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Abstract

Objectives: Maternal report of reduced fetal movements

(RFM) is a means of identifying fetal compromise in preg-

nancy. In live births RFM is associated with altered

placental structure and function. Here, we explored asso-

ciations between RFM, pregnancy characteristics, and the

presence of placental abnormalities and fetal growth re-

striction (FGR) in cases of stillbirth.

Methods: A retrospective cohort studywas carried out in a

single UK tertiary maternity unit. Cases were divided into

three groups: 109 women reporting RFM, 33 women with

absent fetal movements (AFM) and 159 who did not report

RFM before the diagnosis of stillbirth. Univariate and

multivariate logistic regression was used to determine as-

sociations between RFM/AFM, pregnancy characteristics,

placental insufficiency and the classification of the

stillbirth.

Results: AFM or RFM were reported prior to diagnosis of

stillbirth in 142 (47.2%) of cases. Pregnancies with RFM

prior to diagnosis of stillbirth were independently associ-

ated with placental insufficiency (Odds Ratio (OR) 2.79,

95% Confidence Interval (CI) 1.84, 5.04) and were less

frequently associated with maternal proteinuria (OR 0.16,

95% CI 0.07, 0.62) and previous pregnancy loss <24 weeks

(OR 0.20, 95% CI 0.07, 0.70). When combined, AFM and

RFM were less frequently reported in twin pregnancies

ending in stillbirth and in intrapartum stillbirths.

Conclusions: The association between RFM and placental

insufficiency was confirmed in cases of stillbirth. This

provides further evidence that RFM is a symptom of

placental insufficiency. Therefore, investigation after RFM

should aim to identify placental dysfunction.

Keywords: absent fetal movement; decreased fetal move-

ment; perinatal mortality; placenta.

Introduction

Stillbirth is an extensive problem that receives little atten-

tion from worldwide initiatives [1]. Although only 2% of the

2.8 million stillbirths each year occur in high-income

countries (HICs), this still accounts for significant number

of deaths [2]. Stillbirth prevention is a major challenge;

despite efforts to reduce it, the stillbirth rate has only

decreased at 1.4% per year in the UK since 2000 [3]. In 2015,

the UK stillbirth rate (3.9 per 1,000 live births after 28 weeks’

gestation) was still in excess of the European average [3]. If

all HICs achieved a stillbirth rate comparable to the six best

performing countries it is estimated that over 20,000 still-

births could be prevented [3]. Therefore, further efforts for

improvement are needed.

Common causes of stillbirth in HICs include placental

pathologies which may be associated with fetal growth re-

striction (FGR), congenital and karyotype anomalies and

maternal medical diseases [4–6]. Placental abnormalities

were found to be causal or contributory in over 60% of still-

births [7]. A wide variety of maternal and fetal characteristics

are risk factors for stillbirth (e.g. obesity, advanced maternal

age, smoking, nulliparity, low socioeconomic status), several

of which are associated with altered placental structure or

function [8–10]. However, stillbirth often occurs in the

absenceof recognised risk factors, 86%of stillbirths at or after

24 weeks gestation occurred in women with no risk factors in

the first trimester [11]. Although 14% of stillbirths are diag-

nosed at routine antenatal visits without antecedent signs

[12], in other cases women had symptoms and signs

including: antepartum haemorrhage, abdominal pain and
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hypertension, butmost commonly, the perception of reduced

fetal movements (RFM) [12].

RFM is regarded as a marker of a vulnerable fetus, due

to its association with a variety of pregnancy complica-

tions, including: oligohydramnios, neuromuscular abnor-

malities, brain injuries, small for gestational age fetuses

(SGA) and FGR [13], and stillbirth [14, 15]. The proposed link

between RFM, FGR and stillbirth is supported by evidence

of placental dysfunction in women presenting with RFM

whogoon to have a live birth [16–18]. However, thisfinding

has not been investigated in women who had RFM who

went on to have a stillbirth.

Presently, there is a need to improve the prediction of

stillbirth and FGR following RFM. As RFMwhen used alone

has a low positive predictive value for adverse outcome,

additional testing is required, which ideally has high

sensitivity and specificity. A better understanding of the

associations between RFM, stillbirth and placental

dysfunction could assist in better understanding of un-

derlying pathology and recommend investigations after

RFM. This study aimed to determinewhether the frequency

of placental insufficiency and other characteristics differed

in stillbirths preceded by RFM compared to those with

normal movements.

Materials and methods

This retrospective cohort study was conducted using a database of

perinatal deaths at a single tertiary maternity unit in the UK. As this

analysis used anonymised routinely collected data, approval from a

Research Ethics Committee was not required. The database contained

all perinatal deaths at the institution from 2010 to 2017. Women who

had perinatal deaths were not necessarily at risk a priori; thus low-risk

as well as high-risk pregnancies that ended in stillbirthwere included.

Patient information regarding the stillbirths was incorporated into a

spreadsheet database (Microsoft Excel). The original database con-

sisted of 619 cases (Figure 1); duplicate cases, neonatal deaths and

terminations of pregnancy for fetal abnormality were excluded

resulting in 343 antepartum and intrapartum stillbirths. There was

initially no patient exclusion based on maternal age, twin pregnancy

or fetal congenital abnormalities. The UK definition of stillbirth was

used, thus all fetal deaths before the gestational age of 24 weeks were

excluded, as were babies known to have died before 24 weeks [19].

Following these exclusions 301 cases met the inclusion criteria.

Participants in the study were divided into two groups based on

whether they reported reduced or absent fetal movements shortly

before the stillbirth was diagnosed or not (Figure 1). The group which

described no evidence of an altered perception of fetal movements

included women whose patient notes contained a confirmation of

normal movements and women whose notes did not disclose any

information specifically about an altered movement pattern. When

women had an episode of RFM earlier in the pregnancy, but

Figure 1: Patient recruitment and study

design. TOP=termination of pregnancy.
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experienced normal fetal movements after that up until the stillbirth,

they were allocated to the normal fetal movement group.

A range of variables regarding pregnancy and investigations after

birth were recorded; these were chosen based on their potential rela-

tionship to either stillbirth or RFM (e.g. maternal age, body mass index

(BMI), parity, previous pregnancy loss ≤24 weeks, ethnicity, smoking,

maximum blood pressure, diabetes, birthweight and placental weight

centile). Data were collected whether the stillbirth was antepartum or

intrapartum and classified according the ReCoDe system [4]. “Placental

insufficiency” was defined as evidence of significant placental lesion(s)

on pathological examination, such lesions included placental abruption,

infarction, maternal vascular malperfusion, fetal vascular malperfusion,

villous maturation disorders, inflammatory disorders and placental hy-

poplasia [20]. The significance of theplacental lesionswasdeterminedby

a multidisciplinary team reviewing the case.

For analysis, maternal ethnicity was clustered into four groups:

European, Asian, African or other origin. For the calculation of

birthweight centiles, the specific ethnic group of the individualmother

was used. Pregnancy induced hypertension was defined as a systolic

BP ≥140mmHg or a diastolic BP ≥90mmHg or amean arterial pressure

(MAP) of ≥105 mmHg or higher [21]. Women were considered to have

diabetes if they had a history of diabetes, positive oral glucose toler-

ance test, a random blood glucose ≥11.1 mmol L−1 or an HbA1c >5.8%.

Statistical analysis

Statistical analysis was performed using SPSS Statistics (Version 22,

IBM). First, absent (AFM) or reduced fetal movements (RFM) was

compared to those with ‘no evidence’ of abnormal fetal activity. Indi-

vidual variableswere analysed separately to identify significant factors to

incorporate into a logistic regressionmodel. The normality of continuous

data was checked both visually using histograms, and statistically using

Kolmogorov–Smirnov test. Most variableswere not normally distributed;

thus the Mann Whitney U test was used for continuous variables. Cate-

gorical datawere analysed using the Chi square test or Fisher’s exact test.

Statistical significance was set at a p-value <0.05. For both categorical

and continuous data, the Bonferroni correction was applied to adjust for

the alpha inflation. Factors which are known to be associated with

stillbirth or RFMwere identified from the analysis were incorporated into

adirectedacyclic graph (Figure 2)whichwasused to identify theminimal

adjusted data set required for multivariate regression using Dagitty

(Version 2.3, Institute for Computing and Information Sciences, Radboud

UniversityNijmegen).Due to theneed for appropriate group sizes and the

different pattern of associations between AFM and RFM, only RFM was

compared to women with no evidence of abnormal fetal activity in the

regressionmodel. A sample size calculationusing placental insufficiency

as theprimaryoutcomemeasuredemonstrated that at least 96 caseswere

needed in each group to have 80%power to detect a difference of 20% in

placental insufficiency with two-sided p-value of 0.05.

Results

The cohort of 301 cases of stillbirth included 142 women

(47.2%, 95% confidence interval 46.1–52.8%) which pre-

sented with AFM or RFM and 159 (52.8%) who had no evi-

dence of abnormal fetal activity; 109 women had RFM and

33 reported AFM. The maternal characteristics of the par-

ticipants are shown in Table 1. Women presenting with

Figure 2: Directed acyclic graph showing relationship of potential interactions between different factors which may affect the association

between reduced fetal movements (exposure) and placental insufficiency (outcome). Unmeasured factors are shown in grey oval, measured

factors are shown in red boxes. This identified that the minimum variables required for adjustment for covariates was body mass index,

smoking status, gestation, number of pregnancies and the frequency of small for gestational age infants.
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RFMhad a lower gravidity thanwomenwith no evidence of

RFM. Parity showed a trend to be lower amongst RFM

women, although this was not statistically significant

(p=0.11). No significant relationship between RFM and age,

BMI, ethnicity, blood group, presence of rhesus D antigen

or consanguinity was found (Table 1 and Supplementary

Table 1).

Medical and pregnancy-related characteristics are

presented in Table 2.Womenwith a stillbirth of at least one

baby of a twin pregnancy reported AFM or RFM less

frequently (0 and 2.8% respectively) than women with no

evidence of RFM (8.8%). Women with AFM or RFM had a

lower systolic, diastolic and mean arterial blood pressure

and a lower proportion of hypertension (10.0 and 19.4%

respectively) than the group with no evidence of reduced

movement (31.2%). A higher proportion of women with no

evidence of RFM had significant proteinuria. There was no

significant difference in gestational age, frequency of IVF

pregnancies, smoking, alcohol, drugs and diabetes be-

tween the different groups.

A lower proportion of intrapartum stillbirths was

found in women with AFM and RFM group as opposed to

those with no evidence of abnormal fetal activity although

due to the small numbers of intrapartum stillbirths thiswas

not statistically significant (3.0 and 2.8% vs. 8.8%, Ta-

ble 3). No significant difference was found for gender,

birthweight, birthweight centile, placental weight and

feto:placental weight ratio (absolute values and centiles).

The ReCoDe classification differed between RFM and those

with and no evidence of RFM. Women that presented with

RFM showed a higher proportion of stillbirths due to

placental insufficiency (51.2 vs. 38.4% in no evidence of

RFM). However, the proportion of FGR and other placental

conditions (e.g. placental abruption) combined showed no

significant difference between the groups.

The association between different variables and RFM

were analysed by univariate and multivariate regression

informed by the DAG (Table 4). This analysis was limited

to singleton pregnancies as twin pregnancies were not

associated with RFM. Only placental insufficiency was

independently associated with RFM (adjusted OR (aOR)

2.76, 95% CI 1.45, 5.26; p<0.001). More than two previous

pregnancy losses before 24 weeks (aOR 0.27, 95% CI

0.08, 0.92; p=0.04) and proteinuria ≥2 + (aOR 0.16, 95%

CI 0.08, 0.85; p=0.03) were less frequently seen in

women who experienced RFM. As there was an interac-

tion between hypertension and proteinuria, hyperten-

sion was not independently reduced in women with

RFM. None of the additional variables had a significant

association with RFM.

Discussion

In this retrospective study, cases of stillbirth were investi-

gated to identify associations with RFM. The main finding

was the confirmation of the relationship between RFM and

placental insufficiency in this population. Furthermore,

women with RFM prior to their stillbirth were significantly

less likely to have significant proteinuria and previous

Table : Demographic characteristics of women who had a fetal death in utero divided by whether there was absent (AFM) or reduced fetal

movements (RFM) or no evidence of absent or reduced fetal movements (ARFM).

Maternal characteristic AFM (n=) RFM (n=) No evidence

of ARFM (n=)

p-Value AFM vs. no

evidence

p-Value RFM vs.

no evidence

Age, years (range) (–) (–) (–) . .

BMI, kg/m (range) (–) (–) (–) . .

Gravidity (IQR) (–) (–) (–) . .

Parity (IQR) (–) (–) (–) . .

Previous pregnancies

< weeksa (range)

(–) (–) (–) . .

Ethnicity, n, % European (.%) (.%) (.%) . .

African (.%) (.%) (.%)

Asian (.%) (.%) (.%)

Other (.%) (.%) (.%)

Smoking, n, % (.%) (.%) (.%) . .

Unknown – –  – –

Alcohol, n, % – (.%) (.%) . .

Unknown –   – –

Drugs, n, % – (.%) (.%) . .

Unknown – –  – –

IQR, interquartile range. aIncludes termination of pregnancy and spontaneous miscarriages.
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pregnancy losses <24 weeks compared to women who did

not have any evidence of RFM.

This is the first study to investigate the relationship

between RFM and factors including placental insufficiency

specifically in stillbirths, as opposed to studies that

compared stillbirths to live births or investigated live births

only [16, 17, 22]. As all stillbirths in the unitwere included in

the database, and many different variables were assessed,

this study offered a realistic representation of the current

situation and known confounding variables were unlikely

to be missed. The calculation of individual percentiles for

birthweight, placental weight and feto:placental weight

ratio facilitated comparisons between different groups

avoided potential effects of gestational age [23, 24]. As

often with retrospective studies using clinically derived

data, necessary data were not always available for all

cases. Efforts weremade to findmissing values to achieve a

complete database, but if variables were still missing the

incomplete cases were not used in the analysis. Critically,

the classification of AFM, RFM or normal movements

depended on both personal interpretation of the mothers’

description of fetalmovements and later, the interpretation

of these descriptions from the patient notes. Thus, cases of

AFM could be recorded as RFM or the other way around,

which may have led to misclassification. However, the

proportion of stillbirths with RFM was only slightly lower

than a previous study (47.2 vs. 54.7%) [12]. Differences in

the proportion of RFM may be due to changes in maternal

education or in the way this information is recorded in

maternal case notes.

Interestingly, the results of the AFM and RFM group

appeared to be divergent, which suggests that the

Table : Maternalmedical characteristics of womenwho had a fetal death in utero divided bywhether therewas absent (AFM) or reduced fetal

movements (RFM) or no evidence of absent or reduced fetal movements (ARFM).

Characteristic AFM (n=) RFM (n=) No evidence of ARFM

(n=)

p-Value AFM vs. no

evidence

p-Value RFM vs. no

evidence

Gestational age in days at birth

(IQR)

(–

)

(–) (–) . .

Gestation grouped, n, %

Early (< weeks) (.%) (.%) (.%) . .

Late (– weeks) (.%) (.%) (.%)

Late-term (> weeks) (.%) (.%) (.%)

IVF pregnancy, n, % (.%) – (.%) . .

Twin pregnancy, n, % (.%) (.%) (.%) . .

Max BP systolic (IQR) (–

)

(–) (–) . .

Max BP diastolic (IQR) (–) (–) (–) . .

Mean arterial pressure (IQR) (–) (–) (–) . .

Hypertension, n, %a
(.%) (.%) (.%) . .

Unknown    – –

OGTT h, glucose level

in mmol L− (IQR)

.(.–.) .(.–.) .(.–.) . .

Diabetes, n, %b
(.%) (.%) (.%) . .

Unknown    – –

Maximum proteinuria, n, %

No (.%) (.%) (.%) . .

Trace (.%) (.%) (.%)

+ (.%) (.%) (.%)

+ (.%) (.%) (.%)

+ – (.%) (.%)

+ (.%) (.%) (.%)

Unknown   

aHypertension based on highest measure during antenatal visits: systolic ≥ mm Hg, diastolic ≥ mm Hg or mean arterial pressure

(MAP) ≥ mm Hg. bDiabetes was defined as any of the following: known diabetes mellitus type  or , a fasting plasma glucose

level ≥. mmol/L during pregnancy, a -h plasma glucose level of ≥. mmol/L after OGTT in pregnancy, a random glucose >. mmol/l in

pregnancy or a plasma HbAc >.% shortly after birth. IQR, interquartile range.
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diagnostic value of reported RFM and AFM is not the same.

Further research needs to be carried out to identify the

reasons behind these findings. Possible causes for the

variances between the two groups would be that AFM oc-

curs after the fetus has already died, or after a sudden

cause of death (e.g. cord occlusion) or the movements had

been absent during the whole pregnancy. Therefore, the

proposed mechanism of fetal adaptation as a reaction to

insufficient metabolic supply would not apply in the case

of AFM [25].

Importantly, the causes of stillbirth were not solely

classified based upon post mortem examinations or his-

topathological examination of the placenta, but were

determined using a multidisciplinary approach which led

to the assignation of one or more conditions according to

the ReCoDe classification and maternal history of fetal

activity was not taken into account when these decisions

were made. Therefore, there was a low risk of classification

bias in this study.

The significant relationship between RFM and

placental insufficiency mirrors that seen in livebirths

[16, 17]. This provides additional support for the hypothesis

that RFM is a symptom of placental insufficiency leading to

decreased nutrient or oxygen support and the fetus

conserving energy as a result. However, FGRwas not found

to be significantly associated with RFM. This may reflect

that the classification of FGR was based on birthweight

centile, and theremight have been FGR stillbirths that were

not below the 10th centile. In such cases placental histo-

pathology probably offers more reliable information about

the cause of stillbirth than birthweight alone. Another

possible explanation for the lack of association between

FGR and RFM in this sample, is that placental insufficiency

occurred later in pregnancy when primary adaptation

(reduced fetal growth) would be not as evident when the

baby died, which is consistent with the trend towards

higher fetal:placental weight ratio in RFM (6.0 vs. 5.6,

p=0.06).

Both increased proteinuria and hypertension were

found less often inwomenwith RFM in univariate analysis.

Blood pressure of women with RFM was on average

4 mmHg lower than women with no evidence of RFM.

Arguably the difference in overt hypertensive disease

(≥140/90 mmHg) was more interesting. However, this does

not appear to be an independent association with RFM as

the effect was not significant following multivariate

regression. This may be due to its correlation with pro-

teinuria, which may reflect preeclampsia. Although

Table . Logistic regression of factors associated with in women with singleton stillbirths stillbirth associated with RFM. Multivariable model

adjusted for bodymass index, cigarette smoking, gestation, history of prior pregnancy loss and a small for gestational age fetus in addition to

the variables shown in the table.

Univariate logistic regression Multivariate logistic regression

Characteristic RFM No evidence Odds ratio (% CI), p-Value Odds ratio (% CI), p-Value

Gravidity, n, % n= n=

 (.%) (.%) Reference Reference

 (.%) (.%) .(., .), . .(.., .), p=.

≥  (.%) (.%) .(., .), . .(., .), p=.

Previous pregnancy loss < weeks, n, % n= n=

 (.%) (.%) Reference Reference

 (.%) (.%) . (., .), . . (.., .); p=.

≥  (.%) (.%) . (., .), . . (., .),p=.

Hypertension in pregnancy, n, %a n= n=

No (.%) (.%) Reference Reference

Yes (.%) (.%) .(., .), p=. .(., .), p=.

Proteinuria, n, % n= n=

+or less (.%) (.%) Reference Reference

+ or more (.%) (.%) .(., .), . ..(., .), p=.

Interaction of hypertension × proteinuria n= n=

Hypertension and no or trace proteinuria (.%) (.%) Reference Referenceb

Hypertension and + proteinuria (.%) (.%) .(., .), p=. .(.–.), p=.a

Hypertension and ≥+ proteinuria (.%) (.%) .(., .), p=. .(., .), p=.a

Placental insufficiency, n, % n= n=

No (.%) (.%) Reference Reference

Yes (.%) (.%) .(., .), p=. .(., .), p=.

aHypertension defined asmaximumblood pressure ≥/mmHg orMAP ≥mmHg. bMultivariate regression for the combined variable did

not include hypertension and proteinuria due to co-linearity.
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preeclampsia can be associated with some types of

placental insufficiency, this study showed that RFM was

negatively associated with signs of preeclampsia, this may

be due to additional antenatal checks and fetal monitoring

identifying compromise in cases of preeclampsia.

This study found that absent and RFM occurred more

often in antepartum stillbirths. One study found that in 8%

of stillbirths contractions were misinterpreted as fetal

movements [26]. This means that women with intrapartum

stillbirths possibly had RFM, but did not recognise this as

such. This phenomenon was addressed as a confounding

factor in this study due to limited information in these

cases. However, as there were only 18 intrapartum still-

births (6%) in the study, of which 14 (4.7%) felt normal

movements, possible misinterpretations were unlikely to

significantly influence the results.

This study also showed that AFMandRFMoccur less in

twin pregnancies. Potential explanations for this observa-

tion is that twin fetuses move less than singletons [27], that

movements between twins are usually asynchronous and

as the survivor keeps moving this makes it difficult for the

mother to identify a reduction in movements. This merits

further exploration in specific studies of fetal movements

in multiple pregnancies.

Although this study found a relationship between

placental insufficiency and RFM in cases of stillbirth,

specific causes of placental insufficiency were not inves-

tigated. In a previous study of livebirths, it was shown that

RFM is associated with a greater area with signs of infarc-

tion, a higher density of syncytial knots which is consistent

with maternal vascular malperfusion [17]. Future studies

could determine whether specific placental or fetal condi-

tions are associated with RFM. This could identify under-

lying pathologic processes which would enable specific

testing to be instituted to identify fetal compromise.

Another suggestion for future work would be the effect of

recurrent RFM. In this study, only cases with RFM shortly

before birth were used. The prognostic value of a reduction

in movement earlier in the pregnancy, which apparently

does not immediately lead to fetal death, still needs to be

investigated. It would be interesting to investigate if a

higher frequency of RFM in pregnancy is associated with a

greater degree of placental pathology.

Efforts are needed to reduce stillbirth in high-income

countries.Maternal perception of fetalmovements is a simple

and adequate way to confirm fetal viability and if reduced,

recognise increased risk of fetal compromise. However, the

recently reported AFFIRM study found that a combination of

information about fetal movements and standardised man-

agement (including induction of labour from 37 weeks’

gestation) did not give the anticipated 30% reduction in

stillbirth [28]. One possibility raised in an editorial was that

the study was underpowered [29]. Our study, which found

that just under half of stillbirths had ARFM, means that the

intervention would have had to reduce stillbirths in this

group by over 60% to achieve this degree of reduction. Thus,

directing intervention after RFM to focus on women with

objective evidence of placental insufficiency or fetal

compromisemay bemore appropriate; this is currently being

explored by a multicentre pilot study [30].
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