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Articles

Ursodeoxycholic acid in intrahepatic cholestasis of
pregnancy: a systematic review and individual participant
data meta-analysis

Caroline Ovadia*, Jenna Sajous*, Paul T Seed, Kajol Patel, Nicholas ] Williamson, George Attilakos, Francesco Azzaroli, Yannick Bacg, Linoy Batsry,
Kelsey Broom, Romana Brun-Furrer, Laura Bull, Jenny Chambers, Yue Cui, Min Ding, Peter H Dixon, Maria C Estid, Fergus W Gardiner,

Victoria Geenes, Monika Grymowicz, Berrin Ginaydin, William M Hague, Christian Haslinger, Yayi Hu, Ugo Indraccolo, Alexander Juusela,

Stefan C Kane, Ayse Kebapcilar, Levent Kebapcilar, Katherine Kohari, JGraté Kondrackiené, Maria P H Koster, Richard H Lee, Xiaohua Liu,

Anna Locatelli, Rocio | R Macias, Riza Madazli, Agata Majewska, Kasia Maksym, Jessica A Marathe, Adam Morton, Martijn A Oudijk,

Deniz Oztekin, Michael | Peek, Andrew H Shennan, Rachel M Tribe, Valeria Tripodi, Naciye Tirk Ozterlemez, Tharni Vasavan, L F Audris Wong,
Yoav Yinon, Qianwen Zhang, Keren Zloto, Hanns-Ulrich Marschall, Jim Thornton, Lucy C Chappell, Catherine Williamson

Summary

Background Ursodeoxycholic acid is commonly used to treat intrahepatic cholestasis of pregnancy, yet its largest trial
detected minimal benefit for a composite outcome (stillbirth, preterm birth, and neonatal unit admission). We aimed
to examine whether ursodeoxycholic acid affects specific adverse perinatal outcomes.

Methods In this systematic review and individual participant data meta-analysis, we searched PubMed, Web of
Science, Embase, MEDLINE, CINAHL, Global Health, MIDIRS, and Cochrane without language restrictions for
relevant articles published between database inception, and Jan 1, 2020, using search terms referencing intrahepatic
cholestasis of pregnancy, ursodeoxycholic acid, and perinatal outcomes. Eligible studies had 30 or more study
participants and reported on at least one individual with intrahepatic cholestasis of pregnancy and bile acid
concentrations of 40 pmol/L or more. We also included two unpublished cohort studies. Individual participant data
were collected from the authors of selected studies. The primary outcome was the prevalence of stillbirth, for which
we anticipated there would be insufficient data to achieve statistical power. Therefore, we included a composite of
stillbirth and preterm birth as a main secondary outcome. A mixed-effects meta-analysis was done using multi-level
modelling and adjusting for bile acid concentration, parity, and multifetal pregnancy. Individual participant data
analyses were done for all studies and in different subgroups, which were produced by limiting analyses to randomised
controlled trials only, singleton pregnancies only, or two-arm studies only. This study is registered with PROSPERO,
CRD42019131495.

Findings The authors of the 85 studies fulfilling our inclusion criteria were contacted. Individual participant data from
6974 women in 34 studies were included in the meta-analysis, of whom 4726 (67-8%) took ursodeoxycholic acid.
Stillbirth occurred in 35 (0-7%) of 5097 fetuses among women with intrahepatic cholestasis of pregnancy treated
with ursodeoxycholic acid and in 12 (0-6%) of 2038 fetuses among women with intrahepatic cholestasis of pregnancy
not treated with ursodeoxycholic acid (adjusted odds ratio [aOR] 1-04, 95% CI 0-35-3-07; p=0-95). Ursodeoxycholic
acid treatment also had no effect on the prevalence of stillbirth when considering only randomised controlled trials
(aOR 0-29, 95% CI 0-04-2-42; p=0-25). Ursodeoxycholic acid treatment had no effect on the prevalence of the
composite outcome in all studies (aOR 1-28, 95% CI 0-86-1-91; p=0-22), but was associated with a reduced composite
outcome when considering only randomised controlled trials (0-60, 0-39-0-91; p=0-016).

Interpretation Ursodeoxycholic acid treatment had no significant effect on the prevalence of stillbirth in women with
intrahepatic cholestasis of pregnancy, but our analysis was probably limited by the low overall event rate. However,
when considering only randomised controlled trials, ursodeoxycholic acid was associated with a reduction in stillbirth
in combination with preterm birth, providing evidence for the clinical benefit of antenatal ursodeoxycholic acid
treatment.

Funding Tommy’s, the Wellcome Trust, ICP Support, and the National Institute for Health Research.

Copyright © 2021 The Authors(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction Affected women develop pruritus and liver dysfunction,

Intrahepatic cholestasis of pregnancy affects 0-3-5-6% of ~ with raised serum concentrations of total bile acids and,
pregnant women, with marked differences by ethnicity.! often, liver aminotransferases.? Increased bile acid peak
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Research in context

Evidence before this study

Pregnancies complicated by intrahepatic cholestasis of
pregnancy are known to have an increased risk of perinatal
complications, including preterm birth (both spontaneous and
clinician-initiated), meconium-stained amniotic fluid, neonatal
unit admission, and, for women with peak bile acid
concentrations more than 100 pmol/L, stillbirth.
Ursodeoxycholic acid is the most used treatment for intrahepatic
cholestasis of pregnancy, yet there is no consensus as to its
benefit for women or their babies. We searched PubMed, Web of
Science, Embase, MEDLINE, CINAHL, Global Health, MIDIRS, and
Cochrane for meta-analyses of ursodeoxycholic acid use in
intrahepatic cholestasis of pregnancy published between
database inception and Aug 1, 2020, using the search terms
“meta$analysis”, “cholestasis”, “pregnancy”, and
“ursodeoxycholic acid”. There were no language restrictions.
Although multiple meta-analyses have been published, most
were published before publication of the 2019 PITCHES
randomised controlled trial (RCT) by Lucy C Chappell and
colleagues. This RCT was of an equivalent size to the sum of all
previous trials of ursodeoxycholic acid in intrahepatic cholestasis
of pregnancy, many of which only administered ursodeoxycholic
acid for limited durations (2-3 weeks), often with treatment
unblinded to participants and clinicians. The 2020 Cochrane
systematic review of pharmacological treatments for
intrahepatic cholestasis of pregnancy included the PITCHES trial,
and concluded that ursodeoxycholic acid was able to reduce
itching to a minimal degree, serum liver aminotransferase
concentrations, and the incidence of meconium-stained
amniotic fluid, but the studies of its use for perinatal benefit
were not of sufficient quality to provide clear evidence for its use
in intrahepatic cholestasis of pregnancy. To our knowledge, no
study has reported the effect of ursodeoxycholic acid using
individual participant data, or had sufficient statistical power to
show any effect of ursodeoxycholic acid on stillbirth.

concentrations (particularly 240 pmol/L) are associated
with higher rates of adverse perinatal outcomes, including
spontaneous preterm birth, meconium-stained amniotic
fluid, and neonatal unit admission;* when bile acid
concentrations are 100 pmol/L or more, women have an
increased risk of stillbirth (3-44% vs 0-28%).>¢
Ursodeoxycholic acid is commonly used for the
treatment of intrahepatic cholestasis of pregnancy.’
Ursodeoxycholic acid improves biliary flow,” enhances
the protective bicarbonate environment on the surface
of cholangiocytes,® and protects the liver from bile
acid-induced apoptosis.’ This therapy has anti-
inflammatory actions,” and can reduce the elevation of
serum bile acid concentration in the fetus, probably by
upregulating placental bile acid export.” As urso-
deoxycholic acid is a bile acid, its use results in alteration
of the bile acid pool so that it constitutes 60-70% of total
bile acids in treated women and replaces more harmful

Added value of this study

We did a systematic review and individual participant data
meta-analysis, including additional unpublished cohorts of
women with intrahepatic cholestasis of pregnancy, to explore
how ursodeoxycholic acid treatment impacts adverse perinatal
outcomes in intrahepatic cholestasis of pregnancy. Although
the study was underpowered to show a statistically significant
reduction in the overall prevalence of stillbirth with
ursodeoxycholic acid use, we did show that the prevalence of a
composite of stillbirth and preterm birth was lower for
women treated with ursodeoxycholic acid than for women not
treated with ursodeoxycholic acid, when the analysis was
restricted to RCTs, with the number needed to treat

equalling 15. We also showed that the risk of preterm birth
was reduced for women in RCTs with the use of
ursodeoxycholic acid, and when considering only singleton
pregnancies in all studies.

Implications of all the available evidence

Our study shows that women with intrahepatic cholestasis of
pregnancy who were treated with ursodeoxycholic acid had
lower rates of preterm birth, and a composite outcome of
stillbirth and preterm birth, than did women who were not
treated with ursodeoxycholic acid. We showed that the benefit
of ursodeoxycholic acid treatment on reducing spontaneous
preterm birth was statistically significant for women with
higher bile acid concentrations (=40 pmol/L). Adverse
outcomes in intrahepatic cholestasis of pregnancy are
associated with higher bile acid concentrations, so women with
more severe disease are likely to glean the greatest benefit from
ursodeoxycholic acid. This study suggests that ursodeoxycholic
acid should be offered as part of antenatal treatment for
intrahepatic cholestasis of pregnancy, and, particularly, to
women with a disease onset before 37 gestational weeks and
serum bile acid concentrations of 40 umol/L or more.

(hydrophobic) bile acids.”” Although not licensed for
use in pregnancy, ursodeoxycholic acid is thought to be
safe, with gastrointestinal side-effects being the most
common side-effects; however, no difference in the
overall rate of side-effects, including serious adverse
events, between ursodeoxycholic acid and placebo tablets
has been reported.*

Studies have shown that ursodeoxycholic acid treatment
is associated with reduced pruritus,” but not to a
predetermined clinically beneficial degree.® Whether
ursodeoxycholic acid improves perinatal outcomes is
unclear; contradictory findings, which were dependent on
the method of comparison, have been reported from
previous meta-analyses of aggregate data of trials of its
use.””™ However, these meta-analyses were limited by
study sizes, including 600-700 women from all
contributing studies. A randomised controlled trial (RCT)
of ursodeoxycholic acid in 605 women with intrahepatic
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cholestasis of pregnancy showed no improvement in the
primary outcome (a composite of perinatal death, preterm
birth, and neonatal unit admission) with ursodeoxycholic
acid; the incidence of meconium-stained amniotic fluid
was the only secondary perinatal outcome to improve
(ie, decrease) with ursodeoxycholic acid.” Similarly, a
Cochrane review of treatment for intrahepatic cholestasis
of pregnancy showed that the evidence for the impact of
ursodeoxycholic acid on fetal distress and stillbirth (the
principal perinatal outcomes) was uncertain because of
limitations in study design and imprecision.* These
findings contrast with a 2020 comment from the Society
for Maternal-Fetal Medicine on the management of
intrahepatic cholestasis of pregnancy, which supports the
use of ursodeoxycholic acid.”

Thus, clear evidence for the benefit of ursodeoxycholic
acid in pregnancy is sparse, with a greater sample size
required to achieve statistical power. Myometrium from
women with intrahepatic cholestasis of pregnancy has
greater oxytocin-mediated contractility than that from
women without intrahepatic cholestasis of pregnancy,”
and, Dbecause cholic acid exposure increases the
expression of oxytocin receptors in human myometrium,”
ursodeoxycholic acid-mediated alteration in the bile acid
pool could reduce spontaneous preterm birth in women
with intrahepatic cholestasis of pregnancy.” There is
experimental evidence that ursodeoxycholic acid treat-
ment reduces the impact of pathological processes that
are implicated in the causes of stillbirth in women with
intrahepatic cholestasis of pregnancy, such as placental
vasospasm? and fetal arrhythmia (abnormal heart rate
variability and the elevation of umbilical venous
N-terminal pro-brain natriuretic peptide are associated
with elevated maternal and fetal bile acid concen-
trations).”* However, clinical trials powered to detect
alterations in stillbirth rates would require participant
numbers that are likely to be unfeasible given the disease
prevalence.”

We therefore aimed to use data from existing literature
to examine whether ursodeoxycholic acid affects adverse
perinatal outcomes, predominantly stillbirth and preterm
birth. We planned to use individual participant-level
data to enable appropriate adjustment for the main
confounders and the inclusion of observational studies,
in addition to RCTs.

Methods

Search strategy and selection criteria

In this systematic review and individual participant data
meta-analysis, we prospectively searched Ovid using the
Map Term to Subject Heading feature to find Medical
Subject Heading (MeSH) terms for inclusion in the
subsequent literature searches. We then searched
PubMed, Web of Science, Embase, MEDLINE, CINAHL,
Global Health, MIDIRS, and Cochrane for articles on
ursodeoxycholic acid use in women with intrahepatic
cholestasis of pregnancy published between database

www.thelancet.com/gastrohep Vol 6 July 2021

inception, and Jan 1, 2020, using search terms referencing
intrahepatic cholestasis of pregnancy, ursodeoxycholic
acid, and perinatal outcomes, with MeSH additional
search term permutations included in the search terms
(appendix p 12). The reference lists of selected articles and
relevant reviews were also searched to identify any
manuscripts of potential relevance not already found in
the database search. There were no language restrictions;
publications that were not in English were translated by
fluent speakers of the original language or Google
Translate. Studies had to have ethical approval to share
data and 30 or more study participants, and publications
had to report at least one of: stillbirth, preterm birth,
neonatal unit admission, meconium-stained amniotic
fluid, or neonatal death (appendix p 12). Studies that did
not report on any individual with intrahepatic cholestasis
of pregnancy and bile acid concentrations of
40 pmol/L or more at any point in pregnancy were
excluded because more adverse perinatal outcomes occur
at these concentrations. Duplicates were removed.
Relevant articles were selected by title and abstract and
adherence to the inclusion and exclusion criteria and then
full-text screening was done (appendix p 12); the searches
and the selection were done in duplicate by JS and KP,
and any disparities were arbitrated by CO. Two additional
unpublished cohort studies—one from the UK and one
from Italy—of women with intrahepatic cholestasis of
pregnancy were included. The UK study included
254 women with intrahepatic cholestasis of pregnancy
who had provided individual informed consent (study
approved by the Ethics Committee of Hammersmith
Hospital National Health Service Trust, London, UK
[97/5197, 17/WA/0161, and 08/H0707/21]; Williamson C,
unpublished). Details of the 85 women included in the
Italian study are available online.”® To collect individual
participant data, the corresponding authors of selected
articles were contacted via email on at least two occasions;
if no reply was received, at least one other author of the
manuscript was contacted. The study protocol was
pre-registered in PROSPERO, CRD42019131495.

Data analysis

The data analysis plan was pre-specified (appendix p 3).
Participating authors completed pseudo-anonymised
spreadsheets reporting simple maternal demographics,
intrahepatic cholestasis of pregnancy diagnostic and
treatment details, and perinatal outcomes (appendix p 12).
Participant details were provided with numbers that
could only be de-identified by the supplying author,
which enabled any data inaccuracies or questions to be
asked of the original author but meant that the main
dataset was anonymised for our analyses. Analyses were
done in Stata, version 16.0. The primary outcome was
stillbirth prevalence by ursodeoxycholic acid treatment
in all studies. To compare women treated with
ursodeoxycholic acid (at any dose and duration) with
women who did not receive ursodeoxycholic acid, an
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3322 records identified through database searching | | 14 records identified through other sources |

—P| 1738 duplicates excluded |

y

| 1598 records screened for title and abstract eligibility |

—>| 1468 records excluded as not relevant |

A 4

| 130 full-text articles assessed for eligibility |

47 articles excluded

17 total bile acids not available

13 no ethical approval to share data
8 overlapping or duplicate participants
3 less than 30 participants
1 study with risk of selection bias
1 study with no cases of ICP with bile acids

=40 pmol/L

1 study not reporting outcome data
3 manuscripts not available

| 2 unpublished cohort datasets |—>

y

| 85 study authors contacted for individual participant data

51 studies (10 411 participants; 5772 from
47 published studies and 4639 from
four conference abstracts) excluded as
individual participant data not provided
42 no reply

6 data not available
2 unable to find author contact details
1 bile acids not measured

y

34 studies with individual participant data available included

4 randomised controlled trials
6 case-control studies

22 cohort studies
2 unpublished cohorts

Figure 1: Study selection

Adapted from PRISMA and PRISMA individual participant data. ICP=intrahepatic cholestasis of pregnancy.
PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

For more on PRISMA see
http://prisma-statement.org/
Extensions/
IndividualPatientData

individual participant data meta-analysis was done by
use of multi-level mixed-effects logistic regression
utilising the Stata function melogit, or logistic regression
with a Huber-White correction when the mixed-effects
regression did not converge, with participants nested
within studies and (for multiple pregnancies) infants
nested within mothers.” Adjustment was done for bile
acid concentrations at baseline, number of fetuses, and
maternal parity, because of the established relationships
between these confounders and adverse perinatal
outcomes, and anticipated data availability.>****
Associations between bile acid concentrations and
stillbirth (by ursodeoxycholic acid treatment) were

compared, for singleton pregnancies from all studies,
by use of the roccomp function in Stata. The effect of
ursodeoxycholic acid treatment on this association was
determined on the basis of peak bile acid concentrations
during treatment and for the whole pregnancy. Baseline
bile acid concentration was defined as the highest bile
acid concentration before treatment randomisation (for
RCTs) or at diagnosis (assuming that most women
treated with ursodeoxycholic acid in observational
studies started treatment rapidly after baseline).
Women with bile acid concentrations recorded at the
beginning of the study (baseline) and later in their
pregnancy were included in the comparison of the
timing of bile acid measurement and the association
with stillbirth.

Secondary maternal (safety) outcomes (analysed
according to the same methods as the primary outcome)
were the onset of labour (spontaneous or induced,
including elective caesarean), the mode of delivery (spon-
taneous vaginal, assisted vaginal, elective caesarean, or
emergency caesarean), pre-eclampsia, gestational diabetes
(not reported as the majority of women were diagnosed
with intrahepatic cholestasis of pregnancy after screening
for [and diagnosing] gestational diabetes), and post-
partum haemorrhage. Modifications to the PROSPERO
planned analyses are documented in the appendix (p 2). In
response to the relatively small number of participants for
whom data were available, we anticipated that the number
of stillbirths reported would result in insufficient power to
measure the effect of ursodeoxycholic acid; therefore, we
modified our objectives to evaluate a secondary composite
outcome (stillbirth or preterm birth). Additional perinatal
secondary outcomes were: all components of the composite
outcome (spontaneous birth, iatrogenic birth, and total
preterm birth), early preterm birth (<34 gestational weeks),
neonatal unit admission, meconium-stained amniotic
fluid, umbilical cord arterial pH of less than 7-0, an Apgar
score of less than 7 at 5 min of life, perinatal death, small
for gestational age, large for gestational age, and spon-
taneous preterm birth. By use of a Cox’s proportional
hazards model, a prespecified survival analysis was done
to measure the risk of spontaneous preterm birth (defined
as birth following spontaneous labour onset before
37 gestational weeks) and, post-hoc, iatrogenic preterm
birth (defined as clinician-initiated birth before
37 gestational weeks) over time for participants with
singleton pregnancies in RCTs, stratified by ursodeoxy-
cholic acid treatment. Participants were divided according
to baseline bile acid concentrations into predefined
categories and hazard ratios (HRs) were calculated that
compared ursodeoxycholic acid treatment status and bile
acid category. Post-hoc, we did a further analysis of the HRs
of spontaneous preterm birth split by bile acid category
(<40 pmol/L and =40 pmol/L).

Individual patient data analyses were done for all
studies and in different subgroups, which were produced
by limiting analyses to RCTs only, singleton pregnancies
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only, or two-arm studies only (appendix p 26). Results
are presented as adjusted odds ratios (aOR), with
95% Cls, and p values are reported. p values less than
0-05 were considered significant. Missing data were
handled by exclusion.

Logistic regression of subgroups was done to measure
the effects of treatment by bile acid concentrations
(<40 pmol/L, 40-99 pmol/L, and =100 pmol/L),** and, for
the composite outcome, gestational age at diagnosis
(<32 gestational weeks or =232 gestational weeks),” and
maximum daily ursodeoxycholic acid dose (<1 g vs =1 g;
1g was the median value for the whole cohort). Interactions
between groups were calculated by use of the likelihood
ratio.

Given that we only received individual participant data
from four of fourteen RCTs (822 [59:2%] of
1389 pregnancies; appendix pp 13-16), aggregate data
from all published RCTs were compared in a post-hoc
conventional fixed-effects meta-analysis, deriving
summary effects by use of Mantel-Haenszel methods.

Between-study heterogeneity was estimated by use of the
X2 test and calculation of I2. Funnel plots were produced
to review potential publication bias. The number of study
participants or studies with women with bile acid
concentrations less than 40 pmol/L were not exclusion
criteria; studies were otherwise selected on the basis of
the original search strategy. Studies that reported clear
randomisation in their design, and had at least one group
who received ursodeoxycholic acid and another group
who did not receive ursodeoxycholic acid, were used. We
defined high-quality studies, for this purpose, as being
those that were double-blinded, placebo-controlled, and
had the intervention administered until delivery. Lower-
quality studies were those not fulfilling all high-quality
criteria. Aggregate data on stillbirth, spontaneous
preterm birth, and overall preterm birth (defined as birth
before 37 gestational weeks) were extracted from the
original manuscripts in duplicate by CO and JS.

Study quality assessment tools from the National
Heart, Lung, and Blood Institute were used to provide a

All studies (n=34) Randomised controlled trials (n=4)
Treated with Not treated with aOR (95% Cl) p value Treated with Not treated with aOR (95% Cl) p value
ursodeoxycholicacid ~ ursodeoxycholic acid ursodeoxycholicacid  ursodeoxycholic acid
Perinatal outcomes
Stillbirth 35/5097 (0-7%) 12/2038 (0-6%)  1.04 p=0-95 1/439 (0-2%) 3/429 (0-7%) 029 p=0-25
(0-35-3-07) (0-04-2-42)
Composite outcome 2480/5314 (46.7%) 514/2213 (232%) 128 p=0-22 75/439 (17-1%) 107/429 (24-9%) 0-60 p=0-016
(0-86-1-91) (0:39-0-91)
Total preterm birth 2476/5287 (46-8%) 508/2208 (23:0%) 130 p=020 75/438 (17-1%) 106/428 (24-8%) 0-61 p=0-019
(<37 weeks’ gestation) (0-87-1-94) (0-40-0-92)
Spontaneous preterm birth 767/4871 (15-7%) 169/2175 (7-8%) 0-55 p=0-012 30/438 (6-8%) 52/428 (12:1%) 0-56 p=0-052
(<37 weeks' gestation) (0-35-0-88) (0-31-1-01)
latrogenic preterm birth 1293/4871 (26:5%) 306/2175 (141%) 113 p=0-55 45/438 (10-3%) 54/428 (12:6%) 0-80 p=039
(<37 weeks' gestation) (0-75-1.70) (0-48-1-33)
Meconium-stained amniotic 703/4694 (15-0%) 304/1987 (153%) 0-69 p=0-022 55/436 (12-6%) 85/425 (20-0%) 0-51 p=0-001
fluid (0-50-0-95) (034-0-77)
Apgar score less than 7 156/5008 (3-1%) 37/2150 (1-7%) 1.09 p=0-80 10/437 (2:3%) 11/419 (2-6%) 0-85 p=0-70
at 5 min (0-57-2:07) (0-37-1:94)
Umbilical cord arterial pH less 6/1649 (0-4%) 8/871(0-9%) 0-86 p=0-86 3/164 (1-8%) 3/161 (1-9%) 0-71 p=0-70
than 7.0 (0-15-4-82) (0-12-4-10)
Large for gestational age 492/4116 (12-0%) 220/1432 (154%) 157 p=0-014 65/402 (16-2%) 45/395 (11-4%) 151 p=0-052
(1-09-2-25) (1:00-2-29)
Small for gestational age 351/4116 (8:5%) 83/1432 (5:8%)  0-98 p=0-92 23/402 (5-7%) 20/395 (5-1%) 125 p=0-53
(0-60-1-59) (0-62-2:50)
Neonatal unit admission 1298/4787 (27-1%) 457/2081 (22:0%)  0-96 p=0-79 58/438 (13-2%) 781427 (18:3%) 067 p=0-067
(0:70-1-32) (0-43-1-03)
Perinatal death 34/3403 (1-0%) 9/1606 (0-6%) 137 p=0-67 1/378 (0-3%) 2/363 (0-6%) 0-40 p=0-41
(0-32-5-87) (0-04-3-63)
Maternal outcomes
Pre-eclampsia 206/3618 (5:7%) 121/1574 (7-7%) 114 p=0-74 1/51 (2:0%) 0/43 (0-0%) NA NA
(0-53-2:47)
Unassisted vaginal birth 1926/3842 (50-1%) 1146/1853 (61-8%) 1.08 p=0-58 261/412 (63-3%) 253/397 (63-7%) 0-94 p=0-70
(0-83-1:41) (0:70-1-27)
Data are n/N (%), unless otherwise specified. ORs were calculated using logistic regression with Huber-White correction, with study level as a fixed effect and clustering by fetuses for those with multifetal
pregnancies. For stillbirth, the composite outcome (stillbirth or preterm birth), preterm birth, and other perinatal outcomes, analyses were done by number of fetuses; for maternal outcomes, analyses were done
by number of pregnancies. Data were adjusted by baseline bile acid concentration and maternal parity. aOR=adjusted odds ratio. NA=not applicable.
Table 1: Perinatal and maternal outcomes according to ursodeoxycholic acid treatment using individual participant data from all studies
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quality score for each included publication.”” These
scores were independently assessed by JS and NJW, with
arbitration by CO. This study is registered in PROSPERO,
CRD42019131495.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

85 studies fulfilled our inclusion criteria (figure 1).
Individual participant data were provided for 32 published
studies (6670 pregnancies), including four RCTs; these
data were enriched with data from two unpublished
cohort studies (339 pregnancies; figure 1; appendix
pp 13-17). Of the 7009 participants for whom data were
provided, 35 were excluded from the analysis because
they had an unknown treatment and 6974 had sufficient
data for inclusion (822 from the four RCTs), of whom
4726 (67 -8%) took ursodeoxycholic acid and 2248 (32-2%)

did not take ursodeoxycholic acid (appendix p 18).
Characteristics, including data quality scores, of the
studies used in the meta-analysis can be found in the
appendix (pp 13-16).

The prevalence of stillbirth did not differ between
women treated with ursodeoxycholic acid (35 [0-7%] of
5097 fetuses) and women not treated with ursodeoxycholic
acid (12 [0-6%] of 2038 fetuses; aOR 1-04, 95% CI
0-35-3-07; p=0-95; table 1); the prevalence of stillbirth
also did not differ by ursodeoxycholic acid treatment
when considering singleton pregnancies or RCTs alone
(tables 1, 2), or when considering two-arm studies alone
(appendix pp 20, 27). Women with peak bile acid concen-
trations of 100 pmol/L or more from both treatment
groups had a higher prevalence of stillbirth (2-04% for
those treated with ursodeoxycholic acid and 2-00%
for those not treated with ursodeoxycholic acid) than did
those with peak bile acid concentrations less than
100 pmol/L (0-47% for those treated with ursodeoxycholic
acid and 0-37% for those not treated with ursodeoxycholic
acid; appendix p 29). In women with singleton

All studies (n=34) Randomised controlled trials (n=4)
Treated with Not treated with aOR (95% Cl) p value Treated with Not treated with aOR (95% Cl)  pvalue
ursodeoxycholicacid  ursodeoxycholic acid ursodeoxycholicacid  ursodeoxycholic acid
Perinatal outcomes
Stillbirth 21/3700 (0-6%) 11/1801(0-6%) 071 p=073 1/388 (0-3%) 2/367 (0-5%) 0-40 p=0-46
(0-10-4-99) (0-03-4-66)
Composite outcome 1262/3881(32:5%)  353/1955 (181%)  0-68 p=0034 42/388 (10-8%) 67/367 (18-3%) 051 p=0-002
(0-48-0-97) (0-33-0-78)
Total preterm birth 1258/3855 (32:6%) 347/1952 (17-8%)  0-69 p=0-040 42/387 (10-9%) 66/366 (18-0%) 0-51 p=0-002
(<37 weeks’ gestation) (0-48-0-98) (0-33-0-79)
Spontaneous preterm birth 365/3702 (9-9%) 109/1932 (5-6%) 0-54 p=0-028 18/387 (47%) 32/366 (8:7%) 0-46 p=0-015
(<37 weeks’ gestation) (0-31-0-94) (0-25-0-86)
latrogenic preterm birth 740/3702 (20-0%) 218/1932 (11:3%) 0-88 p=0-56 24/387 (6:2%) 34/366 (9:3%) 0-63 p=0-10
(<37 weeks’ gestation) (0-56-1-37) (0-37-1-09)
Meconium-stained amniotic ~ 499/3360 (14-9%) 266/1760 (151%)  0-58 p=0-003 48/385 (12-5%) 72/365 (19-7%) 0-54 p=0-003
fluid (0-41-0-83) (0-36-0-81)
Apgar score <7 at 5 min 115/3607 (3-2%) 32/1902 (1.7%) 076 p=056 5/386 (1-3%) 7/361 (1.9%) 0-67 p=0-51
(0-31-1-88) (0-21-2-15)
Umbilical cord arterial pH 3/1351 (0-2%) 8/779 (1-0%) 037 p=037 1/136 (0-7%) 3/141 (2:1%) 0-27 p=0-28
<7:0 (0-04-3-30) (0-02-2-89)
Large for gestational age 462/2878 (16-1%) 213/1217 (17-5%) 155 p=0-021 65/354 (18-4%) 44/338 (13-0%) 1.55 p=0-040
(1-07-2-25) (1-02-2:37)
Small for gestational age 121/2878 (4-2%) 39/1217 (32%) 133 p=0-48 11/354 (3-1%) 8/338 (2:4%) 130 p=0-58
(0-61-2:93) (0-51-3-28)
Neonatal unit admission 729/3407 (21-4%) 371/1842 (201%)  0-72 p=0-097 34/387 (8-8%) 48/366 (13-1%) 0-64 p=0-061
(0-50-1-06) (0-40-1-02)
Perinatal death 19/2747 (0-7%) 9/1439 (0-6%) 054 p=058 1/335 (0-3%) 2/320 (0-6%) 0-40 p=0-46
(006-4-83) (034-4-65)
Maternal outcomes
Pre-eclampsia 122/2971 (4-1%) 99/1469 (6:7%)  0-75 p=0-60 1/48 (21%) 0/40 (0-0%) NA NA
(0-26-2:19)
Unassisted vaginal birth 1860/3224 (57-7%) 1121/1740 (64-4%)  1.06 p=0-70 255/387 (65:9%) 247/366 (67-5%) 0-92 p=0-60
(0-80-1-39) (0-67-1-25)
Data are n/N (%), unless otherwise specified. ORs were calculated by use of multilevel mixed-effects logistic regression, with study level as a fixed effect and adjustment for baseline bile acid concentration and
maternal parity. aOR=adjusted odds ratio. NA=not applicable.
Table 2: Perinatal and maternal outcomes according to ursodeoxycholic acid treatment for singleton pregnancies using individual participant data from all studies
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pregnancies, ursodeoxycholic acid treatment did not affect
the association between peak bile acid concentration and
stillbirth, whether the highest bile acid measurement for
the whole pregnancy was used (p=0-69) or bile acid
concentration measured after treatment initiation was
used (p=0-72; appendix p 30). The highest bile acid
concentration recorded throughout the whole pregnancy
was the best predictor of stillbirth compared with other
timepoints (at baseline and after baseline), but no
difference was found between timings of bile acid
measurement and the association of stillbirth with bile
acid concentrations (p=0-15; appendix p 30)

Results for most secondary outcomes can be found in
tables 1 and 2. Adjusted analysis of the entire dataset
revealed that ursodeoxycholic acid treatment was
associated with a reduced risk of spontaneous preterm
birth (table 1), in contrast to the unadjusted comparisons,
in which this reduction was not evident (appendix p 28).
This reduction was seen in RCTs when restricted to
singleton pregnancies (table 2) and when restricted to
singleton pregnancies in two-arm studies (appendix
pp 20, 28). Ursodeoxycholic acid treatment was also
associated with a reduced risk of total preterm birth for
women with singleton and multifetal pregnancies in
RCTs (table 1) and when considering only singleton
pregnancies for all studies, adjusting for the main
confounders (table 2). Ursodeoxycholic acid did not
reduce the prevalence of early preterm birth (birth before
34 gestational weeks; appendix p 19). Heterogeneity at the
study level was statistically significant for iatrogenic
preterm birth when considering all studies (I2=97-44%;
impact of study on the risk of iatrogenic preterm birth
OR 2-31, 95% CI 1-104-82). Removal of single-arm
studies from the analysis did not alter perinatal and
maternal outcomes for singleton pregnancies, but did
suggest a negative impact of ursodeoxycholic acid on
preterm birth outcomes when multifetal pregnancies
were also included (appendix p 20).

A survival analysis of women with singleton pregnancies
in RCTs showed that the risk of spontaneous preterm
birth was lower for women treated with ursodeoxycholic
acid than for women not treated with ursodeoxycholic
acid (figure 2A). When the impact of ursodeoxycholic acid
treatment was compared in women with different peak
bile acid concentrations at baseline, ursodeoxycholic acid
treatment was significantly associated with a reduced risk
of spontaneous preterm birth only in those with serum
bile acid concentrations between 40 pmol/L and
100 pmol/L (figure 2B-D; appendix p 31), although
interaction testing between the groups was not significant
(p=0-67). Overall, peak bile acid concentration at baseline
was associated with spontaneous preterm Dbirth
(figure 2E). The impact of ursodeoxycholic acid treatment
on iatrogenic preterm birth was not significant
(appendix p 32).

For RCTs alone, ursodeoxycholic acid significantly
reduced the composite outcome, largely due to reduced
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total preterm birth, with the number needed to treat
equalling 15 (95% CI 9-54; table 1). The reduction in total
preterm birth was probably caused by a reduction in
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Figure 2: Kaplan-Meier plots of the prevalence of spontaneous preterm birth by gestational week of birth,
according to ursodeoxycholic acid use and disease severity at randomisation

Analyses were done by use of individual participant data from women with singleton pregnancies participating in
randomised controlled trials. Kaplan-Meier plots for all women (A), women with baseline bile acid concentrations
less than 40 pmol/L (B), women with baseline bile acid concentrations between 40 pmol/L and 100 pmol/L (C),
and women with baseline bile acid concentrations of 100 pmol/L or more (D). HRs compare women randomly
assigned to ursodeoxycholic acid treatment with those randomly assigned to placebo. (E) All women by baseline
bile acid concentration; HRs compare women with baseline bile acid concentrations of 40-0-99-9 pmol/L and
100-0 pmol/L or more to those with baseline bile acid concentrations less than 40-0 pmol/L. HR=hazard ratio.
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A Ursodeoxycholic No ursodeoxycholic OR (95% CI) Weight (%)
acid (n/N) acid (n/N)

High-quality, blinded
Chappell et al (2019) 1/322 2/318 ! 049 (0-04-546) 4375
Subtotal 1/322 2/318 <:> 0-49 (0-04-5-46) 4375
Lower-quality, blinded
Glantz et al (2005)* 0/47 1/83 T 0-58 (0-02-14-50) 2354
Palma et al (1997) 0/9 1/7 : 025 (0-01-7-34) 3271
subtotal 0/56 2/90 _ T 0-39(0-04-4-00) 5625
(P=0-0%; p=073) :
Overall 1/378 4/408 _ 0-44(0-08-2:31)  100-00
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Zhang et al (2015)* 31/82 26/38 —a— 0-28 (0-12-0-63) 14.94
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Figure 3: Stillbirth and preterm birth in women in RCTs of ursodeoxycholic acid treatment

(A) Stillbirth. (B) All preterm births before 37 gestational weeks. (C) Spontaneous preterm births before 37 gestational weeks. Aggregate published data were used.
Stillbirth was analysed by number of fetuses, except for Glantz and colleagues (in which stillbirth was analysed by number of pregnancies). The black diamonds are
the individual study point estimates, the grey boxes reflect the weight of the individual study, the horizontal lines represent the Cls of the effect estimates, the white
diamonds represent the pooled ORs and Cls, and the vertical dotted line represents the pooled OR. Study weight was calculated from the inverse variance.

Preterm birth was analysed by number of fetuses, except for Glantz and colleagues, Kondrackiene and colleagues, Roncaglia and colleagues, and Palma and colleagues
(in which preterm birth was analysed by number of pregnancies). OR=o0dds ratio.
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spontaneous preterm birth (table 1). We confirmed these
findings for the composite outcome in participants with
singleton pregnancies, with adjustment for baseline
confounders (table 2), with the number needed to treat
equalling 14 (95% CI 8-42). There was no difference in the
prevalence of the composite outcome between groups with
differing baseline bile acid concentrations, between women
diagnosed before 32 gestational weeks and women
diagnosed at 32 gestational weeks or after, or by the dose of
ursodeoxycholic acid prescribed (appendix p 21).

Women treated with ursodeoxycholic acid had lower
odds of meconium-stained amniotic fluid and higher
odds of large-for-gestational age babies than did women
not treated with ursodeoxycholic acid (table 1). There
were no differences in the prevalences of neonatal unit
admission, having an umbilical cord arterial pH of less
than 7-0 or an Apgar score of less than 7 at 5 min, small-
for-gestational-age babies, or perinatal death, between
the group treated with ursodeoxycholic acid and the
group not treated with ursodeoxycholic acid (table 1).
There were significantly higher prevalences of neonatal
unit admission and meconium-stained amniotic fluid
for participants with baseline bile acid concentrations of
40 pmol/L or greater (compared with those with
concentrations <40 pmol/L) and for participants with
baseline bile acid concentrations of 100 pmol/L or
greater (compared with those with concentrations
<100 pmol/L; appendix p 22). Baseline bile acid
concentrations of 100 pmol/L or more were associated
with a higher prevalence of neonatal death compared
with bile acid concentrations less than 100 pmol/L
(appendix p 22).

There were no significant differences in maternal
outcomes (eg, the induction of labour and post-partum
haemorrhage [appendix p 23] and unassisted vaginal birth
[tables 1, 2]) between women treated with ursodeoxycholic
acid and women not treated with ursodeoxycholic acid,
when considering all studies and when considering only
RCTs. Treatment with ursodeoxycholic acid did not impact
the prevalence of pre-eclampsia for the entire cohort;
insufficient data were available on the development of
pre-eclampsia in women participating in RCTs to perform
a reliable analysis (table 1). Maternal outcomes were not
related to bile acid concentrations (appendix p 24).

Given the size of the effect of data adjustment on the
observational studies versus the RCTs, and the limitation
of having the individual participant data from only
four RCTs, we decided to do a post-hoc aggregate data
meta-analysis on published RCTs to compare the effect of
ursodeoxycholic acid with the effect of any other treatment
on outcomes. We identified 14 studies (appendix p 25) for
inclusion. Ursodeoxycholic acid treatment did not affect
the odds of stillbirth (figure 3A), but did reduce the odds
of total preterm birth (p<0-001; figure 3B), although the
reduction in spontaneous preterm birth specifically was
not significant (p=0-11; figure 3C). Only two of the RCT5,
in which ursodeoxycholic acid treatment was continued
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until delivery, were double-blinded, and, for these studies,
the effect size for preterm birth reduction was less than
that of the unblinded studies (figure 3B). For all
comparisons, publication bias was not evident on funnel
plots (appendix p 33).

Discussion

Using an individual participant data meta-analysis, we
showed that wursodeoxycholic acid treatment was
associated with lower odds of a composite outcome of
stillbirth and preterm birth, and total preterm births, in
RCTs, and lower odds of spontaneous preterm birth in
all studies (and when considering only singleton
pregnancies); however, stillbirth rate did not differ
between women treated with ursodeoxycholic acid and
women not treated with ursodeoxycholic acid. Our
findings were supported by an analysis of the aggregate
data from published RCTs, which also showed that
ursodeoxycholic acid treatment was associated with a
reduced odds of total preterm births. Of the prespecified
secondary maternal and perinatal outcomes, the odds of
meconium-stained amniotic fluid reduced with urso-
deoxycholic acid treatment.

Although ursodeoxycholic acid did not reduce the odds
of early preterm birth before 34 gestational weeks,
prevention of late preterm birth (before 37 gestational
weeks) is of considerable benefit; these babies are at a
higher risk of post-partum respiratory impairment,
delayed feeding, early childhood mortality, neurodevelop-
mental disability, and longer-term cognitive defects than
are children born at term.” Another individual patient data
meta-analysis showed that, for women with intrahepatic
cholestasis of pregnancy and serum bile acid concentrations
less than 100 pmol/L, stillbirth prevalence was no higher
than that of the background population.’ This evidence
means that, when interpreted by clinicians, the prevalence
of iatrogenic preterm delivery for women with lower bile
acid concentrations is likely to decrease,* which could
result in more fetuses that could benefit from the ability of
ursodeoxycholic acid to reduce spontaneous preterm birth.

This meta-analysis has shown the value of well designed
RCTs in intervention studies. When considering individ-
ual participant data from all study designs, adjustment of
comparisons by the main confounders (baseline bile acid
concentrations, parity, and number of fetuses) reversed
the effect of ursodeoxycholic acid, reflecting how poorly
matched the treatment groups were in terms of the main
influencers of perinatal outcomes in intrahepatic
cholestasis of pregnancy. Similarly, removal of single-arm
studies from the analysis of perinatal and maternal
outcomes did alter the effect of ursodeoxycholic acid on
preterm birth outcomes when multifetal pregnancies
were included (but not when singleton pregnancies were
included). This finding implicates different mechanisms
by which intrahepatic cholestasis of pregnancy affects
preterm birth or stillbirth in multifetal pregnancies,
consistent with a previously reported absence of
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association between bile acid concentration and stillbirth
in multifetal pregnancies that contrasts to that between
bile acid concentration and singleton pregnancies.’
Alternatively, this finding might show the impact of
unmatched comparator groups, particularly when
outcomes are analysed by number of fetuses, rather than
by the number of pregnancies. The results of the aggregate
meta-analysis are consistent with previous studies that
have shown effect sizes to be overestimated in unconcealed
or unblinded RCTs;* only two of the RCTs, in which
ursodeoxycholic acid treatment was continued until
delivery, were double-blinded, and for these studies the
effect size for preterm birth reduction was less than that of
the unblinded studies. This overestimation of effect size
might explain why historical studies have suggested
additional perinatal benefits of ursodeoxycholic acid that
have not been revealed in this meta-analysis (eg, on
neonatal unit admission and Apgar scores).” Differences
between studies and the data collected limited the baseline
adjustments that we were able to do and prevented use of
an inverse probability treatment weighting approach;
thus, results from the more comparable groups partic-
ipating in RCTS are likely to be more reliable than are data
from observational studies. The risk of selection bias for
studies included in the independent participant data
meta-analysis is a further limitation to the interpretation
of our findings, which was mitigated in part by use of the
aggregate data meta-analysis.

This study did not show a significant reduction in
stillbirth with ursodeoxycholic acid treatment, despite
attempting to include all data available. Stillbirth is a
relatively rare outcome, and therefore the number of
participants required to obtain sufficient power to detect
any difference is likely to be restrictive. Limiting future
studies to include women at greatest risk (eg, those with
bile acid concentrations =100 pmol/L) would reduce the
numbers needed to evaluate the effect of ursodeoxycholic
acid on the risk of stillbirth, but might be unfeasible.
Although we were able to include data from the largest
RCT of ursodeoxycholic acid treatment,® data were not
available for many other studies, which limited the sample
size available for comparison. Clinicians cannot, therefore,
reassure women that treatment with ursodeoxycholic acid
reduces the risk of stillbirth. Similarly, comprehensive
data on ursodeoxycholic acid treatment duration and dose
escalation were not available for this study, barring the
provision of specific prescribing guidance for clinicians.
Differences in laboratory methods for measuring bile acid
concentration and bile acid reference ranges between
centres also complicate interpretation.

To our knowledge, we are the first to report a reduction
of spontaneous preterm birth in singleton pregnancies
with ursodeoxycholic acid treatment. This finding was not
evident from the aggregate data meta-analysis, due to
limited reporting of this outcome with a standardised
definition and incomplete reporting of this outcome by
number of fetuses. A Cochrane review also did not show

this reduction in spontaneous preterm birth with
ursodeoxycholic acid, probably because of incomplete
reporting in all studies and separate comparisons of
ursodeoxycholic acid by comparator group (eg, placebo
and S-adenosyl-methionine).* We compared ursodeoxy-
cholic acid treatment with any other treatment on the
basis of the scarcity of evidence for perinatal benefit for
other treatments.® Similarly, by combining independent
participant data from multiple studies, we were able to
identify treatment benefits not seen in the largest RCT of
ursodeoxycholic acid.” For policy makers, it is reassuring
that the 2019 RCT of ursodeoxycholic acid treatment in
women with intrahepatic cholestasis of pregnancy did not
find a difference in the total cost for ursodeoxycholic acid
treatment compared with placebo (adjusted cost difference
per patient —£429 [95% CI —1235 to 377]; adjusted p=0-30),
or in reported adverse events.” However, we did not show
that ursodeoxycholic acid treatment improved all adverse
perinatal outcomes, and it is clear that ursodeoxycholic
acid cannot prevent all cholestasis-related adverse peri-
natal effects. Similarly, ursodeoxycholic acid has little
benefit for maternal pruritus,” and an effective alternative
treatment is currently lacking. Thus, there is a clear need
for complementary treatments for gestational cholestasis.
In summary, this meta-analysis suggests that urso-
deoxycholic acid treatment in women with intrahepatic
cholestasis of pregnancy reduces the risk of preterm birth.
Previous work has shown that there is an increased risk of
preterm birth in women with peak bile acid concentrations
of 40 pmol/L or more (compared with women with peak
bile acid concentrations <40 pmol/L);> ursodeoxycholic
acid treatment should therefore be considered for these
women with disease onset before 37 weeks’ gestation.
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