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Abstract

Objectives: Due to the association between COVID-19 and
adverse pregnancy outcomes, pregnantwomen are considered
to be a vulnerable patient group. Studies have shown that low
socioeconomic status (SES) is a risk factor for SARS-CoV-2
infection. COVID-19 and low SES are likely to have a synergistic
adverse effect. This study aimed to evaluate the socioeconomic
background, indicated by self-reported SES, educational level,
and financial situation, in pregnant women who were positive
for SARS-CoV-2.
Methods: A case-control study was conducted, including all
pregnantwomenwith positive SARS-CoV-2 PCR tests at Kepler
University Hospital Linz between May 2020 and August 2021
(n=150) and a control groupmatched 1:1 relative to gestational
age at birth (n=150). Data were collected using written ques-
tionnaires andmedical records from the hospital information
system.
Results: Lower self-reported socioeconomic status (p=0.029)
and lower education level (p=0.003) were detected in the
COVID group. Mothers in the COVID group were significantly
younger (p=0.024). However, after adjustment for educational
attainment, younger agewasnot confirmed asa risk factor for
SARS-CoV-2 infection during pregnancy (p=0.326). The social
gradient was not explained by the assumed mediators and
confounders.
Conclusions: These findings confirm an association between
lower socioeconomic status and the risk of SARS-CoV-2

infection during pregnancy. Since both socioeconomic factors
andCOVID-19 impose negative effects on pregnancy outcomes,
health inequalities should be taken into consideration when
implementing SARS-CoV-2 prevention measures and when
providing health care for pregnant women from disadvan-
taged communities.
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health inequalities; pregnancy

Introduction

The outbreak of the coronavirus disease 2019 (COVID-19)
pandemic in early-2020 has been challenging health-care
systems worldwide. In order to establish prevention strate-
gies, researchers attempted to identify patients who are
at risk for infection with severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). Observational studies soon
found that older people and patients with comorbidities
such as cardiovascular disease, immunodeficiency or can-
cer, smokers, and obese patients are more likely to develop
COVID-19 [1–3]. Socioeconomic risk factors were also
identified. Communities suffering from social disadvan-
tage, poor education and housing, and low incomes have
significantly higher infection rates. In addition, patients from
ethnic minority backgrounds and those of male sex are at
higher risk [1–9]. In a British cohort, pregnant women
suffering from COVID-19 were found to be more likely to live
in deprived neighborhoods and to be of nonwhite ethnicity
[10]. Patients who were more likely to develop severe infec-
tionwith a need for admission to the intensive-care unit (ICU)
included those of advanced age, patients fromethnicminority
populations, and patients with a low socioeconomic back-
ground [2, 11]. Vaccine hesitancy is reported to be higher in
communities from ethnic minority backgrounds [4].

In addition to correlatingwith negative health outcomes
in general, a lower socioeconomic background similarly has
an impact on pregnancy outcomes and fetal growth. Living
in a deprived neighborhood leads to higher rates of adverse
pregnancy outcomes, such as preterm birth and low birth
weight [12].

Pregnantwomen are at higher risk for a severe course of
SARS-CoV-2-infection with a need for ICU admission and
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invasive ventilation. Rates of preeclampsia, preterm birth,
low birth weight, and even fetal death are higher in this
group of patients [10, 11, 13, 14]. Although transmission from
mothers to newborns during pregnancy and childbirth only
occurs rarely, cases of SARS-CoV-2–positive neonates have
been reported [15]. Pregnant women are therefore regarded
as a vulnerable patient group.

Both COVID-19 and a low socioeconomic background
have a severe impact on pregnancy outcomes [12, 13]. These
effects are likely to amplify each other, leaving disadvan-
taged communities at high risk for poorermaternal and fetal
health outcomes.

Over 400 women with SARS-CoV-2 infection during
pregnancy or labor have been treated at Kepler University
Hospital, one of Austria’s largest perinatal clinics, between
the onset of the pandemic until the end of 2022. So far, three
SARS-CoV-2–positive pregnant women have had to be
admitted to the ICU. The present study aimed to analyze
whether low socioeconomic status correlates with a higher
risk for SARS-CoV-2 infection during pregnancy in this
cohort and to determine which socioeconomic variables
should be considered as risk factors in pregnant women at
risk for SARS-CoV-2 infection.

In addition, the study aimed to identify possible path-
ways for the social gradient in the SARS-CoV-2 infection risk
during pregnancy. The study takes into account migration
status, age at childbirth, mothers’ and their partners’
working conditions, housing conditions, and health literacy
as possible explanatory variables for the assumed social
gradient.

Materials and methods

A case-control study including pregnant women who gave
birth at a tertiary obstetric clinic in Linz, Austria, between
May 2020 and August 2021 was conducted. All pregnant
women with a positive SARS-CoV-2 PCR test any time during
pregnancy and delivery were included in the study. Due to
routine testing upon hospital admission, most women were
tested positively in the last trimester of pregnancy. To
compare demographic data, a control group who gave birth
during the same time period as the COVID group was
matched 1:1 according to gestational age at birth. The control
group was selected from a list of live births at the study
center. All controls had a negative SARS-CoV-2 PCR at
admission and no history of SARS-CoV-2 infection during
pregnancy. Women in the control group gave birth at the
same time points as women from the COVID group. Random

selection of controls was performed by a member of the
study team. Basic maternal characteristics were collected on
the basis of a retrospective analysis of medical records using
the hospital information system. A written questionnaire
was used to collect individual data for socioeconomic status
(financial situation, subjective estimation of socioeconomic
status, level of education), mothers’ and their partners’
working conditions, migration status, housing conditions,
and health literacy.

Socioeconomic status

Socioeconomic status was measured with three indicators
(self-rated financial situation, subjective estimation of so-
cioeconomic status, level of education). The self-rated
financial situation was covered by the question “How do
you rate your financial situation?” followed by a five-point
Likert-type rating scale ranging from (1) very bad to (5) very
good. Themeasure of subjective estimation of socioeconomic
status was based on the style of a McArthur scale, in which
respondents rate their own position in society between
values of 1 (people at the lowest position in society) and 10
(people at the top position in society) [16, 17]. Educational
level was considered as a binary variable (high-school
diploma or university degree vs. lower educational levels).

Working conditions

The working conditions of women who were employed
before childbirth are covered by mean ratings for three
items (“My supervisor cares about the health of staff mem-
bers,” “The firm makes sure that the current COVID safety
guidelines are observed,” “It is possible to comply with
COVID-related safety distance and hygiene rules at my
workplace”), each followed by a four-point Likert-type scale
ranging from 1 (“not at all”) to 4 (“fully applies”). Where
applicable, theworking conditions of thewomen’s employed
partners were inquired into in the same format.

Migration status and housing conditions

The women’s migration status was taken into account using
two indicators (whether respondents were born in Austria
or another country, and whether German or another lan-
guage is typically spoken at home). Two indicators for
housing conditions were considered. The household occu-
pancy rate was computed as the ratio between the reported
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apartment size, measured in squaremeters, and the number
of persons living in the household. In addition, respondents
were asked whether certain facilities are available in their
home or neighborhood (balcony, green areas, garden, parks,
playgrounds, opportunities for walking), where neighbor-
hood facilities were computed as the sum of these features
available.

Health literacy

Health literacy was covered using two dimensions. First,
the six-item short version of the HLS-EU inventory was
used to assess the subjectively rated level of health literacy
[18, 19]. This inventory asks about individuals’ difficulty
in accomplishing different health-related tasks in the do-
mains of health care, disease prevention, and health pro-
motion (sample item: “How easy would you say it is to
understand information in the media on how to improve
your health?”). All items were followed by a four-point
Likert-type rating scale ranging from (1) very difficult to (4)
very easy. As previous research has shown that high scores
on the HLS-EU scale may be biased due to subjective
overestimation, low critical awareness, or a lack of health-
related experience [20], an alternative measure addressing
health-related knowledge [21] was also implemented.
Health-related knowledge was covered by six items con-
sisting of statements for which the respondents have to
indicate whether they are true, false, or whether they are
not able to decide (sample item: “The term hepatitis refers
to inflammation of the heart muscle”). Health-related
knowledge was calculated as the number of correct an-
swers to these six items.

All women were asked to participate in the study via
telephone interviews, and information about their socioeco-
nomic background and health literacy was obtained using
written questionnaires delivered by mail. The participants
gave their consent by signing the Informed Consent Form
(ICF). A total of 300 women were included in the two groups,
and theywere contacted by amember of the study team. Only
pseudonymized data were used for statistical analysis.

Statistical analysis

Descriptive analysis was performed for the total patient
sample and separately in the COVID and control group.
Nominal data are presented with absolute and relative
frequencies. Ordinal and continuous quantitative variables
are presented by theirmean values and standard deviations.
The t-test for independent samples and χ2 test were used to

analyze differences between the COVID group and the con-
trol group. Binary logistic regression was used to analyze
whether expected group differences with respect to socio-
economic status can be explained by the assumedmediators
and confounders. Multiple logistic regression analysis has
been performed in order to evaluate several factors simul-
taneously. The level of significance was set at 0.05. All ana-
lyses were performed with IBM SPSS Statistics, version 26
(IBM Corporation, Armonk, New York, 2019).

Results

Figure 1 shows the distribution of participants and returned
questionnaires in the COVID group and control group. A total
of 104 (69 %) of 150 women in the COVID group agreed to
participate, and 41 (27 %) complete questionnaires were
returned. Eighty-five (57 %) of 150 women in the control
group agreed to participate, and 31 (21 %) complete ques-
tionnaires were returned.

Descriptive variable information and corresponding
group differences are shown in Table 1.

Significant associations between indicators ofmothers’
socioeconomic status and SARS-CoV-2 infection were
confirmed. The women in the COVID group reported a
significantly lower self-estimated socioeconomic status
(measured on a scale from 1 to 10; p=0.029) and lower
educational level (p=0.003).

Only one of the assumed mediators and confounders
(age at childbirth) showed a significant difference between
the groups, in that the mean age at childbirth among women

Figure 1: Participants and response rates in the COVID group and control
group.
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in the COVID group was significantly lower in comparison
with women in the control group (p=0.024).

No significant differences between the groups were
confirmed in relation to working conditions, migration sta-
tus, housing conditions, or indicators of health literacy.

The raw and adjusted ORs for the three indicators of
socioeconomic status and mother’s age at childbirth are
shown in Table 2.

According to the univariable analysis, womenwith a high
school or university diploma had a 5.6-fold chance of being in
the control group rather than the COVID group in comparison
with those with a lower educational level. Each additional
step in the self-rated socioeconomic position (measured on a

scale between one and ten) was associated with a 1.5-fold
chance of being in the control instead of the COVID group.
With regard to women’s age at childbirth, each additional
year of life was related to a 1.14-fold increase in the chance of
being in the control group rather than the COVID group.

The results of themultivariable analysis only confirmed a
significant effect of women’s educational attainment after
adjustment for the other predictors, explaining the multi-
variable model’s R2 value of 18 %. Hence, these results suggest
that the higher risk of SARS-CoV-2 infection during pregnancy
for womenwith lower socioeconomic status is predominately
explained by the educational component of socioeconomic
status. Moreover, although womenwith SARS-CoV-2 infection
were younger at childbirth, a significant effect for the risk of a
SARS-CoV-2 infection during pregnancy was not confirmed
when the analysis was adjusted for socioeconomic status.
Women with lower compared to higher socioeconomic status
are thus younger at childbirth, but age was not confirmed a
risk factor for SARS-CoV-2 infection during pregnancy after
adjustment for socioeconomic status.

Discussion

Consistent with previous results regarding general health in-
equalities, these findings – based on the early days of the
pandemic – confirm that there is an increased risk for SARS-

Table : Descriptive characteristics and differences between the COVID group and control group.

n Scale Mean/proportion (SD) Group differences

Total
sample

COVID
group

Control
group

t (df) χ (df) p-Value

Socioeconomic status
Financial situation   (very bad) –  (very good) . (.) . (.) . (.) . () – .
Subjective SES   (lowest) –  (highest) . (.) . (.) . (.) . () – .
Higher education  .% .% .% – . () .

Age at childbirth  years . (.) . (.) . (.) . () – .
Working conditions
Safe working conditions
(respondent)

  (not safe) –  (very safe) . (.) . (.) . (.) . () – .

Safe working conditions (partner)   (not safe) –  (very safe) . (.) . (.) . (.) . () – .
Migration status
Not born in Austria  .% .% .% – . () .
Foreign language spoken at home  .% .% .% – . () .

Housing conditions
Household occupancy rate  m/number of persons . (.) . (.) . (.) . () – .
Neighborhood facilities   (none) –  (all) . (.) . (.) . (.) . () – .

Health literacy
HLS score   (lowest) –  (highest) . (.) . (.) . (.) . () – .
Health-related knowledge   (lowest) –  (highest) . (.) . (.) . (.) . () – .

n, valid responses; p-values for group-differences based on chi-square/t-test; COVID-, coronavirus disease ; SD, standard deviation; df, number of
degrees of freedom; SES, socioeconomic status; HLS, health literacy score. Bold values indicate statistical significance (p-value < .).

Table : Odds ratios for being in the non-COVID control group.

Scale Univariable Multivariable

Financial
situation

 (very bad) –  (very
good)

. (.) . (.)

Subjective SES  (lowest) –  (highest) . (.) . (.)
Higher
education

Yes/no . (.) . (.)

Age at childbirth years . (.) . (.)
R (Cox & Snell) – .

Odds ratios from binary logistic regression (COVID, group=; control
group=), p-values in parentheses; n=; COVID-, coronavirus disease
; SES, socioeconomic status. Bold values indicate statistical significance
(p-value <.).
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CoV-2 infection during pregnancy associated with women’s
lower socioeconomic status. Two out of three indicators of so-
cioeconomic status considered (educational attainment and
subjective status estimation) were found to be related to an
increased risk for SARS-CoV-2 infection during pregnancy, with
the strongest and most consistent effect being found for
maternal education.However, significant associationswerenot
confirmedwithmigration status, dense housing conditions and
neighborhood characteristics, women’s and their partners’
working conditions, and women’s health literacy. Although
an elevated risk for SARS-CoV-2 infection was confirmed for
younger women, this was confounded with socioeconomic
status. Higher educational status is related to higher age at
childbirth, and women’s age is not related to a higher risk of
SARS-CoV-2 infection after adjustment for educational attain-
ment. This is consistent with prior results showing that later
childbirth among women is related to higher educational
attainment [22, 23] and findings indicating that higher educa-
tional status is related to greater use of and earlier entry into
prenatal care [24].

With regard to working conditions, the questionnaire
focused on subjective ratings of a COVID-related safety
climate. It was inquired whether employers provided
adequate resources and encouraged employees to comply
with the recommended measures for reducing infection
risks. However, the approach used here may have over-
looked the possibility that some workplaces (for example,
workplaces in the care and health-care sectors) present
higher infection risks independently of the COVID-related
safety climate.

Similarly, although validated measures were used, a
relationship was not found between health literacy and the
risk of SARS-CoV-2 infection during pregnancy.

All of these findings lead to the question how women
with lower socioeconomic status can be protected from
developing severe SARS-CoV-2 infection. Some studies sug-
gest spreading relevant more information on the mitigation
of COVID via themedia and via socialmedia in order to reach
a broader audience [25]. In many cases language barriers
are the reason for a lack of sufficient knowledge on SARS-
CoV-2 and recommended safety measures. Various authors
recommend to provide reliable multilingual information
as well as culturally appropriate information in order to
increase the protection of vulnerable patient groups [26–28].
In Sweden, working groups aiming at the improvement of
integration, health equity and social inclusion of immigrants
have developed information specifically tailored to people
with migration background [29]. The state of Upper Austria
provides a homepage designated to recent news and infor-
mation on SARS-CoV-2, which has been translated into lan-
guages most commonly spoken by immigrants in the region,

including Dari and Pashto and SARS-CoV-2 online counsel-
ling has been offered for immigrants and refugees [30].

In the early days of the pandemic, vaccinationwas limited
to non-pregnant people only. However, potentially life-saving
prophylaxis should be quickly made available for everyone.
This is why some research groups suggest that pregnant peo-
ple should be offered participation in clinical trials speed
up access to novel therapeutic options [31]. In addition to
in-person clinic visits, telemedicine offers new opportunities
for patient care. Patient counselling and the spread of infor-
mation regarding SARS-CoV-2 safety measures and implica-
tions for labor and delivery could be easily performed via
telemedicine appointments. In this way, women from disad-
vantaged communities,whomight have less options regarding
mobility or childcare for their older children could benefit and
be able to attend appointments theywould have otherwise not
have been able to attend [32].

In summary, the present results suggest that the social
gradient in relation to SARS-CoV-2 infection during preg-
nancy may not be explained by any single identifiable de-
terminants, but rather by the fact that a larger number of
generalized resources are available to those with higher
socioeconomic status, as suggested by the theory of funda-
mental causes [33, 34]. This theoretical approach argues that
the flexible generalized resources available to those with
higher socioeconomic status (such as money, knowledge,
power, prestige, or those embedded in social networks)
allow earlier recognition of newly emerging diseases and
health risks and more adequate and faster reactions to new
health-related challenges, and that the mechanisms related
to this advantage cannot be assigned to single specific
“surface” factors.

Limitations

Firstly, the study was based on a small sample size and the
response rate of included patients was low. A response rate of
approximately a third of the population is found commonly in
questionnaire studies. Women with poor knowledge of the
German language or the inability to read German texts are
very likely not to respond to the survey. Especially these
women might be affected by a poor socioeconomic back-
ground. The same number of women were first contacted via
telephone in the COVID and control group. Certainly, women
with little German language skills were also included in the
control group. The number of women with migration back-
ground and of those who do not speak German at home were
comparable between the two groups. However, selection bias
cannot be ruled out completely. Due to the small number
of questionnaires returned, the statistical power to reveal
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relevant predictors of SARS-CoV-2 infection is low. In addition,
due to the low response rate, further selection effects may
have occurred. It is possible, for instance, that individuals
with higher risk behavior in both groups decided not to
participate in the survey, and this may have reduced possible
contrasts between the study groups. Moreover, as the mea-
sures were based on self-reporting, subjectivity bias or recall
bias may have to be taken into account.

Conclusions

In line with the results of earlier international studies, these
findings confirm that there is an association between in-
dicators of socioeconomic status and SARS-CoV-2 infection in
pregnant women. In particular, higher educational status
with high-school or university qualifications was found to
have a protective effect against the risk of acquiring a SARS-
CoV-2 infection during pregnancy. Lower self-reported so-
cioeconomic status was also found to be related to a higher
risk of SARS-CoV-2 infection.

The negative consequences of COVID-19 on pregnancy
complications, such as preterm birth, preeclampsia, or still-
birth, have long been acknowledged by researchers and clini-
cians. However, little attention has been paid to the influence
of socioeconomic risk on mothers and their offspring. The
detrimental effect of social inequality on pregnancy outcomes
and health in general is not a new phenomenon solely caused
by COVID-19 and was already being studied long before the
onset of the SARS-CoV-2 pandemic [12]. It is recommended that
health-care services should pay increased attention tomothers
with lower socioeconomic status and provide additional social
assistance for these vulnerable groups during pregnancy.
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