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Abstract
Introduction: Twin pregnancies have significantly higher rates of perinatal morbidity 
and mortality compared to singleton pregnancies; current attempts to reduce perina-
tal mortality have been less successful in twin pregnancies. The paucity of informa-
tion about modifiable risk factors for adverse neonatal outcomes in twin pregnancies, 
as well as independent effects of chorionicity may have contributed to this outcome. 
This study aimed to explore the feasibility of an observational study to identify modi-
fiable factors associated with adverse neonatal outcomes in twin pregnancies.
Material and methods: Patients pregnant with twins at six UK hospitals between 
December 2019–March 2021 completed researcher-administered questionnaires 
at approximately 20-, 28- and 36-weeks' gestation, recording a wide range of self-
reported social, lifestyle and demographic factors, alongside prospectively recorded 
clinical data from maternity records. Descriptive statistics were used to describe fre-
quencies of exposures; logistic regression was used to determine whether factors 
were associated with a composite measure of adverse neonatal outcome.
Results: Data were collected from 65% (181/277) of eligible participants. A total of 
98% (175) of participants had positive views about their participation. Some exposures, 
including cigarette smoking, supine sleep position and reduced fetal movements were 
less frequent in twin pregnancies compared to singletons, whereas fertility treatment 
was more common. Furthermore, different patterns of exposure were seen between 
monochorionic and dichorionic twins. This pilot study found some associations with 
adverse neonatal outcomes including: low BMI (OR 8.36, 95% CI: 1.02–68.87), ma-
ternal age ≥41 years (OR 9.0 95% CI: 1.07–75.84), maternally perceived high-stress 
levels (OR 1.96, 95% CI: 1.03–3.75) and inadequate antenatal screening (OR 1.44, 
95% CI: 1.01–2.06). Sleep duration ≥9 h and right-sided going to sleep position were 
more frequent among pregnancies with adverse outcomes. Participants who reported 
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1  |  INTRODUC TION

In the UK, perinatal mortality is higher in twin pregnancies com-
pared to singletons; there is a 3-fold increase in stillbirth, an 8-fold 
increase in neonatal death and 40% increase in preterm birth.1–4 
While perinatal deaths have decreased in singleton pregnancies 
there has been a 19% increase in stillbirth and 16% increase in 
neonatal death in twin pregnancies between 2016 and 2020.5 It 
has been suggested that the absence of twin-specific preventative 
measures in national guidance, service reviews and commission-
ing documents may act as a barrier to reducing perinatal mortality 
in twin pregnancies.2,6 In addition, twins are more complex than 
singleton pregnancies; specifically, placental chorionicity increases 
perinatal mortality and morbidity in monochorionic twins, sec-
ondary to conjoining of the fetal circulations within the placenta 
by vascular anastomoses.1,5,7 The recently published Confidential 
Enquiry into Perinatal Mortality in twin pregnancies highlighted  
“inadequate” care as a contributory factor in 54% of cases.1,8 In  
addition, the evidence-base underpinning clinical recommenda-
tions for care and/or advice in twin pregnancies may be extrapo-
lated from research in singleton pregnancies; the validity of this 
generalization has been criticized.2,6

Individual studies, and subsequent meta-analysis in singletons 
have identified modifiable maternal characteristics, behaviors and 
exposures linked to late stillbirth (eg supine going-to-sleep position, 
reduced sleep duration, cigarette smoking, maternal perception of 
reduced fetal movements increased risk and appropriate antenatal 
care was protective).9–13 It is unclear to what extent these findings 
can be extrapolated to patients with twin pregnancies. It could be 
that for twin pregnancies important associations may be overlooked 
or that associations in singletons are not transferable, ultimately 
meaning patients are given misleading or potentially harmful advice. 
The current paucity of a twin-specific evidence-base for modifiable 
risk factors for adverse neonatal outcomes, stratified by chorionic-
ity, may reduce the impact of current attempts to prevent neonatal 
morbidity and mortality in twin pregnancies, and the quality of infor-
mation available for patients pregnant with twins.

A reduction in the rate of neonatal morbidity and mortality in twin 
pregnancies is desirable due to the significant associated adverse 

medical, psychological and social-economic impacts of perinatal 
death and related adverse neonatal outcomes.14–16 The investiga-
tion of modifiable factors for stillbirth is considered a top priority 
for stillbirth research.17 This supports the need for an exploratory 
investigation of the modifiable risk factors for perinatal morbidity 
and mortality in twin pregnancies. This study aimed to determine 
the acceptability of questionnaire study completed at several points 
during pregnancy to identify risk factors for adverse fetal outcomes 
in twin pregnancies and to identify factors associated with adverse 
pregnancy outcome in women with twin pregnancies which can be 
explored in a hypothesis-testing study.

2  |  MATERIAL AND METHODS

A hypothesis-generating study, evaluating and exploring antenatal 
risk factors for adverse neonatal outcomes in twin pregnancies was 
performed. The study aimed to explore the acceptability and fea-
sibility of an observational study recording demographic, environ-
mental and lifestyle factors at several time points in pregnancy. The 
secondary outcome was to generate hypotheses regarding poten-
tially modifiable risk factors for neonatal adverse outcomes in twin 
pregnancies to be tested in a definitive study by providing informa-
tion about frequency of exposures and identifying potential asso-
ciations (within both monochorionic and dichorionic twin samples). 
The results of a definitive study could be used to develop and test 
clinical preventative measures for adverse neonatal outcome in twin 
pregnancies.

receiving no information on fetal movement and reduced maternal perception of 
movements were more likely to have an adverse outcome, but sample size prohibited 
analysis based upon chorionicity.
Conclusions: An observational study of modifiable factors in twin pregnancy is fea-
sible. Differences in the frequencies of exposures between twin and singleton preg-
nancies highlight the need for twin-specific studies to identify modifiable factors and 
develop preventative strategies for morbidity and mortality in twin pregnancies.

K E Y W O R D S
feasibility study, modifiable antenatal risk factors, neonatal morbidity and mortality, twin 
pregnancy

Key message

These data suggest value in further interrogation of modi-
fiable risk factors for neonatal adverse outcomes in twin 
pregnancies, developing health promotional messages, 
national guidance and information available for patients 
pregnant with twins, to mitigate the increased risk of ad-
verse outcome.
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This study was conducted in six UK maternity units. Participants 
were recruited between December 2019 and March 2021; recruit-
ment was temporarily paused for three months due to the COVID pan-
demic. Patients with singleton pregnancies, fetal congenital anomalies, 
maternal age less than 16 years, or who were unable to give consent 
were excluded from the study. Causes for stillbirth or neonatal mortal-
ity were classified using the Cause of Intrauterine and Neonatal Death 
in Twin Pregnancies (CoDiT) classification system;18 any babies found 
to have lethal congenital abnormalities on post-mortem examination 
were excluded from the final analysis. Eligible participants were given 
a description of the study following confirmation of twin pregnancy.

Data were collected by a researcher-administered questionnaire, 
based on that used in the Midland and North of England Stillbirth 
Study (MiNESS)9 (Table  S1), with specific adaptations for twin preg-
nancies following consultation with the patient and public involvement 
group at the Maternal and Fetal Health Research Centre, University 
of Manchester. Participants completed questionnaires on paper; re-
sponses were transcribed onto an electronic database; no transcrip-
tion errors were found in the 10% of records checked for accuracy. 
The questionnaire focused on a wide range of self-reported social and 
demographic characteristics and behaviors, comprising 82 questions. 
Research midwives gained consent to access information from partic-
ipants' maternity records; for example, body mass index (BMI), blood 
pressure, the number of antenatal appointments conducted, ultrasound 
information and pregnancy outcome data. This study adopted a cohort 
design. Participants were followed prospectively. Questionnaires were 
completed at approximately 20-, 28- and 36-weeks' gestation.

Adverse neonatal outcome was defined a priori to be present 
when one or both twins experienced any of the following: stillbirth, 
neonatal death, birth before recommended by UK national guide-
lines (monochorionic monoamniotic twins <32 weeks' gestation, 

monochorionic diamniotic twins <36 weeks' gestation and dicho-
rionic diamniotic twins <37 weeks' gestation8), Apgar scores <7 
at 5 min (associated with perinatal morbidity19,20), admission to 
the neonatal unit after 37 weeks' gestation8 or hypoxic ischemic 
encephalopathy.

2.1  |  Statistical analyses

Descriptive statistics were used to present the frequency of expo-
sures, as per the Statistical Analysis Plan.21 Univariable analyses 
was carried out using logistic regression and Chi-squared test, to 
estimate the relation of each variable to adverse neonatal outcomes 
(as described above). BMI and age were analyzed as both continu-
ous (linear) and categorical variables. In addition to odds ratios and 
95% (CIs), we reported a pseudo-R-squared value (McFadden's22) for 
each variable, to explore the potential value of each for inclusion in a 
(future) prediction model for adverse outcomes in twin pregnancies. 
A p-value of <0.05 was considered statistically significant. Analyses 
were performed using STATA (version 14, STATACORP). Two inde-
pendent assessors (IG/AH) reviewed participants' feedback about 
their involvement with the study. Agreement between the two in-
vestigators was determined by the Kappa test using Microsoft Excel.

2.1.1  |  Ethics statement

Ethical approval (19/NW/0522) and research approval (IRAS 264625) 
were gained on October 15, 2019. Informed consent was obtained 
from all research participants and all participants were given infor-
mation on their right to withdrawal from participation at any time.

F I G U R E  1  Recruitment to the evaluation of antenatal risk in twins. The recruitment levels fluctuated throughout the recruitment period. 
The total cumulative number of participants is show in green, and the monthly recruitment figure in blue. The red box indicates the first 
Covid-19 lock down in March 2020, followed by the subsequent restrictions influencing recruitment, associated with a drop in recruitment 
numbers/rate over this time period.
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3  |  RESULTS

3.1  |  Feasibility outcomes

During the recruitment period, 277 eligible participants were iden-
tified. Recruitment was adversely affected by national recruitment 
restrictions imposed at the beginning of the Covid-19 pandemic; 
otherwise between eight and 22 participants were recruited per 
month (Figure 1). A total of 181 participants (65%) of eligible par-
ticipants were recruited: 54 monochorionic pregnancies (29.8%) 
and 127 (70.2%) dichorionic pregnancies, with at least one ante-
natal questionnaire and outcome data completed. Seventy-eight 
eligible participants (28%) declined involvement and 10 (4%) with-
drew consent, primarily citing time constraints; none of the partici-
pants whose babies died withdrew consent for existing data to be 
used. Eight (4%) participants were excluded as outcome data was 
not recorded: considered “lost to follow-up” (Figure 2). No cases of 

neonatal mortality were due to undiagnosed congenital abnormali-
ties. All participants completed the first questionnaire, 160 (87.9%) 
completed the second and 79 (43.4%) the third questionnaires. The 
median gestational age in the respective questionnaires was 20+3, 
28+6, and 36+0 weeks' gestation. The demographic characteristics of 
participants are presented in Table 1.

No participants expressed negative opinions or feedback about 
participation in the study, and 97.2% (176/178) of received com-
ments were positive (Figure 3): comprising mostly generic positive 
remarks (72/178, 40%), followed by a desire to help others (61/178, 
34%) and specific-twin pregnancy comments (25/178, 14%). Less 
frequently, research motives (9/178, 5%), supporting future research 
or pregnancies (7/178, 4%), emotional reasons for participation 
(5/178, 3%) and indifferent (4/178, 2%) (Table S2). The Kappa value 
was 0.78, which suggests substantial agreement.23,24

3.2  |  Adverse outcomes

The frequency of adverse outcomes in this study was 60.2% (109/181 
pregnancies) (Table 2). The most common adverse outcome was pre-
term birth (48.6% 88/181), followed by unexpected admission to the 
neonatal unit (40.9%, 74/181), and Apgar score <7 at 5 min (17.1%, 
31/181). Stillbirth and neonatal death made up the two smallest groups 
of adverse outcomes (1.7% 3/181 and 2.2% 4/181, respectively). No 
pregnancies resulted in hypoxic ischemic encephalopathy. In this sam-
ple, dichorionic twins, compared to monochorionic twins had a higher 
frequency of preterm birth (53.5% 68/127 vs 44.4% 24/54) and a 
lower frequency of neonatal unit admission (36.2% 46/127 vs 50.0% 
27/54). No monochorionic pregnancies resulted in stillbirth (of either/
both twins), whereas 2.4% (3/127) of dichorionic pregnancies did.

In one monochorionic pregnancy, two neonatal deaths occurred 
due to prematurity (25+3 weeks' gestation). In four dichorionic preg-
nancies, three stillbirths and two neonatal deaths occurred: in one 
pregnancy mortality was classified as extreme prematurity which  
accounted for one stillbirth and one neonatal death (21+2 weeks'  
gestation), in another pregnancy, fetal death in utero of one twin  
occurred due to unknown causes at 24 weeks' gestation (the pregnancy 
continued to term with a live second twin). Lastly, in two separate 
pregnancies, a stillbirth and neonatal death occurred due to infection.

3.3  |  Antenatal care

The majority of participants received fewer than the recommended 
number of antenatal appointments for their stage of pregnancy 
(51.9%, 94/181), compared to those with exactly the recommended 
number (8.3%, 15/181) and more than recommended (26.5%, 
48/181) (Table 3). Participants who had an adverse outcome were 
less likely to have received the recommended number of appoint-
ments (4.6% 5/109 vs 13.9% 10/72). Participants who had more 
than the recommended number of antenatal appointments also had 
a trend towards increased risk of adverse outcomes, compared to 

F I G U R E  2  Participant flow diagram to illustrate the breakdown 
of recruitment, attrition and sample demographics within the study 
sample population. Adverse outcomes displayed are not mutually 
exclusive, see Table 2 for overlap. An admission to the neonatal 
unit after 37 weeks' gestation was considered “unexpected”. Also, 
preterm birth was defined as birth before recommended by NICE* 
guidelines (eg monochorionic monoamniotic 32 weeks' gestation, 
monochorionic diamniotic 36 weeks' gestation and dichorionic 
diamniotic 37 weeks' gestation) (NICE: National Institute for 
Healthcare excellence).

Eligible to Participate =277

Enrolled in the study =189

Hospital Sites:
Manchester University NHS Foundation Trust =45

University Hospitals Coventry and Warwickshire NHS Trust=19 

Birmingham Women's and Children's NHS Foundation Trust =29 

United Lincolnshire Hospitals NHS Trust=16

University Hospital of Wales, Cardiff =42

Lancashire Teaching Hospitals NHS Foundation Trust =30

Excluded:
No Outcome data =8

Questionnaires Completed:
Early pregnancy (20 weeks') =181

Mid pregnancy (28 weeks') =160

Late pregnancy (36 weeks') =79

Adverse Outcomes =109:
-Stillbirth =3

-Neonatal Death =4

-Unexpected admission to the neonatal unit =74

-Preterm Birth =88

-Apgar score <7 at 5 minutes =31

- Hypoxic ischaemic encephalopathy =0

Excluded =88
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TA B L E  1  Demographic characteristics, social deprivation and smoking status in 181 participants with twin pregnancies.

Characteristic
Total 
n = 181 (%)

Normal outcome 
n = 72 (%)

Adverse outcome  
n = 109 (%)

Odds ratio (95% 
confidence interval)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

Maternal age Pseudo R2 0.0008 p = 0.08

Median (range) 32 (27–36) 27 (23.5–32.3) 32 (27–36) 0.99 (0.94–1.04) 31 (18–43) 27 (18–50)

<20 years 4 (2.2) 0 (0) 4 (3.7) Incalculable 2 (3.7) 2 (1.6)

21–25 years 25 (13.8) 9 (12.5) 16 (14.7) 1.78 (0.67–4.69) 12 (22.2) 13 (10.2)

26–30 years 47 (26.0) 16 (22.2) 31 (28.4) 1.94 (0.87–4.31) 9 (16.7) 38 (29.9)

31–35 years 56 (30.9) 28 (38.9) 28 (25.7) Reference 19 (35.2) 37 (29.1)

36–40 years 37 (20.4) 17 (23.6) 20 (18.4) 1.18 (0.51–2.70) 8 (14.8) 29 (22.8)

>41 years 10 (5.5) 1 (1.4) 9 (8.3) 9 (1.07–75.84) 2 (3.7) 8 (6.3)

Missing data 2 (1.1) 2 (3.7) 0 (0)

Maternal body mass index Pseudo R2 0.002 p = 0.04

BMI 
Mean ± standard 
deviation

27.9 ± 6.4 31.9 ± 5.0 27.7 ± 6.8 0.98 ± 0.94–1.03 26.7 ± 6.3 28.5 ± 6.4

<20 kg/m2 13 (7.2) 1 (1.4) 12 (11.0) 8.36 (1.02–68.87) 7 (13.0) 6 (4.7)

20.1–25 kg/m2 56 (30.9) 23 (31.9) 33 (30.3) Reference 19 (35.2) 37 (29.1)

25.1–30 kg/m2 55 (30.4) 22 (30.6) 33 (30.3) 1.05 (0.49–2.23) 14 (25.9) 41 (32.3)

30.1–35 kg/m2 29 (16.0) 16 (22.2) 13 (11.9) 0.57 (0.23–1.40) 8 (14.8) 21 (16.5)

>35.1 kg/m2 26 (14.4) 9 (12.5) 17 (15.6) 1.32 (0.50–3.46) 6 (11.1) 20 (15.7)

Missing data 2 (1.1) 0 (0) 2 (1.6)

Maternal ethnicity Pseudo R2 0.02 p = 0.19

White 136 (75.1) 56 (77.8) 80 (73.4) Reference 44 (81.5) 92 (72.4)

Black/Black British 22 (12.2) 10 (13.9) 12 (11.0) 0.84 (0.34–2.08) 3 (5.6) 19 (15.0)

Asian/Asian British 11 (6.1) 3 (4.2) 8 (7.3) 1.87 (0.47–7.35) 4 (7.4) 7 (5.5)

Any other 
Multiple ethnic 
background

9 (5.0) 1 (1.4) 8 (7.3) 5.6 (0.68–46.04) 3 (5.6) 6 (4.7)

Missing data 3 (1.7) 0 (0) 3 (2.4)

Parity Pseudo R2 0.03 p = 0.17

0 85 (47.0) 47 (65.3) 38 (34.9) Reference 25 (46.3) 60 (47.2)

1 56 (30.9) 22 (30.6) 34 (31.2) 0.80 (0.40–1.61) 17 (31.5) 39 (30.7)

2 24 (13.3) 15 (20.8) 9 (8.3) 0.31 (0.12–0.80) 8 (14.8) 16 (12.6)

3 9 (5.0) 3 (4.2) 6 (5.5) 1.04 (0.24–4.44) 2 (3.7) 7 (5.5)

>4 7 (3.9) 3 (4.2) 4 (3.7) 0.69 (0.14–3.29) 2 (3.7) 5 (3.9)

Parous 96 (53.0) 43 (59.7) 53 (48.6) 0.64 (0.35–1.17) 29 (53.7) 67 (52.8)

Marital status Pseudo R2 0.001 p = 0.89

Single 30 (16.6) 13 (18.1) 17 (15.6) 0.81 (0.35–1.89) 10 (18.5) 20 (15.7)

Married 86 (47.5) 33 (45.8) 53 (48.6) Reference 22 (40.7) 64 (50.4)

Cohabiting 64 (35.4) 26 (36.1) 38 (34.86) 0.91 (0.47–1.76) 21 (38.9) 43 (33.9)

Missing data 1 (0.6) 1 (1.9) 0 (0)

Quintiles of Deprivation Index Pseudo R2 0.03 p = 0.15

1 (most deprived) 42 (23.2) 12 (16.7) 30 (27.5) 2.24 (0.88–5.70) 14 (25.9) 28 (22.0)

2 31 (17.1) 9 (12.5) 22 (20.2) 2.19 (0.79–6.03) 7 (13.0) 24 (18.9)

3 20 (11.0) 8 (11.1) 12 (11.0) 2.34 (0.44–4.07) 6 (11.1) 14 (11.0)

4 37 (20.4) 19 (26.4) 18 (16.5) 0.85 (0.34–2.12) 9 (16.7) 28 (22.0)

5 (least deprived) 36 (19.9) 17 (23.6) 19 (7.4) Reference 14 (25.9) 22 (17.3)

Missing data 15 (8.3) 4 (7.4) 11 (8.7)

(Continues)
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normal (odds ratio [OR] 3.33; 95% confidence interval [CI]: 0.98–
11.31). A lower proportion of monochorionic pregnancies received 
the recommended number of antenatal appointments (3.7%, 2/54) 
compared to dichorionic pregnancies (10.2%, 13/127).

Only one participant was diagnosed with gestational diabetes 
mellitus (GDM). Participants at risk of GDM appeared no more likely 
to experience an adverse outcome. However, those with risk factors 
who did not undergo GDM screening were more likely to have an 
adverse outcome (OR 12.5, 95% CI: 3.99–39.20) (Table 4).

3.4  |  Perceived social stress

Participants who reported higher levels of perceived social stress 
throughout pregnancy had an increased risk of adverse outcomes 
(OR 1.96, 95% CI: 1.03–3.75) (Table 5). Those with dichorionic preg-
nancies more frequently had high perceived stress scores, compared 
to monochorionic pregnancies (59.8% 76/127 vs 24.1% 13/54). 
Perceived stress scores reduced as pregnancy progressed; median 
14 (early pregnancy) to 11 (late pregnancy).

3.5  |  Sleep position

There was a change in frequencies of reported sleep position as the 
pregnancy progressed (Figure 4); fewer participants fell asleep on their 
front (32.0% 58/181 before pregnancy vs 0% from mid-pregnancy), 
and supine (10.6% 19/181 vs 0.6% at the same time points). 
Throughout all gestations, falling to sleep on the left side was the most 

Characteristic
Total 
n = 181 (%)

Normal outcome 
n = 72 (%)

Adverse outcome  
n = 109 (%)

Odds ratio (95% 
confidence interval)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

Smoking status (early pregnancy) Pseudo R2 0.02 p = 0.23

Current smoker 11 (6.1) 4 (5.6) 7 (6.4) 1.28 (0.35–4.61) 4 (7.4) 7 (5.5)

Stopped in 
pregnancy

17 (9.4) 3 (4.2) 14 (12.8) 3.41 (0.93–12.53) 6 (11.1) 11 (8.7)

Stopped prior to 
pregnancy

36 (19.9) 15 (20.8) 21 (19.3) 1.02 (0.48–2.19) 11 (20.4) 25 (19.7)

Never smoked 116 (64.1) 49 (68.1) 67 (61.5) Reference 33 (61.1) 83 (65.4)

Missing data 1 (0.6) 0 (0) 1 (0.8)

Have you changed your smoking habits in pregnancy? (early 
pregnancy)

Pseudo R2 0.02 p = 0.27

Yes 23 (12.7) 6 (8.3) 17 (15.6) 1.89 (0.60–5.97) 6 (11.1) 17 (13.4)

No 35 (19.3) 14 (19.4) 21 (19.3) Reference 12 (22.2) 23 (18.1)

Missing data 7 (3.9) 36 (66.7) 87 (68.5)

Was this pregnancy achieved by the use of assisted 
reproductive technology?

Pseudo R2 0.0067 p = 0.20

Yes 36 (19.9) 11 (15.3) 25 (22.9) 1.65 (0.76–3.61) 6 (11.1) 30 (23.6)

No 145 (80.1) 61 (84.7) 84 (77.1) Reference 48 (88.9) 97 (76.4)

Note: Data are presented as total values and percentages, also presented according to chorionicity. Proportions are expressed for those with 
complete data and known outcomes. All data presented is taken from the first questionnaire in early pregnancy (20 weeks) (n = 181).
Bold text indicates statistically significant results.

TA B L E  1  (Continued)

F I G U R E  3  Individuals' views regarding participation. A pie chart 
to illustrate the frequency of different types of comments made by 
participants recruited into the study to explain their motivation for 
participating. Using directed content analysis, main groups were 
“Positive” “Negative” and “Indifferent”. A further analysis described 
maternal motives for research participation into subthemes: 
“Generic positive” “Twin specific” (wanting to improve resources 
for twin pregnancies), “Future research/pregnancies” (wanting to 
support research and improve future evidence-base for pregnancy), 
“Research” (previous involvement or connection to research), “Help 
others” (desire to improve resources for other people), “Emotional” 
(previous loss motivation) and “Indifferent”.
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commonly reported sleep position (51.0% n = 80 mid-pregnancy); in 
late pregnancy, there was a trend of normal outcomes, compared to 
adverse outcomes with left-sided going to sleep position (45.8% 33/72 
vs 14.7% 16/109). The most commonly reported waking up position 
at the beginning of pregnancy was the right side (35.4%) which was  
associated with an increased risk of adverse outcomes (OR 2.50, 95% 
CI: 1.11–5.64). Waking up in variable sleep positions was associated 
with a lower risk of adverse outcome (OR 0.11, 95% CI: 0.01–0.92). Most 
participants reported changing position “lots of times” during the night 
(54.7% 99/181); in late pregnancy, participants who reported chang-
ing position “lots of times” had a higher frequency of normal outcomes, 
compared to adverse outcomes (47.2% 34/72 vs 11.9% 13/109). More 
participants reported receiving their advice on sleep habits from a mid-
wife (12.2%) or the internet (9.4%), than from a friend or relative (3.9%) 
and a hospital doctor (3.3%), 117 (64.6%) did not answer.

3.6  |  Fetal movements

Participants who reported not receiving any information about fetal 
movements in early pregnancy (23.8%, 43/181) had an increased 

risk of adverse outcomes, compared to those who received verbal 
advice (OR 2.69, 95% CI: 1.18–6.10) (Table 6). Participants who re-
ported reduced fetal movements at any point were not more likely 
to experience an adverse outcome. Participants who reported an 
increase in strength, frequency or vigorousness of fetal movements 
in mid-pregnancy had a higher frequency of normal outcomes, com-
pared to adverse outcomes (increased strength 73.6% 53/72 vs 
60.6% 66/109; increased frequency 58.3% 42/72 vs 51.4% 56/109; 
vigorous movements 76.4% 55/72 vs 61.5% 67/109). There was no 
association between maternal feeling of fetal hiccups or feeling con-
tractions and adverse perinatal outcome.

4  |  DISCUSSION

This pilot study demonstrates the feasibility of the study design for 
evaluating associations of potentially modifiable factors and risk of 
adverse neonatal outcome in twin pregnancies. It identifies areas of 
potential interest that should be investigated in a larger definitive 
study. Importantly, this study suggests that there may be differences 
between risk factors associated with adverse neonatal outcomes in 

Characteristic
Total  
n = 181 (%)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

Total pregnancies 109 (60.2) 33 (30.3) 75 (59.1)

Preterm birth 88 (48.6) 24 (44.4) 68 (53.5)

Unexpected admission to the 
neonatal unit

74 (40.9) 27 (50.0) 46 (36.2)

Apgar <7 at 5 min 31 (17.1) 6 (11.1) 25 (19.7)

Neonatal death 4 (2.2) 1 (2.0) 2 (1.6)

Stillbirth 3 (1.7) 0 (0) 3 (2.4)

Hypoxic ischemic 
encephalopathy

0 (0) 0 (0) 0 (0)

Note: Data are presented as total values and percentages, also presented according to chorionicity. 
Adverse outcomes displayed are not mutually exclusive. An admission to the neonatal unit after 
37 weeks' gestation was considered “unexpected”. Also, preterm birth was defined as birth 
before recommended by NICE guidelines (eg monochorionic monoamniotic 32 weeks' gestation, 
monochorionic diamniotic 36 weeks' gestation and dichorionic diamniotic 37 weeks' gestation).

TA B L E  2  Adverse outcomes 
experienced by participants and their 
frequency.

TA B L E  3  The total number of antenatal appointments participants received.

Total  
n = 181 (%)

Normal 
outcome 
n = 72 (%)

Adverse outcome 
n = 109 (%)

Odds ratio (95% 
confidence interval)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

Antenatal appointments Pseudo R2 0.02 p = 0.14

Less than 
recommended

94 (51.9) 42 (58.3) 52 (47.7) 2.48 (0.79–7.80) 36 (66.7) 58 (45.7)

Exactly recommended 15 (8.3) 10 (13.9) 5 (4.6) Reference 2 (3.7) 13 (10.2)

More than 
recommended

48 (26.5) 18 (25) 30 (27.5) 3.33 (0.98–11.31) 8 (14.8) 40 (31.5)

Missing data 24 (13.3) 8 (14.8) 16 (12.6)

Note: Data are presented as total values and percentages, also presented according to chorionicity. Antenatal appointment number was categorized 
into those participants who received less than the recommended number, exactly the recommended number and more than the recommended 
number of appointments. This information was collected by local data collectors at each questionnaire point, this information was then adjusted for 
by the gestation at which participants delivered and chorionicity.
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TA B L E  4  The identification of gestational diabetes mellitus (GDM), screening and past medical history of participants.

Characteristic
Total 
n = 181 (%)

Normal 
outcome 
n = 72 (%)

Adverse outcome 
n = 109 (%)

Odds ratio (95% 
confidence interval)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

GDM Pseudo R2 0.00 p = Incalculable

GDM diagnosed 1 (0.6) 0 (0) 1 (0.9) Incalculable 0 (0) 1 (0.8)

GDM not diagnosed 180 (99.4) 72 (100.0) 108 (99.1) Reference 54 (100.0) 126 (99.2)

Participants with GDM risk factors Pseudo R2 0.003 p = 0.39

Risk factors 71 (39.2) 31 (43.1) 40 (36.7) 0.77 (0.42–1.41) 21 (38.9) 50 (39.4)

No risk factors 110 (60.8) 41 (56.9) 69 (63.3) Reference 33 (61.1) 77 (60.6)

Participants with GDM risk factors, who had screening Pseudo R2 0.10 p < 0.001

Screened 35 (19.3) 25 (34.7) 10 (9.2) 0.24 (0.10–0.54) 7 (13.0) 28 (22.0)

Unscreened 36 (19.9) 6 (8.3) 30 (27.5) 3.0 (1.14–7.74) 14 (25.9) 22 (17.3)

No risk factors (does 
not need screening)

110 (60.8) 41 (56.9) 69 (63.3) Reference 33 (61.1) 77 (60.6)

Past medical history Pseudo R2 0.005 p = 0.55

No previous health 
issues

112 (61.9) 46 (63.9) 66 (60.6) Reference 33 (61.1) 79 (62.2)

Physical health history 45 (24.9) 18 (25.0) 27 (24.8) 1.05 (0.52–2.12) 15 (27.8) 30 (23.6)

Mental health history 18 (9.9) 5 (6.9) 13 (11.9) 1.81 (0.60–5.43) 5 (9.3) 13 (10.2)

Missing data 6 (3.3) 1 (1.9) 5 (3.9)

Note: Data are presented as total values and percentages, also presented according to chorionicity. Risk factors for GDM were assessed using 
NICE guidance (ethnicity with a prevalence of diabetes, BMI ≥30 kg/m2, proteinuria, previous GDM or macrosomic baby ≥4.5 kg). Three categories 
of past medical history were created from the first questionnaire, by participants who answered yes to previous physical health or mental health 
issues, participants with no previous health issues were considered as the “no previous health issues” group. Participants were asked about their 
physical health history “anemia, asthma, cervical or uterine surgery, diabetes, epilepsy, congenital heart condition, rheumatic heart condition, hyper-/
hypotension, hyper-/hypothyroid, inflammatory bowel syndrome, polycystic ovarian syndrome, renal disease, sickle cell anemia, systemic lupus, 
thalassemia, thrombophilia, renal infections, uterine abnormality, thrombosis, other medical issue” and mental health history “depression, psychiatric, 
other mental health issue”.Bold text indicates statistically significant results.

TA B L E  5  Perceived social stress as an antenatal risk factor for adverse outcomes in participants.

Characteristic
Total  
n = 181 (%)

Normal 
outcome 
n = 72 (%)

Adverse outcome 
n = 109 (%)

Odds ratio (95% 
confidence interval)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

Early pregnancy Median (IQR) 14 (8) Pseudo R2 0.006 p = 0.24

Low stress score 101 (55.8) 44 (61.1) 57 (52.3) Reference 38 (72.2) 63 (49.6)

High stress score 80 (44.2) 28 (38.9) 52 (47.7) 1.43 (0.78–2.62) 16 (29.6) 64 (50.4)

Mid-pregnancy Median (IQR) 14 (7) Pseudo R2 0.01 p = 0.13

Low stress score 69 (38.1) 42 (59.7) 51 (46.8) Reference 33 (61.1) 60 (47.2)

High stress score 84 (46.4) 30 (41.7) 58 (53.2) 1.59 (0.87–2.90) 21 (38.9) 67 (52.8)

Missing data 28 (15.5)

Late pregnancy Median (IQR) 11 (7) Pseudo R2 0.18 p = 0.82

Low stress score 58 (32.0) 38 (52.8) 20 (18.3) Reference 9 (16.7) 49 (38.6)

High stress score 16 (8.8) 10 (13.9) 6 (5.5) 1.14 (0.36–3.59) 3 (5.6) 13 (10.2)

Missing data 107 (59.1) 42 (77.8) 65 (51.2)

Overall social stress Median 15 (IQR) (6) Pseudo R2 0.02 p = 0.04

Low stress score 117 (64.6) 53 (73.6) 64 (58.7) Reference 41 (75.9) 51 (40.2)

High stress score 64 (35.4) 19 (26.4) 45 (41.3) 1.96 (1.03–3.75) 13 (24.1) 76 (59.8)

Note: Data are presented as total values and percentages, also presented according to chorionicity; the median is expressed with the interquartile 
range (IQR). Early pregnancy (20 weeks) (n = 181), mid-pregnancy (28 weeks) (n = 160), late pregnancy (36 weeks) (n = 79) approximately. The 
perceived stress scale (a 10-item questionnaire, a tool used to measure individual stress levels, questions have a score 0–4, values are added) was 
used to define perceived social stress, participants with values ≥15 were considered to have a high stress score at all gestations. The overall social 
stress score was assessed by adding available scores from each questionnaire and dividing by the number of questionnaires available (accounting for 
some participants not completing the last questionnaire).
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patients pregnant with singletons and those pregnant with twins 
and between dichorionic and monochorionic twins. However, this 
study contains fewer monochorionic twin pregnancies compared 
to dichorionic counterparts; this makes the independent effects of 
chorionicity difficult to assess objectively here. It is important that 
any prospective study includes a large enough sample of monocho-
rionic twins so that the adverse perinatal/neonatal events may be 
suitably investigated.

The participation rate (68.2%) was similar to the Auckland 
Stillbirth study (72%), and the Sydney stillbirth study (67%), and 
greater than MiNESS (45%);9,10,13 implying patients pregnant with 
twins are willing to participate in research relating to pregnancy 
outcome. The proportion of dichorionic vs monochorionic twins 
was consistent with that reported nationally25,26 suggesting that the 
study design and recruitment are likely to have produced generaliz-
able results.

Generally, there is a paucity of research exploring views and ex-
periences of participating in research during the perinatal period.17 
It is possible that the sensitive subject matter may have reduced 
participation rates, but maternal opinion of participation was over-
whelmingly positive, similar to other studies of this nature.9,13,27,28 
Those with negative opinions of research may have declined par-
ticipation, thus their views are not represented here. Previously, 
non-participation in research has not reflected an objection to par-
ticipation per se, but rather barriers to, or misunderstanding of, the 
nature or process of the project itself.29 Nevertheless, this study has 
highlighted important themes from patients pregnant with twins 
participating in research, including specific motives relating to help-
ing other patients with twins and improving the information available 
to support future research; it may be possible to devise recruitment 

strategies aligned with these themes. It is also important to consider 
the views and experiences of specific groups of patients who may 
have lower rates of participation (such as those with socioeconomic 
deprivation, domestic abuse and minority ethnic groups29,30); this is 
particularly important in certain ethnic minority groups with higher 
rates of twin pregnancy (West-African populations 1/50 births31).

Some observed associations here were similar to those in sin-
gleton pregnancies, for example, patients with risk factors for GDM 
but who were not screened or who had high perceived social stress 
had increased adverse outcomes. Although singletons have an in-
creased risk of stillbirth and low birthweight with a supine going-
to-sleep position, this exposure was less frequent amoung women 
who had a twin pregnancy. After 28-weeks' gestation women with 
a twin pregnancy had a reduced frequency of supine going-to-sleep 
position compared to singletons (0.6% vs 6.5%), front (0% vs 1%), 
and an increased number of participants who reported sleeping 
propped-up (6.1% vs 3.1%).22 Therefore, associations between  
adverse pregnancy outcomes and supine going-to-sleep position 
are less likely to be seen. Compared to historic singletons (studied 
as “control” participants in the original MiNESS) there were similar 
rates of increased strength of fetal movements (65.8% vs 62.8%), 
but increased fetal movement frequency (54.1% vs 34.8%) and  
reduced rates of perceived fetal hiccups (22.7% vs 62.9%) suggest-
ing that maternal perception of fetal movements may differ in twin, 
compared with singleton pregnancies.10,29,32

This study was the largest prospective study that has attempted to 
collect detailed information about modifiable antenatal risk factors for 
adverse neonatal outcomes in twin pregnancies. Within the timeframe 
and adjusting for the effects of a recent global pandemic, the study 
recruited at a reasonable rate. Overall, eight participants (4%) were 

F I G U R E  4  Position to fall asleep 
changes throughout gestation in a twin 
pregnancy. A bar chart to illustrate the 
respondents falling to sleep position 
at progressive gestational ages in twin 
pregnancies. Early pregnancy (20 weeks) 
(n = 181), mid-pregnancy (28 weeks) 
(n = 160), late pregnancy (36 weeks) 
(n = 79) approximately. The frequency 
of some sleep positions (back, front) 
decreases at increasing gestation, whereas 
some positions (left, right) increase as 
pregnancy progresses.
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“lost to follow-up’” which may have been an effect of the pandemic 
increasing difficulties in contacting individuals. Participants included 
in the study demonstrated profiles of background, marital status, par-
ity, BMI and sociodemographic characteristics broadly consistent with 
that published locally and nationally, suggests that the sample is rep-
resentative of a wider population of patients pregnant with twins.32

To investigate modifiable risk factors for perinatal morbidity and 
mortality in twin pregnancies, a cohort design is the most appropriate 
study methodology and encourages exploration at different gesta-
tional ages. However, fewer than 50% of the participants completed 
the third questionnaire (late-pregnancy). The attrition observed could 
be attributed to birth before 36 weeks: the mean gestational age at 

TA B L E  6  Maternal perception of fetal movements in twin pregnancies in mid-pregnancy.

Characteristic
Total 
n = 181 (%)

Normal 
outcome 
n = 72 (%)

Adverse outcome 
n = 109 (%)

Odds ratio (95% 
confidence interval)

Monochorionic 
n = 54 (%)

Dichorionic 
n = 127 (%)

Did you receive any information about fetal movements 
in early pregnancy?

Pseudo R2 0.03 p = 0.07

No information was 
given

43 (23.8) 11 (15.3) 32 (29.4) 2.69 (1.18–6.10) 14 (25.9) 29 (22.8)

Verbal information 77 (42.5) 37 (51.4) 40 (36.7) Reference 28 (51.9) 49 (38.6)

Written information 39 (21.5) 14 (19.4) 25 (22.9) 1.65 (0.75–3.65) 7 (13.0) 32 (25.2)

Other 9 (5.0) 5 (6.9) 4 (3.7) 0.74 (0.18–2.97) 2 (3.7) 7 (5.5)

Missing data 13 (7.2) 3 (5.6) 10 (7.9)

Experienced fetal hiccups Pseudo R2 0.04 p = 0.25

Once 7 (3.9) 4 (5.6) 3 (2.8) 1.74 (0.29–10.52) 4 (7.4) 3 (2.4)

Daily 6 (3.3) 2 (2.8) 4 (3.7) 0.81 (0.32–2.08) 2 (3.7) 4 (3.1)

Occasionally 29 (16.0) 15 (20.8) 14 (12.8) 0.65 (0.13–3.27) 5 (9.3) 24 (18.9)

Unsure 24 (13.3) 5 (6.9) 19 (17.4) 3.30 (1.04–10.47) 10 (18.5) 14 (11.0)

No 46 (25.4) 20 (27.8) 26 (21.1) Reference 14 (25.9) 29 (22.8)

Missing data 69 (38.1) 19 (35.2) 53 (41.7)

Perception of strength of fetal movements Pseudo R2 0.02 p = 0.02

Increase 119 (65.8) 53 (73.6) 66 (60.6) 0.66 (0.28–1.53) 37 (68.5) 82 (64.6)

Decrease 5 (2.8) 4 (5.6) 1 (0.9) 0.13 (0.01–1.34) 2 (3.7) 3 (2.4)

Stay the same 29 (16.0) 10 (13.9) 19 (17.4) Reference 9 (16.7) 20 (15.7)

Unsure 7 (3.9) 3 (4.2) 4 (3.7) 0.70 (0.13–3.77) 0 (0) 7 (5.5)

Missing data 21 (11.6) 6 (11.1) 15 (11.8)

Perception of frequency of fetal movements Pseudo R2 0.001 p = 0.97

Increase 98 (54.1) 42 (58.3) 56 (51.4) 1.08 (0.53–2.17) 31 (57.4) 67 (52.8)

Decrease 8 (4.4) 3 (4.2) 5 (4.6) 1.35 (0.29–6.30) 3 (5.6) 5 (3.9)

Stay the same 47 (26.0) 21 (29.2) 26 (23.9) Reference 13 (24.1) 34 (26.8)

Unsure 6 (3.3) 3 (4.2) 3 (2.8) 0.81 (0.15–4.42) 1 (1.9) 5 (3.9)

Missing data 22 (12.2) 6 (11.1) 16 (12.6)

Experienced periods of vigorous fetal movement Pseudo R2 0.02 p = 0.54

Yes 122 (67.4) 55 (76.4) 67 (61.5) 0.79 (0.38–1.67) 37 (68.5) 85 (66.9)

No 38 (21.0) 15 (20.8) 23 (21.1) Reference 11 (20.4) 27 (21.3)

Missing data 21 (11.6) 6 (11.1) 15 (11.8)

Experienced at least one episode of reduced fetal 
movements

Pseudo R2 0.004 p = 0.34

Yes 48 (26.5) 24 (33.3) 24 (22.0) 0.72 (0.36–1.42) 11 (20.4) 37 (29.1)

No 110 (60.8) 46 (63.9) 64 (58.7) Reference 37 (68.5) 73 (57.5)

Missing data 23 (12.7) 6 (11.1) 17 (13.4)

Note: Data are presented as total values and percentages, also presented according to chorionicity. Early pregnancy (20 weeks) (n = 181), mid-
pregnancy (28 weeks) (n = 160) approximately. Participants were asked “In the last two weeks did the strength/frequency of your baby's movements 
alter?” questions were repeated in all three questionnaires.
Bold text indicates statistically significant results.
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birth was 35+3 weeks (SD 2.8 days). This reduces the reliability of as-
sociations explored in late pregnancy; the sample size for a large-scale 
study would need to be inflated accordingly. In total, 30 (16.5%) partic-
ipants gave birth between 34 and 36 weeks, 17 of which were mono-
chorionic twins. One means to increase the response rate would be to 
complete the final questionnaire at 34-weeks' gestation. Additionally, 
by focusing on women who attend twin clinics, the continuity of care 
observed may increase the response rate at later gestations.

This study uses a similar questionnaire to other studies of this 
phenomenon in singleton pregnancies, which facilitates the compar-
ison of results.9,10,13 It is important to recognize this pilot study was 
not designed to determine independent associations; the statistical 
power of this study intended only to indicate feasibility and to con-
firm areas of interest for a future study. Therefore, assessing the 
impact of exposures on monochorionic and dichorionic twin preg-
nancy outcomes separately was not possible. However, this study 
has shown that the frequencies of exposures (most notably including 
fertility treatment) are not the same between these groups, suggest-
ing the benefit of breaking groups down by chorionicity in a future 
study. A limitation of the study design is the potential existence of 
any unidentified confounding factors, such as the potential for recall 
bias, for example, sleep position. This study attempted to minimize 
recall bias in several ways: (i) the potential for bias towards specific 
questions was reduced by using a structured questionnaire, (ii) par-
ticipants in the study were pregnant at the time they completed the 
questionnaires and therefore, their experiences and answers would 
not have been biased by knowledge of the outcome of their preg-
nancy and (iii) participants were asked the same series of questions, 
reducing the potential for variation between participants.

The findings of this hypothesis-generating study suggest that 
twin pregnancies may have different modifiable antenatal risk fac-
tors for adverse neonatal outcome, compared to singletons. With 
the exception of patients who had risk factors for GDM but were 
not screened the individual variables displayed limited predictive 
value for adverse outcome. A future study should involve a greater 
number of participants to support the exploration of associations 
between maternal factors and adverse neonatal outcomes in twin 
pregnancy and according to chorionicty. A multivariable analysis of 
factors is needed to attempt to gain understanding of the relation 
between variables and adverse neonatal outcomes. Where interest 
is in identifying factors, which affect the chance of having an adverse 
outcome, this will involve identifying an appropriate adjustment set 
to control for confounding between each factor and the outcome. 
To identify factors with an OR of 2 (which would be considered rel-
evant for practical implications) the sample size needed in a future 
study to detect such a relation between adverse neonatal outcomes 
and (i) perceived social stress would require 358 participants, (ii) BMI 
≤20 kg/m2 would require 1022 participants and (iii) ART for concep-
tion would need 554 participants. Future studies should also include 
inflation in recruitment, to account for the loss to follow-up and 
preterm births. In addition, future research is required to investigate 
potential causality and any additional underlying mechanisms that 
contribute to adverse neonatal outcomes in twin pregnancies.

5  |  CONCLUSION

This study has added to the current existing body of knowledge 
regarding potential relation between modifiable risk factors for ad-
verse outcomes in twin pregnancies. These preliminary data suggest 
that current health promotional messages, national guidance and 
information available for patients pregnant with twins through ex-
trapolation from singleton pregnancy research, may not accurately 
mitigate risk. This study demonstrates the feasibility of an observa-
tional study in this population, and the value of further interrogation 
of relation between modifiable factors and twin perinatal morbidity 
and mortality. The information generated from a larger study should 
be used to support the introduction of twin-specific preventative 
measures for morbidity and mortality, aiming to reduce the occur-
rence of neonatal morbidity and mortality at a similar rate to that 
observed in singleton pregnancies.5,7
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