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ABSTRACT

OBJECTIVE
To determine the risk of recurrent stillbirth.

DESIGN
Systematic review and meta-analysis of cohort and
case-control studies.

DATA SOURCES

Embase, Medline, Cochrane Library, PubMed, CINAHL,
and Scopus searched systematically with no
restrictions on date, publication, or language to
identify relevant studies. Supplementary efforts
included searching relevant internet resources as well
as hand searching the reference lists of included
studies. Where published information was unclear or
inadequate, corresponding authors were contacted for
more information.

STUDY SELECTION

Cohort and case-control studies from high income
countries were potentially eligible if they investigated
the association between stillbirth in an initial pregnancy
and risk of stillbirth in a subsequent pregnancy. Stillbirth
was defined as fetal death occurring at more than 20
weeks’ gestation or a birth weight of at least 400 g. Two
reviewers independently screened titles to identify
eligible studies based on inclusion and exclusion criteria
agreed a priori, extracted data, and assessed the
methodological quality using scoring criteria from the
critical appraisal skills programme. Random effects
meta-analyses were used to combine the results of the
included studies. Subgroup analysis was performed on
studies that examined unexplained stillbirth.

RESULTS

13 cohort studies and three case-control studies met
the inclusion criteria and were included in the
meta-analysis. Data were available on 3412079
women with pregnancies beyond 20 weeks duration,
of who 3387538 (99.3%) had had a previous live birth
and 24541 (0.7%) a stillbirth. A total of 14283
stillbirths occurred in subsequent pregnancies,
606/24541 (2.5%) in women with a history of stillbirth

WHAT IS ALREADY KNOWN ON THIS TOPIC

Stillbirth remains a major public health problem

For women with a stillbirth from a known recurrent cause, the risk of stillbirth in a
subsequent pregnancy is high

Where the previous stillbirth was unexplained (the most common classification of
cause of death), risk of recurrence is unclear

WHAT THIS STUDY ADDS

The results of this meta-analysis provide evidence to support an increased risk of
stillbirth recurrence after a previous stillbirth

The increased risk remained after adjusting for the effects of confounding

The risk of stillbirth after an unexplained stillbirth may not be increased, but at
present evidence for this is inadequate
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and 13677/3387538 (0.4%) among women with no
such history (pooled odds ratio 4.83, 95% confidence
interval 3.77 to 6.18). 12 studies specifically assessed
the risk of stillbirth in second pregnancies. Compared
with women who had a live birth in their first
pregnancy, those who experienced a stillbirth were
almost five times more likely to experience a stillbirth
in their second pregnancy (odds ratio 4.77, 95%
confidence interval 3.70 to 6.15). The pooled odds ratio
using the adjusted effect measures from the primary
studies was 3.38 (95% confidence interval 2.61to
4.38). Four studies examined the risk of recurrent
unexplained stillbirth. Methodological differences
between these studies precluded pooling the results.

CONCLUSIONS

The risk of stillbirth in subsequent pregnancies is
higher in women who experience a stillbirth in their
first pregnancy. This increased risk remained after
adjusted analysis. Evidence surrounding the recurrence
risk of unexplained stillbirth remains controversial.

Introduction

Over the past two decades many high income countries
have achieved substantial reductions in late gestation
stillbirths. Norway and the Netherlands show the larg-
est reductions; however, in the United Kingdom the
downward trend in stillbirth rates has slowed and
become more or less stable. As a result the UK has one
of the highest stillbirth rates and is ranked 33rd out of
35 high income countries in Europe, with around one
baby in every 200 being stillborn every year.!2 Stillbirth
is one of the most common adverse obstetric outcomes
and a traumatic experience for parents yet until recently
was largely ignored.? Couples who have experienced a
stillbirth need to understand why it happened and want
to know the risk for future pregnancies.

The cause of fetal death is complex as there are
many contributing and interacting factors. In addi-
tion, certain conditions may be associated with still-
births without directly causing them—for example,
well controlled diabetes mellitus.* Thus, for many
stillbirths it is difficult to determine the exact cause,
and according to classification systems for informing
and establishing the likely cause for the loss of the
baby these are classified as unexplained.> Because of
the considerable number of classification systems cur-
rently in use, the proportion of stillbirths classified as
unexplained varies widely, from 9.5% to 50.2%.° Nota-
bly, more recent classification systems’!! yield lower
proportions of unexplained deaths as they often attri-
bute relatively common conditions such as velamen-
tous insertion of cord as causes of perinatal deaths. At
times, stillbirths may be unexplained because of inad-
equate investigations to determine a cause of death,
but even after extensive evaluation many stillbirths
remain unexplained.!?
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The increased risk for recurrence of pregnancy com-
plications and outcomes is well recognised.”> However,
the literature on stillbirth recurrence is sparse and
inconsistent. Some studies report recurrence risks rang-
ing from twofold to 10-fold,'*1¢ whereas others report
no increased risk.”71® Although stillbirth is a common
obstetric complication its recurrence is rare and it may
be that some primary studies lack the power to detect
any increase in risk. Furthermore, many causes of still-
birth (for example, placental abruption) are known to
recur in subsequent pregnancies, thus increasing the
chances of another stillbirth associated with that cause;
but in cases where stillbirth remains unexplained there
is no consensus about the risk of stillbirth in the next
pregnancy. Because of the uncertainty surrounding the
recurrent risk for stillbirth it is difficult for clinicians to
counsel couples and to know what level of care to pro-
vide in subsequent pregnancies.

We reviewed the evidence on the association between
stillbirth in an initial pregnancy and risk of stillbirth in
subsequent pregnancies. Specifically, we hypothesised
that women whose first pregnancy resulted in a stillbirth
or an unexplained stillbirth had an increased risk of still-
birth in any subsequent pregnancy compared with women
who had a previous live birth. A priori, we restricted our
review to primary studies conducted in high income coun-
tries to prevent any distortion of findings from variations
in clinical practice and access to healthcare.

Methods

We conducted a systematic review and meta-analysis
following the guidelines recommended by the meta-
analysis of observational studies.!® Two people (SB, KL)
independently performed the literature search, data
extraction, and quality assessment of the included stud-
ies. Any disagreement was resolved by discussion between
reviewers or referred to a third reviewer (GTJ) if necessary.

Eligibility criteria

Eligible studies were those that were cohort or case-
control studies conducted in high income countries (all
countries listed with the World Bank as high income
members of the Organisation for Economic Co-operation
and Development),?° investigated the association
between stillbirth or unexplained stillbirth in an initial
pregnancy and risk of stillbirth in a subsequent preg-
nancy, used a definition of stillbirth as occurring at 20
weeks gestation or more or a birth weight of 400 g or
more; and reported estimates of either odds ratio, risk
ratio, or hazard ratio, or provided sufficient data for
these to be calculated.

Search strategy

With guidance from a librarian we searched a range of
electronic bibliographic databases: Medline and
Embase through Ovid (1946 to 12 September 2014), the
Cochrane Library through Wiley Interscience,
Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL) through EBSCO Host, PubMed through
the National Center for Biotechnology Information
(NCBI), and SCOPUS through Elsevier. During
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preliminary searches we found that the two concepts of
stillbirth and recurrence were more often included in
journal abstracts or indexed. Therefore the search strat-
egy stemmed from these two concepts. We used a combi-
nation of Medical Subject Headings key words, and text
words for “stillbirth”, “recurrence”, “pregnancy”, and
“risk factors” that appeared in abstracts and titles. No
restrictions were applied to date, publication, or lan-
guage, although we limited studies to those in human
participants. Also, the term “unexplained” was not
included in the search strategy. The search strategy was
initially developed for use in Medline and was then
adapted for searching the other databases (see supple-
mentary file for the search strategies used in each data-
base). In addition, we searched the UK Research Clinical
Network Portfolio Database,?! the MIDIRS website (a
broad reference resource available to obstetricians, mid-
wives, and consumers),? and the Proquest Dissertations
and Theses: UK and Ireland database.?> We screened the
reference lists of all identified studies obtained as full
reports, and we also performed searches using Google
search engine in an attempt to find pages that might
have provided references. If published papers had inad-
equate or unclear data we contacted the study authors
for further information or clarification.

Data extraction and quality assessment

Data extraction was accomplished using two data
extraction forms; one that included general study char-
acteristics and one that included sample characteris-
tics, stillbirth rates, and measure of association.

Study quality was assessed using the criteria of the
critical appraisal skills programme.?*? The questions
assess study validity, risk of bias in recruitment, expo-
sure and outcome measurement, confounding factors,
the reporting of results, and the transferability of
results. Scores range from 0-11 for case-control studies
and from 0-12 for cohort studies, where a higher score
indicates higher quality.

Statistical analysis
Meta-analyses were conducted using Revman 5.2
(Cochrane Collaboration 2012).2¢ We performed several
analyses and present pooled estimated effect sizes
using random effects models to incorporate heterogene-
ity within and between studies.?” Firstly, we computed
a pooled odds ratio by using the Mantel-Haenszel
method to combine the raw data from all studies.?8?°
Secondly, we pooled the odds ratios from all studies
that provided data adjusted for various potential con-
founding variables. This was done using the generic
inverse weighted method—that is, studies were
weighted by the inverse of the standard error of the log
transformed odds ratios.>® We calculated the standard
errors of these log odds ratios using published confi-
dence intervals and then used these to weight the
studies according to the precision of the odds ratio. To
explore the definition of stillbirth as a potential source
of heterogeneity we conducted a sensitivity analysis.
Statistical heterogeneity was assessed using the
Cochran’s x? test, and the 2 statistic used to summarise the
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degree of variation across studies. As recommended by the
Cochrane handbook for systematic reviews,>° we consid-
ered an I2 value of 0-40% to represent low heterogeneity,
30-60% moderate heterogeneity, 50-90%, substantial het-
erogeneity, and 75-100% considerable heterogeneity.
Assuming there is a causal relation between a risk
factor and a disease, the population attributable risk is
the proportion of disease or deaths in a population that
can be attributed to an exposure. We calculated the
population attributable risk (odds ratios were used to
estimate the relative risk) using a previously published
formula.?! The likelihood of publication bias was
assessed by visual inspection of a funnel plot.?

Patient involvement
There was no patient involvement in this study.

Results

The database searches returned 6599 potentially rele-
vant unique citations. In addition, one study and a con-
ference abstract were identified through supplementary
searches (fig 1). Of these, 38 were selected for further
appraisal. Twenty two citations from these did not meet
the inclusion criteria and thus were excluded. Thirteen
cohort studies!#1517183334-41 and three case-control stud-
ies*44 met the inclusion criteria. All of the included
studies except for two reported odds ratios—one
reported a hazard ratio'® and the other a relative risk.”
Because the outcome of interest is rare, the odds ratio,
relative risk, and hazard ratio approximate each other.?
Fourteen authors were contacted for information.

Potentially relevant citations identified from search strategy (n=6599)

Duplicates removed (n=2287)

Potentially relevant citations after removing duplicates (n=4312):

CINAHL (n=546)
rane library (n=0)

Coch

Embase (n=1192)
Medline (n=1670)

PubMed (n=140)
Scopus (n=764)

— Additional potentially relevant citations identified from hand and internet search (n=2)
— Excluded after screening title/abstract (n=4275)

Full text papers retrieved for critical appraisal (n=35)
Conference abstracts (n=4)

Full text papers excluded (n=21):
Cross sectional study (n=1)
Lack of comparison group (n=1)
Missing data (n=1)
No data available (n=4)
Definition of stillbirth (n=1)

— Review paper (n=1)
Stillbirth recurrence not investigated independently from neonatal death (n=4)
Exposure young maternal age at initiation of childbearing (n=1)
Risk between first and second births (n=1)
Analyses of outcome of second birth confined to subgroup of women who delivered
liveborn infant (n=1)

Data from same cohort used in other study (n=>5)

Conference abstracts excluded: no data available (n=2)

Papers included in review (n=14)
Conference abstracts (n=2)

Fig 1| Search results and process for identification, selection, and inclusion of references
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Eleven responded, with three providing additional data
that were included in the analysis.?3940

Quality assessment

The quality appraisal scores using the critical appraisal
skills programme for all 13 cohort studies were high;
median quality score 10.50, with a range of 9.5-11.5 (see
supplementary appendix table 1). The median quality
score for case-control studies was 8.5, with a range of 7-8.5
(see supplementary appendix table 2). These results
showed that the observational studies were of good qual-
ity. Twelve studies reported adjusted odds ratios for the
association between stillbirth in an initial pregnancy and
risk of stillbirth in a subsequent pregnancy. Most studies
adjusted for maternal age, smoking, and socioeconomic
status. Adjustment for other potential confounders such
as living with a partner or marital status, education, race
or ethnicity, and interval between pregnancies varied
among the studies, with two studies adjusting for body
mass index.>? Six studies that investigated the risk of
stillbirth recurrence adjusted for obstetric complications
such as pre-eclampsia, placental abruption, or preterm
birth medical,#171841 or obstetric risk factors.?33 One of
those studies* reported two adjusted odds ratios, one that
included gestational age (model 1) and one that excluded
gestational age in the logistic regression model (model 2).

Study characteristics

Tables 1 and 2 show the general study characteristics
and sample characteristics of included studies. Studies
were published between 2001 and 2014 and five were
conducted in Australia,!83840-42three in Scotland,#173°
three in the United States,®334* and one each in
Denmark,* Israel,” the Netherlands,? Norway,?® and
Sweden.3* All articles were in English. Nine of the
cohort studies were large population based studies that
included data extending over at least 10 years. One of
these’ included data collected over nearly 40 years,
thus the combined data collection period spanned from
1967 to 2009. Eleven of the cohort studies examined the
risk of stillbirth recurrence in a second pregnancy. In
one of the remaining cohort studies, data were avail-
able on a subset of women on their first and second
sequential births.*® The remaining cohort study
examined risk of recurrence of unexplained stillbirth
and included women in the exposed group with an
unexplained stillbirth that need not necessarily have
been their first birth. All case-control studies included
women with more than two pregnancies.*4+

Exposure in the included studies

Ascertainment of stillbirth was confirmed through nation-
wide registers, 14344042 hospital databases, > 1718334144 and
hospital records.*#* Seven studies used the World Health
Organization international classification of disease codes
to classify maternal conditions and obstetric complica-
tions. 141733353639 40 Stydies used a variety of different defini-
tions of stillbirth, with most of the studies defining stillbirth
from an early gestational age (>20 weeks),!>171833353638 414244
whereas others used a later gestation (>22 weeks,¥* >24
weeks, 3 and >28 weeks).3* The remaining study*® used
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Table 2| Occurrence and recurrence rates and percentages of stillbirth for consecutive singleton pregnancies for included studies

No (%) with

Stillbirth rate in 2nd

No (%) with No with Stillbirth subsequent stillbirth pregnancy
Population previous previous rateinist  Previous Previous Previous  Previous

Reference size stillbirths  live birth  pregnancy stillbirth live birth stillbirth  live birth Measure of association*

Bhattacharya 2010 309 304 2677 (0.9) 306 627 8.7/1000 50 (1.9) 1309 (0.4) 18.7/1000  4.3/1000 Unadjusted odds ratio 4.44 (99% Cl 3.34
to 5.90); adjusted odds ratio 1.94 (99% Cl
1.29t02.92)

Black 2008 34079 364 (1.1) 33715 10.7/1000 5(1.4) 179 (0.5) 13.7/1000 5.3/1000 Unadjusted odds ratio 2.6 (1.1 t06.4);
adjusted odds ratio 1.2 (0.4 to 3.4)

Getahun 200933 71315 373 (0.5) 70942 5.2/1000 5(01.3) 257 (0.4) 13.4/1000 3.6/1000 Unadjusted odds ratio 3.74 (1.53 to 9.11);
adjusted odds ratio 3.5 (1.9 to 6.9)

Gordon 20128 52110 348 (0.67) 51762 6.7/1000 3(0.9) 145 (0.3) 8.6/1000  2.8/1000 Unadjusted odds ratio 3.10 (0.98 to 9.76);
adjusted hazard ratio 2.03 (0.6 to 6.9)

Hogberg 200734 526 691 2363 (0.45) 524328 4.5/1000 18(0.8) 1402 (0.3) 7.6/1000 2.7/1000  Unadjusted odds ratio 2.86 (1.80 to 4.57);
adjusted odds ratio 2.4 (1.32 to 4.41)

Lykke 20093 536 419 3161 (0.6) 533258 5.9/1000 106 (3.35) 1832 33.5/1000 3.4/1000 Unadjusted odds ratio 10.06 (8.25 to

(0.34) 12.28); data supplied by author (not
reported)

Melve 2010%¢ 574 311 5996 (1.0) 568 315 10.4/1000 222 (3.7) 3,507 (0.6) 37/1000 6.2/1000 Unadjusted odds ratio 6.2 (5.4 to 7.1);
adjusted odds ratio 4.5 (2.9 to 7.1)

Measey 200942 852 167 685 NA 7(4.2) 8(1.2) 41.9/1000 11.7/1000 Unadjusted odds ratio 4.42 (1.56 to 12.53);
adjusted odds ratio 4.18 (1.36 t0 12.89)

Mohsin 200841 244 840 2168 (0.9) 242 672 9/1000 72 (3.3) 1144 (0.5) 33/1000  4.7/1000 Unadjusted odds ratio 7.25, adjusted odds
ratio model 2* 3.56 (2.76 to 4.59)

Nijkamp 20133 252 827 2058 (0.81) 250769 8.1/1000 12 (0.58) 803 (0.32) 5.8/1000  3.2/1000 Unadjusted odds ratio 1.8 (1.02 to 3.60);
adjusted odds ratio 2.4 (1.32 to 4.21)

Ofir 20134 10 480 73 10 370 NA 5 (6.8) 32(0.31) 68.5/1000 3.1/1000 Odds ratio 22.2 (8.9 to 55.4)

Patterson 201440 145 437 863 144 098 5.9/1000 12 (1.39) 464 (0.32) 14/1000 3.2/1000 Data supplied by author (not reported),
unadjusted odds ratio 4.3 (2.3 to 7.8);
adjusted odds ratio not calculated

Robson38 3476 316 3160 NA 2 20 6.3/1000  6.3/1000 Adjusted odds ratio as only unexplained
stillbirth, 1.0 (0.23 to 4.30)

Sharma 2006'" 404180 1979 (0.5) 402 201 4.9/1000 45 (2.3) 1884 (0.5) 22.7/1000 4.7/1000 Unadjusted odds ratio 4.9; adjusted odds
ratio 4.7 (3.3t0 6.6)

Smith 201232 244204 1323 242 881 5.4/1000 21 (1.59) 660 (0.27) 15.9/1000 2.7/1000 Unadjusted odds ratio 5.9 (3.8 to 9.2);
adjusted odds ratio 5.8 (3.7 t0 9.0)

Smith 2012,3° 244204 1323 242 881 5.4/1000 8 (0.6) 461 (0.19) 6/1000 1.9/1000 Data supplied by author (not reported),

unexplained 3.2 (1.59 to 6.45)

stillbirth

Stillbirth 1591 303 1288 NA 21 (6.8) 18 (1.4) 69.3/1000 14/1000  Unadjusted odds ratio not reported,

Collaborative
Research Network
Writing Group 201144

adjusted odds ratio 6.67 (3.14 to 14.17)

NA=not available.

*95% confidence intervals apply unless stated otherwise.
*Model 2: gestational age excluded from model.

a combination of at least 22 weeks’ gestation or at least 20
weeks if the infant was born after 2005, reflecting a
change in reporting requirements. A birth weight defined
as at least 400 g was also included in two studies'®*! and
400 g/500 g in the study that used the combined defini-
tion of at least 20/22 weeks’ gestation.“®

Studies that examined risk of recurrence of
unexplained stillbirth

Only three of the cohort'®383° and one of the case-
control® studies examined risk of recurrence of unex-
plained stillbirth. Two of these!'®*? identified the causes
of stillbirth using the perinatal death classification sys-
tem of the Perinatal Society of Australia and New
Zealand (PSANZ-PDC).1°1 One of the others3® used a
modification of Whitfield.#> The remaining study by
Smith?* was a conference publication and the author
informed us that the Wigglesworth classification, the
most frequently used classification system in high
income countries, was applied.

Quantitative data synthesis
Data were available on 3412079 women comprising
3387538 (99.3%) who had a live birth and 24541 (0.7%)
who had a stillbirth in an initial pregnancy. A total of
14283 stillbirths occurred in the subsequent pregnancy,
606/24 541 (2.5%) in women with a history of stillbirth and
13677/3387 538 (0.4%) in women with no such history.
Figure 2 shows the unadjusted risk of stillbirth recur-
rence in women who had experienced a previous still-
birth in any pregnancy compared with those with no
such history. A considerable amount of heterogeneity
between studies was indicated (12=82%, P<0.01). Odds
ratios from individual studies ranged from 1.00 to 23.75,
with a clear suggestion of increased odds of subsequent
stillbirth among women who experienced stillbirth in a
previous pregnancy (pooled odds ratio 4.83, 95% confi-
dence interval 3.77 to 6.18). When the analysis was
restricted to only studies that examined risk of stillbirth
recurrence in women with first and second subsequent
pregnancies the risk was slightly less than the

doi: 10.1136/bm;j.h3080 | BMJ2015;350:h3080 | the bmj
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Fig 2 | Random effects
model (unadjusted)
showing risk of recurrent
stillbirth associated with
previous stillbirth.
SCRNWG=Stillbirth
Collaborative Research
Network Writing Group

No of events/total

Study Previous Previous
stillbirth live birth

Cohort studies
Robson 2001%® 2/316 20/3160
Sharma 2006'® 45/1979 1884/402 201
Hogberg 20073 18/2363 1402/524 328
Black 20087 5/364 179/33 715
Mohsin 2008%! 72/2168 1144/242 672
Getahun 2009%% 5/373 257/70 942
Lykke 2009%° 106/3161 1832/533 258
Bhattacharya 2010 50/2677 1309/306 627
Melve 2010%¢ 222/5996 3507/568 315
Gordon 20128 3/348 145/51 762
Smith 2012% 21/1323 660/242 881
Nijkamp 20133 12/2058 803/250 769
Patterson 2014%° 13/872 477/144 565
Subtotal (95% Cl) 574/23 998 13619/3 375195

Test for heterogeneity: 12=0.15, ¥?=75.87, df=12, P<0.001, 1>=84%
Test for overall effect: z=11.47, P<0.001
Case-control studies

Measey 2009* 6/167 8/685

SCRNWG 20114 21/303 18/1288
0fir2013% 5/73 32/10370
Subtotal (95% CI) 32/543 58/12 343

Test for heterogeneity: 1°=0.80, °=9.90, df=2, P=0.007, 1’=80%
Test for overall effect: z=3.42, P<0.001

Total (95% Cl) 606/24 541 13677/3 387 538
Test for heterogeneity: 1°=0.16, °=85.63, df=15, P<0.001, 1’=82%

Test for overall effect: z=12.51, P<0.001 0.01

Test for subgroup differences: x?=0.62, df=1, P=0.43, 1’=0%

Previous live birth

0dds ratio, Weight 0dds ratio,
random (95% CI) (%) random (95% ClI)
— s 2.2 1.00(0.23 to 4.30)
- 8.6  4.94(3.67 10 6.67)
- 7.3 2.86 (1.80104.57)
— 43 2.61(1.07 0 6.38)
- 9.0 7.25(5.69t09.24)
—a 43 3.74(1.531t09.11)
Do 9.2 10.06 (8.25 t0 12.28)
+ 8.7  4.44 (33410 5.90)
- 9.5 6.19(5.39t07.11)
S 3.1 3.10(0.98109.76)
—-—~— 7.5 5.92(3.82109.17)
-— 6.4 1.83(1.03t03.23)
—— 6.6  4.57(2.62107.96)
Q: 86.8 4.57 (3.52105.92)
—_— 3.4 3.15(1.0810 9.22)
—— 5.9 5.25(2.7609.99)
i —=—— 3.9 23.75(8.99t062.80)
—— 13.2 7.31 (2.34 to 22.80)
é 100.0 4.83 (3.77 t0 6.18)
0.1 1 10 100

Previous stillbirth

unrestricted pooled odds ratio (4.77-fold, 95% confi-
dence interval 3.70-fold to 6.15-fold) (fig 3).

Using only the adjusted odds ratios reported in pri-
mary studies, the increased effect of a previous still-
birth remained (pooled odds ratio 3.38, 95% confidence
interval 2.61 to 4.38) (fig 4). The pooled unadjusted odds
ratio for these studies was 4.44 (95% confidence inter-
val 3.54 to 5.56).

Subgroup analysis

Because of methodological differences between stud-
ies that examined risk of recurrent unexplained still-
birth we were unable to perform the prespecified
subgroup analysis. Four studies examined the recur-
rence risk of unexplained stillbirth. Two of these stud-
ies conducted a prospective analysis looking at risk of
stillbirth recurrence (explained and unexplained) after
a previous unexplained stillbirth.83% The reported
adjusted risks for stillbirth in a subsequent pregnancy
after previous unexplained stillbirth in these two stud-
ies were 3.11 (95% confidence interval 0.72 to 13.50)8
and 1.00 (0.23 to 4.30).3® A retrospective analysis
looked at risk of unexplained stillbirth in a subsequent
pregnancy after any previous explained or unex-
plained stillbirth.3*4> The reported adjusted risk for
unexplained stillbirth after any stillbirth in one of the
studies“? was 4.18 (95% confidence interval 1.36 to
12.89). The other study did not report the odds ratio in
the conference abstract, but the author provided the
data.?® For this study the adjusted risk for unexplained

thebmj | BMJ2015;350:h3080 | doi: 10.1136/bm;j.h3080

stillbirth after any stillbirth was 3.20 (95% confidence
interval 1.59 to 6.45).

Sensitivity analyses

To examine possible sources of heterogeneity across
studies, we performed a sensitivity analysis according to
definition of stillbirth, but this did not explain much of
the heterogeneity. As data overlapped slightly (as little as
8%) between the studies by Black and colleagues!” and
Bhattacharya and colleagues, we conducted a sensitiv-
ity analysis by removing Black and colleagues’ study—
the rationale being that Bhattacharya and colleagues’
findings were considered more generalisable because of
the population based design. This resulted in a slightly
larger overall pooled odds ratio (4.97, 3.87 to 6.38).

As we were interested in potentially modifiable risk
factors, we also performed an analysis that included the
studies that adjusted only for maternal characteristics.
Again there was a clear suggestion of an increased odds
of subsequent stillbirth in women who had experienced
stillbirth in a previous pregnancy (pooled unadjusted
odds ratio 5.48-fold, 95% confidence interval 4.42-fold
to 6.79-fold). After adjusting only for maternal factors,
the increased risk was slightly attenuated (pooled odds
ratio 4.27, 95% confidence interval 3.38 to 5.39). Ofir and
colleagues® reported an exceptionally high odds ratio,
of 23.75 (95% confidence interval 8.99 to 62.80). We
therefore examined the effect of removing this study
from the meta-analysis and found the pooled odds ratio
to be reduced slightly, to 4.56 (95% confidence interval
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Fig 3| Random effects
model (unadjusted)
showing risk of recurrent
stillbirth associated with
previous stillbirth
restricted to women with
first and second
subsequent pregnancies

No of events/total

Study Previous Previous
stillbirth live birth

Cohort studies
Sharma 2006° 45/1979 1884/402 201
Hogberg 2007°* 18/2363 1402/524 328
Black 20087 5/364 179/33 715
Mohsin 20084 72/2168 1144/242 672
Getahun 2009%% 5/373 257/70 942
Lykke 2009%° 106/3161 1832/533 258
Bhattacharya 2010 50/2677 1309/306 627
Melve 2010%¢ 222/5996 3507/568 315
Gordon 201218 3/348 145/51762
Smith 2012%° 21/1323 660/242 881
Nijkamp 2013% 12/2058 803/250 769
Patterson 2014“° 13/872 477/144 565

Total (95% CI) 572/23 682 13 599/3 372035

Test for heterogeneity: 1°=0.14, ¥°=69.36, df=11, P<0.001, 1’=84%
Test for overall effect: z=12.04, P<0.001

0.01
Previous live birth

0Odds ratio, Weight 0dds ratio,
random (95% Cl) (%) random (95% ClI)
- 10.3  4.94 (3.67 10 6.67)
—— 8.5 2.86(1.80t04.57)
i 4.8 2.61(1.07 to 6.38)
—=— 10.8  7.25 (5.69 t0 9.24)
— 49 3.74(1.53t09.11)
b 11.2 10.06 (8.25 to 12.28)
- 10.4  4.44 (3.34 10 5.90)
- 11.6  6.19(5.39t07.11)
o 3.5 3.10(0.98109.76)
= 8.9 5.92(3.82t09.17)
—-— 7.5 1.83(1.03t03.23)
R 7.6 4.57(2.62107.96)
+ 100.0 4.77 (3.7010 6.15)
0.1 1 10 100

Previous stillbirth

Fig 4| Random effects
model (adjusted for various
confounding factors)
showing risk of stillbirth
associated with previous
stillbirth (confounders vary
between studies).
SCRNWG=Stillbirth
Collaborative Research
Network Writing Group

3.57 to 5.81). The supplementary file provides details of
all sensitivity analyses.

Population attributable risk

We calculated the population attributable risk percent-
age to assess the proportion of subsequent stillbirth
that is attributable to stillbirth in a first pregnancy.
Based on unadjusted association measures, the result
was 8%.

Publication bias assessment

Although it is difficult to show evidence of asymmetry
and therefore publication bias, visual inspection of a
funnel plot (fig 5) showed a gap in the middle and

Study Log Standard

Cohort studies (odds ratio) error
Sharma 2006"° 1.548 0.177
Hogberg 2007%* 0.875 0.308
Black 20087 0.182 0.546
Mohsin 2008 1.270 0.123
Getahun 2009°? 1.253 0.329
Bhattacharya 2010 0.663 0.159
Melve 2010%¢ 1.504 0.228
Gordon 201218 0.708 0.623
Smith 2012% 1.758 0.227
Nijkamp 20133 0.875 0.296

Subtotal (95% Cl)

Test for heterogeneity: 12=0.12, x°=29.86, df=9, P<0.001, I’=70%

Test for overall effect: z=8.28, P<0.001

Case-control studies
Measey 200942
SCRNWG 20114

Subtotal (95% Cl)

Test for heterogeneity: 12=0.00, %?=0.46, df=1, P=0.50, 1’=0%

Test for overall effect: z=5.49, P<0.001

Total (95% CI)

Test for heterogeneity: 12=0.12, %?=33.20, df=11, P<0.001, I’=67%

Test for overall effect: z=9.20, P<0.001

Test for subgroup differences: x%=2.91, df=1, P=0.09, 1°=65.6%

0.574
0.384

1.430
1.898

0.01
Previous live birth

bottom right of the plot suggesting that some smaller
studies with large effects may be underrepresented.

Discussion

In this systematic review and meta-analysis, women
who experienced a stillbirth in an initial pregnancy
experienced nearly a fivefold increase in the odds of
stillbirth in a subsequent pregnancy. Even when
restricting the analysis to first and second pregnancies,
the risk of stillbirth in the second pregnancy was
increased if the first pregnancy ended in stillbirth. In
the meta-analysis using adjusted odds ratios from pri-
mary studies the increased odds of recurrence
remained, although it was slightly less than the unad-

0dds ratio, Weight 0dds ratio, IV to
random (95% ClI) (%) random (95% Cl)
- 11.7  4.70 (3.32 10 6.65)
—a 8.2 2.40(1.31t04.39)
— 42 1.20 (0.41 0 3.50)
:1- 13.1  3.56 (2.80t0 4.53)
— 7.7 3.50 (1.84t0 6.67)
- 122 1.94(1.42t0 2.65)
- 10.3  4.50 (2.88t0 7.03)
—_ 3.5 2.03(0.60to 6.88)
- 10.3  5.80(3.72109.05)
—o- 8.5  2.40 (1.34t0 4.29)
. 89.5 3.19 (2.42t0 4.19)
—t— 3.9 4.18(1.361012.87)
e 6.6 6.67 (3.141014.16)
- 10.5 5.77 (3.09 to 10.79)
+ 100.0 3.38 (2.61 to 4.38)
0.1 1 10 100

Previous stillbirth

doi: 10.1136/bm;j.h3080 | BMJ2015;350:h3080 | the bmj



justed analysis. Where the primary studies had specifi-
cally looked at unexplained stillbirth, the evidence was
less clear cut. Only two studies had looked at unex-
plained stillbirth in an initial pregnancy and any still-
birth (explained or unexplained) in the subsequent
pregnancy and had found no increased risk. However,
two other studies had specifically assessed unexplained
stillbirth after any stillbirth (explained or unexplained)
and reported a greatly increased risk of recurrence.

Strengths and limitations of this review
This systematic review and meta-analyses offers the
first comprehensive synthesis of the available evidence
on the association between stillbirth and unexplained
stillbirth in a previous pregnancy and risk of recur-
rence. Meta-analyses were conducted (unadjusted and
adjusted) that included data on a large number of
women from high income countries to provide a quanti-
tative summary of the results. The population based
design of the included studies is a strength that pro-
motes generalisability within countries as well as trans-
ferability of findings to other high income countries.
Statistical heterogeneity of studies was substantial as
evidenced by the high I? statistic, and therefore as with
all reviews of observational studies the findings should
be interpreted with caution. Nevertheless, in all com-
parisons the estimates showed the same direction of
effect, which suggests that the association is real.*®
Systematic reviews of observational studies typically
combine studies that are diverse both clinically and
methodologically. As a result, heterogeneity between
the results is to be expected.*¢ In our analyses, primary
studies differed in their definition of stillbirth and in
their use of classification systems for determining cause
of death and consequently in the classification of unex-
plained stillbirth. Moreover, methodological differences
were apparent in their lack of consistency in tackling the
effects of confounding. For instance, some studies
adjusted for causal factors such as pre-eclampsia and
placental abruption or preterm birth, which is not a con-
founder but rather in the causal path of stillbirth. After
adjusting only for maternal characteristics, the
estimated risk from these studies was reduced by 22%
compared with the unadjusted risk. This suggests that
much of the risk of recurrence is not explained by modi-
fiable maternal factors, consistent with the Stillbirth

0
@ Cohort studies

O Case-control studies
0.2

1 @
%°’
0.4
0.6

0.8

Standard error (log [odds ratio])
°
°

0.01 0.1 1 10 100
0dds ratio

Fig 5| Funnel plot to assess publication bias of included
studies
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Collaborative Research Network study,** which showed
that apart from the occurrence of previous stillbirth or
pregnancy loss, risk factors known at confirmation of
pregnancy (a combination of demographic and obstetric
maternal characteristics) explained only a small amount
of the risk of stillbirth. Nevertheless, the literature on the
association between maternal obesity and stillbirth
reports an increased risk of stillbirth among women who
are obese compared with women of normal weight.*’->
Furthermore, a systematic review of observational stud-
ies conducted in high income countries showed that
maternal overweight and obesity may have the greatest
population attributable risk among modifiable maternal
risk factors for stillbirth.>*

For studies included in this meta-analysis, collection
of important risk factors such as maternal body mass
index and smoking was generally inconsistent, and
information on alcohol intake was reported in only one
study.® Along with smoking, overweight and obesity are
now thought to be causally associated with an increased
risk of stillbirth,> yet only three studies adjusted for
body mass index,®744 and although most studies
adjusted for smoking for many studies data were incom-
plete. Residual confounding from poor measurement of
these could still explain at least part of the associations
reported. Thus our findings might underestimate the
risk of recurrence explained by modifiable risk factors.

The evidence surrounding the recurrence risk of
unexplained stillbirth remains controversial owing to
the few studies looking specifically at unexplained
stillbirth, the small number of events in individual stud-
ies, and the variation in defining unexplained stillbirth.

Although no evidence of publication bias and selec-
tive reporting was found these are possible limitations
for any systematic review, more so systematic reviews of
observational studies. Therefore, despite the best
efforts it is possible that not all studies were identified.

Comparison with previous studies
Despite a thorough and systematic literature search, no
systematic review on this problem was identified. The
literature on stillbirth has recently expanded?; however,
studies that examined the recurrence of stillbirth remain
scarce. Primary reports in the literature investigating the
risk of stillbirth recurrence yielded inconsistent results,
but most published studies suggest an increased risk for
women with a history of stillbirth. However, when the
previous stillbirth has been unexplained or when the
sample size was small, adjustment for confounding fac-
tors made confidence intervals cross unity and no
increased risk in subsequent stillbirth was found.
Inconsistency in the definition of unexplained still-
birth has also been recognised and it has been pointed
out that truly unexplained stillbirths are those in which
no cause of death can be found despite thorough post-
mortem examination. Gordon and colleagues made the
decision a priori to only analyse data from 2002 because
from that point all deaths were routinely classified using
the perinatal death classification system of the Perinatal
Society of Australia and New Zealand. This stillbirth
classification system incorporates policy directives that

9
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include recommendations to discuss and offer postmor-
tem examinations to every affected family, and for exam-
ination of the placenta. Even so, a postmortem
examination was performed in only half of the stillbirths
in the cohort. The authors draw attention to the low rate
of postmortem examinations undertaken in unex-
plained stillbirths in New South Wales during the study
period (30.8%). Rates of postmortem examination for
which parental consent is required are also low in the
UK (around 45%), although in Scotland as a result of
ongoing commitment to improve procedure, rates of
consent are higher.

Nijkamp and colleagues® evaluated the subsequent
pregnancy outcome after a previous stillbirth. The
cause of death in both the index and the subsequent
pregnancy was determined and compared using the
Tulip classification system, the system developed and
currently in use in the Netherlands for classifying cause
of death. Of 163 women, 11 had a subsequent stillbirth,
and of these at least six showed an association between
the cause of death in both events.

Stillbirth is a relatively uncommon outcome in high
income countries and recurrence even more so. There-
fore to provide statistical power to observe the recur-
rence of unexplained stillbirth, large numbers of births
are necessary in primary studies. Systematic reviews
and meta-analyses can help overcome this deficiency in
primary analyses.

Implications for clinical practice and policy
This research is relevant to public health and clinical
practice because it adds to the body of evidence on still-
birth recurrence and can be used to counsel couples
who are thinking of conceiving after a previous
explained or unexplained pregnancy loss. Smoking and
obesity are independently associated with an increased
risk of stillbirth, and modification of these lifestyle fac-
tors may make a small but important reduction in the
risk of recurrence. Current management of pregnancies
should take account of pregnancy history and make use
of prepregnancy counselling services. Based on the
available evidence identified by this review, a stillbirth
in an initial pregnancy was associated with an increased
risk of a subsequent stillbirth, and pregnancies after a
stillbirth should be closely monitored with a view to
intervene at the first sign of fetal compromise. Conse-
quently, clinical guidance from the UK Royal College of
Obstetricians and Gynaecologists recommends that
pregnant women with a previous stillbirth should be
managed as high risk, yet many stillbirths result from
non-recurrent events such as infection, problems with
the umbilical cord, and isolated structural fetal anoma-
lies. There is little evidence that this approach actually
prevents stillbirth in the next pregnancy without
increasing morbidity from unnecessary interventions.
The demand for international consensus on the use
of a universal definition and classification for stillbirth
for research purposes has been proposed for some time.
To improve understanding of cause related and unex-
plained risk of stillbirth recurrence, large scale individ-
ual patient data meta-analyses are warranted, where

uniform definitions and classifications can be applied.
This systematic review highlights the scarcity of studies
that examined the risk of stillbirth recurrence and
shows the need for high quality multicentre studies
using standardised definitions of stillbirth and unex-
plained stillbirth to add to current knowledge. Future
research that stratifies women for the key confounding
variables of obesity and smoking is needed to assess the
impact of lifestyle modification on risk of recurrent still-
birth. In addition, to ascertain cause related recurrence,
population based studies that examine the risk of sub-
sequent stillbirth based on the initial cause of death are
also needed. A clearly standardised universal definition
of stillbirth for research and reporting practices is key
issue if the methodological quality of stillbirth research
is to be improved, be more comparable, and have more
impact. Furthermore, a universal approach for stillbirth
classification is fundamental for international compar-
isons to be meaningful and for progress towards the
prevention of stillbirths.

Conclusions and unanswered questions

Stillbirths where no cause of death can be found con-
tinue to make a considerable contribution to perinatal
mortality in high income countries. Much as stillbirth,
and more so unexplained stillbirth, causes high levels
of anxiety in future pregnancies for parents and birth
attendants, it is a poorly studied complication of preg-
nancy. If parents are to be accurately informed about
future risk, priority must be given to establishing the
cause of fetal death.

We have shown that women who experience a still-
birth in their initial pregnancy have a higher risk of still-
birth in a subsequent pregnancy. Even after adjusting
for potential confounding factors the increased risk
remains. Risk of recurrent unexplained stillbirth is
largely unstudied and therefore evidence about this
remains controversial.
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