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1 | INTRODUCTION

Abstract

Obijective: To compare risk of death due to COVID-19 among pregnant, postpartum,
and non-pregnant women of reproductive age in Brazil, using the severe acute res-
piratory syndrome surveillance system (SARS-SS).

Methods: A secondary analysis was performed of the Brazilian official SARS-SS, with
data retrieved up to August 17, 2020. Cases were stratified by pregnancy status, risk
factors or co-morbidities, and outcome (death or recovery). Multiple logistic regres-
sion was employed to examine associations between independent variables and risk
of death.

Results: A total of 24805 cases were included, with 3129 deaths (12.6%), including
271 maternal deaths. Postpartum was associated with increased risk of death, admis-
sion to the intensive care unit (ICU), and mechanical ventilation. Co-morbidities with
higher impact on case fatality rate among non-obstetric cases were cancer and neuro-
logical and kidney diseases. Among pregnant women, cancer, diabetes mellitus, obe-
sity, and rheumatology diseases were associated with risk of death. In the postpartum
subgroup, age over 35 years and diabetes mellitus were independently associated
with higher chance of death.

Conclusion: Postpartum was associated with worse outcomes among the obstetric
population, despite lower risk of dying without accessing ICU care. Non-pregnant
women with cancer, neurological diseases, and kidney diseases have a higher risk of
death due to COVID-19.

KEYWORDS
cardiovascular disease, COVID-19, maternal death, obesity, postpartum, pregnancy, women of
reproductive age

diabetes, cardiovascular diseases, as well as increasing age,

Since the beginning of the global COVID-19 pandemic, several
studies have shown co-morbidities and risk factors associated

with adverse outcomes of SARS-CoV-2 infection. Thus, obesity,
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have been associated with case fatality among patients with
COVID-19.2 However, whether the same conditions or further
risk factors influence the prognosis of obstetric patients is still

under debate.
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Recently gathered evidence suggested that obesity, diabetes,
and cardiovascular diseases might increase the risk of death among
pregnant and postpartum women, as previously described for the
general population.3*4 However, further chronic conditions that
might pose additional risk for the obstetric population remain to be
studied. The same can be said about women of reproductive age,
who are usually younger and having fewer co-morbidities when
compared to most samples of patients with COVID-19 studied so
far. Studies focusing on repercussions of COVID-19 upon women of
reproductive age comparing disease evolution throughout different
phases of women's lives have shown that pregnancy and/or post-
partum status are associated with worse outcomes of COVID-19.>¢

Brazil faces the second worst pandemic scenario globally, with
more than 190000 deaths as of late December 2020.” Reasons for
worse outcomes of coronavirus infection in the country include er-
ratic containment measures, lack of timely guidelines for COVID-19
care, barriers to health access, inequalities among vulnerable popu-
lations, and the pandemic burden upon the already overloaded and
underfinanced Brazilian public health system.®?

The aims of the present study were to analyze whether the ges-
tational period alone encloses higher risk of death due to COVID-19
on women of reproductive age, and to compare the findings among
pregnant, postpartum, and non-pregnant women in Brazil, using
data from the severe acute respiratory syndrome (SARS) surveil-
lance system (SARS-SS).

2 | MATERIALS AND METHODS

The present study was based on publicly available data from the
Brazilian official SARS-SS (SIVEP-Gripe in Portuguese). SARS is a na-
tionally notifiable disease mandatorily reported to the Ministry of
Health in Brazil by public and private hospitals‘10 Cases of SARS-SS
are defined by flu-like symptoms and at least one of the following
severity criteria: dyspnea; respiratory distress; or oxygen saturation
below 95%. Information on the methods were also described else-
where.® Over 95% of cases of SARS-SS COVID-19 were diagnosed
based on laboratory tests, predominantly the SARS-CoV-2 reverse
transcription polymerase chain reaction (RT-PCR) test.

All female cases within the age group of 10-45 years were in-
cluded. The final sample was classified by pregnancy status as non-
obstetric women, pregnant women, and postpartum women (up to
42 days after childbirth). Unfortunately, the exact time from child-
birth until SARS diagnosis was not available. Cases of pregnant and
postpartum women were identified using a two-step process. First,
the two close-ended fields available in the database were selected:
“Pregnancy Trimester” (answer options “first,” “second,” “third,” “un-
known gestational age,” or “not applicable”); and “Postpartum” (an-
swer options “yes” or “no”). Missing information for those variables
were coded as non-pregnant women of reproductive age in the first
step. Second, additional hand-searches in the “other co-morbidities”
open-ended field were performed, looking for mentions of preg-
nancy, postpartum, abortion, and childbirth/delivery.

Risk factors for death associated with COVID-19 during preg-
nancy and postpartum were previously reported by the study
group.11 In the present study, non-pregnant women of reproduc-
tive age were also included, as well as a thorough analysis of all
close-ended co-morbidities and risk factors variables available in
the database, including the open-ended “other co-morbidities”
variable. A semi-automatic algorithm to classify descriptive data
about co-morbidities (reported by the provider at SARS notification)
was adopted, using a specifically programmed software, applying
the Python language. The software singled-out all unique “other
co-morbidities” open-ended field entries and made it possible to
classify them into a set of created close-ended categories, subse-
quently assigning the close-ended category linked to the “other co-
morbidities” of all individuals in the dataset.

The co-morbidity categories were created by the authors.
Obvious predefined reclassifications were solved by the semi-
automatic algorithm, and the remaining cases were manually and
independently reviewed by two authors. The open-ended “Other
co-morbidities” field comprised over 5300 different terms due to di-

» o«

verse description of the same condition (“asthma,” “severe asthma,”
“asthmatic bronchitis”), as well as typos. The initial 40 categories
were then regrouped, using clinical criteria defined by the authors,
resulting in 14 main co-morbidity categories: cancer; cardiovascular
diseases; diabetes mellitus; gastrointestinal diseases; hematolog-
ical diseases; immunosuppression or HIV/AIDS; kidney diseases;
liver diseases; neurological diseases or stroke; obesity; respiratory
diseases (including asthma); rheumatological diseases; thrombotic
events or vascular diseases; and thyroid diseases. Co-morbidity data
derived from these procedures were grouped with data from the
original SARS-SS close-ended co-morbidity fields to provide a single
set of co-morbidities or risk factor data.

Independent variables were included in the risk of death anal-
ysis: age; ethnicity; and pregnancy status (non-obstetric, pregnant,
or postpartum women). Age was dichotomized as under 20 years,
20-34 years, and 35 years and above. A descriptive secondary anal-
ysis of adverse outcomes by pregnancy status was performed, with
individual outcomes as follows: admission to the intensive care unit
(ICU); mechanical ventilation; and death without intensive care (de-
fined as a death event without a record of being admitted to the
ICU or having received mechanical ventilation). Missing data on co-
morbidities and use of intensive care resources (admission to the
ICU and mechanical ventilation) were treated as absence of the con-
dition. Missingness on SARS-SS was previously described.**12

All eligible records documented in the SARS-SS until August 17,
2020, with an outcome (death or recovery) were included in the
analysis. Univariate association between independent variables and
death was assessed using hypothesis tests, and P values were calcu-
lated. Stepwise multiple logistic regression was employed to exam-
ine the association between independent variables and risk of death,
providing adjusted odds ratio (OR) and corresponding 95% confi-
dence interval. Statistical significance was defined at the 0.05 level,
and P values were two-tailed. Analyses were conducted using STATA
12. STROBE reporting guidelines for observational studies were
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followed. In accordance with Brazilian regulatory requirements, a
secondary analysis of publicly available anonymized data does not

require approval from an institutional ethics review board.

3 | RESULTS

Table 1 shows sample characteristics by pregnancy status (n = 24 805
cases). There were 3129 fatality cases (case fatality rate of 12.6%),
including 271 maternal deaths. The three subgroups were signifi-
cantly different in most characteristics, with the exception of diabe-
tes mellitus and three co-morbidity groups with markedly reduced
sample sizes (gastrointestinal diseases, hematological diseases,
and thrombotic events or vascular diseases). Absence of any co-
morbidity or risk factor was found in 74.3% of all pregnant women,

in 69.8% of all postpartum cases, and in 63.4% of non-obstetric

TABLE 1 Characteristics of the sample by pregnancy status’

cases. Cardiovascular disease was the most prevalent co-morbidity
among all groups (range 9.5%-15.1%), followed by obesity (range
7.9%-8.9%).

All independent variables were significantly associated with risk
of death, except for two (gastrointestinal diseases and thrombotic
events or vascular diseases) (Table 2). Figure 1 illustrates adverse
outcomes of COVID-19 among the three subgroups. Postpartum
was associated with increased risk of death, admission to the ICU,
and mechanical ventilation, but not with dying without ICU care. The
risk of dying without access to the ICU or mechanical ventilation was
significantly higher among non-obstetric cases. Figure 2 presents
descriptive data comparing the case fatality rate among cases of
COVID-19 SARS according to pregnancy status and presence of risk
factor or co-morbidity. Pregnant women without any risk factors had
a lower risk of death, followed by non-obstetric cases without risk

factors. The higher case fatality rate was observed for postpartum

Pregnant Postpartum Non-obstetric
(n=2265) (n=630) (n=21910) P value

Age (years)-median (range) 29 (11-44) 30 (12-44) 36 (10-44) <0.0001
Age (years)

<20 211 (9.3) 62 (9.8) 997 (4.6)

20-34 1541 (68.0) 404 (64.1) 8551 (39.0) <0.0001

>34 513 (22.6) 164 (26.0) 12262 (56.4)
Ethnicity

White 578 (25.5) 130 (20.6) 6612 (30.2) <0.0001

Black 110 (4.9) 37(5.9) 915 (4.2)

Yellow 20(0.9) 6(1.0) 224 (1.0)

Brown/Pardo 1040 (45.9) 324 (51.4) 7243 (33.1)

Indigenous 25(1.1) 6(1.0) 66 (0.3)

Unknown 492 (21.7) 127 (20 6850 (31.3)
SpO, <95% at notification 490 (21.6) 219 (34.8) 7762 (35.4) <0.0001
No risk factor or co-morbidity 1683 (74.3) 440 (69.8) 13897 (63.4) <0.0001
Cancer 5(0.2) 4(0.6) 415(1.9) <0.0001
Cardiovascular diseases 216 (9.5) 95(15.1) 2963 (13.5) <0.0001
Diabetes mellitus 178(7.9) 51(8.1) 1952 (8.9) 0.20
Gastrointestinal diseases 4(0.2) 3(0.5) 55(0.3) 0.41
Hematological diseases 30(1.3) 3(0.5) 282 (1.3) 0.19
Immunosuppression or HIV/AIDS 28(1.2) 13 (2.1) 676 (3.1) <0.0001
Kidney diseases 10 (0.4) 10 (1.6) 511 (2.3) <0.0001
Liver diseases 5(0.2) 4 (0.6) 95 (0.4) 0.23
Neurological diseases or stroke 20(0.9) 4(0.6) 387 (1.8) 0.0009
Obesity 92 (4.1) 41 (6.5) 1912 (8.7) <0.0001
Respiratory diseases (including asthma) 104 (4.6) 21(3.3) 1385 (6.3) 0.0001
Rheumatological diseases 6(0.3) 3(0.5) 200 (0.9) 0.003
Thrombotic events or vascular diseases 3(0.1) 2(0.3) 44 (0.2) 0.62
Thyroid diseases 38(1.7) 3(0.5) 273 (1.2) 0.043

#Values are given as number (percentage) if no otherwise specified.



KNOBEL ET AL.

TABLE 2 Case fatality rate by characteristics of the total
sample?

Cure Death
(n=21676) (n=3129) P value
Age (years)
<20 1135 (89.4) 135(10.6)  <0.0001
20-34 9486 (90.4) 1010 (9.6)
>34 11055 (84.8) 1984 (15.2)
Ethnicity
White 6581 (89.9) 739 (10.1)  <0.0001
Black 885 (83.3) 177 (16.7)
Asiatic 212 (84.8) 38(15.2)
Brown/Pardo 7472 (84.1) 1365 (15.9)
Indigenous 81 (83.5) 1365 (15.9)
Unknown 6675 (89.4) 794 (10.6)
Pregnancy status
Pregnant 2114 (93.3) 151 (16.7) <0.0001
Postpartum 510 (81.0) 120 (19.0)
Non-obstetric 19052 (87.0) 2858 (13.0)
SpO, <95% at
notification
Yes 12338(83.9) 2373(16.1) <0.0001
No 9338 (92.5) 756 (7.5)
Any risk factor or
co-morbidity
Yes 6760 (76.9) 2025 (23.1) <0.0001
No 14916 (93.1) 1104 (6.9)
Cancer
Yes 198 (46.7) 226(53.3) <0.0001
No 21478 (88.1) 2903 (11.9)
Cardiovascular
diseases
Yes 2537 (77.5) 737(22.5)  <0.0001
No 19139 (88.9)  2392(11.1)
Diabetes mellitus
Yes 1558 (71.4) 623(28.6) <0.0001
No 20118(88.9) 2506 (11.1)
Gastrointestinal
diseases
Yes 51(82.3) 11(17.7) 0.2234
No 21625 (87.4) 3118 (12.6)
Hematological
diseases
Yes 244 (77.5) 72(22.5) <0.0001
No 21432 (87.5) 3058(12.5)
Immunosuppression or
HIV/AIDS
Yes 462 (64.4.) 255(35.6) <0.0001
No 21214 (88.1) 2874 (11.9)

(Continues)

TABLE 2 (Continued)

Cure Death
(n=21676) (n=3129) P value
Kidney diseases
Yes 325(61.2) 206 (38.8) <0.0001
No 21351(88.0) 2923(12.0)
Liver diseases
Yes 74(71.2) 30(28.8) <0.0001
No 21602 (87.5) 3099 (12.5)
Neurological diseases
or stroke
Yes 276 (67.2) 135(32.8) <0.0001
No 21400 (87.7) 2994 (12.3)
Obesity
Yes 1487 (72.7) 558 (27.3) <0.0001
No 20189 (88.7)  2571(11.3)
Respiratory diseases
(including asthma)
Yes 1256 (83.2) 254(16.8)  <0.0001
No 20420 (87.7) 2875 (12.3)
Rheumatological
diseases
Yes 137 (65.6) 72(34.4) <0.0001
No 21539 (87.6) 3057 (12.4)
Thrombotic events or
vascular diseases
Yes 39 (79.6) 10 (20.4) 0.1000
No 21637 (87.4) 3119 (12.6)
Thyroid diseases
Yes 284 (90.4) 30(9.6) 0.1002
No 21392(87.3)  3099(12.7)

#Values are given as number (percentage) or median (range).

with any risk factor, followed by non-obstetric cases with any risk
factor (Figure 2).

Multiple logistic regression models (Table 3) indicate that post-
partum significantly increases the chance of death from COVID-19
SARS (OR 1.9), while being pregnant reduces this chance (OR 0.6).
Co-morbidities with a higher impact on case fatality rate were can-
cer, neurological diseases, and kidney diseases. Being white or age
under 35 years are protective factors. Among pregnant women,
cancer, diabetes mellitus, obesity, and rheumatology diseases were
associated with risk of death in the multivariate analysis. In the post-
partum subgroup, age over 35 years and diabetes mellitus were in-
dependently associated with a higher chance of death.

4 | DISCUSSION

In the present sample, the postpartum period was associated with
worse outcomes in the obstetric population. When stratified by
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FIGURE 2 Case fatality rate by pregnancy and risk factor status (p<0.0001). Abbreviation: RF, risk factor

pregnancy status, postpartum women had increased rates of ad-
mission to the ICU (34%), invasive ventilation (20.9%), and death
(19%) when compared to pregnant and non-pregnant women.
However, the risk of dying without accessing ICU care was lower in
this subgroup (19.2% vs 35.1% among pregnant women, and 43.2%
among non-obstetric cases). The findings of the present study in-
dicate a case fatality rate of 12.6% in the total sample (range 6.7%-
19.0%). However, a sample was analyzed of girls and women aged
10-45 years already diagnosed with COVID-19 SARS; therefore,
they were younger and at reduced risk of death due to COVID-19
compared to men or older populations.*®

Worse outcomes among postpartum women could be partially
explained by the overlap of coagulation disorders in patients with
COVID-19 with the hypercoagulability of the postpartum peri-
0d.**% Unfortunately, the SARS-SS does not provide data regarding
date of birth or week of pregnancy at diagnosis, so details of onset of
symptoms were not available. Thus, the postpartum subgroup in the
present analysis may also comprise women infected with COVID-19
while pregnant who evolved to SARS after delivery. In addition, clin-
ical worsening during pregnancy may prompt delivery, leading to a
SARS notification after birth. Pregnant patients with a compromised
respiratory system may undergo a termination of pregnancy as a
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TABLE 3 Multivariate logistic regression model for risk of death (total sample and by pregnancy status)

Variables OR 95% Cl P value

Total sample®

Age <20 years 0.7219 0.5925-0.8795 0.001
Age 20-34 years 0.6952 0.6371-0.7587 <0.0001
White ethnicity 0.5473 0.4958-0.6042 <0.0001
Missing data on ethnicity 0.6291 0.5714-0.6927 <0.0001
Postpartum 1.8976 1.5309-2.3520 <0.0001
Pregnant® 0.6228 0.5219-0.7432 <0.0001
Cancer 8.0501 6.5145-9.9477 <0.0001
Cardiovascular disease 1.4049 1.2633-1.5623 <0.0001
Diabetes mellitus 2.4003 2.1414-2.6905 <0.0001
Hematological diseases 1.5051 1.1121-2.0371 0.008
Immunosuppression or HIV/AIDS 2.3134 1.9229-2.7832 <0.0001
Kidney disease 3.1040 2.5485-3.7805 <0.0001
Neurological diseases or previous history of stroke 3.3343 2.6542-4.1886 <0.0001
Obesity 2.6691 2.3802-2.9932 <0.0001
Respiratory diseases (including asthma) 1.3286 1.1423-1.5452 0.0002
Rheumatological disease 2.8978 2.1084-3.9828 <0.0001
Thyroid diseases 0.6422 0.4315-0.9559 0.029
Pregnant
Cancer 9.9449 1.6234-60.9239 0.0130
Diabetes mellitus 1.8535 1.1314-3.0363 0.0143
Obesity 3.9556 2.3067-6.7834 <0.0001
Rheumatology diseases 7.5902 1.3614-42.3179 0.0208
Postpartum®
Age 235 years 2.0015 1.2884-3.1095 0.0020
Ethnicity unknown 0.3861 0.2066-0.7215 0.0029
Diabetes mellitus 2.5800 1.3727-4.8492 0.0032
Non-obstetric
Age <20 years 0.7588 0.6137-0.9382 0.0108
Age 20-34 years 0.6842 0.6240-0.7501 <0.0001
White ethnicity 0.5234 0.4708-0.5819 <0.0001
Black ethnicity 0.8057 0.6619-0.9809 0.0314
Unknown ethnicity 0.6141 0.5543-0.6803 <0.0001
Cancer 8.2414 6.6489-10.2153 <0.0001
Cardiovascular diseases 1.4018 1.2539-1.5670 <0.0001
Diabetes mellitus 2.4518 2.1754-2.7634 <0.0001
Hematological diseases 1.4387 1.0476-1.9758 0.0246
Immunosuppression or HIV 2.4009 1.9859-2.9026 <0.0001
Kidney diseases 3.1538 2.5782-3.8578 <0.0001
Liver diseases 1.6594 1.0003-2.7526 0.0498
Neurological diseases or stroke 3.5902 2.8453-4.5301 <0.0001
Obesity 2.7185 2.4140-3.0615 <0.0001
Respiratory diseases (including asthma) 1.3546 1.1590-1.5832 0.0001
Rheumatology diseases 2.8050 2.0228-3.8896 <0.0001
Thyroid diseases 0.5376 0.3452-0.8373 0.006

Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, confidence interval; OR, odds ratio; ROC, receiver operating characteristic.
*Total sample: 87.5% correctly classified using stepwise multiple logistic regression method. AUC 0.732 (95% CI 0.727-0.738).

bPregnant: 93.4% correctly classified using stepwise multiple logistic regression method. AUC 0.578 (95% CI 0.558-0.599).

“Postpartum: 81.3% correctly classified using stepwise multiple logistic regression method. AUC 0.636 (95% Cl 0.597-0.674).

9Non-obstetric: 87.2% correctly classified using stepwise multiple logistic regression method. AUC 0.736 (95% Cl 0.730-0.742).
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therapeutic measure. Accordingly, this may also contribute to the
more frequent occurrence of death in the postpartum period.

Obstetric patients with SARS often need to be transferred to
tertiary health units located away from their place of residence,
contributing to worse outcomes.” Usually, Brazilian facilities dedi-
cated to COVID-19 are not equipped with midwifery or obstetrics
infrastructure; therefore, delivery may be anticipated before the
patient's transference. Emergency procedures such as tracheal in-
tubation and admission to the ICU might have been postponed until
after childbirth, partly explaining the paradoxical finding of fewer
deaths without ICU care during postpartum in comparison to preg-
nancy. According to the three-delays model,” performing induction
of labor or cesarean delivery before providing adequate ventilatory
support is not recommended.*®?° Surgical trauma may contribute to
the deterioration of the women's condition, as already observed in
cases of non-obstetric COVID-19.21:22

Pregnant women were less frequently admitted with low oxy-
gen saturation when compared with postpartum or non-pregnant
women. Barriers to access health care seem to be in the origins of
COVID-19 outcomes in Brazil.”!! In this context, routine antenatal
care appointments might facilitate the early identification of respi-
ratory symptoms, inducing timely referral to higher levels of care.

Chronic conditions are risk factors for women dying with
COVID-19, confirming findings in the general population.??® In
the present sample, cancer enhanced the chance of death due to
COVID-19 by 8-9 times for women of reproductive age. Oncologic
patients may have lymphopenia and neutropenia due to treatment
and disease evolution, which may impair the therapeutic organic
response to viral infections. Previous authors observed worse out-
comes of COVID-19 among patients with cancer, with the prognosis
influenced by staging and site of cancer.?* Unfortunately, the da-
tabase in the present study did not provide information on cancer-
specific variables.

In the present sample, diabetes was a risk factor for death.
Diabetes can increase respiratory infections due to altered innate
immunity and elevate levels of pro-inflammatory cytokine. A meta-
analysis of 6452 patients found that SARS-CoV-2 infection in pa-
tients with diabetes increased mortality and SARS by two and four
times, respectively.25 However, body mass index was the only risk
factor for death or tracheal intubation in an observational study with
diabetic patients infected with COVID-19.%

Obesityisanalready knownrisk factor for death due to COVID-19
for both pregnant and non-obstetric patients, though not for post-
partum women.?”?? A meta-analysis exploring the relationship be-
tween COVID-19 and obesity showed that obese individuals had a
74% higher risk of admission to the ICU, and a 48% increased risk
of death.?” Obesity seems to be an independent risk factor, despite
its association with several co-morbidities (diabetes, hypertension,
cardiovascular disease).?’ Obesity is a metabolic disease marked by
insulin resistance, hyperglycemia, altered adipokines, and chronic
inflammation,?’ and the production of abnormal cytokines is also
observed in SARS. The disease increases the risk of thrombosis, and
severe COVID-19 is associated with prothrombotic disseminated

intravascular coagulation and high rates of venous thromboembo-
lism.3° Two meta-analyses showed that the prevalence of thrombo-
embolic events in hospitalized patients with SARS-CoV-2 surpasses
3093132

In the present sample, rheumatological diseases increased the
risk of death by seven times in pregnancy, and by three times in
the general female population with COVID-19. This group of con-
ditions includes a diverse spectrum of diseases, and SARS-SS does
not provide detailed information. However, connective tissue disor-
ders are associated with worse prognoses for SARS-CoV-2 infection.
Typical impairment of organs and systems and treatment with high
doses of immunosuppressants may conjointly contribute to clini-
cal deterioration from COVID-19 in rheumatological patients.3*34
Rheumatological diseases are systemic inflammatory disorders in
which virus infections may trigger severe features.®>%

Cardiovascular diseases increased the fatality rate by 1.4 timesin
the overall sample. Pre-eclampsia has been described as a potential
risk factor for complications from COVID-19,%8%? although the as-
sociation was not present in the present sample. SARS-SS variables
do not differentiate pre-pregnancy from gestational hypertension,
as well as heart diseases from further cardiovascular conditions.
Additional affections such as nephropathies, hematological disor-
ders, and neuropathies among others, showed an association with
death due to COVID-19 among Brazilian women of reproductive
age, regardless of pregnancy status.

A systematic review on predictors of death in patients hospital-
ized due to COVID-19 found that the summary relative risk (sRR)
of death was higher for those with the following: age 60 years and
over; men; smoking history; chronic obstructive pulmonary disease;
hypertension; diabetes; heart disease; and chronic kidney disease.
Excluding male patients, the main risk factors for death are consis-
tent with our findings,*° although there is a different age range in
the present study.

The main limitations of the present study rely on its retrospec-
tive nature based on secondary database analysis, likely increasing
the risk of bias due to missingness and a lack of detailed information
about clinical prognostic factors. In addition, co-morbidity informa-
tion was derived using two different sources (the original coded field
about risk factors and the classification of answers to open-ended
questions), meaning that not all cases were classified as having risk
factors using the same standardized procedure. Another limitation is
that the SARS-SS does not provide data about other obstetric vari-
ables such as date of birth or week of pregnancy at diagnosis. It is
worth mentioning that universal screening is not included among
Brazilian policies during the pandemic; therefore, data on asymp-
tomatic or mildly symptomatic women are not available through
SARS-SS.

Despite these limitations, the present study was able to provide
useful information about the interaction between pregnancy status
and co-morbidities as risk factors for death due to COVID-19, using
a large dataset with nationwide coverage. The present data adds to
the still preliminary knowledge about risk factors for COVID-19-
related maternal deaths, given the fact that Brazil has overwhelming
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figures of cases of COVID-19 and deaths, both in the general popu-
lation and in pregnant and postpartum women.

The findings of the present study highlight the relevance of
the postpartum period as a risk factor for COVID-19 adverse out-
comes, particularly when in association with co-morbidities. Further
prospective studies might clarify the identified risk factors asso-
ciated with a worsening prognosis of COVID-19 among women.
Postpartum women must be considered a special population within

these studies.
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