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Abstract: The COVID 19 pandemic represents a major stress factor for non-infected pregnant women.
Although maternal stress during pregnancy increases the risk of preterm birth and intrauterine
growth restriction, an increasing number of studies yielded no negative effects of COVID 19 lock-
downs on pregnancy outcome. The present study focused on pregnancy outcome during the first
COVID 19 lockdown phase in Austria. In particular, it was hypothesized that the national lockdown
had no negative effects on birth weight, low birth weight rate and preterm birth rate. In a retrospec-
tive medical record-based single center study, the outcome of 669 singleton live births in Vienna
Austria during the lockdown phase between March and July 2020 was compared with the pregnancy
outcome of 277 live births at the same hospital during the pre-lockdown months of January and
February 2020 and, in addition, with the outcome of 28,807 live births between 2005 and 2019. The
rate of very low gestational age was significantly lower during the lockdown phase than during
the pre-lockdown phase. The rate of low gestational age, however, was slightly higher during the
lockdown phase. Mean birth weight was significantly higher during the lockdown phase; the rates
of low birth weight, very low birth weight and extremely low birth weight were significantly lower
during the lockdown phase. In contrast, maternal gestational weight gain was significantly higher
during the lockdown phase. The stressful lockdown phase in Austria seems to have no negative
affect on gestational length and newborn weight among non-infected mothers.

Keywords: COVID 19 pandemic in Austria; birth weight; preterm birth; maternal gestational
weight gain

1. Introduction

We are currently confronted with first global pandemic since the “Spanish flu” in 1918.
COVID 19 represents a major socio-economic-political-emotional stress factor (SEPE) [1]
and, above all, a major worldwide health problem. This applies not only to those people
infected with SARS COV 2 who suffer from a severe course of disease, but also to people
who are exposed to massive stress due to psychosocial and economic consequences of the
pandemic [2].

This was especially true of pregnant women during the first and second wave the of
pandemic in 2020. Pregnant women suffered from a twofold stress situation: on the one
hand, there is the awareness that COVID 19 infections may be deadly diseases, and the
uncertainty as to whether the infection can be transmitted to the fetus and whether it has
unknown consequences for the course of pregnancy and the birth and the development
of the child. Furthermore, a vaccination was not available until January 2021 and is still
not available on a large scale. On the other hand, the dramatic collapse of the world
economy led to a state of emergency, triggered by fears, worries and suddenly occurring
economic problems [1]. Maternal stress during pregnancy, however, creates adverse
prenatal environmental patterns which may influence fetal growth and development in an
adverse manner and also may result in long-term transgenerational consequences such as
increasing offspring morbidity and mortality in later life [3–8].
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Birthweight represents a sensitive indicator for the intrauterine growth process,
and it is well documented that stress phases during pregnancy may result in low birth
weight [9,10]. Every year, around 15 million children are born preterm or small for gesta-
tional age (SGA) worldwide, which means newborns who are smaller in size than normal
for their gestational age [11]. A birth weight of less than 2500 g is considered low, and
less than 1500 g is considered very low [12]. The lower the birth weight, the higher the
immediate morbidity and mortality risk [13,14]. Adverse long-term consequences can also
be expected. A low birth weight is therefore a major concern in obstetrics, neonatology,
pediatrics and public health. Therefore, it may be assumed that a major stress situation
such as the current COVID 19 pandemic may adversely affect intrauterine development
and increase preterm birth rates as well as low birthweight rates.

In-utero exposure to the “Spanish flu”, which was seen as a quasi-experiment for
studying the influence of a pandemic on fetal development, had adverse effects on in-
trauterine growth such as lower birthweights [15–17]. Some studies that focus on the effects
of COVID 19 on pregnancy, intrauterine development and childbirth analyze potential ef-
fects of the infection during pregnancy on pregnant women, fetuses and newborns [18–24].
Although Sentilhes et al. reported a positive association between COVID 19 infections
in pregnancy and maternal morbidity and preterm birth [24], according to recent studies,
there are low rates of maternal and neonatal mortality and vertical transmission with SARS-
CoV-2 [25]. The COVID 19 pandemic, however, is also a general stress factor, even for
uninfected people. Chinese studies suggest that pregnant women experienced significantly
increased stress levels, anxiety and depression during the COVID 19 outbreak [26]. These
high stress levels may have adversely impacted the course of pregnancy, intrauterine de-
velopment, parturition and birth weight even among healthy, uninfected pregnant women.
Accordingly, the preterm birth rate might increase and intrauterine growth restriction and,
in particular, low birth weight might become more frequent.

Consequently, an adverse effect of the COVID lockdowns on pregnancy outcome
might be assumed. Interestingly, the opposite was found in several studies. While few
studies reported increased stillbirth rates associated with COVID lockdowns in Italy [27],
Israel [28] or UK [29], several other studies could not prove adverse effects of COVID
lockdowns on pregnancy outcome. In contrast, the rate of extremely and moderately
premature births decreased during COVID 19 lockdowns in many countries, such as in
Ireland [30], Denmark [31], the Netherlands [20], Israel [32], Sweden [33] and the United
States [34–36]. Furthermore, the prevalence of low birth weight decreased during the first
lockdown periods, as presented in an Irish study [37]. In addition, studies from China [38]
and Botswana [39] reported no increase in adverse perinatal outcomes during or after
lockdown periods.

In the present study we focused on the situation in Austria, where a nationwide hard
lockdown started in mid-March 2020, with severe effects on social life and the economic
situation such as social distancing, loneliness and dramatically increasing unemployment
rates. The main focus of the present study was pregnancy outcome during this first
lockdown phase in Vienna, Austria. Based on the results of the studies mentioned above,
we tested the following hypothesis: the first national lockdown in Austria from March
16 to June 15 had no negative effects on mean birth weights and the prevalence of low
birthweight and pre-term birth among non-infected women in Vienna, Austria.

2. Materials and Methods
2.1. Study Setting—The First Lockdown in Austria

On 25 February 2020, the first two cases of COVID 19 infection were detected in
Austria. Later, it emerged that infections had already taken place in Tyrol on 8 February.
The Austrian government advised people in Austria to follow strict hand hygiene rules
and to practice social distancing. The first death caused by COVID 19 was confirmed on
12 March in Vienna. On 16 March, the first complete lockdown began in Austria, which
in its strict form lasted until 20 April. Schools and universities were closed and had to
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change to distance learning. Occupational activities (if possible) were carried out in home
office. Shops, with the exception of groceries and pharmacies, were completely closed.
Nationwide, homes were to be left only for necessary professional activities, necessary
purchases (food or medication), assisting other people and short recreational activities
in nature. According to the analysis of phone mobility records, the mobility of Austrian
people dropped down drastically during the lockdown in March. Data from the Google
Covid 19 Community Mobility Reports revealed that mobility was reduced by 80 percent
compared to the months of January and February and remained low until the end of April.
In May, there was an increase in mobility, but it was still below the comparison period
before the pandemic [40].

Starting on 6 April, everyone entering a shop had to wear a face mask. On 14 April,
wearing face masks became mandatory on public transportation. By late April, new cases
had stabilized to around 20–50 per day on average. A slight relaxation of the lockdown
measures began on 20 April, and phase two of the lockdown started. The lockdown
in Austria was not over until 15 June; however, social distancing remained, as did the
awareness that COVID 19 diseases are still not treatable and represent a deadly danger.

2.2. Data Sets

Data set 1 comprised all singleton life births (n = 945) taking place between 1 January
and 31 July at the Viennese Danube Hospital. In this group, maternal age at birth ranged
from 17 to 47 years (x = 30.1, SD = 5.3). A total of 669 of these births took place during the
months March and July 2020 during the lockdown phase in Austria. A total of 277 births
took place during the pre-lockdown months January and February 2020. The Danube
Hospital is one of the largest public birth clinics in Vienna [41] and can therefore be regarded
as representative for pregnancy outcome in Vienna. We focused on singleton births because
preterm birth and low birth weight are often associated with multiple pregnancies. These
two parameters among singleton live births are a much stronger indicator of stress factors
affecting the mother during pregnancy. Therefore, the following inclusion criterion was
defined: singleton live birth. On the other hand, a COVID 19 infection of the mother was a
strict exclusion criterion. Consequently, none of the mothers was infected with COVID 19.
Pregnant women have been subjected to COVID tests and antibody analyses. Women
infected with COVID 19 gave birth in a specialized focus hospital during the study period
and not at the Danube hospital. To compare pregnancy outcome during the first lockdown
months with the pregnancy outcome before the COVID 19 pandemic, an additional dataset
of 28,807 singleton live births taking place at the Danube Hospital in Vienna, Austria,
between 1 January 2005 and 31 December 2019 was used. Maternal age at birth ranged
from 17 to 46 years (x = 30.5, SD = 5.8). The study was carried out according to the Helsinki
Declaration and is part of a large project approved by the bioethical committee of the
City of Vienna (Projectnumber: (EK 19-274-VK). In addition, low birth weight (LBW) rates
and Caesarean section (CS) rates in Austria between 2005 and 2019 provided by Statistics
Austria [42] were used for comparison.

2.3. Obstetrical Characteristics and Newborn Parameters

The recorded obstetrical characteristics were gestational age at birth, newborn size
and weight status and the mode of delivery. Gestational age was calculated as the dif-
ference between date of delivery and date of the last menstrual bleeding (i.e., duration
of amenorrhoea) and by two consecutive ultrasound examinations performed before the
twelfth week of gestation. Preterm birth was defined as ≤36 weeks of gestation. Moderate
to late preterm birth (MlPB) was defined as 32 to 36 gestational weeks. Very preterm
(VPB) was defined as 28 to 32 weeks of gestation, extremely preterm (EPB) as less than
28 weeks of gestation [43]. In the present study very preterm and extremely preterm were
considered as one group (VPB) because only four births occurred during the 27th week
of gestation. We also include CS. All Caesarean sections were carried out exclusively for
medical reasons, such as cephalo-pelvic disproportion (diagnosed by sonography), adverse
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child presentation or placenta previa. Caesarean sections upon maternal request without
any medical indication were not performed at the Danube Hospital [27]. The most frequent
indications for emergency Caesarean delivery were fetal distress and obstructed labor.

All newborns were measured immediately after birth. The following parameters
were directly taken from the newborn: birth weight in grams using a digital infant scale,
birth length in centimeters using a standard measurement board for infants and head
circumference in centimeters using a tape. A low birth weight (LBW) was defined as
1500–2500 g, a very low birth weight (VLBW) as 1000–1500 g, and an extremely low
birth weight (ELBW) as <1000 g according to the recommendations of the World Health
Organization (WHO) [11].

2.4. Maternal Parameters

The following maternal parameters were collected: age at giving birth, body height,
pre-pregnancy weight, end of pregnancy weight and gestational weight gain. Body height
was measured to the nearest 0.1 cm using a standard anthropometer. Pre-pregnancy weight
was obtained by interview using the retrospective method. Body weight was measured
again to the nearest 0.1 kg on a balance beam scale, at the first prenatal visit around the
eighth week of gestation. Additionally, maternal weight was measured before delivery (i.e.,
at the end of pregnancy). The weight gain during pregnancy was calculated by subtracting
pre-pregnancy weight from body weight before delivery. Pre-pregnancy body mass index
(PPBMI) was calculated ((body weight in kg)/(body height in m)2).

2.5. Socio-Economic Indicators

Since no personal socioeconomic data of the mothers, such as employment, income
or educational level, were available, the unemployment rate in Austria, published by
Statistics Austria [42], was used as an indicator of the general economic situation during
the lockdown months in Austria.

2.6. Study Design

The study design corresponds to a retrospective medical record-based single-centre
study. In a first step, pregnancy outcome (newborn size, gestational age at birth), Cae-
sarean section rate and maternal somatic parameters (age, body height, body weight,
pre-pregnancy body mass index and gestational weight gain) at the Danube hospital dur-
ing the lockdown months March to July 2020 were compared to pregnancy outcome during
the pre-lockdown months January and February 2020. Furthermore, pregnancy outcome
during the lockdown months was compared with pregnancy outcome between 2005 and
2019 at the Danube hospital in order to provide a long-term perspective of the pregnancy
outcome at this medical center. In addition, low birthweight rate and Cesarean section
rate at the Danube hospital between 2005 and 2019 were compared with low birthweight
rate and Caesarean section rate in Austria using data from Statistics Austria. In a second
step, association patterns between pregnancy outcome and maternal parameters as well as
lockdown phase were tested. Furthermore, the unemployment rate during the lockdown
phase is presented.

2.7. Statistical Analyses

Statistical analyses were carried out using SPSS for Windows (version 26.00, IBM,
Vienna, Austria). The Kolmogorov–Smirnov test indicated the normal distribution of most
metric variables. Therefore, parametric tests were performed exclusively. After computing
descriptive statistics, Student’s t-tests and χ2 were calculated to test differences between
the births during the lockdown phase and those during pre-lockdown period. Additionally,
linear regression analyses were calculated to analyze the associations between maternal
parameters as well as the lockdown and gestational age at birth and newborn weight.
p < 0.05 was considered statistically significant.
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3. Results
3.1. Gestational Age

Table 1 shows the rates of late or moderate preterm births (MLPB) (32 to 36 weeks) and
very preterm birth (VPB) (<32 weeks) of the last 15 years (2005–2019) and pre-lockdown
as well as the lockdown months of 2020. The highest rate of VPB was found in 2015
with 30.1/1000, and the lowest rate (7.9/1000) in 2005. In January and February 2020,
before the Austrian lockdown, the VPB rate was quite high with 28.9/1000. During the
lockdown, however the rate of VPB dropped to 14.9/1000. Comparing the pre-lockdown
months and the lockdown months of 2020, the risk of VPB was markedly higher during the
pre-lockdown months (OR 1.92, CI 0.76–4.79). The lowest rate of MLPB (47.6/1000) was
found in 2009, the highest in 2017 (77.2/1000). During the pre-lockdown months January
and February, the MLPB rate was quite low (54.2/1000) and increased during the lockdown
months of March to July to 63/1000. The risk of MLPB, however, was only slightly higher
during the lockdown months (OR 1.01, CI 0.97–1.05). Sixty-three per thousand, however,
was not the highest MLPB rate during the last 15 years.

Table 1. Rates of ELBW (<1000 g), VLBW (<1500 g), LBW (1500–2500 g), VPB (<32 weeks), MLPB (32–36 week) at the
Danube Hospital between 2005 and 2019.

Year Singleton Live
Births n

ELBW VLBW LBW VPB MLPB

n Rate/1000 n Rate/1000 n Rate/1000 n Rate/1000 n Rate/1000

2005 1507 2 1.3 8 5.3 64 42.5 12 7.9 87 57.7
2006 1767 8 4.5 13 7.4 87 49.2 30 16.9 116 65.6
2007 1811 8 4.4 21 11.6 82 45.3 40 22.1 104 57.4
2008 1848 10 5.4 19 10.3 100 54.1 45 24.4 107 57.9
2009 1850 8 4.3 13 7.0 85 45.9 36 19.5 88 47.6
2010 1805 7 3.9 14 7.8 90 49.9 34 18.8 98 54.3
2011 1917 9 4.7 30 15.6 108 56.3 49 25.6 122 63.6
2012 1927 6 3.1 16 8.3 104 53.9 40 20.8 118 61.2
2013 2015 10 4.9 14 6.9 110 54.6 44 21.8 107 53.1
2014 2045 11 5.4 21 10.3 118 57.7 52 25.4 110 53.8
2015 2185 11 5.0 28 12.8 122 55.8 66 30.2 130 59.5
2016 2232 7 3.1 24 10.7 117 52.4 44 19.7 145 64.9
2017 2164 18 8.3 22 10.2 125 57.8 57 26.3 167 77.2
2018 2186 9 4.1 12 5.5 132 60.4 38 17.4 140 64.0
2019 1547 4 2.6 14 9.0 80 51.7 28 18.1 98 63.3

2020 Jan/Feb 277 2 7.2 5 18.0 15 54.2 8 28.9 15 54.2
2020 March–July 669 2 2.9 6 8.9 26 38.9 10 14.9 42 62.9

Legend: ELBW = extremely low birth weight (<1000 g), VLBW = very low birth weight (1000–1499 g), LBW = low birthweight (1500–2500 g),
VPB= very preterm birth (<32 weeks), MLPB = moderate or late preterm birth (32–36 weeks).

Examining the individual months of 2020, the VPB rate was lower during the lock-
down months of March to June than during January/February. The MLBP rate, in contrast,
was highest during the lockdown months of May and June 2020, but dropped during July
2020 (Table 2).
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Table 2. Rates of ELBW (<1000 g), VLBW (<1500 g), LBW (1500–2500 g), VPB (<32 weeks) MLPB (32–36 week) and CS at the
Danube Hospital between January and July 2020.

Month Singleton
Live Births n

ELBW VLBW LBW VPB MLPB CS

n Rate/1000 n Rate/1000 n Rate/1000 n Rate/1000 n Rate/1000 n %

January 149 1 6.7 1 6.7 9 60.4 3 20.1 10 67.1 16 10.7
February 128 1 7.8 4 31.3 6 46.9 5 39.1 5 39.1 18 14.1

March 45 0 0.0 0 0.0 3 66.7 0 0 3 66.7 4 8.9
April 128 1 7.8 1 7.8 2 15.6 2 15.6 7 54.7 18 14.1
May 159 0 0.0 4 25.2 5 31.4 3 18.9 11 69.2 23 14.5
June 191 0 0.0 1 5.2 9 47.1 3 15.7 14 73.3 29 15.2
July 145 1 6.9 0 0.0 5 34.4 1 6.9 7 48.3 20 13.7

Legend: ELBW = extremely low birth weight (<1000 g), VLBW = very low birth weight (1000–1499 g), LBW = low birthweight (1500–2500 g),
VPB= very preterm birth (<32 weeks), MLPB = moderate or late preterm birth (32–36 weeks), CS = Caesarean section.

3.2. Birthweight

According to the Statistics Austria dataset, the prevalence of low birthweight among
singleton births in Austria ranged between 4.7 and 5.2% from 2005 to 2019. The prevalence
of low birth weight at the Danube Hospital during this time span was higher, ranging
between 4.8% in 2005 and 7.9% in January/February 2020 (Figure 1).

Figure 1. Prevalence of birth weight below 2500 g in Austria (data source: [42]) and in the Danube Hospital 2005 to 2020.

Comparing the rate/1000 LBW between the pre-lockdown months of January/February
2020 and the lockdown months of March to July 2020 showed a significantly higher rate
(p = 0.049) of LBW in January/February (54.2/1000) than during the lockdown period of
March to July (38.9/1000). The risk of giving birth to a LBW newborn was significantly
higher during pre-lockdown period (OR 1.66 CI 0.98–2.81). The rates of extremely low
birthweight (<1000 g), very low birthweight (1000–1500 g) and low birthweight (1501–
2500 g) at the Danube hospital are listed in Table 1. The comparison of the pre-lockdown
months of January/February 2020 and the lockdown months of March to July 2020, yielded
markedly higher risks of ELBW (OR 2.48 CI 0.35–17.50), VLBW (OR 2.05 CI 0.63–6.67) and
LBW (OR 1.41 CI 0.76–2.62) during the pre-lockdown months. The rates of low, very low
and extremely low birthweight between January and July 2020 are listed in Table 2.
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3.3. Newborn Size

The mean birth weight at the Danube Hospital was 3344 g during the last 15 years.
The lowest mean births weight (3322.2 g) occurred in 2017. The highest mean birth weight
occurred during the lockdown phase (3381.7 g). A similar trend was evident for birth
length, with the highest values (50.8 cm) also reported for the lockdown period. Mean head
circumference (34.3 cm) did not differ markedly between the years 2005 to 2020 (Table 3).

Table 3. Newborn parameters birthweight, birth length and head circumference 2005 to 2020 descrip-
tive statistics.

Year n
Birth Weight (g) Birth Length (cm) Head Circumference (cm)

Mean SD Mean SD Mean SD

2005 1507 3353.4 517.4 50.7 2.7 34.2 1.6
2006 1767 3350.4 554.0 50.6 2.7 34.3 1.6
2007 1811 3337.0 582.2 50.3 2.9 34.2 1.8
2008 1848 3328.1 598.8 50.3 2.7 34.2 1.8
2009 1850 3345.1 551.8 50.4 2.7 34.3 1.6
2010 1805 3333.1 557.1 50.3 2.6 34.2 1.7
2011 1917 3324.6 603.3 50.3 2.9 34.2 1.8
2012 1927 3354.0 573.9 50.4 2.9 34.1 1.8
2013 2015 3369.3 586.9 50.5 2.9 34.1 1.7
2014 2045 3345.5 608.4 50.4 3.0 34.0 1.9
2015 2185 3338.1 604.9 50.5 3.1 34.1 1.9
2016 2232 3351.2 583.7 50.5 2.9 34.1 1.9
2017 2164 3322.2 616.3 50.2 3.2 34.1 1.9
2018 2186 3354.9 577.3 50.6 2.8 34.1 1.8
2019 1547 3356.9 580.2 50.7 2.9 34.2 1.8

2020 Jan/Feb 277 3342.2 630.6 50.5 3.2 34.2 2.1
March–July 669 3381.7 556.4 50.8 2.9 34.3 2.1

The comparison of newborn size between pre-lockdown and lockdown months in
2020 yielded insignificantly higher birthweight and insignificantly higher birth lengths
during the lockdown months. Newborn head circumference was only slightly higher
during the lockdown months.

3.4. Caesarean Section Rates

During the last fifteen years, the Caesarean section rates at the Danube hospital were
always markedly lower than the Caesarean section rate of Austria as a whole. (Figure 2).
During the lockdown months, the Caesarean section rate did not increase markedly at the
Danube hospital. In fact, the low CS rate at that hospital (compared to overall Austria)
remained low during the lockdown months between March and July 2020; Caesarean
sections were performed only in 14.1% of the births.

3.5. Maternal Somatic Parameters

Age, body height, body weight and pre-pregnancy BMI did not differ significantly
between mothers giving births during the pre-lockdown months January/February 2020
and mothers giving birth during the lockdown months. Gestational weight gain, however,
differed significantly (Table 4). During the lockdown months, the mean gestational weight
gain was 14.2 kg, i.e., an increase of 1 kg compared with January/February 2020. This
difference in weight gain between the pre-lockdown and lockdown months was statistically
significant (p = 0.021).
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Figure 2. Prevalence of Caesarean section rate in Austria [42] and in the Danube Hospital 2005 to 2020.

Table 4. Maternal somatic parameters. A comparison between pre-lockdown and lockdown months
in 2020 (Student’s t-tests).

Maternal Parameter January/February
Pre-Lockdown

March to July
Lockdown Sign.

Mean SD Mean SD p-Value

Age (yrs.) 31.1 5.3 30.8 5.4 0.143
Body height (cm) 165.1 6.9 164.7 6.1 0.301

Body weight before pregnancy (kg) 67.3 15.7 66.2 14.4 0.275
Body weight end of pregnancy (kg) 80.4 15.5 80.5 14.9 0.916

Pre-pregnancy BMI (kg/m2) 24.69 5.59 24.41 4.98 0.433
Gestational weight gain (kg) 13.2 5.9 14.2 6.7 0.021

In general, 14.2 kg was the highest gestational weight gain during the last 15 years
(Table 5). Furthermore, the percentage of women who experienced a gain of more than 15 kg
during pregnancy was significantly higher during the lockdown months (p = 0.049). Nearly
39% of the pregnant women showed a weight gain of more than 15 kg between March
and July 2020, while this was true of only 33.8% of the mothers during the pre-lockdown
months (Table 5).

3.6. Associations between Pregnancy Outcome and Maternal Parameters

Linear multiple regression analyses yielded that birth weight in 2020 was significantly
positively associated with maternal gestational weight gain (Coefficient B = 11.66, p = 0.001,
95% CI 7.43 to 15.89), but not with maternal age and the lockdown phase. The same
associations could be observed for gestational length. Gestational length was significantly
positively associated with maternal gestational weight gain (Coefficient B = 0.05; p = 0.001;
95% CI = 0.03 to 0.07), while no significant association with the maternal age and the
lockdown phase could be observed. Consequently, gestational weight gain seems to be a
key factor for pregnancy outcome in this sample.
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Table 5. Maternal gestational weight gain categories LGWG (<10 kg), AGWG (10–15 kg), HGWG
(>15 kg) at the Danube Hospital between 2005 and 2019.

Year
Gestational Weight Gain (kg) LGWG

<10 kg
AGWG

10–15 kg
HGWG
>15 kg

x SD

2005 12.5 5.9 26.0% 45.3% 28.7%
2006 13.4 5.9 20.0% 48.8% 31.2%
2007 13.5 5.4 21.6% 45.8% 31.6%
2008 13.2 6.2 22.1% 47.7% 30.1%
2009 13.0 5.6 23.6% 46.8% 29.6%
2010 13.8 5.6 20.0% 45.2% 34.8%
2011 13.7 5.6 20.4% 44.9% 34.7%
2012 13.5 5.6 21.5% 45.3% 33.2%
2013 14.0 5.9 18.9% 45.1% 36.0%
2014 14.1 6.2 20.1% 45.4% 34.5%
2015 13.8 6.3 21.7% 40.8% 33.5%
2016 13.9 6.3 20.2% 47.6% 32.2%
2017 13.9 5.9 20.7% 45.7% 33.6%
2018 13.9 6.3 22.1% 45.3% 32.6%
2019 13.5 5.8 21.6% 44.8% 33.5%

2020 Jan/Feb 13.2 5.9 24.9% 41.3% 33.8%
March-July 14.2 6.7 20.3% 40.8% 38.8%

Legend: LGWG = low gestational weight gain, AGWG =average gestational weight gain, HGWG = high
gestational weight gain.

4. Discussion

After the first case of coronavirus infection was detected in Wuhan, China, in December
2019, the disease spread all over the world within a few weeks. The WHO declared
Coronavirus Infection Disease 2019 (COVID 19) a Public Health Emergency of international
concern on 30 January 2020 and, subsequently, a pandemic on 11 March 2020. COVID
19 not only represents a pandemic and global health crisis but is also a psychosocial and
economic disaster [1]. Stress, worries and anxieties during pregnancy are often associated
with intrauterine growth restriction and/or preterm birth [44–47]. Economic crises, such
as the financial crisis of 2008, also led to reduced mean birth weights in particularly
affected countries such as Spain [48–50], Greece [51], Portugal [52], Iceland [53], Japan [54],
Argentina [55], Brazil [56] and the USA [57]. Since the economic effects of the COVID 19
pandemic are comparable to those of the financial crisis in 2008, the COVID 19 pandemic
and, in particular, the lockdown phases probably result in similar effects on intrauterine
growth and pregnancy outcome. Interestingly, several studies yielded no negative effects
of the COVID 19 lockdowns on pregnancy outcome [27–39].

In the present study, pregnancy outcome during the first hard lockdown phase in
Austria was focused on. In particular, the following hypothesis was tested: the first
national lockdown in Austria from March 16 to June 15 had no negative effects on mean
birth weights and the prevalence of low birthweight and pre-term birth among non-
infected women in Vienna, Austria. Exclusively non-infected mothers were examined in
order to exclude effects of COVID 19 infections on the fetus. The comparison of births
during the lockdown months March to July with the pre-lockdown situation (January and
February 2020) and the database from the last 15 years supported the unexpected results of
previous studies [27–39]. The rate of preterm birth did not increase significantly during
the lockdown; in contrast, the rate of VPB during the lockdown months was markedly
lower than in the years before. These findings are in accordance with previous studies
from Israel [32], Denmark [31], UK [29] and the United states [35] that also reported either
no change or a decrease in extremely low gestational age. For Italy, a significant decrease
in late preterm births (23 to 36 gestational week) was reported [27]. In the present study,
no significant decrease in late preterm birth could be observed. Late preterm birth rates
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during the lockdown were slightly lower than between 2016 and 2019 but higher than
during the pre-lockdown months of January and February 2020.

Mean weight and length at birth were highest during the lockdown months, whereas
the rates of low birthweight (1500 to 2500 g), very low birthweight (1000 to 1500 g) and
extremely low birth weight (<1000 g) decreased during those months. These findings are
in contrast to the observations during the financial crisis 2008 [47–53], but in accordance
with the results of Philip et al. [37]. In that Irish study, an unpredicted 73% reduction
in live births of VLBW newborns and a 100% reduction of ELBW newborns during the
Irish lockdown was observed. In addition, the Caesarean section rates remained low in
the Austrian sample during the lockdown, indicating no increase in complications during
deliveries.

Although the results of the present study are in accordance with those of some
previous studies [27–39], the lack of negative effects of the lockdown phase on pregnancy
outcome is rather unexpected. The COVID 19 pandemic produced social and economic
stress; both are particular risk factors for preterm birth and giving birth to growth-restricted
newborns [58]. The impact of global pandemics on fetal growth and a transgenerational
effect were described for the influenza pandemic of 1918. People born in 1919 who were
exposed to the influenza pandemic in utero expressed low birth weight and also worse
health and higher mortality in older age [15,58–60]. Although COVID 19 is the first global
pandemic since 1918, the situation in Austria in 2020 is quite different. Both the medical
care and the affords taken by the government to cushion the economic consequences of
the pandemic cannot be compared with the situation in 1918. Nonetheless, unemployment
rates increased dramatically within few days in March 2020, whereas in February 333,987
people were unemployed in Austria, that number rose to 504,345 in March [42]. The highest
value was reported in April (522,253). In May, the unemployment rate decreased with the
end of phase one of the lockdown. The COVID 19 pandemic did not only create economic
stress, people were also confronted with a new, unknown and deadly virus infection.
Although during the lockdown months of March to July the primary focus has been on
typical vulnerable groups such as elderly and patients with underlying medical conditions,
an infection during pregnancy was seen as a risk for the pregnant women and the fetus [18].
The effects of a possible maternal–fetal transmission of SARSCOV 2 infections were still
unclear [22]. Some studies suggested an association between a SARSCOV 2 infection
during pregnancy and maternal morbidity and preterm birth [20,24], but also adverse birth
outcomes and increased caesarean section rates [22]. The fear of a new deadly disease
and economic problems caused by an unexpected increase in the unemployment rate
due to COVID 19 created stress, which may have negative consequences for pregnancy
outcome [61–65].

In the present study, the lockdown related stress could have affected the fetuses
mainly during the third trimester of pregnancy. Previous studies suggested that maternal
and intrauterine environments affect fetal growth in weight mainly during the third
trimester [66]. This is mainly due to compromised uteroplacental perfusion and the
exposure to high maternal cortisol levels. Therefore, increased maternal stress during late
pregnancy should be associated with increased rates of preterm birth and low birth weight.
Interestingly, the lockdown showed no negative effects on gestational age and birthweight.
In contrast, preterm birth rates and low birthweight rates decreased during the lockdown
phases not only in Austria, but also in several other countries [28–39]. The reasons for the
decrease in preterm birth rates and the increase in newborn size during the COVID 19
lockdowns are still unclear. Although we cannot support our interpretation with data, we
suggest that the COVID 19 lockdown forced behavioral changes and life style modifications
in pregnant women. The study design did not allow testing for associations or causality
between life style changes and the unexpected increase in birth weight and gestational
length. Berghella et al. [35] postulated several hypotheses, such as reduced work hours,
reduced somatic and emotional stress of work, increased support by the family, reduced
load of infections, better nutrition or governmental financial support. The same issue was
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relevant in Philip et al. [37]. Importantly, we do have one hint of changes in the maternal
factors: gestational weight gain increased significantly during the lockdown. Although
mothers giving birth during the pre-lockdown months of January and February 2020 and
mothers giving birth during the lockdown months of March to July 2021 did not differ
significantly in age, body height and pre-pregnancy body mass index, mothers during the
lockdown phase gained significantly more weight. On the one hand this may be due to
longer gestational length, but we suppose that gestational weight gain may be used as
a proxy for behavioral changes. Social distancing and the home office situation affected
the behavior of pregnant women. Pregnant women have been forced to stay at home,
potentially decreasing physical activity and increasing their nutritional intake, which might
result in increased gestational weight gain. This effect was described by Zhang et al.,
who reported an increase in emotional eating among pregnant women during the COVID
19 pandemic. Decreases in physical activity but increased worries about the pandemic
caused emotional eating behavior, which was associated with increased gestational weight
gain [67]. Stressful situations are often associated with changes in diet and eating behavior.
The fear of COVID 19 and increased depression rates were positively associated with
emotional eating, characterized by an intake of high sugar foods and beverages [68,69].
In the present study, we have no information concerning depression and food intake
among pregnant women, but we clearly see an increased gestational weight gain during
the COVID 19 lockdown. This increased gestational weight gain seems to be a key factor
for pregnancy outcome during the lockdown months. The regression analyses clearly
showed that the gestational weight gain was significantly associated with birth weight and
gestational length, while the lockdown phase was not significantly related to birthweight
and gestational length. On the other hand, financial support from the Austrian government
helped to reduce the immediate economic consequences. Bogin and Varea [1] declared
COVID 19 to be an SEPE. In our opinion, this first lockdown stress to pregnant women
may have been lower than expected in Austria.

Our study contains the following limitations. A main issue is the retrospective design,
which does not enable including standardized stress inventories or questionnaires to
obtain information concerning economic parameters and the individual perception of the
lockdown by the pregnant women. Furthermore, we have no information regarding the
family situation, the perceived social support or the cultural and ethnic background of the
mothers. The study design did not allow testing causalities or even associations between
stress factors, behavior life style and pregnancy outcome of the study population. The
focus group—deliveries during the lockdown months—was relatively small. Only 669
singleton births took place during the lockdown phase at the Danube Hospital. Although
the hospital is one of the largest public birth clinics in Vienna, the study population is not
representative for whole Austria, and the findings should not be generalized. Nevertheless,
the study also has strengths. This is the first study analyzing pregnancy outcome among
uninfected women during the first hard COVID 19 lockdown in Austria. This gives it a
pilot study character, and its design made a comparison with the rates of low birth weight
and preterm births over the last 15 years.

5. Conclusions

Neither the extremely preterm births rates nor the prevalence of low birth weight
increased during the lockdown months. On the contrary, both parameters were lower
during the lockdown months than in the years before. Gestational weight gain, however,
was significantly higher during the lockdown months. Furthermore, gestational weight
gain was significantly associated with birthweight and gestational length. The stressful
lockdown phase in Austria seems to have no significantly negative effect on extremely
preterm birth rates and newborn weight among non-infected mothers.
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