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Abstract 

Background: Monitoring the characteristics and associated factors for death among pregnant 

and postpartum women with COVID-19 is necessary. We investigated the clinical characteristics 

and risk factors associated with maternal deaths in a nationwide cohort of Brazil. 

Methods: This was a population-based cohort of all pregnant and postpartum women 

hospitalised with COVID-19 notified to the Sistema de Informação de Vigilância Epidemiológica 

da Gripe of Brazil (SIVEP-Gripe), from February 2020 to September 2021. The primary outcome 

was time to in-hospital death, with risks factors analysed with univariable and multivariable Cox 

proportional hazards regression models. 

Results: Cumulative observation time was 248,821 person-days from hospital admission to the 

end of follow-up for 15,105 individuals. There were 1,858 deaths (12.3%) for a maternal 

mortality rate of 7.5 (95% CI 7.1-7.8) per 1000 patients-days. The cumulative mortality 

increased over time. Black/Brown ethnicity had a higher risk of death than women self-

identifying as White. Women in the North, Northeast, Central-West and Southeast regions had 

higher risk of death than women in the South region. The characteristics independently 

associated with death were a postpartum status on admission (adjusted HR 1.4 [95%CI 1.2-

1.6]), pre-existing clinical conditions (adjusted HRs 1.2 [95%CI 1.1-1.3] for one and 1.3 [95%CI 

1.1-1.5] for two comorbidities), hypoxemia on admission (adjusted HR 1.2 [95%CI 1.1-1.4]) and 

requiring non-invasive (adjusted HR 2.6 [95%CI 2.1-3.3]) or invasive ventilatory support 

(adjusted HR 7.1 [95%CI 5.6-9.2]). 

Conclusion: In Brazil, the in-hospital maternal mortality rate due to COVID-19 is high and the 

risk of death increases with the length of hospitalisation. Socio-demographic and biological 

factors are associated with an increased risk of maternal death. The presence of respiratory 

signs and symptoms should be considered as an early markers of disease severity and an 

adequate management is necessary. Our findings reinforce the need for vaccination of 

pregnant and postpartum women against COVID-19. 

Keywords: COVID-19; Maternal Mortality; Risk factors; Cohort study; Brazil. 
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Introduction 

Coronavirus disease 19 (COVID-19), an emerging infectious disease caused by the Severe Acute 

Respiratory Coronavirus-2 (SARS-CoV-2), became the largest public health emergency of the 

21st century. SARS-CoV-2 clinical spectrum ranges from asymptomatic to acute respiratory 

distress syndrome (ARDS) and death; and the worst outcomes are associated with older age, 

pre-existing comorbidities,1 racial and ethnic minorities, low income, and health disparities.2,3  

Pregnant and postpartum women experience significant physiological, hormonal and immune 

changes, which predispose to respiratory viral infections and severe pneumonia.4 Although 

early small scale studies in high-income countries did not report worse complications from 

pregnant women with COVID-19,5–7 as the pandemic progressed, it became established they 

also experienced adverse outcomes, such as foetal loss, preterm delivery, preeclampsia and 

emergency caesarean sections 8–11 and intensive care unit (ICU) admission.10,12–14  Similar to the 

general population, adverse outcomes are higher among women with pre-existing 

comorbidities12 and in areas with marked social inequities.15,16 

Brazilian studies have reported higher mortality rates among pregnant women with pre-existing 

diabetes, cardiovascular disease and obesity,12,13 and the continued monitoring of outcomes 

and risk factors for death are necessary to further understand the impact of COVID-19 in 

obstetric populations. In this nationwide population-based cohort in Brazil, we describe the 

clinical characteristics and factors associated with death in hospitalised pregnant and 

postpartum women with COVID-19 from February 2020 to September 2021. 

Methods 

Study design and participants 
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We conducted a population-based cohort study including all pregnant and postpartum women 

hospitalised with COVID-19 in Brazil notified to the Influenza Epidemiological Surveillance 

Information System (SIVEP-Gripe, Sistema de Informação de Vigilância Epidemiológica da 

Gripe). The SIVEP-Gripe is a de-identified national public domain database established by the 

Brazilian Ministry of Health for the surveillance of severe acute respiratory infections. COVID-19 

notifications are compulsory, and the SIVEP-Gripe receives notifications of all COVID-19 public 

and private hospitalisations and deaths. Notification data includes demographic and clinical 

features and pregnancy and postpartum status. In SIVEP-Gripe, postpartum is considered to be 

the period from delivery to the 45th day after delivery. Our analysis included all hospitalised 

pregnant and postpartum women with laboratory confirmed SARS-CoV-2 and a COVID-19 

diagnosis registered in the SIVEP-Gripe from the 27th February 2020 to the 15th September 

2021. 

Covariables and definitions 

Demographic data included age, ethnicity and geopolitical region. Brazil is divided into five 

geopolitical regions (North, Northeast, Central-West, Southeast and South) which have 

different social and economic indicators, health system capacity and coverage. Ethnicity was 

self-identified and based on the five classifications defined by the Brazilian Institute of 

Geography and Statistics: Branco (White), Preto (Black), Pardo (Brown), Amarelo (East Asian), or 

Indígena (Indigenous). Clinical data included pregnancy and postpartum status, trimester of 

gestation at the time of reporting; signs and symptoms at presentation (fever, cough, sore 

throat, shortness of breath, respiratory distress, gastrointestinal symptoms, and oxygen 

saturation), and the presence or absence of pre-existing comorbidities (cardiovascular, renal, 
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neurological, haematological, or hepatic comorbidities, diabetes, chronic respiratory disorder, 

obesity, or immunosuppression). Data on comorbidities was dichotomised (yes/no) and 

categorised according to the number of pre-existing conditions (none, one, two, and ≥ three). 

Clinical course was reported in terms of the need for respiratory support (none, non- invasive 

oxygen support and invasive ventilation), admission to an intensive care unit (ICU), recovery 

(discharge) or death situations. The dates of hospital admission, death or discharge were also 

registered.  

Outcomes 

The primary outcome was the time to in-hospital death. Survival time was estimated from the 

day of hospital admission to the day of in-hospital death.  

Data analysis 

The data analysed comprised all pregnant and postpartum women aged 13 to 48 years with 

COVID-19 admitted to the hospital and registered in the database between epidemiological 

weeks 9, 2020 and 37, 2021. Complete data were not available for all variables. We did not 

impute missing data for ethnicity and trimester of gestation. However, missing values were 

interpreted as the absence of pre-existing symptoms and co-morbidities. We also interpreted 

missing data as non-admission to ICU. 

Categorical variables are reported as frequencies (with percentages and 95% confidence 

intervals [CIs]) and continuous variables as means (with Standard Deviations [SD]) or medians 

(with interquartile ranges [IQRs] and 95% CIs) according to their distribution. We used the 

Wilcoxon rank sum test to compare the length of hospital stay between survivors and non-

survivors. We calculated Kaplan-Meier survival estimates and used the log-rank test to compare 
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groups in terms of survival. The association of risk factors with time to in-hospital death was 

assessed using univariable and multivariable Cox proportional hazards regression models. The 

proportional hazard assumption was tested by plotting the Nelson-Aalen cumulative hazard 

function and the Schoenfeld residuals test.17  

Ethical considerations 

As data in SIVEP-Gripe are deidentified and publicly available, an institutional review board 

approval and informed consent were not required. 

Role of the role funding source 

The funder of the study had no role in study design, data collection, management, analysis, 

interpretation or writing of the report. 

Results 

A total of 2,670,106 cases of severe acute respiratory syndrome were reported to SIVEP-Gripe 

between February 2020 and September 2021, of which 1,770,404 had Reverse Transcription 

Polymerase Chain Reaction (RT-PCR)-confirmed SARS-CoV-2 infection. Of these, 15,105 were 

reported in pregnant and postpartum women aged 13 to 48 years admitted to hospital and had 

information on the times of admission and outcome, and they were included in the analysis 

(Supplementary Figure 1).  

Table 1 describes the demographic and clinical characteristics of the patients included. Median 

age at the time of hospital admission was 30 (IQR 25-34) years. Black/Brown patients accounted 

for slightly more than half of the participants (7,361 [57.1%] of 15,105) and 43.8% (6,615 out of 

15,105) resided in the Southeast region. Among the 15,105 women reported, 1,061 (7.0%) were 
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in the 1st trimester, 3,074 (20.4%) in the 2nd trimester, 7,460 (49.4%) in the 3rd trimester and 

2,960 (19.6%) postpartum at the time of hospital admission. 

The median time from symptoms onset to hospital admission was three (IQR 6–9) days. The 

most frequent signs and symptoms on admission were cough (67.1%), shortness of breath 

(56.4%), fever (53.0%) and respiratory distress (44.4%). Hypoxaemia (SpO2 <95%) was present 

in 5,715 (37.8%) patients. Overall, 8,936 (59.2%) patients had no comorbidities, 4,117 (30.6%) 

had one, 1,164 (7.7%) had two and 388 (2.6%) had three or more comorbidities. Diabetes 

(6.7%), obesity (6.4%) and cardiovascular disease (6.1%) were the most common pre-existing 

comorbidities (Table 1). 

A total of 4,339 (28.7%) patients were admitted to ICU, with a median time from symptom 

onset to ICU admission of eight (IQR 4-12) days. Data on respiratory support was available for 

13,563 patients. Of these, 6,431 (47.4%) did not require respiratory support during 

hospitalization, 4,982 (36.7%) required non-invasive support and 2,150 (15.8%) needed invasive 

ventilation. The distribution of ICU admission and type of ventilatory support according to the 

Brazilian region is shown in Supplementary Table 1. 

Cumulative observation time for 15,105 individuals was 248,821 person-days from hospital 

admission to the end of follow-up. There were 1,858 deaths (overall mortality, 12.3%) for a 

maternal mortality rate of 7.5 (95% CI 7.1-7.8) per 1000 patients-days, with the cumulative 

incidence increasing over time. The probability of death per 1000 patient-days was 1.9 (95% CI 

1.7 to 2.3) during the initial five days of hospitalisation, 3.5 (95% CI 3.1 to 4.1) during the first 10 

days, and 12.8 (95% CI 12.1 to 13.4) at the end of the follow-up (Figure 1). The length of 

hospital stay was higher among non-survivors than survivors (Median [IIQ] 19 [12-28] vs. 13 [8-



U
N

CO
RRE

CTE
D

 M
A
N

U
SC

RIP
T

 8 

18]; P < 0.001). A higher maternal mortality rate was found in the North region and lower rate 

in the South region (Supplementary Figure 2). 

The univariate risk factor analysis for deaths is shown in Table 2. The risk of death was higher in 

women aged ≥ 35 years (HR 1.4 [95%CI 1.1-1.7]) compared to women under 20 years, in 

women from Black/Brown ethnicity (HR 1.2 [95%CI 1.1-1.3]) compared to women self-

identifying as White ethnicity, and those living in the Southeast (HR 1.2 [95%CI 1.1-1.4]), 

Northeast (HR 1.3 [95%CI 1.1-1.5]) and North (HR 1.5 [95%CI 1.3-1.8]) regions compared to the 

South region. Shortness of breath (HR 2.0 [95%CI 1.7-2.2]), respiratory distress (HR 1.7 [95%CI 

1.5-1.8]) and hypoxemia (HR 2.2 [95%CI 1.9-2.4]), but not fever, cough or gastrointestinal 

symptoms, were associated with death. Pre-existing diabetes (HR 1.4 [95%CI 1.1-1.7]), 

cardiovascular disease (HR 1.6 [95%CI 1.3-2.0]) and obesity (HR 2.1 [95%CI 1.7-2.5]) and the 

number of comorbidities (1, 2 or ≥3 vs none) increased the risk of death in the univariate 

analysis. Pregnant and postpartum women who required non-invasive respiratory support (HR 

2.8 [95%CI 2.3-3.4]), invasive ventilation (HR 9.0 [95%CI 7.5-11.0]) and those admitted to ICU 

(HR 3.1 [95%CI 2.7-3.4]) were more likely to die. 

The multivariable cox proportional hazards regression analysis of factors associated with 

maternal mortality is shown in Table 3. Women of Black/Brown ethnicity had a higher risk of 

death than White women. Women hospitalised in the North, Northeast, Central-West and 

Southeast regions had higher risk of death than women hospitalised in the South region.  

Other characteristics independently associated with death were being on postpartum at 

admission (adjusted HR 1.4 [95% CI 1.2-1.6]), pre-existent clinical conditions (adjusted HRs 1.2 

[95%CI 1.1-1.3] for one comorbidity and 1.3 [95%CI 1.1-1.5] for two comorbidities), hypoxemia 
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on admission (adjusted HR 1.2 [95%CI 1.1-1.4]) and requiring non-invasive (adjusted HR 2.6 

[95%CI 2.1-3.3]) or invasive ventilatory support (adjusted HR 7.1 [95%CI 5.6-9.2]). ICU 

admission was not associated with an increased risk of death in the multivariate analysis. Figure 

2 shows the survival probability curves in the presence of these risk factors. 

Discussion 

In this nationwide population-based cohort study of hospitalised pregnant and postpartum 

women with laboratory-confirmed SARS-CoV-2 infection, the estimated in-hospital maternal 

mortality rate was 12.3% (7.5 per 1000 patient-days), with the probability of death increasing 

with the length of hospitalisation. The mortality rate among pregnant and postpartum women 

in this cohort was higher than reported from France (0.2%),18 the United States (0.7%)19 and the 

United Kingdom (1%).20,21 Our rate is also higher than a previous study using SIVEP-Gripe data 

between February and December 2020, the first year of the pandemic,22 which reported a 

mortality rate of 7.8%. However, the death rate reported in this cohort study was similar to that 

found in an earlier Brazilian study based on SIVEP-Gripe, which was carried out from February 

to June 2020. In that study, Takemoto et al.23 showed that 124 out of 978 pregnant and 

postpartum women hospitalised in Brazil died due to complications of COVID-19, resulting in a 

rate of 12.7%. COVID-19 mortality rates in obstetric populations are known to vary according to 

the pandemic period and across countries. High-income settings with well-structured obstetric 

care services and sufficient supplies for maternal ICU, tend to report the lowest death rates. 

The distribution within countries is also heterogeneous.24 A recent study in Brazil demonstrated 

that COVID-19 cases and deaths in obstetric population have heterogeneous geographical 

distributions, with spatial clusters with high mortality rates located in countryside and areas 
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with high socioeconomic deprivation.24 In this cohort, the highest mortality rates were found 

among women hospitalised in the North (15%), the region with the lowest socioeconomic and 

infrastructure indicators. This North region also experienced a rapid and greater overload of 

cases, especially during the 2nd wave of the pandemic, exacerbating pre-existing socioeconomic 

and health structure differences across the regions.25,26  

Our findings demonstrate an increased risk of death among Black/Brown ethnicity. Racial and 

ethnic groups have been disproportionately affected by COVID-19,27–29 which is a pattern 

previously reported by others.12,30 Black/Brown pregnant women are also likely to have pre-

existing comorbidities and adverse outcomes, including preeclampsia, foetal loss and death.31,32 

Further, Black/Brown women receive lower quality and intensity of healthcare for preventive, 

diagnostic and therapeutic services.33–35 It is thus likely the pandemic synergises the 

deficiencies of a pre-existing obstetric healthcare and limited access to specialised health 

services.  

The mortality rate among postpartum women with COVID-19 was around 21% (12.8 per 1000 

person-days), with 1.5 times higher risk of death than pregnant women. This increased risk 

resembles the pre-COVID-19 era, when about two-thirds of maternal deaths occurred in the 

postpartum period.36 Postpartum women have a greater risk of haemodynamic complications 

than pregnant women; and SARS-CoV-2 infections are associated with immune system 

dysregulation, resulting in cytokine storms as well as haemodynamic abnormalities.1 

Pregnant and postpartum women with pre-existing comorbidities were at higher risk of death, 

with the prevalence of comorbidities being about 40% among all women, but around 52% in 

individuals who died. The clinical features increasing the risk of death were similar to reports 
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for the general37 and obstetric populations,12,13 and included pre-existing diabetes, 

cardiovascular disease and obesity. Pregnant and postpartum women with hypoxaemia and 

those requiring non-invasive or invasive ventilatory support were also more likely to die than 

those not requiring oxygen support. Although SIVEP-Gripe does not distinguish the types of 

cardiovascular disease, it is likely most women had hypertension, since it is the most common 

clinical condition in the Brazilian obstetric populations,38 and historically hypertension has been 

the leading cause of maternal near miss and death (~35% of maternal deaths).36,39,40  

SARS-CoV-2 use the angiotensin-converting enzyme 2 (ACE2) receptor to invade host cells 

especially in kidney, heart and lungs leads to the enhanced release of cytokines and a 

hyperinflammatory state implicated in multi-organ damage.41 In the lungs, inflammatory 

responses increase alveolar-capillary permeability resulting in alveolar oedema, hypoxemia and 

progressive respiratory distress.1,41 Pregnant and postpartum women with hypoxaemia had a 

20% higher risk of dying than women admitted with oxygen saturation >95%. Hypoxemia is thus 

an important marker of COVID-19 severity commonly associated with ARDS, requiring ICU 

management.1,42–45 

A high proportion of people affected by COVID-19 requires non-invasive or invasive ventilatory 

support an ICU care.42–45 In this cohort, circa 30% of pregnant and postpartum women were 

admitted to ICU and over 60% required respiratory support. Counterintuitively however, circa 

25% and 7% of deaths occurred among women without ventilatory support and who were not 

admitted to the ICU, respectively. These findings expose the lack of access to intensive care, as 

only 15% of maternity wards have ICU and their distribution is heterogeneous across the 

regions, with a higher concentration in the South and Southeast regions.46  
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This cohort study assessed a large sample size of pregnant and postpartum women with 

laboratory-confirmed COVID-19, allowing a comprehensive analysis of the clinical 

characteristics and risk factors associated with in-hospital deaths in all Brazilian states and 

regions. Nevertheless, our findings should be interpreted with caution. The analyses were 

based solely on hospitalised pregnant and postpartum women, who may represent the most 

severe end of the disease spectrum. The data were obtained from a surveillance information 

system and therefore only represent women who accessed the health system and may 

underrepresent women from areas with limited access to obstetric hospital services. Moreover, 

until August 2020, Brazil did not have a universal SARS-CoV-2 testing strategy for obstetric 

populations, and RT-PCR tests were offered only to women who presented with suggestive 

symptoms of COVID-19 who had access to health services with laboratory facilities. 

Consequently, cases in poor communities could be missing and undetected, which would bias 

the detection rates from these areas. 

In Brazil, the estimated mortality rate is higher than reported from other countries and the 

probability of death increases with length of hospitalisation. The risk of death increased among 

Black/Brown, postpartum, and with the presence of comorbidities, especially diabetes, 

cardiovascular disease, and obesity. Additionally, pregnant and postpartum women with 

hypoxaemia and requiring ventilatory support were more likely to die. Hypoxaemia and the 

need for ventilatory support is a marker of disease severity requiring standardised service 

protocols for obstetric populations. The high mortality of obstetric populations reinforces the 

need to vaccinate this at-risk group against COVID-19, as the safety and efficacy of mRNA-based 

COVID-19 vaccines during pregnancy is well established.47 Continued monitoring of cases and 
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deaths from COVID-19 in the obstetric population is necessary, even after the adoption of 

widespread vaccination for this population.
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Table 1. Demographic and clinical characteristics of the pregnant and postpartum women 
with COVID-19 included in the study. 
Variables N = 15,105 

Age, median (IQR) 30 (25-35) 

Age group (years)  

<20 1,104 (7.3%) 

20 to 34  9,836 (65.1%) 

≥35 4,165 (27.6%) 

Ethnicity a  

White 5,303 (41.1%) 

Black/Brown 7,361 (57.1%) 

East Asian 116 (0.9%) 

Indigenous 121 (0.9%) 

Brazilian region  

North 1,699 (11.3%) 

Northeast 3,246 (21.4%) 

Central-West 1,294 (8.6%) 

Southeast 6,615 (43.8%) 

South 2,251 (14.9%) 

Pregnancy trimester   

First  1,061 (7.0%) 

Second  3,074 (20.4%) 

Third  7,460 (49.4%) 
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Unknown 550 (4.5%) 

Postpartum at hospital admission 2,960 (19.6%) 

Signs and symptoms  

Cough 10,129 (67.1%) 

Shortness of breath 8,511 (56.4%) 

Fever 8,002 (53.0%) 

Respiratory distress 6,701 (44.4%) 

Hypoxaemia 5,715 (37.8%) 

Sore throat 3,079 (20.4%) 

Fatigue 2,935 (19.4%) 

Anosmia 2,079 (13.8%) 

Ageusia 1,872 (12.4%) 

Diarrhoea 1,484 (9.8%) 

Vomiting 1,451 (9.6%) 

Abdominal pain 950 (6.3%) 

Comorbidities  

0 8,936 (59.2%) 

1 4,617 (30.6%) 

2 1,164 (7.7%) 

≥3 388 (2.6%) 

Type of comorbidity  

Diabetes 1,008 (6.7%) 

Obesity 969 (6.4%) 

Cardiovascular disease 915 (6.1%) 

Asthma 497 (3.3%) 

Immunosuppression 143 (1.0%) 

Renal disease 89 (0.6%) 

Pulmonary disease 88 (0.6%) 

Neurological disease 87 (0.6%) 

Haematological disease 80 (0.5%) 

Liver disease 39 (0.3%) 
a 

Missing value = 2,204 
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Table 2. Demographic, clinical characteristics, comorbidities, and outcome of 15,105 pregnant 
and postpartum women with covid-19 admitted to hospital in Brazil from February 2020 to 
September 2021. 
Variables No. of 

patients 
(n=15,105) 

No. of 
deaths 
(n = 1,858) 

Maternal Mortality 
rate  
per 1000 patient-days 

Hazard 
Ratio (95% 
CI) 

P 
value 

Age group      

<20 1,104 79 (7.2%) 5.6 (4.5-7.0) 1 NA 

20 to 34 years 9,836 1,131 

(11.5%) 
7.1 (6.6-7.5) 1.2 (0.9-

1.5) 

0.310 

≥35 years 4,165 648 (15.6%) 8.7 (8.1-9.4) 1.4 (1.1-

1.7) 

0.021 

Ethnicity a       

White 5,303 619 (11.7%) 7.0 (6.5-7.6) 1 NA 

Black/Brown 7,361 1,015 

(13.8%) 
8.4 (7.9-8.9) 1.2 (1.1-

1.3) 

0.001 

East Asian 116 16 (13.8%) 8.5 (5.2-13.9) 1.2 (0.7-

1.9) 

0.483 

Indigenous 121 12 (9.9%) 6.1 (3.5-10.7) 0.9 (0.5-

1.5) 

0.627 

Brazilian region      

North 1,699 256 (15.1%) 9.3 (8.2-10.5) 1.5 (1.3-

1.8) 

<0.001 

Northeast 3,246 427 (13.2%) 8.0 (7.3-8.8) 1.3 (1.1-

1.5) 

0.002 

Central-West 1,294 170 (13.2%) 7.6 (6.6-8.9) 1.2 (0.9-

1.5) 

0.067 

Southeast 6,615 774 (11.7%) 7.1 (6.7-7.6) 1.2 (1.1-

1.4) 

0.037 

South 2,251 231 (10.3%) 6.2 (5.4-7.1) 1 NA 

Pregnancy trimester      

First  1,061 85 (8.0%) 5.4 (4.3-6.6) 1 NA 

Second  3,074 384 (12.5%) 6.9 (6.2-7.6) 1.1 (0.9-

1.4) 

0.559 

Third  7,460 702 (9.4%) 5.8 (5.4-6.3) 1.0 (0.8-

1.2) 

0.694 

Unknown 550 67 (12.2%) 7.7 (6.1-9.8) 1.2 (0.9-

1.7) 

0.185 

Postpartum  2,960 620 (20.9%) 12.9 (11.9-13.9) 2.0 (1.8-

2.2) 

<0.001 

Signs and symptoms      

Cough 10,129 1,309 

(12.9%) 
7.4 (7.0-7.9) 1.0 (0.9-

1.1) 

0.235 

Shortness of breath 8,511 1,491 9.4 (9.0-10.0) 2.0 (1.7- <0.001 
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(17.5%) 2.2) 

Fever 8,002 1,044 

(13.1%) 
7.4 (7.0-7.9) 1.0 (0.9-

1.1) 

0.127 

Respiratory distress 6,701 1,229 

(18.3%) 
9.8 (9.2-10.4) 1.7 (1.5-

1.8) 

<0.001 

Hypoxaemia 5,715 1,285 

(22.4%) 
11.2 (10.6-11.8) 2.2 (1.9-

2.4) 

<0.001 

Sore throat 3,079 342 (11.1%) 6.6 (5.9-7.3) 0.9 (0.8-

0.9) 

0.024 

Fatigue 2,935 430 (14.7%) 8.2 (7.4-9.0) 1.1 (1.0-

1.2) 

0.137 

Anosmia 2,079 177 (8.5%) 5.1 (4.4-5.9) 0.7 (0.6-

0.8) 

<0.001 

Ageusia 1,872 153 (8.2%) 4.9 (4.1-5.7) 0.6 (0.5-

0.8) 

<0.001 

Diarrhoea 1,484 151 (10.2%) 6.1 (5.2-7.1) 0.8 (0.7-

0.9) 

0.025 

Vomiting 1,451 148 (10.2%) 5.9 (5.1-7.0) 0.8 (0.7-

0.9) 

0.022 

Abdominal pain 950 108 (11.4%) 6.8 (5.6-8.2) 0.9 (0.8-

1.1) 

0.506 

Comorbidities      

0 8,936 890 (9.8%) 6.3 (5.9-6.7) 1 NA 

1 4,617 631 (13.5%) 7.8 (7.2-8.4) 1.2 (1.1-

1.3) 

0.005 

2 1,164 245 (20.9%) 11.2 (9.8-12.6) 1.5 (1.3-

1.8) 

<0.001 

≥3 388 92 (23.4%) 11.5 (9.4-14.1) 1.6 (1.2-

1.8) 

<0.001 

Type of comorbidity      

Diabetes 1,008 187 (18.5%) 8.6 (7.1-10.6) 1.4 (1.1-

1.7) 

0.005 

Obesity 969 278 (28.7%) 13.4 (11.1-16.2) 2.1 (1.7-

2.5) 

<0.001 

Cardiovascular disease 915 187 (20.4%) 10.7 (8.8-13.0) 1.6 (1.3-
2.0) 

<0.001 

Asthma 497 71 (14.2%) 6.0 (4.1-8.5) 0.9 (0.7-

1.2) 

0.595 

Immunosuppression 143 28 (19.6%) 9.7 (5.5-17.1) 1.3 (0.9-

1.9) 

0.125 

Renal disease 89 19 (21.4%) 7.9 (3.2-18.9) 1.6 (1.0-
2.5) 

0.052 

Pulmonary disease 88 19 (21.6%) 9.0 (4.5-18.1) 1.5 (1.0- 0.067 
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2.4) 

Neurological disease 87 15 (17.2%) 7.3 (2.3-22.9) 1.3 (0.7-
2.1) 

0.361 

Haematological 
disease 

80 18 (22.5%)  1.6 (1.0-
2.5) 

0.052 

Liver disease 39 9 (23.1%) 9.1 (5.7-28.4) 1.9 (1.0-
3.6) 

0.066 

Intensive Care Unit 
admission 

     

No 10,766 486 (4.5%) 3.2 (2.9-3.5) 1 NA 

Yes 4,339 1,372 

(31.6%) 
13.7 (13.0-14.4) 3.1 (2.7-

3.4) 

<0.001 

Ventilatory support b      

None 6,431 121 (1.9%) 1.4 (1.2-1.7) 1 NA 

Non-invasive 4,982 414 (8.3%) 4.8 (4.3-5.3) 2.8 (2.3-

3.4) 

<0.001 

Invasive 2,150 1,138 

(52.9%) 
20.2 (19.1-21.4) 9.0 (7.5-

11.0) 

<0.001 

a Missing = 2,204; b Missing = 1,542 
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Table 3. Multivariable cox proportional hazards regression analysis of factors independently 
associated with maternal mortality. 
 
Variables Multivariable Hazard Ratio (95% CI) P value 

Age group   

<20 1 NA 

20 to 34 years 1.0 (0.8-1.2) 0.547 

≥35 years 1.0 (0.7-1.3) 0.841 

Ethnicity   

White 1 NA 

Black/Brown 1.2 (1.1-1.3) 0.025 

East Asian 1.4 (0.8-2.4) 0.191 

Indigenous 1.4 (0.7-2.6) 0.382 

Region   

North 1.6 (1.3-2.0) <0.001 

Northeast 1.6 (1.3-1.9) <0.001 

Central-West 1.3 (1.1-1.7) 0.017 

Southeast 1.3 (1.1-1.5) 0.007 

South 1 NA 

Postpartum 1.4 (1.2-1.6) <0.001 

Comorbidities   

None 1 NA 

1 1.2 (1.1-1.3) 0.007 

2 1.3 (1.1-1.5) 0.004 

≥3 1.2 (0.9-1.5) 0.237 

Symptoms   

Shortness of breath  1.1 (0.9-1.3) 0.392 

Respiratory distress  1.1 (0.9-1.3) 0.147 

Hypoxaemia  1.2 (1.1-1.4) 0.008 

Ventilatory support   

None 1 NA 

Non-invasive 2.6 (2.1-3.3) <0.001 

Invasive 7.1 (5.6-9.2) <0.001 

Intensive Care Unit admission   

No 1 NA 

Yes 1.1 (0.9-1.3) 0.692 
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List of figures 

Figure 1. Cumulative incidence function for in-hospital death. 
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Figure 2. Kaplan-Meier analysis of survival of pregnant and postpartum women with COVID-19 
according to postpartum, number of comorbidities, hypoxaemia and ventilatory support.  

 


