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Abstract
Background

The onset of mental illness such as depression and anxiety disorders in pregnancy and postpartum
period is common. The coronavirus induced disease 2019 (COVID-19) pandemic and the resulting public
policy responses represent an exceptional situation worldwide and there are hints for adverse
psychosocial impact, hence, the study of psychological effects of the pandemic in women during
hospitalization for delivery and in the postpartum period is highly relevant.

Methods

Patients who gave birth during the �rst wave of the Corona pandemic in Germany (March to June 2020)
at the Department of Obstetrics and Gynecology, University of Würzburg, Germany, were recruited at
hospital admission for delivery. Biosamples were collected for analysis of SARS-CoV-2 infection and
various stress hormones and interleukin-6 (IL-6). In addition to sociodemographic and medical obstetric
data, survey questionnaires in relation to concerns about and fear of COVID-19, depression, stress,
anxiety, loneliness, maternal self-e�cacy and the mother-child bonding were administered at T1 (delivery
stay) and T2 (3-6 month postpartum).

Results

In total, all 94 recruited patients had a moderate concern of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2) at T1 with a signi�cant rise at T2. This concern correlated with low to low-
medium general psychosocial stress levels and stress symptoms, and the women showed a signi�cant
increase of active coping from T1 to T2. Anxiety levels were low and the Edinburgh Postnatal Depression
Scale showed a medium score of 5 with a signi�cant (T1), but only week correlation with the concerns
about SARS-CoV-2. In contrast to the overall good maternal bonding without correlation to SARS-CoV-2
concern, the maternal self-e�ciency correlated negatively with the obstetric impairment caused by the
COVID-19 pandemic.

Conclusion

Obstetrical patients` concerns regarding SARS-CoV-2 and the accompanying pandemic increased during
the course of the pandemic correlating positively with stress and depression. Of note is the increase in
active coping over time and the overall good mother-child-bonding. Maternal self-e�cacy was affected in
part by the restrictions of the pandemic.

Clinical trial registration: DRKS00022506

Plain English Summary
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The global pandemic of COVID-19 (coronavirus induced disease 2019) is challenging our society in many
ways. Especially pregnant women are facing extraordinary conditions and worries, like uncertain risks for
mother and fetus in case of infection, restricted prenatal classes or restricted visitor regulations in
hospitals. Particularly it is known that pregnancy and the postnatal period are presenting a more
psychologically vulnerable time in a woman´s life.

Developing the GeZeCO study, we aimed to focus on the pandemic´s effects on mental health of
pregnant women during this time. Women giving birth in the department of obstetrics of the University
Hospital Würzburg were asked to participate in the study. In total, 94 women completed several
questionnaires concerning their mental health postpartum and again after three to six months. Further,
we took blood samples of the women during the delivery stay and registered sociodemographic and
obstetrical data. 

Our results showed, that the women´s concern relating to COVID-19, as well as the level of depression and
anxiety raised during the pandemic. In addition, the self-e�cacy of the mothers was affected by the
restriction measures. Despite this, the women had at large a good mother-child-bonding and their
competence of active coping increased during time. 

In summary, we did �nd that the mental health of obstetrical patients is impaired by the COVID-19
pandemic. This points out the importance of not only attending to physical health but also taking care of
psychological stress and mental health problems of obstetrical patients during this exceptional time.

Introduction
In March 2020 the coronavirus induced disease 2019 (COVID-19) was declared a worldwide pandemic by
the World Health Organization (WHO) [1] and confronts global society with new and unexpected
challenges. The effects of this pandemic, which arrived in Germany in March 2020, do not only refer to
the infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and its possible short
and long-term consequences, but also death from COVID-19. Infection control measures including
lockdown regulations affect the everyday life of each individual in various ways. In addition to wearing
face masks and general hygiene requirements, this includes social contact restrictions, restriction of the
range of movement, short-time work and / or the closure of workplaces, increased work-from-home
arrangements as far as possible, restriction or closure of schools and kindergartens, restriction of
shopping opportunities as well as quarantine measures in case of COVID-19 disease [2]. In the medical
�eld, in addition to strict hygiene measures at the beginning of the pandemic, examinations, treatments
and operations that were not absolutely urgent were postponed in order to keep the highest possible
number of intensive care beds available [3]. There was also a ban or at least restriction on hospital
visitors.

Such situations due to an infectious pathogenic coronavirus strain were known to a more moderate
extent from the severe acute respiratory syndrome (SARS) pandemic from 2002 until 2003 and the
Middle East respiratory syndrome (MERS) epidemic of 2015 [4]. Lessons of these past pandemics
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showed that in the absence of vaccines or proven effective therapies prevention is the key to disrupt the
chain of infections [5].

It is known that pregnancy and the postpartum time present one of the most mentally vulnerable periods
in a woman´s life with a higher risk for the onset of depression and anxiety [6, 7]. In addition, maternal
mental illness in the postpartum period can negatively affect the development of the child and therefore
needs to be diagnosed and treated urgently and su�ciently [8]. Thus, the cohort of women pregnant
during the pandemic seems to be a group of particular interest and concern regarding the possible effects
of pandemic restrictions on mental health [9]. Based on experiences from disasters like earthquakes,
hurricanes or terrorist attacks the exposure to disaster and associated stress can lead to an impairment
of mental health of pregnant women and can have an impact on the pregnancy outcome [10]. Analogies
to a global pandemic are to be expected.

At the beginning of the COVID-19 pandemic, no prior knowledge was available as to whether a maternal
SARS-CoV-2 infection could be transmitted via the placenta to the fetus and what effects COVID-19
would have on the fetus and the course of pregnancy. Whereas Middle East respiratory syndrome
coronavirus (MERS-CoV) and severe acute respiratory syndrome coronavirus (SARS-CoV) were found to
be associated with adverse pregnancy outcomes as miscarriage or fetal death, preterm birth and a higher
risk for severe maternal illness [11, 12] the current data published so far fails to prove any clear evidence
for vertical transmission of SARS-CoV-2 to the fetus or newborn while the �ndings concerning a higher
maternal risk for severe infection remain ambiguous [11, 13, 14]. Nevertheless, a Canadian study showed
several changes in perinatal outcomes during the pandemic, for example a higher rate of obstetric
intervention in early pregnancy [15]. Further, meta-analyses supported a higher risk of severe course of
COVID-19 pregnancy and adverse pregnancy outcomes [16, 17]. An increasing prevalence for mental
health problems like anxiety and depression of mothers and pregnant women was reported in previous
studies [14, 18].

During the lockdown measures, there were also strict visitor regulations in German obstetric departments,
hospital wards and delivery rooms. A higher stress level and prevalence of anxiety for pregnant women
were shown at the onset of the pandemic and restrictive measures in previous studies [19–21].

The aim of the GeZeCO study was to detect the psychological effects of the COVID-19 pandemic in
patients during their delivery stay and in the postpartum period in Germany. Therefore, we focused
entirely on the effects of the pandemic on depression, stress and anxiety during course of time and as
�rst examined the maternal self-e�cacy and the mother-child bonding.

Methods
Study population

Women who have given birth during the �rst wave of the COVID-19 pandemic in Germany (March to June
2020) at the Department of Obstetrics and Gynecology, University Hospital of Würzburg, were asked to
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take part in this study. Details of the entire study procedure, the inclusion criteria and an overview of the
questionnaires and the bio samples are shown in Figure 1. The study was approved by the ethics
committee of the University of Würzburg (No. 70/20 Amendment). After receiving verbal and written
information, the patients agreed to participate in the study with written informed consent. The study
adhered to the Declaration of Helsinki, version 2013.

Laboratory analysis

Biosamples were collected for analysis of SARS-CoV-2 infection and various stress hormones and
interleukin-6 (IL-6). Throat swabs were examined for the presence of SARS-CoV-2 at the Institute of
Virology at the University of Würzburg or in the research lab of the Department of Gynecology using
reverse transcriptase quantitative polymerase chain reaction (RT-qPCR) or reverse transcriptase
polymerase chain reaction (RT-PCR) respectively. Enzyme-linked immunosorbent assays (ELISA) were
performed with frozen blood serum samples according to manufacturer’s instructions in the research lab
of the Department of Gynecology to test the immunoglobulins G and M of SARS-CoV-2 (EL-2006-9601 G,
EL-2606-9601-2M, Euroimmun, Lübeck, Germany), cortisol (ARG81162, arigo biolab), adrenaline (E-EL-
0045, Elbscience), norepinephrine (E-EL-0047, Elbscience), dopamine (E-EL-0046, Elbscience) and IL-6
(DY206-05, R&D).

COVID-19 pandemic questionnaire (CPQ) and Fear of Covid-19 Scale (FCV-19S)

The �rst part of the self-designed COVID-19 pandemic questionnaire asked for speci�c symptoms of the
diseases during pregnancy in an open-ended question and then for following symptoms; fever
(temperature higher than 38.5°C), cough, shortness of breath, muscle and joint pain, sore throat,
headache, nausea/vomiting, nasal congestion, diarrhea, taste and/or smell problems and pneumonia.
Finally, a possible contact with a SARS-CoV-2 positive person, a historical positive throat swab for SARS-
CoV-2 and / or a COVID19 disease were queried. The questions of the second part are shown in Table 1
and are divided into the concern scale (questions 1-4), the concern over time scale (questions 5-8) and the
impairment scale (questions 9-11). The results of the scales were calculated as the sum of the
appropriate questions. A Likert scale was applied for questions 1-8 (1 = No, never; 2 = I have thought
about it, but was not concerned; 3 = I am a little concerned; 4 = I am often concerned; 5 = I am concerned
about it all the time) and questions 9-11 (1 = not at all; 2 = a little bit, 3 = moderately; 4 = quite a lot; 5 = a
lot). The Fear of Covid-19 scale (FCV-19S) was published by Ahorsu and coworkers and the sum score of
all questions was used to measure the fear of COVID-19 [22].

Stress and coping inventory (SCI)

The stress and coping inventory (SCI) is a German-language stress questionnaire with 54 items [23]. The
�rst 21 items of the SCI are divided into three subscales consisting of seven items each: “stress caused
by insecurity”, “stress caused by being overwhelmed” and “stress caused by loss”. Here, a seven-point
Likert scale from “not burdened” to “very heavily burdened” is used. Together, the three subscales assess
the total stress level. Here, a seven-point Likert scale from “not burdened” to “very heavily burdened” is
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used. The following 13 items measure physical stress symptoms on a four-point Likert scale (“does not
apply at all”, “applies a bit”, “moderately applies” and “applies completely”). The same Likert scale is
applied to the last 20 items evaluating coping strategies. The coping items can be divided into “positive
coping”, “active coping”, “coping by support”, “coping by believing in God or powers that be” and “coping
by drinking alcohol and/or smoking”, each with four items. For the evaluation of SCI scales, the sum of
all item points of each scale was formed following the instructions of the evaluation manual [24].

Depression and anxiety (EPDS and ASI-3)

The Edinburgh Postnatal Depression Scale (EPDS) was developed in 1987 as a screening instrument for
postnatal depression [25] and translated and adapted to German [26–28]. The total score is the sum of
all ten items with a four-point Likert scale (from 0 to 3). An EPDS value of 10 or higher has a middle to
high probability for depression [29].

The Anxiety Sensitivity Index-3 (ASI-3) was developed by Taylor in 2007 [30] and translated as well as
adapted to German by Kemper [31]. The response of the 18 items with a �ve-point Likert scale were
summed up in a total score.

Maternal self-con�dence (LMSCS) and parental bonding (PBQ)

The Lips maternal self-con�dence scale (LMSCS) was developed by Bloom and Lips in 1993 and
translated to German [32]. It contains 25 questions with a six point Likert scale. The total score is the sum
of each item.

The Parental Bonding Questionnaire (PBQ) is a self-reported questionnaire with 25 items. The answers of
its six-point Likert scale have been added up to a total score [33, 34].

The Loneliness and Isolation during Social Distancing Scale (LISD Scale)

The Loneliness and Isolation during Social Distancing (LISD) Scale questionnaire was developed and
validated by Gründahl and coworkers on the occasion of the COVID-19 pandemic [35]. This questionnaire
assesses loneliness and isolation in the context of social distancing on a state and trait level. The �rst
part with 12 items concerns a person´s current experience and feelings (state) and is divided into two
subscales (“lonely and isolated” and “connected and supported”). The second part of the LISD scale
consists of 13 items and assesses a person´s experience and feelings in general (trait). It is divided into
three subscales (“loneliness and isolation”, “sociability and sense of belonging” and “social support and
closeness”). For each item, a �ve point Likert scale is used (ranging from “strongly agree” to “strongly
disagree”) [35].

Statistical analysis
The software SPSS Statistics 26 (IBM) was used to perform statistical analyses and create tables. For
normal distributions, Shapiro-Wilk tests were performed. Data are presented accordingly as mean (±
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standard deviation [SD]) or median (interquartile percentile) values. Wilcoxon test and Mann-Whitney-U-
test were used to detect signi�cant differences in non-parametric data. P-values ≤ 0.05 were rated as
statistically signi�cant. Cronbach's alpha was determined for the score reliability and Spearman's rho test
for inter-scale correlation.

Results
Study population

A total of 94 patients were enrolled in the study from April to June 2020 (T1). Basic characteristics and
obstetric information of the study population are shown in Table 2. 62 patients (66.0%) participated in the
follow-up at 3 to 6 months (T2) after birth (September to November 2020).

Infection status

None of the patients had knowingly suffered from COVID-19 and none were tested positive for SARS-CoV-
2 by RT-qPCR or RT-PCR. 16 (17.0%) patients reported no respiratory infection during pregnancy, but 70
patients (74.5%) speci�ed one or more of the following symptoms: 6 (6.4%) fever, 23 (24.5%) cough, 26
(27.7%) shortness of breath, 21 (22.3%) muscle and joint aches, 28 (29.8%) headache, 28 (29.8%) throat
sore, 27 (28.7%) nausea and vomiting, 18 (19.1%) diarrhea, 47 (50.0%) congested nose, 8 (8.5%) new loss
of taste and smell, none (0%) pneumonia. No patients had positive IgM antibodies against SARS-CoV-2,
but two patients had positive IgG antibodies. The �rst of those two patients reported symptoms like
shortness of breath, muscle and joint aches, and congested nose during the course of pregnancy. The
second patient suffered from headache, nausea and vomiting, and diarrhea during pregnancy. Both
patients denied infectious diseases during pregnancy and attributed symptoms to concomitant diseases
and/or pregnancy problems.

Concerns of COVID-19

Table 1 presents the results of the COVID-19 pandemic questionnaire answered by 94 obstetric patients
at T1. The median of all questions was either 2.0 or 3.0 meaning “thoughts/a little concern” in the
concern scale and the concern over time scale as well as “a little bit/moderately” in the impairment scale.
Altogether, the median of the concern scale remained the same with 9.00 (8.00-12.00) at T1 and 9.00
(8.00-12.00) at T2 (p=0.663). In contrast to that, the values of the concern over the time scale (p=0.007),
the impairment scale (p=0.003) and the overall concern scale (sum of the concern scale, the concern over
time scale and the impairment scale; p=0.004; Wilcoxon test) increased signi�cantly. The concern over
time scale counted 8.00 (7.00-11.00) at T1 and 8.50 (7.00-11.00) at T2, the impairment scale 8.00 (7.00-
11.00) at T1 and 9.00 (7.00-11.00) at T2, the overall concern scale 26.00 (22.00-32.00) at T1 and 28.00
(23.00-32.00) at T2. Cronbach's alpha at T1 and T2 was 0.890/0.814 in the concern scale, 0.873/0.840 in
the concern over time scale, 0.777/0.782 in the impairment scale and 0.867/0.838 of the overall concern
scale (sum of the concern scale, the concern over time scale and the impairment scale).
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The median of the Fear of COVID-19 scale (FCV-19S) at T2 was 12.00 (11.00-16.00) with a total score of
35 points representing maximum fear. Cronbach's alpha was 0.758. The results of the FCV-19S correlated
signi�cantly with the overall concern scale of the COVID-19 pandemic questionnaire at T1 (rs = 0.283; p =
0.030) and the overall concern scale of the COVID-19 pandemic questionnaire at T2 (rs = 0.405; p =
0.001). Furthermore, there were signi�cantly positive correlations between FCV-19S and the following
subscales of the COVID-19 pandemic questionnaire: Concern over time scale at T1 (rs = 0.388; p = 0.002)
and at T2 (rs = 0.381; p = 0.003) and concern scale at T2 (rs = 0.357; p = 0.005).

Stress and Coping Inventory

The results of the different scales of the SCI were summarized in Table 3 representing rather low to low-
medium stress levels and stress symptoms. Coping by believing in God or powers had a medium value
and coping by drinking alcohol and/or smoking was scarcely present in our sample. The coping scales
“positive coping”, “active coping” and “coping by support” had rather higher or high values with a
signi�cant increase of active coping from T1 to T2. Cronbach's alpha at T1 and T2 was higher (in the
most cases even clearly higher) than 0.600 in the different scales except for the coping by drinking
alcohol and/or smoking scale with a Cronbach's alpha of 0.528. The total load of stress of SCI at T1
correlated signi�cantly with the overall concern scale of the COVID-19 pandemic questionnaire at T1 (rs =
0.284; p = 0.008) as well as the subscales at T1 shown in Table 4.

There was no signi�cant correlation between the total load of stress measured by the SCI at T2 and the
overall concern scale of the COVID-19 pandemic questionnaire at T2 (rs = 0.047; p = 0.723). By
comparison with FCV-19S, there were no signi�cant correlations between stress or stress symptoms and
FCV-19S. Only positive coping at T2 showed a signi�cant negative correlation to FCV-19S (rs=-0.257,
p=0.046).

Depression and Anxiety

The median score of the EPDS measuring depression at T1 was 5.00 (2.00-7.00) with a insigni�cant
small decrease at T2 (4.00 [2.00-7.00]; p=0.312). Cronbach's alpha was 0.772 at T1 and 0.843 at T2.
10.64% (10 women) had an EPDS value of 10 or higher. The score of the EPDS at T1 correlated
signi�cantly with the overall concern scale of the COVID-19 pandemic questionnaire (rs=0.253; p=0.02).
This signi�cant correlation was absent at T2 (rs=0.11; p=0.41). There were also signi�cant positive
correlations between EPDS at T1 and the subscales concern over time at T1 (rs=0.212; p=0.044) and
impairment scale at T1 (rs=0.240; p=0.022). The other subscales showed no correlation. Furthermore,
there were no signi�cant correlations of EPDS at T1 or T2 with FCV-19S. The median trait score of the
ASI-3 was 11.50 (6.00-19.00; Cronbach's alpha 0.926) and indicated a rather low level of anxiety in view
of an overall possible score of 72. The results of the COVID-19 pandemic questionnaire (concern scale,
concern over time scale, impairment scale and overall concern scale) did not correlate signi�cantly with
the results of the ASI-3. In contrast, there was a signi�cant correlation between the FCV-19S and the ASI-3
(rs=0.299, p=0.026).
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Parental Bonding and maternal self-con�dence

The median of the PBQ was 6.00 (3.00-9.00; Cronbach's alpha 0.790) representing good maternal
bonding. There were no signi�cant correlations with the COVID-19 pandemic questionnaire and the FCV-
19S. The median of the LMSCS was 119 (110-124; Cronbach's alpha 0.829) and showed a rather high
self-con�dence with a maximum of 144. There were no correlations to both COVID-19 questionnaires with
one exception: The impairment scale of the COVID-19 pandemic questionnaire correlated negatively with
the LMSCS (rs=-0.309, p=0.016).

Loneliness and Isolation during Social Distancing

The LISD Scale hardly showed loneliness and isolation, as well as high social support in the trait and
state scales. On all scales, the maximum score was 5.00. In detail, the mean score of state factor 1
(lonely and isolated) was 2.00 (1.67-2.67) and the mean state factor 2 score (connected and supported)
was 4.67 (4.33-5.00). The mean trait factor 1 score (loneliness and isolation) was 1.50 (1.25-1.75), the
mean trait factor 2 score (sociability and sense of belonging) was 4.20 (3.80-4.40), and the mean trait
factor 3 score (social support and closeness) was 4.75 (4.50-5.00). Cronbach's alpha was 0.172 for the
state factor 2 and 0.415 for trait factor 3. In the other scales, it was > 0.600. Table 5 presents possible
correlations between the LISD Scale and the CPQ as well as the FVC-19S.

Biomarker

Table 6 shows the correlation of stress hormones (cortisol, adrenaline, norepinephrine, dopamine) as well
as the infection parameter IL-6 with the results of the questionnaires at T1. We found a negative
correlation between the dopamine level in the periperial blood and the total load of stress (rs=-0.288,
p=0.007), stress symptoms (rs=-0.231, p=0.032) as well as the overall concern scale in the COVID-19
pandemic questionnaire (rs=-0.212, p=0.047). Further, the levels of IL-6 correlated negatively with the total
load of stress (rs=-0.227, p=0.034).

Discussion
Worldwide research is currently focused on SARS-CoV-2, possible therapeutic targets and preventive
measures, as well as the COVID-19 pandemic and its various potential impacts on health care, mental
health and economic effects. The majority of studies center on physical effects and immunologic
pathways of infection. Pregnant women were particularly observed regarding vertical transmission, fetal
infection and pregnancy outcome during the �rst wave of the pandemic, while their mental health was
not investigated [36]. As previous results show a general increase of mental health problems, women,
especially in perinatal situations, seem to have a higher risk for impairment of mental health [37–39] or
loneliness and isolation [40–42]. For this reason, the present study aimed to �ll this gap in current
knowledge.
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In our study, the scores of the COVID-19 pandemic questionnaire showed overall a low to moderate
overall level of concern, whereas the level of concern increased over the course of the pandemic, i.e.,
between delivery stay (T1) and three to six months postpartum (T2). This corresponds to �ndings in other
studies [43], although most of studies show results from one date and no comparison of stress level to a
later date during the ongoing pandemic [43–47].

The SCI results showed low stress levels, while a signi�cant increase in active coping mechanisms could
be detected between delivery stay to postpartum assessment (from T1 to T2), especially in the following
subgroups: women under 35 years, academics, body mass index (BMI) < 25 kg/m2, caesarian section,
�rst birth and high-risk pregnancies. Coping strategies are known to be an important factor for maternal
mental health [48–50]. Our results support the hypothesis of an Italian longitudinal study where women
are likely to develop better resilience in the course of the pandemic [51].

At the delivery stay (T1), higher total load of stress related to more overall COVID-19-related concern,
especially stress by insecurity and stress by being overwhelmed. This effect dissolves over time and
cannot be detected anymore at the postpartum assessment (T2), which might be interpreted as an effect
of habituation and of the improvement of coping strategies during the pandemic as described above
[52–54].

No signi�cant correlations between psychosocial stress or stress symptoms of SCI and FCV-19S could be
shown, considering the fact, that the FCV-19S focusses on general fear concerning COVID-19 and not
speci�c worries of pregnant women during the pandemic as the CPQ [22]. A possible reason to explain
the lack of relationships could be that the stressors for our group are the speci�c concerns relating to
pregnancy and the obstetrical situation and not a generally raised level of fear. In contrast to our
observed low score of the FCV-19S, another study reported high levels [55]. This difference could be due
to differences in ethnic and socio-demographic aspects in the tested population. It is also possible that
the time period studied during the COVID-19 pandemic, the week of pregnancy and the care capacity of
the health care system are important confounding factors.

Many studies reported increased depression and anxiety symptoms in pregnant women during the
COVID-19 pandemic [42, 56–58]. In our study, we have found relatively low scores of the EPDS and the
ASI-3. The rate of about 10% estimated depression detected by the EPDS was in the normal prevalence
range (about 7-13%) in pregnancy and postpartum [6, 59]. At �rst this may seem to contradict the
previously mentioned studies [42, 57, 58, 60]. However, due to our study design (Figure 1) we were unable
to compare to pre-pandemic values. Instead, we investigated relationships of depression and COVID-19
speci�c factors. More COVID-19 related concerns related to higher depression, but not anxiety scores. In
contrast, COVID-19 related fear correlated positively to anxiety, but not depression. There seems to be a
difference between obstetric concerns in the face of COVID-19 pandemic and general fear of COVID-19,
although they correlated to some degree.
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In the face of the SARS-CoV-1 outbreak, Lee and coworkers have shown that anxiety and depression did
not increase compared to pre-outbreak levels. The authors attribute this to increased social support [61].
This might also be the underlying reason for this study sample´s low scores in anxiety and depression.
Social support during pregnancy does not only have an in�uence on mental health symptoms such as
depression but also on pregnancy outcome [62]. Although some studies report low social support and the
consequent negative impact on women in late pregnancy and postpartum during the COVID-19 pandemic
[63, 64], pregnant women may also have bene�ted from increased �exibility of work schedules and jobs
due to COVID-19 pandemic restrictions, such as themselves or their husbands' ability to work from home.
Strengthening this line of evidence, our results show low to low-medium loneliness and social isolation
and high social support on both the state and the trait level. Being lonely and socially isolated (state and
trait) was associated with higher impairment scores both during the delivery stay and several months
postpartum, while being socially connected and supported (state) related to lower impairment. Note that
interpretation of the indicators of social support are limited by a low reliability. This may have been
caused by extremely skewed score distributions and high scores for being connected and supported
(state) and for social support and connectedness (trait 3). Nonetheless, these �ndings emphasize the
effect of social support and particularly isolation and loneliness on the level of mental health impairment.

Although many factors in�uence the mother-infant-bonding with stress levels caused by the COVID-19
pandemic potentially being among them [65, 66], we detected a good maternal-infant bonding in our
study, independent of concerns and fears regarding SARS-CoV-2 and the COVID-19 pandemic. This also
corresponds well with the observed low stress levels. However, the impairment by the COVID-19 pandemic
correlated negatively with maternal self-con�dence. This was also the �nding of Vazquez-Vazquez and
co-authors. They suggest that maternal lack of contact with other mothers through the restrictions
caused by the COVID-19 pandemic had an impact on the assessment of maternal self-e�cacy [67].

Here, we found a signi�cant inverse relationship of peripheral dopamine level with level of stress and
level of concern in the COVID-19 pandemic questionnaire. There were also similar results for the
correlation between peripheral dopamine levels and depression scores. These �ndings support the
hypothesis that dopamine plays an important role in modulating stress-coping mechanisms although
most of studies focus on dopamine levels in the central nervous system and not peripheral levels [68–
72].

Our study showed a correlation of IL-6 and elevated stress levels, which emphasize the �ndings of other
authors, that higher levels of IL-6 are associated with mental health problems such as depression and
anxiety [73–75].

For serum levels of cortisol, adrenaline and noradrenaline we did not �nd any signi�cant correlation. The
results of other studies are heterogeneous, levels of these hormones are shown to be strongly dependent
on individual baselines and circadian rhythm as well as the time interval to stressors and intensity of
stressors, which our study did not take into account [76, 77].
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A limitation of our study was that there were no clearly de�ned survey time or conditions for the survey as
well as the maternal blood sample, which owed to the course of labour and the work�ow in delivery
rooms. This may have lead to a blur in the obtained data, however we rate this to be of minor in�uence on
our overall �nding.

Conclusion
In our study we found increased levels of concern of obstetric patients regarding the COVID-19 pandemic
during the course of the pandemic in Germany that correlates particularly with stress and depression
levels. Our results suggest that raised levels of stress are rather of situational nature and not a result of
generally raised levels of fear and depression. The women of our study population experienced a raised
level of active coping over time as well as good levels of parental bonding, neither being adversely
affected by measured impairment of the pandemic. In contrast, maternal self-e�cacy was in�uenced in
part by the restrictions imposed by the pandemic.

Our �ndings support previous work studying the psychological effects of the pandemic and an increased
risk for mental health problems. They emphasize the special situation of pregnant women during this
period and as well the need for monitoring, prevention and intervention.
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Figure 1

Entire study procedure
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