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Abstract
Purpose To evaluate the effect of the COVID-19 pandemic state on early, first-trimester pregnancies.
Methods A retrospective cohort study conducted at a university-affiliated fertility center in Montreal, Quebec, since the
COVID-19 shut down, March 13 until May 6, 2020. Included: all women who came for a first-trimester viability scan during
the study period (Study group) and between March 1, 2019 and May 17, 2019, approximately one year prior (Control). The
study population denied symptoms of COVID-19.
We reviewed all first trimester scans. Early first-trimester pregnancy outcomes (Viable pregnancy, arrested pregnancy including biochemical pregnancy loss and miscarriage, and ectopic pregnancy) were measured as total number and percentage. A
multivariate analysis was performed to control for other potentially significant variables, as was a power analysis supporting
sample size.
Results 113 women came for a first-trimester viability scan in the study period, and 172 in the control period (5–11 weeks
gestational age), mean maternal age 36.5 ± 4.5 and 37.2 ± 5.4 years (p = 0.28). Viable clinical pregnancy rate was not different
between the two groups (76.1 vs. 80.2% in the pandemic and pre-pandemic groups p = 0.41). No significant difference was
seen in the total number of arrested pregnancies (defined as the sum of biochemical, 1st trimester miscarriages, and blighted
ova) (22.1 vs. 16.9% p = 0.32), or in each type of miscarriage.
Conclusion The COVID-19 pandemic environment does not seem to affect early first-trimester miscarriage rates in asymptomatic patients.
Keywords COVID-19 · Pandemic · Early pregnancy · Miscarriage · First-trimester miscarriage

Introduction
COVID-19 is a respiratory illness caused by a new coronavirus—SARS-Cov-2 also known as COVID-19. It was first
described December 2019 in Wuhan, China, and has since
spread globally [1]. On March 11, 2020, the World HealthOrganization (WHO) declared a pandemic. As of early May
2020, there were over 60,000 confirmed cases in Canada,
more than half of which were in Quebec [2] of which 49.1%
occurred in Montreal[3].
The influence of the disease on pregnancy is not well
understood. Current data from the American Centers for
disease control (CDC) suggests that hospitalization rates
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and ICU admissions in pregnant women diagnosed with
COVID-19 are higher than in the non-pregnant population
while mortality rates are similar [4]. There is conflicting
evidence of vertical transmission [5, 6]. Evidence of coagulation disorders in COVID-19 patients are rising, which have
the potential to adversely affect pregnancies [7, 8], particularly when combined with the inherent hypercoagulability
of gestation.
The COVID-19 pandemic has medical implications
reaching beyond the diagnosed patients. The community
has self-isolated in the first few months of the pandemic,
which comes with significant inherent stress and fear of both
the unknown, significant disease, and noteworthy economic
instability. These are unprecedented times and the influence of the pandemic environment, rather than the disease
itself, on pregnancies is yet to be determined. When studying other extreme circumstances such as the exposure of
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pregnant women to armed conflict, a systematic review from
2017, suggest that pregnancy outcomes may be influenced
by the associated chronic stress [9]. Two of the studies specifically addressing miscarriages—one analyzed the effect
of in utero exposure to a maternal stressor in the form of the
civil conflict in Nepal [10] and the other reported a connection between the preconception and pregnancy exposure to
stress, as expressed by rocket-attack alarms, and an elevated
risk of spontaneous abortions [11].
Another study on the impact of stress on the outcome
of medically-assisted reproduction suggested that while
stressors do not impact greatly on conception rates from
medically-assisted reproduction, they may increase miscarriage rates [12].
In this study, we aimed to compare early pregnancy viability scans before and after the beginning of the COVID19 Pandemic. We aimed to investigate whether there is an
adverse effect of the pandemic state on early pregnancies in
terms of miscarriages.

Materials and methods
We conducted a retrospective cohort study. All women who
came for a first-trimester viability scan at a university-affiliated fertility center in Montreal, Quebec, since the COVID19 shut down, March 13 until May 06, 2020 were included.
The study population denied symptoms of COVID-19. For
a control group, we reviewed all women who came for a
first-trimester viability scan at the same center March 01,
2019 to May 17, 2019, approximately one year prior. The
study was approved by the institutional review board (IRBnumber-2021-6705). All data were collected and entered by
three authors (K.R.O., N.S., E.R.) and was reviewed again
by the lead author (K.R.O) for verification.
We documented pregnancy outcomes as a viable clinical
pregnancy when a fetal pole with a fetal heart rate was present. Multiple pregnancy occurred when two or more fetuses
with a pulse were present. A biochemical pregnancy loss
was determined in cases of a transient rise in beta-human
chorionic gonadotropin (β-hCG) without evidence of a gestational sac in-utero, and a subsequent fall in serum β-hCG
levels. An ectopic pregnancy was determined in the presence of an extra-uterine gestational substance on pathology or with a high suspicion for an ectopic due to a β-hCG
level above the threshold for ultrasound visibility with no
evidence of an intrauterine pregnancy. Blighted ovum was
defined as a gestational sac without a fetal pole via transvaginal ultrasound by 7–8 weeks gestational age.
History of repeat pregnancy loss (RPL) was defined
as two or more failed clinical pregnancies in accordance
with the European Society of Human Reproduction and
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Embryology (ESHRE) and the American Society for Reproductive Medicine (ASRM) guidelines [13, 14].

Statistical analysis
Data were analyzed using JMP Pro 14.1.0 software (SAS
Institute Inc., USA). A data distribution was evaluated
using the Shapiro–Wilk test in continuous variables. Normally distributed data were compared using Student’s t test
and presented as means ± standard deviations. Skewed data
were presented as median (with interquartile range). The
Mann–Whitney U test was used for comparison in such
cases. Categorical data were compared using the χ2 test and
presented as a number of exposed cases and percentages of
the total number of cases. A p value ≤ 0.05 was considered
statistically significant.
To evaluate the association of the pandemic group and
the adverse early pregnancy outcome controlling for other
potentially significant variables we conducted a multivariate analysis. Only one of any highly correlated determinants
was included in the model. Unadjusted and adjusted odds
ratios (OR) with 95% confidence intervals (95% CI) for
study versus control group were calculated. We attempted
to determine if the time of COVID-19 was a predictor of
early pregnancy outcomes.
A power analysis revealed that a sample size of 58
patients in each group has a 90% power of showing a 15%
difference in primary outcome with an alpha of 5%.

Results
113 women came for a first-trimester viability scan in the
study period, and 172 in the control period (5–11 weeks
gestation).
The two groups were similar in demographic characteristics and fertility diagnosis (Table 1). Mean maternal age
was 36.5 ± 4.5 and 37.2 ± 5.4 years in women coming for
viability scans in the pandemic period and the pre-pandemic period respectively (p = 0.28). No significant differences were noted between the rate of RPL in the two groups
(13.3 and 8.7% in the pandemic vs. pre-pandemic groups,
p = 0.22) nor was there a difference in their gestational history prior to pregnancy (median gravidity 1 in both groups,
ranges 0–8 and 0–9 (p = 0.13), median parity 1, range 0–3
in both groups (p = 0.31) (Table 1).
Baseline serum thyroid stimulating hormone (TSH) levels
were higher in the pre-pandemic group [1.3 (0.9–1.8) vs.
1.7 (1.2–2.3) IU/L, p = 0.001], although both groups fell in
clinically normal ranges.
Method of conception; spontaneous (30.1 vs.31.4%),
IUI (30.1 vs. 29.7%) or IVF (39.8 vs. 38.9%) were similar

39.4 ± 10.6

Male age mean (SD), years

0 (0–0)
0 (0–0)
15 (13.3)

Miscarriage, median (IQR)

Ectopic pregnancies, median (IQR)

History of RPL, N (%)
32 (19.6)

4 (2.5)
4 (2.5)
5 (3.1)

1 (0.9)
0 (0)
2 (1.8)
0 (0)

Endometriosis

Single/same sex couple

For PGTd

Uterine factor

5 (2.9)

4 (2.3)

0 (0)
1 (0.9)
2 (1.8)
0 (0)

Dermoid

Epilepsy

Immunological disease

Muscular dystrophy

0 (0)
1 (0.9)

AV block

Anemia

2 (1.8)
0 (0)

IBD, IBS, Celiac

Diabetes mellitus

0 (0)

1 (0.9)
1 (0.9)

Coagulation disorders

Hepatitis carrier

3 (1.7)

1 (0.6)

2 (1.2)

0 (0)

2 (1.2)

1 (0.6)

1 (0.6)

1 (0.6)

5 (2.9)

10 (5.8)

2 (1.8)
1 (0.9)

Hyperprolactinemia

1 (0.6)

0 (0)

5 (2.9)

Thyroid disorders

3 (2.7)
0 (0)

Post malignancy

BRCA carrier

3 (2.7)
3 (2.7)

Asthma

Obesity

Pre-existing medical conditions, N (%)

25 (15.3)
20 (12.3)

23 (20.5)

Decreased ovarian reserve

4 (2.5)

11 (6.8)

21 (18.8)

58 (35.6)

5 (4.5)

Tubal factor

0 (0–0)
15 (8.7)

PCOSc

24 (21.4)
36 (32.1)

Unexplained

Male factor

Fertility diagnosis, N (%)

0 (0–1)

0 (0–1)
0 (0–0)

1 (0–2)

1 (0–3)

38.6 ± 6.0

6 (3.5)

37.2 ± 5.4

Control-pre-pandemic (n = 172)

Parity, median (IQR)b

Gravidity, median (IQR)a

Obstetric history

36.5 ± 4.5
6 (5.3)

Female age mean (SD), years

Study (n = 113)

Smoking, N (%)

Demographics

Characteristic

Table 1  Patients characteristics and diagnosis

0.35

0.21

0.22

0.99

0.17

0.31

0.13

0.47

0.45

0.28

p value
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(p = 0.97), as was the use of ICSI (79.5 vs. 77.6% p = 0.82).
The use of donor sperm was less common in the pandemic
group (1.8 vs. 9.9% p = 0.01). Use of ovum donation was
similar (18.2 vs. 17.9%; p = 0.97). All treatment characteristics are described in Table 2.
When reviewing pregnancy outcomes, the viable clinical pregnancy rate was not significantly different between
the two groups (76.1 vs. 80.2% in the pandemic and prepandemic groups p = 0.41). No significant difference was
seen in the total number of arrested pregnancies (defined
as the sum of biochemical, 1st trimester miscarriages, and
blighted ova) (22.1 vs. 16.9% p = 0.32), Pregnancy outcomes
are presented in Table 3.
Factors potentially associated with adverse early pregnancy outcome including female age, smoking, polycystic
ovary syndrome (PCOS), obesity, hyperprolactinemia, coagulation disorders, serum TSH, antral follicular count (AFC),
total motile sperm count (TMC) stage of embryo at transfer,
frozen embryo transfers as well as the pandemic group were
evaluated as possible confounders. The multivariate logistic
regression model demonstrated that the pandemic group was
not significantly associated with missed abortions, blighted
ova, or biochemical pregnancies (Table 4) when controlling
for confounding effects.
We then attempted to determine if the increased duration
of stress may increase miscarriage rates with time during
the pandemic. To do this we divided the study period into
three duration groups: March 13–31st (42 patients), April
1–19th (36 patients), and April 20–May 6th (35 patients).
We found no significant differences in rates of total arrested
pregnancies (30.9 vs. 19.4 vs. 14.3% p = 0.19) between these
periods. If anything miscarriage rates decreased with time
although not statically so. As such, they did not demonstrate
an effect of prolonged COVID-19 pandemic on increasing
miscarriage rates.

AFC antral follicular count

e

PCOS polycystic ovarian syndrome

PGT pre-gestational testing

d

C

Parity ranged 0–3 in both groups

Discussion

b

a

AFCe

Gravidity ranged 0–8 in the study group and 0–9 the control group

0.27
14 (9–25)
16 (9–29)

0.001

0.45

1.7 (1.2–2.3)

8.7 (6.5–12.5)

1.3 (0.9–1.8)
Serum TSH mIU/l

Serum prolactin μg/l

Serum AMH ng/ml

8.9 (5.9–11.9)

2.5 (1.2–5.4)
2.5 (1.0–4.4)

0.71

0.75

179 (115–246)
172 (114–242)

0.69
7.6 (6.3–9.1)
7.8 (6.3–9.4)
Basal serum, FSH IU/l

Basal serum E2, pmol/l

1 (0.6)
0 (0)
Under weight
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Base-line hormone profile and ovarian-reserve testing, median (IQR)

Control-pre-pandemic (n = 172)
Study (n = 113)
Characteristic

Table 1  (continued)
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In our cohort, we assessed the influence of the pandemic
environment, rather than the disease itself, on early pregnancy. We found no statistical difference in the number of
arrested pregnancies between the COVID and pre-COVID
periods. We were interested in assessing whether the stressrelated state of the pandemic would have an effect similar
to that suggested when exposed to armed conflicts [9], or
if possibly undetected asymptomatic infections may play a
role.
Thirteen studies from different parts of the world that
were previously analyzed demonstrated a significant relationship between armed conflict and increased rates of low
birth rates [11]. Evidence also suggested a significant relationship with higher rates of low birth weights, stillbirth

Archives of Gynecology and Obstetrics
Table 2  Treatment and
pregnancy characteristics

Characteristic
Sperm parameters-current pregnancya
TMCb, median (IQR)
Sperm donation, N (%)
Surgically retrieved sperm, N (%)
Pregnancy, N (%)
Spontaneous
IUI
IVF
ICSI (percentage of IVF patients)
OD (percentage of IVF patients)
Embryo stage at transfer, N (%)
Cleavage-stage
Blastocyst
Fresh embryo transfer, N (%)
Frozen embryo transfers, N (%)
Embryos transferred, N. median (IQR)
Progesterone supplementation, N (%)
a
b

Study (n = 113)

Control-pre-pandemic
(n = 172)

p value

18 (6–43)
2 (1.8)
3 (2.7)

12 (5–47)
17 (9.9)
4 (2.3)

0.23
0.01
0.86

34 (30.1)
34 (30.1)
45 (39.8)
31 (79.5)
8 (18.2)

54 (31.4)
51 (29.7)
67 (38.9)
52 (77.6)
12 (17.9)

0.97

6 (13.3)
39 (86.7)
14 (31.1)
31 (68.9)
1 (1–2)
67 (59.3)

11 (16.4)
56 (83.6)
24 (35.8)
43 (64.2)
1 (1–2)
101 (58.7)

0.82
0.97
0.65
0.61
0.65
0.92

From IUI and IVF. Not applicable in spontaneous pregnancy
TMC total motile sperm count

and prematurity [9]. One study reported a higher risk for
miscarriage in women that were exposed to stress (measured
as the mean number of rocket-attack alarms) during preconception and pregnancy with OR of 1.59 (95% CI 1.13–2.03,
p = 0.005) [11]. This difference was attributed to the effect
of stress on the pregnant individual, mediated by the rise
in cortisol and a possible negative effect on the immune
system [12, 15].
In our cohort, when comparing women who had their
viability scans at the first months following the declaration of the pandemic with women in pre-pandemic similar
months from the year prior, we demonstrate no significant
difference in global or different types of miscarriage rates.
The only differences seen in the baseline characteristics of
the two groups were mean serum TSH levels, (fell in the
normal range for both groups and is unlikely to be clinically
relevant), and the use of donor sperm which was higher in
the pre-pandemic period and may have favored lower miscarriage rates in the control group.
Not all subjects were followed throughout the first trimester. Therefore, the control group was selected for similar representation. In both groups, gestational age at last viability
scan was similar (mean 7.1 and 6.6 weeks gestational age).
As for infection with COVID-19, we did not have any
confirmed cases amongst our patients. Women coming to the
clinic all denied symptoms of the disease. As our center is in
Montreal which is the epicenter of the pandemic in Canada,
we can assume some women were infected, although numbers would be small given our study group size.

The suggested mechanism of infection by the COVID-19
consists of the activation of angiotensin-converting enzyme
receptor type 2 (ACE II), and the activation of the transmembrane protease, serine 2 (TMPRSS2) enzyme to cause the
internalization of the virus [16, 17]. It seems that both the
ACE II receptor and the TMPRSS2 enzyme are required to
be active for the cell to be infected. However, the TMPRSS2
enzyme may only be expressed after 24 weeks of pregnancy,
and only in the extra-villous trophoblast, possibly limiting
the timing of infections of the pregnancy tissue. In case there
is an additional, unknown mechanism of the virus that could
affect early pregnancies, we would have expected it to possibly have an adverse effect, favoring a higher miscarriage
rate in the study group which was not demonstrated in our
cohort. When addressing affected, symptomatic patients, it is
possible that the hostile environment of an infected mother,
rather than a direct infection of the fetus, can also cause
adverse pregnancy outcomes, especially in the presence of
low oxygenation saturation, high fever, or organ failure. No
symptomatic patients were studied in this article.
We believe that a fertility center represented an optimal
setting to study the effect of the pandemic milieu on miscarriage rates since almost all pregnant patients present for
ultrasound evaluation at an early stage. This occurs because
of the strong relationship with the doctor, the fear of miscarriages, and the elevated risk of ectopic pregnancy, related
to fertility treatments and some of the underlying causes
for infertility such as tubal factor. Even more so, during the
pandemic since there was no other place to obtain these tests
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Table 3  Pregnancy outcomesfirst trimester

Pregnancy outcome

Study (n = 113)

Control-pre-pandemic p value
(n = 172)

Gestational age at last scan median (IQR)
Viable clinical pregnancy, N (%)
Multiple pregnancy, N (%)
Arrested pregnancy-totala, N (%)
Biochemical pregnancy, N (%)
Miscarriage-1st trimester, N (%)
Blighted ovum, N (%)
Ectopic, N (%)
Molar pregnancy, N (%)
Cytotec use, N (%)b
D&C, N (%)b
Hematoma on ultrasound, N (%)

7.1 (6.5–8.1)
86 (76.1)
4 (3.5)
25 (22.1)
4 (3.5)
16 (14.2)
5 (4.4)
1 (0.9)
1 (0.9)
9 (36)
3 (12)
10 (8.9)

6.6 (6.2–8.0)
138 (80.2)
8 (4.6)
29 (16.9)
3(1.7)
22 (12.8)
4 (2.3)
4 (2.3)
1 (0.6)
11 (37.9)
1 (3.4)
10 (5.8)

a
b

Arrested pregnancy—total = Biochemical + 1st trimester miscarriage + blighted ovum
Percentage of arrested pregnancy-total

Table 4  Multivariate analysis of association between study group and
adverse early pregnancy outcome
Parameter

Study group versus control group
Unadjusted OR (95% Adjusted OR (95% CI)
CI)

Missed abortion
Biochemical pregnancy
Blighted ovum

0.07
0.41
0.65
0.32
0.34
0.76
0.33
0.36
0.76
0.86
0.21
0.33

1.3 (0.7–2.1)
1.9 (0.5–7.3)

1.2 (0.5–5.2)
2.3 (0.7–8.1)

2.1 (0.5–8.7)

2.0 (0.5–8.5)
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Compliance with ethical standards
in the first trimester, due to the medical shut down. Moreover, our center is located in Montreal, which had the highest
infection rate in Canada for COVID-19.
Although RPL rates did not statistically differ between the
two groups, it was higher in the COVID-19 period group.
This difference may have favored increased miscarriages
in the pandemic period population, yet this did not occur,
negating the influence of RPL.
Due to the retrospective character of this study, we
couldn’t have used tools to compare stress levels between
the two groups. However, we believe the declaration of pandemic and its effect on almost every aspect of our lives,
poses a unique stressor whose potential influence on early
pregnancy we wished to explore.
In conclusion, the full effect of the pandemic on reproduction is yet to be determined. However, we demonstrate
that in a non-symptomatic population, early first trimester
pregnancies are not jeopardized. Evaluation of the continued effect of the pandemic environment on larger populations in the first trimester and later in pregnancy should be
performed.
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