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ABSTRACT
Objective: To estimate incidence, risk of early and late-onset preeclampsia (PE) and understand 
their relationship with severity of COVID-19.
Methods: Pregnant women with COVID-19 (n = 1929) were enrolled from 1 April 2020 to 
24 February 2022. Primary outcome measure was incidence and risk of early onset PE in 
women with COVID-19.
Results: The incidence of early and late-onset PE was 11.4% and 5.6%. Moderate to severe COVID-19 
was associated with eight times higher risk of early onset PE [aOR = 8.13 (1.56–42.46), p = 0.0129] 
compared to asymptomatic group.
Conclusions: Risk of early onset PE was higher in pregnant women with symptomatic COVID-19 
as compared to asymptomatic women.
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Introduction

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has infected over 536 million people and 
has caused more than 6.3 million deaths globally (1). 
India is one of the worst affected countries due to 
COVID-19 contributing to a total burden of 43 million 
infected cases and 0.53 million deaths (2). Although 
COVID-19 is known to cause respiratory disease, evi-
dence is emerging on extra-pulmonary manifestations 
including cardiovascular, renal, hematologic, endocrine, 
etc. suggesting multi-system disorder (3). Pre-eclampsia 
(PE), complicates about 3–5% of all pregnancies and is 
estimated to cause 76,000 maternal deaths and 500,000 
fetal and new-born deaths annually (4). Low-income and 
middle-income countries (LMIC) have the major burden 
of complications related to PE mainly due to limited 
resources and poor access to adequate obstetric care 
compared to high-income countries.

During the early phase of the COVID-19 pandemic, 
“PE like syndrome” was reported in pregnant women 
with severe COVID-19 (5). The causal relationship 
between severity of COVID-19 disease and risk of PE 
was reported in the U.K. population (6). A large scale, 
multi-county study demonstrated strong association of 
COVID-19 during pregnancy with PE, especially in 
nulliparous women. They further reported that this 

association was independent of any risk factors and 
preexisting conditions. The association between 
COVID-19 and PE was not affected by severity of 
COVID-19 (7). Additionally, there is no information 
on the incidence and risk of early onset and late-onset 
PE in women with COVID-19. The primary aim of this 
study was to estimate the incidence, risk of early and 
late-onset PE; and to understand their relationship with 
severity of COVID-19. The aim was also to compare 
the incidence of early and late-onset PE during the 
first, second and third waves of COVID-19 pandemic.

Methods

The retrospective data analysis included 1929 pregnant 
women with confirmed SARS-CoV-2 infection 
admitted at BYL Nair Charitable Hospital (NH), 
a dedicated COVID-19 hospital and one of the partici-
pating centers of the PregCovid registry in Mumbai, 
India (8). Women aged≥18 years with a confirmed 
diagnosis of COVID-19 and completed 20 weeks of 
gestation admitted from 4 April 2020, and 
24 February 2022 were included for the data analysis. 
All the cases of hypertension in pregnancy in the study 
were diagnosed concomitantly or after the diagnosis of 
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COVID-19. PE was categorized as early onset PE before 
34 weeks of gestation and late-onset PE after 34 weeks 
of gestation. The information on symptoms of COVID- 
19, and signs and symptoms of preeclampsia was col-
lected at the time of admission, and subsequently dur-
ing the period of hospitalization till the discharge. 
COVID-19 pandemic period was divided in three 
waves; first wave from 1st April 2020 to 31st 
January 2021 and second wave was from 1st 
February 2021 to 10th December 2021 and third wave 
was from 18th December to 24th February 2022. The 
hospital admission policy (8) was uniform during all 
three waves of the COVID-19 pandemic period. The 
asymptomatic cases were identified by universal testing 
(9) of those women who were admitted at NH needing 
obstetrics intervention, as per the admission policy of 
NH (8). An asymptomatic case was defined as labora-
tory-confirmed case of COVID-19 who have never 
developed symptoms before or during the hospital 
stay. The gestational age was reported at the time of 
admission due to SARS-CoV-2 infection.

Clinical characteristics of study population

The existing national testing guidelines for confirma-
tion of COVID-19 testing were adopted (9) and the 
disease was categorized into asymptomatic, mild, mod-
erate, and severe COVID-19 (10). As per admission 
policy of NH (8), pregnant women who were near- 
term or those required obstetric interventions or high- 
risk pregnancies or pregnant women with moderate or 
severe disease were admitted during all the waves of 
COVID-19. Intrauterine fetal death (IUFD) was 
defined as in-utero or intrapartum death of a fetus 
delivered after completed 20 weeks’ gestation. The post- 
partum hemorrhage was defined as any amount of 
blood loss intrapartum or post-partum (within 24  
hours) accompanied by signs and symptoms of hypo-
volemia within 24 hours of birth process regardless of 
route of delivery (11). Gestational age (GA) at COVID- 
19 diagnosis was calculated based on last menstrual 
period and obstetric ultrasound.

Definition of gestational hypertension and 
preeclampsia

Gestational hypertension was defined as hypertension 
arising de novo after 20 weeks’ gestation in the absence 
of proteinuria and without biochemical or hematologi-
cal abnormalities (12). Preeclampsia was defined as 
presence of de novo hypertension after 20 weeks’ gesta-
tion accompanied by proteinuria and/or evidence of 
maternal acute kidney injury (AKI), liver dysfunction, 

neurological features, hemolysis or thrombocytopenia, 
or fetal growth restriction (12). To measure the impact 
of PE, all rates were calculated from the pregnancy 
outcomes which included all deliveries, spontaneous 
abortions beyond 20 weeks.

Statistical analyses

Incidence of early and late-onset PE was calculated. The 
chi-square/Fisher exact test was used to assess the dif-
ference between women with and without PE. 
Multivariate logistic regression was performed to assess 
an association between severity of COVID-19 (asymp-
tomatic group was a reference) and risk of early and 
late-onset PE, adjusted with prior risk factors like 
maternal age>35 years, chronic hypertension, bronchial 
asthma, gestational diabetes mellitus (GDM), multiple 
gestation, nulliparous, IVF conception, previous history 
of abortion and still birth. A two-tailed p < 0.05 was 
considered significant. Analysis was carried out using 
SPSS software, version 26 (SPSS South Asia Pvt Ltd., 
Bengaluru).

Ethical approval

This study protocol was reviewed and approved by 
Ethics Committees of TNMC (No. ECARP/2020/63 
dated 27.05.2020) and ICMR-NIRRCH (IEC no. D/ 
ICEC/Sci-53/55/2020 dated 04.06.2020) approved the 
study. A waiver of consent was granted as the data 
was collected from the medical case records.

Results

Of the 1929 pregnant women with COVID-19, 247 
(12.8%) were diagnosed to have de novo hyperten-
sion in pregnancy [gestational hypertension (n = 122, 
6.3%) and PE/E (n = 125, 6.5%)]. The median age 
was higher amongst pregnant women with moderate- 
severe COVID-19 [31 (27–33.25)] compared to 
asymptomatic patients [27 (24–30)] (p < 0.001). The 
maternal characteristics, clinical factors and preg-
nancy complications are presented as per the severity 
of COVID-19 in Table 1. The median gestational age 
(GA) at COVID-19 diagnosis was significantly 
higher in women who were asymptomatic [39 (37– 
39)] than symptomatic for COVID-19 [mild 37 (34– 
39), moderate-severe 32 (28–36)] (p < 0.001). Higher 
proportion of women with GA <34 weeks were 
symptomatic for COVID-19 (p < 0.001). Gestational 
diabetes mellitus (GDM) was significantly associated 
with moderate to severe COVID-19 disease 
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compared to the asymptomatic group (p = 0.01) 
[Table 1].

Association between COVID-19 and early onset 
preeclampsia

The risk of early and late-onset PE in pregnant women 
with COVID-19 is presented in Table 2. The incidence 
of early and late-onset PE was 11.4% and 5.6%, respec-
tively. There was significant difference in incidence of 
early onset PE than late-onset PE in women with 
COVID-19 [uOR = 2.15 (1.41–3.28), p = 0.0003]. Risk 
of early onset PE was higher in symptomatic women 
with COVID-19 [uOR = 2.51 (1.08–5.85)]. Early onset 
PE was 6 times higher as compared to late-onset PE in 
women with previous history of still birth [uOR = 6.5 
(1.13–37.38, p = 0.0370]. Women with GDM reported 2 
times higher risk of early onset PE as compared to late- 
onset PE [uOR = 2 (0.32–12.55, p = 0.6016].Early onset 
PE was reported higher (40.6%) during the first wave 
compared to second wave (25%) and third wave 
(34.4%) of COVID-19 pandemic. Early onset PE was 

3 times higher than late-onset PE during third wave of 
COVID-19.

Risk of early onset PE with severity of COVID-19

Table 3 presents the correlation of severity of COVID- 
19 and risk of early and late-onset PE compared to the 
asymptomatic group. Moderate to severe COVID-19 
was associated with eight times higher risk of early 
onset PE [aOR = 8.13 (1.56–42.46), p = 0.0129] as com-
pared to the asymptomatic group. Similarly, there was 
also 2 times higher risk of early onset PE for patients 
with mild COVID-19 compared to asymptomatic 
group [aOR = 1.99 (0.72–5.45)].

Impact of COVID-19 and PE on the outcomes

Higher proportion of cesarean birth was reported in 
women with late-onset PE (53.4%) as compared to early 
onset PE (40%). Pregnancy complications such as 
abruptio placentae, IUFD were higher in women with 
early onset PE. Postpartum hemorrhage was higher in 

Table 1. Stratification of pregnant women with SARS-CoV-2 infection.

Maternal characteristics & clinical factors  
(N = 1929)

Severity of COVID-19

P value # P value ≠
Asymptomatic  

(n = 1450)
Mild  

(n = 371)
Moderate–severe  

(n = 108)

Maternal age (years) 
[median (IQR)]

27 (24–30) 27 (24–30.5) 31 (27–33.25) 0.4549 <0.001

Gestational age (weeks) at the time of admission [median [IQR)] 39 (37–39) 37 (34–39) 32 (28–36) <0.001 <0.001
≤28 weeks 24 (1.7) 45 (12.1) 28 (25.9) <0.001a <0.001†

28–34 weeks 71 (4.9) 67 (18.1) 46 (42.6) <0.001† <0.001†

>34 weeks 1355 (93.4) 259 (69.8) 34 (31.5) Reference Reference
Nulliparous 681 (47.0) 190 (51.2) 50 (46.3) 0.1439 0.8930
Multiple gestation 33 (2.3) 9 (2.4) 3 (2.8) 0.8636 0.7346
In vitro fertilization 29 (2.0) 7 (1.9) 3 (2.8) 0.8888 0.4826
Diabetes mellitus 9 (0.6) 1 (0.3) 4 (3.7) 0.6973 0.0096
Gestational diabetes mellitus 41 (2.8) 12 (3.2) 8 (7.4) 0.6774 0.0169
Chronic hypertension 11 (0.8) 6 (1.6) 3 (2.8) 0.1329 0.0673
Bronchial asthma 12 (0.8) 1 (0.3) 2 (1.9) 0.4865 0.2526
Severe anemia (Hb <7 gm %) 13/1366 (1.0) 3/359 (0.8) 4/108 (3.7) >0.999 0.0308
Cardiac disease 11 (0.8) 4 (1.1) 3 (2.8) 0.5232 0.0673
de novo hypertension in pregnancy 185 (12.8) 49 (13.2) 13 (12.0) 0.8176 0.8280
Gestational hypertension 96 (6.6) 20 (5.4) 6 (5.6) 0.3867 0.6659
Preeclampsia/Eclampsia 89 (6.1) 29 (7.8) 7 (6.5) 0.2411 0.8861
Preterm birtha 125/1170 (10.7) 35/222 (15.8) 14/71 (19.7) 0.0295 0.0191
Intrauterine fetal deatha 17/1170 (1.5) 9/222 (4.1) 4/71 (5.6) 0.0148 0.0281
Maternal deatha 0 1/222 (0.5) 43/71 (60.6) - -
Comparison between three waves of COVID-19
First wave 950 (65.5) 128 (34.5) 25 (23.1) Reference Reference
Second wave 331 (22.8) 123 (33.2) 81 (75.0) <0.001 <0.001
Third wave 169 (11.7) 120 (32.3) 2 (1.9) <0.001 0.4112

aTotal pregnancy outcome includes all deliveries, abortions beyond 20 weeks and maternal mortality (n = 1463). 
#Comparison was made between mild versus asymptomatic. 
≠Comparison was made between moderate-severe versus asymptomatic. 
†Gestational weeks>34 was considered as a reference category for<28 weeks and 28–34 weeks. 
Mild COVID-19 was defined as patients with uncomplicated upper respiratory tract infection with mild symptoms such as fever, cough, sore throat, nasal 

congestion, malaise, headache without shortness of breath or Hypoxia [10]. 
Moderate COVID-19 was defined as pneumonia with no signs of severe disease. It included patients with presence of clinical features of dyspnea and or 

hypoxia, fever, cough, including SpO2 90 to≤93% on room air, respiratory rate more or equal to 24 per minute [10]. 
Severe COVID-19 was defined as patients with severe pneumonia, acute respiratory distress syndrome, sepsis or septic shock. It included women with clinical 

signs of pneumonia plus one of the following; respiratory rate>30 breaths/min, severe respiratory distress, SpO2 < 90% on room air[10]. 
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late-onset PE as compared to early onset PE. Maternal 
mortality was higher in women with early onset PE as 
compared to late-onset PE (p = 0.0501) [Table 2]. 
However, these differences could not reach statistical 
significance.

Discussion

Our study demonstrated association of COVID-19 as 
a risk factor of PE and further showed eight times 
higher risk of early onset PE in women with moderate- 
severe COVID-19 as compared to asymptomatic 
women with COVID-19. This observation is extremely 
important for the management of early onset PE in 
women with COVID-19 especially in low resource set-
tings as there is an overlap of symptoms such as dys-
pnea, headache and cough amongst moderate-severe 
COVID-19 and PE. PE like syndrome associated with 
SARS-CoV-2 infection (5) poses challenges for distin-
guishing this syndrome from “true” PE as both these 
conditions share similar characteristics of the severe 
endothelial dysfunction. Several mechanisms could 
explain role of COVID-19 in pathogenesis of PE. 
COVID-19 is reported to alter the ACE-2 receptors 
and dysregulation of Renin – angiotensin system 
(RAS) (13). RAS act as a regulator of placental function 
as it is involved in control of trophoblast proliferation, 
angiogenesis and blood flow which may contribute to 
the development of PE (14).

Although, our study is a single center study, it is 
representative of the large population living in Mumbai 
Metropolitan Region as NH is a dedicated COVID-19 
hospital since the beginning of the COVID-19 pan-
demic in Mumbai, India (8). The study population is 
inclusive of both the urban and rural areas. Majority of 
pregnant women were asymptomatic (75.2%) for 
COVID-19 and only 24.8% of women were sympto-
matic in our cohort. We observed an increased rate of 
early onset PE suggesting that COVID-19 may alter 

physiology in pregnancy and thereby increase the risk 
of PE. The overall incidence of PE in our study is 6.5% 
which is lower than INTERCOVID study (8.1%) (7) but 
higher than U.K study (4.2%) (6). The overall incidence 
of PE in Maharashtra was reported as 2.2% (Urban 
2.1%, Rural 2.3%) based on the third National Family 
Health Survey (NFHS-3) data of 2005–2006 (15). The 
incidence of PE reported in women with COVID-19 in 
the present study is nearly three times higher than 
a study based on NFHS-3 survey in the same geogra-
phical region suggesting the possible impact of 
COVID-19 for development of PE. We observed an 
increased incidence of cesarean birth in late onset PE 
compared to early onset PE. This could be due to the 
fact that there were higher IUFDs and higher maternal 
mortality in early onset PE compared to late onset PE.

In our study cohort, higher incidence of GDM was 
reported with moderate-severe COVID-19 group com-
pared to the asymptomatic group in our study. We 
further observed a higher risk of early onset PE in 
women with GDM. Role of glycan-protein and glycan- 
glycan interactions are reported in the SARS-CoV-2 
viral spike protein-ACE2 human receptor complex 
(16) suggesting hyperglycemia as a cofactor in virulence 
of SARS-CoV-2. Additionally, pre-infection increased 
blood glucose levels is reported as a risk factor for 
severe COVID-19 even in non-diabetics (17). A study 
based on NFHS-4 data, reported 1.0% of pregnant 
women in Maharashtra had a basal glycaemia≥200  
mg/dL for non-fasting (18). Further studies are 
required to understand the severity of COVID-19 and 
maternal and neonatal outcomes in women with GDM 
and PE.

The results of our study suggest an urgent need of 
point of care tests which can differentiate between PE 
and PE-like syndrome induced by severe COVID-19. 
Investigations such as uterine artery pulsatility index 
(UtAPI), angiogenic factors (sFlt-1/PlGF) and Lactate 
dehydrogenase (LDH) have limitations. UtAPI and 

Table 3. Association of severity of COVID-19 disease and preeclampsia (early onset and late-onset PE).
Total pregnant 
women PE

Without 
PE Women with PE

Early 
onset PE

Late- 
onset PE Early onset PE

(N = 1929) (n =  
125)

(n =  
1804)

uOR 
(95% CI)

P value aOR * 
(95% CI)

P value (n = 32) (n = 93) uOR 
(95% CI)

P value aOR # 
(95% CI)

P value

Asymptomatic 89 
(71.2)

1361 
(75.4)

Reference Reference 18 (56.3) 71 (76.3) Reference Reference

Mild 29 
(23.2)

342 
(19.0)

1.30 (0.84– 
2.00)

0.2423 1.20 (0.77– 
1.88)

0.4242 10 (31.3) 19 (20.4) 2.08 (0.82– 
5.23)

0.1213 1.99 (0.72– 
5.45)

0.1834

Moderate to 
severe

7 (5.6) 101 (5.6) 1.06 (0.48– 
2.35)

0.8861 0.83 (0.36– 
1.91)

0.6544 4 (12.5) 3 (3.2) 5.26 (1.08– 
25.63)

0.0399 8.13 (1.56– 
42.46)

0.0129

*Adjusted with maternal age>35 years, chronic hypertension, bronchial asthma, GDM, multiple gestation, nulliparous, IVF conception, previous history of 
abortion and still birth. 

#Adjusted with maternal age>35 years,GDM, multiple gestation, nulliparous, IVF conception, previous history of abortion and still birth. 
PE- Preeclampsia; uOR- unadjusted odds ratio; aOR- adjusted odds ratio. 
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sFlt-1/PlGF ratio have a high negative predictive value 
to predict the short-term absence of PE, they are not 
diagnostic criteria of PE. Therefore, it is difficult to 
categorically state that the case with PE features and 
elevated UtAPI and sFlt-1/PlGF was an actual PE and 
not a PE-like syndrome (5). Therefore, differentiating 
PE from the PE-like syndrome still remains a challenge 
and misdiagnosis can occur in some of these cases 
because of overlapping clinical features and high nega-
tive predictive value of these tests. There is also non- 
availability of Doppler test and obstetricians have to 
rely on the clinical findings in low resource settings. 
However, we suggest that health care providers should 
be aware of available tests and monitor pregnancies 
with suspected PE with caution as PE-like syndrome 
might not be an indication for earlier delivery.

During all the three waves of COVID-19 pandemic, 
challenges were faced especially in low resource settings 
like ours for the diagnosis and management of the cases 
of PE with moderate/severe COVID-19: (1) Rely only 
on bedside investigations like dipstick test, blood pres-
sure; and chest X-ray to differentiate between pulmon-
ary edema due to severe PE and COVID pneumonia; 
(2) non-availability of reliable point of care tests which 
can differentiate PE from severe COVID-19.

This study has important clinical implications as we 
show that severity of COVID-19 is associated with risk 
of early onset PE. This knowledge could be useful for 
strict monitoring of severe COVID-19 cases for devel-
opment of early onset PE. Increased ICU admissions and 
high mortality was reported in pregnant women with 
COVID-19 especially during the second wave of 
COVID-19 (11,19). Our data supports the earlier obser-
vation of combined effect of COVID-19 and PE during 
pregnancy suggesting women having COVID-19 should 
also be considered at a higher risk for early onset PE (7).

To the best of our knowledge, this is the first study 
to describe the incidence and risk of early onset PE in 
women with COVID-19. We have documented associa-
tion of SARS-CoV-2 and increased risk of early onset 
PE in a large cohort of pregnant women in an Indian 
population during 18 months of COVID-19 pandemic.

Limitations of our study include; single-center study, 
no comparison in pregnancies without COVID-19 or 
appropriately controlled pregnancies with negative 
SARSCoV-2 testing, and lack of genome sequencing 
data on SARS-CoV-2 strains. Our study was retrospec-
tive study and therefore, the clinical management of 
pregnancy complications associated with COVID-19 
and PE was based on our hospital practices and was 
not standardized. The small number of early-onset 
preeclampsia in moderate to severe COVID-19 
women is a limitation of the study.

Conclusion

Our study reports association of early onset PE with 
COVID-19 during pregnancy. More the severity of 
COVID-19, greater the risk of early onset PE suggesting 
the dose response relationship. Obstetricians involved in 
care of women with COVID-19 should be aware on 
additional risks of pregnancy complications and adverse 
pregnancy outcomes like IUFD associated with PE with 
COVID-19 so that adequate care can be ensured to these 
high-risk women. Reliable point of care tests should be 
made available to differentiate PE from the PE-like syn-
drome associated with severe COVID-19.
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