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Abstract

Objective: The objective of this study was to use high-throughput sequencing to describe the 

vaginal eukaryotic DNA virome in patients undergoing in vitro fertilization (IVF) to examine 

associations between the vaginal virome, antibiotic exposure, and IVF outcomes.

Design: Prospective exploratory study

Setting: Single Academic Fertility Center

Population: Subfertile women age 18–43 undergoing their first IVF cycle with a fresh embryo 

transfer.
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Methods: The primary exposure was prophylactic azithromycin or no azithromycin prior to IVF. 

Patients had a mid-vaginal swab obtained at the time of embryo transfer for virome analysis.

Main Outcome Measures: The primary outcome compared between exposure groups was 

characteristics of vaginal virome and clinical pregnancy rates. Secondary outcomes were virome 

associations with number of oocytes retrieved, number of blastocysts, and implantation rate.

Results: Twenty-six subjects contributed a vaginal swab prior to embryo transfer. There were no 

significant differences in IVF outcomes between azithromycin groups. There was no association 

between viral diversity and clinical pregnancy overall. A higher diversity of herpesviruses and 

alphapapillomaviruses were observed in samples from the azithromycin-treated group compared to 

the no azithromycin group (p=0.04). In subjects that received azithromycin, viral diversity was 

higher in the group that did not achieve clinical pregnancy compared to those who did (p=0.06).

Conclusions: We demonstrate the vaginal eukaryotic virome in women undergoing IVF is 

associated with antibiotic exposure. Additionally, we demonstrate an inverse trend between viral 

diversity and pregnancy, with a higher number of viruses detected associated with failure to 

achieve clinical pregnancy in the azithromycin group.

Tweetable Abstract

Higher viral diversity is associated with prophylactic antibiotic exposure in subfertile women 

undergoing IVF.
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INTRODUCTION

The most recent Centers for Disease Control National Survey of Family Growth estimates 

that 1.5 million married women between ages 15 and 44 years are infertile.1 The 2017 

Society for Assisted Reproductive Technology summary report indicates that success rate 

per egg retrieval (judged as live birth) is far from optimized at 46.8% for women < 35 years. 

Success drops precipitously with increasing age to 10.1% at age 41–42 and 3.1% > 42 years.
2

Research continues to identify factors that affect success rates of in vitro fertilization (IVF). 

Recent evidence suggests the bacterial community composition in the reproductive tract may 

influence IVF outcomes. A Lactobacillus-dominated endometrium and lower vaginal 

bacterial diversity have been associated with higher implantation and live birth rates after 

IVF.3–5

Bacterial communities alone, however, do not fully represent the vaginal microbiome, as 

other microbes, including viruses, are also present in the reproductive tract and have clinical 

implications. Viruses within human microbial communities, “the human virome,” constitute 

an important but understudied component of the microbiome. In particular, eukaryotic 

viruses, which can directly infect human cells are of interest as they can cause symptomatic 

and subclinical infections that impact health. For example, in the Human Microbiome 
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Project, vaginal samples from asymptomatic, healthy women contained viruses that could 

cause symptomatic disease, including herpesvirus and oncogenic papillomaviruses.6,7 

Additionally, higher vaginal eukaryotic viral diversity (the number of viruses detected) has 

been associated with preterm birth in an obstetric population.8, 9 These findings suggest that 

vaginal eukaryotic viruses may influence reproductive outcomes. The vaginal virome has yet 

to be described in a preconception cohort.

One common step in IVF protocols is to prophylactically administer antibiotics to reduce the 

theoretic risk of infecting the endometrial cavity during embryo transfer. However, little 

evidence supports the clinical benefit of this practice, and its effect on the vaginal 

microbiome is unclear.10–13 Recent studies have shown that antibiotics can have unexpected 

effects on virus replication and pathogenesis, suggesting the virome may be affected by 

antibiotic administration as well.14, 15,16, 17

We hypothesize that the vaginal virome is associated with IVF clinical outcomes and may be 

influenced by prophylactic antibiotic exposure. The objective of the present study is to: 1) 

describe the vaginal virome at the time of embryo transfer via high-throughput sequencing 

2) explore the potential impact of prophylactic azithromycin on the vaginal virome and 3) 

examine the association between the vaginal virome and IVF outcomes.

METHODS

This is a planned a priori prospective exploratory study conducted within an ongoing 

randomised control non-inferiority trial at a single academic institution. This planned 

exploratory analysis as well as the parent non-inferiority randomised trial was approved by 

Washington University’s Institutional Review Board (IRB ID# 201709018) on January 24, 

2018 and the parent trial was registered at clinicaltrials.gov () prior to enrollment of the first 

study participant. Written informed consent was obtained from each subject prior to 

enrollment. The ongoing parent randomised controlled trial was designed to examine the 

effects of prophylactic azithromycin versus no azithromycin on the outcome of clinical 

pregnancy following IVF. For this planned nested prospective cohort, we leveraged the 

randomization of patients undergoing IVF to azithromycin or no azithromycin to examine 

the effect of azithromycin on viral communities in the vagina. The analysis of this cohort 

study was performed according to STROBE guidelines18. The STROBE flow diagram for 

the study appears online as Figure S1.

Inclusion criteria for this exploratory study were the female partner must be aged 18–43 

years and undergoing her first fresh IVF cycle. Exclusion criteria were: any contraindication 

to antibiotic treatment, not intending to undergo fresh embryo transfer (e.g., fertility 

preservation patients and oocyte donors), failure to have an embryo transfer, use of extended 

antibiotic coverage at time of egg retrieval, already taking antibiotics for any reason (e.g., 

upper respiratory infection), history of pelvic infection, use of donor or frozen sperm, or 

planned limited insemination (inseminating a limited number of the oocytes retrieved). 

Subjects for this exploratory study were enrolled from February 2018 to September 2018.
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Randomization to prophylactic azithromycin or no azithromycin in the parent trial occurred 

in 1:1 ratio and was performed in a block-randomised fashion via computer random number 

generator. The azithromycin group received the current standard regimen in our clinic: 1-

gram azithromycin oral once for both partners the day controlled ovarian stimulation is 

initiated with injectable gonadotropins. The no azithromycin treatment group received no 

azithromycin for either partner. The remainder of the IVF protocol and ovarian stimulation 

was at the discretion of the treating reproductive endocrinologist. All subjects had 2-g 

cefazolin administered immediately following oocyte retrieval, which is standard surgical 

prophylaxis in our center. The primary exposure was azithromycin exposure. The primary 

outcomes were vaginal virome composition and clinical pregnancy. For this planned 

exploratory study, a convenience sample size of 32 was estimated to achieve a goal of at 

least 12 patients in each antibiotic group after accounting for loss to follow up and sample 

failures.

To sample vaginal virome communities mid-vaginal swabs were obtained immediately prior 

to embryo transfer. A sterile speculum was inserted into the vaginal canal and a sterile dual-

tipped rayon swab (Starplex Scientific, Ontario, Canada) was applied 3–5 times to both 

lateral sidewalls of the vaginal canal. Each swab was placed immediately into a sterile 

collection tube and stored at −80°C until batch analysis. Embryologists were blinded to 

subject treatment group allocation.

DNA was extracted using the QIAmp BiOstic Bacteremia DNA Kit (Qiagen, Germantown, 

Maryland). Dual-indexed sequencing libraries were constructed with the IDT Lotus DNA 

Library kit (Integrated DNA Technologies, Coralville, Iowa), and viral DNA was enriched 

with our custom ViroCap targeted sequencing capture probes that target and enrich complete 

genomes from all vertebrate viruses (synthesized by Roche NimblelGen, Madison, 

Wisconson).19 Sequences were generated on the Illumina NovaSeq instrument (Illumina, 

San Diego, CA). Sequences were analyzed based on nucleotide and translated amino acid 

similarity to reference genomes as previously described.8

Baseline and demographic characteristics were compared between those who received 

azithromycin versus no azithromycin using parametric and nonparametric tests as 

appropriate. Vaginal viral and microbial community characteristics were compared between 

those who received azithromycin and those who did not. We then tested for associations 

between the vaginal virome and clinical pregnancy rate (defined by gestational sac with 

crown rump length and cardiac activity on ultrasound). Secondary clinical outcomes 

assessed included: number oocytes recovered, fertilization rate, total number blastocysts 

(sum of blastocysts transferred or frozen), implantation rate (number of gestational sacs/

number of embryos transferred) and miscarriage rate (clinical loss prior to 20 weeks’ 

gestation).

All analyses were performed in R (www.r-project.org), STATA 12.0 (College Station, TX), 

SPSS 24 (IBM, Armonk, NY), and GraphPad Prism (La Jolla, CA) statistical programs. R 

statistical programming language was used to plot data and carry out statistical tests to 

compare viral communities between and within groups. The Wilcoxon rank-sum was used to 

compare diversity measures between and within the two groups. Fisher’s exact test was used 
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to compare the prevalence of viruses between and within the two groups. Spearman 

correlations were used to test overall associations between viral diversity and clinical 

features. Hodges-Lehmann (HL) estimate of difference was used to determine 95% 

confidence intervals (CI).

This work was funded by T32HD055172 from the National Institute of Child Health and 

Human Development of the National Institutes of Health; the Washington University 

Institute of Clinical and Translational Sciences which is, in part, supported by the NIH/

National Center for Advancing Translational Sciences (NCATS), CTSA grant 

UL1TR002345; and by the Children’s Discovery Institute of Washington University and St. 

Louis Children’s Hospital. The study was not supported by a peer reviewed grant and did 

not undergo priority assessment. The funders had no role in conducting the research or 

writing the paper.

RESULTS

A total of 32 subjects were enrolled. Of these, four became ineligible after randomization 

(two decided to do preimplantation genetic testing, one never started their stimulation 

medications, one was undergoing her second IVF cycle) and two were excluded after 

randomization due to failure to have an embryo transfer (one subject had their cycle 

cancelled due to poor response and one subject had failed fertilization). Twenty-six subjects 

contributed 26 swabs for analysis.

Baseline characteristics were compared between groups. AMH was significantly higher in 

the no azithromycin group compared to the prophylactic azithromycin group (p < 0.05). 

Accordingly, there was a significant difference in the types of stimulation protocols used 

between groups, with 33.3% of the azithromycin group using a flare protocol (poor 

responder protocol) versus 0% in the no azithromycin group (p=0.03) (Table 1). Other 

baseline and demographic variables did not differ between azithromycin groups (Table 1). 

There were no significant differences in cycle level variables between the two groups 

including peak estradiol or total gonadotropins used (Table S1). There were no significant 

differences in IVF clinical outcomes between subjects who received prophylactic 

azithromycin at baseline and those who did not (Table S2).

We detected at least one virus in 22 out of 26 subjects. We detected four families of viruses 

present in the vagina at the time of embryo transfer: Herpesviridae, Polyomaviridae, 
Papillomaviridae, and Anelloviridae, with Papillomaviridae being the most common (Figure 

1). Notably, only one type of papillomavirus covered in the nine-valent human 

papillomavirus vaccine was detected in one patient out of the entire cohort. All four subjects 

with no viruses detected had a positive clinical pregnancy. There was no apparent difference 

in the types of viruses present in those who achieved clinical pregnancy versus those who 

did not or in the prophylactic azithromycin versus no azithromycin groups (Figure 1).

We noted a modest association between a lower viral diversity at the time of embryo transfer 

and clinical pregnancy, however, this did not reach statistical significance (p=0.3, HL −1; 

95% CI, −2 to 1) (Figure 2A). When we looked only at herpesviruses and 
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alphapapillomaviruses, those most likely to result in clinical phenotypes in the reproductive 

tract, we found no association between viral diversity and clinical pregnancy (p=0.6, HL 0; 

95% CI, −1 to 1) (Figure 2B). There was no statistical difference between the number of 

viruses detected in the prophylactic azithromycin versus no azithromycin groups (p=0.9, HL 

0; 95% CI, −1 to 2) (Figure 2C); however, we did find that more herpesviruses and 

alphapapillomaviruses were observed in the azithromycin-treated group (p=0.04, HL 1; 95% 

CI, 0 to 1) (Figure 2D).

Viral diversity and cycle level variables were then compared between azithromycin 

randomization groups. In subgroup analysis amongst subjects who received prophylactic 

azithromycin, there was no significant differences in terms of age, BMI, antral follicle count 

(AFC) or duration of infertility between those with and without a clinical pregnancy. 

However, in the group that did not become pregnant, AMH was significantly lower (p=0.03, 

HL 1.8; 95% CI 0.2 to 4) (Figure 3A) than in the group that became pregnant. Furthermore, 

40% of subjects had a diagnosis of diminished ovarian reserve versus 0% of women who 

were clinically pregnant. There were no significant differences in potential confounders 

when comparing the subjects that did not get pregnant between prophylactic azithromycin 

versus no azithromycin groups including age, BMI, AFC or duration of infertility. However, 

60% underwent a flare cycle in the azithromycin arm, compared to 0% in the no 

azithromycin group.

In the group that received prophylactic azithromycin, peak estradiol levels were lower 

(p=0.02, HL 931; 95% CI 65 to 1843) (Figure 3B) and viral diversity was higher in the 

group that did not achieve clinical pregnancy compared to those who became pregnant 

(p=0.06, HL −2; 95% CI −3 to 0) (Figure 3C). The numbers of herpesviruses and 

alphapapillomaviruses in each sample trended higher in the group that received prophylactic 

azithromycin and did not achieve clinical pregnancy compared to those who became 

pregnant, but the difference was not statistically significant (p=0.5, HL 0; 95% CI, −1 to 2) 

(Figure 3D).

Viral diversity was not correlated with AFC, AMH, total amount of gonadotropin, peak 

estradiol, number of oocytes retrieved, number of mature oocytes, number of blastocysts, or 

implantation rate (Table S3). Only one subject had a miscarriage after a documented clinical 

pregnancy and did not have any unique virome characteristics, therefore, we were unable to 

make meaningful conclusions for this outcome.

DISCUSSION

Main Findings:

We demonstrate that eukaryotic, DNA viruses are found in vaginal swabs from 

asymptomatic subfertile women at the time of embryo transfer. A higher number of viruses 

trended toward an association with a lower likelihood of clinical pregnancy and all four 

subjects that had no viruses detected had a positive pregnancy outcome; although these 

findings did not reach statistical significance, they are worthy of exploration in a larger 

cohort. The number of viruses detected did not associate with secondary clinical endpoints.
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Administration of prophylactic azithromycin did not associate with the total number of 

viruses. However, it associated with a higher number of herpesviruses and 

alphapapillomaviruses. Also, the number of viruses detected was higher in the group of 

women that did not achieve clinical pregnancy in the prophylactic azithromycin group 

compared to those who did. This group of women also had lower estradiol levels, which was 

likely attributable to infertility diagnosis and baseline AMH. As a result, this group 

underwent more flare (poor responder) protocols. Women who underwent a flare protocol 

and did not achieve pregnancy tended to cluster together with a higher number of viruses 

detected, however, the numbers were too small to make meaningful conclusions.

Strengths and Limitations:

Strengths of our study include its novel findings and prospective design. This is the first 

study to our knowledge to describe the vaginal virome in the immediate preconception 

period and to explore the impact of antibiotic exposure on the vaginal virome. The use of 

ViroCap targeted sequence capture enabled comprehensive sequencing of viral communities 

with a high level of sensitivity.19, 20 Although AMH and cycle type were significantly 

different between randomization groups they were not associated with clinical pregnancy 

and therefore are unlikely to significantly influence our findings.

Despite the above strengths, limitations must be considered. First, due to the descriptive 

nature of this study, our sample size was small and underpowered to detect differences in 

clinical endpoints. As this was an exploratory study, we did not adjust p-values to correct for 

multiple testing, although we detected trends that will serve to generate hypotheses and 

inform power considerations in future studies.

Second, every subject received cefazolin for surgical prophylaxis at the time of egg retrieval, 

which is our practice’s standard of care. Therefore, the potential confounding effect of 

cefazolin cannot be ruled out. As antibiotic prophylaxis is indicated at our institution when 

entering the abdominal cavity through the genitourinary tract, a control group would not be 

feasible for this study. Additionally, the time between antibiotic exposure and swab 

collection varied between subjects, ranging from 10 to 17 days for azithromycin and 3 to 5 

days for cefazolin, making a temporal relationship between exposure and effect on the 

vaginal virome difficult to appreciate.

We observed a single time point in the IVF cycle, and while prior studies would suggest that 

the microbiome at the time of embryo transfer correlates with clinical outcomes, the 

potential importance of viral community trends throughout the IVF cycle is unknown.3–5 

Future studies could evaluate virome dynamics longitudinally through preconception and 

pregnancy, which may reveal either specific time points or dynamic changes over time that 

associate with clinical outcomes.8

A further limitation is that DNA sequencing does not distinguish viral exposure from active 

replication, which should be considered when interpreting our results. We only assessed 

eukaryotic DNA viruses, which includes clinically relevant families commonly found in the 

vagina but does not account for equally important but rarer RNA viruses. To assess viral 
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transcription, which is suggestive of active replication of DNA viruses, and to detect RNA 

viruses, RNA sequencing should be considered for future studies.

Lastly, this was a predominately white, non-Hispanic, subfertile cohort preparing to undergo 

IVF with a fresh embryo transfer. Therefore, our findings may not be generalizable to a 

general reproductive population or women undergoing frozen embryo transfers.

Interpretation:

Recent evidence suggests that a Lactobacillus-dominated endometrium and a vaginal 

bacterial community with low diversity at the time of embryo transfer have been associated 

with significantly higher implantation, clinical pregnancy and live birth rates in women 

undergoing IVF.3–5 In our small cohort, we found a trend toward an inverse correlation 

between viral diversity and clinical pregnancy in the women who received prophylactic 

azithromycin, suggesting that features of both bacterial and viral components of the vaginal 

microbiome may associate with clinical pregnancy. However, our small sample size does not 

allow us to reach a robust conclusion regarding pregnancy outcomes. The association of 

viral diversity with clinical pregnancy was not observed in the women who did not receive 

azithromycin suggesting that the association between viral diversity and pregnancy outcome 

is observed under some conditions, which may include azithromycin exposure. Larger, more 

expansive studies are needed to understand the biological effects of antibiotics on the viruses 

in the vagina and implications for clinical outcomes.

Findings from an obstetric population demonstrated that patterns of decreasing eukaryotic 

viral diversity across trimesters paralleled the dynamic changes of bacterial diversity, 

suggesting that physiologic changes throughout pregnancy may result in parallel changes 

within bacterial and viral communities.8, 9 Notably, in that cohort a higher number of viruses 

detected associated with spontaneous and indicated preterm birth, providing a potential 

indicator to identify at-risk populations.8 The “double hit hypothesis” posits a potential 

mechanism wherein an asymptomatic maternal viral infection could predispose or sensitize 

the placental response to bacteria, resulting in pre-term labor.21 Taken together, these data 

suggest that monitoring the vaginal microbiome before and throughout pregnancy may help 

identify subjects who are at risk for poor IVF and pregnancy outcomes. This knowledge 

could identify the development of earlier, more effective interventions to improve obstetric 

outcomes.

Inflammation and infection are considered common links to preterm birth, and while broad-

spectrum antibiotics are commonly used in management, they have not been shown to 

prevent preterm birth and in some cases may actually cause harm.22–27 Recent evidence has 

highlighted the unexpected ability of antibiotics to interfere with virus replication and 

pathogenicity by several mechanisms.14, 15, 28

Azithromycin has demonstrated antiviral activity against Zika virus entry and has the ability 

to modulate immune response to respiratory syncytial virus (RSV) induced bronchiolitis.
15, 16 Macrolides influence a variety of immunologic response mechanisms resulting in an 

anti-inflammatory effect, which is central to many early reproductive processes including 

embryogenesis and implanation.28, 29 We describe a single dose of azithromycin 10 to 17 
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days before embryo transfer, which associated with higher numbers of herpesviruses and 

alphapapillomaviruses. This suggests the anti-inflammatory effect of azithromycin may 

make it difficult to contain virus replication or may promote virus reactivation, which may 

be relevant here. While these studies differ from our study, they highlight potential 

directions for future research.

CONCLUSIONS

In conclusion, we demonstrate that eukaryotic viruses are found in vaginal swabs from 

asymptomatic women in the immediate preconception period. Azithromycin prophylaxis 

associated with higher diversity of herpesvirus and alphapapillomaviruses. Subjects who did 

not achieve clinical pregnancy in the group that received prophylactic azithromycin had a 

greater viral diversity, lower AMH, and lower peak estradiol than those who achieved 

pregnancy. Future, larger trials should be directed toward assessing the vaginal virome 

across the IVF cycle to determine the acute impact of prophylactic antibiotics and repeated 

exposures on the vaginal virome and associations with reproductive outcomes.

Supplementary Material
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Figure1: 
The vaginal virome in IVF patients at the time of embryo transfer. The viruses detected in 

each sample are shown. Each patient is represented in a row. Each virus detected is indicated 

in a column. The dark bars indicate the presence of the virus in the sample. Samples are 

grouped according to whether clinical pregnancy was achieved and according to whether 

they were included in the prophylactic azithromycin or no azithromycin groups of the study. 

HSV, herpes simplex virus. EBV, Epstein Barr virus. HHV, human herpes virus. MCPy, 

Merkel cell polyomavirus. HPV, human papillomavirus.
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Figure2: 
Associations between viral diversity with pregnancy or azithromycin prophylaxis. In panels 

A (all viruses) and B (herpesviruses and alphapapillomaviruses), viral diversity (total 

number of different viruses detected) in each sample are plotted using box and whisker 

plots, and pregnancy outcome are compared. The median is indicated by a horizontal line, 

the quartiles indicated by boxes, and minimum and maximum by the whiskers (outliers 

excluded). In panels C (all viruses) and D (the number of different alphapapillomaviruses 

and herpesviruses detected) are plotted using box and whisker plots, and azithromycin 

groups are compared.
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Figure3: 
Associations between viral diversity and clinical characteristics with pregnancy and 

azithromycin prophylaxis. AMH levels (panel A), peak estradiol levels (panel B), viral 

diversity (the total number of viruses detected) (panel C), and number of 

alphapapillomaviruses and herpesviruses (panel D) are plotted using box and whisker plots, 

and groups are compared.
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Table 1-

Demographic and clinical characteristics of study participants.

Variables No Azithromycin (n=14) Azithromycin (n=12) p-value

Age (years)
a 32.14 (3.92) 35.25 (4.67) 0.08

BMI (kg/m2)
a 31.53 (8) 30.48 (7) 0.73

Tobacco Use 0 0 -

AMH (ng/mL)
a 2.29 (1.06) 1.47 (0.62) 0.03

AFC
b 32 (18, 50) 24 (13, 39) 0.31

Race 1.00

 - White 13 (92.9%) 12 (100%)

 - Asian 1 (7.1%) 0 (0%)

Ethnicity 1.00

 - Non-Hispanic 14 (100%) 12 (100%)

Duration of Infertility (months)
b 25 (18, 48) 18 (8, 32) 0.15

Diagnosis 0.20

 - Male Factor 5 (35.7%) 3 (25%)

 - Unexplained 1 (7.1%) 4 (33.3%)

 - Tubal Factor 2 (14.3%) 1 (8.3%)

 - Endometriosis 1 (7.1%) 1 (8.3%)

 - Ovulatory Dysfunction 1 (7.1%) 1 (8.3%)

 - PCOS

 - DOR 4 (28.6%) 0 (0%)

0 (0%) 2 (16.7%)

Protocol 0.03

 - Long Agonist 9 (64.3%) 7 (58.3%)

 - Antagonist 5 (35.7%) 1 (8.3%)

 - Flare 0 (0%) 4 (33.3%)

Prior Live Birth 1.0

 - Yes 3 (21.4%) 2 (16.7%)

 - No 11 (78.6%) 10 (83.3%)

BMI, body mass index.

AMH, antimullerian hormone.

AFC, antral follicle count.

PCOS, polycystic ovarian syndrome.

DOR, diminished ovarian reserve.

a
Mean ± standard deviation

b
Median (interquartile range)
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