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Impact of COVID-19
convalescence on pregnancy
outcomes in patients undergoing
IVF/ICSI during fresh ART cycles:
a retrospective cohort study
Mingya Cao1†, Yan Han1†, Tengfei Feng1†, Peiyang Lu1,
Yue Wang1, Qingyun Sun1, Zhiming Zhao1* and Wensen Pan2*

1Department of Reproductive Medicine, The Second Hospital of Hebei Medical University,
Shijiazhuang, China, 2Second Department of Respiratory and Critical Care Medicine, The Second
Hospital of Hebei Medical University, Shijiazhuang, China
Objective: The aim was to study the impact of coronavirus disease 2019

(COVID-19) convalescence on female fertility and laboratory and clinical

outcomes in fresh assisted reproductive technology (ART) cycles.

Methods: In this retrospective cohort study, we analyzed data from 294 patients

who had recovered from COVID-19 and who underwent fresh ART cycles

between January and March 2023 (COVID-19 group). This group was

compared with 631 patients who underwent similar ART cycles in the same

period in 2022 but without having been infected with COVID-19 (non-COVID-19

group). The analysis focused on comparison of basic demographic

characteristics and laboratory parameters of patients in each group. The

primary outcome measure was the clinical pregnancy rate, which was

examined to assess the impact of COVID-19 infection on the efficacy of

ART treatment.

Results: Basal follicle-stimulating hormone (FSH) levels were significantly lower

and antral follicle count (AFC) was markedly higher in the COVID-19 group

compared to the non-COVID-19 group (P<0.001 and P=0.004, respectively).

The predominant ovarian stimulation protocol in the COVID-19 group was GnRH

antagonists (64.85%, P<0.001), with a reduced gonadotropin (Gn) dosage and

duration in comparison to the non-COVID-19 group (P<0.05). Although the

number of blastocysts formed was lower in the COVID-19 group (P=0.017), this

group also exhibited a higher blastocyst freezing rate and a higher rate of high-

quality embryos per retrieved oocyte (P<0.001 and P=0.023, respectively). Binary

logistic regression analysis indicated that COVID-19 convalescence did not

significantly impact clinical pregnancy rates in fresh transfer cycles (odds ratio

[OR] = 1.16, 95% confidence interval [CI] = 0.68-1.96, P=0.5874). However,

smooth curve-fitting and threshold effect analysis revealed an age-related

decline in clinical pregnancy rates in both groups, more pronounced in the

COVID-19 group, for women aged over 38 years, with the likelihood of clinical

pregnancy decreasing by 53% with each additional year of age (odds ratio [OR] =

0.81, 95% confidence interval [CI] = 0.61–1.08, P=0.1460; odds ratio [OR] = 0.47,

95% CI = 0.21–1.05, P=0.0647).
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Conclusions: Our findings present no substantial evidence of adverse effects on

clinical pregnancy outcomes in fresh ART cycles in patients undergoing in vitro

fertilization (IVF) or intracytoplasmic sperm injection (ICSI) during the period of

convalescence from COVID-19. However, age emerges as a significant factor

influencing these outcomes. Notably, for women above 38 years of age, the

likelihood of clinical pregnancy in patients with a prior COVID-19 infection

decreased by 53% with each additional year. This highlights the importance of

considering maternal age, especially in the context of COVID-19, when

evaluating the likelihood of successful pregnancy following ART treatments.
KEYWORDS

SARS-CoV-2, COVID-19, fertility, IVF, clinical outcomes
Introduction

The coronavirus disease COVID-19 is an infectious disease

caused by severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2). Not only can this virus induce severe respiratory disease,

but it can also induce multiple histopathological changes in multiple

systems and organs, including the kidney (1), brain (2), and liver

(3). It utilizes angiotensin-converting enzyme 2 (ACE2) for cell

entry (4). ACE2 receptor expression has been identified in the

genitourinary organs and the testis (5–8), so the testis (9) and ovary

(10) may also be potential target organs for virus infection. In the

initial stages of the pandemic, the American Society for

Reproductive Medicine (ASRM) issued guidance recommending

the suspension of most assisted reproductive technology (ART)

treatments, except in the most urgent cases. This recommendation

was in line with the guidance provided by the European Society for

Human Reproduction and Embryology (11). As a consequence,

there has been a significant decline in the number of patients

attending infertility clinics over the past three years. Additionally,

the majority of patients undergoing in vitro fertilization (IVF) or

intracytoplasmic sperm injection (ICSI) have opted to either cancel

their cycles or freeze oocytes or embryos (12, 13). With the easing of

nationwide restrictions relating to coronavirus disease 2019

(COVID-19) since December 2022, reproductive centers are likely

to encounter an increasing number of infected patients. The region

where our center is situated experienced a concentrated outbreak of

COVID-19 between December 2022 and January 2023, providing a

reliable opportunity for us to gather pertinent data.

Most previous studies have primarily concentrated on the

impact of COVID-19 infection on human reproductive function,

particularly focusing on analysis of male semen and the potential

detection of COVID-19 mRNA or antibodies in semen (14, 15),

follicular fluid, oocytes, endometrial tissue (12, 16, 17), and

cervicovaginal secretions (18) of infected patients. In contrast,

there is a paucity of literature addressing the specific effects of
02
COVID-19 infection on the pregnancy outcomes of IVF/ICSI

procedures. Additionally, two studies have reached opposite

conclusions regarding the impact of COVID-19 infection on

embryos. Chen et al. report that COVID-19 does not adversely

affect oocyte quality or embryo development (19). In contrast,

another study posits that previous SARS-CoV-2 infection might

influence the developmental potential of embryos (20). Although

recent research (21–23) has reported no negative impact of

COVID-19 infection on the clinical outcomes of ART treatments,

these studies may have limitations due to their small case group

sample sizes and the lack of consideration for the impact of the

woman’s age on clinical outcomes.

In light of the above, despite the effective control of COVID-19,

the pandemic has not been completely eradicated. Sporadic cases

continue to occur, and instances of reinfection have been reported.

Consequently, studies investigating the impact of COVID-19 on the

clinical outcomes of women undergoing ART cycles remain of

critical importance.
Materials and methods

Study population and design

This retrospective cohort study encompassed all couples

infected with COVID-19 who underwent fresh IVF/ICSI

treatment cycles at the Reproductive Center of the Second

Hospital of Hebei Medical University between January 2023 and

March 2023. Women who opted for thawing of frozen oocytes, used

donated oocytes or sperm, or were not followed up for clinical

outcomes were excluded from the study. Patients were allocated to

the COVID-19 group if either member of the couple had been

infected with SARS-CoV-2 before oocyte retrieval. It is important to

emphasize that all patients included in the study were diagnosed

with mild cases of COVID-19. No individuals with moderate or
frontiersin.org
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severe symptoms underwent IVF treatment as part of this research.

Patients who were not infected with COVID-19 during the same

period in 2022 were allocated to the non-COVID-19 group. The

diagnosis of COVID-19 infection was confirmed through nucleic

acid or antigen testing. Additionally, the interval between recovery

time and egg retrieval time was defined as the time from the point at

which a patient’s serum SARS-CoV-2 antibody or antigen test was

negative to egg retrieval. Patients with COVID-19 infection were

followed up until the end of June.

In this study, we recorded demographic characteristics

including age, partner’s age, BMI, type and duration of infertility,

baseline hormone levels, IVF treatments, and causes of infertility.

Additionally, cycle characteristics such as treatment protocol, total

gonadotropins (GT) administered, and fertilization method were

documented. The primary outcome measure was clinical pregnancy

rate, while secondary outcomes included rates of available and high-

quality embryos. Given that the varying time intervals between

recovery and retrieval and infection status (whether both members

or one member of the couple were infected) may influence cycle

outcomes differently, we also conducted further subgroup analyses.

These analyses assessed the impact of time interval from SARS-

CoV-2 recovery to oocyte retrieval and infection status on clinical

pregnancy rates. Informed consent was obtained from all subjects

prior to their participation in the study. This research was

conducted in accordance with the Declaration of Helsinki and

received approval from the Ethics Committee of the Second

Hospital of Hebei Medical University (2022-R453).
IVF/ICSI protocols and embryo culture

The controlled ovarian stimulation (COS) protocols carried out

at our center were categorized as the gonadotropin-releasing

hormone (GnRH) agonist protocol, the GnRH antagonist

protocol, the GnRH-a prolonged protocol, or other protocols,

including mild stimulation and luteal phase stimulation protocols.

The details of COS protocols have been previously presented and

thoroughly described (24). For all COS protocols, blood tests and

ultrasound were used to monitor hormone levels and follicle

growth. When the diameter of the leading follicle reached 18 mm

or more than two follicles reached 17 mm, human chorionic

gonadotropin (hCG) or GnRH agonists were administered as a

trigger. Oocyte retrieval was then performed 36–38 h later.

Oocytes were fertilized through either conventional IVF or

ICSI. Pronuclei (PN) were evaluated 16–18 h after insemination.

Fertilized oocytes were cultured in G1-plus medium (Gothenburg,

Sweden) until day 3, when one or two good-quality embryos were

selected for fresh transfer, or cleavage embryos were continued in

G2-plus medium until day 5 or day 6; single blastocysts were then

transplanted or cryopreserved.

A high-quality embryo (HQE), as evaluated on day 3, was

defined as follows: (a) normally fertilized embryo with 4–5 cells on

day 2 or 8–10 cells on day 3; (b) <15% fragmentation; (c) uniform

blastomeres; (d) absence of multinucleation; (e) absence of zona

pellucida defects; (f) absence of perivitelline space granularity; and
Frontiers in Endocrinology 03
(g) no inclusions in cytoplasm (25). Blastocyst morphology

evaluation was based on the Gardner scoring system (26).
Outcome assessments

The basic characteristics of the patients were collected,

including age, body mass index (BMI), type of infertility,

infertility duration, causes of infertility, basal hormone levels,

COS protocols used, Gn dosage, Gn duration, and so on; among

these, basal FSH, AMH, and AFC were taken to reflect

ovarian reserve.

Laboratory outcomes included the number of oocytes retrieved,

number and rate of normal fertilizations (2PN), number of

cleavages and 2PN cleavages, number and rate of available

embryos, number and rate of HQEs on day 3, rate of available

embryos per egg, rate of HQEs per egg, number and rate of

blastocysts formed, blastocyst freezing rate, number of transferred

embryos, and clinical pregnancy rate. The normal fertilization rate

was the number of 2PN oocytes divided by the number of oocytes

retrieved; the rate of available embryos was the number of available

embryos divided by the number of 2PN cleavages; the HQE rate was

the number of HQEs at the cleavage stage divided by the number of

2PN cleavages; the blastocyst formation rate was the number of

blastocysts divided by the number of day 3 embryos for extended

culture; the blastocyst freezing rate was number of frozen

blastocysts divided by the number of blastocysts formed; and the

whole embryo freezing rate was the number of whole-embryo

freezing cycles divided by the number of oocyte retrieval cycles.

For clinical outcomes, the clinical pregnancy rate was the

primary outcome measure. The criterion for clinical pregnancy

was that 28–30 days after embryo transfer, a gestational sac with

heartbeat could be seen in the uterine cavity by transvaginal

ultrasound examination.
Statistical analyses

All statistical analyses were conducted using the SPSS 26.0

software package or EmpowerStats (X&Y solutions, Inc., Boston,

MA). Continuous variables are presented as the mean ± SD or

median (Q1–Q3). Categorical variables are presented as

percentages. For normally distributed variables, analyses of

variance and two-independent-sample tests were conducted for

group comparisons. For continuous variables following a non-

normal distribution, non-parametric Mann–Whitney U tests were

employed for group comparisons. Fisher’s exact test or the Chi-

square test was performed when comparing categorical variables.

Univariate analyses were conducted to identify the possible

variables that may affect clinical pregnancy rate. A binary logistic

regression analysis was carried out to assess whether COVID-19

infection affects pregnancy outcome in patients undergoing IVF/

ICSI. Curve-fitting and threshold effect analyses were conducted to

identify non-linear relationships. A p-value <0.05 was considered to

indicate statistical significance.
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Results

Baseline characteristics

After application of the exclusion criteria, our study included

925 couples. Based on their pre-oocyte-retrieval SARS-CoV-2

infection status, couples were categorized into the COVID-19

group (n=294) or the non-COVID-19 group (n=631), as depicted

in Figure 1. Among the former group, both partners were infected

in the case of 86.05% of the couples, only the female partner was

infected in 7.48% of couples, and only the male partner was infected

in 6.46% of couples. The baseline characteristics of the patients are

presented in Table 1. There were no significant differences between

the groups in terms of female age, male age, BMI for either sex, basal

E2, basal LH, AMH, number of cycles, type or duration of infertility,

causes of infertility, fertilization method, semen density, or sperm

forward motility rate. However, the basal FSH levels were lower

(P<0.001) and the antral follicle count (AFC) was higher (P=0.004)

in the COVID-19 group. The predominant controlled ovarian

stimulation (COS) protocol in the COVID-19 group was GnRH

antagonist (64.85%, P<0.001), and both the gonadotropin (Gn)

dosage and duration were significantly lower than those in the non-

COVID-19 group (P<0.05).
Laboratory indicators and
clinical outcomes

Table 2 presents the laboratory indicators and clinical outcomes

of the study participants. Several parameters were comparable

between the two groups, including the number of oocytes
Frontiers in Endocrinology 04
retrieved, 2PN zygotes, normal fertilization rate, cleavage and

2PN cleavage numbers, available embryos, high-quality embryos

(HQEs) on day 3, and blastocyst formation rate. However, a notable

difference was observed in the whole-embryo freezing rate, which

was significantly higher in the COVID-19 group compared to the

non-COVID-19 group (P<0.001). In contrast, the number of

blastocyst formations was lower in the COVID-19 group

(P=0.017), but the rates of blastocyst freezing and high-quality

embryo formation per egg were higher than in the non-COVID-19

group (P<0.001 and P=0.023, respectively). There was no significant

difference in clinical pregnancy rate between the groups (51.58% in

the COVID-19 group vs. 49.10% in the non-COVID-19

group, P=0.677).
The effect of previous COVID-19 infection
on clinical pregnancy rate

The results of the univariate analyses are detailed in

Supplementary Table 1. We conducted a binary logistic regression

analysis, adjusting for factors such as couple ages, AMH level,

number of cycles, causes of infertility, COS protocol used,

fertilization methods, and type and duration of infertility. The

analysis revealed that prior COVID-19 infection did not

significantly influence the rate of clinical pregnancy in patients

undergoing IVF/ICSI treatment (odds ratio [OR] = 1.16, 95%

confidence interval [CI] = 0.68–1.96, P=0.5874) (Table 3).

Similarly, the rates of available embryos and high-quality embryos

were also not impacted by COVID-19 infection (results are

presented in Supplementary Table 2). Furthermore, a sub-analysis

of the COVID-19 group under the logistic regression model was
FIGURE 1

Flowchart of the study. A total of 1,012 couples undergoing IVF/ICSI cycles were enrolled from January to March in 2022 and 2023. After application
of the inclusion and exclusion criteria, 925 patients were included in the study. HQE, high quality embryo; BC, blastocyst.
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TABLE 1 Baseline characteristics of patients in the COVID-19 and non-COVID-19 groups.

COVID-19
(n=294)

Non-COVID-19
(n=631)

Standardized diff. P-value P-value*

Age (years) 32.93 ± 5.02 33.09 ± 4.96 0.03 (-0.11, 0.17) 0.636 0.865

Age of male partner (years) 33.64 ± 5.56 33.45 ± 5.35 0.03 (-0.10, 0.17) 0.622 0.477

BMI (kg/m2) 24.12 ± 3.97 23.64 ± 3.65 0.13 (-0.01, 0.27) 0.067 0.076

BMI of male partner (kg/m2) 25.93 ± 4.22 26.44 ± 4.48 0.12 (-0.02, 0.26) 0.103 0.103

FSH (IU/ml) 7.12 ± 3.57 8.49 ± 4.76 0.33 (0.18, 0.47) <0.001 <0.001

E2 (pg/ml) 40.59 ± 25.72 45.99 ± 66.42 0.11 (-0.03, 0.25) 0.187 0.58

LH (IU/ml) 5.31 ± 4.25 4.98 ± 5.12 0.07 (-0.07, 0.21) 0.337 0.229

AMH (ng/ml) 3.22 ± 3.07 3.11 ± 3.10 0.04 (-0.10, 0.18) 0.62 0.416

AFC 12.25 ± 8.18 10.68 ± 7.47 0.20 (0.06, 0.34) 0.004 0.006

Cycles 0.10 (-0.04, 0.24) 0.373 –

1 203 (69.05%) 406 (64.34%)

2 51 (17.35%) 126 (19.97%)

≥ 3 40 (13.61%) 99 (15.69%)

Type of infertility 0.07 (-0.07, 0.21) 0.312 –

Primary (%) 142 (48.80%) 284 (45.22%)

Secondary (%) 149 (51.20%) 344 (54.78%)

Duration of infertility (years) 0.11 (-0.04, 0.25) 0.349 –

< 1 49 (18.15%) 110 (18.87%)

1–3 62 (22.96%) 109 (18.70%)

> 3 159 (58.89%) 364 (62.44%)

Causes of infertility, n (%) 0.21 (0.08, 0.35) 0.129 –

Tubal factors 117 (39.80%) 236 (37.40%)

Ovulation disorder 41 (13.95%) 67 (10.62%)

POR 42 (14.29%) 95 (15.06%)

EM 14 (4.76%) 60 (9.51%)

Male factors 31 (10.54%) 76 (12.04%)

Others 49 (16.67%) 97 (15.37%)

COS protocols, n (%) 0.34 (0.20, 0.48) <0.001 –

Antagonist protocol 190 (64.85%) 306 (48.57%)

Agonist protocol 59 (20.14%) 166 (26.35%)

GnRH-a prolonged protocol 30 (10.24%) 104 (16.51%)

Others 14 (4.78%) 54 (8.57%)

Gn dosage (IU) 2277.45± 903.91 2403.52± 847.32 0.14 (0.00, 0.28) 0.041 0.019

Gn duration (days) 9.22 ± 2.35 9.49 ± 2.59 0.11 (-0.03, 0.25) 0.129 0.002

Fertilization mode, n (%) 0.07 (-0.07, 0.21) 0.336 –

IVF 208 (70.99%) 467 (74.01%)

ICSI 85 (29.01%) 164 (25.99%)

Sperm concentration after recovery (106/ml) 56.81 ± 56.15 60.17 ± 58.72 0.06 (-0.08, 0.20) 0.413 0.19

Sperm PR after recovery (%) 33.14 ± 16.39 30.38 ± 16.56 0.17 (0.03, 0.31) 0.022 0.048
F
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conducted based on the time elapsed between COVID-19 recovery

and oocyte retrieval, as well as whether one or both members of the

couple were infected. In this sub-analysis, after adjusting for factors

such as the ages of both partners, BMI, number of cycles, infertility

factors, type of infertility, duration of infertility, and fertilization

method, we did not find any impact on pregnancy outcomes of the

time interval from recovery to oocyte retrieval or whether one or

both members of the couple were infected with COVID-19. The

detailed results of this sub-analysis are presented in

Supplementary Table 3.

Curve-fitting analysis indicated a curvilinear relationship

between female age and clinical pregnancy rate in both groups,

even after adjusting for male age, AMH level, number of cycles,

causes of infertility, and COS protocol used (Figure 2). Smooth

curve-fitting and threshold effect analysis revealed an age-related

decline in clinical pregnancy rate in both groups, which was more

pronounced in the COVID-19 group for women aged over 38 years,
TABLE 2 Laboratory outcomes in the COVID-19 and non-COVID-19 groups.

COVID-19
(n=294)

non-COVID-19
(n=631)

Standardize diff. P-value P-value*

No. of oocytes retrieved 11.19 ± 8.92 10.76 ± 8.57 0.05 (-0.09, 0.19) 0.487 0.681

No. of 2PN zygotes 6.34 ± 5.26 6.51 ± 5.78 0.03 (-0.11, 0.17) 0.671 0.988

Normal fertilization rate (%) 0.62 ± 0.25 0.62 ± 0.25 0.01 (-0.13, 0.15) 0.903 0.772

No. of cleavages 8.15 ± 6.68 8.35 ± 7.02 0.03 (-0.11, 0.17) 0.679 0.732

No. of 2PN cleavages 6.32 ± 5.26 6.46 ± 5.77 0.03 (-0.11, 0.17) 0.709 0.968

No. of available embryos 3.57 ± 3.06 3.35 ± 2.72 0.08 (-0.06, 0.21) 0.272 0.667

Rate of available embryos (%) 0.67 ± 0.42 0.65 ± 0.44 0.05 (-0.09, 0.20) 0.462 0.256

Available embryos per egg (%) 0.40 ± 0.28 0.37 ± 0.26 0.11 (-0.03, 0.25) 0.11 0.185

No. of high-quality embryos (D3) 2.01 ± 2.57 2.13 ± 2.58 0.05 (-0.09, 0.19) 0.504 0.38

High quality embryo rate (D3) (%) 0.31 ± 0.31 0.33 ± 0.29 0.06 (-0.08, 0.20) 0.405 0.156

Quality embryos per egg (%) 0.19 ± 0.21 0.15 ± 0.19 0.21 (0.07, 0.35) 0.003 0.023

No. of blastocysts formed 2.24 ± 3.51 2.62 ± 3.69 0.10 (-0.04, 0.24) 0.148 0.017

Blastocyst formation rate (%) 0.55 ± 0.29 0.57 ± 0.28 0.08 (-0.11, 0.27) 0.419 0.54

Blastocyst freezing rate (%) 0.82 ± 0.31 0.72 ± 0.28 0.32 (0.12, 0.53) 0.002 <0.001

Sperm concentration on OPU day (106/ml) 32.37 ± 12.33 33.17 ± 12.66 0.06 (-0.08, 0.20) 0.37 0.172

Sperm PR on OPU day (%) 23.34 ± 10.64 22.01 ± 10.52 0.13 (-0.01, 0.26) 0.079 0.028

Transferred embryos 0.17 (-0.06, 0.40) 0.169 –

1 14 (14.74%) 59 (21.22%)

2 81 (85.26%) 219 (78.78%)

Outcomes 0.28 (0.14, 0.42) <0.001 –

Whole embryo freezing rate (%) 172 (58.50%) 281 (44.53%)

Transfer cycle rate (%) 95 (32.31%) 278 (44.06%)

Cancellation rate (%) 27 (9.18%) 72 (11.41%)

Clinical pregnancy rate (%) 49 (51.58%) 137 (49.10%) 0.05 (-0.18, 0.28) 0.677
f

TABLE 3 The effect of COVID-19 infection on clinical pregnancy rates.

Exposure
Non-

adjusted
Adjusted I Adjusted II

Group (recoded)

Non-
COVID-19

1 1 1

COVID-19
1.10 (0.69,
1.76) 0.6769

1.17 (0.71,
1.94) 0.5333

1.16 (0.68,
1.96) 0.5874
Data presented in the table: b (95% CI) P value/OR (95% CI) P value.
Outcome variable: clinical pregnancy.
Exposure variable: group (recoded).
Non-adjusted: model with no variables adjusted for
Adjusted I: model adjusted for age, age of male partner, FSH, AMH, cycles, and causes
of infertility.
Adjusted II: model adjusted for age, age of male partner, AMH, cycles, causes of infertility,
COS protocols, fertilization mode, type of infertility, and duration of infertility.
rontiersin.org

https://doi.org/10.3389/fendo.2023.1298995
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Cao et al. 10.3389/fendo.2023.1298995
with the likelihood of clinical pregnancy decreasing by 53% with

each additional year of age (odds ratio [OR] = 0.81, 95% confidence

interval [CI]= 0.61–1.08, P=0.1460; odds ratio [OR] = 0.47; 95%

confidence interval [CI]= 0.21–1.05, P=0.0647) (Table 4).
Discussion

For the general female population, a history of COVID-19

infection may not adversely affect pregnancy outcomes. However,

when focusing on different age groups, the study found that for

women over the age of 38, the likelihood of clinical pregnancy

significantly decreases with each additional year of age.

Serum levels of FSH, AMH, and basal AFC on days 2–3 of the

menstrual period are the three most frequently used and effective

markers for ovarian reserve. Kolanska et al. found that mild

COVID-19 infection does not alter the ovarian reserve in women

treated with ART (27), and similar conclusions were reached in a

study by Kahyaoglu et al. (28). In our study, we observed that basal

follicle-stimulating hormone (FSH) levels were lower and AFC was

higher in the COVID-19 group compared to the non-COVID-19

group, while AMH levels were similar between both groups. This

suggests that the data from the population examined during this

period do not support the conclusion that COVID-19 infection

impacts ovarian reserve function. Furthermore, a higher proportion

of patients in the COVID-19 group underwent antagonist

protocols; this group was also associated with lower Gn dosage
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and shorter Gn durations than the non-COVID-19 group. This was

likely due to the preference for fast entry cycles and short treatment

courses during the pandemic to minimize hospital visits, reduce the

risk of nosocomial infection, and improve treatment efficiency.

Additionally, a significant decrease in the number of blastocyst

formations was observed in the COVID-19 group compared to the

non-COVID-19 group; this is in alignment with the findings of Jin

Lei et al. (22), who also reported a decrease in blastocyst formation

rates following COVID-19 infection. This may be related to the

significant co-expression of ACE 2 and TMPRSS2 in the

trophoblast ectoderm of late blastocysts, which are more sensitive

to SARS-CoV-2 (29). Due to the indeterminate nature of the impact

on pregnancy outcome after COVID-19 infection, patients in the

COVID-19 group were more likely to be selected for whole-embryo

freezing. After adjustment for confounding factors, including the

ages of the couple, type and durations of infertility, causes of

infertility, and controlled ovarian stimulation (COS) protocol,

logistic regression analysis revealed that prior COVID-19

infection did not significantly affect clinical pregnancy rate. These

findings are in line with several previous studies that have drawn

similar conclusions (30–32).

Age of the woman has a significant impact on embryo quality

and pregnancy outcome among patients undergoing assisted

conception. In our study, the results of curve-fitting indicated that

clinical pregnancy rates were lower among women over the age of

38 in both groups, with the difference being more significant in the

COVID-19 group. Under a threshold effect model, the results
FIGURE 2

Curve-fitting for the relationship between female age and clinical pregnancy rate. After adjustment for male age, AMH, the number of cycles, causes
of infertility, and COS protocols employed, the results of curve-fitting revealed a curvilinear relationship between female age and clinical pregnancy
rate in a fresh transplant cycle in both groups. Specifically, the clinical pregnancy rate decreased with increasing age in both groups when female
age was > 38 years, and the decrease was more significant in the COVID-19 group. Group 0, non-COVID-19 group; Group 1, COVID-19 group.
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showed that for women aged over 38 years, the likelihood of clinical

pregnancy declined by 53% for every additional year in the COVID-

19 group. In order to explore why the clinical outcomes were poorer

among older women infected with COVID-19, we compared the

data from couples in which the woman was over the age of 38

between the two groups, and found that the available embryo rate,

the rate of available embryos per egg, the high-quality embryo rate,

the rate of high-quality embryos per egg, the number of blastocysts

formed, the blastocyst formation rate, semen parameters after

recovery, and sperm concentration on the day of oocyte retrieval

were all lower in the COVID-19 group (the results of analysis of

these variables are given in Supplementary Table 4). Some other

studies also have explored potential reasons for the decline in

fertility caused by COVID-19. Several studies have reported that

oxidative stress plays an important role in COVID-19 infection at

the molecular level (33, 34), and the antioxidant system and the

accumulation of reactive oxygen species are among the possible

reasons for poor pregnancy outcomes. Increased oxidative stress

activates the pathogenic mechanism of female fertility (35), alters

oocyte epigenetics (36), and ultimately has a negative impact on

oocyte quality (37). These two factors may constitute one possible

explanation for the more significant decrease in clinical pregnancy

rate with advanced age after COVID-19 infection. The challenge of

poor pregnancy outcomes in the population of older couples

undergoing ART is well-recognized among clinicians, and our

study suggests that COVID-19 infection exacerbates these

outcomes in this demographic. Consequently, individualized
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treatment approaches, tailored to the specific needs of this

population, are warranted.

Does COVID-19 actually affect gametes? Various studies have

provided differing answers. Youngster (19) suggests that COVID-19

infection might have a long-term negative effect on oocyte yield

when retrieval occurs more than 180 days after infection. However,

a study by Dolgushina presents an opposing view, finding that the

parameters of oogenesis and embryogenesis, as well as pregnancy

and childbirth rates, did not differ between groups with time

intervals of ≤180 days or >180 days (38). In our study, we

analyzed the impact of the time interval from recovery to oocyte

retrieval on clinical pregnancy rate and found no significant effect.

This might be attributed to our study’s time interval range of 24–

167 days, which did not extend to 180 days. However, our result was

consistent with that of a study by Huang, Jialyu et al. (32), which

indicated that prior SARS-CoV-2 infection in females did not

adversely affect subsequent IVF treatment, regardless of the time

interval following infection. Regarding sperm, another study (39)

involving 120 COVID-19 infected subjects found that sperm

parameters gradually improved, during convalescence after

documented COVID-19 infection from testing an average 53 days

after a positive SARS-CoV-2 nasopharyngeal PCR test, suggesting

recovery over time following the viral infection.

This study did not include patients undergoing FET, but there

are related studies offering insights. Aizer, Adva et al. found that

COVID-19 infection did not affect implantation rates or clinical or

ongoing pregnancy rates in subsequent FET cycles (31). However,

research by Youngster et al. (40) indicated that the clinical

pregnancy rate after FET was significantly lower in women

infected less than 60 days prior compared to non-infected

patients, although there was no significant difference for patients

infected more than 60 days prior. This raises the question of

whether appropriately delaying pregnancy to allow for

normalization of semen parameters, or opting for egg freezing

after retrieval or transfer after resuscitation in whole-embryo

freezing cycles, could be effective strategies. Additionally, the

impact of increased age on clinical outcomes due to delayed

assisted reproduction must be considered. Therefore, the optimal

time interval before pregnancy and the effectiveness of these

methods in improving pregnancy outcomes require

further research.

Although larger in terms of sample size than previous research

on COVID-19 and pregnancy outcomes, this study has several

limitations. Firstly, the potential for infinite statistical differences

suggested by the threshold effect analysis indicates the need for an

even larger sample size to achieve significant results. Secondly, as

this was a single-center retrospective study, the generalizability of

our findings is limited, necessitating validation from multi-center

global studies. Additionally, only patients in recovery from mild

cases of COVID-19 were included, with moderate and severe cases

unaccounted for. The short follow-up period also means that any

long-term effects on abortion, live birth, and perinatal outcomes

remain unknown. Lastly, the lack of data on vaccination status due

to the historical nature of the control group is a notable limitation.

However, according to the epidemic prevention policies at the time,

the majority of the population had been vaccinated, and the current
TABLE 4 Threshold effect analysis for age in both groups in terms of
impact on clinical pregnancy rate.

Group
(recoded)

Non-
COVID-19

COVID-19 Overall

Model I
P-
interaction:
0.534

One-line effect
1.01 (0.91,
1.12) 0.8631

0.92(0.75,
1.13) 0.4492

1.00 (0.92,
1.09) 0.9576

model II
P-
interaction:
0.380

Turning
point (K)

38 38 38

< K effect 1
1.04 (0.93,
1.16) 0.4778

1.01 (0.81,
1.26) 0.9168

1.04 (0.95,
1.14) 0.3731

> K effect 2
0.81 (0.61,
1.08) 0.1460

0.47 (0.21,
1.05) 0.0647

0.72 (0.56,
0.94) 0.0160

effect2-1
0.78 (0.58,
1.05) 0.0995

0.46 (0.20,
1.07) 0.0711

0.69 (0.53,
0.91) 0.0094

Model fit value
at K

0.10 (-0.37, 0.57) 0.40 (-0.39, 1.20) 0.18 (-0.22, 0.58)

LRT test 0.085 0.029 0.005
Data in the table: b (95% CI) P value/OR (95% CI) P value.
Outcome variable: clinical pregnancy.
Exposure variable: age.
Variables adjusted for: age of male partner, AMH, cycles, causes of infertility, COS protocols.
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literature (41) suggests that vaccination status does not significantly

impact clinical outcomes. In future, we will further trace long-term

pregnancy outcomes as well as the health of the offspring, and

further conduct multiple subgroup analyses of COVID-19-infected

patients, considering variables such as the degree of fever, as well as

comparing clinical outcomes between reinfected patients and those

infected for the first time, so as to draw more comprehensive and

reliable conclusions.

In conclusion, our findings suggest that a history of COVID-19

infection does not have a negative effect on clinical pregnancy rates;

however, for women aged over 38 years, the clinical pregnancy rate

in fresh transplant cycles was lower in both groups, but especially in

the COVID-19 group. Specifically, the likelihood of clinical

pregnancy declined by 53% for every additional year of age,

indicating that COVID-19 further increases the burden of older

age in women undergoing assisted reproductive therapy. In order to

solve this problem and to offer reasoned and scientific suggestions

or measures, we still need to complete more in-depth research.
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