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 43 
ABSTRACT  44 
 45 
Background  46 
 47 
Stillbirth accounts for more deaths worldwide than HIV and cancer, and yet 48 
prevention of stillbirth is a poorly understood public health problem. Improved 49 
antenatal tests and identification of high risk pregnancies are a key research priority. 50 
Multivariable prediction models are likely to be key to individualised 51 
recommendations to women for monitoring, therapeutic interventions and/or early 52 
delivery. 53 
 54 
We undertook a systematic review to collate and critically evaluate the published 55 
systematic reviews of potential risk factors for stillbirth with the aim of identifying 56 
candidate variables that could be relevant to the development of a clinical prediction 57 
model for stillbirth. 58 
 59 
Methods  60 
 61 
Medline, Embase, DARE (Database of Abstracts of Reviews of Effectiveness) and 62 
Cochrane Library databases, from database inception to August 2018, and 63 
bibliographies of relevant articles were searched, without language restrictions, for 64 
systematic reviews and meta-analyses relating to risk factors for stillbirth. The quality 65 
of the included reviews was assessed using the AMSTAR tool and a modified 66 
QUIPS tool.  67 
 68 
Results  69 
 70 
The literature search identified 986 citations of which 196 were excluded. In all, 61 71 
systematic reviews were included reporting on 62 variables associated with stillbirth. 72 
The majority of identified reviews focused on maternal characteristics associated 73 
with stillbirth. The most frequently reported were maternal age (particularly maternal 74 
age >35 years, n=5), body mass index (BMI) or other measures of maternal obesity 75 
(n=6) and maternal diabetes (n=5). Uterine artery Doppler (UtAD) measured in the 76 
second trimester appeared to have the best performance reported for any single test, 77 
with sensitivity for any abnormal UtAD of 65% (95%CI 38-85%) and specificity of 78 
82% (95%CI 72-88%). 79 
 80 
Biochemical markers included elevated alpha-fetoprotein (AFP) (two reviews) 81 
[AFP>2.0 MoM; sensitivity 11% (95% CI 9–13) specificity 96% (95% CI 96–96)] and 82 
low pregnancy associated placental protein-A (PAPP-A) (two reviews) [PAPP-A <0.4 83 
MoM; sensitivity 15% (95% CI 8-26%) specificity 95% (95%CI 95-96)). Human 84 
chorionic gonadotrophin (hCG) was reported in two reviews and placental growth 85 
factor (PlGF) in one review. Several thrombophilia and autoimmune associated 86 
antibodies showed a strong association with stillbirth including lupus anticoagulant 87 
(two studies, OR 4.3-54.18) and anticardiolipin antibodies (two studies, OR 4.29-88 
15.17). The Factor V Leiden mutation, protein S deficiency and activated protein C 89 
resistance were all also strongly associated with stillbirth with OR 6.11 (95% CI 2.8-90 
13.2), 16.2 (95% CI 5.1-52.3) and 5.0 (95% CI 2.0-12.4), respectively.  91 
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 92 
Only two reviews reported on combinations of variables, including AFP and hCG with 93 
and without estriol and the combined (nuchal translucency, PAPP-A, maternal age 94 
and bHCG) screening test. 95 
 96 
Conclusion 97 
 98 
Our review of reviews has identified a large number of systematic reviews 99 
investigating more than 60 candidate variables relevant to the development of 100 
clinical prediction models for stillbirth. However, none of these markers, as a sole 101 
predictor, had useful screening performance, despite being consistently and strongly 102 
associated with stillbirth.  103 

104 
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 105 
INTRODUCTION 106 

Stillbirth accounts for more global deaths than HIV/AIDS or cancer; (1) yet stillbirth 107 
remains an often invisible public health problem.(2) Although recent years have seen 108 
an encouraging, if not yet adequate, fall in maternal and neonatal mortality the global 109 
incidence of stillbirth remains stubbornly high. Assessment of worldwide stillbirth 110 
rates is complicated by local and national variations in case definition, recognition 111 
and recording, but conservative estimates suggest that 2.62 million babies died 112 
before birth in 2015. (3) The majority of the stillbirth burden occurs in low and middle 113 
income settings, but stillbirth reduction is an urgent government priority in all 114 
settings. The UK incidence of stillbirth (defined as fetal death after 24 weeks) fell by 115 
a fifth between 1993 and 2015 to 4.5 per 1000 births,(4) but remains one of the 116 
highest in Europe.(5) 117 
 118 

In the UK, national guidelines for stillbirth prevention recommend selecting women 119 
for monitoring or intervention by identifying those with risk factors including maternal 120 
characteristics (e.g. maternal age), ultrasound markers (e.g. second trimester uterine 121 
artery doppler) and biochemical markers (e.g. low PAPP-A [Pregnancy associated 122 
placental protein-A]), which are known to be associated with stillbirth.(6) The 123 
identified risk factors are effectively used as screening tests to triage women as 124 
‘high’ risk of stillbirth, but in most cases, there has been no formal evaluation of the 125 
performance of these markers as predictive tests. Furthermore, no guideline 126 
considers the relationships between related risk factors or the possibility that certain 127 
factors may reduce the risk of stillbirth. In fact, only 19% of stillbirths occur in women 128 
with established risk factors at their booking appointment,(7) leaving significant room 129 
for improvement on current practice. Risk scores based on clinical characteristics 130 
alone have a high screen positive rate, limiting their clinical applicability.(8) 131 
Consultation with patients and expert stakeholders has demonstrated interest in 132 
developing new antenatal tests and using existing tests more efficiently to help 133 
reduce stillbirth.(9) With better prediction tools we could move beyond application of 134 
the same threshold for intervention to all women with a single risk factor and 135 
individualise the risk assessment and advice we give to pregnant woman 136 
accordingly.  137 
 138 

The most important avoidable cause of stillbirth is placental dysfunction, although 139 
maternal and fetal co-morbidities and environmental and genetic factors also play a 140 
significant role.(10) It is accepted that given the heterogeneity of pathologies leading 141 
to intrauterine fetal demise, prediction of stillbirth by any single variable is unlikely to 142 
be clinically useful.(11) Instead, multivariable prediction models are most likely to 143 
yield clinically relevant results that could individualise recommendations to women 144 
for monitoring, therapeutic interventions and/or early delivery.(11) Selection of 145 
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variables for the development of prediction models is often limited by variables 146 
commonly available in large datasets, typically those obtained at the time of first 147 
trimester aneuploidy screening.(12,13) However, the ideal prediction model would 148 
not be limited by the data available. Optimal model development should take into 149 
account the all available evidence, including promising candidate variables.(14) 150 
 151 
In order to prioritise variables for inclusion in any model built for the prediction of 152 
stillbirth one must map and critically appraise the relevant available evidence in this 153 
field. Where primary studies suggest the possibility of variable association with 154 
stillbirth, evidence is synthesised in systematic reviews of observational or prediction 155 
studies. We undertook a systematic review to collate and critically evaluate the 156 
published systematic reviews of potential risk factors for stillbirth with the aim of 157 
identifying candidate variables via a broad overview of the existing evidence that 158 
could be relevant to the development of a clinical prediction model for stillbirth.  159 
 160 

METHODS 161 

The systematic review was based on a prospective protocol according to current 162 
recommendations (15–17) and reported according to the PRISMA guidelines(18). 163 
The study was registered with the PROSPERO database (Registration number: 164 
CRD42017074061) 165 
 166 

Literature search  167 

We searched Medline, Embase and the Cochrane Library including The Cochrane 168 
Database of Systematic Reviews (CDSR), Database of Abstracts of Reviews of 169 
Effects (DARE), The Cochrane Central Register of Controlled Trials (CENTRAL), 170 
Health Technology Assessment Database (HTA) and NHS Economic Evaluation 171 
Database (NHS-EED) from inception to August 2018. We used combinations of the 172 
relevant medical subject heading (MeSH) terms, key words, and word variants for 173 
“stillbirth”, “stillborn”, “metaanalysis” and “review” (Supplementary Material 1). No 174 
language restrictions were imposed. Reference lists of relevant articles and reviews 175 
were hand-searched to identify additional relevant papers.  176 
 177 

Study selection and data extraction 178 

Two reviewers (RT and FS) reviewed all abstracts independently. Any discrepancies 179 
on the potential relevance of the papers were resolved by consensus. We obtained 180 
full text copies of reviews that met the inclusion criteria. We included reviews that 181 
assessed the predictive accuracy of clinical, biochemical or ultrasound-based 182 
predictors for stillbirth (Table 1). We excluded reviews considering the association of 183 
therapeutic drugs with stillbirth and other risk factors, as determined by consensus 184 
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within the steering group to be unlikely to contribute to a useful clinical prediction 185 
model, including rare co-morbidities and environmental exposures. Air pollution, for 186 
example, may be known for a geographical area without being able to quantify 187 
exposure for the individual. (Supplementary Table 1b) Reviews reporting exclusively 188 
on variables related to stillbirth in LMIC settings (e.g. malaria and dengue fever) 189 
were excluded, since the focus of this work is on prediction of stillbirth within a high 190 
resource context. The contributory factors(19) and available variables in LMIC are so 191 
different as to mandate a separate approach to prediction of stillbirth and 192 
assessment of obstetric risk.(8,20)  193 
 194 
The clinical characteristics identified included maternal age, parity, body mass index 195 
(BMI), cigarette smoking, pre-existing medical conditions (epilepsy, vitamin D 196 
deficiency, hypertension, asthma, chronic kidney disease, sickle cell disease, bipolar 197 
disorder, Sjogren’s syndrome, psychotic illness, diabetes). Any biochemical markers 198 
such as soluble fms-like tyrosine kinase-1 (sFlt-1), alpha fetoprotein (AFP), 199 
pregnancy-associated plasma protein A (PAPP-A), anticardiolipin antibodies (ACA), 200 
anti-B2 glycoprotein 1 antibodies (Anti-B2 GP1), human chorionic gonadotrophin 201 
(hCG) were grouped as biochemical tests, while uterine artery Doppler, fetal nuchal 202 
translucency, ductus venosus Doppler and echogenic bowel were categorised as 203 
ultrasound variables. We included reviews evaluating tests in the first and second 204 
trimester. We accepted and noted the authors’ definition of stillbirth, which included 205 
accepting gestational limits applied by the review authors and noted any pregnancies 206 
excluded from the definition of stillbirth (e.g. multiple pregnancies, known fetal 207 
anomalies, ‘explained’ stillbirths). 208 
 209 

We defined a review as systematic if they included an explicit method for searching 210 
the literature, searched two or more databases, and if they provided well defined 211 
inclusion and exclusion criteria for studies. Case reports, case series, individual 212 
observational or randomised studies, narrative reviews, rapid reviews, editorials and 213 
poster abstracts were excluded. Two reviewers (RT, FS) independently extracted 214 
relevant data. We obtained data on year of publication, study funding, human 215 
development index of the countries in which data was gathered, number of 216 
databases searched, number of studies included, number of pregnancies/women 217 
and the number of stillbirths included, definition of stillbirth used, inclusion and 218 
exclusion criteria, screening tests evaluated, timing of the screening test application 219 
and the performance of the tests. 220 
 221 

Quality assessment of the included reviews 222 

Two independent reviewers (RT, FS) assessed the methodological quality of the 223 
included systematic reviews using the AMSTAR tool (supplementary Figure 1). (21) 224 
The tool evaluates whether the reviewers incorporated the following: a prospectively 225 
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designed study with a clear research question, a comprehensive literature search, 226 
relied on the status of publication as an inclusion criterion, duplicated study selection 227 
and data extraction, gave details of both the included and excluded studies, 228 
assessed and documented the risk of bias of the included studies, included 229 
information on the funding of primary studies, used appropriate statistical methods to 230 
combine the findings of studies and considered the impact of the risk of bias and 231 
study heterogeneity in primary studies on the analysis and results, assessed the 232 
likelihood of publication bias and reported any conflict of interest.  233 
 234 
Because the outcome of interest was the prognostic value of the variables 235 
considered, we additionally considered for each review whether the risk of bias in the 236 
included studies in each of the key domains identified by the Quality In Prognosis 237 
Studies tool (QUIPS) had been assessed (supplementary Figure 2). The six domains 238 
are study participation, study attrition, measurement of the predictive variable and 239 
the study outcome, adjustment for confounders and the quality of statistical analysis 240 
and reporting.  241 
 242 

RESULTS 243 
 244 
The literature search identified 986 citations. After screening abstracts, 257 full text 245 
papers were retrieved for review, of which 196 were excluded (Figure 1, 246 
Supplementary Table 1) as not relevant to the purpose of prediction model 247 
development, duplicates, wrong study design or reporting outcomes other than 248 
stillbirth. In all, 61 systematic reviews were included in this study.  249 
 250 

Quality assessment using AMSTAR  251 

The methodological quality of the included systematic reviews was assessed using 252 
the AMSTAR checklist (Figure 2). The mean score was 7.4/11 and 70.1% (43/61) of 253 
the included studies had an AMSTAR score greater than or equal to 7. Most reviews 254 
undertook a comprehensive literature search (54/61, 88.5%) but only 17/61 (27.9%) 255 
utilised a prospectively specified protocol and only 20/61 (32.8%) specifically sought 256 
to include ‘grey literature’. Most reviews (56/61, 91.8%) used duplicate study 257 
selection and data extraction but only 12/61 (19.8%) provided a full list of both 258 
included and excluded studies. The majority of reviews (44/61; 72.3%) provided a 259 
table of the characteristics of included studies, assessed the scientific quality of 260 
included studies (47/61, 77.1%) and then used the quality of the included studies in 261 
drawing conclusions from the analysis (36/61, 59.0%). Nearly all investigators 262 
appropriately combined findings (59/61, 96.7%) but only 31/61 (50.8%) assessed the 263 
likelihood of publication bias. Fifty papers made a formal declaration of conflicts of 264 
interest. Seventeen studies did not specify funding sources and 11 reported no 265 
additional study funding. Of the studies that did declare their funding sources, 6 266 
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received funds from academic institutions, 9 from non-profit organisations, 15 from 267 
regional or national governments, 2 from industry sponsors and 1 from the United 268 
Nations Population Fund (UNFPA). 269 
 270 
Quality assessment relating to prognostic research using QUality In Prognosis 271 
Studies (QUIPS) 272 
 273 
We assessed the risk of bias in the included studies relating specifically to domains 274 
that are important in the area of prognostic research as outlined in the QUIPS tool 275 
(Figure 2). Although most included studies suggested that the variables they 276 
reported might be relevant to the prediction of stillbirth, no paper reported fully on the 277 
risk of bias in all QUIPS domains in the included primary studies. Most studies 278 
(47/61, 77.0%) considered the definition and representativeness of the participants in 279 
the primary studies and the adequacy of definition and assessment of exposure 280 
(50/61, 81.9%) and outcome (46/61, 75.4%). There was significant variation in 281 
outcome reporting in the reviews and the included primary studies – most reviews 282 
simply accepted the primary study authors definitions of stillbirth. Reported 283 
definitions of stillbirth varied in the gestational cut offs which ranged from 10-28 284 
weeks and in the pathology of stillbirth assessed - several studies excluded 285 
congenital anomalies or ‘explained’ stillbirths.  Only 38/61 (62.3%) noted adjustment 286 
for potential confounders or the lack of it in the included studies and just 10/61 287 
(16.4%) considered the impact of attrition and loss to follow up on the performance 288 
of the predictive variables.  289 
  290 

Characteristics of the included studies  291 

Table 2 and Figure 3 demonstrate the characteristics and key findings of the 292 
included studies. The identified reviews included between 3 and 426 primary studies 293 
including 854 to 184 million participants in the largest review (5) The included 294 
reviews considered 61 individual variables associated with stillbirth. The majority of 295 
included reviews reported on maternal characteristics such as commonly collected 296 
demographic variables like maternal age, parity, body mass index (BMI), smoking, 297 
caffeine and alcohol intake. Medical co-morbidities and past obstetric historical 298 
factors were additionally classified as maternal characteristics. Ultrasound markers 299 
reviewed included uterine artery Dopplers, nuchal translucency, echogenic bowel, 300 
fetal sex and suboptimal fetal growth. Biochemical parameters investigated included 301 
thrombophilia associated markers (including anticardiolipin antibodies, lupus 302 
anticoagulant and homocysteine), markers of fetoplacental unit function (human 303 
chorionic gonadotrophin (hCG), alpha feto protein (AFP), pregnancy associated 304 
plasma protein-A (PAPP-A)) and a variety of other markers including thyroid 305 
stimulating hormone (TSH), soluble fms-like tyrosine kinase-1, serum uric acid, 306 
vitamin D, proteinuria and cell free fetal DNA (cffDNA). The majority of biochemical 307 
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tests were done in the course of clinical care rather than in diagnostic accuracy 308 
studies where the results of the tests would have been blinded to the managing 309 
clinicians. Several reviews reported on multiple markers in one review but only two 310 
reviews reported on combinations of variables. Combinations assessed included 311 
alpha-fetoprotein (AFP) and human chorionic gonadotrophin (hCG) with and without 312 
estriol (E3),(22) and the combined (nuchal translucency, PAPP-A, maternal age and 313 
bHCG) screening test for Trisomy 21.(11) 314 
 315 

Maternal characteristics  316 

The majority of identified reviews focused on maternal characteristics associated 317 
with stillbirth. The most frequently reported were maternal age (particularly maternal 318 
age >35 years, n=5), BMI or other measures of maternal obesity (n=6) and maternal 319 
diabetes (n=5). Of the maternal medical conditions reported on, the strongest 320 
association (OR>2) was found with sickle cell disease (1 review, RR 3.99, 95% CI 321 
2.63-6.04). A mother’s obstetric history was strongly associated with stillbirth; a prior 322 
stillbirth (2 reviews, one reporting a pooled OR of 4.83, 95% CI 3.77-6.18),(23) a 323 
prior preterm birth (1 review, OR 2.98, 95% CI 2.05-4.34) and a prior delivery of a 324 
small-for-gestational-age (SGA) baby before 34 weeks (1 review, OR 6.00, 95% CI 325 
3.43-10.49).(24) Several socioeconomic factors ranging from social deprivation and 326 
inequality to immigration status and education were found to be associated with 327 
stillbirth, but in all cases the studies identified reported odds ratios of less than 2. 328 
Only one review considered ethnicity as a risk factor in relation to aboriginal women, 329 
where aboriginal status was consistently associated with stillbirth in several 330 
countries. Maternal smoking or smoke exposure was consistently seen to be 331 
associated with an increased risk of stillbirth, with two studies demonstrating a 332 
plausible biological gradient of increasing risk with increasing exposure.(25,26) 333 
Caffeine and alcohol use were both investigated but not consistently associated with 334 
stillbirth.  335 
 336 
Three of the included reviews were broad overviews of risk factors for stillbirth 337 
specifically in low and middle income (LMIC) countries. These reviews identified 338 
syphilis (OR 3.34; P = 0.028)(19) and malaria 1.9 (95% CI 1.2–9.3) (19) as important 339 
maternal conditions contributing to stillbirth and associations with malnutrition, lack of 340 
access to healthcare and socioeconomic disadvantage.(19,27,28)  341 
 342 

Ultrasound markers  343 

Uterine artery Doppler (UtAD) measured in the second trimester appeared to have 344 
the best performance reported for any single test or variable with sensitivity for any 345 
abnormal UtAD of 65% (95%CI 38-85%) and specificity 82% (95%CI 72-88%), 346 
although most reviews reported odds ratios rather than sensitivity and specificity, 347 
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limiting direct comparisons.(29) Another review reporting only UtAD RI>0.58 348 
reported sensitivity of 16% (95% CI 10-27) and specificity 91% (95% CI 91-349 
92%)(11). Similarly, suboptimal fetal growth by any definition was associated with 350 
stillbirth with sensitivity of 32% (95% CI 31-34) and specificity 75% (95%CI 75-75). 351 
Other markers considered and found to be associated with stillbirth included fetal 352 
nuchal translucency, echogenic bowel and male sex.(11) 353 
 354 

Biochemical markers  355 

Although a wide range of biochemical markers have been extensively investigated 356 
for prediction of pre-eclampsia (30) relatively few reviews have summarised studies 357 
of biochemical markers associated with stillbirth. Key biochemical tests measured in 358 
the first half of pregnancy include elevated AFP (two reviews) [AFP>2.0 MoM; Sens 359 
11 (95% CI 9–13) Spec: 96 (95% CI 96–96))(11) and low PAPP-A (two reviews) 360 
[PAPP-A <0.4 MoM; Sens. 15% (95% CI 8-26%) Spec 95% (95%CI 95-96)).(11) 361 
Human chorionic gonadotrophin (hCG) was reported in two reviews. One found a 362 
pooled sensitivity of 4% (95% CI 1-14%) and sensitivity 94% (95% CI 93-94%) for 363 
hCG below the 5th centile MoM when analysed independently.(11) The other found 364 
that although associated with stillbirth, hCG seemed to add little value to AFP when 365 
used in combination.(31) Placental growth factor (PlGF) is known to be associated 366 
with placental function and is used in clinical practice for prediction and triage of pre-367 
eclampsia, and would be a plausible predictor for stillbirth. Only one systematic 368 
review has evaluated PlGF; the two primary studies included were not suitable for 369 
meta-analysis although both suggested that low PlGF was associated with a 370 
heightened risk of stillbirth.(32).(32) Several thrombophilia and autoimmune 371 
associated antibodies showed a strong association with stillbirth including lupus 372 
anticoagulant (two studies, OR 4.3-54.18) (33,34) and anticardiolipin antibodies (two 373 
studies, OR 4.29-15.17).(34) The Factor V Leiden mutation, protein S deficiency and 374 
activated protein C resistance (APCR) were all also strongly associated with stillbirth 375 
with OR 6.11 (95% CI 2.8-13.2), 16.2 (95% CI 5.1-52.3) and 5.0 (95% CI 2.0-12.4), 376 
respectively.(34)  377 
 378 

DISCUSSION 379 

Summary of the key findings 380 

This review has identified 61 systematic reviews examining over 60 variables 381 
potentially associated with stillbirth. No marker on its own had useful screening 382 
performance, but several were consistently and strongly associated with stillbirth. 383 
Only two reviews reported on combinations of variables, including AFP and hCG with 384 
and without estriol and the combined (nuchal translucency, PAPP-A, maternal age 385 
and bHCG) screening test. 386 
 387 
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Strengths and limitations  388 

Strengths of this review include the comprehensive literature search and critical 389 
evaluation in synthesising a massive quantity of existing literature. The study was 390 
limited by the quality of included reviews, notably in relation to factors important to 391 
prediction. Few studies considered the effect of subject attrition on the strength of 392 
observed associations. There was substantial missing information relating to 393 
measurement of exposures and outcomes and significant variation in outcome 394 
reporting was noted. 395 
 396 
The problem of competing risks of stillbirth or delivery may negatively affect the 397 
observed predictive accuracy of tests, but was not considered in the included 398 
reviews. Where a high risk of stillbirth is identified but delivery occurs before stillbirth, 399 
the case will seem to be a false positive. This is particularly significant for ‘late’ 400 
stillbirths, since it is increasingly likely that birth will supervene and consistent with 401 
the observation that tests for predicting early stillbirth are more accurate than those 402 
predicting later stillbirth. (11)  403 
 404 
Arguably, early delivery is most likely to occur in those at highest risk because 405 
clinicians act on risk factors for stillbirth. Where clinicians are blinded to the tests 406 
intervention bias is reduced, but many clinical characteristics are of necessity known. 407 
Only three reviews considered this risk of bias and of these, the risk was low in the 408 
reviews assessing biochemical markers(22) and Doppler (29) but increased in the 409 
review including clinical characteristics.(11)  410 
 411 

Interpretation of findings and comparison with existing evidence  412 

Previous reviews of individual predictors of stillbirth have concluded that 413 
multivariable models are likely to be required for meaningful clinical impact.(5,11) In 414 
this review we have considered the factors potentially associated with stillbirth in 415 
order to identify variables most relevant to the development of such models.  416 
 417 
A recent systematic review of prediction models in obstetrics found three models for 418 
stillbirth, only two including the full model, limiting independent external 419 
validation.(35) These models included UtAD and ethnicity with history of prior 420 
pregnancy loss in one and with BMI in the second.(36) They had good 421 
discrimination, but calibration, internal and external validation were not reported. 422 
Both were developed in the UK within a high resource antenatal care model at a time 423 
when national guidelines recommended induction of labour from 41+5 weeks 424 
gestation. Further models have subsequently been developed (20,37,38) but not yet 425 
externally validated. Although increasing interest in individualising care has led to 426 
increasing numbers of models, transfer to clinical practice has been hampered by a 427 
lack of subsequent external validation and clinical evaluation.(39)  428 
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 429 

Clinical and research implications 430 

Informal screening to identify high risk pregnancies is embedded in practice and 431 
urgently needs to be improved. Development of robust models remains a challenge 432 
because of the rarity of stillbirth as an outcome and the multitude of potential causes 433 
of fetal death in utero. Where stillbirth is more common, access to care and poor 434 
quality record keeping compromise the data available for model development. The 435 
heterogenous causes of stillbirth may be best addressed by separate models; 436 
logically, the initial target should be placental dysfunction, representing the largest 437 
and most clearly defined factor contributing to global stillbirth rates. Separate models 438 
could also allow continuous risk assessment through pregnancy taking into account 439 
the most recently available patient data.  440 
 441 
Model development requires a large volume of data with detailed information on a 442 
number of candidate predictors and should be optimised by maximising available 443 
data and minimising the candidate predictors in order to arrive at the best achievable 444 
effective sample size.(40)  445 
 446 
In this review we have identified several key candidate variables which should be 447 
considered in model development; maternal age, BMI, history of previous stillbirth, 448 
cigarette smoking, uterine artery Doppler, PAPP-A and PlGF. We reported one 449 
review of PLGF, but a recently updated Cochrane review confirms the importance of 450 
this test in stillbirth prediction (41) and the related sFlt-1/PLGF ratio has good 451 
predictive performance for perinatal death.(42) Strongly associated variables 452 
included maternal thrombophilias, but these are too rare to contribute to a 453 
generalisable model.  454 
 455 
Socioeconomic deprivation was consistently associated with stillbirth in both high 456 
and low income settings but is measured and defined heterogeneously, limiting the 457 
utility of this variable in prediction. Nonetheless, this finding reinforces the 458 
importance of addressing social inequality as a core strategy for the prevention of 459 
stillbirth in any setting.  This review identified only one systematic review considering 460 
ethnicity, but it has recently been confirmed that Black women were at 1.5-2 fold 461 
higher risk than White women.(43) The association of ethnicity with adverse 462 
pregnancy outcomes is clear but problematic as a predictive variable. The 463 
association is potentially related to biological factors (length of pregnancy and 464 
cardiovascular parameters differ with ethnicity and are plausibly associated with 465 
stillbirth), but also with differing social norms like higher multiparity in selected social 466 
groups and with systemic inequality in access to healthcare. 467 
 468 

Commented [U16]: Need to add the relevant references 
here. Asma 



 13

A large-scale, collaborative approach utilising individual participant data (IPD) meta-469 
analysis offers an innovative approach to addressing the problems of stillbirth 470 
prediction. IPD meta-analysis allows the use of all original data and continuous 471 
variables with the flexibility to standardise variable and outcome definitions, their 472 
combinations and comparisons across datasets.(44) Existing models can be 473 
validated and tested against new models,(45) offering the opportunity to build 474 
consensus around development and validation of methodologically robust models. 475 
IPD may be derived, for example, from trial registries and routinely collected patient 476 
data.  477 
 478 

In this era of increasingly personalised medicine, women want individualised 479 
recommendations for care and expect clinicians to make the most effective use of 480 
available tests. The global loss of millions of lives to stillbirth every year is too 481 
significant a tragedy to waste time generating excessive clinically irrelevant 482 
prediction models; the time has come to initiate a collaborative approach in order to 483 
definitively answer the question of how to predict, and ultimately prevent, stillbirth.  484 
 485 

Conclusions 486 

Our review of reviews has identified a list of candidate variables relevant to the 487 
development of clinical prediction models for stillbirth. Prospective, well-designed 488 
studies of predictive variables, combined through IPD meta-analysis, have the 489 
potential to develop and validate new prediction models, optimise the prediction of 490 
stillbirth and minimise further research waste in this field. 491 
 492 
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 635 

Table 1. Prognostic variables for stillbirth investigated in systematic reviews  636 

Parental characteristics and history  
 Extremes of maternal and paternal age  
 Parity 
 Body mass index 
 Pre-existing medical conditions (epilepsy, vitamin D deficiency, hypertension, 

asthma, chronic kidney disease, sickle cell disease, bipolar disorder, 
Sjogren’s syndrome, psychotic illness, diabetes, sleep disordered breathing, 
endometriosis, acute kidney injury)   

 Obstetric history (previous Caesarean section, vaginal bleeding in pregnancy, 
antenatal care attendance, abruption, previous stillbirth, preterm birth, IVF)  

 Cigarette smoking, smokeless tobacco and second hand smoking exposure 
 Caffeine and alcohol intake  
 Immigration status 
 Perceived reduced fetal movements 

Ultrasound markers 
 Uterine artery Doppler 
 Fetal nuchal translucency (NT) 
 Any suboptimal fetal growth  
 Fetal echogenic bowel  
 Male fetus  

Biochemical markers 
Prothrombotic markers 

 Factor V Leiden gene mutation 
 Anticardiolipin Antibodies (ACA) 
 Lupus anticoagulant (LA) 
 AB2G1  
 Protein S deficiency  
 Activated Protein C Resistance  
 G20210A mutation 
 MTHFR C677T mutation  
 Antithrombin III 
 Protein C  
 Homocystinaemia  

Markers of fetoplacental unit endocrine dysfunction 
 Human chorionic gonadotrophin (HCG) 
 Alpha-Fetoprotein (AFP) 
 Pregnancy-associated plasma protein A (PAPP-A) 
 Estriol  
 PLGF 

Other markers  
 Thyroid stimulating hormone (TSH)  
 Haemoglobin <10  
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 Soluble fms-like tyrosine kinase-1 (sFlt-1)  
 Serum uric acid  
 Vitamin D 
 Proteinuria  
 Free fetal DNA 

Combination of markers 
 Combined screening test for aneuploidy (bHCG, PAPP-A, nuchal 

translucency) 
 Combinations of various biomarkers (AFP+hCG) (PAPP-A+hCG) 

(AFP+hCG+uE) (AFP+uE) (hCG+uE) 
 Combination of maternal characteristics, NT, PAPP-A, and ductus venosus 

Doppler 
 Combination of maternal characteristics and inhibin A  

 637 
 638 
 639 

640 
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Table 2. Characteristics and findings of the included systematic reviews 641 
 642 

Study 
Variable 

investigated 
Populati

on 

Definition 
of 

stillbirth 
used 

No. of 
studies 

included Findings of the review 
Parental characteristics 

Berhan 
2014 
(2) (36) 

Young 
maternal age 
(<20 years),  

LMIC 
setting  

Fetal death 
>28 weeks 
gestation 

12 OR 1.19 (95% CI 
1.07-1.33) 

Gibbs 
2012(3
7) 

Young 
maternal age 
(<16 years or 
<2 years from 
menarche)  

unselect
ed  

Accepted 
study 
authors 
definitions. 
(Range 20-
23 weeks 
completed 
gestation.) 

6  3 out of 6 found an 
association between 
young age and 
stillbirth but meta-
analysis precluded by 
study heterogeneity.  

Carola
n 
2011(3
8) 

Maternal age 
35-39 

unselect
ed  

Accepted 
study 
authors 
definitions 

8 7/8 studies found 
advanced maternal 
age (35-39) to  be an 
independent risk 
factor for stillbirth” 

Flenad
y 
2011(4
) 

Maternal age 
>35 

unselect
ed  

>22 weeks 
gestation 
and >500g 
birthweight  

6 Age 35-39 ES 1.5 
(95% CI 1.22-1.73) 
40-44 ES 1.8 (95% 
CI 1.4-2.3)  
>45 ES 2.9 (95% CI 
1.9-4.4) 

Huang 
2008(3
9) 

Maternal age 
>35 

unselect
ed  

Accepted 
study 
authors 
definitions 

37 30/37 studies found a 
significant 
association  

Lean 
2017(4
0) 

Maternal age 
>35 

unselect
ed 

accepted 
study 
authors 
definition 

44 OR 1.75 (95% CI 
1.62-1.89) 

Berhan 
2014(3
6) 

Nulliparity  LMIC 
setting  

Fetal death 
>28 weeks 
gestation 

11 OR 1.5 (95% CI 1.31-
1.73) 

Flenad
y 2011 

Primiparity unselect
ed  

>22 weeks 
gestation 
and >500g 
birthweight  

3 ES 1.4 (95% CI 1.42-
1.33) 

Olderei
d 
2018(4
1) 

Paternal age  unselect
ed 

accepted 
study 
authors 
definition 

4 OR 1.19 (95% CI 1.1-
1.3)  
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Maternal co-morbidities 
Allotey 
2017(4
2) 

Maternal 
epilepsy 

Women 
with 
epilepsy  

Fetal death 60 Prevalence: 0.8% 
(95% CI 0.5-1.1) 

Amega
h 
2017(4
3) 

Vitamin D 
deficiency 

unselect
ed  

Fetal death 
>20 weeks 
gestation 

4 RR 1.02 (95% CI 
0.96-1.09) 

Flenad
y 2011 

Pre-existing 
hypertension 

unselect
ed  

>22 weeks 
gestation 
and >500g 
birthweight  

5 ES 2·58 (95% CI 
2·13–3·13)  

Murph
y 
2013(4
4) 

Maternal 
asthma 

A) 
unselect
ed B) 
women 
with 
asthma 

Accepted 
study 
authors 
definitions 

8 RR 1.06 (95% CI 0.9-
1.25) 

Nevis 
2011(4
5) 

Chronic 
kidney 
disease 

unselect
ed 

Not defined 13 Findings variable 
across studies 

Oteng-
Ntim 
2015(4
6) 

Sickle cell 
disease  

unselect
ed 

Not defined 21  HbSS RR 3.94 (95% 
CI 2.6-5.96) HbSC 
RR 1.78 (95% CI 
1.05-3.02) all SCD 
RR 3.99 (95% CI 
2.63-6.04)  

Rusner 
2016(4
7) 

Bipolar 
disorder 

unselect
ed  

Not defined 9 No difference 
observed 

Upala 
2016(4
8) 

Sjogren's 
syndrome 

unselect
ed 

Not defined 3 OR 1.05 (95% CI 
0.37-2.97) 

Webb 
2005(4
9) 

Psychotic 
illness 

unselect
ed 

Not defined 6 OR 1.89 (95% CI 
1.36-2.62) 

Wang 
2013(5
0) 

Gestational 
diabetes 

LMIC 
setting  

Not defined 17 Higher incidence of 
stillbirth associated 
with GDM 

Wu 
2018(5
1) 

Lupus 
nephritis  

Women 
with SLE  

>20 weeks 
and >24 
weeks  

16 OR 1.68 (95% CI 
0.95-2.98)  

Glavin
d 
2018(5
2) 

Endometriosis unselect
ed 

not defined 4 unclear association  

Brown 
2018(5
3) 

Sleep 
disordered 
breathing 

unselect
ed 

stillbirth or 
perinatal 
death  

33 OR 2.02 (95% CI 
1.25-3.28) 
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Warlan
d 
2018(5
4) 

Obstructive 
sleep apnoea 

unselect
ed 

not defined 3 The studies showed 
no significant 
association with 
OSA.  

Zhao 
2016(5
5) 

ART: IVF/ICSI 
compared to 
FET 

Women 
pregnant 
after 
ART  

Not defined 6 OR 1.01 (95% CI 
0.76-1.35) 

Cavore
tto 
2018(5
6) 

IVF/ICSI unselect
ed 

not defined 2 OR 1.87 (95% CI 
0.74-4.73)  

Balsell
s 
2009(5
7) 

Type 1 versus 
Type 2 
diabetes 
mellitus 

Women 
with pre-
existing 
diabetes 

Accepted 
study 
authors 
definitions 

19 RR 1.23 (95% CI 
0.82-1.85) 

Gizzo 
2013(5
8) 

Type 1 versus 
Type 2 
diabetes 
mellitus 

Women 
with pre-
existing 
diabetes 

Not defined 4 Mean prevalence 
across studies 2.8 v 
1.9% (no CI given)  

Flenad
y 2011 

Pre-existing 
diabetes 

unselect
ed 

>22 weeks 
gestation 
and >500g 
birthweight  

5 ES 2·90 (95% CI 
2·05–4·09) 

Yu 
2017(5
9) 

Pre-existing 
diabetes 

unselect
ed 

Fetal death 
>20 weeks 
gestation 

12 Any diabetes OR 
3.52 (95% CI 3.19-
3.88) T1 OR 3.97 
(95% CI 3.44-4.58), 
T2 OR 3.65 (95% CI 
1.59-8.42)  

Obstetric history 
Conditions occurring in the index pregnancy  
Ananth 
1994(6
0) 

Vaginal 
bleeding in 
pregnancy 

unselect
ed 

Fetal death 
>28 weeks 
gestation 

22 OR 4.1 (95% CI 3.6-
4.7)  

Berhan 
2014(3
6) 

Antenatal 
care non-
attendance 
(ANC)  

LMIC 
setting  

Fetal death 
>28 weeks 
gestation 

10 OR 3.17 (95% CI 
1.03-9.71) 

Flenad
y 2011 

Abruption unselect
ed 

>22 weeks 
gestation 
and >500g 
birthweight  

2 strong association in 
both studies  

Downe
s 
2017(6
1) 

Abruption unselect
ed 

not defined 25 central location, 
detachment >45% 
and concealed 
bleeding more 
frequently associated 
with stillbirth  
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Bradfor
d 
2018(6
2) 

Reduced fetal 
movements 

women 
with high 
BMI  

accepted 
study 
authors 
definition 

19 OR 1.8 (95% CI 1.0-
3.2) 

Liu 
2017(6
3) 

Acute kidney 
injury  

unselect
ed 

stillbirth or 
perinatal 
death  

11 OR 3.39 (95% CI 
2.76-4.18) 

In previous pregnancies  
Lamon
t 
2015(1
6) 

Previous 
stillbirth  

unselect
ed 

Fetal death 
>20 weeks 
gestation or 
>400g weight  

16 OR 4.83 (95% CI 
3.77-6.18)  

Malaco
va 
2018(1
7) 

previous PTB, 
SGA or IUD  

unselect
ed 

>20 weeks  17 PTB or SGA: OR 1.7 
(95% CI 1.24-2.16)  
Preterm SGA: OR 
4.47 (95% CI 2.58-
7.76)  
PTB<34 weeks: OR 
2.98 (95% CI 2.05-
4.34) preterm SGA 
<34 weeks: OR 6.00 
(95% CI 3.43-10.49)  

Moraiti
s 
2016(6
4) 

Previous 
caesarean 
section  

multipar
ous 
women 
with 
singleto
n 
pregnan
cies  

Antepartum 
stillbirths 
between 24-
42 weeks 
excluding 
fetal anomaly 
and multiple 
pregnancy  

3 HR 1.40  (95% CI 
1.1-1.77) 

O'Neill 
2013(6
5) 

Previous 
caesarean 
section  

multipar
ous 
women  

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks, some 
excluding 
multiples and 
fetal 
anomaly)  

11 OR all stillbirths 1.23 
(95% CI 1.08-1.4) 
unexplained stillbirths 
OR 1.47 (95% CI 1.2-
1.8) antepartum 
stillbirths OR 1.27 
(95% CI 0.95-1.7) 
primips OR 1.29 
(95% CI 1.12-1.49)  
multips OR 1.13 
(95% CI 0.75-1.72)  

Keag 
2018(6
6) 

Previous 
caesarean 
section  

multipar
ous 
women  

perinatal 
death (22 
weeks 
gestation to 
7 days of life)  

80 OR 1.27 (95% CI 
1.15-1.40)  

Physical characteristics 
Aune 
2014(6

Body Mass 
Index (BMI) 

unselect
ed 

Fetal death 
beyond 20-

38 Stillbirth RR per 5 
BMI units 1.24 (95% 
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7) 28 weeks 
completed 
gestation 

CI 1.18-1.30). Fetal 
death RR per 5 BMI 
units 2.21 (95% CI 
1.09-1.35). Perinatal 
death: RR per 5 BMI 
units 1.16 (95% CI 
1.00-1.35) 

Flenad
y 2011 

BMI 25-30 unselect
ed 

>22 weeks 
gestation 
and >500g 
birthweight  

5 BMI 25-30 ES 1.2 
(95% CI 1.09-1.38) 

Chu 
2007(6
8) 

BMI >30 unselect
ed 

Accepted 
study 
authors 
definitions 

7 OR 1.47 (95% CI 
1.08-1.94) 

Flenad
y 2011 

BMI >30 unselect
ed 

>22 weeks 
gestation 
and >500g 
birthweight  

5 BMI >30 ES 1.6 (95% 
CI 1.35-1.95) 

Liu 
2016(6
9) 

BMI >30 unselect
ed 

Not defined 60 OR 1.27 (95% CI 
1.18-1.36),  

Liu 
2016 

BMI >35 unselect
ed 

Not defined 60 OR 1.81 (95% CI 
1.69-1.93) 

Chu 
2007 

BMI >35 unselect
ed 

Accepted 
study 
authors 
definitions 

8 OR 2.07 (95% CI 
1.59-2.74)  

Marchi 
2015(7
0) 

BMI unselect
ed 

Not defined 22 Risk of stillbirth 
increases with 
increasing BMI 

Slack 
2018(7
1) 

BMI  South 
Asian 
women  

not defined 2 greater association 
between BMI and 
stillbirth in South 
Asian women than 
white women  

Socioeconomic factors 
Shah 
2011(7
2) 

Aboriginal 
women  

unselect
ed 

Not defined 7 OR 1.68 (95% CI 
1.49–1.89) 

Vos 
2014(7
3) 

Social 
deprivation 

unselect
ed 

Fetal death 
>20 weeks 
gestation 

3 OR 1.38 (95% CI 
1.23-1.54)  
adjusted OR 1.33 
(95% CI 1.21-1.45) 

Weight
man 
2012(7
4) 

Social 
inequality  

unselect
ed 

Fetal loss 
>24 weeks 
gestation  

2 OR 1.54 (95% CI 
1.39-1.72) 

Flenad Smoking unselect >22 weeks 4 ES 1.4 (95% CI 1.27-
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y 2011 ed gestation 
and >500g 
birthweight  

1.46)  

Leonar
di-Bee 
2011(7
5) 

Second hand 
smoke 

unselect
ed 

Fetal death 
>20 weeks 
gestation 

5 ES 1.23 (95% CI 
1.09-1.38)  

Marufu 
2015(1
8) 

Smoking unselect
ed 

Fetal death 
>20 weeks 
gestation 

25 Any smoking OR 
1.47 (95% CI 1.37-
1.57). 1-9 cigarettes 
a day OR 1.09 (95% 
CI 0.97-1.24), >10 a 
day OR 1.52 

Pineles 
2016(1
9) 

Smoking unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks, 400-
1000g 
birthweight) 

142 sRR any smoking 
1.46 (95% CI 1.38-
1.54), 1-10 cigarettes 
a day RR 1.1 (95% 
CI 0.98-1.24), 11-20 
RR 1.3 (95% CI 1.22-
1.38), >20 a day RR 
1.24 (95% CI 1.03-
1.5), ex smoker RR 
1.12 (95% CI 0.91-
1.37), second hand 
smoke RR 1.4 (95% 
CI 1.06-1.85) 

Green
wood 
2014(7
6) 

Caffeine 
intake  

unselect
ed 

Fetal loss 
>24 weeks 
gestation  

5 RR 1.19 (95% CI 
1.05-1.35) 

Wikoff 
2017(7
7) 

Caffeine 
consumption 
>300 mg/day  

unselect
ed 

not defined 4 2/4 studies reported 
increased risk with 
caffeine >300 mg/day  

Hender
son 
2007(7
8) 

Low-
moderate 
alcohol 
exposure 

unselect
ed 

Not defined 5 1/5 studies reported a 
significant 
association  

Inamd
ar 
2015(7
9) 

Smokeless 
tobacco use 

unselect
ed 

Fetal loss 
>24 weeks 
gestation  

4 All 4 found a 
significant 
association  

LMIC setting specific factors 
Di 
Mario 
2007(2
0) 

Multiple risk 
factors  

LMIC 
setting  

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks, 350-
1000g 

33 Five risk factors 
(maternal syphilis, 
chorioamnionitis, 
maternal malnutrition, 
lack of antenatal 
care, and maternal 
socioeconomic 
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birthweight, 
some 
excluded 
multiples or 
malformation
s) 

disadvantage) were 
found to be 
significantly 
associated with 
stillbirth (population 
attributable fraction 
(PAF) greater than 
50%) in more than 1 
study. 

Berhan 
2014 
(2)  

Multiple risk 
factors 

LMIC 
setting  

Fetal loss 
>28 weeks 
gestation 

14 Urban residence OR 
0.93 (95% CI 0.83-
1.05)  
Maternal education 
OR 1.14 (95% CI 
1.00-1.29)  
Maternal wealth 
index OR 1.02 (95% 
CI 0.95-1.10) 

Aminu 
2014(2
1) 

Multiple risk 
factors  

LMIC 
setting  

Accepted 
study 
authors 
definitions 

142 Factors associated 
with stillbirth included 
poverty, lack of 
education, maternal 
age (>35 or <20 
years), parity (1, ≥5), 
lack of antenatal 
care, prematurity, low 
birthweight, and 
previous stillbirth. 

Ultrasound 
Allen 
2016(2
3) 

Uterine artery 
doppler (2nd 
trimester, any 
abnormal 
result) 

unselect
ed  

Stillbirth after 
23+6 weeks 
completed 
pregnancy 

13 Sensitivity: 65% 95% 
CI 38–85%) 
Specificity: 82% (95% 
CI 72–88%)  
LR+ 3.5 (95% CI 2.3-
5.5) 
LR- 0.43 (95% CI 
0.22-0.85) 
OR 8.3 (95% CI 3.0-
22.4) 

Conde-
Agudel
o 2015 
(7) 

Uterine artery 
Doppler RI 
>0.58   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

2 Sens: 16 (95% CI 
10–27) Spec:  91 
(95% CI 91–92) 
LR+1.8 (95% CI 1.1–
3.1) LR-0.9 (95% CI 
0.8–1.0)  

Conde-
Agudel

Fetal nuchal 
translucency 

unselect
ed 

Accepted 
study 

4 Sens: 10 (95% CI 7–
14) Spec: 95 (95% CI 
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o 
2015*  

(NT) - any 
increase 

authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

95–95)  
LR+ 2.0 (95% CI 1.4–
2.8) LR- 0.9 (95% CI 
0.9–1.0) 

Conde-
Agudel
o 
2015*  

NT ≥2–3 mm   unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

3 Sens: 13 (95% CI 6–
23) Spec: 95 (95% CI 
95–96)  
LR+ 2.6 (95% CI 1.3–
5.0) LR-0.9 (95% CI 
0.8–1.0) 

Conde-
Agudel
o 
2015*  

Fetal isolated 
echogenic 
bowel 
presence  

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

2 Sens: 4 (95% CI 3–7) 
Spec: 99 (95% CI 
99–100)  
LR+ 8.3 (95% CI 5.2–
13.3) LR-1.0 (95% CI 
0.9–1.0)  

Conde-
Agudel
o 
2015*  

Suboptimal 
fetal growth - 
any  

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

4 Sens: 32 (95% CI 
31–34) Spec:75 (95% 
CI 75–75)  
LR+1.3 (95% CI 1.2–
1.4)  LR-0.9 (95% CI 
0.9–0.9) 

Mondal 
2014(8
0) 

Male fetus unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks, 
>500g or 
unexplained 
at any 
gestation)  

21 RR 1.10 (95% CI 1.7-
10.6) 

Biochemical 
Abou-
Nassar 
2011(8
1) 

Lupus 
anticoagulant  

unselect
ed 

Intrauterine 
death of a 
morphologic
ally normal 
fetus at >10 
weeks 
gestation 

10 Loss >10 weeks OR 
4.73 (95% CI 1.08-
20.81 

Abou- Lupus unselect Intrauterine 10 Loss >20 weeks OR 
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Nassar 
2011 

anticoagulant  ed  death of a 
morphologic
ally normal 
fetus at >10 
weeks 
gestation 

54.18 (95% CI 2.45-
1198.19) 

Alfirevi
c 
2002(2
7) 

Lupus 
anticoagulant 

unselect
ed   

Pregnancy 
loss >20 
weeks 
gestation 

2 OR 4.3 (95% CI 1.7-
10.6)  

Abou-
Nassar 
2011 

Anti-
cardiolipin 
antibodies  

unselect
ed 

Intrauterine 
death of a 
morphologic
ally normal 
fetus at >10 
weeks 
gestation 

19 IgG/IgM OR 4.29 
(95% CI 1.34-13.68) 
IgG 15.17 (95% CI 
4.29-53.59)  

Alfirevi
c 2002 

Anti-
cardiolipin 
antibodies 
(IgG) 

unselect
ed 

Pregnancy 
loss >20 
weeks 
gestation 

2 IgG OR 5.6 (95% CI 
2.6-11.7)  

Abou-
Nassar 
2011 

Anti-B2 GP1 
antibodies  

unselect
ed 

Intrauterine 
death of a 
morphologic
ally normal 
fetus at >10 
weeks 
gestation 

2 OR 23.46 (95% CI 
1.21-455.01)  

Alfirevi
c 2002 

Factor V 
Leiden 
(heterozygous
) 

unselect
ed 

Pregnancy 
loss >20 
weeks 
gestation 

4 OR 6.11 (95% CI 2.8-
13.2) 

Alfirevi
c 2002 

Protein S 
deficiency  

unselect
ed 

Pregnancy 
loss >20 
weeks 
gestation 

3 OR 16.2 (95% CI 5.0-
52.3) 

Alfirevi
c 2002 

APCR unselect
ed 

Pregnancy 
loss >20 
weeks 
gestation 

2 OR 5.0 (95% CI 2.0-
12.4)  

Alfirevi
c 2002 

Prothrombin 
gene mutation  

unselect
ed 

Pregnancy 
loss >20 
weeks 
gestation 

2 OR 0.6 (95% CI 0.2-
2.4) 

Alfirevi
c 2002 

MTHFR 
C677T 
(homozygoou
s) 

unselect
ed 

Pregnancy 
loss >20 
weeks 
gestation 

2 OR 1.4 (95% CI 0.9-
2.1) 

Alfirevi Protein C unselect Pregnancy 3 OR 1 (95% CI 0.1-
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c 2002 deficiency  ed loss >20 
weeks 
gestation 

11.1) 

Conde-
Agudel
o 
2015*  

Alphafetoprot
ein (AFP)  
≥1.7–1.8 
MoM   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

2 Sens: 13 (95% CI 
10–17) Spec: 95 
(95% CI 95–95)  
LR+2.6 (95% CI 2.1–
3.3) LR- 0.9 (95% CI 
0.9–0.9) 

Conde-
Agudel
o 
2015*  

Alphafetoprot
ein (AFP) 
≥2.0 MoM 

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

10 Sens: 11 (95% CI 9–
13) Spec: 96 (95% CI 
96–96)  
LR+3.1 (95% CI 2.6–
3.7) LR-0.9 (95% CI 
0.9–0.9) 

Conde-
Agudel
o 
2015*  

Alphafetoprot
ein (AFP) 
≥2.5 MoM   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

8 Sens:  9 (95% CI 8–
11) Spec: 98 (95% CI 
98–98)  
LR+ 4.0 (95% CI 3.4–
4.7) LR- 0.9 (95% CI 
0.9–0.9) 

Conde-
Agudel
o 
2015*  

Alphafetoprot
ein (AFP) 
<0.4–0.5 
MoM     

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

4 Sens: 6 (95% CI 4–7) 
Spec: 94 (95% CI 
94–95)  
LR+ 1.0 (95% CI 0.8–
1.3) LR- 1.0 (95% CI 
1.0–1.0) 

Conde-
Agudel
o 
2015*  

Human 
chorionic 
gonadotrophi
n (hCG) ≥2.0–
2.5 MoM   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

11 Sens: 12 (95% CI 
10–14) Spec: 93 
(95% CI 93–93)  
LR+1.6 (95% CI 1.4–
1.9) LR- 1.0 (95% CI 
0.9–1.0)  

Conde-
Agudel
o 
2015*  

Human 
chorionic 
gonadotrophi
n (hCG) <0.5 
MoM 

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 

2 Sens: 4 (95% CI 1–
14) Spec: 94 (95% CI 
93–94)  
LR+ 0.7 (95% CI 0.2–
2.7) LR- 1.0 (95% CI 
1.0–1.1) 
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completed 
gestation)  

Conde-
Agudel
o 
2015*  

Free b-hcg 
≤5th centile 
MoM  

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

2 Sens: 12 (95% CI 8–
16) Spec: 93 (95% CI 
93–94)  
LR+1.8 (95% CI 1.3–
2.5) LR-0.9 (95% CI 
0.9–1.0) 

Conde-
Agudel
o 
2015*  

Unconjugated 
estriol ≤0.5–
0.7 MoM 

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

3 Sens: 15 (95% CI 
11–20)  Spec: 96 
(95% CI 96–96) 
LR+4.0 (95% CI 3.0–
5.3) LR-0.9 (95% CI 
0.8–0.9)  

Conde-
Agudel
o 
2015*  

Pregnancy-
associated 
plasma 
protein A 
(PAPP-A) 
<0.4–0.5 
MoM  

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

7 Sens: 14 (95% CI 
11–17) Spec 95 (95% 
CI 95–95)  
LR+2.7 (95% CI 2.1–
3.4) LR- 0.9 (95% CI 
0.9–0.9)  

Conde-
Agudel
o 
2015*  

Pregnancy-
associated 
plasma 
protein A 
(PAPP-A) 
<0.25–0.30 
MoM   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

2 Sens: 15 (95% CI 8–
26) Spec: 95 (95% CI 
95–96)  
LR+3.3 (95% CI 1.8–
6.0) LR-0.9 (95% CI 
0.8–1.0)  

Conde-
Agudel
o 
2015*  

TSH >95th 
centile   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

4 Sens: 2 (95% CI 1–7) 
Spec: 97 (95% CI 
97–97)  
LR+ 0.8 (95% CI 0.3–
2.4) LR-  1.0 (95% CI 
1.0–1.0)  

Conde-
Agudel
o 
2015*  

Haemoglobin 
<10–11 g/dl at 
<13 weeks   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 

2 Sens: 9 (95% CI 7–
10) Spec: 89 (95% CI 
89–89)  
LR+ 0.8 (95% CI 0.7–
0.9) LR-1.0 (95% CI 
1.0–1.0)  
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gestation)  
Conde-
Agudel
o 
2015*  

25-
hydroxyvitami
n D <25 
nmol/l or ≤20 
ng/ml 

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

2 Sens: 15 (95% CI 7–
28) Spec:90 (95% CI 
89–91)  
LR+1.5 (95% CI 0.8–
3.0) LR- 0.9 (95% CI 
0.8–1.1)  

Thang
aratina
m 
2006(8
2) 

Serum uric 
acid  

women 
with pre-
eclampsi
a  

Not defined 16 LR- 0.53 (95% CI 
0.27-1) LR+ 2.0 (95% 
CI 1.5-2.7) 

Sherrel
l 
2018(8
3) 

PLGF unselect
ed 

accepted 
study 
authors 
definitions 

2 associated in both 
included studies  

Urine tests 
Thang
aratina
m 
2009(8
4) 

Proteinuria  women 
with pre-
eclampsi
a  

Not defined 18 Narrative synthesis 
found no association. 

Combinations  

Conde-
Agudel
o 
2015*  

Second-
trimester 
Down 
screening risk  
≥1:190–270   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

5 Sens:  67 (95% CI 
53–80) Spec: 61 
(95% CI 60–63) 
LR+1.8 (95% CI 1.4–
2.2)  LR-0.5 (95% CI 
0.3–0.8) 

Conde-
Agudel
o 
2015*  

First-trimester 
Down 
screening risk 
≥1:270–300   

unselect
ed 

Accepted 
study 
authors 
definitions 
(range 20-28 
weeks 
completed 
gestation)  

3 Sens: 10 (95% CI 5–
19) Spec: 96 (95% CI 
96–97)  
LR+2.8 (95% CI 1.5–
5.5) LR-0.9 (95% CI 
0.9–1.0)  

Hui 
2012(2
5) 

Combinations 
of biomarkers: 
(AFP+hCG) 
(PAPP-
A+hCG) 
(AFP+hCG+u
E) (AFP+uE) 

unselect
ed  

Fetal loss 
>24 weeks 
gestation  

7 Most commonly 
reported combination 
was AFP+hCG. 
Reported LR+ ranges 
from 4.28 (95% CI 
1.15-15.53) to 8.86 
(95% CI 0.85-39.96) 
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(hCG+uE) and LR- from 0.92 
(95% CI 0.83-1.0) to 
0.77 (95% CI 0.22 to 
1.01)  

  643 

*Conde-Agudelo 2015: from this paper only the pooled sensitivities of tests reported 644 

in more than one primary study are included in the table 645 

646 
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 647 
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Supplementary Table 1a. Studies excluded at full text review as they did not meet 
the inclusion criteria and the reason for exclusion 

Study author and year Reason for exclusion  
Aune 2014 Duplicate  
Coleman 2012 Duplicate  
Darmstadt 0001 Duplicate  
Flenady 2011 Duplicate  
Goffinet 1997 Duplicate  
Kyrgiou 2016 Duplicate  
Lamont 2015 Duplicate  
Malacova 2018 Duplicate  
Moraitis 2015 Duplicate  
Polyzos 2011 Duplicate  
Viale 2015 Duplicate  
Yazdani Brojeni 2012 Duplicate  
Li 2015 Full text not available  
Makarechian 1998 Full text not available  
Attini 2018 Only 1 included study reporting stillbirth  
Jacobs 2011 Only 1 included study reporting stillbirth  
Ramakrishnan 2012 Only 1 included study reporting stillbirth  
Delabaere 2014 Only 1 included study reporting stillbirth  
Boga 2016 Review article /commentary  
Carp 2008 Review article /commentary  
Gaccioli 2018 Review article /commentary  
Herrera 2017 Review article /commentary  
Krassas 2000 Review article /commentary  
Gilbert 2009 Review article /commentary  
Bell 2014 Review article /commentary  
De Montalembert 2015 Review article /commentary  
Fretts 2005 Review article /commentary  
Liu 2014 Review article /commentary  
Li 2018 Study protocol  
Allen 2007 Stillbirth not reported as an outcome  
Duong 2015 Stillbirth not reported as an outcome  
Henderson 2007 Stillbirth not reported as an outcome  
Nazarpour 2015 Stillbirth not reported as an outcome  
Piccoli 2013 Stillbirth not reported as an outcome  
Rodger 2010 Stillbirth not reported as an outcome  
Roozbeh 2017 Stillbirth not reported as an outcome  
Smyth 2010 Stillbirth not reported as an outcome  
Berhan 2014 Stillbirth not the outcome - comparison of 

perinatal mortality rates between centres  
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Cohen 2005 Conference speech 
Coleman 2015 Intervention 
Gagnon 2008 Guideline  
Gamble 2006 Intervention 
Gamble 2007 Intervention 
Goffinet 1997 Intervention 
Grand'Maison 2014 Intervention 
Gurung 2013 Intervention 
Heazell 2008 Intervention 
Heazell 2015 Intervention 
Hodnett 2000 Intervention 
Imdad 2012 Intervention 
Johnson 2012 Guideline  
Syed 2011 Intervention 
Van Ravenswaaij 2011 Primary study  
Webster 2017 Intervention 
American Society for Reproductive 
Medicine 2002 

Registry data  

Tieu 2008 Intervention 
Goffinet 1997 Intervention 
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Supplementary Table 1b. Studies investigating variables associated with stillbirth 
excluded as not clinically relevant to the development of a prediction model for 
stillbirth.  
 

Study author and year   Variable  
Parental history and characteristics  
Kwong 2018 Bariatric surgery  
Langagergaard 2011 Breast cancer 
Garcia 2016 Chemotherapy for trophoblastic neoplasia  
Saccone 2016 Coeliac disease  
Tersigni 2014 Coeliac disease  
Schinkel 2014 Hypertrophic cardiomyopathy  
O'Toole 2015 Inflammatory bowel disease  
Wendt 2012 Interpregnancy interval   
Kangatharan 2017 Interpregnancy interval after miscarriage  
Alfirevic 2000 Invasive prenatal testing  
Deshpande 2012 Liver transplant  
Owusu 2013 Maternal sleep practices  
Blake 2014 Ovarian sex-cord stromal tumour  
Garritsen 2017 Paternal exposure to immunosuppressant 

drugs  
George 2011 Periodontal treatment during pregnancy  
Polyzos 2010 Periodontal treatment during pregnancy  
Polyzos 2009 Periodontal treatment during pregnancy  
Howard 2005 Psychotic disorders 
Dreier 2014 Pyrexia in pregnancy  
Delamou 2016 Prior repair of obstetric fistula  
Gao 2015 Radiotherapy for childhood cancer  
Mogos 2013 Reproductive cancers  
Ionescu 2015 SLE 
Bundhun 2018 SLE/APS 
Suliankatchi 2016 Tobacco chewing  
Kyrgiou 2016 Treatment for cervical pre-invasive disease  
Jin 2014 Treatment for cervical pre-invasive disease  
Kyrgiou 2017 Treatment for cervical pre-invasive disease  
Boelig 2016 Treatment for hyperemesis gravidarum  
Infectious disease  
Ganer Herman 2015 Candida glabrata  
Paixao 2016 Dengue fever 
Xiong 2017 Dengue fever 
Nan 2015 GBS  
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Seale 2017 GBS  
Hall 2017 GBS  
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