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Abstract

Introduction: In Sweden, a higher incidence of stillbirth has been observed among
women originating from sub-Saharan Africa and the Middle East. In this nationwide
cohort of more than 2 million births, we assessed the risk factors for stillbirth among
foreign-born women with the aim of understanding which mediators have the largest
impact on the elevated risk of stillbirth.

Material and Methods: This was a nationwide cohort study in Sweden including 2 300
391 births between 2000 and 2021. Data from the National Medical Birth Register
were linked to data from Statistics Sweden using the personal identity number of
the mother. Differences in maternal characteristics were analyzed between women
divided into groups based on maternal country of origin. Logistic regression models
were made with a forward selection strategy adjusting for potential mediators on the
causal pathway from maternal country of origin to stillbirth.

Results: A significantly higher risk of stillbirth was observed among women originat-
ing from Eastern Europe, the Middle East/Northern Africa, sub-Saharan Africa, and
Asia, with the highest risk observed in women originating from sub-Saharan Africa
(OR 2.40, 95% Cl 2.16-2.67, p-value <0.001). After adjusting for maternal risk fac-
tors, fetuses small for gestational age, and socioeconomic factors, women originat-
ing from sub-Saharan Africa still had a significantly higher risk of stillbirth (OR 1.28,
95% Cl 1.14-1.44, p-value <0.001) compared to women originating from Sweden.
The risk among the other groups of foreign-born women was, however, equal to the
risk among women originating from Sweden. Mediation analysis showed that 31.2%
of the effect of sub-Saharan origin on stillbirth was mediated through fetuses small
for gestational age, 12.7% through educational level, and 16.9% through disposable
income level.

Conclusions: In Sweden, women originating from sub-Saharan Africa face a signifi-

cantly higher risk of stillbirth even after adjusting for known risk factors. The higher

Abbreviations: ART, assisted reproductive technology; BMI, body mass index; GA, gestational age; ICD, International Classification of Diseases; LGA, large for gestational age;

SGA, small for gestational age.
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1 | INTRODUCTION

In many high-resource countries, racial and ethnic disparities
have been reported to increase the risk for adverse perinatal
outcomes.! In Sweden, a higher incidence of stillbirth has been
observed among women born abroad,? especially among women
originating from sub-Saharan Africa and the Middle East.>™> The
elevated risk of stillbirth among women of these origins has also
been confirmed in studies from other European countries.®®
Studying the effects of maternal origin is complex as different
countries use different classifications of ethnicity. In Sweden,
race/ethnicity is not registered, unlike in many other countries,
which hampers the comparisons of Swedish study results with
those from other countries. Instead, Statistics Sweden registers
country of origin based on the self-reported country of birth when
individuals are listed in the Swedish Population Register, provided
they were not born in Sweden. Country of origin is therefore used
in Swedish research.

There are many known risk factors for stillbirth, although an
individual's specific risk factors have a low probability of predict-
ing stillbirth.? In studies from the US, some risk factors for still-
birth are shown to be more common among non-Hispanic Blacks
compared to non-Hispanic Whites, such as obesity, low maternal
age, late or no attendance to prenatal care, low educational level,
previous stillbirth, being pregnant with a fetus small for gesta-
tional age (SGA) and short interpregnancy interval. In contrast,
other known risk factors, such as smoking and nulliparity, are less
frequent among non-Hispanic Blacks.'® Some risk factors, such
as obesity, seem to have a more profound effect in non-Hispanic
Blacks compared to non-Hispanic whites!! and the risk difference
increases with increasing body mass index (BMI) with the great-
est risk difference observed at BMI greater than or equal to 40.1?
In Sweden, specific studies have not been conducted analyzing
which risk factors for stillbirth are more common among foreign-
born women.

Understanding which risk factors for stillbirth have the greatest
impact on foreign-born women in Sweden is crucial for implement-
ing targeted preventive measures to reduce the stillbirth incidence in
these groups. To our knowledge, no study has systematically exam-
ined whether the risk factors for stillbirth found more frequently in
foreign-born women in Sweden explain their excess risk of stillbirth.

In this nationwide cohort of more than 2 million births, we as-
sessed the risk factors for stillbirth in women with different maternal

risk is partly mediated by giving birth to fetuses small for gestational age and socio-
economic factors, but it cannot be explained altogether. This disparity may stem from
multifactorial causes, including how risk populations utilize health care during pregnan-

cies. Further studies are needed to find preventive measures to decrease the disparity.

epidemiology, obstetrics, stillbirth, Sweden

Key Message

Women from sub-Saharan Africa face a significantly
higher risk of stillbirth in Sweden. This disparity is mainly
mediated by socioeconomic factors and fetuses small for
gestational age. Further research is needed to identify

preventive measures and to address these inequalities.

country of origin with the aim of understanding which mediators
have the highest impact on the elevated risk of stillbirth observed
among foreign-born women in Sweden.

2 | MATERIAL AND METHODS

This was a retrospective nationwide cohort study including 2 300
391 births between 2000 and 2021 in Sweden. After excluding
multiple pregnancies and lethal malformations, the study included
2 205 094 births, of which 7401 were stillbirths. Data from the
National Medical Birth Register were linked to data from Statistics
Sweden using the personal identity number of the mother. The
National Medical Birth Register is, since 1982, based on prospectively
recorded information from antenatal, obstetric, and neonatal
records. It includes approximately 98% of births in Sweden with high
quality due to partly automated data extraction from standardized
regional electronic health care records.!®

Stillbirth was defined as antepartum or intrapartum fetal death
where the infant was born without signs of life from gestational week
22+0 according to the World Health Organization and International
Classification of Diseases (ICD)-10 definitions. %

BMI was based on self-reported or recorded height and mea-
sured weight at the first visit at prenatal care. Underweight was
defined as BMI less than 18.5, normal weight was defined as BMI
18.5-24.9, overweight was defined as BMI 25-29.9, and obesity was
defined as BMI equal to or above 30 according to the World Health
Organization.'®

Gestational age (GA) at birth was determined by first- or second-
trimester ultrasound examination or, if ultrasound had not been
performed, calculated from the first day of the last menstrual period
as stated in the electronic patient record. During the studied time
period, the Swedish recommendation for pregnancy dating17 was
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changed in accordance with international guidelines, recommend-
ing pregnancy dating in the combined ultrasound and biochemistry
testing in gestational week 11+0-13+6, if performed. The com-
bined ultrasound and biochemistry testing is not included in the
maternal health care program for all pregnant women in Sweden,
but a mid-trimester ultrasound examination is routinely offered to
all. We followed the definition of the World Health Organization

for preterm and term birth*®

and thus considered a birth preterm if
GA at birth was 258 days or less, corresponding to gestational week
36+ 6. Similarly, if GA at birth was 259 days or more, corresponding
to gestational week 37+0 and upward, the birth was considered
term.

According to international standards, SGA was defined as birth-
weight less than the 10th percentile from the gender-specific mean
weight for the GA.Y Similarly, large for gestational age (LGA) was
defined as birthweight above the 90th percentile from the gender-
specific mean weight for the GA.Y

Parity and previous obstetric history of intrauterine fetal death
were based on self-reported data from the first visit at prenatal care.
Parity was defined as being primiparous or multiparous. Maternal
smoking was defined as self-reported smoking at the first visit at
prenatal care. Invasive prenatal testing was defined as amniocen-
tesis and/or chorionic villus sampling during pregnancy. Assisted
reproductive technology (ART) was defined as in vitro fertilization
leading to the current pregnancy. Presence of non-lethal malfor-
mations was obtained through ICD code Q according to ICD-10 re-
corded at hospital discharge after delivery.

The maternal medical diagnoses which were adjusted for as
potential mediators were obtained through ICD codes recorded at
hospital discharge after delivery according to ICD-10*: Diabetes
mellitus type 1 (ICD code E10 or 024.0), Diabetes mellitus type 2
(ICD code E11 or O24.1), gestational diabetes mellitus (ICD code
024.4), preeclampsia (ICD code O14), essential hypertension (ICD
code 110-115 or O10) and gestational hypertension (ICD code O13).

From Statistics Sweden, we obtained maternal country of origin,
highest attained educational level, and disposable income per con-
sumption unit. Maternal country of origin was categorized into seven
areas of origin: Sweden, the Nordic Countries/Western Europe/the
US/Canada/New Zealand/Australia, Eastern Europe, Middle East/
Northern Africa, sub-Saharan Africa, Asia, and South America.
The highest attained educational level in the year of the current
pregnancy was defined as primary school (up to 9years of school),
secondary school (10-12years of school) and tertiary education.
Disposable income per consumption unit is a weight system used
by Statistics Sweden for comparisons of disposable income between
different types of households. The household's economic standard
is calculated by dividing the sum of all family members disposable
income by the consumption weight that applies for the household.
The consumption weight is a scale established by Statistics Sweden
adapted to Swedish conditions in which a single-person household is
equivalent to 1.0 and additional members increase the consumption
weight depending on age.?’ We divided the disposable income per
consumption unit into quartiles for each respective study year to

adjust for economic growth in society, with the lowest income quar-

tile defined as 1 and the highest income quartile as 4.

2.1 | Statistical analyses

Differences in maternal characteristics were analyzed among
women divided into groups based on country of origin. Data were
presented as mean and standard deviation for continuous variables
and as numbers and proportions for categorical variables. Maternal
characteristics were compared among women with a live birth and
women with a stillbirth in each group of country of origin. We used
a t-test for comparing age, BMI, GA, and disposable income group
and a chi-square test for comparing parity, invasive prenatal testing,
previous stillbirth, SGA, LGA, preterm birth, maternal medical
diagnoses, smoking, ART, non-lethal malformations, stillbirth, and
educational level.

Our primary analysis was an analysis of births with no missing
values (complete cases). In total 1 926 637 births were included in
the complete case analysis, of which 5890 were stillbirths. Logistic
regression models were designed based on a directed acyclic graph
(DAG) (Figure 1) with a forward selection strategy adjusting for dif-
ferent potential mediators on the causal pathway from maternal
country of origin to stillbirth. After performing a crude logistic re-
gression analysis with stillbirth as the outcome and maternal country
of origin as the exposure, we adjusted for age, parity, BMI, previous
stillbirth, ART, and smoking. In the second adjusted analysis, we also
adjusted for six maternal medical diagnoses (type | diabetes melli-
tus, type Il diabetes mellitus, gestational diabetes mellitus, chronic
hypertension, gestational hypertension and preeclampsia). The third
adjusted analysis was, in addition, adjusted for giving birth to an SGA
fetus. The final analysis was also adjusted for the socioeconomic
variables: educational level and disposable income per consumption
unit. GA was a collider on the causal pathway from maternal coun-
try of origin to stillbirth and was not adjusted for. As some women
had more than one birth during the time period, we used a gener-
alized estimating equation to adjust for potential within-individual
correlation.

In 12.7% of the births, one or more of the potential mediators
were missing. A sub-analysis among the births with missing values
was made to compare this group to the complete cases group. BMI
was the potential mediator with the highest proportion of missing
values at 8.3%. Hence, the logistic regression analyses were re-run,
including births with a missing BMI value, in total including 2 025
850 births, of which 6,210 were stillbirths. The logistic regression
models were designed as in the complete case analysis but without
adjustment for BMI.

We performed a mediation analysis of the mediators with the
most impact on the logistic regression models: SGA, educational
level, and disposable income per consumption unit, among the
women originating from sub-Saharan Africa, as they still had a sig-
nificantly higher risk of stillbirth after adjusting for potential medi-
ators in the logistic regression analyses. We defined the proportion
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FIGURE 1 Directed acyclic graph with maternal country of origin as exposure and stillbirth as outcome.

explained by a particular mediator as (log OR;-log OR,)/log OR,,
where log OR, is the log odds ratio for stillbirth for women origi-
nating from sub-Saharan Africa from the logistic regression model
adjusted for age, parity, BMI, previous stillbirth, ART, smoking, and
maternal medical diagnoses (type | diabetes mellitus, type Il diabetes
mellitus, gestational diabetes mellitus, chronic hypertension, gesta-
tional hypertension and preeclampsia) and log OR, is the log odds
ratio for stillbirth for women originating from sub-Saharan Africa
from the above model additionally adjusted for one potential media-
tor at a time. Bootstrap was used to calculate the confidence interval
for the difference in log OR between analyses with and without the
added mediators.

All statistical analyses were made with the statistical software R

cran version 4.2.1 (https://cran.r-project.org/).

3 | RESULTS

Women originating from the Middle East/Northern Africa and
sub-Saharan Africa had a higher incidence of stillbirth compared
to women originating from Sweden. Women originating from the
Middle East/Northern Africa and sub-Saharan Africa were more
often multiparous, had higher BMI, and had experienced previous
stillbirth more often, but smoked less. Women originating from sub-
Saharan Africa had a slightly longer gestational length than women
originating from Sweden and the Middle East/Northern Africa and
gave birth preterm less often. Women originating from sub-Saharan

Africa and the Middle East/Northern Africa more often gave birth
to SGA fetuses and less often to LGA fetuses. Women originating
from sub-Saharan Africa and the Middle East/Northern Africa un-
derwent ART and invasive prenatal testing less often than women
from Sweden (Table 1).

Women originating from Sweden had diabetes mellitus type |
more frequently than women originating from sub-Saharan Africa
and the Middle East/Northern Africa, but diabetes mellitus type
Il and gestational diabetes mellitus were more common among
women originating from sub-Saharan Africa and the Middle East/
Northern Africa. Gestational hypertension was more common
among women originating from Sweden than among women orig-
inating from sub-Saharan Africa and the Middle East/Northern
Africa, and preeclampsia was equally common among women
originating from Sweden and sub-Saharan Africa and less common
among women originating from the Middle East/Northern Africa
(Table 1).

Among the women experiencing stillbirth, women originat-
ing from sub-Saharan Africa had a shorter gestational length than
women from all other origins and gave birth to SGA fetuses to a
higher extent. Women originating from sub-Saharan Africa and the
Middle East/Northern Africa had experienced a previous stillbirth
more often, had a higher BMI, and were more often multiparous
(Table 2).

In the crude logistic regression analysis, a significantly higher
risk of stillbirth was observed among women originating from

Eastern Europe, the Middle East/Northern Africa, sub-Saharan
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Africa, and Asia, with the highest risk observed in women origi-
nating from sub-Saharan Africa (OR 2.40, 95% Cl 2.16-2.67). After
adjusting for age, parity, BMI, smoking, previous stillbirth, ART,
and maternal medical diagnoses, the risks changed only slightly
(Table 3).

When adjusting for fetuses SGA, the elevated risk among women
originating from sub-Saharan Africa decreased but was still higher
compared to the women originating from Sweden (OR 1.63, 95% Cl
1.46-1.82). The women from the Middle East/Northern Africa and
Eastern Europe also had a significantly higher risk (OR 1.13, 95%
Cl 1.03-1.24 and OR 1.17, 95% Cl 1.04-1.31 respectively) but the
women originating from Asia had a risk equal to that of women orig-
inating from Sweden (Table 3).

After adjusting for the socioeconomic mediators: educational
level and disposable income per consumption unit, the elevated risk
among women originating from sub-Saharan Africa was still signifi-
cantly higher compared to women originating from Sweden (OR
1.28, 95% Cl 1.14-1.44) but the risk among women originating from
the Middle East/Northern Africa and Eastern Europe was equal to
that of women originating from Sweden (Table 3).

The above logistic regression analyses were also made with-
out adjusting for BMI, thus including births where information
on maternal BMI was missing. The logistic regression analyses
showed similar results (Table S1). In the crude logistic regression
analysis, the elevated risk of stillbirth was at most decreased by
0.04, not changing any significant results. In the final adjusted lo-
gistic regression analysis, women from sub-Saharan Africa had the
same significantly higher risk for stillbirth as in the complete case
analysis.

The number of births with any missing value was 278 457, hence
excluded from the primary logistic regression analyses of complete
cases. In the group with any missing value, the incidence of stillbirth
was higher compared to the complete case group (0.5% compared to
0.3%). Origin from sub-Saharan Africa was also higher in the group
with any missing value (7% compared to 3%). The variables most
commonly missing were BMI, smoking, and educational level (65.4%,
33.0% and 31.6% respectively).

Mediation analysis showed that 31.2% (95% Cl 30.0-32.4) of
the effect of sub-Saharan origin on stillbirth was mediated through
SGA fetuses, 14.9% (95% Cl 11.9-18.0) through educational level,
and 18.8% (95% Cl 16.4-21.2) through disposable income per con-
sumption unit.

4 | DISCUSSION

In Sweden, the risk of stillbirth is significantly higher among
women originating from sub-Saharan Africa even after adjusting
for known risk factors for stillbirth. The Swedish cost-free mater-
nal health care system does not sufficiently mitigate the risks in
this population.

The results in our study are in coherence with other international
studies. In a large global meta-analysis from 2022, Black women

had poorer perinatal outcomes, including stillbirth, than White
women after adjusting for maternal characteristics (OR 2.16, 95%
Cl 1.46-3.19).2

One of the risk factors with the highest impact on stillbirth is car-
rying and giving birth to an SGA fetus in the current pregnancy.??23
Preventing the development of SGA fetuses is complex. There are
some known modifiable risk factors; for example, insufficient ges-
tational weight gain, smoking, and certain infections?® which are all
monitored by the Swedish cost-free maternal health care system.
However, most cases of SGA in Sweden are, with today's knowledge,
not preventable. Instead, identification and intensive monitoring, in-
cluding consideration of delivery timing, are used to minimize the
risk of stillbirth among SGA fetuses. In our study, SGA fetuses were
shown to be more common among all foreign-born women, espe-
cially among women originating from sub-Saharan Africa, where the
proportion of SGA fetuses was 15.3% compared to women originat-
ing from Sweden, where the proportion of SGA fetuses was 7.6%.
Ideally, the higher incidence of SGA fetuses among women originat-
ing from sub-Saharan Africa should have led to a shorter mean ges-
tational length due to the previously described active management
when an SGA fetus is identified. Instead, women from sub-Saharan
Africa had a slightly longer mean gestational length compared to
women of all other origins. This emphasizes the need for better
monitoring of fetal growth during pregnancy, especially in high-risk
groups.

Among the women experiencing stillbirth, the mean gesta-
tional length among women originating from sub-Saharan Africa
was shorter, and they had a higher proportion of preterm stillbirth
compared to women from other origins. Similar findings have been
reported by the Stillbirth Collaborative Research Network Writing
Group, showing that the elevated risk of stillbirth in Black women
occurs mainly in early gestational weeks (<24 weeks).*® This has also
been confirmed by Willinger et al., who estimated the probability of
having a stillbirth in each pregnancy interval for non-Hispanic Black
women compared to non-Hispanic White women. Even though an
increased hazard was observed at every studied gestation interval
for non-Hispanic Black women compared to non-Hispanic White
women, the greatest increase of risk of stillbirth was between 20
and 23 weeks' gestation with a stillbirth hazard of 2.75, decreasing
to 1.57 at 39-40weeks' gestation.24 In Sweden since 2021, women
from sub-Saharan Africa are regarded as a prioritized group when
selecting which women should be induced because of prolonged
pregnancy in gestational week 41+0.2° However, as the elevated
risk is also present in earlier gestational lengths, this recent change
of policy may not be sufficient to lower the incidence of stillbirth
among women originating from sub-Saharan Africa.?*

In our study, adjusting for maternal medical conditions did not
change the elevated risk of stillbirth for foreign-born women, which
suggests that the national maternal and antenatal health care system
sufficiently monitors women with medical conditions with known el-
evated risk for stillbirth. Surprisingly, in our material, the incidence of
preeclampsia was the same among women originating from Sweden

compared to women originating from sub-Saharan Africa, which is
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not in agreement with current knowledge.?® This might suggest a
problem with underdiagnosing maternal medical conditions among
women originating from sub-Saharan Africa. We also found that
among women originating from sub-Saharan Africa, the use of ART
and invasive prenatal testing was much lower compared to women
born in Sweden, which might suggest that the knowledge and usage
of these procedures are not available to the same extent as for
women born in Sweden and Europe. Regarding the use of ART, sim-
ilar findings have been made in the us.? Sociocultural, emotional,
infrastructural, geographic, and economic barriers have been sug-
gested as explanations, but more research is needed to properly un-
derstand why this disparity exists.

Interestingly, among women originating from sub-Saharan Africa
who experienced stillbirth, preeclampsia, gestational diabetes mel-
litus, and diabetes mellitus type 2 were more common than among
women originating from Sweden experiencing stillbirth. Gestational
diabetes mellitus was also more common among women originating
from the Middle East/Northern Africa who experienced stillbirth
compared to women originating from Sweden. One potential expla-
nation could be that the maternal medical condition is first observed
at the time of stillbirth among foreign-born women, possibly due
to potential underdiagnosing during pregnancy, as previously dis-
cussed. The possibility of preventing stillbirth among foreign-born
women associated with maternal medical conditions would then
have been less. The potential mechanisms behind the mentioned
findings warrant further investigations.

Our results indicate that a higher educational level and higher in-
come level seem to be protective against stillbirth among all foreign-
born women, as the elevated risk of stillbirth is reduced in all groups
compared to women born in Sweden after adjusting for socioeco-
nomic mediators. This is in line with earlier international studies
that show a lower risk of stillbirth among women with a higher ed-
ucational level.?®%? In a study from the United States, the influence
of a higher educational level on reducing the risk of stillbirth was
much less for Black women compared to White women, but as race/
ethnicity is not registered in Sweden, it is hard to compare these
results.?

A strength of this study is the large number of included births
from national registers with high coverage and quality. As stillbirth
is a rare outcome, large materials with high-quality data are needed
to enable group comparisons. It is noteworthy that the large material
will lead to significant p-values when comparing maternal and preg-
nancy characteristics between groups of different maternal origins,
although the effect sizes are not always of clinical significance. We
have discussed the differences that we consider clinically significant
and important.

This study is based on national registers, and missing data is
therefore a weakness when analyzing the results. We chose to per-
form our primary analyses on complete data cases, which could po-
tentially lead to loss of precision and introduce bias. As we found
very small or unchanged results when we performed a sub-analysis

that also included the births where the information on BMI was

missing (the mediator missing to the largest extent), we draw the
conclusion that even with a complete case analysis, the bias is esti-
mated to be low.

Another weakness is that gestational weight is, in the case of
a stillbirth, estimated at delivery and not at the time of death. As
the gestational weight is compared to the gender-specific mean
weight for the GA, this might lead to an overestimation of SGA
fetuses.

Even after adjusting for many known risk factors, an excess risk
of stillbirth is present among women originating from sub-Saharan
Africa. Why this reported health care disparity for stillbirth exists
is debated and probably multifactorial.'* The effect and impact of
socioeconomic status on perinatal outcomes among women from
different origins is not fully understood but seem to increase the
disparity, which is also shown in our study.30 A systematic review
on migrant women found health disparities between migrants and
receiving-country nationals in perinatal health outcomes, especially
regarding perinatal mortality.3! Understanding how the difference
in length of stay in the receiving country affects the risk of stillbirth
might clarify which groups of foreign-born women are at highest
risk.

Racial discrimination has been suggested as a significant risk
factor for adverse birth outcomes, but more research is needed to
understand the mechanisms by which racial discrimination has an
impact.! Other explanations that have been proposed are the risk of
miscommunication due to language barriers, insufficient information,
different cultural beliefs and practices, a lack of patient-caregiver
trust, and less use of health care services during pregnancy.®%° In
a study from the south of Sweden, foreign-born women were found
to have a late first visit in antenatal care compared to Swedish-born
women. They also had fewer unplanned visits to a physician at the
delivery ward during pregnancy.®® Another Swedish study found
that women born in Somalia living in Sweden less often contacted
obstetric care for reduced fetal movements.®” Larger studies focus-
ing on how risk populations use health care during pregnancies are
needed to confirm these findings and thereby hopefully find mea-

sures to further reduce the disparity in stillbirth.

5 | CONCLUSION

In Sweden, women originating from sub-Saharan Africa face a signifi-
cantly higher risk of stillbirth even after adjusting for known risk fac-
tors for stillbirth. The higher risk is mainly mediated by carrying and
giving birth to an SGA fetus in the current pregnancy and socioeco-
nomic factors. This disparity may stem from multifactorial causes,
including how risk populations utilize health care during pregnan-
cies but also how health care providers respond to foreign-born
women, especially women from sub-Saharan Africa. Further studies
are needed to explore this disparity and find preventive measures to
decrease the higher risk of stillbirth among women originating from

sub-Saharan Africa.
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