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Purpose: The COVID-19 pandemic posed a worldwide challenge, leading to radical changes in healthcare. The primary objective of
the study was to assess the impact of the COVID-19 pandemic on birth, vaginal delivery, and cesarian section (c-section) rates. The
secondary objective was to compare the maternal mortality before and after the pandemic.

Patients and Methods: Time-series cohort study including data of all women admitted for childbirth (vaginal delivery or c-section)
at the maternities in the Public Health System of Federal District, Brazil, between March 2018 and February 2022, using data extracted
from the Hospital Information System of Brazilian Ministry of Health (SIH/DATASUS) on September 30, 2022. Causal impact
analysis was used to evaluate the impact of COVID-19 on birth, vaginal delivery, and c-section using the Causallmpact R package, and
a propensity score matching was used to evaluate the effect on maternal mortality rate using the Easy R (EZR) software.

Results: There were 150,617 births, and considering total births, the effect of the COVID-19 pandemic was not statistically significant
(absolute effect per week: 5.5, 95% CI: —24.0—-33.4). However, there was an increase in c-sections after COVID-19 (absolute effect per
week: 18.1; 95% CI: 11.9-23.9). After propensity score matching, the COVID-19 period was associated with increased maternal mortality
(OR: 3.22, 95% CI: 1.53—6.81). The e-value of the adjusted OR for the association between the post-COVID-19 period and maternal
mortality was 5.89, with a 95% CI: 2.43, suggesting that unmeasured confounders were unlikely to explain the entirety of the effect.
Conclusion: Our study revealed a rise in c-sections and maternal mortality during the COVID-19 pandemic, possibly due to
disruptions in maternal care. These findings highlight that implementing effective strategies to protect maternal health in times of
crisis and improve outcomes for mothers and newborns is crucial.
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Introduction
The COVID-19 pandemic posed a significant challenge for healthcare systems worldwide, rapidly infecting numerous
individuals and causing substantial fatalities and persistent health issues before vaccines were available.! The burden to

manage COVID-19 led to notable changes in healthcare system provision, including the preventive suspension of
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elective surgeries, procedures, and outpatient appointments, along with redirecting healthcare services to manage
COVID-19 cases.>* There is a consensus that the COVID-19 pandemic may have impacted population health conditions
often not directly linked to the SARS-CoV-2 infection. Maternal health is of great interest in all conditions impacted by
COVID-19 as it is a proxy indicator of the quality of a country’s healthcare services.*”’

As the COVID-19 pandemic continued to spread, there was a notable rise in cases of moderate to severe illness
among pregnant women, leading to concerns about their susceptibility to infection and potential fatalities.* ®*'" Thus,
beyond the fear of the possibility of vertical transmission, special attention was initially given to understanding the direct
effects of COVID-19 on maternal health. Notably, the severity of infection during pregnancy was a primary area of
concern, especially in women from high-risk groups, such as those with obesity, hypertension, diabetes, and immuno-
suppression conditions."* ' In this aspect, a systematic review with meta-analysis including 42,754 infected pregnant
patients showed a rapid increase in cesarian sections (c-sections); the mortality trend was not elucidated with a maternal
mortality rate of 1.2% and a rise of preterm births."'

It is important to note that the impact of the pandemic on maternal health transcended the direct effects of individual
infections. The indirect effects, such as the reduced access to and provision of maternal healthcare services and lower
levels of their utilization due to fear of being infected, may lead to a significant impact on the quality of maternal care.”
12 Thus, apart from the direct effects of COVID-19 on maternal health, the interruption of maternal healthcare services
provision during the pandemic, breaking the continuum of healthcare throughout antenatal, intrapartum, and postnatal
stages, could adversely affect both mother and newborn health, including a rise in preterm births and maternal
mortality.” 2

The adaptations made in antenatal and postnatal services, the modifications to provide maternity care can also
influence intrapartum services. These modifications can involve changes to provide care for pregnant women during
labor, including alterations in anesthesia practices and the approach to childbirth itself.>®'?>"'¢ Regarding the mode of
birth, most studies have focused on assessing COVID-19-infected pregnant women.'*'> Furthermore, while the context
of the COVID-19 pandemic may have led to an increase in pre-planned induced births and chosen c-sections compared to
vaginal delivery, the evidence regarding the indirect impact of pandemic and lockdown measures on the mode of birth is
inconsistent,>*%-16718

Latin American countries were impacted harder by COVID-19 than observed in developed countries.”'® Brazil was
one of the most affected countries worldwide.”**?! After the first case of COVID-19 reported on February 26, 2020, in
the city of Sdo Paulo,” COVID-19 initially spread to Brazil’s largest metropolitan areas in the Southeast. It quickly
moved to other regions, starting in the North and Northeast, followed by the Midwest and South. In May 2020, the public
healthcare system in Manaus, a city in the North with the least ICU beds, had already collapsed, foreshadowing the
country’s severe pandemic from late 2020 to the end of 2021. The disease’s focal point shifted during the pandemic,
resulting in three significant waves of infections and deaths from March 2020 to January 2022. By the end of 2022,
Brazil had registered 36.3 million confirmed COVID-19 cases, constituting around 5% of global cases. It ranked second
in deaths among countries, accounting for about 10% of worldwide COVID-related deaths.?’' Factors contributing to
the severe impact of COVID-19 in Brazil involve inconsistent containment measures, delayed guidelines for COVID-19
care, restricted health access, disparities among vulnerable populations, and the strain of the pandemic on an already
strained and underfunded Brazilian public health system.?**

In this scenario, the primary objective of this study is to assess the impact of the COVID-19 pandemic on birth,
vaginal delivery, and c-section rates in a Brazilian metropolitan area. The secondary objective is to compare the maternal
mortality before and after the pandemic.

Materials and Methods

Study Design

A time-series cohort study including all women admitted for childbirth (vaginal delivery or c-section) at the maternities
in the Public Health System of Federal District (FD), Brazil, between March 2018 and February 2022. Data were
obtained from the Hospital Information System in the Department of Informatics of the Brazilian Unified Health System
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(SIH/DATASUS), an audited nationwide database with information regarding every hospital admission performed in the
healthcare services affiliated with the Brazilian public health system (SUS).*** The dataset was extracted from SIH/
DATASUS on September 30, 2022.

Setting and Participants

The FD is a metropolitan area with 2,469,489 inhabitants that includes the city of Brasilia, the capital of Brazil, and has
the highest Human Development Index (HDI) in Brazil. The first case of COVID-19 was reported on February 26, 2020,
in the city of Sdo Paulo.?” Soon after this case, COVID-19 spread to other Brazilian states, with the first COVID-19 case
in the FD dated March 8, 2020. The state government established the first lockdown in the FD due to COVID-19 on
March 18, 2020, when there were 36 confirmed cases and another 174 notifications to be evaluated. The lockdown
measures included suspending non-essential activities and the closure of gyms, schools, and shopping centers, restricting
people’s movement, and curbing the transmission of the virus. Thus, in this study, the pre-COVID-19 onset period was
defined as between March 2018 and February 2020, and the post-COVID-19 onset period was between March 2020 and
February 2022.

The public healthcare system of FD comprises 12 maternities in hospitals and one birth house. All information
regarding admissions and procedures on these healthcare services needs to be provided in SIH/DATASUS to reimburse
hospital-related procedures. Thus, the study included all women admitted for childbirth (vaginal delivery or c-section) at
the hospital maternities and the birth house of the FD Public Health System between March 2018 and February 2022,
informed in the STH/DATASUS until September 30, 2022. No exclusion criteria were applied.

Data Collection
The SIH/DATASUS plays a pivotal role in processing and monitoring hospital admissions in the SUS and is responsible
for managing hospital admission authorization forms, payments for hospital-related procedures and streamlining hospital
oversight and audit functions, concurrently monitoring disbursements related to hospital admissions in Brazilian public
healthcare services. Its database contains relevant parameterized information, including procedure code, hospital identi-
fication, and patient information, such as the city of residence, age, sex, admission and discharge date, and discharge
status. Therefore, the SIH/DATASUS is widely used in epidemiological studies in Brazil.****

The variables collected from the SIH/DATASUS were maternal age, mode of birth (vaginal delivery or c-section),
city of residence, maternal admission and discharge date, maternal length-of-stay (LOS), and discharge status (survivor
Or NON-survivor).

Statistical Analysis

The distribution and normality of variables were checked using the Shapiro—Wilk test. Quantitative data are expressed as
mean + standard deviation (SD), median, and interquartile range (IQR25%—-75%), and categorical variables are expressed
as numbers and percentages.

Birth, Vaginal Delivery, and c-Section Rate Analysis

First, the total births, vaginal deliveries, and c-sections were calculated for each epidemiological week between
March 2018 and February 2022. The trend of births, vaginal deliveries, and c-sections over the epidemiological weeks
during the study period was initially evaluated using univariate linear regression analysis. The Cochran-Armitage test for
trend in proportions was also performed to preliminarily compare the number of vaginal deliveries and c-sections
between March 2018 and February 2019, March 2019 and February 2020, March 2020 and February 2021, and
March 2021 and February 2022.

Then, the causal effects of COVID-19 onset on birth, vaginal delivery, and c-section rates were evaluated using causal
impact analysis with the Causallmpact R package that applies a Bayesian structural time series model with predictor data
sets to determine the likely trajectory of a trend line had a particular event not occurred (the COVID-19 pandemic) and
then calculated the difference between that projected counterfactual trend line (if COVID-19 pandemic had not occurred)
and the real data line (after the COVID-19 onset).'® As control variables in the model, the causal impact analysis of the
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COVID-19 pandemic on births was adjusted for the estimated population of the FD on each epidemiological week, and
the causal impact analysis of the COVID-19 pandemic on c-sections was adjusted for the total births each epidemiolo-
gical week.

The causal impact analysis extends the traditional interrupted time series (ITS) analysis by incorporating Bayesian
structural time series models to adjust for seasonality and other factors. Thus, when an intervention or event occurs, the
method estimates the causal effect by comparing the observed data to what would have been expected based on the
model’s predictions. While the ITS analysis typically focuses on identifying the immediate impact of an intervention on
a time series data set, causal impact analysis not only quantifies the intervention’s immediate effect but also provides
a post-intervention counterfactual prediction, allowing for a more robust assessment of the causal effect. In this aspect,
causal impact analysis accounts for various factors, including seasonality, by modeling the pre-intervention period using
a Bayesian structural time series model. Thus, seasonal components, trends, and other time-varying covariates and

patterns are captured in the model.>*?’

Maternal Mortality Analysis

As the number of maternal deaths was too low during the study period, which poses challenges for conducting
meaningful causal inference analysis for maternal mortality in maternity, impacting the analysis feasibility, reliability,
and interpretability of causal inference analysis, we opted to use propensity score matching to evaluate the effect of the
COVID-19 pandemic on maternal mortality.>*?’

First, to evaluate the covariates considered for the propensity score matching, a univariate analysis was performed
using Student’s f-test or Mann—Whitney test to evaluate quantitative variables associated with maternal mortality in
maternity, as appropriate, and Pearson’s chi-square test (x2) was used as necessary for categorical variables.

Thus, an enter method binary logistic regression analysis was used to evaluate independent factors associated with
maternal mortality in maternity, including non-collinear variables associated with the outcome with a p-value < 0.05 in
the univariate analysis and the confounding factors according to previous knowledge with a p-value < 0.20 in the
univariate analysis. Non-collinearity was accepted when the tolerance was higher than 0.10 and the variance inflation
factor (VIF) was lower than 10.0. The odds ratio (OR) expressed the results with their respective 95% confidence interval
(95% CI).

Finally, a propensity score matching for maternal mortality in maternity applying a logit regression model adjusted to
factors independently associated in the logistic regression analysis with maternal mortality in maternity was performed to
assess the effect of COVID-19 on maternal mortality in maternity using the Easy R (EZR) software version 1.54
(Saitama Medical Center, Jichi Medical University, Japan) with a 1:1 pair-matching ratio without replacement on the
logit of the propensity score applying a caliper of 0.2 widths. The OR and 95% CI of the COVID-19 effect on maternal
mortality in maternity are calculated in the sample after matching and are shown as a forest plot.

For sensitivity analysis of the effect of the post-COVID-19 onset period on maternal mortality in maternity after
propensity score matching, the e-value was used to measure the robustness of the association between COVID-19 and
maternal mortality for unmeasured or unadjusted confounding, ie, a tool to evaluate the strength of the effected of another
variable required to potentially overturn an observed effect estimate due to unmeasured or residual confounding. E-value

was computed with an online e-value calculator (https://www.evalue-calculator.com/).**’

Statistical analyses were performed using the IBM Statistical Package for the Social Sciences version 20.0 for Mac
(SPSS 20.0 Mac, SPSS Inc., Chicago, Illinois, USA), Jamovi 2.3.24 (https://www.jamovi.org), and statistical software
R version 4.2.3 (https://www.r-project.org/). Statistical significance was set at a two-sided p-value < 0.05.

The study adhered to the principles outlined in the Declaration of Helsinki. Since DATASUS has no personal data,
our study was exempt from review by the Brazilian National Research Ethics Committee (CONEP).

Results
Between March 2018 and February 2022, there were 150,617 births in the FD public health system, with 61,167
c-sections (40.6%). The mean maternal age was 26.8 & 6.8 years (median: 26.0 years, IQR 25%—75%: 21.0-32.0 years),
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and the median maternity LOS was 3.0 days (IQR 25%—75%: 2.0-4.0). The maternal mortality rate was 0.0003% (40 out
of 150,617 women). See Supplementary Table S1.

Supplementary Figure S1 shows the number of births, vaginal deliveries, and c-sections per epidemiological week
from March 2018 to February 2022. During the study period, the number of vaginal and total births decreased (r =
—0.552, 95% CI: —0.552—-0.361, p < 0.001; » = —0.718, 95% CI: —0.548—0.419, p = 0.271, respectively), whereas the
number of c-sections did not change significantly (» = 0.077, 95% CI: —0.021-0.075, p = 0.271).

Figure 1 shows a causal impact analysis of the COVID-19 pandemic on the total births in the FD public health system
over the study period, adjusted for the FD population. After the onset of COVID-19 in Brazil in March 2020, there were
72,948 births, compared to 71,488 births expected if the COVID-19 pandemic had not occurred (95% CI: 68,818-74,531
births). After adjusting for the FD population over the study period, the effect of the COVID-19 pandemic on births was
not statistically significant when considering the entire period after the COVID-19 onset as a whole, with an absolute
effect per epidemiological week of 5.5 births (95% CI: —24.0-33.4 births) and a relative effect of 0.9% (95% CI:
—3.3-5.5%).

Although the COVID-19 pandemic did not affect total births in the FD public health system, there was an increase in
c-sections compared to vaginal deliveries after the COVID-19 outbreak in March 2020 (p < 0.001). See Figure 2.

Figure 3 shows a causal impact analysis of the COVID-19 pandemic on the total number of c-sections in the FD
public health system over the study period, adjusted for the total births. After the onset of COVID-19 in Brazil in
March 2020, there were 30,462 c-sections in the FD public health system, compared to 28,596 c-sections expected if the
COVID-19 pandemic had not occurred (95% CI: 28,000-29,233 C-sections). The causal impact analysis of the COVID-
19 pandemic on c-sections, adjusted for the total births over the study period, revealed a statistically significant effect

when considering the entire period after the COVID-19 onset as a whole, with an absolute effect per epidemiological
week of 18.1 c-sections (95% CI: 11.9-23.9 c-sections) and a relative effect of 6.6% (95% CI: 4.2-8.8%).
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Figure | Causal impact analysis of the COVID-19 pandemic on total births in the Federal District public health system adjusted to the Federal District population over time
using data from March 2018 to February 2022. The first panel shows the observed births (solid black line), the counterfactual prediction of births if COVID-19 had not
occurred adjusted to the Federal District population over time (dotted blue line), and the 95% CI of births of the counterfactual prediction. The second panel shows the
difference between observed births and the counterfactual prediction of births, the pointwise causal effect of COVID-19 on births adjusted to the Federal District
population over time (dotted blue line). The third panel shows the pointwise contributions from the second panel, resulting in a plot of the cumulative effect of COVID-19
on births (dotted blue line). After the COVID-19 onset in Brazil in March 2020 (dotted gray vertical line), the 95% CI of the cumulative effect of COVID-19 on births
includes the counterfactual prediction of cumulative deliveries (x-axis baseline) almost over time and at the end of the follow-up, meaning that it does not deviate significantly
from the counterfactual prediction by the model.
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Figure 2 Vaginal deliveries, c-sections, and total births in the Federal District public health system annually from March 2018 to February 2022 (n = 150,617). Cochran-
Armitage test for trend in proportions: p-value < 0.01.
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Figure 3 Causal impact analysis of the COVID-19 pandemic on c-sections performed in the Federal District public health system adjusted to the total births over time using
data from March 2018 to February 2022. The first panel shows the observed c-sections (solid black line), the counterfactual prediction of c-sections if COVID-19 had not
occurred adjusted to the total births over time (dotted blue line), and the 95% CI of the counterfactual prediction of c-sections. The second panel shows the difference
between observed c-sections and the counterfactual prediction of c-sections, the pointwise causal effect of COVID-19 on c-sections adjusted to total births over time
(dotted blue line). The third panel shows the pointwise contributions from the second panel, resulting in a plot of the cumulative effect of COVID-19 on c-sections (dotted
blue line). After the COVID-19 onset in Brazil in March 2020 (dotted gray vertical line), the 95% Cl of the cumulative effect of COVID-19 on c-sections (shaded region)
moves above the counterfactual prediction of cumulative births (x-axis baseline) over time and deviates significantly at the end of the follow-up from the counterfactual
prediction by the model.

Supplementary Table S2 shows the univariate analysis of maternal age and maternity LOS among births in the FD
public health system before and after COVID-19 onset. Maternal age was higher (p < 0001), and maternity LOS was
lower (p < 0.001) after the COVID-19 onset.
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Table | Multivariate Analysis of Variables Associated with Maternal Mortality

OR (95% CI) p-value Tolerance VIF
March 2020 to February 2022 | 2.62 (1.37-5.03) 0.004 0.999 1.001
C-section, n (%) 3.10 (1.51-6.34) 0.002 0.999 1.001

Abbreviations: 95% Cl, 95% Confidence interval; OR, Odds ratio; VIF, Variance inflation factor.

Supplementary Table S3 shows the univariate analysis of variables associated with maternal mortality in maternity.

The c-section (p < 0.002) and post-COVID-19 onset period (p < 0.001) were associated with increased maternal mortality
in maternity.

Table 1 shows the multivariate analysis of variables associated with maternal mortality in maternity. The c-section
(OR: 3.10, 95% CI: 1.51-6.34, p = 0.002) and post-COVID-19 onset period (OR: 2.62, 95% CI: 1.37-5.03, p = 0.04)
were independently associated with increased maternal mortality in maternity.

Figure 4 shows the effect of the post-COVID-19 onset period (March 2020 to February 2022) on maternal mortality
in maternity after propensity score matching adjusted for c-section and age. COVID-19 was associated with increased
maternal mortality in maternity (OR: 3.22, 95% CI: 1.53-6.81, p = 0.02).

For sensitive analysis of the effect of the post-COVID-19 onset period on maternal mortality in maternity after
propensity score matching, the e-value of the adjusted OR for the association between the post-COVID-19 period and
maternal mortality in maternity was 5.89, with a 95% CI of 2.43, suggesting that unmeasured confounders were unlikely
to explain the entirety of the effect.

Discussion
Our study showed that the total births in the public maternities of FD was unaffected by the COVID-19 pandemic.
However, there was an increase in c-sections compared to the counterfactual prediction if the COVID-19 pandemic had
not occurred. Additionally, there was increased maternal mortality when comparing the pre-and post-COVID-19 periods.
These findings may not only reflect the adaptations made in maternity units but also highlight the limitations in the
provision and utilization of maternal healthcare services, which have had a detrimental impact on the continuity of
maternal care.*°

Although there was no alteration in the recommendations for the mode of birth during the pandemic, with vaginal
delivery remaining the preferred approach and c-sections reserved for standard indications based on fetal and maternal
factors, the observed increase in c-sections during this period can be attributed to various factors. The fear of contracting

March 2020 to February 2022
OR: 3.22 (95% CI: 1.53-6.81)
p =0.002
I I
| e |
| |
0 2 4 6
Survivor Non-Survivor

Figure 4 Effect of the post-COVID period (March 2020 to February 2020) on maternal mortality in maternity after propensity score-matching adjusted to c-section and age.
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COVID-19 at healthcare facilities may have contributed to a hesitancy in timely referrals to emergency care units. These
delayed referrals may have complicated the management of laboring women, particularly when facing obstetrical
complications, thereby increasing the likelihood of resorting to a c-section. Moreover, some obstetricians may hesitate
to expose themselves, their trainees, and midwives to pregnant patients whose PCR status is unknown. This cautionary
approach may manifest as a preference for c-sections even when vaginal delivery would have been a more feasible
choice. Furthermore, the threshold for opting for c-sections during the COVID-19 pandemic may have been lowered to
minimize the duration of maternal hospitalization and mitigate the potential for cross-infection. Additionally, some
pregnant women may have chosen to undergo a c-section out of fear of COVID-19 and due to restrictions on their
partners’ access to maternity.' 3072

Similar to our findings, a study conducted in Iran reported a significant increase in the overall c-section rate during the
initial wave of the COVID-19 pandemic.*>* Another Brazilian study showed increased c-sections in all gestational age
groups and a higher risk of preterm babies during the COVID-19 pandemic.” A study during the COVID-19 lockdown
period in India observed a significantly higher c-section rate than the pre-lockdown period.>* Two studies in England, one
study in Turkey, one study in Nepal, and one study in China also showed a rise in the overall c-section rate during the
pandemic.'"*>7*® However, it is worth noting that other studies have presented conflicting results compared to our study

regarding the mode of birth. Some studies have shown no significant change,?>****

while others have even reported an
increase in vaginal deliveries.” A systematic review with meta-analysis published in 2021, including 11 studies, did not
find a significant difference in the c-section rate during the COVID-19 pandemic.®

Interestingly, a study performed at a Brazilian tertiary hospital in Sao Paulo, Brazil, during the initial surge of the
COVID-19 pandemic in 2020, observed a significant increase in the number of pregnant patients admitted to the hospital
in the advanced stages of labor. This trend was particularly evident among pregnant women who had initially been
advised to undergo elective c-sections due to abnormal fetal presentation or previous c-sections.*” It is plausible that this
phenomenon was linked to the fear of exposure to COVID-19, prompting these women to commence labor at home.***
In contrast to the increase in c-sections observed in our study, this finding raises an intriguing question and highlights the
importance of considering the unique characteristics of the population evaluated in each study. It is important to note that
the study in question was conducted on maternity at a specialized university hospital that serves a larger population of
women with high-risk pregnancies. Additionally, the city where the study took place confronts formidable obstacles to
urban transportation, thereby impeding the timely referral of pregnant individuals to maternity services compared to the
FD. This is further compounded by reduced public transportation options during the pandemic. Consequently, many
pregnant women were admitted to the hospital in a more advanced phase of labor, ultimately resulting in vaginal
deliveries.* Indeed, a study in India observed a delay in seeking health care from pregnant women and a reduction in
institutional births due to either inaccessibility, lack of transport, or fear of contracting infection.*®

Our study identified an elevated incidence of maternal mortality in maternity during COVID-19. Notably, another
Brazilian study analyzing national data on maternal mortality revealed a notable surplus of maternal deaths during the
post-pandemic period following the emergence of COVID-19 in 2020, persisting even after considering the expected rise
in mortality among women of reproductive age due to COVID-19,*® which was also observed in a time-series study in
the Brazilian state of Bahia.*” These results align with two studies conducted in middle-income countries, India and
Mexico, which also reported a significant surge in maternal deaths during the COVID-19 pandemic.>**° Another study in
India showed increased non-COVID-19 maternal mortalities during the COVID pandemic.’! Indeed, a systematic review
with meta-analysis published in 2021 observed a significant increase in maternal death during the COVID-19 pandemic.®

Timely access to adequate maternity care is essential for women’s safety and quality of care, as the delay in receiving
care is associated with adverse maternal outcomes.>” These findings indicate the presence of additional maternal deaths
indirectly linked to COVID-19 can be attributed to the challenges encountered by healthcare systems in effectively
managing the impact of the COVID-19 pandemic on the continuum of maternal care, including prenatal care, suitable
childbirth, and postpartum care.® These challenges encompass a range of factors, such as reduced attendance for routine
prenatal care and change in maternity care service provision, resulting in limited access to maternal care
services. 2463336 Indeed, many pregnant women refrained from seeking healthcare services due to concerns about
the risk of contracting COVID-19, government recommendations to stay at home, and limited availability of public
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transportation during periods of lockdown.*®>” Furthermore, a time-series study in Colombia showed increased maternal
mortality, particularly pronounced in municipalities with the lowest wealth quintile. This finding shows the heightened
vulnerability of women with lower income and disadvantaged living conditions, emphasizing the exacerbation of
healthcare access inequities during the COVID-19 pandemic.>®

Our study did not show difference in the number of births in the public maternities of FD comparing the pre- and
post-COVID-19 pandemic period that was also observed in a study performed in Ethiopia.”> However, it is important to
analyze this finding within the context of how the pandemic has impacted healthcare services in different locations. Some
studies have reported a decrease in hospital births, particularly during periods of strict lockdown and in regions where the
healthcare system was under significant strain due to high numbers of COVID-19 cases.>>34-3%41:42:46.51.56 1y thig aspect,
the decline in births conducted in healthcare facilities may be attributed to a variety of factors, such as women may opt
for home or at nearby healthcare facilities births due to factors such as limited accessibility, lack of transportation, and
fear of infection in maternity,>%#6-31-

Our study has some limitations. Firstly, the lacked of information on the specific indications for c-sections, pregnancy
complications, waiting time before being admitted and receiving care, and the complete demographic characteristics of
the women, including their education and socio-economic status. Additionally, there was no data on the prevalence of
COVID-19 among the study population, and our analysis was only limited to births in maternities. Furthermore, it is
important to acknowledge that other factors not considered in our study could have influenced the group outcomes. While
the absence of information on these variables is a limitation, the sensitivity analysis of the effect of the post-COVID-19
onset period on maternal mortality in maternity after propensity score matching using the e-value suggests that
unmeasured confounders were unlikely to entirely explain the observed impact on maternal mortality to the point of
modifying the observed results.”®*’ Regarding the causal impact analysis, the impact of COVID-19 on births, vaginal
deliveries, and c-sections was evaluated from the combination of three elements: a regression component that relates the
outcome of the COVID-19 period to the outcomes on counterfactual prevision, a time-series component capturing
temporal patterns in the data, and an error element considering any unpredicted variation. Despite its strengths, there are
limitations to the use of the causal impact analysis. Specifically, the underlying time-series model usually involves
numerous unknown parameters, necessitating substantial data to estimate these parameters, including the counterfactual
prediction accurately. In our study, 150,617 births were included. Further, the performance of the causal impact can be
impacted if the outcome of interest is subject to measurement errors. However, this does not apply to the outcomes

evaluated in our study.?®’

Conclusion

Our study revealed the detrimental impact of the COVID-19 pandemic on maternal care, specifically an increase in
maternal mortality and c-section rates following the onset of the pandemic. These findings highlight the indirect
consequences of COVID-19 on the continuum of maternal care. It is crucial to implement effective strategies to mitigate
the long-term impact of COVID-19 on maternal health and enhance the overall health outcomes for both mothers and
newborns.
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