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Background: Despite concerns about worsening pregnancy outcomes resulting from healthcare restrictions, eco-
nomic difficulties and increased stress during the COVID-19 pandemic, preterm birth (PTB) rates declined in some
countries in 2020, while stillbirth rates appeared stable. Like other shocks, the pandemic may have exacerbated
existing socioeconomic disparities in pregnancy, but this remains to be established. Our objective was to inves-
tigate changes in PTB and stillbirth by socioeconomic status (SES) in European countries. Methods: The Euro-
Peristat network implemented this study within the Population Health Information Research Infrastructure
(PHIRI) project. A common data model was developed to collect aggregated tables from routine birth data for
2015-2020. SES was based on mother’s educational level or area-level deprivation/maternal occupation if edu-
cation was unavailable and harmonized into low, medium and high SES. Country-specific relative risks (RRs) of
PTB and stillbirth for March to December 2020, adjusted for linear trends from 2015 to 2019, by SES group were
pooled using random effects meta-analysis. Results: Twenty-one countries provided data on perinatal outcomes
by SES. PTB declined by an average 4% in 2020 {pooled RR: 0.96 [95% confidence intervals (Cls): 0.94-0.97]} with
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similar estimates across all SES groups. Stillbirths rose by 5% [RR: 1.05 (95% CI: 0.99-1.10)], with increases of
between 3 and 6% across the three SES groups, with overlapping confidence limits. Conclusions : PTB decreases
were similar regardless of SES group, while stillbirth rates rose without marked differences between groups.

Introduction

ost adverse pregnancy outcomes are more common among
Msocially disadvantaged women." Lower socioeconomic status
(SES) is a risk factor for a wide variety of pregnancy complications
and adverse outcomes, including pre-eclampsia, foetal growth re-
striction and preterm delivery as well as stillbirth and neonatal
death.'”® The mechanisms underlying these effects are multiple
and incompletely understood, but rises in stillbirth and infant mor-
tality during economic downturns show that they are dynamic.” At
the onset of the COVID-19 pandemic, there was concern that preg-
nant women of lower SES and their babies would be most affected
by the pandemic’s consequences. These concerns related to poten-
tially greater exposure to the SARS-CoV-2 virus and more severe
outcomes when these women were infected as well as to indirect
effects resulting from restricted access to health care, economic
hardship and increased stress and anxiety. Stress is related to pre-
term birth, for instance, and also more prevalent among women of
lower social status.*® Research also shows that lower SES is associ-
ated with inadequate care during pregnancy and less optimal care
pathways which may have increased vulnerability to healthcare
restrictions during the pandemic."'”

Research on pregnant women and newborns known to be infected
with COVID-19 confirmed increased mortality and morbidity asso-
ciated with lower SES and ethnic minority status.'™!? In contrast,
data are scarce on possible socioeconomic disparities in the pan-
demic’s indirect effects. Results in the general population of preg-
nant women and newborns have been reassuring, belying initial
concerns. Many studies have reported unexpected decreases in pre-
term birth (PTB) rates in 2020, while stillbirth rates appeared to
remain stable. This surprising decline in PTB remains unexplained,
despite a now prolific literature from hospital and country studies,
which has been synthesized in several systematic reviews.">™"* These
reviews document moderate reductions in preterm birth in high-
income countries during the pandemic lockdowns of between 4 and
9% corresponding to odds ratios (OR) of 0.91 [95% confidence
interval (CI):0.84-0.99], 12 studies,"> 0.94 (95% CI: 0.91-0.98), 28
studies* and 0.96 (95% CI: 0.94-0.98), 62 studies.'® A recent study
of population-based data from 18 countries reported a similar
pooled OR of 0.96 (95% CI: 0.95-0.98).1° All these reviews find
evidence of high heterogeneity in effects between studies and coun-
tries, which may be attributable to differences in methods or quality
of the studies'” as well as to differences in the actual effects of
lockdowns in different populations. This heterogeneity in results is
also found in large population-based studies, some of which have
documented decreases in preterm birth,'*2° while others find
no change.”>*

There are two main hypotheses for the reduction in the preterm
birth rate. First, it is possible that restricted access to healthcare
limited medically indicated preterm births. This mechanism could
result in suboptimal care, with potential consequences for rates of
stillbirth,?® as many indicated preterm births are undertaken to re-
duce the risks of stillbirth. The second hypothesis is that lockdowns
had positive effects, either because of more rest or less pollution or
exposure to infections. Research up to now has reported conflicting
results regarding these hypotheses, with some studies reporting
changes only among indicated births,***® while many studies
have found change among spontaneous births, as documented in
sub-group analyses from systematic reviews.'>'*

This research up to now has not explored changes in these out-
comes by socioeconomic status, which could shed light on these

mechanisms. In this study, we sought to establish whether decreases
in the preterm birth rate occurred across all SES groups in European
countries during the first year of the COVID-19 pandemic. We
hypothesized that if the reduction were due to positive effects of
the lockdown, this might be accentuated in higher SES groups where
living conditions may be better and financial stress less acute, where-
as restricted health care or other harmful effects might affect lower
SES groups more strongly and be associated with higher still-
birth rates.

Methods

This study is based on a federated research framework developed as
part of the European Population Health Information Research
Infrastructure (PHIRI) project. The PHIRI project brings together
41 partners in 30 countries to share data and expertise on the
COVID-19 pandemic through a European Health Information
Portal on population health. Its broader goal is to construct sustain-
able and reactive health information systems in Europe and promote
their use for policy decision. A key component of the project is to
conduct research to inform public health policies and management
of the COVID-19 pandemic using a federated data model with four
use cases, including one on perinatal health and perinatal health
inequalities.

The perinatal health use case is implemented by the Euro-Peristat
network, a collaboration between statisticians, epidemiologists and
clinicians from 31 countries (27 European Union member states and
Iceland, Norway, Switzerland and the United Kingdom) to assess
perinatal health in Europe using a common set of 10 core and 20
recommended perinatal health indicators.””*® The network began in
1999 and aims to produce and analyse robust validated data in
reports and scientific publications on a regular basis for use by na-
tional, European and international stakeholders who make decisions
about the health and health care of pregnant women and new-
borns.””»*” Data come from routine national data sources, including
vital statistics, birth registers, hospital discharge data and rou-
tine surveys.*

As part of the PHIRI project, a new data collection protocol using
a federated framework was implemented, involving the definition of
a common data model and R-scripts that produce aggregate data
tables or analytic results.’’ Each data provider constructed a data-
base following the specifications of the common data model and ran
R programmes on their local server to generate results that were
transferred to the central coordinating office (see Supplementary
appendix A for contributing partners). Only anonymous data aggre-
gated at the country level are used. Anonymous data are not covered
by the General Data Protection Regulation®® and do not require
ethics review board approval.

Data items were selected based on the Euro-Peristat core indica-
tors augmented by items identified in a Delphi consensus process
with the network members.”" The consistent international defini-
tions and format of the selected data items were based on previous
Euro-Peristat work. Inclusion criteria for the study were all live
births and stillbirths >221° weeks of gestation or where gestational
age (GA) was missing, with a birthweight >500g. Data were col-
lected on births from 2015 to 2020 to allow modelling of time trends
in the period before the COVID-19 pandemic. For the SES analysis,
we utilized data for the period March to December in each year to
align with the main period of the covid pandemic in 2020. Details on
the protocol for the Perinatal Health Use Case C, specifications for
the common data model and R-scripts have been published®
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Table 1 Number of births, rates of preterm singleton birth and stillbirth and overall estimated change in preterm birth and stillbirth rates
for the periods March to December from 2015 to 2020 in European countries ordered by maternal SES measure

Country Total number Preterm Observed vs. expected Stillbirth rate Observed vs. expected
of births singleton rate March-December >22 weeks of GA rate in March-December
2015-2020 (N) rate (%) 20207 (RR (95% Cl)) (per 1000 births) (%,) 2020 (RR (95% Cl))
Education®
Austria 430524 5.9 0.97 (0.93-1.01) 3.3 1.31 (1.09-1.57)
Belgium 592226 6.3 0.90 (0.87-0.93) 4.7 0.84 (0.74-0.97)
Croatia® 182712 5.1 — 4.5 0.89 (0.69-1.15)
Cyprus 48661 8.3 0.95 (0.85-1.06) 4.5 0.69 (0.44-1.08)
Czechia 556 852 5.8 0.96 (0.93-1.00) 3.5 1.19 (1.02-1.39)
Denmark 308894 4.9 0.97 (0.92-1.03) 3.1 1.04 (0.83-1.31)
Estonia 68700 4.3 1.04 (0.91-1.18) 2.9 1.10 (0.64-1.86)
Italy 2251679 5.7 0.94 (0.92-0.96) 35 1.11 (1.03-1.21)
Latvia 101192 4.5 0.98 (0.88-1.09) 5.2 1.12 (0.82-1.53)
Lithuania 134963 4.2 1.02 (0.92-1.12) 4.1 0.90 (0.66-1.24)
Luxembourg 36001 5.5 0.99 (0.85-1.16) 4.1 0.70 (0.38-1.28)
Malta 22562 5.5 1.03 (0.85-1.26) 4.9 1.57 (0.82-2.97)
Poland? 928540 5.7 0.98 (0.96-1.00)
Portugal 437424 6.0 0.88 (0.84-0.92) 3.2 0.94 (0.78-1.13)
Slovakia 289669 5.9 0.97 (0.92-1.03) 5.3 1.21 (1.02-1.45)
Slovenia 99510 5.4 1.00 (0.91-1.10) 3.0 1.41 (0.94-2.11)
Spain 1697808 5.6 0.96 (0.94-0.98) 3.1 1.02 (0.92-1.13)
Area deprivation
France 3673222 5.4 0.95 (0.93-0.96) 5.0 1.02 (0.97-1.08)
Netherlands 837299 5.2 1.01 (0.98-1.04) 4.7 1.05 (0.94-1.17)
UK 3630284 6.1 0.94 (0.92-0.95) 4.4 1.00 (0.95-1.06)
UK: N. Ireland 117325 5.7 0.87 (0.80-0.95) 4.2 1.05 (0.77-1.44)
UK: Scotland 258204 6.6 0.92 (0.87-0.97) 4.1 1.13 (0.90-1.40)
UK: Wales 146 860 6.4 0.93 (0.87-0.99) 4.2 0.91 (0.71-1.16)
Occupation
Ireland 310318 4.8 0.93 (0.88-0.99) 4.1 1.17 (0.96-1.42)

a: Calculated as the relative risk (RR) of the observed to expected values taking into consideration trends over the previous 5 years.
b: Mother’s educational level was the preferred variable, followed by deprivation scores and then mothers’ occupation, if several variables

were available.

c: Croatian data are not included in the trend analysis because of an anomaly in the recording of gestational age in 2016.
d: For Poland, total births are for 2018-2020 because no registration of stillbirths in 2015-2017.

and are available on the Zenodo server (see Common data model:
https:// zenodo. org/ record/ 7639001, R-scripts: https://zenodo.org/
records/10013399).

The two main outcomes are stillbirth and live singleton preterm
birth. The stillbirth rate is defined as death before or during birth
>22%% weeks of gestation per 1000 total births. The preterm birth
rate is defined as live birth <377° weeks gestation per 100 total live
births. Multiple births were excluded from the preterm birth out-
come, as done in most of the studies on preterm birth and COVID-
19. For stillbirths, where information was available, terminations of
pregnancy were excluded due to differences in policies for congeni-
tal anomaly screening and pregnancy terminations in Europe.>> For
some countries, it was not possible to exclude terminations
(Belgium, Cyprus and the Netherlands).

Across Europe, the type of measure of SES available in routine
datasets varied. We collected data on maternal education when it
was available, as maternal education is a good marker of socioeco-
nomic status and has been associated with perinatal outcomes in
most studies.*>* Previous work in the Euro-Peristat network
harmonized the coding of this variable into three groups based on
the International Standard Classification of Education (ISCED—
UNESCO, 1997): 1: none, primary or lower secondary (levels 0-
2); 2: higher secondary (level 3); and 3: post-secondary (levels 4-
6).* Where mother’s education data was not available, the protocol
requested the nationally used measure of area-level deprivation of
the mother’s place of residence in population quintiles or the
mother’s occupational class. We aggregated data on deprivation
score quintiles into three groups of comparable proportions to the
educational groups across most countries as: 1: most deprived (low-
est 20%); 2: quintiles 2 and 3 (40%); 3: least deprived (highest 40%).
Maternal occupation was provided for one country (Ireland) and

was grouped as: 1: most deprived (no occupation), 2: middle SES
(skilled/unskilled workers or technicians/clerical/service occupa-
tions), 3: least deprived (managers/professionals), in line with local
classifications.

Missing data

There were variable rates of missing data on socioeconomic varia-
bles. The range between countries was from 0 to 14% for live births,
from 0 to 33% for preterm births and from 0 to 67% for stillbirths
(Supplementary table S1). We assumed data to be missing complete-
ly at random and imputed missing data based on the observed
distributions for births with and without the outcomes, i.e. for pre-
term birth, stillbirths and live births separately. For Croatia, data on
preterm birth could not be used because of an anomaly in the
recording of gestational age in 2016. For Poland, data on stillbirths
were only available starting in 2018, so we could not estimate trends
over time.

Statistical analysis

We described the availability of the three SES measures for all births
across the countries in the Euro-Peristat study and our pregnancy
adverse outcomes for the period March to December over the 6
years of data included in the study (2015-2020). For the subset of
countries with SES, we computed the estimated change in preterm
birth and stillbirth rates for the period March to December 2020
compared to previous years (2015-2019). We estimated country-
specific relative risks (RRs) for the period March to December
2020, adjusted for linear trends for this same period in previous
years (2015-2019) using binomial models. These RR estimate the

20z Ainp Lo uo 1senb Aq 9//1022/85Y/1 usws|ddng/pe/ajonte/qnding/woo dno-olwspeoe//:sdiy woly papeojumoq


https://zenodo.org/record/7639001
https://zenodo.org/records/10013399
https://zenodo.org/records/10013399
https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckad186#supplementary-data

Socioeconomic disparities in changes to preterm birth and stillbirth rates 61

Singleton Singleton
Relative Risk preterm births live births

SES category and country (95% Cl) 2015-2020 2015-2020
Highest SES group
Austria —:I—— 0.97 (0.90, 1.05) 8319 152357
Belgium —— 0.89 (0.84, 0.94) 15139 265476
Cyprus ———— 0.93 (0.81, 1.06) 2609 33898
Czechia —':— 0.94 (0.88, 1.01) 10636 214105
Denmark T 1.00 (0.92, 1.08) 7182 164119
Estonia : 1.04 (0.86, 1.26) 1273 32025
France - 0.96 (0.93, 0.98) 72338 1434516
Ireland ——— 0.88 (0.80, 0.97) 4702 113891
Italy —_— 0.93 (0.89, 0.96) 32001 639311
Latvia _I—;—— 0.90 (0.76, 1.05) 1934 51516
Lithuania ——— 0.99 (0.87, 1.12) 3144 85065
Luxembourg : 1.07 (0.86, 1.33) 937 19421
Malta T 1.00 (0.75, 1.34) 530 10331
Netherlands | e—t—— 1.02 (0.97, 1.08) 15799 323580
Poland ! 0.96 (0.93, 0.99) 49342 958519
Portugal —— 0.91 (0.84, 0.97) 9619 168455
Slovakia —ig 1.00 (0.91, 1.09) 5527 112712
Slovenia : — 0.93 (0.81, 1.07) 2466 49505
Spain | 0.99 (0.96, 1.03) 39957 799002
United Kingdom - 0.94 (0.92, 0.96) 74162 1404756
Subgroup, DL (I* = 39.7%, p = 0.036) 0 0.95 (0.94, 0.97)
Middle SES group
Austria —F—— 0.97 (0.90, 1.03) 10456 175978
Belgium —_— 0.92 (0.87, 0.97) 14700 214577
Cyprus : > 1.11(0.88, 1.41) 815 8698
Czechia s p— 0.97 (0.90, 1.04) 9741 180950
Denmark —'—:—- 0.92 (0.84, 1.01) 5052 94331
Estonia T 1.05 (0.86, 1.28) 1213 27741
France — 0.93 (0.91, 0.96) 74440 1345250
Ireland —dl—— 0.96 (0.87, 1.05) 5438 115536
Italy — 0.95 (0.92, 0.98) 53157 943947
Lithuania 1 > 1.18(0.98, 1.41) 1676 35397
Luxembourg : 0.90 (0.66, 1.22) 512 8374
Malta T > 1.16 (0.73, 1.83) 222 4122
Netherlands e 1.00 (0.94, 1.05) 17030 323561
Poland : —— 1.01(0.97, 1.04) 46023 774787
Portugal —— 0.87 (0.81, 0.94) 8374 141270
Slovakia ———— 0.98 (0.89, 1.08) 5606 101047
Slovenia :——-— 1.08 (0.93, 1.25) 2248 39540
Spain —— 0.96 (0.91, 1.01) 17874 302640
United Kingdom - 0.94 (0.91, 0.96) 88685 1400803
Subgroup, DL (I = 53.5%, p = 0.003) ¢ 0.96 (0.94, 0.98)
Lowest SES group
Austria —:I-— 0.98 (0.89, 1.07) 5732 87979
Belgium —— 0.89 (0.81, 0.97) 6229 89832
Cyprus . 0.89 (0.64, 1.23) 380 3461
Czechia —:I-— 0.98 (0.91, 1.05) 10788 143336
Denmark _— 1.02 (0.88, 1.18) 2394 39307
Estonia : 0.97 (0.70, 1.35) 414 7628
France —— 0.96 (0.93, 0.99) 43631 719148
Ireland ———— 0.98 (0.88, 1.09) 4237 68176
Italy —Ih— 0.95 (0.92, 0.99) 38537 582499
Latvia ——— 1.04 (0.90, 1.20) 2478 46379
Lithuania < 0.73 (0.53, 0.99) 607 9876
Luxembourg : 0.89 (0.62, 1.26) 431 6666
Malta - > 1.02(0.73, 1.42) 446 7253
Netherlands L ] 1.02 (0.94, 1.09) 9028 158414
Poland —l:— 0.92 (0.86, 0.99) 9350 111975
Portugal —— 0.84 (0.77,0.91) 7328 112465
Slovakia ——— 0.92 (0.84, 1.01) 5446 67284
Slovenia : = 1.00 (0.71, 1.40) 430 6621
Spain —— 0.95 (0.91, 0.99) 31571 484262
United Kingdom — 0.93 (0.91, 0.96) 51073 696884
Subgroup, DL (I* = 19.9%, p = 0.207) 0 0.95 (0.93, 0.97)
Heterogeneity between groups: p = 0.708

I I I I

6 .8 1 1.2 1.4

Lower than expected Higher than expected

Figure 1 Change in preterm birth rates in March to December 2020 as measured by observed over expected risks for high, middle and low

socioeconomic groups

deviation from the expected linear trends. We assumed linearity
because of the progressive evolution in population characteristics
that influence preterm and stillbirth risks and the short time period.
We then reran all our models in each SES group, computing the RR
for women classified into low, medium and high SES groups. We

estimated RR as opposed to risk differences to compare our results
with the existing literature that has used RR or OR.>""

The estimated RR from these regressions and their standard
errors were then synthesized using random effects meta-analyses
with sub-group analyses to compare pooled effects across SES
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Total

Relative Risk Stillbirths births
SES category and country (95% Cl) 2015-2020  2015-2020
Highest SES group
Austria —_— 1.18 (0.86, 1.62) 438 157587
Belgium —-—:— 0.90 (0.74, 1.10) 1167 275802
Croatia . 1.26 (0.83, 1.92) 271 69175
Cyprus < : 0.70 (0.38, 1.28) 138 35956
Czechia —_— 1.16 (0.89, 1.51) 636 221526
Denmark B 1.14 (0.83, 1.58) 449 170315
Estonia < ‘I 1.04 (0.43, 2.54) 72 32639
France — 1.02 (0.93, 1.11) 6637 1506259
Ireland B ——— 0.86 (0.61, 1.22) 405 119219
Italy -:—-— 1.15 (0.97, 1.36) 1716 666655
Latvia . 1.39 (0.83, 2.33) 204 53192
Lithuania < : 0.70 (0.46, 1.07) 291 88327
Luxembourg < T 0.59 (0.25, 1.38) 7 20308
Malta < > 1.33(0.49, 3.63) 39 10744
Netherlands —-‘I-— 1.07 (0.89, 1.29) 1405 335910
Portugal free— 1.02 (0.72, 1.46) 404 175223
Slovakia —_— 1.24 (0.88, 1.74) 389 116091
Slovenia : > 1.72(0.96, 3.06) 132 51543
Spain e 1.02 (0.88, 1.19) 2257 850558
United Kingdom B ] 1.06 (0.95, 1.18) 5005 1457629
Subgroup, DL (I = 1.5%, p = 0.438) <> 1.05 (1.00, 1.10)
Middle SES group
Austria i 1.46 (1.09, 1.95) 583 181979
Belgium —_— 0.79 (0.64, 0.97) 1149 223200
Croatia —-—-:— 0.76 (0.54, 1.08) 468 102616
Cyprus & - 1.08 (0.46, 2.57) 51 9110
Czechia . ea—— 1.26 (0.95, 1.67) 606 187144
Denmark : 0.77 (0.50, 1.19) 302 97760
Estonia - 1.21 (0.56, 2.61) 90 28279
France —tip— 1.03 (0.95, 1.12) 7151 1412371
Ireland -:—-— 1.31(0.95, 1.81) 467 120245
Italy —— 1.05 (0.92, 1.19) 3341 981640
Lithuania : 1.60 (0.93, 2.75) 190 36488
Luxembourg < - > 1.31(0.43, 4.03) 39 8732
Malta < > 1.63(0.38, 6.99) 21 4291
Netherlands —-—-{— 0.93(0.78, 1.11) 1596 336133
Portugal —_— 0.86 (0.63, 1.18) 507 146099
Slovakia —_ 1.26 (0.90, 1.77) 428 103997
Slovenia x 0.99 (0.51, 1.90) 136 41060
Spain —_— 1.03 (0.82, 1.29) 1002 323765
United Kingdom —— 0.99 (0.91, 1.08) 6873 1451250
Subgroup, DL (I = 36.1%, p = 0.060) <> 1.03 (0.95, 1.10)
Lowest SES group
Austria —_ 1.23 (0.86, 1.76) 404 90958
Belgium —-—:— 0.85 (0.61, 1.19) 467 93224
Croatia < - 0.58 (0.24, 1.40) 76 10921
Cyprus D —— : 0.26 (0.08, 0.90) 31 3595
Czechia ———— 1.15 (0.89, 1.49) 730 148182
Denmark 1.26 (0.74, 2.15) 204 40819
Estonia < : > 0.89(0.24, 3.21) 39 7782
France — 1.02(0.92, 1.14) 4572 754592
Ireland : 1.42 (0.98, 2.05) 396 70854
Italy :—-— 1.20 (1.04, 1.37) 2778 603384
Latvia . 0.96 (0.64, 1.42) 325 48000
Lithuania < : 0.41(0.13, 1.28) 71 10148
Luxembourg < T 0.45 (0.11, 1.82) 32 6961
Malta > 1.62(0.57, 4.56) 51 7539
Netherlands -—e—-— 1.21(0.97, 1.52) 897 165256
Portugal —_— 0.93 (0.67, 1.28) 491 116102
Slovakia ——— e 1.13 (0.88, 1.46) 719 69581
Slovenia < : > 1.66 (0.49, 5.70) 35 6907
Spain —_— 1.06 (0.90, 1.26) 1979 523485
United Kingdom — 0.97 (0.86, 1.08) 4156 721405
Subgroup, DL (I* = 26.7%, p = 0.132) <> 1.06 (0.99, 1.15)
Heterogeneity between groups: p = 0.786

T T T T T
5 1 1.5 2 25 3

Lower than expected Higher than expected

Figure 2 Change in stillbirth rates in March to December 2020 as measured by observed over expected risks for high, middle and low
socioeconomic groups

groups. We undertook a sub-group analysis restricted to large coun-  larger numbers of births and because corroborating studies on
tries with decreases in preterm birth. The rationale for this analysis  decreasing preterm birth rates during the COVID-19 pandemic,
was to focus on countries with less variation in estimates due to  using multiple methodological approaches, exist for many of
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Singleton  Singleton

Total

Relative Risk preterm births  live births Relative Risk Stilbirths births,
SES category and country (95% CI) 2015-2020  2015-2020 SES category and country (95% Cl) 2015-2020  2015-2020
Highest SES group Highest SES group
Belgium —_—t 089 (0.84, 0.94) 15139 265476 Belgium —_—t 0.90 (0.74, 1.10) 167 275802
France —— 0.96 (0.93, 0.98) 72338 1434516 France o — 1.02 (0.93, 1.11) 6637 1506259
Italy — 093 (0.89, 0.96) 32001 639311 taly 15007, 139) 1716 666655
Portugal — 091 (0.84,0.97) 9619 168455 Portugal - 1.02 (0.72, 1.46) 404 175223
United Kingdom - 094 (0.92, 0.96) 74162 1404756 United Kingdom B L —— 1.06 (0.95, 1.18) 5005 1457629
Subgroup, DL (I = 44.6%, p = 0.125) <> 0.93 (0.91, 0.96) Subgroup, DL (I = 0.0%, p = 0.453) > 1.03 (0.98, 1.10)

i i
Middle SES group 1 Middle SES group '
Belgium —_— 092 (0.87,0.97) 14700 214577 Belgium _ | 0.79 (0.64, 0.97) 1149 223200
France - 0.93 (0.91,0.96) 74440 1345250 France —f— 1.03 (0.95, 1.12) 7151 1412371
Italy —_— 095 (0.92, 0.98) 53157 943947 Italy —_— 1.05 (0.92, 1.19) 3341 981640
Portugal —_— 087 (0.81,0.94) 8374 141270 Portugal L 0.86 (063, 1.18) 507 146099
United Kingdom —— 0.94 (0.91, 0.96) 83685 1400803 United Kingdom —_— 0.99(0.91,1.08) 6873 1451250
Subgroup, DL (I° = 8.7%, p = 0.357) Q 0.93 (0.92, 0.95) Subgroup, DL (I° = 41.6%, p = 0.144) <:|> 0.98 (0.91, 1.06)

' '

1 1
Lowest SES group | Lowest SES group 1
Belgium —_— 089 (0.81,0.97) 6229 89832 Belgium T 0.85 (0.61, 1.19) 467 93224
France :—-— 0.96 (0.93, 0.99) 43631 719148 France —+— 1.02 (0.92, 1.14) 4572 754592
italy A 095 (0.92, 0.99) 38537 582499 taly | —— 120(1.04,137) 2778 603384
Portugal —_— 084 (0.77,0.91) 7328 112465 Portugal : 093 (0.67,1.28) 491 116102
United Kingdom — 093 (0.91,0.96) 51073 696884 United Kingdom —_— 0.97 (0.86, 1.08) 4156 721405
Subgroup, DL (I = 63.9%, p = 0.026) <> 0.93 (0.90, 0.96) Subgroup, DL (I* = 45.6%, p = 0.119) <> 1.02 (0.93, 1.13)

i i
Heterogeneity between groups: p = 0.973 ! Heterogeneity between groups: p = 0.577 -
Overall, DL (I = 39.4%, p = 0.059) o 0.93(0.92, 0.95) Overall, DL (I = 25.7%, p = 0.171) <> 1.01(0.97, 1.06)

T T T T T T T
6 8 1 12 6 8 1 12 14
Lower Higher Lower Higher

Figure 3 Change in preterm birth (A) and stillbirth (B) rates in March to December 2020 as measured by observed over expected risks for
high, middle and low socioeconomic groups in large countries with preterm birth rate reductions

them.'®'**>3¢ Einally, we undertook a sensitivity analysis by com-
puting pooled estimates by different type of SES measure.

We used R® software (R Foundation for Statistical Computing,
Vienna, Austria), version 4.1.1 (2021-08-10) with the metafor pack-
age for the meta-analyses.

Results

Out of 29 countries participating in the project, 21 countries were able
to provide information on socioeconomic status and adverse preg-
nancy outcomes. Data were available separately for three nations:
Northern Ireland, Scotland, Wales and for the whole of the UK com-
bined (including England). Eight countries (Finland, Germany,
Hungary, Iceland, Norway, Romania, Sweden and Switzerland) con-
tributed data to the PHIRI project, but did not have access to linked
SES information. In Finland, Norway and Sweden, socioeconomic
variables can be linked to the birth registry as part of specific research
projects, but this is not done routinely for surveillance.

Of the countries with SES, 17 provided maternal education, three
area-based SES and one occupation (table 1). During the period
March to December over the 6 study years, more than 16 million
births occurred in the 21 countries. Live singleton preterm birth
rates ranged from 4.2% to 8.3%, while stillbirth rates at 22 weeks
of GA and over ranged from 2.9 to 5.2 per 1000 total births. Table 1
presents the estimates of the change in preterm birth and stillbirth
rates from March to December 2020 calculated as the RR of the
observed to expected values taking into consideration trends over
the previous 5 years. On average, the preterm birth rate from March
to December 2020 was 4% lower than expected in the same period in
previous years, based on the overall pooled RR of 0.96 with a 95%
confidence interval (CI) of 0.94-0.97 (see Supplementary figures S1
and S2 for meta-analyses of overall estimates). Individual country
estimates of the RR were heterogeneous (I =66.0%) and ranged
from <0.9 in Portugal to estimated increases of over 1.02 in
Estonia and Malta. For stillbirth, the estimated change in 2020
was an increase of 5% [Pooled RR: 1.05 (95% CI, 0.99-1.10)] with
the RR ranging from <0.7 in Cyprus to over 1.40 in Slovenia
(P=51.7%). In sensitivity analyses, the range of outcomes were
similar in countries reporting on maternal education and those

reporting using area-based measures (Supplementary figures S1
and S2).

The trends in preterm birth were similar for all SES groups
(figure 1), with a pooled RR of 0.95 (95% CI: 0.94-0.97) in the
high group, 0.96 (95% CI: 0.94-0.98) in the medium group and
0.95 (95% CI: 0.93-0.97) in the low group. For stillbirth (figure 2),
stillbirth rates increased by an estimated 6% in the low SES groups
[RR=1.06; (95% CI: 0.99-1.15)] compared to 3-5% in higher
groups [medium SES RR=1.03 (95% CI: 0.95-1.10); highest SES
RR=1.05 (95% CI: 1.00-1.10)]. Sensitivity analyses focusing on the
five larger population countries experiencing substantial reductions
in preterm birth in 2020 (Belgium, France, Italy, Portugal and UK),
found similar pooled effects for all three SES groups (figure 3). In
these countries, stillbirth rates showed a smaller increase than in the
full analysis of all countries (RR=1.01, 95% CI: 0.97-1.06). There
was no clear gradient in stillbirth rates in these countries.

Discussion

In this study of 21 European countries, we found that preterm birth
rates were on average 4% lower in 2020 compared to expected trends
from the previous 5 years. This decrease was the same for the high-
est, middle and lowest SES groups. On the other hand, stillbirth rates
were 5% higher than expected in 2020 with no clear gradient across
SES groups. Similar results for preterm birth were obtained in sub-
group analysis restricted to the five largest population countries with
substantial preterm birth reductions, but stillbirth rates did
not increase.

Strengths of this study are the inclusion of 21 countries with
population-based pregnancy outcome data by SES group collected
for 6 years using a common protocol. Limitations are the use of
different measures of SES because of lack of homogenous data. In
addition, even when it was possible to use the same indicator, SES
groups differ between countries because of variations in educational
systems and deprivation score composition or scale. Nonetheless, in
all countries the three SES groups reflect a hierarchy going from low
to high and these definitions have been used in previous studies to
investigate socioeconomic disparities in health.*** We also only had
data for the full period from March to December by SES status,
allowing us to provide an estimate of the pandemic’s impact in
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2020, but not to investigate the temporal specificity of these effects.
Our study used aggregated data, and we could not adjust on indi-
vidual characteristics, such as maternal age, parity, smoking or body
mass index. However, we assume that any changes in the character-
istics of the childbearing population over time would be captured in
the temporal trends over the 5-year period preceding the pandemic.
Finally, while the pandemic may have affected fertility, these effects
would be minimal over the time period considered, potentially
affecting births at the end of the year.

The pooled measure of change in preterm birth in this study
corroborate results from meta-analyses of single centre and
population-based studies in high-income countries during the pan-
demic lockdowns in 2020.">"'>*”*° The added-value of this study is
the finding that these changes in preterm birth were similar for high,
middle and low SES groups. Based on previous literature, we hypothe-
sized that positive lockdown effects might be more pronounced for
women of higher SES, while healthcare restrictions may have had
more negative effects among women of lower SES. However, our
results suggest that the underlying mechanism for the change in pre-
term birth was similar in all groups. It is noteworthy that despite
observed increases in stress and anxiety during the pandemic, which
were more marked when social risk factors were present,’”*® there
was not a detectable population effect on preterm birth even in the
lowest SES group. This indicates a need to re-evaluate the stress—pre-
term birth pathway, in particular for acute stressors.

In contrast to preterm birth, our data indicated an overall increase
in stillbirth rates. The literature on changes in stillbirth during the
pandemic is less robust than on preterm birth because stillbirth is an
uncommon outcome requiring studies with large sample sizes. The
recent population study by the international Perinatal Outcomes in
the Pandemic (iPOP) collaboration concluded that there was no
change in stillbirth rates,'® while this has also been the conclusion of
national studies in France and Italy.lg’19 However, other reviews have
concluded that stillbirths rose in high-income countries.'®> Of note, the
larger countries with decreased preterm birth rates did not have higher
stillbirths rates. Different patterns for preterm birth and stillbirth
changes may suggest distinct underlying pathways through which
the pandemic affected these indicators. For stillbirth—in addition to
indirect effects—the increased stillbirth risk may reflect risks associated
with COVID-19 infection as research showed increased stillbirth risk
among infected women.*®

As in previous research,””*’ there was high heterogeneity in the
changes observed in both outcomes across countries, raising ques-
tions about the possible role of country-level characteristics in mod-
erating these effects. Possible moderators are magnitude of
socioeconomic variation within the country, overall risks of preterm
birth and stillbirth and COVID-19 related features, such as infection
patterns or societal mitigation policies. This is an important area for
further investigation and comparative case studies in countries with
contrasting experiences could allow generation of specific hypoth-
eses that could be tested empirically using population data.

The COVID-19 pandemic represents an important opportunity for
countries to take stock and identify the improvements to routine data
needed for effective surveillance and policy evalution.” About one-
third of countries could not provide data on key pregnancy outcomes
by SES. The ability to monitor social health disparities is essential for
health policy and planning, especially during crises such as pandem-
ics, where vulnerable populations may be most affected. In some
countries, SES is not recorded in routine data, while in others further
linkage is required (Finland, Norway and Sweden). These latter coun-
tries may want to consider routine linkage to reduce barriers to eval-
uations of SES effects. In countries without SES, area-based measures
may be easier to implement as geographic identifiers are often already
integrated into routine sources in contrast with information on indi-
vidual socioeconomic characteristics. Ideally, data would be available
on individual and area-based indicators, as these capture different
dimensions of social disadvantage.** The new PHIRI data collection
protocol piloted in this study has the advantage of allowing rapid

updates to data collected at the European level, including adding
and harmonizing variables. Extending and improving this federated
approach will strengthen European capacity to monitor social
inequalities in perinatal health and to compile and analyse data in a
future pandemic.

In conclusion, this study of 21 European countries including over 16
million births in Europe confirmed slight reductions in preterm birth
in many countries in 2020, with a similar effect for women regardless
of their SES, whereas stillbirth rates rose with no clear gradient by SES.
This study illustrates the importance as well as the feasibility of routine
reporting to assess social disparities in perinatal health in Europe and
can be used to guide improvements to information systems.

Supplementary data

Supplementary data are available at EURPUB online.
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Key points

¢ During the first year of the COVID-19 pandemic in Europe,
preterm birth rates declined in some countries, with similar
decreases in all SES groups.

« In contrast, stillbirths rose slightly with variable changes
across SES groups.

¢ Having socioeconomic indicators in routine birth data is
critical for capturing the full impact of health crises, such as
COVID-19.
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