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Objectives: The purpose of this study was to compare and determine whether there were any differences in clin-
ical outcomes between pregnant and non-pregnant women who had been infected with COVID-19.
Methods: Aliterature search was performed in 9 databases on November 20, 2021. The relative risk (RR) with 95%

Accepted 28 March 2022 confidence interval (95% CI) was used to estimate the effect of pregnancy on COVID-19 outcomes. The I square
value was used to assess heterogeneity, and the random or the fixed-effects model were adopted. Sensitivity

Keywords: s .

SARS-COV-2 and publication bias analyses were performed.

COVID-19 Results: This study included 8 published studies with 859,278 COVID-19 female patients. The incidences of fever

Pregnancy and cough among pregnant women with COVID-19 were 19.07% and 28.79%, respectively. Pregnancy was asso-

Women ciated with significantly increased risks of intensive care unit (ICU) admission (RR = 2.23, 95% CI = 1.58-3.16)

and ventilation (RR = 2.13,95% CI = 1.06-4.28), but was not associated with a statistically significant increase in
mortality.

Conclusions: Our results suggest that pregnant women with COVID-19 have a significantly higher probability of
being hospitalized to the ICU and ventilation than non-pregnant women with COVID-19. To avoid these adverse
outcomes, pregnant women should take precautions (for example, reduce going out, maintain social distance,
and wear a mask) to avoid COVID-19 infection. Finally, additional research into the fetal outcomes is required
to better investigate the impact of COVID-19 on pregnancy.

Meta-analysis

© 2022 Elsevier Inc. All rights reserved.

1. Introduction pre-existing medical conditions are particularly vulnerable to the infec-

tion. On the one hand, it was also proposed that pregnant women may

The Coronavirus Disease 2019 (COVID-19) pandemic is caused by
the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
and has become a global public health emergency. The World Health Or-
ganization has reported 394,381,395 confirmed cases of COVID-19 with
5,735,179 deaths by 8 February 2022 [1]. Although the current epidemic
has reached a plateau phase, new mutant strains continue to arise, pos-
ing greater public health challenge worldwide. Meanwhile, it is evident
that elderly individuals, immunosuppressed individuals, and those with
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also be at higher risk [2,3]. On the other hand, several studies have re-
ported that the clinical course, symptom characteristics, and severity
of COVID-19 are similar in pregnant and non-pregnant women, with
86% mild cases, 9% severe cases, and 5% critical cases among all pregnant
women who were diagnosed with COVID-19 [4-6]. These findings, how-
ever, appear to contradict the fact that pregnant women often develop
serious illnesses after contracting a variety of respiratory pathogens
(such as influenza A (HIN1) pdm09) [7].

Itis well known that pregnancy alters the immune system and its re-
sponse to viral infection, and infection with coronavirus, in theory,
could lead to more severe symptoms, especially in the third trimester
[8]. One study found that the incidence of SARS-CoV-2 infection in preg-
nant women was 3.02 times greater than that in the general population
[9], and Peng-hui Wang et al. [10] pointed out that pregnant women
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with COVID-19 are more prone to develop severe conditions with a high
mortality rate. Previous studies have shown that pregnant women in-
fected with Severe Acute Respiratory Syndrome Coronavirus (SARS-
CoV) or Middle East Respiratory Syndrome Coronavirus had a higher
risk of developing adverse complications. There is a high mortality
rate among pregnant women infected with SARS-CoV (25%) [11] and
a high mortality rate of 40% among pregnant women infected with Mid-
dle East Respiratory Syndrome [12,13]. In addition, SARS-CoV-2 shares
79.6% sequence identity with SARS-CoV [14], and we should be alert
to the possibility of serious adverse consequences for pregnant
women with COVID-19. However, conclusions regarding clinical out-
comes in pregnant women with COVID-19 have been inconsistent. Sev-
eral studies have shown that pregnant women with COVID-19 did not
have an increased risk for intensive care unit (ICU) admission or death
compared to non-pregnant women [15,16]. In contrast, a Swedish
study showed that pregnant and postpartum women with COVID-19
might have a higher risk (four to five times) of being admitted to the
ICU than non-pregnant women of the same age [17]. Therefore, the out-
come of pregnant women with COVID-19 is unclear.

The impact of COVID-19 on pregnant women should be investigated
as additional data become available. Therefore, we conducted this sys-
tematic review and meta-analysis to explore whether pregnancy in-
creases the risk of adverse outcomes of COVID-19 through a pooled
analysis of the existing literature.

2. Methods

This systematic review and meta-analysis was registered in the In-
ternational Prospective Register of Systematic Reviews on May 13,
2021. This systematic review was performed according to the Preferred
Reporting Items for Systematic Review and Meta-Analyses 2009
(PRISMA 2009) guidelines [18].

2.1. Search strategy

On November 20, 2021, two reviewers completed a literature search
of all the following databases: (1) PubMed; (2) Cochrane library;
(3) SinoMed (CBM); (4) Embase; (5) ScienceDirect; (6) Web of Science;
(7) China National Knowledge Infrastructure (CNKI); (8) Wanfang Data
Knowledge Service Platform and (9) China Science and Technology
Journal VIP Database. We used the following combination of key
words and mesh terms to search: Pregnant Women, Pregnancy,
COVID-19, and SARS-CoV-2. The detailed retrieval strategy is provided
in the appendix file. In addition, to avoid omitting any literature that
might be included as much as possible, we also manually searched ref-
erences of relevant literature to identify other eligible studies.

2.2. Study inclusion and exclusion criteria

The studies retrieved from the electronic database were imported
into the literature management software (NoteExpress version 3.1),
and the duplication checking function of the software and manual du-
plication checking were used to delete duplicates. The included studies
that met the following criteria: (1) the exposed group were pregnant
women confirmed with COVID-19; (2) the control group was non-
pregnant women diagnosed with COVID-19; (3) the primary outcome
events were death or ICU admission or ventilation (ventilator, intuba-
tion, mechanical or invasive ventilation); (4) relative risk (RR) or odds
ratio (OR) or hazard ratio (HR) and 95% confidence intervals (95% CI)
were provided; (5) for studies of the same population or the same
dataset or database, only those with the largest number of patients
and/or the most recent studies were selected. Exclusion criteria: confer-
ence abstracts, expert opinion or suggestion, systematic reviews and
meta-analyses, comment, letter, correspondence, and case reports; pub-
lications in languages that are neither English nor Chinese; and non-
human studies. Manual duplication checking and selection process for

189

American Journal of Emergency Medicine 56 (2022) 188-195

the study were carried out by two researchers, and any disagreements
were resolved through discussion, with a third author consulted if nec-
essary.

2.3. Data extraction

Two reviewers independently extracted the data from the original
studies to ensure its accuracy. Any differences were resolved through
discussion or consultation with others. We extracted the following
data from the included studies: author's name, publication year, age,
sample size, RR or OR or HR with corresponding 95% CI, etc.

2.4. Quality assessments

Two reviewers assessed the methodological quality of the studies in-
cluded in this systematic review independently using the evaluation
criteria for case-control and cohort studies provided in Nine-Star New-
castle Ottawa Scale (NOS) [19]. Disagreements were resolved through
discussion or consultation with other co-authors. The quality of the in-
cluded studies was rated as follows: low quality 0 to 4; moderate quality
5 to 6; and high quality 7 to 9.

2.5. Statistical analysis

In the systematic review and meta-analysis, we used the RR with
95% ClI as a measure of effect size for all studies. For studies where RR
was not provided, the data were converted according to the following
methods: (1) HR was used to approximate RR [20,21]; (2) OR was trans-
formed into RR, if applicable, with this formula: RR = OR/[(1-Py) +
(Po x OR)], in which Py is the incidence of the outcome of interest in
the non-exposed group [22]; the standard error of the resulting RR
was calculated with the following formula: selog (RR) = selog (OR) x
log (RR)/log (OR), which was also used to calculate the upper and
lower limits of the CI by applying this formula to the upper and lower
confidence limits of the adjusted odds ratio [23]. I square (P) statistics
were used to assess heterogeneity [24]. Random- or fixed-effect models
were selected according to the magnitude of the I statistics of heteroge-
neity between studies. The more commonly used method of judgment
is as follows: if P > 50%, the random effects model (REM) was used as
the pooling method; otherwise, the fixed effects model (FEM) was
used. If possible, we performed subgroup analysis by publication year,
sample size, continent, etc. Publication bias was evaluated by funnel
plots, Egger's test and Begg's test [25]. In addition, sensitivity analysis
was performed to explore whether any study exerted substantial im-
pact on the result. Finally, we performed chi-square tests for outcome
incidence based on the data provided by the included literature. In all
the analyses, P < 0.05 was deemed statistically significant. All statistical
analyses were performed using STATA version 14.0 (Stata Corp, College
Station, TX) software.

3. Results
3.1. Search results

After a comprehensive search of each database, 16,308 articles were
initially retrieved. After software and manual duplication checks, 7033
articles remained. After the initial screening of the titles and abstracts,
143 articles required further screening. Further screening was con-
ducted by reading the full text, and 8 studies were eventually included
in this systematic review and meta-analysis. The process of the study se-
lection is shown in Fig. 1.

3.2. Characteristics of studies and study quality

We included 8 published studies [26-33] with 859,278 COVID-19 fe-
male patients, of which 37,578 (4.37%) cases were pregnant patients.
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Fig. 1. Flow diagram of the literature search and selection process.

Most study designs are cohort studies or case-control studies. The mean
age range of COVID-19 pregnant women is 28-32 year and the median
gestational week range is 26-32 weeks.

The mortality rates for COVID-19 pregnant women and non-
pregnant women were 0.90% and 0.55%, ICU admission rates were
4.31% and 1.68%, and ventilation rates were 2.13% and 0.77%, respec-
tively. According to the results of the chi-square test, all P < 0.01 were
statistically significant. The included studies all scored 7 points or
higher according to NOS, indicative of high-quality studies. In
terms of publication year, age, data source time and outcomes, the
detailed characteristics of the included studies are shown in
Table 1. As shown in Table 2, the most common comorbidities in
pregnant and non-pregnant women with COVID-19 were diabetes
(2.46% (925/37,578),1.53% (12,206/796,608), respectively) and car-
diovascular disease (2.18% (819/37,578), 2.17% (17,266/796,608),
respectively). The incidences of fever and cough were 19.07%
(5747/30,130) and 28.79% (8620/29,942), respectively, among preg-
nant women with COVID-19.
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3.3. Results of meta-analysis

For death, we extracted RRs or ORs from 6 original studies
[26,27,29,30,32,33]. Three studies suggest that pregnancy increases the
risk of death, yet one study suggests that pregnancy is a protective factor
against death. When pooled, the result of REM analysis showed that in
COVID-19 patients, pregnancy was not associated with a statistically sig-
nificant higher risk of death than non-pregnant women (pooled RR =
1.31; 95% CI = 0.77-2.24, P = 95.6%). The result is shown in Fig. 2A.

In total, 6 studies [26,28,29,31-33] provided data on ICU admission.
All but one of the studies showed that pregnancy increased the risk of
ICU admission. The pooled RR was 2.23 (95% CI = 1.58-3.16, =
76.7%, REM), indicating that pregnancy was associated with a statisti-
cally significant increased risk of ICU admission in COVID-19 patients.
The result is shown in Fig. 2B.

Based on the extracted RR or OR from 4 studies [26,29,31,33] to cal-
culate the pooled RR of ventilation (RR = 2.13,95% Cl = 1.06-4.28, =
92.7%, REM), the results showed that pregnancy was associated with a
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Table 1
Characteristics of included studies.
Author's name Publication  Country Data source  Study Sample size Age (mean =+ SD) Outcomes™
year time quality Pregnant Non-pregnant Pregnant  Non-pregnant Pregnant/Non-pregnant RR (95% CI)
score o
(N (%))
Death:1.84
Martinez-Portilla February [I)Ceaﬂ(ll(;(f(%)//((;)élg(?)) (112(?621(?396)
(29] 2021 Mexico 1—Ocztglza(e)r 28, 8 5183 5183 285+ 59 - Ventilation:(8.10), (1.41-2.45) *
(8.60) Ventilation:0.93
(0.70-1.25) **
Death:0/3
ICU:5.1(1.57-16.53)
March 11-June ICU:6(3.2)/5(0.6) e
Tug [31] 2020 Turkey 30,2020 188 799 31+12 Ventilation:4(2.1)/ Ver(lillzagl_o;ézo.;ZS
5(0.6) eI
Death:0.58
. March-October Death:6(5.5)/12(5.1) (0.17-1.94) **
Vizheh [32] 2021 Iran 2020 7 110 234 32.02 £ 6.1 32.88 £ 6.3 1CU:10(9.1)/19(8.1) 1CU:1.13
(0.50-2.52) **
Death:34(15)/447(12) [ o (12-24)
January ICU:245(10.5)/ ICU:3.0 (2.6-3.4)
Zambrano [33] 2020 USA 22-October 3, 9 23,434 386,028 - 1492(3.9) IR
o Ventilation:2.9
2020 Ventilation:67(2.9)/ (22-38)
412(1.1) -
Death:10(2.5)/348(1.5) Death:1.6 (0.9-3.0) **
) February-July _ ICU:12(2.9)/281(1.2)  ICU:2.4 (1.3-43) ™
BahaaEldin [26] 2021 Egypt 2020 7 408 22,687 293 £81 Ventilation:11(2.7)/  Ventilation:3.9
157(0.7) (21-7.4) "
March Death:1.95
Rozo [30] 2021 Colombia  6-December 9 5614 365,749 - Death:54(1.0)/715(0.2) cath: 1.
(1.71-2.22)
12,2020
March
Overtoom [28] 2021  Netherlands 1-August 31, 9 376 19,110 - ICU:6(2)/122(6) ICU:2.4 (1.3-4.3) ™
2020
Death:151(6.7)/
. 2858(13.0) .
Knobel [27] 2021 Brazil  \ntlAugust17, g 2265 21,910 29(11-44) *  36(10-44) * 1CU:(18.70)/ (24.40) Death:0.6228

2020

Ventilation:(7.40)/ (0.5219-0.7432)

(10.70)

* Is the median age (range).
** Is OR with 95% CL

*** s the data provided by the original text.

statistically significant increased risk of ventilation in COVID-19 pa-

tients. The result is shown in Fig. 2C.

3.4. Publication bias and sensitivity analyses

Funnel plots were not drawn due to the small number of included
studies and the difficulty of assessing publication bias by visual

assessment. For the three outcomes, both Begg's and Egger's tests showed

that all P> 0.05 (Death: P = 0.348, P = 0.974; ICU admission: P = 0.851,
P = 0.463; Ventilation: P = 0.497, P = 0.574; respectively); thus, publica-

tion bias may not exist. Sensitivity analyses were performed by removing

each study at a time. The analyses showed that for all three outcomes, the

pooled results did not differ significantly from the main results, indicating
that the results of the meta-analysis were reasonably robust.

Table 2
Comorbidities and symptoms of included studies.
Author's name Publication ~ Sample Symptoms Comorbidities
Year Pregnant/Non-pregnant(N) Pregnant/Non-pregnant(N)
Martinez-Portilla [29] 2021 10,366 - Diabetes:174/— Cardiovascular diseases:174/— Asthma:112/— Obesity:477/—
Tug [31] 2020 987 Fever:24/35 Diabetes:2/— Cardiovascular diseases:2/— Asthma:8/— Obesity:8/—
. Fever:60/110 Cough:42/164 . . . . .
Vizheh [32] 2021 344 Headache:6/32 Diarrhea:7/20 Diabetes:9/15 Cardiovascular diseases:4/15
Fever:3328/68536 Cough:5230/89,422 . . . . .
Zambrano [33] 2020 409462 Headache:4447/95713 SD;':;eSifgt/ 6*1319 7235%'%’ ascular diseases:304/7703
Diarrhea:1479/38,162 v
. Fever:328/354" Cough:285/330 . o o . . 1o
BahaaEldin [26] 2021 23,095 Headache:13/466 Diarrhea:40/2931 Diabetes:2.0%/5.4% Cardiovascular diseases:1.0%/1.9%
Rozo [30] 2021 371363 Fever:1858/10,7994 Cough:2883/176,658 Diabetes:121/2895 Cardiovascular diseases:109/6154
! Headache:1176/84,208 Diarrhea:213/18,331  Asthma:143/8809 Obesity:212/9261
Overtoom [28] 2021 19,486  Fever:149/376 Cough:180/376 Diabetes:6/— Cardiovascular diseases:6/— Obesity**:67/—
Knobel [27] 2021 24175 _ Diabetes:178/1952 Cardiovascular diseases:216/2963

Respiratory diseases (including asthma):104/1385 Obesity:82/1912

* The term used in the original text is “Temperature > 38 °C".

** Defined as BMI 240 kg/m?.

** Defined as BMI >30 kg/m?; other studies on the definition of obesity were not mentioned.
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%

sf:dy RR (95% CI) Weight
Martinez-Portilla RI(2021) -:—o— 1.83 (1.26, 2.65) 17.78
Vizheh M(2021) ~ , 0.59 (0.18, 1.89) 10.15
Zambrano LD(2020) —;—4— 170 (1.20, 2.40) 17.98
BahaaEldin H(2021) ——I—o_ 159 (0.88, 2.86) 1578
Rozo N(20210 : —— 195 (1.71,2.22) 19.21
Knobel R(2021) —— , 0.66 (0.56, 0.77) 19.10
Overall, DL (I = 95.6%, p = 0.000) <$ 131 (0.77, 2.24) 100.00
1 I
25 1 4
NOTE: Weights are from random-effects model
B %
Study RR (95% CI) Weight
Martinez-Portilla RJ(2021) - 175 (1.38,2.22) 24.86
Tug N(2020) : - 5.10 (1.57, 16.55) 6.66
Vizheh M(2021) —-O—r 112 (0.54, 2.33) 1255
Zambrano LD(2020) E -~ 3.00 (2.62, 3.43) 27.04
BahaaEldin H(2021) —10— 2.36/(1.32,4.21) 15.81
Overtoom EM(2021) —i»— 231 (1.14,4.67) 13.09
Overall, DL (I = 76.7%, p = 0.001) @ 2.23(1.58, 3.16) 100.00
I 1
0625 1 16
NOTE: Weights arc from random-effects model
C %
Study RR (95% CI) Weight
Martinez-Portilla RJ(2021) —- : 0.94 (0.72, 1.22) 26.74
Zambrano LD(2020) —o— 2,90 (2.21,3.81) 26.66
BahaaEldin H(2021) 7—0— 3.90 (2.08,7.32) 22,65
Tug N(2020) + 2.13 (126, 3.61) 23.96
Overall, DL (I = 92.7%, p = 0.000) 0— 2.13 (1.06, 4.28) 100.00
1

1
125
NOTE: Weights are from random-effects model

Fig. 2. Results of a meta-analysis of COVID-19 pregnant and non-pregnant death(A), ICU admission(B) and ventilation(C).

4. Discussion

Three concerns regarding pregnant women have arisen as a result of
the present COVID-19 outbreak: (1) whether COVID-19 represents a
risk for pregnant women, (2) whether pregnant women are more af-
fected by COVID-19 than nonpregnant women, and (3) whether there
is a risk of vertical mother-to-child transmission [34]. Therefore, we
conducted this study to explore whether pregnancy increases the risk
of certain adverse outcomes in COVID-19 compared to non-pregnant
women with COVID-19.

Only a few systematic reviews and meta-analyses [35-37] related to
COVID-19 and pregnant women have been published, however the ma-
jority of these studies only focused the different clinical manifestations

192

between pregnant women with COVID-19 and uninfected pregnant
women. Our systematic review and meta-analysis, on the other hand,
aimed to compare the clinical outcomes of COVID-19 following con-
firmed viral exposure in pregnant women and non-pregnant women.
The results of our analysis indicated that pregnancy was associated
with a higher risk for ICU admission and ventilation, but not with death.

The most common symptoms reported by pregnant women with
COVID-19 in this study were fever (19.07%) and cough (28.79%). The
prevalence of these two symptoms in our study was much lower than
those reported in another systematic review and meta-analysis [37]
(fever (40%) and cough (41%)). This previous systematic review and
meta-analysis [37] also showed that pregnant women with COVID-19
are less likely to have those symptoms than non-pregnant women of
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reproductive age with COVID-19. The lower incidence of fever in our
study may be related to the different definitions and measurements of
fever between the included studies; for example, BahaaEldin's study
[26] only provided data for body temperature > 38 °C, which this
study directly adopted as the data for fever.

Our systematic review and meta-analysis concluded that pregnancy
is associated with an increased risk of ICU admission and ventilation,
suggesting that pregnancy is a risk factor for ICU admission and ventila-
tion in pregnant women with COVID-19. This is consistent with the
findings of John et al. [37], who found that pregnant and newly pregnant
women with COVID-19 had higher odds of admission to ICU compared
with non-pregnant reproductive aged women with COVID-19 (OR =
2.13, 95% CI = 1.53-2.95). In addition, retrospective cohort studies
also noted that women with COVID-19 had higher rates of intubation,
ICU admission and preterm birth at the time of delivery compared to
pregnant women without COVID-19 [38]. However, a letter [39] com-
paring ICU admissions of pregnant and non-pregnant women with
COVID-19 disagreed, and stated that pregnant women were not at in-
creased risk for ICU admission compared to non-pregnant women. It is
said physiological and immunological changes that occur during preg-
nancy may increase the risk or severity of certain infections [40]. In
this case, pregnant women maintain immunosuppression by inhibiting
the activity of T cells during pregnancy, which makes them vulnerable
to viral infection [41,42]. Throughout pregnancy, a woman's body is in
a state of high immunosuppression, and there will be certain changes
in anatomy, physiology, and biochemistry, such as increased oxygen
consumption and heart rate. The enlarged uterus causes the diaphragm
to move upward, etc. [43-46]. When infected with the virus during
pregnancy, especially respiratory infectious virus, immune changes
may impair pathogen clearance, and other changes may also worsen
clinical outcomes and increase the severity of infection, especially in
the third trimester [46-49]. Changes in the respiratory tract manifest
significantly during pregnancy, influenced by high levels of estrogen
and progesterone (as well as altered levels of other steroid hormones),
and the restriction of lung expansion, making pregnant women more
susceptible to infection by respiratory pathogens, which, once
contracted, can develop into a more severe course of disease; and a
prominent hallmark of pregnancy is the pro-inflammatory state, espe-
cially in early and late gestation, where SARS-CoV-2-induced cytokine
storms may induce more severe inflammation [50], which may have
deleterious effects on the mother and fetus. These changes predispose
pregnant women to a more severe and prolonged course of the disease.
Because pregnancy itself was a risk factor for ICU admission compared
to non-pregnant women with COVID-19 [37], therefore, the risk of ad-
verse outcomes may be greater when both pregnancy and COVID-19
co-exist. In addition, pregnant women often receive more attention in
the case of viral infection, which might, to some extent, reduce the
risk of severe adverse outcomes, such as the incidence of death.

Although a statistical association of our research was not found be-
tween pregnancy and death among COVID-19 patients, the mortality
rate for pregnant women with COVID-19 was higher compared to
non-pregnant women with COVID-19 (0.90% vs 0.55%). Cheng [51]
pointed out that it was premature to conclude that the maternal mortal-
ity rate of SARS-CoV-2 infection may be lower, given that COVID-19 is
poorly understood in the early days and that there is a lack of large sam-
ple studies. Although data on COVID-19 are accumulating, most of them
come from small samples or case series, with widely varying clinical
outcomes reported. For example, a case series of 9 pregnant women re-
ported 7 deaths [52]. Also, a meta-analysis that included 20 studies of
pregnant women with SARS-CoV-2 confirmed by reverse transcription
polymerase chain reaction showed that the maternal ICU admission
rate was 7.0%, the mortality rate was 0.9% [35], and the mortality rates
were broadly consistent with our findings, but the ICU admission rate
was higher than our result (3.21%). The global maternal mortality
ratio in 2015 was 216 deaths per 100,000 live births [53], which was
lower than the mortality rate of pregnant women with COVID-19
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reported by our study. Our analysis of studies from several countries
found that pregnant women with COVID-19 had a higher mortality
rate but that pregnancy did not increase the risk of death compared to
non-pregnant women with COVID-19. Some studies [34,37,54] have
shown that pregnant women with COVID-19 have an increased risk of
death and higher mortality rates compared to uninfected, that suggest
the higher mortality of pregnant women with COVID-19 may be related
to COVID-19 itself. Pregnancy is a physiological state that has multiple
effects on the cardiovascular system. COVID-19 infection in pregnant
women can lead to further alterations in the cardiovascular system,
and elevated cardiac enzymes, such as pro-brain natriuretic peptide
and cardiac troponin, are elevated, indicating evolving myocardial in-
flammation and injury. Studies have linked myocardial inflammation
and injury to more severe disease and higher mortality in infected pa-
tients [55-57].

There are a few limitations of this systematic review and meta-
analysis. First, the biggest limitation which is not described is cause
and effect. It is unclear whether pregnant women were admitted to
the ICU (and placed on ventilator) because they were pregnant or be-
cause their condition was severe enough to require more drastic mea-
sures by physicians. Meanwhile, it is also unclear whether COVID-19
patients are more prone to having poor outcomes because of pregnancy
of if COVID-19 infection itself cases poor outcomes for pregnant pa-
tients. In light of the fact that the admission criteria for pregnant
women vary from those for non-pregnant women at each institution,
it would have been more informative if it had been clarified that these
results were obtained by comparing only pregnant women with and
without COVID. Nonetheless, the COVID variant acquired and the pa-
tient's vaccination status must also be disclosed for specification pur-
poses. Second, many studies included in this review did not clearly
define the adjusted confounders, such as age differences between two
patient groups, demographical characteristics as well as vaccination sta-
tus. For example, the pregnant women of reproductive age cannot be
compared to the postmenopausal women. Finally, while there were
very high levels of heterogeneity across the publications, the included
studies were insufficient to perform meta-regression or subgroup anal-
ysis. It should be mentioned, however, that this systematic review and
meta-analysis propose certain advantages. On the one hand, this study's
inclusion and exclusion criteria were more stringent. On the other hand,
using pooled RR data, we explored the impact of pregnancy status on
mortality, ICU admissions, and ventilation status in COVID-19-infected
women. Overall, the sensitivity analysis demonstrated that the meta-
analysis conclusions were stable, since the pooled results were not
statistically different from the primary outcomes.

To minimize the chance of infection with COVID-19, pregnant
women should be educated about the risks of COVID-19 virus and the
signs of severe symptoms of COVID-19 infection. In particular, pregnant
women should avoid contact with people who may have been exposed
to or infected with COVID-19 and limit unnecessary public exposure.
When out, pregnant women should wear a mask at all times, maintain
a safe social distance, and sanitize their hands frequently. Nevertheless,
pregnant women should also keep up with their scheduled influenza
vaccination and prenatal care check-ups. Ideally, pregnant women and
their caregivers should be immunized against COVID-19. However, if a
pregnant woman has contracted COVID-19, she must receive rapid
and standardized treatment as soon as possible to avoid serious compli-
cations. More importantly, a woman should consult a doctor when
choosing drugs to treat her symptoms that are not contraindicated for
pregnancy. Additionally, it is imperative that pregnant women receive
adequate nutritional support in order to maintain homeostasis and
avoid water-electrolyte disorders. Lastly, in the event of an emergency,
terminate the pregnancy in a timely manner following a comprehensive
evaluation of the severity of the disease, the gestational stage and the
fetus's intrauterine condition.

In conclusion, this systematic review and meta-analysis suggests
that pregnant women with COVID-19 have a higher risk of ICU
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admission and ventilation than non-pregnant women, but it was not as-
sociated with statistically significant increase in mortality. Pregnant
women deserve closer attention and protection during the current
COVID-19 pandemic. In view of the limitations of this analysis, more
high-quality and confounder-adjusted studies, as well as studies inves-
tigating fetal outcomes, are needed to further validate or confirm these
findings.
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