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BACKGROUND: Although some studies have reported a decrease in
preterm birth following the start of the COVID-19 pandemic, the findings
are inconsistent.

OBJECTIVE: This study aimed to compare the incidences of preterm
birth before and after the introduction of COVID-19 mitigation measures in
Scandinavian countries using robust population-based registry data.
STUDY DESIGN: This was a registry-based difference-in-differences
study using births from January 2014 through December 2020 in Norway,
Sweden, and Denmark. The changes in the preterm birth (<37 weeks)
rates before and after the introduction of COVID-19 mitigation measures
(set to March 12, 2020) were compared with the changes in preterm birth
before and after March 12 from 2014 to 2019. The differences per 1000
births were calculated for 2-, 4-, 8-, 12-, and 16-week intervals before
and after March 12. The secondary analyses included medically indicated
preterm birth, spontaneous preterm birth, and very preterm (<32 weeks)
birth.

RESULTS: A total of 1,519,521 hirths were included in this study.
During the study period, 5.6% of the births were preterm in Norway and

Sweden, and 5.7% were preterm in Denmark. There was a seasonal
variation in the incidence of preterm birth, with the highest incidence
during winter. In all the 3 countries, there was a slight overall decline in
preterm births from 2014 to 2020. There was no consistent evidence of a
change in the preterm birth rates following the introduction of COVID-19
mitigation measures, with difference-in-differences estimates ranging
from 3.7 per 1000 births (95% confidence interval, —3.8 to 11.1) for the
first 2 weeks after March 12, 2020, to —1.8 per 1000 births (95%
confidence interval, —4.6 to 1.1) in the 16 weeks after March 12, 2020.
Similarly, there was no evidence of an impact on medically indicated
preterm birth, spontaneous preterm birth, or very preterm birth.
CONCLUSION: Using high-quality national data on births in 3 Scan-
dinavian countries, each of which implemented different approaches to
address the pandemic, there was no evidence of a decline in preterm
births following the introduction of COVID-19 mitigation measures.

Key words: COVID-19, pregnancy outcomes, preterm birth, retro-
spective, Scandinavia

Introduction

A growing number of studies have
attempted to assess the indirect conse-
quences of the COVID-19 pandemic on
key health indicators. It has been spec-
ulated that 1 of these indirect conse-
quences is an impact on the birth
outcomes, including a change in the
prevalence of preterm birth. The sug-
gested potential mechanisms for such
an impact include hypotheses about
improved air quality (because of strict
lockdown measures), prevention of in-
fections that may otherwise trigger
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preterm labour' ’, and changes to
health-seeking behavior. In contrast,
pregnant women have experienced
added anxiety about COVID-19 infec-
tion alongside the negative impacts of
unemployment and income insecurity,
working from home, home-schooling,
and reduced social support.” ® In
addition, many settings experienced
changes in healthcare access and avail-
ability.” A recent meta-analysis identi-
fied 16 studies assessing the impact of
the COVID-19 pandemic on preterm
birth, 12 of which were conducted in
high-income countries (HIC).®
Although these individual studies re-
ported conflicting findings, a subgroup
analysis of the HIC studies suggested
some evidence of a significant decrease
in the incidence of preterm birth
following the start of the COVID-19
pandemic. Most existing studies are
based on data from selected healthcare
facilities or are limited to regional data,
and are therefore, small, potentially
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underpowered, and not representative
of the general population. In addition,
temporal and seasonal trends in pre-
term birth’ have not always been
adequately accounted for. There con-
tinues to be insufficient evidence to
conclude the impact of COVID-19
mitigation measures on preterm
birth,'” particularly when focusing on
longer periods of lockdown and specific
preterm birth subtypes.

Norway, Sweden, and Denmark are
similar countries in many ways, partic-
ularly in terms of universal healthcare,
levels of income inequality, and fertility
patterns. At the time when COVID-19
was first designated a pandemic by the
World Health Organization (March 13,
2020), the COVID-19 rates were simi-
larly low in all the 3 countries. Subse-
quently, each country pursued policy
measures in an attempt to minimize the
impact of COVID-19, with both Norway
and Denmark introducing relatively
strict lockdown measures in mid-March,
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Why was this study conducted?

incidence of preterm birth.

Key findings

temporal trends in preterm birth.

pandemic on preterm birth.

This study aimed to assess the impact of COVID-19 mitigation measures on the

In this difference-in-differences analysis of births in Scandinavia, there was no
evidence of a change in the incidence of preterm birth following the initial
introduction of COVID-19 mitigation measures in 2020.

What does this add to what is known?

Previous studies have reported conflicting findings. These studies have pre-
dominantly been based on data from healthcare facilities and are potentially
underpowered and unrepresentative, and they have not always accounted for

This analysis of national registry data from 3 countries with varied levels of
“lockdowns” provides no evidence of an indirect impact of the COVID-19

whereas the approach in Sweden was
initially somewhat less restrictive.'' "’
All the 3 countries saw substantial
changes in the behavior of citizens from
mid-March onwards, with decreasing
use of public transportation, less work-
place commuting, and more time spent
at home.'* The available behavioral in-
dicators suggest that the strict lockdowns
of Norway and Denmark translated into
larger behavioral changes than those in
Sweden."”

With national registry-based data
from Norway, Sweden, and Denmark,
we used a difference-in-differences
(DiD) design to assess the impact of
COVID-19 mitigation measures on the
incidence of preterm birth.

Materials and Methods

Data sources and study population
Records of births at >22 weeks’ gestation
occurring between January 1, 2014 and
December 31, 2020 were obtained from
the Medical Birth Registry of Norway,
the Swedish Pregnancy Register,'” the
Danish Medical Birth Register,]8 the
Danish National Patient Registry,'” and
the Danish Civil Registration System.”’
In Norway and Denmark, all births are
included in the registry sources; in
Sweden, 92% of the births are included
in the national register. Further details of
the data sources are listed in the
appendix (Supplemental Table 1). Births

with multiples were counted as one re-
cord only.

Ethical approval

This study was approved by the Regional
Committee for Medical and Health
Research Ethics of South/East Norway
(approval number 141135) and the
Swedish  Ethical Review Authority
(approval numbers: dnr 2020-01499,
dnr 2020-02468, dnr 2021-00274). Each
committee provided a waiver of consent
for the participants. In Denmark, the
study was registered with the Danish
Data Protection Agency via the Univer-
sity of Southern Denmark (registration
number 364 20/17416) and via Statistics
Denmark.

Exposure

The DiD design requires a time point on
which to split between an unexposed
‘pre’ period and an unexposed ‘post’
period. Although the intensity and
timing of COVID-19 mitigation mea-
sures differed between the 3 countries,
most of the measures were introduced
around March 12, 2020 (Table 1). Thus,
March 12, 2020 was used as the cutoff
date for all the 3 countries.

Preterm birth

We defined preterm birth as the birth of
atleast 1 live or stillborn infant before 37
completed weeks of pregnancy. Preterm

birth was further stratified into medi-
cally indicated preterm birth (resulting
from induction of labor or a prelabor
cesarean delivery) or spontaneous pre-
term birth (birth after a spontaneous
onset of labor). We included very pre-
term birth (<32 weeks) as an additional
outcome. Further details on the defini-
tion of outcomes are included in the
appendix (Supplemental Table 1).

Statistical analysis

The DiD design mimics experimental
methods by comparing changes in an
exposed group with those in an unex-
posed group.”' Specifically, we exploit
the exogenous nature of the mid-March
lockdown: everyone is exposed. How-
ever, because the exposure is fixed in
time (mid-March 2020), the naive
comparison of before and after the
introduction of lockdown measures
might be confounded by any factor that
is correlated with time, eg seasonal ef-
fects or changes in the characteristics of
pregnant women. In the DiD design, this
is solved by comparing the changes
before and after March 12 not only in
2020 but also in the previous years. In
this study, we compared the rate of pre-
term birth in the weeks before and after
the introduction of COVID-19 mitiga-
tion measures in 2020 (March 12, dif-
ference 1) with the difference in the
preterm birth rates before and after
March 12 in earlier years (2014—2019,
difference 2). The DiD estimate is the
difference between these 2 differences,
obtained using linear probability models
with robust standard errors and pre-
sented as a risk difference in points per
1000 births. Statistically, we use an
interaction term between pre-post
lockdown and year to derive the DiD
estimate. By including the year and week
fixed effects, this approach accounts for
the background trends in the birth out-
comes,”” including seasonal trends. The
DiD estimate can be interpreted as the
change in birth outcomes that are related
to the implementation of COVID-19
mitigation measures in the various
countries, beyond the background
trends in season and year. If there is no
relationship between the COVID-19
mitigation =~ measures and  the
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TABLE 1

Summary of early COVID-19 mitigation measures in Norway, Sweden, and Denmark

Mitigation measures Norway Sweden Denmark
Kindergarten or daycare March 12 n/a March 16

and primary schools

closed

High-school and March 12 March 17: recommendation March 13
universities closed

Restrictions on gathering March 12 March 11 (500+) March 11 (100+)

Workplace closures

Non-essential
businesses closed

Stay at home
recommendations

Restriction on internal
movement

Restrictions on
international travel

March 10: recommendation to
work from home

Some closures from March 12

March 12: avoid public transport
and unnecessary travels,

March 19: not allowed to spend
night in vacation homes outside
home county

March 12

March 13: recommendations to
avoid all international travel,
mandatory quarantine when
arriving in Norway, isolation if

March 27 (50+)

March 16: recommendation to
work from home

March 16: for over 70s
March 19: avoid unnecessary
travels

March 19

March 14: advice against all
international travels, isolation
and get tested if symptoms
after arrival to Sweden

March 17 (10+)

March 13: non-essential workers in
the public sector ordered to stay
home, private sector urged to allow
home working

Some closures from March 18,
including restaurants/bars

March 11: restrict public transport
and unnecessary travels

April 9

March 11: flights from high-risk
areas cancelled
March 14: all borders closed

symptoms

Cancellation of public March 12

events

n/a, not applicable.

March 12

Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.

March 13

subsequent birth outcomes, then the
DiD estimate would be equal to 0. We
accounted for clustering by mother
where this information was available
(Norway and Sweden). To allow for a
time lag between the introduction of the
COVID-19 mitigation measures and a
potential impact on preterm birth, we
modeled 5 different time intervals as
follows: 2 weeks after March 12
compared with 2 weeks before and
similar comparisons for intervals of 4, 8,
12, and 16 weeks. We first ran a model
for any preterm birth, and then we ran
additional models for medically indi-
cated preterm birth, spontaneous pre-
term birth, and very preterm birth. The
parallel trends assumption was explored
using visual inspection of pre-trends.
Individual data sharing was not
possible between countries because of

privacy restrictions; therefore, the DiD
analyses were conducted within each
country separately according to a stan-
dardized common study protocol. The
pooled DiD estimates were generated
using a random-effects meta-analysis
with inverse variance weighting of
individual-country results. Heterogeneity
was assessed using the I statistic, calcu-
lated as 100% x (Q—df)/Q, where Q is
Cochrane’s heterogeneity statistic and df
denotes degrees of freedom.”” The ana-
lyses were performed using SAS EG
version 9.4 (SAS Institute, Cary, NC) and
Stata version 16 (StataCorp, College Sta-
tion, TX).

Results

There were 1,552,401 births between
2014 and 2020 in the 3 countries. After
excluding 32,880 births with missing
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gestational lengths, gestational age <22
weeks, unknown outcome, or second or
higher order births from a multiple
pregnancy, 1,519,521 births were
included in our study population
(392,586 in Norway, 713,121 in Sweden,
and 413,814 in Denmark; Supplemental
Figure 1). The proportion of preterm
birth (<37 completed weeks) was similar
across all the 3 countries: 5.6% in Nor-
way, 5.6% in Sweden, and 5.7% in
Denmark (Table 2). In all the 3 countries,
there was a slight decline in the propor-
tion of preterm birth between 2014 and
2020 (Supplemental Tables 2—4).

Figure 1 presents the weekly incidence
(using a 3-week rolling average) of pre-
term birth between January 2014 and
December 2020, with week 11 (which
includes the cutoff date, March 12)
indicated by a vertical dashed line. There
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TABLE 2
Characteristics of included births from 2014 to 2020 in Norway, Sweden, and Denmark
Norway Sweden Denmark
Characteristics n (%) n (%) n (%)
All births 392,586 713,121 413,814
Gestational age (wk)
Extremely preterm <28 1449 (0.4) 2670 (0.4) 1620 (0.4)
Very preterm 28—<32 2123 (0.5) 3912 (0.5) 2393 (0.6)
Moderate/late preterm 32—<37 18,256 4.7) 33,264 4.7) 19,411 4.7)
Term 37—<42 354,821 (90.4) 636,182 (89.2) 381,218 (92.1)
Postterm >42 15,937 4.1) 36,113 (5.1) 9172 (2.2)
Maternal age
<20 3710 0.9 7266 (1.0) 3296 (0.8)
20—24 41,279 (10.5) 75,668 (10.6) 41,652 (10.1)
25—29 126,280 (32.2) 223,444 (31.3) 138,920 (33.6)
30—-34 139,841 (35.6) 246,949 (34.6) 144,304 (34.9)
35—39 66,785 (17.0) 128,099 (18.0) 69,390 (16.8)
>40 14,690 (3.7) 31,484 (4.4 16,252 (3.9)
Missing 1 (0.0) 211 (0.0)
Parity
0 166,742 (42.5) 306,085 (42.9) 190,650 (46.1)
>1 225,844 (57.5) 402,892 (56.5) 223,120 (53.9)
Missing 4144 (0.6) 44 (0.0)
Multiple birth
Yes 6107 (1.6) 10,072 (1.4) 6768 (1.6)
No 386,479 (98.4) 703,049 (98.6) 407,046 (98.4)
Season of conception®
Winter 90,360 (23.0) 186,013 (26.1) 105,919 (25.6)
Spring 92,381 (23.5) 189,348 (26.6) 97,751 (23.6)
Summer 102,690 (26.2) 170,177 (23.9) 100,506 (24.3)
Fall 107,155 (27.3) 167,583 (23.5) 109,638 (26.5)
& Winter (December—February); Spring (March—May); Summer (June—August); Fall (September—November).
Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.

was a clear general seasonal trend in
preterm birth, with the incidence peaking
in the early winter months, and the lowest
levels observed in late summer and early
fall. Notably, in most years, the incidence
of preterm birth steadily declined during
the first 3 months of each year.

The DiD analyses included 895,945
births occurring in the period 16 weeks
before and after March 12 from 2014 to
2020 (234,517 in Norway, 421,544 in

Sweden, and 239,884 in Denmark).
There was no evidence that the parallel
trends assumption was violated in any of
the 3 countries (Figure 2; Supplemental
Figure 2). The DiD estimates for pre-
term birth with different weekly in-
tervals are presented in Figure 3 (source
data in Supplemental Tables 5—7). For
all time intervals, there was no discern-
ible difference in the country-specific
incidence of preterm birth after

lockdown. There was no evidence of
heterogeneity in the meta-analysis, and
pooled estimates did not show an overall
decrease across the 3 countries.
Similarly, when preterm birth was
stratified into medically indicated or
spontaneous, there was no convincing
difference in the country-specific prev-
alence following March 12, 2020 in any
of the 3 countries (Figure 4). As with the
overall preterm birth analysis, there was
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FIGURE 1

and Denmark

Incidence of preterm birth by week® from 2014 to 2020 in Norway, Sweden,

8.0

7.0

6.0

50

4.0

3.0

% Preterm births

20

1.0

0.0
NN
S
S
VP

Year and week

N QN
Q QY
B P

— Sweden —Norway —— Denmark

®Rolling 3-week average. Dashed vertical lines represent week including March 12.
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no evidence of heterogeneity, and pooled
estimates did not provide evidence of a
change in the incidence of either medi-
cally indicated or spontaneous preterm
birth.

The introduction of COVID-19 miti-
gation measures had no impact on the
incidence of very preterm birth (<32
completed weeks) in any of the 3 coun-
tries (Supplemental Figure 3).

FIGURE 2

Denmark

Percent difference in preterm birth in the weeks before and after March 122,
comparing births in 2020 to births in 2014 to 2019 in Norway, Sweden, and
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Comment

Principal findings

We found no convincing evidence to
support a change in the incidence of
preterm birth following the introduction
of COVID-19 mitigation measures in
Norway, Sweden, and Denmark. Simi-
larly, the rates of very preterm birth
(<32 completed weeks) did not seem to
decline after lockdown in any of the
Scandinavian countries. The findings
were similar when evaluating medically
indicated or spontaneous preterm births
separately.

Results in the context of what is
known

There have been reports of a decline in
preterm births after the onset of the
COVID-19 pandemic in HICs®** 3¢,
although findings are inconsistent.””**
Pooled estimates from a recent meta-
analysis suggest a modest decrease in
overall preterm birth in HICs only and
also a reduction in spontaneous preterm
birth but not medically indicated pre-
term birth,® although the latter finding
rests on the results from only 2 hospital-
based studies.””” Notably, an earlier
analysis of Danish data comparing births
in the month following lockdown to
births in the same interval in earlier years
concluded that there was a decrease in
extremely preterm birth after lockdown
but no similar trend for later preterm
births.”” However, this was on the basis
of only 1 extremely preterm birth
recorded for the 2020 study period. A
short report comparing births in Sweden
before and after the start of the COVID-
19 pandemic did not find any association
between birth during the COVID-19
pandemic and preterm birth,** which is
consistent with the findings reported
here. The general inconsistency in results
across previous studies likely reflects
methodological heterogeneity, selection
criteria, and a lack of ability to minimize
bias caused by existing seasonal and time
trends in preterm birth, and also low
power for rare outcomes such as preterm
birth subtypes.'” In addition, in-
consistencies in the results may reflect
heterogeneity in the mitigation measures
and differing population and health
system characteristics.
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FIGURE 3
Meta-analyses of difference-in-differences estimates for preterm birth
Events Events

2020 2014-19 DID per 1000 %

n (%) n (%) births (95% Cl)  Weight
16 weeks
Norway 1850 (5.8) 11647 (5.7) -3.6 (-9.2t0 2.0) 26.59
Sweden 3436 (5.5) 20591 (5.7) -0.3 (4.7 t0 4.0) 43,61
Denmark 2060 (5.7) 11930 (5.9) -2.2(-7.4103.1) 29.80
(F =0.0%, p =0.647) -1.8(-46t01.1)  100.00
12 weeks
Norway 1408 (5.9) 8854 (5.7) 5.0 (-11.4 to0 1.4) 2467
Sweden 2582 (5.5) 15672 (5.7) 0.2 (-4.8 t0 4.4) 47.94
Denmark 1504 (5.6) 9000 (5.8) a1 3.7 (-9.8 10 2.4) 27.39
(' =0.0%, p = 0.425) <> -2.3(-55t00.8)  100.00
8 weeks
Norway 944 (5.8) 5911 (5.6) : 5.2 (-12.9 t0 2.6) 24.07
Sweden 1749 (5.5) 10524 (5.6) 1.4 (-4.110 6.8) 49.09
Denmark 975(5.6) 6001 (5.8) -2.3(-9.6t05.1) 26.84
(' =0.0%, p = 0.376) -12(-5.0t02.6)  100.00
4 weeks
Norway 447 (56) 2966 (5.7) 0.9 (-11.7 t0 9.9) 24.99
Sweden 905 (5.7) 5184 (5.6) 0.0 (-7.8 t0 7.9) 47.33
Denmark 460 (5.3) 3001 (5.8) 0.3 (-9.9 to 10.6) 27.68
(' =0.0%, p = 0.985) — -0.1(-55t05.3)  100.00
2 weeks
Norway 211 (5.3) 1426 (5.6) — 6.3 (-8.7 t0 21.3) 24.76
Sweden 433(5.5) 2605 (5.6) B 3.3 (-7.6 to 14.1) 47.28
Denmark 217 (5.0) 1470 (5.7) = 2.1(-12.0to 16.2) 27.95
(F'=0.0%, p=0.918) _ 37(-3.8t011.1)  100.00

| I I I
-20.0 -10.0 0.0 10.0 20.0

Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.

Although the 3 Scandinavian coun-
tries have a similar culture, populations,
and healthcare systems, at the beginning
of the pandemic, there was a major dif-
ference in the approach to policies and
interventions designed to mitigate the
COVID-19 pandemic.'”"” Both the
Norwegian and Danish governments
swiftly introduced emergency legislative
powers, allowing them to implement
domestic restrictions that would other-
wise be constitutionally unlawful. One
key difference between the 3 countries
relates to education closures: in mid-
March 2020, all schools were closed in
Norway and Denmark, whereas Sweden
followed some days later with only a
recommendation for high schools and
universities to close. There was also
stronger advice to work from home in
both Norway and Denmark. Although
the 3 countries had similar rates of
COVID-19 cases on March 12, by July
2—16 weeks into the pandemic—the
cumulative  confirmed  COVID-19

deaths per million people was 46.3 in
Norway, 104.62 in Denmark, and 535.8
in Sweden.'* Trust in the government is
generally high across all the 3 coun-
tries,” and there is evidence of high
compliance with the mitigation mea-
sures that were introduced as a result of
the pandemic.** Adherence to public
health recommendations around social
distancing and hygiene almost certainly
contributed to an abrupt end to the
2019/20 influenza season in the 3 coun-
tries,*” with some evidence that these
measures also contributed to a decrease
in non-COVID-19 respiratory in-
fections.”® Although there were likely
some changes to healthcare in the 3
countries immediately following the
start of the pandemic, these were likely
to predominantly be reflected in re-
ductions in elective care rather than
changes in the provision of essential
maternal health services.

Although the results from the meta-
analyses lacked evidence for a decrease

in preterm birth for any of the defined
time intervals, it is notable that in Nor-
way, the estimates were negative (sug-
gesting a decrease after March 12, 2020)
for the overall preterm birth outcome for
the 8-, 12-, and 16-week intervals. The
fact that these trends were only observed
for the longer time intervals following
March 12, 2020 in Norway may support
the hypothesis of a gradual change in
biologic processes that influence preterm
birth rather than any immediate impact
of changes in healthcare delivery. How-
ever, the fact that the trends for
Denmark—which arguably had a similar
level of “lockdown”—were much weaker
does not support this hypothesis of some
gradual change in the incidence of pre-
term birth after the introduction of
stricter COVID-19 mitigation measures.

Clinical and research implications

Although there are some well-known
risk factors for preterm birth, the bio-
logic mechanisms behind preterm birth
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FIGURE 4
Meta-analyses of difference-in-differences estimates
A Events Events
2020  2014-19 DiD per 1000 %
n (%) n (%) births (95% CI)  Weight
16 weeks
Nonvay 833(26) 4834(2.4) 15(-54t024) 2044
Sweden 1182{1.8) 6450 (1.8) 05(-3.1t02.1)  48.03
Denmark 675(1.9) 4085 (2.0) 19(-50t012) 3263
(f'=00%, p=0783) -12(-29t008)  100.00
12 weeks
Nonvay 642(2.7) 3700(2.4) -23(-8.8102.2) 18.72
Sweden 888(1.9) 4884(1.8) -0.7(-3.4t0 2.0) 51.54
Denmark 502(1.9) 5845(3.7) 08(-44t028) 2074
(' =0.0%, p=0831) -1.0{(-30t00.8)  100.00
8 weeks
Nonvay 448(2.8) 2481(23) 3.0(-85t028 1821
Sweden 625(2.0) 3350(1.8) 04(-37t028) 5235
Denmark 333(1.9) 2044 (2.0) 21(65t022) 2945
(F = 0.0%, p = 0.686) -14(-38t01.0) 100.00
4 weeks
Nonvay 192 (2.4) 1261(2.4) 08(-80t06.8)  19.91
Sweden 200(20) 1650(1.8) B3A(-T.7t018) 5078
Denmark 159 (1.8) 1020 (2.0) 40(-10.1t02.1)  29.33
(f' =00% p=0774) 29(-62t05  100.00
2 weeks
Nonvay 87(22) 583{23) 38(65t0137) 2078
Sweden 157 (2.0)  838(1.8) 15(-80t05.1) 4870
Denmark 73(1.7)  488(1.9) —H— 2.6(-5.7t0 10.9) 30.42
(' =0.0%, p=0628) <[ 0.8(38t54) 100.00
Ll 1 1 I
200  -100 0.0 10.0 20.0
B Events Events
2020 2014-18 DD per 1000 %
n (%) n (%) births (95% CI)  Weight
16 weeks
Nonvay 1017 (32)  6812(3.4) - -2.3(6.8120) 2897
Sweden 2253 (38) 14141 (3.9) 02(34t038) 4230
Denmark 1385 (3.8) 7284 (3.9) 03(-481040) 2864
(f'=00%, p=0672) 07(-30t017) 100.00
12 weeks
Nonvay 765(32) 5154(3.3) - 30(-80t0198)  27.10
Sweden 1696 (3.6) 10788 (2.9) 05(-32t043) 4652
Denmark 1001 (3.8) 5908 (3.8) 30(-80t021)  26.38
(' = 0.0%, p=0.409) -1.4{(-39t012)  100.00
8 weeks
Nonvay 405(3.1)  2430(3.2) 25(-841033) 2674
Sweden 1124 (3.5) 7174 (3.8) 18(-26t82) 4781
Denmark 842(37) 2057 (3.8) 0.1(62159) 2585
(f' = 0.0%, p=0512) 0.1(28t032) 100.00
4 weeks
Nonvay 255(32)  1705(3.3) - 0.4(-801080) 2677
Sweden 508(3.8) 2534 (3.8) —— 3.1(33t1008)  48.05
Denmark 201(35)  1081(3.8) — . 44(40t0128)  27.18
(' =0.0% p=0712) < 25(-1.9t069) 100.00
2 weeks
Nonvay 124 (3.1) 843(3.3) 20(8810149) 2584
Sweden 276(35)  1767(3.8) ——E.— 47(4110135)  47.03
Denmark 144 (3.3) 982 (3.8) 05(-121t011.0)  27.13
(F = 0.0%, p=0779) ﬂF‘>— 29(-32t089) 100.00
T T T T
200  -100 0.0 10.0 200

For (A) medically indicated preterm birth and (B) spontaneous preterm birth.
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remain poorly understood,*” and iden-
tifying additional factors that could in-
fluence preterm risk is of great interest,
as preterm births represent a substantial
burden for the children themselves, the
parents, and society. Early reports of a
decrease in preterm birth following the
onset of the COVID-19 pandemic have
therefore ignited much interest,'"” and
this is likely in part because of the well-
established  challenge of further
reducing preterm birth incidence in
countries with already low rates of pre-
term birth.”* Further research could
usefully investigate the extent to which
the impact of COVID-19 mitigation
measures may be mediated by contextual
factors such as existing trends in preterm
birth and characteristics of healthcare
systems.

Strengths and limitations

This study used national registry data
covering more than 1.5 million births in
the 3 Scandinavian countries from 2014
through 2020. We captured all births in
Norway and Denmark in this time
period, and 92% of births in Sweden.
Approximately 8% of births were
missing because of incomplete electronic
data transfer in 3 of Sweden’s 21
counties.'” The missing registrations did
not depend on the birth outcomes and
would not bias associations. By
comparing the births around March
2020 with those in the same seasonal
period in the previous years, we could
account for discernible seasonal and
yearly trends in preterm birth. Prospec-
tive and well-established routine collec-
tion of data reduces bias from reporting,
and our primary outcome (preterm
birth) is an objective outcome based on
gestational age estimates derived pre-
dominantly from ultrasonography.

The COVID-19 pandemic arguably
represents the most important natural
experiments of our time and is well
suited to the application of quasi-
experimental methods. DiD methods
are designed to minimize the effect of
any unmeasured confounding. Never-
theless, unbiased DiD estimates hinge on
the assumption of parallel pretrends.
Visual inspection of plots did not suggest
that the parallel trends assumption was

violated. The wvalidity of the approach
also depends on the “common shocks”
assumption, which can be defined as the
assumption that any other event that
occurs during or following the inter-
vention should affect each group equally.
The common shocks assumption is
essentially an untestable assumption
involving any exogenous shocks that
may be unknown. However, the use of
data from the 3 countries with compa-
rable findings suggest that this is not the
cause of our findings.

A strength of our study was that we
could subdivide preterm births into those
with a spontaneous onset and those that
were medically indicated. We could also
assess very preterm birth (<32 weeks) as
a standalone outcome. However, the
number of country-specific events by
week was insufficient to assess any impact
on less common preterm birth subtypes
such as extremely preterm birth (<28
completed weeks). We could not there-
fore use our DiD approach to confirm the
suggested decreased incidence of
extremely preterm birth found in a pre-
vious Danish study.”’

This study aimed to assess the indirect
consequences of the COVID-19
pandemic on preterm birth, and we,
therefore, did not include information
on SARS-CoV-2 infection in pregnancy.
There is emerging evidence that SARS-
CoV-2 infection is associated with an
increased risk of preterm birth.*>”
However, given the generally low level
of testing among asymptomatic and
mild cases, these findings predominantly
relate to more severe infections, so it is
expected that confounding by indication
will bias the estimates toward an associ-
ation. The impact of any direct effect of
SARS-CoV-2 infection on preterm birth
in Scandinavia is likely to be minimal,
given the still comparatively low rates of
infection in these countries during the
study period.

Conclusion

The indirect impacts of the COVID-19
pandemic are far-reaching and are still
only beginning to be understood. Using
robust population-based data from 3
HIC with varying levels of COVID-19
mitigation measures, we found no

strong evidence of a decline in preterm
birth following the onset of the COVID-
19 pandemic in March 2020.
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SUPPLEMENTAL FIGURE 1
Study flowchart
1,552,401 births between 1 January, 2014 and 31 December,
2020
(402,652 in Norway, 723,390 in Sweden, 426,359 in Denmark)
2453 births excluded due to pregnancy outcome
> unknown or ineligible
(2011 in Norway, 0 in Sweden, 442 in Denmark)
7053 births excluded as gestational age <22 weeks
»| or missing
(1875 in Norway, 28 in Sweden, 5150 in Denmark)
23,374 births excluded as they relate to the second
»| orsubsequent birth in a multiple pregnancy
(6180 in Norway, 10,241 in Sweden, 6953 in
Denmark)
A 4
1,519,521 eligible births between 1 January, 2014 and 31

December, 2020

(392,586 in Norway, 713,121 in Sweden, 413,814 in Denmark)

623,576 births occurring outside the time period
of interest for the difference-in-differences
analysis

A 4

(158,069 in Norway, 291,577 in Sweden, 173,930
in Denmark)

A 4

895,945 births contributing to the 16 week interval difference-in-
differences analysis

(234,517 in Norway, 421,544 in Sweden, 239,884 in Denmark)
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SUPPLEMENTAL FIGURE 2
Preterm birth by month and year in Norway, Sweden, and Denmark,
2014—2020
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SUPPLEMENTAL FIGURE 3

Meta-analyses of difference-in-differences estimates for very preterm birth

Events Events

2020 2014-19 DiD per 1000 %

n (%) n (%) births (95% CI)  Weight
16 weeks
Norway 313(1.0) 1914 (0.9) -0.2 (-2.6 t0 2.3) 24.50
Sweden 562 (0.9) 3440 (1.0) -0.4 (-2.2t0 1.4) 45.67
Denmark 326 (0.9) 2125(1.0) -0.3(-2.5t0 1.9) 29.83
(I =0.0%, p=0.992) -0.3(-1.5100.9) 100.00
12 weeks
Norway 237 (1.0) 1486 (1.0) 0.0 (-2.8t0 2.8) 22.87
Sweden 432 (0.9) 2645 (1.0) -0.2(-2.1t01.7) 49.74
Dzenmark 229 (0.9) 1607 (1.0) -0.5(-3.1t0 2.0) 27.39
(' =0.0%, p =0.957) -0.2(-1.6t0 1.1) 100.00
8 weeks
Norway 154 (1.0) 1013 (1.0) 1.0(-24t04.4) 22.50
Sweden 278 (0.9) 1805 (1.0) -0.6 (-2.81t0 1.7) 51.28
Denmark 144 (0.8) 1062 (1.0) 0.6 (-2.6 t0 3.7) 26.22
(' =0.0%, p=0.710) <> 0.1(-1.5t01.7) 100.00
4 weeks
Norway 81 (1.0 508 (1.0) -0.8 (-5.8t04.1) 22.09
Sweden 137 (0.9) 903 (1.0) -2.0(-5.1t01.2) 53.14
Denmark 64 (0.7) 563 (1.1) 0.7 (-3.9t0 5.4) 24.77
(' =0.0%, p = 0.640) <r -1.1(-3.4t0 1.3) 100.00
2 weeks
Norway 37 (0.9) 244 (1.0) — 1.5(-56.2108.2) 23.16
Sweden 76 (1.0) 447 (1.0) —— -1.0 (-5.6 10 3.7) 48.39
Denmark 37 (0.8) 279 (1.1) —— 1.6(-4.5t07.6) 28.45
(I =0.0%, p=0.750) e 0.3 (-2.9t0 3.6) 100.00

T T T
-20.0 -10.0 0.0 10.0 20.0

Cl, confidence interval; DiD, difference-in-differences.

Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am J Obstet Gynecol 2022.

Data sources
or outcome

SUPPLEMENTAL TABLE 1
Outcome definitions and data sources

Norway

Sweden

Denmark

Data sources

Preterm birth

preterm birth

birth

Medically-indicated

Spontaneous preterm

Very preterm birth

Medical Birth Registry of Norway

Live birth or stillbirth <259 d*

Live birth or stillbirth <259
d with induced labor or cesarean
delivery without labor

Live birth or stillbirth <259
d with spontaneous start of labor

Live birth or stillbirth <223 d

ICD-10, International Classification of Diseases, Tenth Revision.

Swedish Pregnancy Register

1) ICD-10 060.1 (Spontaneous preterm
labor with preterm delivery) or 2) live
birth or stillbirth <259 d?

1) ICD-10 060.3 (Preterm birth without
spontaneous start of labor) or 2) live
birth or stillbirth <259 d with induced
labor or cesarean delivery without labor

1) ICD-10 060.1 (Spontaneous preterm
labor with preterm delivery) or 2) live
birth or stillbirth <259 d with
spontaneous start

Live birth or stillbirth <223 d

Danish National Patient Register
The Danish Civil Registration System
Danish Medical Birth Register

Live birth or stillbirth <259 d*

Live birth or stillbirth <259 d with
induced labor, or cesarean delivery
without labor. If there is a code
indicating rupture of membranes
without regular contractions, the birth is
reclassified as spontaneous preterm.

Live birth or stillbirth <259 d that is not
classified as induced (provided above)
and is not unclassifiable

Live birth or stillbirth <223 d

2 Gestational age is based on routine ultrasound measurements when this is available (approximately 98% of births); otherwise, the last menstrual period is used.
Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am J Obstet Gynecol 2022.
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SUPPLEMENTAL TABLE 2

Characteristics of births in Norway by year, 2014 to 2020

All 2014 2015 2016 2017 2018 2019 2020
Characteristics n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
All births 392,586 58,548 58,417 58,563 56,123 54,734 54,053 52,148
Gestational age (wk)
Extremely preterm <28 1449 (0. 250 4) 232 209 (0.4) 203 195 194 4) 166 (0
Very preterm 2123 (0 324 .6) 316 (0.5) 339 (0.6 281 (0.5) 268 311 .6) 284 (0.
28—<32
Moderate or late 18,256  (4.7) 2685 (4.6) 2750 (4.7 2789 (4.8) 2587 (4.6) 2539 (4.6) 2506  (4.6) 2400 (4.6)
preterm 32—<37
Term 37—<42 354,821 (90.4) 53,200 (90.9) 52,848 (90.5 52,873 (90.3) 50,448 (89.9) 49,397 (90.2) 48,665 (90.0) 47,390 (90.9)
Postterm >42 15937 (4.1) 2089 (3.6) 2271 (3.9 2353 (4.0) 2604 (4.6) 2335 (4.3 2377 (4.4 1908 (3.7)
Maternal age
<20 3710  (0.9) 808 (1.4) 741 (1.3) 659 (1.1) 439 (0.9 414 (0.9) 349 (0.6 250 (0.5)
20—24 41,279  (10.5) 7474 (12.8) 7097  (12.1) 6618 (11.3) 5790 (10.3) 5395 (9.9) 4755 (8.8) 4150 (8.0
25—29 126,280 (32.2) 18,765 (32.1) 19,179 (32.8) 19,224 (32.8) 18,553 (33.1) 17,641 (32.2) 16,896 (31.3) 16,022 (30.7)
30—34 139,841 (35.6) 19,852 (33.9) 19,593 (335 20,243 (34.6) 19,820 (35.3) 19,999 (36.5 20,254 (37.5) 20,080 (38.5)
35-39 66,785 (17.0) 9558  (16.3) 9733 (16.7) 9666 (16.5) 9356 (16.7) 9295 (17.0) 9623 (17.8) 9554 (18.3)
>40 14,690 (3.7) 2091  (3.6) 2074  (3.6) 2152 (3.7) 2115 (3.8) 1990 (3.6) 2176  (4.0) 2092 (4.0)
Missing 1 1
Parity
0 166,742 (42.5) 24,754 (42.3) 24,920 (42.7) 24901 (42.5) 23,624 (42.1) 23,168 (42.3) 22,999 (42.5) 22,376 (42.9)
>1 225,844 (57.5) 33,794 (57.7) 33,497 (57.3) 33,662 (57.5) 32,499 (57.9) 31,566 (57.7) 31,054 (57.5) 29,772 (57.1)
Missing
Multiple birth
Yes 6107 (1.6) 937  (1.6) 982 (1.7) 935 (1.6) 898 (1.6) 821 (1.5 826 (1.5) 708 (1.4
No 386,479 (98.4) 57,611 (98.4) 57,435 (98.3) 57,628 (98.4) 55225 (98.4) 52913 (96.7) 53,227 (98.5 51,440 (98.6)

Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.
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BMI, body mass index.

& Winter (December—February); Spring (March—May); Summer (June—August); Fall (September—November).
Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.

SUPPLEMENTAL TABLE 2
Characteristics of births in Norway by year, 2014 to 2020 (continued)
All 2014 2015 2016 2017 2018 2019 2020
Characteristics n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Country of birth
Norway 275,365 (70.1) 41,835 (71.5) 41,230 (70.6) 41,124 (70.2) 38,758 (69.1) 37,862 (69.2) 37,688 (69.7) 36,868 (70.7)
Other Scandinavia 8228 (2.1) 1213 (2.1) 1210 (2.1) 1243 (2.1) 1154 (2.1) 1155 (2.1) 1179 (2.2) 1074 (2.1)
Outside Scandinavia 107,318 (27.3) 15,187 (25.9) 15,703 (26.9) 15957 (27.2) 15,953 (28.4) 15526 (28.4) 14,982 (27.7) 14,010 (26.9)
Missing 1675 (0.4) 313 (0.5) 274 (0.5) 239 (0.4 258 (0.5) 191 (0.3) 204 (0.4 196 (0.4)
Maternal education status (y)
<9 58,273 (14.8) 8910 (15.2) 9037 (15.5) 8911 (15.2) 8477 (15.1) 8175 (14.9) 7773 (14.4) 6990 (13.4)
10—12 85421 (21.8) 13,806 (23.6) 13,507 (23.1) 13,095 (22.4) 12,109 (21.6) 11,404 (20.8) 11,118 (20.6) 10,382 (19.9)
>12 218,689 (55.7) 32,129 (54.9) 32,045 (54.9) 32,287 (55.1) 31,039 (55.3) 30,441 (55.6) 30,620 (56.6) 30,128 (57.8)
Missing 30,203 (7.7) 3703  (6.3) 3828 (6.6) 4270  (7.3) 4498 (8.0 4714 (8.6) 4542 (8.4) 4648 (8.9)
Season of conception®
Winter 90,360 (23.00 13,352 (22.8) 13,492 (23.1) 13,304 (22.7) 12,928 (23.00 12,648 (23.1) 12,580 (23.3) 12,056 (23.1)
Spring 92,381 (23.5) 13,979 (23.9) 13,628 (23.3) 13,772 (23.5) 13,198 (23.5) 12,837 (23.5) 12,789 (23.7) 12,178 (23.4)
Summer 102,690 (26.2) 15,405 (26.3) 15,081 (25.8) 15,641 (26.7) 14,734 (26.3) 14,271 (26.1) 13,946 (25.8) 13,612 (26.1)
Fall 107,155 (27.3) 15,812 (27.0) 16216 (27.8) 15846 (27.1) 15263 (27.2) 14,978 (27.4) 14,738 (27.3) 14,302 (27.4)
BMI (kg/m?)
<18.5 12,941  (3.3) 1777 (3.0) 1858 (3.2 1973  (3.4) 1984 (3.5 1884 (3.4) 1821 (3.4 1644 (3.2)
18.5—<25 200,623 (51.1) 26,170 (44.7) 27,091 (46.4) 29,939 (51.1) 29,713 (52.9) 29,851 (54.5) 29,524 (54.6) 28,335 (54.3)
25—<30 73,321  (18.7) 9008 (15.4) 9385 (16.1) 10,553 (18.0) 10,653 (19.0) 11,121 (20.3) 11,306 (20.9) 11,295 (21.7)
>30 41,315 (10.5) 5047 (8.6) 5060 (8.7) 5665 (9.7) 5901 (10.5) 6230 (11.4) 6657 (12.3) 6755 (13.0)
Missing 64,386 (16.4) 16,546 (28.3) 15,023 (25.7) 10,433 (17.8) 7872 (14.0) 5648 (10.3) 5746  (10.6) 4119  (7.9)
Smoking in early pregnancy
No 342,517 (87.2) 48,487 (82.8) 50,595 (86.6) 51,729 (88.3) 49,308 (87.9) 48,488 (88.6) 48,104 (89.0) 46,006 (88.2)
Yes 15,199 (3.9) 3678 (6.3) 2941 (5.0 2530 (4.3) 1993 (3.6) 1665 (3.0) 1301 (2.4) 1091 (2.1)
Missing 34,870 (8.9) 6383 (10.9) 4881 (8.4) 4304 (7.3) 4822 (8.6) 4781  (8.7) 4648 (8.6) 5051 (9.7)
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SUPPLEMENTAL TABLE 3
Characteristics of births in Sweden by year, 2014 to 2020

All 2014 2015 2016 2017 2018 2019 2020

Characteristics n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
All births 713,121 89,437 102,483 107,877 104,314 104,556 102,937 101,517
Gestational age (wk)

Extremely preterm <28 2670 4) 374 (0.4) 401 432 (0.4) 370 (0.4 349 385 (0.4) 359 (0.4

Very preterm 3912 .5) 537 (0.6) 579 (0.6) 601 590 (0.6) 553 (0.5) 530 522 (0.5)

28—<32

Moderate or late 33,264 (4.7) 4231 (4.7 4869 (4.8) 5095 (4.7) 4924 (4.7 4822 (4.6) 4740 (4.6) 4583 (4.5)

preterm 32—<37

Term 636,182 (89.2) 79,221 (88.6) 90,605 (88.4) 95382 (88.4) 92,699 (88.9) 93,240 (89.2) 92,464 (89.8) 92,571 (91.2)

37—<42

Poz;term 36,113 (5.1) 5074 (5.7) 6029 (5.9) 6367 (5.9) 5731 (5.5) 5592 (5.3) 4818 (4.7) 2482  (2.4)

>
Maternal age

<20 7266 (1.0) 1078 (1.2) 1139 (1.1) 1332 (1.2) 1073 (1.0) 1052 (1.0 880 (0.9 712 (0.7)

20—24 75,668 (10.6) 10,980 (12.3) 12,347 (12.0) 12,560 (11.6) 11,245 (10.8) 10,551 (10.1) 9542 (9.3 8443 (8.3)

25—29 223,444 (31.3) 27,130 (30.3) 32,283 (31.5) 34,390 (31.9) 33,200 (31.8) 33,358 (31.9) 32,116 (31.2) 30,967 (30.5)

30—-34 246,949 (34.6) 30,619 (342) 34,198 (33.4) 35722 (33.1) 35387 (339) 36,401 (34.8) 36,762 (357) 37,860 (37.3)

35—-39 128,099 (18.0) 15,742 (176) 18,126 (17.7) 19,087 (17.7) 18,713 (1790 18,719 (1790 18,864 (18.3) 18,848 (18.6)

>40 31,484 (4.4) 3846 (4.3 4350 (4.2 4739 (4.9 4667 (4.5) 4459 (4.3) 4750 (4.6) 4673 (4.6)

Missing 211 (0.0) 42 (0.0) 40 (0.0 47 (0.0 29 (0.0) 16 (0.0) 23 (0.0) 14 (0.0)
Parity

0 306,085 (42.9) 38,527 (43.1) 43,770 (42.7) 45903 (42.6) 44,576 (42.7) 45179 (43.2) 44,202 (42.9) 43,928 (43.3)

>1 402,892 (56.5) 49,654 (55.5) 57,305 (55.9) 60,709 (56.3) 59,674 (57.2) 59,329 (56.7) 58,675 (57.0) 57,546 (56.7)

Missing 4144 (0.6) 1256 (1.4) 1408 (1.4) 1265 (1.2) 64 (0.1) 48 (0.0) 60 (0.1) 43  (0.0)
Multiple birth

Yes 10,072 (1.4) 1278 (1.4) 1490 (1.5) 1553  (1.4) 1528 (1.5) 1423 (1.4) 1378  (1.3) 1422 (1.4)

No 703,049 (98.6) 88,159 (98.6) 100,993 (98.5) 106,324 (98.6) 102,786 (98.5) 103,133 (98.6) 101,559 (98.7) 100,095 (98.6)
Country of birth
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SUPPLEMENTAL TABLE 3
Characteristics of births in Sweden by year, 2014 to 2020 (continued)
All 2014 2015 2016 2017 2018 2019 2020
Characteristics n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Scandinavia 467,815 (65.6) 60,828 (68.0) 67,377 (65.7) 69,920 (64.8) 67,965 (65.2) 68,250 (65.3) 67,212 (65.3) 66,263 (65.3)
Outside Scandinavia 179,445 (25.2) 18,114 (20.3) 22,380 (21.8) 27,908 (25.9) 27,816 (26.7) 28,306 (27.1) 28,165 (27.4) 26,756 (26.4)
Missing 65,861 (9.2) 10,495 (11.7) 12,726 (12.4) 10,049 (9.3 8533 (8.2 8000 (7.7) 7560 (7.3) 8498 (8.4)
Maternal education status (y)
<9 51,858 (7.3) 5755 (6.4) 6980 (6.8) 8559 (7.9) 8358 (8.0 7991 (7.6) 7432 (7.2 6783 (6.7)
10—12 224,867 (31.5) 27,970 (31.3) 32,128 (31.3) 34,644 (32.1) 33,834 (325) 33,877 (324) 32,363 (31.4) 30,001 (29.6)
>12 312,802 (43.9) 36,877 (41.2) 41,699 (40.7) 46,019 (42.7) 46,105 (44.2) 47,504 (45.4) 46,928 (45.6) 47,670 (47.0)
Missing 123,594 (17.3) 18,835 (21.1) 21,676 (21.2) 18,655 (17.3) 15967 (15.3) 15184 (145 16,214 (158) 17,063 (16.8)
Season of conception®
Winter 186,013 (26.1) 21,807 (24.4) 26,372 (25.7) 28,483 (26.4) 27,433 (26.3) 27,811 (26.6) 27,198 (26.4) 26,909 (26.5)
Spring 189,348 (26.6) 25970 (29.00 26,713 (26.1) 28,191 (26.1) 27,303 (26.2) 27,457 (26.3) 27,164 (26.4) 26,550 (26.2)
Summer 170,177 (23.9) 23,824 (26.6) 24,751 (24.2) 25,388 (23.5) 24,377 (234) 24336 (23.3) 23,824 (23.1) 23,677 (23.3)
Fall 167,583 (23.5) 17,836 (19.9) 24,647 (24.00 25815 (23.9) 25201 (24.2) 24,952 (23.9) 24,751 (24.0) 24,381 (24.0)
BMI (kg/m?)
<185 17,126  (2.4) 2321 (2.6) 2555  (2.5) 2595 (2.4) 2361 (2.3) 2525 (2.4) 2479 (2.4 2290 (2.3)
18.5—<25 376,453 (52.8) 50,470 (56.4) 56,329 (55.0) 57,239 (53.1) 52,041 (49.9) 54,522 (52.1) 53,377 (51.9) 52475 (51.7)
25—<30 175120 (24.6) 20,763 (23.2) 24,398 (23.8) 25,938 (24.0) 24,557 (23.5) 26,380 (25.2) 26,518 (25.8) 26,566 (26.2)
30—<35 67,469 (9.5) 7599 (8.5) 9042 (8.8) 9567 (8.9) 9682 (9.3) 10,446 (10.0) 10,386 (10.1) 10,747 (10.6)
>35 29,541 (4.1) 3027 (3.4 3826 (3.7) 4179 (3.9 4225 (4.1) 4558 (4.4) 4749 (4.6) 4977 (4.9
Missing 47,412  (6.6) 5257 (5.9) 6333 (6.2 8359 (7.7) 11,448 (11.0) 6125 (5.9) 5428 (5.3) 4462 (4.4
Smoking in early pregnancy
No 655,643 (91.9) 83,360 ) 95519 (93.2) 99,123 (91.9) 90,388 (86.6) 97,014 (92.8) 95,835 (93.1) 94,404 (93.0)
Yes 30,331 (4.3 4529 (0.0 5031 (4.9) 4789 (4.4) 4272 (4.1) 4219  (4.0) 3874 (3.8) 3617 (3.6)
Missing 27,147 (3.8) 1548  (0.0) 1933 (1.9) 3965 (3.7) 9654 (9.3) 3323 (3.2 3228 (3.1) 3496

BMI, body mass index.

 Winter (December—February); Spring (March—May); Summer (June—August); Fall (September—November).
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SUPPLEMENTAL TABLE 4
Characteristics of births in Denmark by year, 2014 to 2020

All 2014 2015 2016 2017 2018 2019 2020
Characteristics n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
All births 413,814 56,049 57,423 60,676 60,451 60,699 59,224 59,292
Gestational age (wk)
Extremely preterm <28 1620 (0.4) 218 (0.4) 234 (0.4) 250 (0.4) 270 (0.4) 269 (0.4) 212 (0.4) 167 (0.3)
Very preterm 28—<32 2393 (0.6) 329 (0.6) 335 (0.6) 366 (0.6) 354 (0.6) 352 (0.6) 336 (0.6) 321 (0.5)
Moderate or late preterm 32—<37 19,411 (4.7) 2707 (4.8) 27117 (4.7) 2839 (4.9) 2847 (4.7) 2816 (4.6) 2719 (4.6) 2716 (4.6)
Term 37—<42 381,218 (92.1) 51,684 (92.2) 52,908 (92.1) 55,774 (91.9) 55616 (92.0) 55,890 (92.1) 54,565 (92.1) 54,781 (92.4)
Postterm >42 9172 (2.2) 1111 (2.0) 1229 (2.1) 1397  (2.3) 1364 (2.3 1372 (2.3) 1392 (2.4) 1307 (2.2)
Maternal age (y)
<20 3296 (0.8) 629 (1.1) 583 (1.0 604 (1.0 480 (0.8) 407 (0.7) 325 (0.5 268 (0.5
20—24 41,652 (10.1) 6255 (11.2) 6325 (11.0) 6631 (10.9) 6522 (10.8) 6008 (9.9 5320 (9.0 4591 (7.7)
25—-29 138,920 (33.6) 17,965 (32.1) 18,813 (32.8) 20,383 (33.6) 20,515 (33.9) 20,670 (34.1) 20,311 (34.3) 20,263 (34.2)
30—34 144,304 (34.9) 19,083 (34.00 19,575 (34.1) 20,455 (33.7) 20,502 (33.9) 21,231 (35.00 21,329 (36.00 22,129 (37.3)
35—-39 69,390 (16.8) 9967 (17.8) 9924 (17.3) 10,302 (17.0) 10,013 (16.6) 9940 (16.4) 9560 (16.1) 9684 (16.3)
>40 16,252 (3.9) 2150 (3.9) 2203 (3.8) 2301 (3.9) 2419 (4.0 2443 (4.0 2379 (4.0 2357 (4.0
Missing
Parity
0 190,650 (46.1) 25,247 (45.0) 26,081 (45.4) 28,315 (46.7) 28,222 (46.7) 28,289 (46.6) 27,473 (46.4) 27,023 (45.6)
>1 223,120 (53.9) 30,802 (55.0) 31,342 (54.6) 32,361 (53.3) 32,229 (53.3) 32410 (53.4) 31,751 (53.6) 32,225 (54.3)
Missing 44  (0.0) (0.0 (0.0) (0.0) (0.0 (0.0) 44 (0.1)
Multiple birth
Yes 6768 (1.6) 1066 (1.9 972 (1.7) 1039 (1.7) 1044 (1.7) 921 (1.5) 881 (1.5 845 (1.4)
No 407,046 (98.4) 54,983 (98.1) 56,451 (98.3) 59,637 (98.3) 59,407 (98.3) 59,778 (98.5) 58,343 (98.5) 58,447 (98.6)
Season of conception®
Winter 105,919 (25.6) 14,290 (25.5) 15,063 (26.2) 15,752 (26.0) 15514 (25.7) 15,146 (25.00 15,170 (25.6) 14,984 (25.3)
Spring 97,751 (23.6) 13,287 (23.7) 13,644 (23.8) 14,062 (23.2) 14,454 (23.9) 14,401 (23.7) 13,959 (23.6) 13,944 (23.5)
Summer 100,506 (24.3) 13,648 (24.4) 13,536 (23.6) 14,726 (24.3) 14,750 (24.4) 15,176 (25.00 14,261 (24.1) 14,409 (24.3)
Fall 109,638 (26.5) 14,824 (26.4) 15,180 (26.4) 16,136 (26.6) 15,733 (26.0) 15976 (26.3) 15834 (26.7) 15,955 (26.9)
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BMI, body mass index.

& Winter (December—February); Spring (March—May); Summer (June—August); Fall (September—November).
Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.

SUPPLEMENTAL TABLE 4
Characteristics of births in Denmark by year, 2014 to 2020 (continued)
Al 2014 2015 2016 2017 2018 2019 2020
Characteristics n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
BMI (kg/m?)
<185 17,330 (0.6) 2479  (4.4) 2611 (4.5) 2631 (4.3) 2577 (4.3 2431 (4.0) 2265 (3.8) 2336 (3.9
18.5—<25 233,608 (7.8) 32,283 (57.6) 32,871 (57.2) 33,978 (56.0) 32,866 (54.4) 32,916 (54.2) 34,450 (58.2) 34,244 (57.9)
25—<30 96,071 (3.1) 12,960 (23.1) 13,400 (23.3) 14,120 (23.3) 14,271 (23.6) 14,660 (24.2) 13,218 (22.3) 13,442 (22.7)
30—<35 37,343 (1.2 4855 (8.7) 4961 (8.6) 5370 (8.9) 5550 (9.2) 5566 (9.2) 5532 (9.3 5509 (9.3)
>35 25,747  (0.6) 2619 (4.7) 2694 (4.7) 2942  (4.8) 3149 (5.2) 3302 (5.4 5532 (9.3 5509 (9.3)
Missing 8589 (0.2 853 (1.9) 886 (1.5) 1635 (2.7) 2038 (3.4 1824 (3.0 760 (1.3) 593 (1.0
Smoking in early pregnancy
No 359,664 (86.9) 49,311 (88.0) 50,738 (88.4) 53,143 (87.6) 52,267 (86.5) 53,906 (88.8) 47,160 (79.6) 53,139 (89.6)
Yes 37,978 (9.2) 6257 (11.2) 6232 (10.9) 5997 (9.9) 5537  (9.2) 5028 (8.3) 4333 (7.3 4594 (7.7)
Missing 16,172 (39 481 (0.9) 453 (0.8) 1536  (2.5) 2647 (4.4) 1765 (2.9) 7731 (13.1) 1559
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SUPPLEMENTAL TABLE 5
Births and events included in difference-in-differences analysis, Norway
2020 2014—2019
After March 12 Before March 12 After March 12 Before March 12
Events n (%) n (%) n (%) n (%)
16 wk
All births 16,879 14,960 111,027 91,651
Preterm birth 919 (5.4) 931 6.2 6181 (5.6) 5466 (6.0)
Medically- indicated 417 (2.5) 416 (2.8) 2571 (2.3 2263 (2.5)
Spontaneous 502 (3.0 515 (3.4) 3610 (3.3 3203 (3.5
Very preterm birth 156 0.9 157 (1.0) 996 (0.9 918 (1.0)
12 wk
All births 12,487 11,488 82,158 72,844
Preterm birth 685 (5.5) 723 (6.3) 4580 (5.6) 4274 (5.9)
Medically indicated 316 (2.5) 326 (2.8) 1931 (2.4) 1769 (2.4)
Spontaneous 369 (3.0 397 (3.5 2649 (3.2 2505 (3.4
Very preterm birth 122 (1.0 115 (1.0 776 0.9 710 (1.0
8 wk
All births 8190 7971 54,359 51,521
Preterm birth 457 (5.6) 487 (6.1) 3032 (5.6) 2879 (5.6)
Medically- indicated 218 2.7) 230 (2.9) 1287 (2.4) 1194 (2.3)
Spontaneous 239 (2.9) 257 (3.2 1745 (3.2 1685 (3.3
Very preterm birth 70 0.9 84 (1.1) 533 (1.0 480 0.9
4 wk
All births 3939 4080 26,440 25,668
Preterm birth 216 (5.5) 231 (5.7) 1493 (5.6) 1473 (5.7)
Medically- indicated 95 (2.4) 97 (2.4) 650 (2.5) 611 (2.4)
Spontaneous 121 (3.1) 134 (3.3 843 (3.2 862 (3.4
Very preterm birth 39 (1.0 42 (1.0 263 (1.0 245 (1.0
2 wk
All births 1941 2065 12,964 12,596
Preterm birth 111 (5.7) 100 4.8) 739 (5.7) 687 (5.5)
Medically- indicated 48 (2.5) 39 (1.9 311 (2.4) 272 (2.2
Spontaneous 63 (3.2 61 (3.0 428 (3.3 415 (3.3
Very preterm birth 20 (1.0 17 (0.8) 128 (1.0 116 0.9
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APRIL 2022 American Journal of Obstetrics & Gynecology 550.620



http://www.AJOG.org

OBSTETRICS

SUPPLEMENTAL TABLE 6
Births and events included in difference-in-differences analysis, Sweden
2020 2014—2019
After March 12 Before March 12 After March 12 Before March 12
Events n (%) n (%) n (%) n (%)
16 wk
All births 32,693 29,656 195,802 163,393
Preterm birth 1728 (5.3) 1708 (5.8) 10,866 (5.5 9725 (6.0)
Medically indicated 591 (1.8) 592 (2.0) 3400 (1.7 3050 (1.9)
Spontaneous 1137 (3.5) 1116 (3.8) 7466 (3.8 6675 4.1)
Very preterm birth 269 (0.8) 293 (1.0 1798 0.9 1642 (1.0
12 wk
All births 24,477 22,869 146,034 128,528
Preterm birth 1298 (5.3) 1284 (5.6) 8110 (5.6) 7562 (5.9)
Medically indicated 439 (1.8) 447 (2.0) 2546 (1.7 2338 (1.8)
Spontaneous 859 (3.5) 837 (3.7) 5564 (3.8 5224 4.1)
Very preterm birth 210 0.9 222 (1.0 1368 0.9 1277 (1.0)
8 wk
All births 16,108 15,732 96,458 90,502
Preterm birth 890 (5.5) 859 (5.5) 5399 (5.6) 5125 (5.7)
Medically- indicated 315 (2.0 310 (2.0 1741 (1.8) 1609 (1.8)
Spontaneous 575 (3.6) 549 (3.5 3658 (3.8 3516 (3.9
Very preterm birth 134 (0.8 144 0.9 920 (1.0 885 (1.0)
4 wk
All births 7868 7876 47,134 45,895
Preterm birth 454 (5.8) 451 (5.7) 2636 (5.6) 2548 (5.6)
Medically- indicated 145 (1.8) 164 (2.1) 852 (1.8 798 (1.7)
Spontaneous 309 (3.9 287 (3.6) 1784 (3.8 1750 (3.8)
Very preterm birth 58 (0.7) 79 (1.0 442 0.9 461 (1.0
2 wk
All births 3937 3987 23,386 23,135
Preterm birth 223 (5.7) 210 (5.3 1318 (5.6) 1287 (5.6)
Medically- indicated 78 (2.0) 79 (2.0) 438 (1.9 400 (1.7)
Spontaneous 145 (3.7) 131 (3.3 830 (3.8 887 (3.8)
Very preterm birth 35 0.9 41 (1.0 220 0.9 227 (1.0

Oakley et al. Preterm birth and COVID-19 mitigation measures in Scandinavia. Am ] Obstet Gynecol 2022.
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SUPPLEMENTAL TABLE 7
Births and events included in difference-in-differences analysis, Denmark
2020 2014—2019
After March 12 Before March 12 After March 12 Before March 12
Events n (%) n (%) n (%) n (%)
16 wk
All births 18,152 18,272 107,551 95,909
Preterm birth 1017 (5.6) 1043 (5.7) 6290 (5.8) 5640 (5.9)
Medically indicated 329 (1.8) 346 (1.9 2153 (2.0) 1913 (2.0
Spontaneous 688 (3.8) 697 (3.8) 4137 (3.8) 3727 (3.9)
Very preterm birth 161 0.9) 165 (0.9 1101 (1.0) 1024 (1.1)
12 wk
All births 13,214 13,470 79,414 74,718
Preterm birth 733 (5.5) 771 (5.7) 4636 (5.8) 4364 (5.8)
Medically indicated 246 (1.9) 257 (1.9 1586 (2.0) 1508 (2.0
Spontaneous 487 (3.7) 514 (3.8) 3050 (3.8) 2856 (3.8)
Very preterm birth 115 0.9 114 (0.8) 816 (1.0) 791 (1.1)
8 wk
All births 8664 8894 52,167 51,853
Preterm birth 482 (5.6) 493 (5.5) 3039 (5.8) 2962 (5.7)
Medically- indicated 161 (1.9) 172 (1.9 1047 (2.0 997 (1.9)
Spontaneous 321 (3.7) 321 (3.6) 1992 (3.8) 1965 (3.8)
Very preterm birth 76 0.9 68 (0.8) 523 (1.0) 539 (1.0)
4 wk
All births 4207 4469 25,828 26,236
Preterm birth 228 (5.4) 232 (5.2) 1495 (5.8) 1506 (5.7)
Medically- indicated 70 (1.7) 89 (2.0) 502 (1.9 518 (2.0)
Spontaneous 158 (3.8) 143 (3.2 993 (3.8) 988 (3.8)
Very preterm birth 35 (0.8) 29 (0.6) 275 (1.1) 288 (1.1)
2 wk
All births 2101 2269 12,923 12,984
Preterm birth 108 (5.1) 109 (4.8) 733 (5.7) 737 (5.7)
Medically- indicated 39 (1.9) 34 (1.5) 245 (1.9 243 (1.9
Spontaneous 69 (3.3) 75 (3.3 488 (3.8) 494 (3.8)
Very preterm birth 17 (0.8) 20 (0.9 128 (1.0) 151 (1.2
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