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Methods: We included 635107 stillbirths from 22*"weeks® gestation from 13 coun-
tries. We classified all births, including stillbirths, into six ‘newborn types’ based on
gestational age information (preterm, PT, <37*"weeks versus term, T, 37" weeks) and
size-for-gestational age defined as small (SGA, <10th centile), appropriate (AGA, 10th-
90th centiles) or large (LGA, >90th centile) for gestational age, according to the inter-
national newborn size for gestational age and sex INTERGROW TH-21st standards.
Main outcome measures: Distribution of stillbirths, stillbirth rates and rate ratios
according to six newborn types.

Results: 635107 (0.5%) of the 125419255 total births resulted in stillbirth after 22" weeks.
Most stillbirths (74.3%) were preterm. Around 21.2% were SGA types (PT+SGA [16.2%)],
PT+AGA [48.3%], T+ SGA [5.0%]) and 14.1% were LGA types (PT+LGA [9.9%], T+ LGA
[4.2%]). The median rate ratio (RR) for stillbirth was highest in PT + SGA babies (RR 81.1,
interquartile range [IQR], 68.8-118.8) followed by PT+AGA (RR 25.0, IQR, 20.0-34.3),

Y. B. Okwaraji and L. Sudrez-Idueta are joint first authors.
J. E. Lawn and H. Blencowe are joint senior authors.

See Appendix 1 for the members of National Vulnerable Newborn Collaborative Group for Stillbirths.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

© 2023 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd.

BJOG. 2023;00:1-12. wileyonlinelibrary.com/journal/bjo 1


www.wileyonlinelibrary.com/journal/bjo
mailto:
https://orcid.org/0000-0002-4541-2856
https://orcid.org/0000-0003-0909-7737
https://orcid.org/0000-0002-3116-2593
https://orcid.org/0009-0009-4457-0762
https://orcid.org/0000-0002-6299-2215
https://orcid.org/0000-0002-7889-2825
https://orcid.org/0000-0002-2328-1066
https://orcid.org/0000-0001-8114-7677
https://orcid.org/0000-0002-3594-2212
https://orcid.org/0000-0003-4299-7040
https://orcid.org/0000-0003-3785-183X
https://orcid.org/0000-0002-0109-9757
https://orcid.org/0000-0002-4159-8294
https://orcid.org/0000-0001-8075-7529
https://orcid.org/0000-0002-6384-2745
https://orcid.org/0000-0002-0677-7879
https://orcid.org/0000-0002-4992-906X
https://orcid.org/0000-0002-3994-1452
https://orcid.org/0000-0001-6851-0654
https://orcid.org/0000-0002-1273-0110
https://orcid.org/0000-0001-9006-2835
https://orcid.org/0000-0001-9470-0793
https://orcid.org/0000-0003-4453-623X
https://orcid.org/0000-0002-4696-8063
https://orcid.org/0009-0006-5871-6257
https://orcid.org/0000-0002-1220-310X
https://orcid.org/0000-0002-4573-1443
https://orcid.org/0000-0003-1556-3159
http://creativecommons.org/licenses/by/4.0/
mailto:yemisrach.okwaraji@lshtm.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1471-0528.17653&domain=pdf&date_stamp=2023-11-29

OKWARAJIET AL.

2 Bj OG An International Journal of

Obstetrics and Gynaecology

KEYWORDS

1 | INTRODUCTION

The World Health Organization (WHO) defines stillbirth as
the loss of a baby during pregnancy at or after 22*®weeks of
gestation or, if gestational age is not available, weighing 500¢g
or more (Table 1).! Global estimates are only available for late
gestation stillbirths. These estimate that 1.9million babies
were stillborn after 28" weeks gestation in 2021.% Stillbirth is
associated with large emotional toll on affected women, fam-
ilies, health workers and society, representing a substantial
loss of human capital.” Importantly, most of these deaths are
preventable through improved access to high-quality antenatal
and intrapartum care.*’

TABLE 1 Key findings.

1. What was known?

PT+LGA (RR 25.9, IQR, 13.8-28.7) and T+SGA (RR 5.6, IQR, 5.1-6.0) compared with
T+ AGA. Stillbirth rate ratios were similar for T+LGA versus T+AGA (RR 0.7, IQR, 0.7-
1.1). Atthe populationlevel, 25% of stillbirths were attributable to small-for-gestational-age.
Conclusions: In these high-quality data from high/middle income countries, almost
three-quarters of stillbirths were born preterm and a fifth small-for-gestational age,
with the highest stillbirth rates associated with the coexistence of preterm and SGA.
Further analyses are needed to better understand patterns of gestation-specific risk
in these populations, as well as patterns in lower-income contexts, especially those
with higher rates of intrapartum stillbirth and SGA.

gestational age, newborn, pregnancy, premature birth, preterm, stillbirths

The Every Newborn Action Plan set a target of 12 or fewer
late gestation stillbirths per 1000 total births by 2030.%” Accord-
ing to the latest estimates, if current trends persist, 56 countries
will not meet this stillbirth rate target.>® The countries needing
most acceleration to meet these targets are in sub-Saharan Af-
rica and South Asia, where stillbirth rates are highest, but data
availability lowest. Further epidemiological data are needed to
understand drivers of stillbirth to inform investments for pro-
grammatic action towards ending these frequently preventable
deaths.® Data on stillbirths are now available from 173 coun-
tries (with data from 138 countries meeting quality inclusion
criteria for UN estimates). Many middle- and higher-income
countries have individual-level data records that can enable

Stillbirth (pregnancy loss after 22*° weeks) is a devastating outcome. Global estimates indicating 1.9 million late gestation stillbirths (=28 weeks)
worldwide in 2021 underestimate the overall burden because the estimate does not include early gestation stillbirths. Many of the pathways to
stillbirth result in fetal death before term (preterm stillbirth, <37 weeks of gestational age). In addition, babies with fetal growth restriction
(frequently assessed using the proxy small for gestational age (SGA, <10th centile)) are at higher risk of stillbirth than their appropriately grown
peers. Stillbirths are therefore more likely to be low birthweight (LBW, <2500 g). Being large for gestational age (LGA, >90th centile) at term may

also be associated with increased risk of stillbirth.

2. What was done that is new?

Combining information on gestational age (preterm [PT], or term [T]) and attained size for-gestational-age (small-for-gestational-age [SGA],
appropriate-for-gestational age [AGA], large-for-gestational age [LGA]) we defined six ‘newborn types’ four small (PT +SGA, PT + AGA,
PT+LGA, T+SGA), one large (T +LGA), and one reference (T + AGA). We compiled livebirth and stillbirth data from 15 high- and middle-
income countries as part of the Vulnerable Newborn Collaboration. A total of 124,784,148 livebirths and 635,107 stillbirths >22"% weeks from 13
countries between 2000 and 2020 met the inclusion criteria. We examined the distribution of stillbirths by these ‘newborn types’, and calculated

type-specific stillbirth rates and rate ratios.

3. What was found?

Most stillbirths (74.3%) were preterm, compared to fewer than 1-in-10 (8.9%) livebirths. A fifth (21.2%) of stillbirths were SGA compared to 1-in-20
(5.3%) livebirths. Preterm SGA had 81.1 times higher stillbirth rates compared to term AGA (Rate ratio [RR] =81.1, interquartile range [IQR],
68.8, 118.8). Overall, preterm types had a 25.3 times higher stillbirth rate than term types (RR=25.3, IQR, 20.3, 31.2). At the population level, over
a quarter of stillbirths (25%) were attributable to being SGA, indicating a substantial impact of growth restriction on stillbirth in these settings.
14.0% of stillbirths and 17.7% of livebirths were LGA. There was no evidence of increased stillbirth rates for LGA types. The distribution of these

‘newborn types’ are similar amongst stillbirths and neonatal deaths.

4. What next?

Categorisation of all births, including stillbirths, into these ‘newborn types’ was analytically possible using routinely collected data in these 13 upper-
middle- or high-income contexts and led to programmatic relevant findings. However, as the majority (98%) of the world's stillbirths are in low-
and middle-income countries, more data are needed to improve understanding of patterns in stillbirths in a wider range of contexts, especially in
settings with higher rates of intrapartum stillbirth and those with very high SGA rates such as South Asia. Further analyses, including assessing
gestational age-specific risk, could provide more information on pathways to stillbirth and enable targeted interventions to underlying causes
such as infection and obstetric complications. When analysing these vulnerability pathways, omitting stillbirths neglects an important part of the

burden and its effects on families and society.
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more detailed assessments, which could lead to insights in pat-
terns of stillbirth to inform interventions.

Stillborn babies are more likely to be growth-restricted
(assessed at birth using the proxy of small for gestational age
[SGA, <10th centile]) or preterm (<37'°weeks’ gestational age)
and therefore more likely to be low birthweight (LBW, <2500 g)
than are live-born peers.*'® Previous studies have shown that
babies compromised through poor fetal growth are at higher
risk of stillbirth — both prior to the start of labour (antepartum
stillbirth) and during labour (intrapartum stillbirth).!"'2

LBW has traditionally been used as the main marker of vul-
nerability. Recent work recognising the two underlying path-
ways to LBW - short gestation and fetal growth restriction - has
proposed the concept of vulnerable ‘newborn types’, with an
initial focus primarily on live births."*'* No studies to date
have sought to categorise stillbirths using these types.

Ashorn et al. called for a better description of the preva-
lence and mortality risk of ‘newborn types’ based on length
of gestation and size for gestational age at birth to delineate
vulnerability." These ‘newborn types’ could also assist in the
identification of babies at the highest risk of complications,
to help better understand biological mechanisms, to inform
more targeted and innovative interventions, and to accel-
erate progress towards global LBW and neonatal mortality
reduction targets. Accompanying papers in this supplement
have described the prevalence and mortality risk by ‘new-
born type’ among live births.'>'® These have demonstrated
the association between newborn type and neonatal mortal-
ity risk with the greatest risk for preterm ‘newborn types’,
especially with co-existence of preterm and SGA.

This paper aims to assess the use of this classification to
provide a more granular description of stillbirths. In this
study, we examined the distribution of stillbirths by these
‘newborn types’.

2 | METHODS

2.1 | Datasource
A detailed description of how data were collated has been
published in detail elsewhere."*'® In brief;, 15 of the 23 coun-
tries participating in the Vulnerable Newborn Measurement
collaboration provided information on stillbirths and were
considered in these analyses. Data from the 15 countries were
compiled for all births (live births and stillbirths) from 2000
to 2020, including more than 138 country-years. Each coun-
try team analysed their datasets with standardised codes in
statistical programs STATA, R or SAS using programming
developed centrally by the London School of Hygiene &
Tropical Medicine (LSHTM), with summary tables shared
online through a secured data hub. In accordance with the
International Classification of Diseases, stillbirths were de-
fined as fetal deaths at 22" weeks of gestation (Table Sla)."
Sensitivity analyses were undertaken to include only late
gestation stillbirths at >28"" weeks’ gestation.

Individual birth records missing birthweight, gestational
age and/or sex were excluded as it was not possible to assess
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size-for-gestational age (Figure 1A). Birth records with
gestational age <22* or >44"%weeks or implausible combi-
nations of birthweight and gestational age (defined as birth-
weight +5 standard deviations from the mean birthweight
for gestational age) were also excluded.

Data quality assessments were performed by estimating
the level of missingness of core variables and of implausible
values by each country-year (Table S1b). We evaluated the
plausibility of the stillbirth dataset by comparing the abso-
lute differences between the calculated late gestation still-
birth rate (SBR; >28""weeks) in our data and the nationally
reported SBR for late gestation stillbirth rates (Table S1c).®
We excluded country-years with >20% missing birthweight
or gestational age data.

Findings are reported in accordance with the Reporting
guidelines of studies Conducted using Observational Rou-
tinely collected Data, the RECORD statement (Table S2).
Ethics approval for all participants is presented in Table S3.

2.2 | Construction of ‘newborn types’ as
exposure indicators

Consistent with the approach previously taken for live
births,'>"” each birth was categorised into six mutually ex-
clusive ‘newborn types’. First, we categorised every birth re-
cord as preterm (<37 weeks [PT]) or term (=37 weeks [T]).
Next, we classified births by size-for-gestational age defined
as small (SGA, <10th centile), appropriate (AGA, 10th-90th
centiles), or large (LGA, >90th centile) for gestational age
using a modified version of the INTERGROWTH-21st in-
ternational newborn size for gestational age and sex stand-
ards extended to include all births from 22%° to 44 weeks."®
We created a set of a six ‘newborn types’ based on the
combination of PT or T and size-for-gestational age: four
small (PT+SGA, PT+AGA, PT+LGA, T+SGA), one large
(T+LGA), and one reference (T + AGA).

2.3 | Data statistical analysis
Among the included records, measures were calculated and
summarised with the median and IQR.

2.31 | Distribution of stillbirths by type

The number of stillbirths reported for each type was divided
by the total number of stillbirths per 100. This calculation
was repeated for live births and neonatal deaths (death dur-
ing the first 28 days of life following a live birth) and the dis-
tributions compared.

232 | Type-specific stillbirth rate

Stillbirth rates for each type were calculated as the num-
ber of stillbirths in the group divided by the total number
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(A) Flowchart of data inclusions and exclusions

Livebirth data Fetal deaths data
Livebirth =129,447,043 . Fetal deaths = 844,339
Country-years =178 . Country-years =181 Excluded " .
Countries =15 . Countries =15 xcluded country and country-years:
* Argentina (2019) (Lack of data on livebirth)
Excluded due to outside period of * Iran (2021) (Outside period of observation)
observation
* Malaysia (2010) (>20% missing GA)
+  Iran (2021)
* Lebanon (2000-2019) (>20% missing BW)
*  Uruguay (2000-2019) (>20% missing BW)
Livebirth Fetal deaths
Excluded missing and implausible livebirth Livebirth =129,213,447 . Fetal deaths =821,357
data (n=2,246,571)** Country-years =177 . Country-years =138 missing and i ible stillbirth data
+ Missing BW = 1,556,868(1.3%) Countries =15 +  Countries =13 (n=256,540)**

«  Missing GA =50,319(0.4%)

+  Missing BW and GA= 45,047 (0.04%)

*  Missing sex=41,991 (0.03%)

«  Birthweight <250g=8,417(0.01%)

+  Birthweight >=6500g=1,393 (<0.01%)

«  Gestational age >45 weeks=44,827 (0.04%)
*  Gestational age <22 weeks=96,573 (0.07%)

Implausible BW for GA=44,909 (0.04%)

*  Missing birthweight only = 52,418(8.3%)
* Missing gestational age only =7,546 (1.2%)

* Missing birthweight and GA= 2,420 (0.4%)

*  Birthweight <250g=38,158 (6.0%)
« Birthweight >=6500g=98 (0.01%)

+  Gestational age >45 weeks=251 (0.04%)

* Implausible birthweight for GA=1,9910.3%)

Stillbirth and live birth

*  Missing sex=27,324 (4.3%)
newborn types data

. Stillbirths* =635,107

. Livebirths* =124,784,148
. Country-years =138

. Countries =13

(B) Number of stillbirths (n=635,107 ) and total births (125,4 million) by country

USA ~
Stillbirths= 330,782 ‘.
Total births=80.5M

SBR = 4.1 per 1,000 total birth

Mexico .
Stillbirths= 185,380 .
Total births=23.6M

SBR = 7.9 per 1,000 total birth

Argentina

Stillbirths= 9,297

Total births=1.2M

SBR = 7.5 per 1,000 total birth

*United Kingdom:

Denmark Sweden Iran
Stillbirths=2,991 Stillbirths= 3,959 Stillbirths= 38,462
Total births=0.8M Total births=1.3M Total births=4.8M
SBR = 3.4 per 1,000 total birth SBR = 2.9 per 1,000 total birth SBR = 7.9 per 1,000 total birth
S H ;
o) ! ,
. i ’,
United Kingdom* 5 T‘ 7 ,'l
Stillbirths= 18,958 G /
Total births=4.4M ya 7 ./
SBR =4.3 per 1,000 total birth J L)
The Netherlands ," ,’I ‘ M.ala.iysm
Stillbirths= 8,997 p ! 5 Stillbirths= 5,965
Total births=1.8M / ;;;a'_';";hs:of[mo total birth
SBR =4.9 per 1,000 total birth = -2 per LOPD total b
I ‘\\ Pl BT
.
v Qatar
Y Stillbirths= 515

' Total births=0.9M
’ SBR = 5.4 per 1,000 total birth

Total births=0.08M e |

. Total births=5.7M
SBR = 3.0 per 1,000 total birth SBR = 5.1 per 1,000 total birth

England & Wales: Stillbirths= 13,831; Total births=3.2M; SBR=4.3
Scotland: Stillbirths= 5,127; Total births=1.1M; SBR=4.5

FIGURE 1 Input data for stillbirth analyses, 2000-2020. (A) Flowchart of data inclusions and exclusions. *For the sensitivity analysis: 232488
stillbirths and 612436 live births at 22-27 weeks’ gestational age were excluded. Total number of births at >28 weeks: 402619 late gestation stillbirths,
124171712 live births. **Due to overlaps of missing and implausible data, the total excluded values do not add up to the difference between box 3 and box
4 and between box 3 and box 5. (B) Number of stillbirths (635107) and total births (125.4 million) by country. *UK: England & Wales: stillbirths =13 831,
total births = 3.2 million, SBR=4.3; Scotland: stillbirths = 5127, total births = 1.1 million, SBR=4.5. Map legend shows the distribution of 125.4 million
total births (124.7 million live births and 635 107 stillbirths at >22*%weeks) with information to classify by ‘newborn types’ included in this study.
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of births in that group expressed as stillbirths per 1000
total births (e.g. number of stillbirths between PT +SGA
divided by number of total births between PT + SGA per
1000).

2.3.3 | Stillbirth type-specific rate ratio

Rate ratios were calculated as the stillbirth rate in each type
group, divided by the stillbirth rate in the reference group
(T+AGA). These were calculated for each ‘newborn type’
and also for preterm types combined.

2.34 | Population attributable fraction (PAF)
The prevalence of SGA type was multiplied by the rate ratio
in each type divided by the sum of the prevalence of SGA
types multiplied by the rate ratio of all ‘newborn types’ in
the population. We calculated PAF only for SGA types, as a
proxy for fetal growth restriction, as fetal growth restriction
is a potential pathway to stillbirth.

2.4 | Sensitivity analysis

In view of the WHO recommendation for the use of late ges-
tation stillbirth (>28"°weeks) for international comparisons
and the potential large variations in ascertainment capture
and reporting of early gestation stillbirth (227°-27" weeks),
we carried out a sensitivity analysis to explore whether the
distribution of stillbirth and stillbirth rate ratios differed if
only late gestation stillbirths (28"°-44*%weeks) were included.

3 | RESULTS

3.1 | Data quality assessment

Data were assessed from 15 national datasets collected be-
tween 2000 and 2020. We excluded country-years with >20%
missing birthweight or gestational age (Lebanon in 2000-
2019, Uruguay in 2000-2019 and Malaysia in 2010); miss-
ing information on live births (Argentina in 2019) and those

2 0 An International Journal of
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which lay outside the study period (Iran in 2021) (Figure 1A).
Overall, 15.4% (27/175) and 8.0% (14/175) of country-years
had >20% missing birthweight data and missing gestational
age, respectively, and were excluded (Table S1b).

Data from 13 countries representing 125419255 total
births (124784 148 live births and 635107 stillbirths) were
included. Of the stillbirths, 232488 were early gestation
(227°-27"%weeks) and 402619 late gestation (=28 weeks).
Data from a wide geographical range of high-income and
middle-income countries were included (Figure 1B).

The overall stillbirth rate was 5.0 per 1000 total births, with
the highest rates in Iran, Mexico and Argentina (7.9, 7.8 and
7.4 per 1000 total births, respectively). The lowest stillbirth
rate was observed in Sweden, with 2.9 per 1000 total births.

3.2 | Distribution of stillbirths by
newborn type

The distribution of stillbirths according to the six ‘new-
born types’ showed that most stillbirths (74.4%) were pre-
term types (PT+SGA [16.2%], PT + AGA [48.3%], PT+LGA
[9.9%]) (Table 2; Figure 2A). Less than a fifth of stillbirths
were T+ AGA (16.7%), with around one in 20 T+SGA and
T+LGA (5.0% and 4.2%, respectively) (Table 2).

There was substantial country-level variation in the distri-
bution of ‘newborn types’ among stillbirths. Overall, among
all stillbirths >22"weeks, the median PT+SGA was 19.7%
(IQR 16.2-23.6) (ranging from 0.9% in Mexico to 28.8% in
Malaysia); median PT+ AGA 44.6% (IQR 37.7-49.1) (ranging
from 31.1% in Sweden to 56.4% in Mexico); median PT + LGA
7.0% (IQR 5.4-8.7) (ranging from 4.4% in Qatar and England
& Wales to 14.8% in Iran); median T+SGA 5.8% (IQR 4.2-
10.4) (ranging from 3.2% in Mexico to 13.1% in Malaysia);
median T+ AGA 18.2% (IQR 14.1-27.6) (ranging from 11.6%
in Iran to 92.5% in Scotland); median T+LGA 4.0% (IQR
3.5-5.8) (ranging from 2.0% in Qatar to 7.2% in Denmark)
(Table 2; Table S4a). Almost half of all stillbirths were preterm
and AGA, with the highest percentages in Mexico 56.4%
followed by the Netherlands (50.9), Australia (49.5%), Iran
(49.5%), England & Wales (45.3%) and USA (44.2%). Malay-
sia reported the highest prevalence of preterm and SGA still-
birth (28.8%), followed by Qatar (28.0%) and USA (23.7%). In
contrast, Denmark, Sweden and Scotland reported relatively

TABLE 2 Stillbirth rate and rate ratio by newborn type for all stillbirths (>22**weeks), 2000-2020.

Newborn types

Measurements

Total births, n (%)
Stillbirths, 7 (%)

Stillbirth distribution, %, median

(IQR)

Stillbirth rate per 1000 total births,

median (IQR)

Stillbirth rate ratio, median (IQR)

PT+SGA

982390 (0.8)
102831 (16.2)
19.7 (16.2-23.6)

116.2 (91.6-130.9)

81.1 (68.8-118.8)

PT+AGA

9013016 (7.2)
305995 (48.3)
44.6 (37.7-49.1)

30.5 (22.9-40.5)

25.0 (20.0-34.3)

PT+LGA T+SGA T+AGA T+LGA
1677042 (1.3) 5743330 (4.6) 87536596 (69.8) 20466881 (16.3)
62663 (9.9) 31557 (5.0) 105532 (16.7) 26529 (4.2)

7.0 (5.4-8.7) 58 (4.2-10.4)  18.2 (14.1-27.6) 4.0 (3.5-5.8)
28.2(21.2-36.1) 6.8 (5.6-9.0) 1.3 (1.1-1.8) 1.0 (0.8-1.5)
25.9(13.8-28.7) 5.6 (5.1-6.0) 1 (Reference) 0.7 (0.7-1.1)
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FIGURE 3 (A) Stillbirth rate ratio by ‘newborn types’ among all stillbirths (22" weeks), 2000-2020. (B) Stillbirth rate ratio by ‘newborn types’
among late gestation stillbirth (=28 weeks), 2000-2020. Each point represents the stillbirth rate ratio, box plots summarise median values and IQR (25th
and 75th percentiles) (A: countries =13, n=635107; see Table S4a for country-level data. B: countries=13, n=402619; see Table S4b for country level data).
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high percentages of term and LGA stillbirth - 7.2%, 7.1% and
5.9%, respectively (Figure 2A; Table S4a).

3.21 | Comparison of distribution of ‘newborn
types’ for live births and neonatal deaths

A similar pattern to the distribution of ‘newborn types’ for
stillbirths was observed for neonatal deaths. Around 75%
of neonatal deaths in all countries, apart from Mexico, were
preterm (Figure 2C). In contrast, most live births (90%) were
born at term (T+AGA [69.8%], T+LGA [16.4%], T +SGA
[4.6%]), with the remaining 10% preterm (PT + SGA [0.8%],
PT +AGA [7.2%], PT + LGA [1.3%; Figure 2D).

3.3 | Rates of stillbirth by type

The overall stillbirth rate (including all stillbirths
>22%%weeks) for the study period was 5.0 per 1000 total
births. Stillbirth rates were highest for preterm ‘newborn
typess PT+SGA (median 116.2 stillbirths per 1000 total
births, IQR 91.6-130.9), PT+AGA (median 30.5, IQR
22.9-40.5), and PT+LGA (median 28.2, IQR 21.2-36.1),
followed by T+ SGA (median 6.8, IQR 5.6-9.0), T+ AGA
(median 1.3, IQR 1.1-1.8) and T+LGA (median 1.0, IQR
0.8-1.5) (Table 2). At country-level, the highest stillbirth
rates among the PT +SGA types were observed in Aus-
tralia (SBR 154.1, 95% CI 153.7-154.4) followed by Iran
(SBR 149.2, 95% CI 149.0-149.4) and Qatar (SBR 132.2,
95% CI 131.4-133.2) (Table S4a). Mexico, Iran and Ar-
gentina had the highest three stillbirth rates among the
PT + AGA types (SBR 77.3; 95% CI 77.2-77.4; SBR 57.2, 95%
CI 57.0-57.5; and SBR 44.9, 95% CI 44.9-44.9, respectively;
Table S4a).

3.4 | Stillbirth rate ratios by ‘newborn type’

Compared with T+ AGA, the median stillbirth rate ratio was
more than 80-fold higher (median RR 81.1, IQR 68.8-118.8)
for babies with the coexistence of preterm and SGA, over 20-
fold higher for those PT + LGA (median RR 25.9, IQR 13.8-
28.7) or PT+AGA (median RR 25.0, IQR 20.0- 34.3), and

tive-fold higher for babies T+ SGA (median RR 5.6, IQR 5.1-
6.0) (Table 2; Figure 3A).

At country-level, the highest stillbirth rate ratio for PT + SGA
was observed in USA (RR 140.9, 95% CI 140.8-141.0), followed
by Australia (RR 133.2, 95% CI 133.0-133.5) and Qatar (RR
117.4.8,95% CI 116.6-118.1) (Table S4a). Iran, Netherlands and
Mexico had the highest stillbirth rate ratios for PT + AGA types
(RR 45.4, 95% CI 45.3-45.5; RR 22.6, 95% CI21.9-

23.2; RR 35.3, 95% CI 35.1, 35.5, respectively; Table S4a).

3.5 | Contribution of SGA to stillbirths (PAF)
At the population level, a quarter (25%) of stillbirths were at-
tributable to being SGA before term (PT + SGA median PAF
20.0, IQR 16.0-24.0), with an additional 5% attributable to
SGA at term (T + SGA median PAF 5, IQR 4-8).

3.6 | Sensitivity analyses

Preterm types remained the dominant type even when only
late gestation stillbirths were included, with around half of
all stillbirths being preterm (Table 3; Figure 2B).

A similar pattern in stillbirth rate and rate ratios was
observed when only late gestation stillbirths were included,
although the late gestation preterm ‘newborn type’-specific
stillbirth rates were around two-thirds of those for all
births from 22*” weeks and the stillbirth rate ratios for the
PT+ AGA and PT + LGA and half of those for all births from
22%% weeks (Table 3).

4 | DISCUSSION

4.1 | Main findings

This paper, including analyses of more than half a million ba-
bies from 13 countries stillborn between 2000 and 2020, has
provided the first multi-country description of stillbirths using
this novel classification by ‘newborn type’ combining attained
size-for-gestational age and preterm or term. This classification
goes beyond the traditional cut-offs and enables assessment of
the contribution of preterm, SGA and their combination. This

TABLE 3  Stillbirth rate and rate ratio by newborn type for all stillbirths (>28"" weeks), 2000-2020.

Newborn types

Measurements PT+SGA PT+AGA

Total births, n (%) 878893 (0.7) 8385553 (6.7)

PT+LGA

1563078 (1.3)

T+SGA T+AGA T+LGA

5743330 (4.6) 87536596 (70.3) 20466881 (16.4)

Stillbirths, 7 (%) 55671 (13.7) 157728 (39.0) 25602 (6.3) 31557 (7.8) 105532 (26.0) 26529 (6.5)

Stillbirth distribution, %, 159 (11.7-19.4) 314 (28.1-35.9) 4.5 (3.5-6.9) 9.2 (7.4-12.4) 29.4 (22.1-34.7) 6.3 (5.4-7.9)
median (IQR)

Stillbirth rate per 1000 total 69.78 15.4 (13.5-19.9) 14.6 (10.7-23.5) 6.8 (5.6-9.0) 1.3 (1.1-1.8) 1.0 (0.8-1.5)
births, median (IQR) (54.1-89.0)

Relative risk, median (IQR) 54.6 (44.3-77.0)  13.0 (11.3-15.4) 12.6 (10.2-18.7) 5.6 (5.1-5.9) 1 (Reference) 0.7 (0.7-1.1)
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has been shown to be useful for live births in identifying risk
of neonatal death."'® Our results showed the overlap between
preterm birth and stillbirth, with around three-quarters of all
stillbirths in these settings born preterm, compared with just
9.2% of live births. A fifth (21.2%) of stillbirths were SGA at
birth, a substantially higher proportion than for live births
(5.5%). The stillbirth rate ratios were highest for the combina-
tion of preterm and SGA compared with T+ AGA. No addi-
tional stillbirth risk was found for term LGA babies compared
with term AGA babies.

4.2 | Interpretation

Stillbirths are strongly associated with gestational ages <37
weeks.?* In this study, around 75% of stillbirths were pre-
term, slightly higher than that reported in a recent study in
six low- and middle-income countries, which reported 60%
of stillbirths preterm.*

We found the largest difference in stillbirth rates com-
pared with T+AGA in all countries was for births that
were both preterm and SGA (as a proxy for being growth-
restricted), followed by those PT+ AGA, or PT+LGA. The
increased risk for PT+LGA compared with appropriately
grown term births is likely to be driven by low gestational
age rather than large size for gestational age. Overall still-
birth rates for preterm types were 25 times higher than for
term types. Consistent with previous research,” the present
study found that those SGA at term were more likely to be
stillborn than their appropriately grown peers.

At population level, SGA (diagnosed at birth) contributed
to around 25% of all stillbirths in these 13 countries, with
relatively high levels of pregnancy monitoring and interven-
tional obstetrics, including provider-initiated delivery fol-
lowing in utero diagnosis of severe fetal growth restriction.
This is higher than the 11% population attributable risk re-
ported in a previous study of eight high and middle-income
countries. However, that study included only antepartum
stillbirths from low-risk women and may not be generalis-
able to the whole population.?

Understanding the population-level scale of the impact of
fetal growth on stillbirth is crucial, as stillbirths associated
with fetal growth restriction are preventable with improved
antenatal screening.** However, there is a balance of risks
between detecting fetal growth restriction and acting to pre-
vent stillbirth, versus increasing preterm birth and associated
complications.” This balance of risks is even more pertinent
in low-resource settings where full neonatal intensive care
is less likely to be available. A recent multi-country study
(Ghana, India, Kenya, Rwanda and South Africa) found rou-
tine Doppler screening in a low-risk obstetric population an
effective tool for reducing stillbirth rates.”® In France, ante-
natal detection of fetal growth restriction (FGR) was found
to be protective against stillbirth, but despite detection of
FGR, over 40% of stillbirths occurred in SGA babies.”’

There is a major focus on small size at birth; however,
increasing evidence indicates that large for gestational age,

2 0 An International Journal of
J Obstetrics and Gynaecology

which may be associated with the maternal metabolic en-
vironment, is also associated with an increased risk of still-
birth.?®* In this study we found no increased risk of stillbirth
in term babies who were LGA at birth compared with AGA,
although this may be partly because the included popula-
tions had very low rates of post-term delivery, where the risks
associated with LGA may be greater. This finding differs
from that of previous studies where the risk of stillbirth after
36" weeks’ gestation was higher for LGA than for AGA preg-
nancies.”>***” However the use of the INTERGROW TH-21st
newborn standard may also account for these differences, as
it is known to left-shift the centile distribution compared
with national charts used in other studies.”

4.3 | Strength and limitations

A strength of our analyses is the large sample size combining
data from across 13 countries, with high data completeness
and other measure of data quality. This has enabled explo-
ration of associations with gestational age, by attained size
for-gestational-age, and across time.

There are also limitations. Importantly, this study uses
size-for-gestational age at birth as a proxy for fetal growth re-
striction (FGR). FGR is defined as the failure of the fetus to
meet its growth potential due to a pathological factor, most
commonly placental dysfunction.’* FGR is diagnosed by a
drop of estimated fetal weight (EFW) centile on serial ultra-
sound measurement. In practice, this is not always available,
and clinicians may rely on single ‘snapshot’ EFW assessment
to define whether a baby is SGA in utero - and are hence not
able to differentiate whether an SGA baby is small due to
predetermined growth potential or growth-faltering. In this
study, the use of size-for-gestational age at birth rather than
EFW in utero may, in the rare cases where there is a prolonged
period between fetal death and delivery, result in babies ap-
propriately grown until the time of fetal death being classified
at birth as SGA. Globally, nearly half of all stillbirths occur
intrapartum.® However, in some cases of antepartum still-
births “a prolonged period between fetal death and delivery
[may] result in babies appropriately grown until the time of
fetal death being classified at birth as SGA”. This may be par-
ticularly relevant in high burden settings where intensive ob-
stetric monitoring is less available. In addition, the reduction
in birthweight due to postmortem desiccations may further
exacerbate the association between SGA and stillbirth.”

Secondly, to seek to provide comparability with live
births, these ‘newborn types’ were based on the comparison
with T+ AGA. However, using a single dichotomous preterm
versus term categorisation for stillbirths may not provide the
level of granularity required and, importantly, using such an
approach it was not possible to estimate gestation-specific
risk using a fetuses-at-risk approach.”

The comparability of results may be affected by the vari-
ation in gestational age assessment methods used (last men-
strual period, different best obstetric estimates, ultrasound
and the timing of ultrasound assessment). In addition our
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findings may also be affected by variations in stillbirth defi-
nition used by countries and whether elective terminations
of pregnancy are combined with stillbirths for reporting
purposes (Table S5).>* It is well recognised that the report-
ing of births and misclassification between stillbirth and
very early neonatal death is more common around the cli-
nician's perceptions of limits of viability and the thresholds
of reporting in any given setting®*>*® Therefore shifting the
threshold of reporting down to require reporting of all fetal
deaths from 20" weeks will improve capture of all stillbirths
from 22*"weeks as defined by WHO.! However, most coun-
tries only routinely recorded stillbirths from 22*°weeks in
their data system, with some only reporting from 24*%weeks
(Table S5). In the latter cases, although data were provided
for this study on stillbirth at 22 or 23 weeks, there may be
under-capture, as reporting of these deaths is not mandatory.
Hence, we undertook a sensitivity analysis including only late
gestation stillbirths at >28""weeks (63.4% of all stillbirths).
This showed a similar pattern to the main analyses, with the
highest rates and rate ratios for the preterm types and, as ex-
pected, the stillbirth rate and rate ratios by ‘newborn types’
were lower for all groups when considering only late gesta-
tion stillbirths compared with all stillbirths at =22 weeks.

Furthermore, despite around 98% of global stillbirths oc-
curring in low- and middle-income countries, high-quality
routine individual-level data on stillbirths from these coun-
tries are lacking and it was not possible to include these
countries in this analysis.

Further research is required to assess the use of these
‘newborn types’ for stillbirths in higher burden contexts, es-
pecially those with high rates of SGA, notably South Asia."*
In addition, assessing risk by more detailed gestational age
categories using a fetuses-at-risk approach, including data
on labour-type (spontaneous versus provider-initiated), and
combining these analyses with analyses of neonatal deaths
could enable improved understanding of the epidemiology
and provide data to target interventions, especially in set-
tings with high levels of pregnancy monitoring and inter-
ventional obstetrics.”’

5 | CONCLUSION

Our study provides the first multi-country analysis of ‘new-
born types’ for stillbirths. Where individual level data are
available categorisation of all births, including stillbirths,
into these ‘newborn types’ was analytically possible using
routinely collected data in these 13 upper-middle- or high-
income contexts and led to programmatic relevant findings.

Preterm stillbirth accounted for more than three-quarters
of all stillbirths in these high-quality data from high/mid-
dle income countries. SGA is also associated with stillbirth,
especially in combination with being preterm. More anal-
yses of these ‘newborn types across a range of mortality
contexts, and extending gestation and size risk assessment
using a fetuses-at-risk approach could provide more informa-
tion on pathways to stillbirth and enable better targeting of

interventions to underlying causes such as infections and ob-
stetric complications.
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