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Abstract
Objective: To determine the impact on perinatal health of changes in social policies 
and obstetric care implemented to curb SARS-CoV-2 transmission. However, robust 
data on the topic are lacking since most of the studies has examined only the first few 
months of the outbreak.
Methods: A retrospective analysis of prospectively collected data on uninfected and 
asymptomatically infected women giving birth between March and November 2020 
and in the same time frame of 2019 at our tertiary care center in Lombardy, northern 
Italy. Perinatal outcomes were compared according to the year (2019 versus 2020) 
and to the trimester (March–May, June–August, September–November) of childbirth, 
corresponding to the three phases of the pandemic (first wave, deceleration, second 
wave) and covering a 9-month period.
Results: We identified increased rates of gestational diabetes mellitus, spontaneous 
preterm birth, and neuraxial analgesia in 2020 versus 2019, with different temporal 
distributions: gestational diabetes mellitus and spontaneous preterm birth were more 
prevalent during the deceleration and the second wave phase, whereas epidural anal-
gesia was more prevalent during the first wave.
Conclusion: By assessing a prolonged time frame of the pandemic, we show that 
pandemic-related control measures, as applied in Lombardy, impacted relevant peri-
natal outcomes of women giving birth at our center.

K E Y W O R D S
care, childbirth, coronavirus disease 2019, pandemic, pregnancy, severe acute respiratory 
syndrome coronavirus 2

1  |  INTRODUC TION

Since its start in March 2020, the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) pandemic has substantially impacted 
perinatal health.1–10

Northern Italy, and specifically the Lombardy region, was one of 
the hardest hit European areas at the beginning of the pandemic.11

On March 8, 2020, the Lombardy region issued a regionwide 
stay-at-home order, which was extended to all other Italian regions 
on March 11, 2020, and was maintained until May 18, 2020. Also, 
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specific recommendations for maternity services were rapidly is-
sued.4,7,9 A few tertiary-care hospitals, including the research site, 
were chosen as referral centers for SARS-CoV-2-infected obstetric 
patients.4 In-person visits were maintained only if deemed neces-
sary, and remotely delivered visits and childbirth preparation classes 
were implemented.12,13 Skin-to-skin and birth companions were not 
allowed in SARS-CoV-2-positive women till May and October 2020, 
respectively. Breastfeeding was permitted with the use of facemask 
and gloves in the case of confirmed infection. One support person 
was allowed during the postpartum stay only in SARS-CoV-2-negative 
women for 2 h a day, whereas in-hospital visits by family members 
were suspended.14

Although drafted to provide guidance and safety in the context 
of a constantly evolving situation and knowledge, these recommen-
dations influenced crucial aspects of obstetric care.1,10,15,16

Direct effects of the SARS-CoV-2 infection on pregnant women 
and their babies have been extensively investigated, with findings 
unanimously suggesting that moderate-to-severe symptomatic 
infection associates with adverse obstetric outcomes, such as 
preterm birth (PTB) and low birth weight.17–27 In turn, the liter-
ature examining whether the changes in social and obstetric care 
policies due to the pandemic have affected perinatal outcomes in 
uninfected and asymptomatically infected women is more con-
troversial. Some studies have suggested that stay-at-home orders 
may have contributed to decreased rates of PTB,28–38 although 
available evidence is discordant.39–42 Similarly, contrasting reports 
have been published regarding the risk of stillbirth.38,40,41,43–46 Of 
note, most of the research on the topic has focused only on the 
first few months of the pandemic, so has probably been unable 
to capture all the relevant outcomes and potential temporal trend 
differences.

The aim of this study was to investigate perinatal outcomes 
among uninfected and asymptomatically infected women who 
gave birth during a 9-month time frame of the 2020 pandemic in 
a referral center for SARS-CoV-2 infection in obstetric patients in 
Lombardy, northern Italy, and to compare them to those of women 
in 2019.

We hypothesized that the modifications in women's life-style, 
maternity services, and labor and birth practices due to the pan-
demic, as well as the protracted increased workload of midwives and 
obstetricians working in a referral center for SARS-CoV-2 infection, 
ultimately affected perinatal outcomes.

2  |  MATERIAL S AND METHODS

This was a retrospective analysis of prospectively collected data 
including women giving birth between March 1 and November 30, 
2020 and in the same time frame of 2019, at our tertiary-care center.

Starting in March 2020, a comprehensive questionnaire was ad-
ministered to all women at hospital admission.47 A targeted SARS-
CoV-2 screening approach triggered by a positive questionnaire and 
based on reverse transcription polymerase chain reaction testing of 

nasopharyngeal swabs was used until April 8, 2020, when a univer-
sal viral screening policy was implemented. Healthcare personnel 
caring for suspected and confirmed SARS-CoV-2-positive women in 
labor wore full personal protective equipment, including N95 face-
mask, gloves, goggles, and gown.

Data regarding general maternal characteristics, obstetric his-
tory, pregnancy course, and perinatal outcomes of women giving 
birth at our center are routinely recorded in a dedicated log book, 
which is periodically audited as part of our institutional quality im-
provement program aimed at safely reducing rates of obstetric inter-
ventions, including primary cesarean section (CS)48 and episiotomy.49

PTB was defined as any birth occurring before 37 weeks of preg-
nancy. It was categorized as spontaneous and medically indicated.

Gestational diabetes mellitus (GDM) was diagnosed by the 
one-step approach using a 75-g, 2-hour oral glucose tolerance 
test as proposed by the International Association of Diabetes and 
Pregnancy Study Groups50 and as per institutional protocol since 
January 2011.

For the purpose of this study, only women with a laboratory-
confirmed, asymptomatic SARS-CoV-2 infection, as well as 
uninfected women, were included in the analyses. In turn, symp-
tomatically infected women were excluded to avoid biases due to 
the known effects of symptomatic infection on the investigated 
outcomes.17–27 Asymptomatic infection was identified by a posi-
tive SARS-CoV-2 reverse transcription polymerase chain reaction in 
women with a negative admission questionnaire and no new onset 
of symptoms during the postpartum stay.

The study was approved by the Institutional Review Board of the 
University of Milan-Bicocca (#15408/2020).

Assessment of normality was performed by means of 
Kolmogorov-Smirnov test. Statistical analyses included χ2 test 
or Fisher exact test for categorical variables, and independent 
Student's t test for continuous variables.

We compared outcomes between women giving birth in March–
November 2020 and March–November 2019 to account for sea-
sonality.51 Outcomes of interest were also investigated according to 
the trimester of childbirth. We identified three trimesters (March to 
May, June to August, September to November) which correspond 
with the phases of the pandemic in Lombardy: first wave, decelera-
tion, and second wave.11

A logistic regression model stratified by year of birth with 
2019  group as referent was employed to estimate dose–response 
associations with perinatal outcomes, adjusted for potential con-
founding variables. Statistical significance was set at P < 0.05 (SPSS 
software, version 27; IBM, Armonk, NY, USA; GraphPad Prism soft-
ware, version 7; GraphPad, San Diego, CA, USA).

3  |  RESULTS

During the study period, there were 3666 births, 1882 in 2019 and 
1784 in 2020. There were 113 multiple gestations (three were triplet 
gestations), for a cohort of 3782 fetuses. Figure 1 shows temporal 
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distribution of births according to the pandemic phases in 2020 and 
the correspondent time frames in 2019.

Viral infection screening upon hospital admission for childbirth 
diagnosed 49 women as asymptomatically infected with SARS-
CoV-2. During the 2020  study period, there were 35 additional 
women diagnosed as SARS-CoV-2 positive: 25 were mildly symp-
tomatic, whereas 10 had pneumonia. These 35 women were not in-
cluded in the analyses.

Women in 2020 were older, mostly more than 40 years old, and 
more frequently multiparas with a previous CS in their obstetric his-
tory compared with the women in 2019 (Table  1). No differences 
were identified regarding pregestational comorbidities or gesta-
tional complications, except for higher rates of GDM in 2020 (14.4% 
versus 11.3%, P  =  0.005). Accordingly, polyhydramnios was more 
commonly diagnosed. There were 15 stillbirths, 8 (0.4%) in 2019 and 
7 (0.4%) in 2020 (P = 1.000). None of the stillbirths diagnosed during 
the pandemic were in SARS-CoV-2-positive, asymptomatic women.

Overall, PTB before 37  weeks occurred in 266 (7.3%) women 
(Table  2). Assessment of PTB subtype showed increased rates of 
spontaneous PTB subsequent to preterm onset of labor among 
women giving birth in 2020 compared with 2019. Out of the 141 
cases of PTB in 2020, only three occurred in SARS-CoV-2-positive, 
asymptomatic women.

Approximately one-third of women used neuraxial analgesia in 
labor during the 2 year-study period, with higher rates in 2020 ver-
sus 2019. An even more substantial increase was identified in 2020 
when analysis was restricted to only those women with no previous 
vaginal birth.

Globally, frequencies of abdominal and vaginal operative birth 
were not affected by the pandemic; however, we observed a reduc-
tion in CS rate from 2019 to 2020 among women in Robson class 1 
(8.2% versus 6.6%, P = 0.04). Similarly, episiotomy rates displayed a 
substantial decline (9.7% versus 6.7%, P = 0.001).

No differences were identified regarding short-term neona-
tal outcomes, including birthweight (mean ± standard deviation: 
3170.5 ± 588.6 g in 2019 versus 3187.1 ± 596.8 g in 2020, P = 0.388) 
and Apgar score at 5 min (9.8 ± 0.6 in 2019 versus 9.8 ± 0.7 in 2020, 
P  =  0.153). Overall, breastfeeding at hospital discharge was pres-
ent in 3537 (96.5%) of women, with similar rates between 2019 and 
2020.

All findings of the univariate analysis, except for polyhydramnios, 
were confirmed by the logistic regression model adjusted for poten-
tial confounding factors (Table 3).

Analyses according to the trimester of birth identified temporal 
differences in the assessed perinatal outcomes, with increased rates 
of GDM and spontaneous PTB during the deceleration and the sec-
ond wave phase of the pandemic, and of epidural analgesia during 
the first pandemic wave (Figure 2).

A sensitivity analysis including only SARS-CoV-2-negative 
women showed results similar to the analyses of the overall study 
population (see Tables S1–S3).

4  |  DISCUSSION

Our data support the hypothesis that modifications in social poli-
cies and in labor and birth practices abruptly introduced to contain 
viral spread at the beginning of the outbreak influenced perinatal 
outcomes of uninfected and asymptomatically infected women giv-
ing birth in a referral center for SARS-CoV-2 infection in Lombardy, 
northern Italy, over a prolonged period of time.

We observed increased rates of GDM, spontaneous PTB, and 
use of neuraxial analgesia in labor in 2020 versus 2019. These out-
comes displayed a different temporal distribution, with GDM and 
spontaneous PTB being more prevalent during the deceleration and 
the second wave phase and epidural analgesia being more preva-
lent during the first wave phase. In turn, we identified a substantial 
reduction in the 2020 rates of obstetric interventions, including CS 
among women in Robson class 1 and episiotomy.

As governments and hospitals worldwide continue to work 
to effectively protect women and their healthcare providers 
from SARS-CoV-2 infection, it remains important to determine to 
what extent swift modifications in social and obstetric care poli-
cies designed to curb viral transmission impact perinatal health.52 
Although much has been written on this topic, there are few ac-
tual data because most of the research work has assessed short 
time periods limited to the first few months of the pandemic.15,2

9–31,33,36,39,41,46,53,54 Literature published quickly after new policy 
implementation is unlikely to capture all relevant outcomes. Also, 
policies have substantially varied over time. As a result, assessment 
of longer time frames, as we did in our study, is crucial to obtain 
more informative data.

We identified a higher risk of GDM in the 2020 versus 2019 
cohort of pregnant women, with a substantial increase during the 
deceleration (June–August) and the second wave (September–
November) phases.

F I G U R E  1  Temporal distribution of births at our center in 2019 
and 2020
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This is in line with a recent report from Israel.53 Interestingly, a 
survey among Spanish pregnant women has identified a decrease in 
levels of physical activity during implementation of lockdown mea-
sures.55 Regular exercise during pregnancy is known to reduce the 
odds of obstetric complications, including GDM.56–59 Strict home 
confinement was mandatory in the Lombardy region from March 8 
till May 18, 2021. This may have affected levels of exercise in preg-
nant women, especially in those in their first and early second tri-
mesters, thus ultimately favoring GDM.

Contrasting data have been published regarding the rates of 
spontaneous PTB during the first months of the pandemic compared 
with previous years, suggesting a protective,28–38 detrimental,40 or 
non-existent effect38,39,41,42 of strict stay-at-home orders on this ob-
stetric complication.

By assessing a 9-month time frame encompassing three sequen-
tial phases of the pandemic, we observed similar rates of spontaneous 
PTB during the first wave (March–May), when lockdown mea-
sures were in place, and increased rates after such measures were 

discontinued, compared with the same months of 2019. Reduced in-
person antenatal visits may have contributed to these findings.40,41 
Also, high levels of prenatal stress and anxiety, which have been 
reported in pregnant women exposed to the pandemic-related lock-
down35,60–71 and are risk factors for PTB,72,73 might have played a 
role. Another possible explanation includes change in the referral 
patterns with more high-risk women referred to our university cen-
ter.41,53,74 In addition, the effect of population heterogeneity cannot 
be excluded, as our 2019  spontaneous PTB rates were lower than 
those of other published cohorts reporting a decline likely related to 
a beneficial role of stay-at-home orders,28–38 suggesting a potential 
divergent influence of such orders on different pregnant populations.

Withdrawal of epidural services has been reported in some 
of the most affected Italian regions.52 Although being a referral 
center, we were able not only to guarantee neuraxial analgesia in 
labor as we did in 2019 but also to face an increased request for 
this during the first wave. Substantial levels of stress and anxiety, 
due to the limited knowledge of the effects of the virus on the 

TA B L E  1  General and obstetric characteristics of women of the study cohort according to year of childbirtha

Variables
Overall study cohort
N = 3666

2019
N = 1882

2020
N = 1784 P value

General characteristics

Maternal age, year 32.8 ± 5.2 32.6 ± 5.3 33.1 ± 5.1 0.001

Maternal age >35 years 1123 (30.6) 565 (30.0) 558 (31.3) 0.410

Maternal age >40 years 245 (6.7) 108 (5.7) 137 (7.7) 0.011

BAME 442 (12.1) 213 (11.3) 229 (12.8) 0.171

Pregestational BMI 23.4 ± 4.6 23.2 ± 4.5 23.5 ± 4.7 0.069

Pregestational obesitya 324 (8.8) 152 (8.2) 172 (9.8) 0.092

Comorbidities

Asthma 9 (0.2) 5 (0.3) 4 (0.2) 1.000

Chronic hypertension 66 (1.8) 30 (1.6) 36 (2.0) 0.385

Diabetes type I or II 15 (0.4) 5 (0.3) 10 (0.6) 0.199

Obstetric history and current pregnancy data

Nulliparityb 1775 (48.4) 939 (49.9) 836 (46.9) 0.036

Previous cesarean section 449 (12.2) 212 (11.3) 237 (13.3) 0.035

Childbirth preparation classesc 1268 (34.6) 653 (34.8) 615 (34.5) 0.835

GDM 465 (12.7) 208 (11.1) 257 (14.4) 0.005

Cholestasis 109 (3.0) 48 (2.6) 61 (3.4) 0.144

HDP 153 (4.2) 79 (4.2) 74 (4.1) 1.000

Twin gestation 113 (3.1) 63 (3.3) 50 (2.8) 0.195

Oligohydramnios 94 (2.6) 42 (2.2) 52 (2.9) 0.060

Polyhydramnios 83 (2.3) 32 (1.7) 51 (2.9) 0.041

pPROM 107 (2.9) 48 (2.6) 59 (3.3) 0.103

Abbreviations: BAME, Black, Asian, and Minor Ethnicity; BMI, body mass index (calculated as weight in kilograms divided by the square of height in 
meters);GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy, including gestational hypertension, pre-eclampsia, pre-
eclampsia superimposed on chronic hypertension; pPROM, preterm prelabor rupture of membranes.
aValues are presented as mean ± standard deviation or as number (percentage).
bBMI >30.
cIncludes women with no previous birth >22 weeks of pregnancy.
dRemotely delivered in 2020.
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TA B L E  2  Childbirth outcomesa

Variables
Overall study cohort
N = 3666

2019
N = 1882

2020
N = 1784 P value

GA at birth, week 39.2 ± 2.3 39.1 ± 2.2 39.0 ± 2.3 0.334

PTB <37 weeksb 266 (7.3) 125 (6.7) 141 (7.9) 0.143

PTB 32–36+6 weeksb 206 (5.6) 95 (5.1) 111 (6.2) 0.132

Spontaneous PTBb 169 (4.6) 73 (3.9) 96 (5.4) 0.033

Labor 3220 (87.8) 1669 (88.7) 1551 (86.9) 0.117

Induced 902 (24.6) 459 (27.5) 443 (28.6) 0.505

Neuraxial analgesia in labor 1036 (28.3) 488 (25.9) 548 (30.7) 0.001

Among women with no previous vaginal birth 830/2127 (22.6) 393/1109 (35.4) 437/1018 (42.9) <0.001

Oxytocin in labor 626 (17.1) 332 (17.6) 294 (16.5) 0.357

Cesarean section 752 (20.5) 382 (20.3) 370 (20.7) 0.744

Pre-labor 368 (10.0) 183 (47.9) 185 (50.0) 0.545

Robson class 1 cesarean sectionc 272 (7.4) 154 (8.2) 118 (6.6) 0.040

Operative vaginal birth 121 (3.3) 56 (3.0) 65 (3.6) 0.268

Postpartum hemorrhage

>1000 ml 168 (4.6) 93 (4.9) 75 (4.2) 0.305

>2000 ml 20 (0.5) 14 (0.7) 6 (0.3) 0.117

Episiotomy 303 (8.3) 183 (9.7) 120 (6.7) 0.001

Perineal tears III–IV degree 36 (1.0) 16 (0.9) 20 (1.1) 0.503

Breastfeedingd 3537 (96.5) 1822 (96.8) 1715 (96.1) 0.151

Abbreviations: CS, cesarean section; GA, gestational age; PTB, preterm birth.
aValues are presented as mean ± standard deviation or as number (percentage).
bIncludes only pregnancies with birth after 22 weeks or pregnancy and no stillbirth.
cIncludes women with no previous birth after 22 weeks of pregnancy, at term, with a singleton pregnancy, a fetus in vertex presentation, and a 
spontaneous onset of labor.
dAssessed at hospital discharge.

TA B L E  3  Logistic regression model of perinatal outcomes of interest

Variables 2019

2020 2020

OR 95% CI aOR 95% CI

GDMa Ref. 1.33 1.09–1.61 1.28 1.05–1.56

Polyhydramniosb Ref. 1.37 1.12–1.84 1.04 0.88–1.27

Spontaneous PTBc Ref. 1.42 1.04–1.93 1.43 1.05–1.95

Epidural analgesiad Ref. 1.27 1.10–1.46 1.52 1.04–2.31

Robson class 1 CSe Ref. 0.79 0.59–0.96 0.63 0.51–0.79

Episiotomyd Ref. 0.67 0.53–0.85 0.69 0.54–0.88

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; CS, cesarean section; GDM, gestational diabetes mellitus; OR, odds ratio; PTB, 
preterm birth; SARS, CoV-2, severe acute respiratory syndrome coronavirus 2.
aAdjusted for maternal age over 40 years, pregestational obesity, and nulliparity.
bAdjusted for maternal age over 40 years, pregestational obesity, nulliparity, and GDM.
cAdjusted for maternal age over 40 years, pregestational obesity, nulliparity, SARS-CoV-2 infection, GDM, and polyhydramnios.
dAdjusted for maternal age over 40 years, pregestational obesity, previous cesarean section, nulliparity, SARS-CoV-2 infection, GDM, 
polyhydramnios, and spontaneous PTB.
eAdjusted for maternal age over 40 years, pregestational obesity, SARS-CoV-2 infection, GDM, polyhydramnios, epidural analgesia, and spontaneous 
PTB.
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mother and her fetus and the radical changes swiftly implemented 
in labor and birth care35,60–71  might explain this increase and its 
temporal trend.

Regarding obstetric interventions, our data showed a reduction 
in the 2020 rates of CS among women in Robson class 1 as well as 
of episiotomy, whereas there were no differences regarding the rates 
of labor induction. These results are in contrast with a recent Italian 
report identifying higher rates of induced labor and CS on maternal re-
quest during the first months of the pandemic.54 As quality improve-
ment initiatives have already been proved effective in ameliorating 
birth outcomes,75–77 we believe that our findings are the result of the 
constant effort to safely improve childbirth care at our Institution.

The strength of this study is the thorough evaluation of the 
impact of rapidly implemented modifications in social policies and 
obstetric care pathways, focused on reducing SARS-CoV-2 trans-
mission, over a prolonged period of time. Assessment of three se-
quential phases of the pandemic, i.e. the first wave, the deceleration 
phase, and the second wave, allowed us to appreciate temporal 
trends of the affected outcomes, revealing insightful differences 
that would not have been clear with a shorter time-frame evalua-
tion, as recently suggested.42,78 In addition, the use of a comparable 
period in 2019 limited potential biases related to seasonality of ob-
stetric complications.51 Importantly, evaluation of several variables 
allowed us to adjust the analyses for confounding factors.

This study is not without limitations. First, the retrospective na-
ture of the design prohibited us from establishing the causality of the 
association. Second, it is possible that this study was underpowered 
to assess differences in less common but severe adverse outcomes, 
including stillbirth. Third, our findings are from a single SARS-CoV-2 
referral center, and may not be generalizable to different settings. 
Fourth, it is possible that some asymptomatically infected women 
might have been missed before universal SARS-CoV-2 screening was 
implemented on April 8, 2020; however, this is unlikely to have biased 
our findings because of the short time frame of universal testing un-
availability compared with the entire study period, as well as of the 
high accuracy of the admission questionnaire guiding the targeted 
viral screening.47 Finally, we did not measure levels of stress and anx-
iety or of physical exercise among our cohort of pregnant women.

In conclusion, we continue to live through this pandemic. Our 
research work, encompassing a 9-month time frame of the outbreak, 
provides a unique insight into its indirect effects on perinatal health. 
Importantly, our data suggest that these effects may vary according 
to the trimester of pregnancy in which women are when strict stay-
at-home orders and changes in labor and birth care pathways were 
implemented.

Ongoing review of maternity statistics is warranted to remain 
vigilant for newly developing trends, in order to provide up-to-date 
evidence to optimally guide our service organization. In addition, 
interventions aiming to counteract the observed adverse perina-
tal outcomes, such as online programs to support healthy lifestyle 
habits and mental well-being in pregnancy, should be promoted; this 
would be of utmost importance in the face of possible new situa-
tions of individual confinement.
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