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RESEARCH ARTICLE

Trimester and severity of SARS-CoV-2 infection during pregnancy and risk of 
hypertensive disorders in pregnancy
Samantha E. Parkera, Bhavana Annapragadaa, Idalis A. Chestnuta, Jessica Fuchsa, Annette Leea, 
Vishakha Sabharwalb, Elisha M. Wachmanb, and Christina D. Yarringtonc

aDepartment of Epidemiology, School of Public Health, Boston University, Boston, MA, USA; bDepartment of Pediatrics, Chobanian & 
Avedisian School of Medicine, Boston University, Boston, MA, USA; cDepartment of Obstetrics and Gynecology, Chobanian & Avedisian 
School of Medicine, Boston University, Boston, MA, USA

ABSTRACT
Objective: SARS-CoV-2 infection during pregnancy has been linked with an increased risk of 
hypertensive disorders of pregnancy (HDP). The aim of this study was to examine how both 
trimester and severity of SARS-CoV-2 infection impact HDP.
Methods: We conducted a cohort study of SARS-CoV-2-infected individuals during pregnancy 
(n = 205) and examined the association between trimester and severity of infection with inci
dence of HDP using modified Poisson regression models to calculate risk ratios (RR) and 95% 
confidence intervals (CI). We stratified the analysis of trimester by severity to understand the 
role of timing of infection among those with similar symptomatology and also examined timing 
of infection as a continuous variable.
Results: Compared to a reference cohort from 2018, SARS-CoV-2 infection did not largely increase 
the risk of HDP (RR: 1.17; CI:0.90, 1.51), but a non-statistically significant higher risk of preeclamp
sia was observed (RR: 1.33; CI:0.89, 1.98), in our small sample. Among the SARS-CoV-2 cohort, 
severity was linked with risk of HDP, with infections requiring hospitalization increasing the risk of 
HDP compared to asymptomatic/mild infections. Trimester of infection was not associated with 
risk of HDP, but a slight decline in the risk of HDP was observed with later gestational week of 
infection. Among patients with asymptomatic or mild symptoms, SARS-CoV-2 in the first trimester 
conferred a higher risk of HDP compared to the third trimester (RR: 1.70; CI:0.77, 3.77), although 
estimates were imprecise.
Conclusion: SARS-CoV-2 infection in early pregnancy may increase the risk of HDP compared to 
infection later in pregnancy.
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Introduction

SARS-CoV-2 (COVID-19) infection during pregnancy 
is of concern due to increased risks of adverse maternal 
and neonatal outcomes. Early case series suggested an 
increased incidence of preeclampsia among pregnant 
patients with SARS-CoV-2 infection (1). This finding 
has subsequently been observed in more rigorous sin
gle-center and multi-site cohort studies (2–9). In addi
tion to the growing body of literature showing an 
increased risk of preeclampsia associated with SARS- 
CoV-2 infection, differing risks based on symptom 
severity have also been noted (10,11). A meta-analysis 
demonstrated a four-fold increase in the risk of pre
eclampsia for severe compared to mild infection (12). 
Most of the existing studies are limited to patients in 
their later stages of pregnancy or focus on SARS-CoV-2 
infection upon delivery admission, thereby providing 
little information specifically about early pregnancy 

infection (2–4,8,13–18). One study reported a slightly 
higher rate of HDP among pregnant patients with 
infection prior to 32 weeks gestation compared to 
those with later infection, while a large cohort study 
reported a higher rate of HDP with preterm delivery 
associated with first and second trimester infection 
compared to an uninfected reference group (14,19).

The biological mechanisms that link SARS-CoV-2 
infection during pregnancy and preeclampsia are 
unknown but proposed pathways include direct 
endothelial injury via the “cytokine storm,” an inter
ruption of normal placentation leading to malperfu
sion, and persistent placental infection leading to 
placental damage (20–22). A “preeclampsia-like” syn
drome was described among pregnant patients with 
severe SARS-CoV-2 infection in the third trimester, 
with the authors suggesting that this syndrome was 
a distinct entity and different from actual preeclampsia
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because the former was not associated with pathogno
monic biomarkers of preeclampsia (23). Several other 
studies have explored whether severe SARS-CoV-2 
infection is associated with preeclampsia or mimics 
preeclampsia symptoms (23–25). Examinations of the 
placentas of pregnancies with SARS-CoV-2 infection 
have identified pathologic patterns also observed 
among patients with HDP including thrombi in fetal 
vessels, decidual arteriopathy, and maternal vascular 
malperfusion (21,26,27). Such pathologic change does 
not appear to depend on disease severity as it has been 
seen in placentas of pregnancies with asymptomatic 
infection (26).

If SARS-CoV-2 infection impacts placental perfusion 
in a pattern that mirrors that found in preeclampsia, 
then infection occurring in closer proximity to placen
tal development could relay greater risk for HDP, the 
overlap of syndromes notwithstanding. Using 
a prospective cohort of patients with SARS-CoV-2 
infection during pregnancy, we sought to identify 
whether there was an increased risk of HDP depending 
on trimester and severity of SARS-CoV-2 infection.

Materials and methods

We conducted a prospective cohort study of 224 pregnant 
patients with confirmed SARS-CoV-2 infection. We 
included pregnant patients with a positive SARS-CoV-2 
molecular test result from March through 
December 2020, who planned to deliver at Boston 
Medical Center. Boston Medical Center is the largest 
safety-net hospital in New England, caring for a large 
minority patient population primarily insured by 
Medicaid. We developed a data abstraction tool to collect 
information on demographic and reproductive character
istics, timing and symptoms of SARS-CoV-2 infection, 
and delivery and birth outcomes from medical records. 
We excluded patients with a pregnancy loss prior to 20  
weeks’ gestation (n = 8) and patients who did not deliver 
at the hospital (n = 11). We used the Clinical Data 
Warehouse at Boston University Medical Center to 
extract data on all 2018 deliveries at the same hospital to 
serve as an uninfected comparison cohort, thereby elim
inating the possibility of undetected SARS-CoV-2 infec
tion during any trimester in the unexposed group. This 
study was approved by the Boston University Medical 
Campus IRB (H-40400). A waiver of consent was 
obtained as this is a data repository study. The data that 
support the findings of this study are available upon 
request from author (V.S.) upon approval from our IRB.

Our primary exposure of interest was SARS-CoV-2 
infection during pregnancy. We defined SARS-CoV-2 
infection as a positive molecular test while pregnant. 

We further examined SARS-CoV-2 infection by trime
ster and symptoms. Gestational age at the time of 
symptom start, among symptomatic patients, and at 
the time of first positive molecular test, for all included 
patients, was calculated based on timing relative to the 
pregnancy start date (calculated as delivery date minus 
gestational age at delivery). During the study period, 
SARS-CoV-2 testing was conducted among patients 
with known exposures or symptoms and beginning on 
27 April 2020, universal testing at delivery admission to 
labor and delivery regardless of symptoms. All testing 
was done by nasopharyngeal polymerase chain reaction 
(PCR) sampling. All patients with positive results were 
asked a standard questionnaire that touched on symp
toms, sick contacts, and housing context. This informa
tion was documented in the electronic medical record 
and updated until 14 days after illness identification. 
Data on specific symptoms including fever, cough, 
shortness of breath, myalgia, anosmia, headache, sore 
throat, and gastrointestinal symptoms were abstracted 
from patient records through review of all notes includ
ing telephone, telemedicine, and inpatient and outpati
ent visit notes. To best align with previously used 
illness severity classifications, we defined illness as 
asymptomatic, mild (any combination of symptoms 
excluding shortness of breath), moderate (shortness of 
breath), and severe (requiring hospitalization) (13).

The outcome of interest was HDP: gestational 
hypertension, preeclampsia, superimposed preeclamp
sia, eclampsia, and HELLP syndrome. All diagnoses 
from the patient problem list, in addition to blood 
pressure values and relevant laboratory results, during 
pregnancy and the delivery hospitalization were 
abstracted to classify HDP in accordance with guide
lines from the American College of Obstetrics and 
Gynecology (28). Postpartum hypertension and pree
clampsia was not included as part of the outcome 
definition. Medical records were reviewed by 
a maternal-fetal medicine specialist (C.D.Y) to confirm 
diagnoses. We also calculated the gestational age at the 
onset of HDP. Pregnant patients with diagnoses of 
HDP prior to SARS-CoV-2 infection (n = 4) were not 
included in the calculation of associational measures.

We examined the distribution of maternal demo
graphic and reproductive characteristics among 
patients with SARS-CoV-2 infection and the unex
posed cohort of patients delivering in 2018. Among 
those with SARS-CoV-2 infection, we also examined 
the distribution by trimester of infection and severity 
of symptoms. We collected data on the following cov
ariates, maternal age at delivery (categorized as ≤ 20; 
21–25; 26–30; 31–35; ≥36), self-reported maternal 
race/ethnicity (white, non-Hispanic; Black, non-
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Hispanic; Hispanic; Asian, other/unknown), gravidity, 
parity, insurance (private, public, or other), and 
selected chronic conditions based on ICD-10 codes, 
including pre-pregnancy chronic hypertension, type 1 
and type 2 diabetes, and asthma. We created 
a dichotomous comorbidity variable to indicate the 
presence of preexisting hypertension, diabetes, or 
asthma. Pre-pregnancy body mass index (BMI) was 
abstracted when available, otherwise the earliest preg
nancy BMI measurement prior to 20 weeks’ gestation 
was used.

To examine the association between SARS-CoV-2 
infection and any HDP, as well as its sub-types: gesta
tional hypertension and preeclampsia, including 
eclampsia, superimposed, and HELLP, we used modi
fied Poisson regression models to calculate risk ratios 
(RR) and 95% confidence intervals (CI) using the unex
posed cohort as the reference group (29). We calculated 
RRs adjusting for selected confounders reported in the 
literature including maternal age and comorbidity indi
cator (13) and conducted analyses stratified by race/ 
ethnicity (Black, White, Hispanic). To assess the impact 
of trimester of infection and severity of symptoms on 
the incidence of HDP among patients with COVID-19 
infection, we calculated RRs for trimester, using third 
trimester infection as the reference, and severity, using 
asymptomatic and mild infections as a combined refer
ence. We also explored timing of infection during 
pregnancy as a continuous variable, operationalized as 
the gestational age at the timing of symptom onset or if 
asymptomatic, the timing of the first positive test. We 
used restricted cubic splines with three knots to exam
ine nonlinearity of the relationship between gestational 
week of infection and risk of HDP (30). Finally, we 
stratified the analysis of trimester by severity (asympto
matic/mild and moderate/severe) to understand the 
impact of timing of infection among patients present
ing with similar symptomatology. We performed addi
tional sensitivity analyses excluding patients with 
chronic hypertension and then patients with any 
comorbidity to examine the association between SARS- 
CoV-2 infection and HDP among those with lower risk 
of both severe complications from SARS-CoV-2 and 
HDP. We also conducted a sensitivity analysis exclud
ing cases detected prior to the onset of universal testing 
on 27 April 2020. Given the potential for small sample 
sizes in selected strata, the exploratory nature of our 
research question, and guidelines from the American 
Statistical Association, we do not rely solely on statis
tical significance (p < 0.05) for inference (31). Instead, 
we present the risk ratios and 95% confidence to guide 
interpretation of the estimates with regard to magni
tude, direction, and precision.

Results

We included 205 pregnant individuals with SARS-CoV 
-2 infection between March and December 2020 and 
with corresponding delivery dates from March 2020 
through July 2021. Compared to the unexposed cohort, 
patients in the SARS-CoV-2 cohort were more likely to 
be younger than 25 years (30.7% vs. 22.8%), report 
Hispanic ethnicity (64.4% vs. 37.0%), and be publicly 
insured (84.9% vs. 77.9%). Pregnant patients with 
SARS-CoV-2 were also more likely to be obese and 
have chronic conditions, including hypertension and 
asthma. There was little difference in the rate of pre
term birth (13.2% versus 10.8%; Table 1).

Among the SARS-CoV-2 cohort, the risk of any HDP 
was 23.4% (n = 48), which was slightly higher than the 
risk in the unexposed cohort (19.3%; adjusted RR: 1.17; 
95% CI: 0.90, 1.51). Upon examination of specific HDP 
subtypes, the elevation in risk was driven by preeclamp
sia (RR: 1.33; 95% CI: 0.89, 1.98), not gestational hyper
tension. Adjustment for maternal age and comorbidity 
index (preexisting hypertension, diabetes, or asthma) did 
not greatly alter observed associations compared to 
crude measures (Table 2). Upon stratification by race/ 
ethnicity, we observed similar risk ratios for HDP among 
Black, White, and Hispanic patients. Among Black 
patients, SARS-CoV-2 was associated with a notable 
increase in the risk of preeclampsia, specifically, while 
among Hispanic patients, similar risk ratios were 
observed regardless of HDP sub-type. These risk ratio 
estimates were non-statistically significant and numbers 
were too small to estimate risk ratios for specific HDP 
sub-types among white patients (Table 3).

In the SARS-CoV-2 cohort the majority of infections 
were in the third trimester (56.6%), followed by 
the second trimester (32.2%) and first trimester 
(11.2%). Of note, a quarter (n = 8) of all documented 
first trimester infections were excluded due to preg
nancy loss. The mean interval between symptom 
onset and pregnancy loss was 29 days. The mean age 
of pregnancy loss was 10 weeks. Compared to third 
trimester infection, the risk of HDP was 9% and 30% 
higher for SARS-CoV-2 in the first or second trimester, 
respectively (Table 4). Using a restricted cubic spline to 
model the association between gestational week of 
infection and risk of HDP adjusted for comorbidities, 
the test for curvature was non-significant (p-value =  
0.36). We therefore present the linear relationship 
between gestational age of infection and risk of HDP, 
using 20 weeks as the referent, in Figure 1. As the 
gestational age of infection increases, the risk of HDP 
decreases, although the 95% confidence intervals were 
wide and the overall model was non-significant.
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Twenty-four (11.8%) of the patients in our cohort 
had severe SARS-CoV-2 infection, defined as requiring 
hospitalization – six of whom were admitted to the 

intensive care unit. Mild and moderate infections were 
present in 59.3% and 14.7% of patients, respectively. 
Finally, just 14.2% of patients were asymptomatic. Due

Table 1. Maternal and reproductive characteristics of SARS-CoV-2 cohort and unexposed cohort, boston 
medical center.

SARS-CoV-2 Cohort n=205 Unexposed Cohort n=2776

n % n %

Maternal age (years)
<20 15 7.3 157 5.7
21–25 48 23.4 474 17.1
26–30 39 19.0 828 29.8
31–35 57 27.8 809 29.1
36+ 46 22.4 508 18.3
Maternal race/Ethnicity
Non-Hispanic White 10 4.9 345 12.4
Non-Hispanic Black 47 22.9 1016 36.6
Hispanic 132 64.4 1027 37.0
Asian 7 3.4 107 3.9
Unknown 9 4.4 281 10.1
Gravidity
1 54 26.3 771 27.8
2 50 24.4 738 26.6
≥3 101 49.3 1267 45.6
Parity
0 78 38.1 1069 38.5
1 56 27.3 884 31.8
2 42 20.5 517 18.6
≥3 29 14.1 306 11.0
Pre/Early pregnancy (<20 weeks) body mass index (kg/m2)a

Underweight/normal (<25 kg/m2) 38 22.6 519 35.2
Overweight (25–29.9 kg/m2) 59 35.1 445 30.2
Obese (≥30 kg/m2) 71 42.3 511 34.6
Missing 37 1301
Tobacco smoking
Current 2 1.0 138 5.0
Former 13 6.3 264 9.5
Never 185 90.2 2374 85.5
Unknown 5 2.4 58 2.1
Insurance
Public 174 84.9 2162 77.9
Private 28 13.7 533 19.2
Other/Unknown 3 1.5 81 2.9
Other medical conditions
Pre-existing or gestational diabetes 29 14.2 275 9.9
Chronic hypertension 16 7.8 111 4.0
Chronic asthma 16 7.8 103 3.7
Delivery/Infant Characteristics
Mode of delivery
Cesarean section 69 33.7 983 35.4
Vaginal delivery 135 65.9 1793 64.6
Preterm birth (< 37 weeks) 27 13.2 299 10.8
Multiple birth 5 2.4 52 1.9

aPercent calculated excluding patients with missing BMI from the denominator. 

Table 2. Crude and adjusted risk ratios and 95% confidence intervals for SARS-CoV-2 infection and hypertensive disorder of 
pregnancy overall and by subtype.

SARS-CoV-2 Cohort  
N=205

Unexposed  
Cohort  

N=2,776

n % n % Crude RR (95% CI) Adjusted RRa (95% CI)

Any HDP 48 23.4 536 19.3 1.21 (0.94, 1.57) 1.17 (0.90, 1.51)
HDP Type
Gestational hypertension 25 12.2 322 11.6 1.09 (0.75, 1.60) 1.08 (0.74, 1.58)
Preeclampsia 23 11.2 214 7.7 1.46 (0.97, 2.18)) 1.33 (0.89, 1.98)

aAdjusted for maternal age and comorbidity index (preexisting hypertension, diabetes, or asthma). 
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to the small number of cases in the asymptomatic 
group, we combined those with asymptomatic and 
mild infection to serve as the reference group. 
Compared to this referent, those with moderate infec
tion and severe infections experienced 40% and 74% 
increases in the risk of HDP, respectively (Table 4).

We stratified the analysis of trimester of infection 
and risk of HDP by severity (asymptomatic/mild and 
moderate/severe). Among those with asymptomatic or 
mild disease, the risk of HDP in those with first trime
ster infection was 30.0% compared to 17.4% in those 
with third trimester infection (RR: 1.70; 95% CI: 0.77, 
3.77). The sample size for moderate and severe infec
tion was small, but notably the risk of HDP was 38% 
and 30% for second and third trimester, respectively, 
which was much higher than asymptomatic and mild 
infections during those time frames. (Table 5)

In sensitivity analyses restricted to the lower-risk 
cohorts, the association between SARS-CoV-2 infection 
and HDP was attenuated (RR: 1.06, 95% CI: 0.80, 1.41 
among those without chronic hypertension; RR: 1.10, 
95% CI: 0.79, 1.52 among those without a comorbidity). 
The association between SARS-CoV-2 and HDP was 
also attenuated upon the removal of cases prior to 
27 April 2020; RR: 1.10 (95% CI: 0.78, 1.55).

Discussion

We report a minimal increase in the risk of HDP asso
ciated with SARS-CoV-2 infection during pregnancy 
compared to an unexposed cohort. The increase was 
driven by a higher risk of preeclampsia, not gestational 
hypertension, when compared to background rates in 
a historical cohort of deliveries prior to the SARS-CoV 
-2 pandemic, although this finding was non-statistically 
significant. These findings, suggestive of an increased 
risk, are consistent with a single-center cohort study 
that showed an increase in severe preeclampsia among 
the SARS-CoV-2 positive group, but not gestational 
hypertension or preeclampsia without severe features 
(14). Our observation of a trend between increasing 
infection severity and increased risk of HDP is also 
consistent with numerous previously published stu
dies (12).

Our study also examined the impact that timing of 
infection has on the risk of HDP. Overall, we report 
a decline in the risk of HDP with increasing gestational 
age at first infection. The increased risk of HDP asso
ciated with first trimester infection compared to third 
trimester infection was most notable among patients 
with asymptomatic and mild infection, yet this finding

Table 3. Crude risk ratios and 95% confidence intervals for SARS-CoV-2 infection and hyper
tensive disorder of pregnancy overall and by subtype, by race/ethnicity.

SARS-CoV-2 cohort Unexposed cohort Crude RR (95% CI)
Black, non-Hispanic n=47 n=1016
Any HDP 13 227 1.24 (0.77, 1.99)
Gestational hypertension 5 137 0.87 (0.38, 1.99)
Preeclampsia 8 90 1.92 (0.99, 3.70)
White, non-Hispanic n=10 n=345
Any HDP 3 72 1.44 (0.55, 3.79)
Gestational hypertension 2 50 n/c
Preeclampsia 1 22 n/c
Hispanic n=132 n=1027
Any HDP 28 174 1.25 (0.88, 1.79)
Gestational hypertension 15 95 1.26 (0.73, 2.24)
Preeclampsia 13 79 1.28 (0.73, 2.24)

Table 4. Crude and adjusted risk ratios and 95% confidence intervals for SARS-CoV-2 infection and hypertensive disorders of 
pregnancy, by trimester and severity, SARS-CoV-2 cohort.

SARS-CoV-2 Cohort n=205 HDP n=48 No HDP n=157
Crude RR 
(95% CI) Adjusted RR (95% CI) a

Trimester of infection n % n % n %

1st Trimester 23 11.2 6 12.5 17 10.8 1.26 (0.58, 2.74) 1.09 (0.52, 2.37)
2nd Trimester 66 32.2 18 37.5 48 30.6 1.32 (0.78, 2.24) 1.30 (0.77, 2.21)
3rd Trimester 116 56.6 24 50.0 92 58.6 1.0 (Reference) 1.0 (Reference)
Severity of infection
Asymptomatic 29 14.2 3 6.3 26 16.6 1.0 (Reference) 1.0 (Reference)
Mild 121 59.3 27 56.3 94 59.9
Moderate 30 14.7 8 16.6 22 14.0 1.33 (0.68, 2.62) 1.40 (0.73, 2.68)
Severe 24 11.8 9 18.8 15 9.6 1.88 (1.02, 3.44) 1.74 (0.99, 3.05)

HDP: hypertensive disorders of pregnancy. 
aAdjusted for maternal age and comorbidity index (preexisting hypertension, diabetes, or asthma). 
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was based on just six cases and the 95% confidence 
interval included the null. We were unable to examine 
this among patients with moderate and severe infec
tions due to the limited sample size. In our cohort, 26% 
of our pregnant patients with first trimester infection 
suffered spontaneous abortion on average 29 days after 
symptom onset. A link between the COVID pandemic 
and increased risk of miscarriage has previously been 
noted (32). The majority of losses occurred beyond 6  
weeks gestational age when the loss rate should be less 
than 5% (33).

Few studies have examined the explicit impact of 
COVID infection in the first trimester. A large systema
tic review and meta-analysis identified increased 
COVID-19 vaccine hesitancy in the first trimester com
pared to second or third, a finding at odds with the 
recommendation to get vaccinated and boosted at the 
earliest available time including periconception or dur
ing fertility treatment (34). While infection in earlier 
pregnancy has been linked with some adverse perinatal 
outcomes, studies examining timing of infection and 
HDP have been less consistent. A large retrospective 
cohort of pregnancies in the first year of the COVID

Figure 1. Risk ratios and 95% confidence intervals for gestational week of infection and hypertensive disorders of pregnancy, 
restricted cubic spline.

Table 5. Risk ratios and 95% confidence intervals for trimester of SARS-CoV-2 and hypertensive disorders of 
pregnancy, stratified by symptom severity, SARS-CoV-2 cohort.

Asymptomatic/Mild symptoms 
Asymptomatic/Mild symptoms = 150

1st Trimester 
n = 20

2nd Trimester 
n = 44

3rd Trimester 
n = 86

n % n % n %
HDP 6 30.0 9 20.5 15 17.4
No HDP 14 70.0 35 79.5 71 82.6
RR (95% CI)a 1.70 (0.77, 3.77) 1.20 (0.58, 2.52) 1.0 (reference)

Moderate/Severe symptoms 
n = 54

1st Trimester n = 3 2nd Trimester n = 21 3rd Trimester n = 30
n % n % n %

HDP 0 0.0 8 38.1 9 30.0
No HDP 3 100.0 13 61.9 21 70.0
RR (95% CI)a n/c 1.20 (0.57, 2.50) 1.0 (reference)

n/c: not calculated 
aAdjusted for maternal age and comorbidity index. 
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pandemic compared preeclampsia incidence in 
a population with third trimester exposure and 
a grouped population of first or second trimester expo
sure and observed no difference in the risk of HDP 
with different timepoints of infection across pregnancy 
(35). Neelam et al. investigated gestational hypertension 
across trimesters of infection and found no difference 
but did not separate gestational hypertension from 
preeclampsia- a relevant distinction that underscored 
a difference in our analysis (36). Additionally, both 
studies had patient populations that were predomi
nantly white with smaller representation of racial and 
ethnic groups that are disproportionately affected by 
both COVID and preeclampsia. A recently published 
large cohort study reported an increased risk of HDP 
with delivery at <37 weeks of gestation associated with 
infection prior to 28 weeks gestation using an unin
fected comparison group (19).

The basic model of preeclampsia pathophysiology is 
that early placental malperfusion leads to the release of 
anti-angiogenic and inflammatory mediators that 
impart endothelial dysfunction (37,38). The same 
defects in trophoblast invasion and uterine spiral arter
ial remodeling are also inextricably linked to early fetal 
support. Indeed, a recent study found 32.5% of placen
tas of patients with COVID infection showed fetal 
vascular malperfusion (26). They focused on a cohort 
of pregnant people who delivered in the early months 
of the pandemic, thus almost all with late trimester 
exposure; therefore, there was no opportunity to study 
individuals exposed in the first trimester. Clarification 
of the role of COVID-19 infection in this pathway is 
critical to understanding whether interventions that 
target early vascularization of the placental bed such 
as aspirin may be effective in protecting pregnant peo
ple who suffer early infection (39).

An important finding in our data was the high rate 
of HDP in our unexposed cohort. The rate of HDP was 
19.3% in our historical cohort, which is higher than the 
national rate of 14.6% reported for the same calendar 
years by the Centers for Disease Control and 
Prevention (40). The high rate of HDP in our patient 
population overall, both before and during the COVID 
pandemic, may be partially explained by the high pro
portion of historically marginalized patients and 
patients with comorbidities in our sample.

A strength of this study is the inclusion of over 200 
pregnancies with PCR confirmed SARS-CoV-2 infec
tion at any point during pregnancy. We were also able 
to use deliveries at the same institution from 2018 to 
serve as a comparison. While this was a historical com
parison, it was prior to the first documented cases of 
COVID-19 in the United States and therefore would 

not include any pregnancies with undiagnosed infec
tions. We abstracted data from medical records includ
ing visit summaries, progress notes, and laboratory 
values, which enhanced data quality and completion. 
Furthermore, we were able to collect detailed symptom 
data to classify infection severity. We used published 
symptom severity classifications to guide our symptom 
categories and were able to align our mild and moder
ate categories closely (13). We instituted measures to 
ensure data quality including abstraction training, dual 
reviewer abstractions, and comprehensive outcome 
review for classification by a maternal-fetal medicine 
specialist. Another strength is the availability of symp
tom start date, first positive test date and HDP diag
nosis date, allowing for the establishment of 
temporality. This has been a limitation of many studies 
that have used SARS-CoV-2 results from universal 
screening at delivery admission (2,18).

While this study constitutes a rich cohort of pregnant 
patients with SARS-CoV-2 infections, the sample size, 
particularly for first trimester infections, was small. This 
led to imprecise estimates and limited our ability to adjust 
for additional covariates. Additionally, as noted above, the 
loss of pregnancies in the early first trimester may be 
related to vascular pathology that would otherwise have 
contributed to HDP. Furthermore, our cohort included 
pregnant patients from March through December 2020, 
which reflects the early stages of the pandemic and includes 
some time prior to implementation of universal screening 
at admission to labor and delivery and prior to widely 
available testing. Our cohort, like others, may over repre
sent severe infections. Due to the use of a historical and 
uninfected comparison group that has a different demo
graphic profile, the two groups may not be entirely com
parable in assessing risk of HDP solely based on the 
presence or absence of COVID infection and therefore 
we cannot rule out the possibility of confounding, particu
larly due to factors such as temporal trends in HDP and 
pandemic related stress. We adjusted for chronic hyperten
sion, diabetes, and asthma – common chronic conditions 
known to increase COVID severity and risk of HDP – in 
order to reduce confounding by comorbidities (41), but did 
not adjust for early pregnancy BMI due to the high propor
tion of missing data. Sensitivity analyses restricted to 
patients without comorbidities and restricted to cases 
occurring after universal testing implementation reduced 
the magnitude of estimates suggesting effect measure mod
ification. In the analyses of timing and severity, which were 
restricted to the SARS-CoV-2 cohort, confounding by 
calendar time and changes in disease dynamics, including 
transmission, testing, treatment, and strains, is possible and 
may also render results less generalizable to subsequent 
time periods.
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Our findings were based on physiologic effects of the 
variants present in the first year of the COVID pan
demic at a single safety-net institution. These trends 
should be investigated further within cohorts with 
detailed data on timing of both COVID infection and 
HDP diagnosis. Clarifying the vascular impact of early 
COVID infection may help support public health cam
paigns that recommend early vaccination and boosting 
in pregnancy.
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associated with a higher risk of hypertensive dis
orders of pregnancy compared to infection with 
mild symptoms.

● As gestational week at the time of infection 
increased a slight decline in the risk of hyperten
sive disorders of pregnancy was observed.
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