itation of this study is that we were unable to compare fetal movement
variables and pregnancy conditions or outcomes between groups, as
detailed pregnancy outcome data were not available for the normal BMI
group. There were significant differences between groups in demo-
graphic factors that may impact on fetal movements, such as maternal
smoking and social deprivation. However, it seems unlikely that the
finding of similar strength and frequency of fetal movements between
women with obesity and women with normal BMI is due to con-
founding. The normal BMI group also included more primigravidae, but
a number of ultrasound studies have shown that maternal sensitivity to
fetal movement is not related to parity [22,25]. Thus, it is unlikely that
the differences in fetal movement patterns reported in this study are
explained by parity.

Pregnant women with concerns about DFM are commonly advised
to drink cold water or eat sugary foods to increase fetal movements,
despite this approach not being supported by evidence [11]. Our data
suggest that such advice may be particularly unhelpful for women with
obesity, as almost half reported fetal quiescence an hour after eating.
For women wishing to observe moderate or strong fetal movements, the
optimal approach appears to be observation when sitting quietly,
especially during the evening or at night-time, regardless of maternal
body size. Although strength and frequency were similar between
women with obesity and women with normal weight we found a dif-
ference in perceived fetal movement strength in the afternoon and
evening and some alteration in fetal movement patterns around ma-
ternal meals. These differences warrant further investigation as poten-
tial indicators of fetal programming effects.

5. Conclusion

This study adds important information on perceived fetal move-
ments in women with high BMI. We found maternally reported fetal
movement strength, frequency and busy times were similar between
women with obesity and women with normal BMI. Our data do not
support the view that perception of fetal movements in women with
obesity is impaired. Therefore, presentation with concerns about de-
creased fetal movements in women with obesity should not be assumed

to be a benign variation attributable to maternal body size and as-
sessment of fetal wellbeing is required.

Funding information

Funding was provided for the Healthy Mums and Babies (HUMBA)
trial by Cure Kids (Child Health Research Charity); Mercia Barnes Trust
(administered by the Royal Australia and New Zealand College of
Obstetrics and Gynaecologists); Nurture Foundation, University of
Auckland Faculty Research Development Fund and Counties Manukau
Health. Funding was provided for the Multicentre Stillbirth Study
(MCSS) by the Health Research Council of New Zealand, Cure Kids;
Mercia Barnes Trust; Nurture Foundation and University of Auckland
Faculty Research Development Fund.

Funding sources had no role in study design, data collection, ana-
lysis, interpretation, writing of the report, or decision to submit the
paper for publication.

Data availability statement

Due to ethical restrictions data cannot be shared publicly. Published
data are available to approved researchers under the data sharing ar-
rangements provided by the Maternal and Perinatal Central
Coordinating Research Hub (CCRH), based at the Liggins Institute,
University of Auckland (https://wiki.auckland.ac.nz/researchhub).
Metadata, along with instructions for data access, are available at the
University of Auckland's research data repository, Figshare (https://
auckland.figshare.com). Data access requests are to be submitted to
Data Access Committee via researchhub@auckland.ac.nz.

De-identified data will be shared with researchers who provide a
methodologically sound proposal and have appropriate institutional
approval. Due to ethical restrictions, provision of data will be subject to
receiving appropriate New Zealand ethical approval. Researchers must
sign and adhere to the Data Access Agreement that includes a com-
mitment to using the data only for the specified proposal, to refrain
from any attempt to identify individual participants, to store data se-
curely and to destroy or return the data after completion of the project.
The CCRH reserves the right to charge a fee to cover the costs of making
data available, if required.

Acknowledgements

We would like to thank and acknowledge the women who gener-
ously gave their time to participate, the research midwives who con-
ducted the interviews, and [name withheld] for her assistance with data
management.

Declaration of competing interest

None declared.

References

[1] Y. Yogev, P.M. Catalano, Pregnancy and obesity, Obstet. Gynecol. Clin. N. Am. 36
(2009) 285–300, https://doi.org/10.1016/j.ogc.2009.03.003.

[2] W. McGuire, L. Dyson, M. Renfrew, Maternal obesity: consequences for children,
challenges for clinicians and carers, Semin. Fetal Neonatal Med. 15 (2010)
108–112, https://doi.org/10.1016/j.siny.2009.09.005.

[3] F.J. Torres-Espinola, S.K. Berglund, L.M. García-Valdés, M.T. Segura, A. Jerez,
D. Campos, R. Moreno-Torres, R. Rueda, A. Catena, M. Pérez-García, C. Campoy,
PREOBE team, Maternal obesity, overweight and gestational diabetes affect the
offspring neurodevelopment at 6 and 18 months of age – a follow up from the
PREOBE cohort, PLoS One 10 (2015) e0133010, https://doi.org/10.1371/journal.
pone.0133010.

[4] L. Huang, X. Yu, S. Keim, L. Li, L. Zhang, J. Zhang, Maternal prepregnancy obesity
and child neurodevelopment in the Collaborative Perinatal Project, Int. J.
Epidemiol. 43 (2014) 783–792, https://doi.org/10.1093/ije/dyu030.

[5] A.V. Skalny, M.G. Skalnaya, G. Bjørklund, A.A. Nikonorov, A.A. Tinkov, Mercury as
a possible link between maternal obesity and autism spectrum disorder, Med.

B. Bradford, et al. Early Human Development 140 (2020) 104922

5

https://wiki.auckland.ac.nz/researchhub
https://auckland.figshare.com
https://auckland.figshare.com
mailto:researchhub@auckland.ac.nz
https://doi.org/10.1016/j.ogc.2009.03.003
https://doi.org/10.1016/j.siny.2009.09.005
https://doi.org/10.1371/journal.pone.0133010
https://doi.org/10.1371/journal.pone.0133010
https://doi.org/10.1093/ije/dyu030


Hypotheses 91 (2016) 90–94, https://doi.org/10.1016/j.mehy.2016.04.021.
[6] S. Pugh, J. Hutcheon, G. Richardson, M. Brooks, K. Himes, N. Day, L. Bodnar,

Gestational weight gain, prepregnancy body mass index and offspring attention-
deficit hyperactivity disorder symptoms and behaviour at age 10, BJOG Int. J.
Obstet. Gynaecol. 123 (2016) 2094–2103, https://doi.org/10.1111/1471-0528.
13909.

[7] V. Flenady, L. Koopmans, P. Middleton, J.F. Frøen, G.C. Smith, K. Gibbons,
M. Coory, A. Gordon, D. Ellwood, H.D. McIntyre, R. Fretts, M. Ezzati, Major risk
factors for stillbirth in high-income countries: a systematic review and meta-ana-
lysis, Lancet 377 (2011) 1331–1340, https://doi.org/10.1016/S0140-6736(10)
62233-7.

[8] V. Flenady, D. Ellwood, B. Bradford, M. Coory, P. Middleton, G. Gardener,
I. Radestad, C. Homer, M. Davies-Tuck, D. Forster, A. Gordon, K. Groom,
C. Crowther, S. Walker, C. Foord, J. Warland, M. Murphy, J. Said, F. Boyle,
K. O’Donoghue, R. Cronin, J. Sexton, M. Weller, L. McCowan, Beyond the headlines:
fetal movement awareness is an important stillbirth prevention strategy, Women
Birth (2018), https://doi.org/10.1016/j.wombi.2018.12.001.

[9] S. Efkarpidis, E. Alexopoulos, L. Kean, D. Liu, T. Fay, Case-control study of factors
associated with intrauterine fetal deaths, Medscape Gen. Med. 6 (2004) 53.

[10] E. Saastad, J. Tveit, V. Flenady, B. Stray-Pedersen, R.C. Fretts, P.E. Børdahl,
J.F. Frøen, Implementation of uniform information on fetal movement in a
Norwegian population reduced delayed reporting of decreased fetal movement and
stillbirths in primiparous women - a clinical quality improvement, BMC Res. Notes
3 (2010) 2, https://doi.org/10.1186/1756-0500-3-2.

[11] L. Daly, G. Gardener, V. Bowring, W. Burton, Y. Chadha, D. Ellwood, F. Frøen,
A. Gordon, A. Heazell, K. Mahomed, S. McDonald, J.E. Norman, J. Oats, V. Flenady,
Care of pregnant women with decreased fetal movements: update of a clinical
practice guideline for Australia and New Zealand, Aust. N. Z. J. Obstet. Gynaecol.
(2018), https://doi.org/10.1111/ajo.12762.

[12] D. Tuffnell, R. Cartmill, R. Lilford, Fetal movements; factors affecting their per-
ception, Eur. J. Obstet. Gynecol. Reprod. Biol. 39 (1991) 165–167.

[13] G. Pagani, F. D’Antonio, A. Khalil, R. Akolekar, A. Papageorghiou, A. Bhide,
B. Thilaganathan, Association between reduced fetal movements at term and ab-
normal uterine artery Doppler indices, Ultrasound Obstet. Gynecol. 43 (2014)
548–552, https://doi.org/10.1002/uog.13220.

[14] L.M. Bodnar, W.T. Parks, K. Perkins, S.J. Pugh, R.W. Platt, M. Feghali, K. Florio,
O. Young, S. Bernstein, H.N. Simhan, Maternal prepregnancy obesity and cause-
specific stillbirth, Am. J. Clin. Nutr. 102 (2015) 858–864, https://doi.org/10.3945/
ajcn.115.112250.

[15] J.V.H. Tveit, E. Saastad, B. Stray-Pedersen, P.E. Børdahl, J.F. Frøen, Concerns for
decreased foetal movements in uncomplicated pregnancies – increased risk of foetal
growth restriction and stillbirth among women being overweight, advanced age or
smoking, J. Matern. Fetal Neonatal Med. 23 (2010) 1129–1135, https://doi.org/10.
3109/14767050903511578.

[16] B. Bradford, J.M.D. Thompson, A.E.P. Heazell, L.M.E. Mccowan, C.J.D. McKinlay,
Understanding the associations and significance of fetal movements in overweight
or obese pregnant women: a systematic review, Acta Obstet. Gynecol. Scand. 97
(2018) 13–24, https://doi.org/10.1111/aogs.13250.

[17] K.A.M. Okesene-Gafa, M. Li, C.J.D. Mckinlay, R.S. Taylor, E.C. Rush, C.R. Wall,
J. Wilson, R. Murphy, R. Taylor, J.M.D. Thompson, C.A. Crowther,
L.M.E. Mccowan, Effect of antenatal dietary interventions in maternal obesity on
pregnancy weight-gain and birthweight: Healthy Mums and Babies (HUMBA) ran-
domized trial, Am. J. Obstet. Gynecol. (2019), https://doi.org/10.1016/j.ajog.
2019.03.003.

[18] L.M.E. McCowan, J.M.D. Thompson, R.S. Cronin, M. Li, T. Stacey, P.R. Stone,
B.A. Lawton, A.J. Ekeroma, E.A. Mitchell, Going to sleep in the supine position is a
modifiable risk factor for late pregnancy stillbirth; findings from the New Zealand
multicentre stillbirth case-control study, PLoS One 12 (2017) e0179396, , https://
doi.org/10.1371/journal.pone.0179396.

[19] HISO (n.d.) 10001:2017 Ethnicity Data Protocols, Ministry of Health NZ. https://
www.health.govt.nz/publication/hiso-100012017-ethnicity-data-protocols (ac-
cessed February 17, 2019).

[20] C. Salmond, P. Crampton, Development of New Zealand’s deprivation index

(NZDep) and its uptake as a national policy tool, Can. J. Public Health 103 (2012)
S7–11.

[21] N. Anderson, L. Sadler, A. Stewart, L. McCowan, Maternal and pathological preg-
nancy characteristics in customised birthweight centiles and identification of at-risk
small-for-gestational-age infants: a retrospective cohort study: maternal character-
istics in customised birthweight centiles, BJOG Int. J. Obstet. Gynaecol. 119 (2012)
848–856, https://doi.org/10.1111/j.1471-0528.2012.03313.x.

[22] R. Brown, L.E. Higgins, E.D. Johnstone, J.H. Wijekoon, A.E.P. Heazell, Maternal
perception of fetal movements in late pregnancy is affected by type and duration of
fetal movement, J. Matern. Fetal Neonatal Med. 29 (2016) 2145–2150, https://doi.
org/10.3109/14767058.2015.1077509.

[23] L. Valentin, K. Maršál, Subjective recording of fetal movements. II. Screeing of a
pregnant population; methodological aspects, Acta Obstet. Gynecol. Scand. 65
(1986) 639–644.

[24] Z.R. Hijazi, S.E. Callan, C.E. East, Maternal perception of foetal movement com-
pared with movement detected by real-time ultrasound: an exploratory study, Aust.
N. Z. J. Obstet. Gynaecol. 50 (2010) 144–147, https://doi.org/10.1111/j.1479-
828X.2009.01122.x.

[25] A. Gettinger, A. Roberts, S. Campbell, Comparison between subjective and ultra-
sound assessments of fetal movement, Br. Med. J. 2 (1978) 88–90.

[26] S.S. Robertson, L.J. Dierker, Fetal cyclic motor activity in diabetic pregnancies:
sensitivity to maternal blood glucose, Dev. Psychobiol. 42 (2003) 9–16, https://doi.
org/10.1002/dev.10045.

[27] S. Edelberg, L.J. Dierker, S. Kalhan, M.G. Rosen, Decreased fetal movements with
sustained maternal hyperglycaemia using the glucose clamp technique, Am. J.
Obstet. Gynecol. 156 (1987) 1101–1105.

[28] B. Bradford, R. Maude, Fetal response to maternal hunger and satiation – novel
finding from a qualitative descriptive study of maternal perception of fetal move-
ments, BMC Pregnancy Childbirth 14 (2014) 288, https://doi.org/10.1186/1471-
2393-14-288.

[29] J. Austin, D. Marks, Hormonal regulators of appetite, Int. J. Pediatr. Endocrinol.
2009 (2009) 1–9, https://doi.org/10.1155/2009/141753.

[30] H. Bertoud, Vagal and hormonal gut-brain communication: from satiation to sa-
tisfaction, Neurogastroenterol. Motil. 20 (2008) 64–72.

[31] E. Oken, Maternal and child obesity: the causal link, Obstet. Gynecol. Clin. N. Am.
36 (2009) 361–377, https://doi.org/10.1016/j.ogc.2009.03.007.

[32] S. Sen, A.H. Carpenter, J. Hochstadt, J.Y. Huddleston, V. Kustanovich,
A.A. Reynolds, S. Roberts, Nutrition, weight gain and eating behavior in pregnancy:
a review of experimental evidence for long-term effects on the risk of obesity in
offspring, Physiol. Behav. 107 (2012) 138–145, https://doi.org/10.1016/j.physbeh.
2012.04.014.

[33] K. Linder, F. Schleger, I. Kiefer-Schmidt, L. Fritsche, S. Kümmel, M. Heni, M. Weiss,
H.-U. Häring, H. Preissl, A. Fritsche, Gestational diabetes impairs human fetal
postprandial brain activity, J. Clin. Endocrinol. Metab. 100 (2015) 4029–4036,
https://doi.org/10.1210/jc.2015-2692.

[34] C. Ehrström, Orcadian rhythm of fetal movements, Acta Obstet. Gynecol. Scand. 63
(1984) 539–541, https://doi.org/10.3109/00016348409156716.

[35] J. Patrick, K. Campbell, L. Carmicheal, R. Natale, B. Richardson, Patterns of gross
fetal body movements over 24-hour observation intervals during the last 10 weeks
of pregnancy, Am. J. Obstet. Gynecol. 142 (1982) 363–371.

[36] A.B. Roberts, D. Little, D. Cooper, S. Campbell, Normal patterns of fetal activity in
the third trimester, BJOG Int. J. Obstet. Gynaecol. 86 (1979) 4–9, https://doi.org/
10.1111/j.1471-0528.1979.tb10674.x.

[37] B. Bradford, R.S. Cronin, L.M.E. McCowan, C.J.D. McKinlay, E.A. Mitchell,
J.M.D. Thompson, Association between maternally perceived quality and pattern of
fetal movements and late stillbirth, Sci. Rep. 9 (2019) 9815, https://doi.org/10.
1038/s41598-019-46323-4.

[38] Z.R. Hijazi, C.E. East, Factors affecting maternal perception of fetal movement,
Obstet. Gynecol. Surv. 64 (2009) 489–497, https://doi.org/10.1097/OGX.
0b013e3181a8237a.

[39] B. Bradford, R. Maude, Maternal perception of fetal movements in the third tri-
mester: a qualitative description, Women Birth 31 (2018) e287–e293, https://doi.
org/10.1016/j.wombi.2017.12.007.

B. Bradford, et al. Early Human Development 140 (2020) 104922

6

https://doi.org/10.1016/j.mehy.2016.04.021
https://doi.org/10.1111/1471-0528.13909
https://doi.org/10.1111/1471-0528.13909
https://doi.org/10.1016/S0140-6736(10)62233-7
https://doi.org/10.1016/S0140-6736(10)62233-7
https://doi.org/10.1016/j.wombi.2018.12.001
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0045
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0045
https://doi.org/10.1186/1756-0500-3-2
https://doi.org/10.1111/ajo.12762
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0060
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0060
https://doi.org/10.1002/uog.13220
https://doi.org/10.3945/ajcn.115.112250
https://doi.org/10.3945/ajcn.115.112250
https://doi.org/10.3109/14767050903511578
https://doi.org/10.3109/14767050903511578
https://doi.org/10.1111/aogs.13250
https://doi.org/10.1016/j.ajog.2019.03.003
https://doi.org/10.1016/j.ajog.2019.03.003
https://doi.org/10.1371/journal.pone.0179396
https://doi.org/10.1371/journal.pone.0179396
https://www.health.govt.nz/publication/hiso-100012017-ethnicity-data-protocols
https://www.health.govt.nz/publication/hiso-100012017-ethnicity-data-protocols
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0095
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0095
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0095
https://doi.org/10.1111/j.1471-0528.2012.03313.x
https://doi.org/10.3109/14767058.2015.1077509
https://doi.org/10.3109/14767058.2015.1077509
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0110
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0110
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0110
https://doi.org/10.1111/j.1479-828X.2009.01122.x
https://doi.org/10.1111/j.1479-828X.2009.01122.x
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0120
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0120
https://doi.org/10.1002/dev.10045
https://doi.org/10.1002/dev.10045
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0130
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0130
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0130
https://doi.org/10.1186/1471-2393-14-288
https://doi.org/10.1186/1471-2393-14-288
https://doi.org/10.1155/2009/141753
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0145
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0145
https://doi.org/10.1016/j.ogc.2009.03.007
https://doi.org/10.1016/j.physbeh.2012.04.014
https://doi.org/10.1016/j.physbeh.2012.04.014
https://doi.org/10.1210/jc.2015-2692
https://doi.org/10.3109/00016348409156716
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0170
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0170
http://refhub.elsevier.com/S0378-3782(19)30356-1/rf0170
https://doi.org/10.1111/j.1471-0528.1979.tb10674.x
https://doi.org/10.1111/j.1471-0528.1979.tb10674.x
https://doi.org/10.1038/s41598-019-46323-4
https://doi.org/10.1038/s41598-019-46323-4
https://doi.org/10.1097/OGX.0b013e3181a8237a
https://doi.org/10.1097/OGX.0b013e3181a8237a
https://doi.org/10.1016/j.wombi.2017.12.007
https://doi.org/10.1016/j.wombi.2017.12.007

	Maternally perceived fetal movement patterns: The influence of body mass index
	Introduction
	Material and methods
	Fetal movement questionnaire
	Statistical analysis

	Results
	Fetal movement strength, frequency and busy times
	Fetal movement strength and time of day
	Fetal movements in relation to maternal position, maternal meals and purported fetal stimuli

	Discussion
	Conclusion
	Funding information
	Data availability statement
	Acknowledgements
	mk:H1_15
	mk:H1_16
	References




