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Abstract

Objectives: As welfare societies, Scandinavian countries share characteristics of equality related
to healthcare access, gender, and social services. However, cultural and lifestyle variations create
country-specific health differences. This meta-analysis assessed the prevalence of preterm birth
(PTB) and its categories in Scandinavian countries.

Methods: A systematic search in key databases of literature published between 1990 and 2021
identified studies of the prevalence of PTB and its categories. Following the use of the Freeman—
Tukey double arcsine transformation, a meta-analysis of weighted data was performed using the
random-effects model and meta-prop method.

Results: We identified 109 observational studies that involved 86,420,188 live births. The overall
pooled prevalence (PP) of PTB was 5.3% (PP =5.3%, 95% confidence interval [CI] 5.1%, 5.5%).
The highest prevalence was in Norway (PP=6.2%, 95% Cl 5.3%, 7.0%), followed by Sweden
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(PP=5.3%, 95% Cl 5.1%, 5.4%), Denmark (PP=5.2%, 95% Cl 4.9%, 5.3%), and Iceland
(PP =5.0%, 95% Cl 4.4%, 5.7%). Finland had the lowest PTB rate (PP =4.9%, 95% Cl 4.7%, 5.1%).
Conclusions: The overall PP of PTB was 5.3%, with small variations among countries
(4.9%—6.2%). The highest and lowest PPs of PTB were in Norway and Finland, respectively.
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Introduction

Preterm birth (PTB) is defined by the World
Health Organization as live births before 37
completed weeks of gestation.'? PTB is a
major risk factor for neonatal mortality and
morbidity and is one of the most important
health problems worldwide. Approximately
one-third of neonatal deaths are related to
PTB. In 2015, Delnord et al. reported that
approximately 75% of all neonatal deaths
and 60% of all infant deaths in Europe
were directly attributed to PTB.**

PTB is the main hindrance to the achieve-
ment of the United Nations 2015 Millennium
Development Goals, which aim to reduce
child mortality by two-thirds. Surviving
preterm-born infants are at an increased
risk of long-term neurodevelopmental and
cognitive impairment, chronic diseases, and
mortality later in life.>’ Additionally, PTB
potentially influences health, welfare, and
development during adulthood.®

The rate of PTB varies from 5% to 18%
worldwide according to geographic region
and income level.*'? During the last 20
years, the prevalence of PTB has increased
worldwide and is expected to continue rising
with the growth in other risk factors includ-
ing advanced maternal age and the popular-
ity of assisted reproduction among women.’

Given their high human development indi-
ces and developed healthcare systems,
Scandinavian countries have some of the

lowest rates of PTB worldwide.'* However,
a similar growth trend in the aforementioned
risk factors has been reported.'>'® Variations
exist in the PTB rate between these studies;
however, little is known about the rates of
PTB  categories in these countries.
Importantly, the development of effective
preventive measures to reduce the incidence
of PTB requires a thorough understanding of
the epidemiology of this condition.
Therefore, this systemic review and meta-
analysis aimed to present the best available
peer-reviewed published evidence of the
prevalence of PTB and its categories in
Scandinavian countries including Norway,
Sweden, Denmark, Finland, and Iceland.

Materials and methods

A review protocol was predesigned based
on Cochrane’s method for this systematic
review and meta-analysis, which followed
the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
guideline.!” The study protocol includes a
detailed description of the study and has
been registered on the PROSPERO data-
base (CRD42023396628). The review objec-
tives were as follows:

e To study the overall pooled prevalence
(PP) of PTB and its categories (including
extremely, very, and moderate/late PTB)
among the general population of
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pregnant women in Scandinavian coun-
tries, which consisted of Norway,
Sweden, Denmark, Finland, and Iceland.
e To study the PP of PTB and its categories
(including extremely, very, and moderate/late
PTB) among the general population of preg-
nant women in each Scandinavian country.

The following Population, Intervention
or Exposure, Comparison, Outcome ele-
ments were applied as inclusion criteria in
this review:

Population: general population of pregnant
women; Intervention: None; Comparator:
pregnant women with PTB; Outcome: PTB
rate; Study design: Observational.

Eligibility criteria

The inclusion/exclusion criteria were estab-
lished before the literature search. Studies
had to fulfill the following criteria for eligi-
bility: peer-reviewed articles that were pub-
lished in the English language and that
included the general populations in each
Scandinavian country (Norway, Sweden,
Denmark, Finland, and Iceland); having a
population-based study design; presenting
the total population size and the number,
percentage, incidence, or prevalence of
PTBs; and accessible in full-text.

Gray literature and non-original studies
including reviews, commentaries, editorials,
letters, meeting abstracts, case reports, con-
ference proceedings, governmental or orga-
nizational reports, dissertations, theses,
books, unpublished data, presentations, or
any studies that did not provide accurate
and clear data were excluded. Moreover,
studies were excluded if their definitions of
the outcome differed from the pre-specified
definition in our review.

Search strategy

A comprehensive computerized literature
search was independently performed in the

PubMed (including MEDLINE), Scopus,
and Web of Science databases by two
reviewers (SB-G and MV) and covered the
period between 1 January 1990 and
1 February 2022. To maximize the sensitiv-
ity of the search, free-text and medical sub-
ject heading terms were pilot-tested and
were used to search the electronic data-
bases. Furthermore, a manual search of
the reference lists of selected studies and
other relevant reviews was conducted to
maximize the identification of eligible stud-
ies. The following keywords were used
alone or in combination during the search
process: (premature birth OR preterm birth
OR premature labor OR preterm labor OR
premature labor preterm labor OR adverse
pregnancy outcome OR adverse neonatal
outcome OR pregnancy complication)
AND (prevalence OR incidence OR epide-
miology OR rate) AND (Scandinavia OR
Nordic OR Denmark OR Norway
OR Sweden OR Finland OR Iceland OR
Finnish OR Danish OR Nordic OR
Swedish). The search string that was used
in the PubMed search is presented as an
example in Supplementary Table 1.

Study selection and data extraction

Data were independently extracted by two
review authors (SB-G and RB-Y) based on
the eligibility criteria. When a study sepa-
rately provided data for the various catego-
ries of PTB, the relevant datasets were used
for subgroup analyses. Any disagreement
between the two reviewers who were
responsible for data extraction was resolved
through discussion. In the case of missing
data or ambiguities in the study design or
trial conduct, the study authors were con-
tacted via email and were asked for addi-
tional information; in case of no response,
the study was excluded from the review. To
ensure data collection accuracy before the
meta-analysis and prevent bias in data
extraction and entry, the data extraction
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process was double-checked by the two
reviewers.

Outcome measures

The primary outcomes of interest were the
PP of PTB overall and for the individual
countries. The secondary outcome was the
pooled risk by PTB category, which includ-
ed extremely PTB, very PTB, and moder-
ate/late PTB. PTB was defined as any live
birth occurring between 22 to <37 weeks of
gestation. PTB was further subcategorized
into extremely PTB (22 weeks of gestation
or birth weight below 500 g to <28 weeks),
very PTB (28 to <32 weeks), and moderate/
late PTB (32 to <37 weeks).>'8

Quality appraisal

The quality of the included studies was crit-
ically appraised for methodological struc-
ture and the presentation of results. The
Newcastle—Ottawa scale was used to assess
the quality of each study. This scale is suit-
able for the evaluation of non-randomized
trials in meta-analyses and evaluates studies
based on three criteria: participant selec-
tion, comparability of study groups, and
assessment of outcome or exposure. A
study can be awarded a maximum of four
stars for the selection category, a maximum
of two stars for the comparability category,
and a maximum of three stars for the out-
come/exposure category.'”  Studies with
scores above 6, 4 to 6, and less than 4 are
considered of high, moderate, and low qual-
ity, respectively. In addition, the Grading of
Recommendations Assessment, Development
and Evaluation (GRADE) approach was
used to downgrade the certainty of evidence
by considering study limitations, inconsisten-
¢y, imprecision, publication bias, and indi-
rectness. The GRADE approach categorizes
the quality of evidence into four levels: high,
moderate, low, and very low. In the GRADE
rating system, the initial quality of evidence

for observational studies is low. The quality
of evidence can be downgraded from a higher
to a lower level based on the risk of bias,
inconsistency, indirectness, imprecision, and
publication bias. Conversely, the quality of
evidence can be upgraded from a lower to a
higher level based on a large magnitude of
effect, the evidence of a dose-response, and
the assessment of all plausible residual
confounding.?

Statistical analysis

Heterogeneity was evaluated using the chi-
square test, and a p-value >0.05 was inter-
preted as homogeneity. Heterogeneous and
non-heterogeneous results were analyzed
using the fixed effects and random-effects
inverse variance models to calculate the
pooled effect. Publication bias was assessed
using the Begg’s and Egger’s tests.
A p-value >0.05 was interpreted as indicat-
ing no significant publication bias in the
meta-analysis. Funnel plots for each out-
come were drawn to illustrate publication
bias; an asymmetric plot was interpreted as
indicating the presence of publication bias.

The trim and fill method was used for
correction in case of significant publication
results. The meta-prop method was used for
the pooled estimation of PTB prevalence
after the Freeman—Tukey Double Arcsine
Transformation was used to stabilize var-
iances. Forest plots for each outcome and
subgroup of the country of origin were also
performed. Sensitivity analyses were con-
ducted to identify studies that influenced
the estimation of the overall meta-analysis
summary. A graph was drawn of the results
of an influence analysis in which the meta-
analysis was re-estimated by omitting one
study at a time. A p-value <0.05 was con-
sidered significant, and all statistical analy-
ses were performed using STATA software
(version 14; StataCorp Inc., College
Station, TX, USA).
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Results

Identification of studies and quality
appraisal

The literature search yielded 1136 studies,
of which 329 studies were further evaluated
by retrieving their full texts; 193 studies
were subsequently excluded. Ultimately,
109 population-based eligible studies were
included in the review. Together, the studies
offered extractable data that encompassed
86,420,188 live births for the meta-analysis.
A flow diagram of this process is presented
in Figure 1.

The characteristics and prevalences
of PTB for each study are provided in
Table 1. The studies were published
between 1991 and 2021.

Sweden had the highest number of eligi-
ble studies (44 studies),'**! * followed by
Denmark (29 studies),'>?*>%%% Norway
(26 studies),|6-3352:54:59.748490-108 i1
(19 studies),'6*33271108122 gand Iceland
(four studies).™'** %> Given that some
studies presented information on more
than one country, 633:525471.7484.108 1o
overall sum was greater than 109.Details
of the quality assessment of the included
studies are presented in Supplementary
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Table I.

Prevalence of preterm births (%)

Very Moderate/ Total
late PTB

Extremely
PTB

Sample

PTB

PTB

Size (n)

Research year

Data source

Author, year

Iceland

5.38
4.46

453
NM
NM
NM

0.57
NM
NM
NM

0.28

46,309
16,271
87,076
40,982

1995-2005
2006-2009

Hospital registry

IMBR
IMBR
IMBR

Deb-Rinker et al., 2015

Eiriksdéttir et al., 2013

5.73
4.46

0.27

NM

19972016
20002009

Grétarsdottir et al., 2020

Haraldsdottir et al., 2015

PTB: preterm birth, MoBa: Norwegian Mother and Child Cohort, MBRN: Medical Birth Registry of Norway, SMBR: Swedish Medical Birth Register, SHDR: Swedish Hospital
Discharge Register, SCDR: Swedish Cause of Death Register; SPR: Swedish Pregnancy Register, FMBR: Finnish Medical Birth Register, NFBC: Northern Finland Birth Cohorts,

DNPR: Danish National Patient Registry, DMBR: Danish Medical Birth Registry, DNSB: Danish National Birth Cohort, DNSB: Danish Neonatal Screening Biobank, IMBR:

Icelandic Medical Birth Registry, DNBC: Danish National Birth Cohort, NM: not mentioned.

Tables 2 and 3. Given that narrow inclusion
criteria were used in this review, all studies
were of moderate or high quality
(Supplementary Tables 2 and 3). The over-
all confidence in the body of evidence in
this review was graded as ‘very low’
(Supplementary Table 4).

Meta-analysis

The PP, heterogeneity, and publication bias
results are presented in Supplementary
Table 5. The overall PP of PTB in the
Scandinavian countries regardless of PTB
category was 5.3% (95% confidence inter-
val [CI] 5.1%, 5.5%; 4,737,106 events in
86,420,188 participants). However, in vari-
ous sub-categories, the prevalences of PTB
were 4.5% (95% CI 4.4%, 4.7%; 1,537,502
events in 34,517,389 participants) for mod-
erate/late PTB, 0.6% (95% CI 0.5%, 0.7%;
140,806 events in 19,305,652 participants)
for very PTB, and 0.2% (95% CI 0.2%,
0.3%; 67,509 events in 30,024,011 partici-
pants) for extremely PTB (Supplementary
Table 5).

The results of the PP of PTB and its cat-
egories in each Scandinavian country are
presented in Figures 2—6. The highest prev-
alence of PTB was observed in Norway
(overall PP =6.2%, 95% CI 5.3%, 7.0%),
followed by Sweden (overall PP=5.3%,
95% CI 5.1%, 5.4%), Denmark (overall
PP=52%, 95% CI 4.9%, 5.3%), and
Iceland (overall PP =5.0%, 95% CI 4.4%,
5.7%). The lowest prevalence was observed
in Finland (overall PP=4.9%, 95% CI
4.7%, 5.1%; Figures 2 and 3).

A subgroup analysis was performed by
PTB category across the Scandinavian
countries (Figures 4-6). The same approxi-
mate trend was observed in the prevalence
of the PTB categories in these countries.
The pooled estimates of moderate/late
PTB were 4.9% (95% CI 4.6%, 5.2%) in
Norway, 4.6% (95% CI 4.4%, 4.9%) in
Sweden, 4.6% (95% CI 4.2%, 4.9%)
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Scandinavian countries
(109 studies, 86,420,188 participants):

Total PTB prevalence: 5.3% (5.1%, 5.5%)
Moderate/late PTB prevalence: 4.5% (4.4%, 4.7%)
Very PTB prevalence: 0.6% (0.5%, 0.7%)
Extremely PTB prevalence: 0.2% (0.2%, 0.3%)

Iceland
(4 studies, 190,638 participants):

Total PTB prevalence: 5.0% (4.4%, 5.7%)
Moderate/late PTB prevalence: 4.5% (4.3%, 4.7%)
Very PTB prevalence: 0.6% (0.5%, 0.6%)
Extremely PTB prevalence: 0.3% (0.2, 0.3)

ICELAND

Norway
(26 studies, 16,224,262 participants):

Total PTB prevalence: 6.2% (5.3%, 7.0%)
Moderate/late PTB prevalence: 4.9% (4.6%, 5.2%)
Very PTB prevalence: 0.9% (0.6%, 1.2%)
Extremely PTB prevalence: 0.4% (0.3, 0.4)

Denmark
(29 studies, 15,024,547 participants):

Total PTB prevalence: 5.2% (4.9%, 5.3%)
Moderate/late PTB prevalence: 4.6% (4.2%, 4.9%)
Very PTB prevalence: 0.6% (0.6%, 0.6%)
Extremely PTB prevalence: 0.2% (0.2%, 0.3%)

SWEDEN

FINLAND
p

Sweden

(44 studies, 44,751,510 participants):

Total PTB prevalence: 5.3% (5.1%, 5.4%)
Moderate/late PTB prevalence: 4.6% (4.4%, 4.9%)
Very PTB prevalence: 0.6% (0.4%, 0.8%)
Extremely PTB prevalence: 0.2% (0.2%, 0.3%)

Finland
(19 studies, 10,229,231 participants):

Total PTB prevalence: 4.9% (4.7%, 5.1%)
Moderate/late PTB prevalence: 4.1% (3.7%, 4.3%)
Very PTB prevalence: 0.7% (0.4%. 0.9%)
Extremely PTB prevalence: 0.3% (0.2%, 0.4%)

Figure 2. The prevalence of preterm birth (PTB) and its categories in Scandinavian countries.

in Denmark, 4.5% (95% CI1 4.3%, 4.7%) in
Iceland, and 4.1% (95% CI 3.7%, 4.3%) in
Finland (Figure 4). The highest very
PTB (0.9%, 95% CI 0.6%, 1.2%) and
extremely PTB (0.4%, 95% CI 0.3%,
0.4%) prevalences were reported in
Norway (Figures 5 and 6).

The publication bias results are pre-
sented in Figure 7 and Supplementary
Table 5. The results of Begg’s test indicated
no substantial publication bias among var-
ious outcomes (all P>0.05). The funnel
plot showed some scatter for the moder-
ate/late PTB outcome that may have been

caused by outliers; however, the results
remained unchanged after correction using
the trim and fill method (4.2%, 95% CI 4.0,
4.4). The scatter observed in the other
funnel plot may have been caused by the
observed heterogeneity of the included
studies, fitting with the assumptions of the
random-effects model. Therefore, no evi-
dence suggested that the analysis was affect-
ed by publication bias.

The heterogeneity results indicated sub-
stantial heterogeneity between populations;
most of the heterogeneity may be attribut-
able to maternal age, body mass index,
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Figure 3. Forest plot of pooled prevalence of preterm birth in each Scandinavian country (a. Norway,
b. Sweden, c. Finland, d. Denmark, and e. Iceland).
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Figure 3. Continued.

or ethnicity. Nevertheless, sensitivity analy-

This systematic review and meta-analysis of
population-based studies provided data on
the prevalence of PTB and its categories in

sis showed that no single study fundamen-
tally changed the PP of any outcome
(Supplementary Figure 1).
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Figure 3. Continued.

Scandinavian countries. The overall PP of
PTB in these countries was 5.3%, with
small variations between countries that
ranged from 4.9% to 6.2%. The highest
and lowest PPs of PTB were observed in
Norway and Finland, respectively.

Scandinavian countries have a strong
tradition of collaboration and share fea-
tures of policy and welfare systems and
social security including free education at
all levels, a social safety network for
people with reduced health and work
capacities, and a universal and predomi-
nantly  publicly financed healthcare
system.'?® In general, these countries are
highly ranked on a range of sociodemo-
graphic and health-relevant measures
such as the United Nations Human
Development Indices and indicators, and
gender equality, educational attainment,
and labor force participation measures.'*®

The issue of PTB is one of the major grow-
ing global health concerns. The United
Nations Sustainable Development Goals aim
to end all preventable deaths of newborns and
children aged under 5 years by 2030."%’

The overall PTB rate was lower in the
Scandinavian countries than in the global
population, with the lowest rate in the

Finnish population. Although the world-
wide prevalence of PTB is unknown due
to the lack of data in many countries, the
estimated prevalence of PTB in 184 lower-
income countries based on 2010 data indi-
cated a PTB of 11%.'*® Additionally, major
variations in PTB rates are observed by
geographic region and income level.'®
Nearly 90% of all PTBs are reported to
occur in low- and middle-income countries,
particularly in sub-Saharan Africa.'

Nevertheless, Scandinavian countries
provide access to quality healthcare—par-
ticularly prenatal care—which leads to the
improvement of maternal and neonatal out-
comes and the prevention of premature
mortality.'* Moreover, it has been well
documented that maternal omega-3 con-
sumption during pregnancy, which is
common in these countries, can significant-
ly decrease the risk of PTB.'*°

Although the general prevalence of PTB
in Scandinavian countries is low, some var-
iations exist across countries. For example,
according to our review, Norway and
Finland have the highest and lowest preva-
lence rates of PTB. Even though the
Scandinavians share common characteris-
tics that build on fundamental ideas of
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Figure 4. Forest plot of pooled prevalence of moderate/late preterm birth in each Scandinavian country.

equality related to health care access,
gender, and social services, notable differ-
ences exist between the countries concern-
ing  history, societal  development,
immigration population, culture, and life-
style, which may affect the risk of
PTB.%!12%131 These differences may also be
responsible for variations in the rate of PTB
among the countries.

This meta-analysis further provided
details of PTB categories based on the ges-
tational age subgroups. These details allow
the identification of high-risk populations
and the development and implementation of
prevention strategies. In addition, PTB clas-
sification facilitates the surveillance of PTBs
and allows standardized local and interna-
tional data comparisons. According to our
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Figure 5. Forest plot of pooled prevalence of very preterm birth in each Scandinavian country.

review, among all live births, the rate of
moderate/late preterm births—the
common form of PTB in Scandinavian
countries—ranged from 4.1% to 4.9%.
Only roughly 0.2% fall into the extremely
PTB category and the other 0.6% were
born at 28 to < 32 weeks of gestation. Our
findings are supported by the common
notion of PTB found in the international
literature.'*

Notably, the etiopathogenesis of PTB is
multifactorial and characterized by various
clinical presentations. Women with single-
ton pregnancies without a history of a pre-
vious PTB have a low risk of PTB.
However, previous PTB, a short cervix, or
multiple gestation increase the risk of PTB.
A recent study defined a generalized
method for developing an evidence-based
holistic risk assessment for PTB based on
relevant and essential factors including
maternal history and cervical length

ultrasound measurement by the use of a
machine learning statistical approach for
use in clinical practice.'*® This screening
approach can contribute to the worldwide
reduction of the prevalence of PTB.

In summary, this study expands on pre-
vious single studies in Scandinavian coun-
tries by including the prevalence of PTB
and its categories. Our review results are
based on population-based data that were
extracted from high-quality data registries,
thus ensuring the coverage of all available
literature. The standardized study selection
and data extraction processes that
employed narrow inclusion criteria led to
the inclusion of high-quality papers,
ensured the validity and reliability of the
review results and meta-analysis, and
added valuable information to the current
international knowledge of PTB.

The main limitation of this review may
be the lack of data about potential risk
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Figure 6. Forest plot of pooled prevalence of extremely preterm birth in each Scandinavian country.
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factors in the included studies, which are
needed to improve our knowledge of PTB.
We were unable to perform subgroup anal-
yses based on the core outcomes of PTB
because of the lack of data in the included
studies.'** In addition, the studies generally
did not exclude twin or multiple pregnancies
in their reports; therefore, the population
prevalence of late PTB may have been
impacted by the multiple birth rates.’
However, given that multiple pregnancies con-
stitute approximately 3% of births,'*>'3® mul-
tiple births may not have confounded our
review results. Although gray literature may
be an important source of data on PTBs,
this type of literature was excluded from the
review because it was not peer-reviewed. The
lack of methodological details and accurate
data on research variables in the gray literature
hinders the quality appraisal of this literature.

Conclusion

The overall PP of PTB in Scandinavian coun-
tries was 5.3%, with small variations between
countries ranging from 4.9% to 6.2%. The
highest and lowest PP rates of PTB in this
group of countries were observed in
Norway and  Finland,  respectively.
Moderate/late PTB, which occurred between
32 to <37 weeks of gestation, was the most
common category of PTB and represented
4.5% of all live births. The review findings
reflect the burden of diseases on certain pop-
ulations and can support policymakers who
are responsible for the allocation of resources
in identifying healthcare priorities and devel-
oping preventive strategies.
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