
Embryos from polycystic ovary
syndrome patients with
hyperandrogenemia reach morula
stage faster than controls

Neil Ryan Chappell, M.D.,a,b Maya Barsky, M.D.,a,b Jaimin Shah, M.D.,c Mary Peavey, M.D.,a,b

Liubin Yang, M.D., Ph.D.,a Haleh Sangi-Haghpeykar, Ph.D.,d William Gibbons, M.D.,a,b

and Chellakkan Selvanesan Blesson, M.Phil, Ph.D.a,b

a Reproductive Endocrinology and Infertility Division, Department of Obstetrics and Gynecology, Baylor College of
Medicine, Houston, Texas; b Family Fertility Center, Texas Children’s Hospital, Houston, Texas; c Department of
Obstetrics and Gynecology, The University of Texas Health Science Center at Houston, Houston, Texas; and
d Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, Texas
Objective: To investigate if patients with polycystic ovary syndrome (PCOS) have altered embryo morphokinetics when compared with
controls.
Design: Retrospective cohort analysis.
Setting: Single academic fertility clinic in a tertiary hospital setting.
Patient(s): Age- and body mass index–matched patients who underwent in vitro fertilization diagnosed with PCOS using the
Rotterdam criteria. A subanalysis was performed on patients with PCOS with hyperandrogenemia. Sixty-four patients with PCOS
were identified with 990 embryos that were matched with 64 control patients with 628 embryos.
Intervention(s): None.
Main Outcome Measure(s): Time to blastulation.
Result(s): Embryos from women with PCOS displayed faster growth rate at t7, t8, and t9; all other morphokinetic points were similar.
Patients with PCOS also had a higher number of oocytes retrieved. No differences were seen in the fertilization rate or blastulation rate.
Patients with PCOS had a higher miscarriage rate (38.1% in PCOS vs. 18.8% in controls). Patients with hyperandrogenic PCOS showed a
faster growth rate at t5, t6, t7, t8, t9, and morula.
Conclusion(s): Embryos from women with PCOS grew faster until 9-cell stage and women with hyperandrogenic PCOS until morula.
Patients with PCOS also showed a higher miscarriage rate. The alterations in early embryo development are consistent with altered
fertility and obstetric outcomes in the population with PCOS and may be due to the hyperandrogenic microenvironment in the
ovarian follicle. (Fertil Steril Rep� 2020;1:125–32. �2020 by American Society for Reproductive Medicine.)
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Rotterdam criteria (oligomenorrhea,
laboratory or clinical evidence of
hyperandrogenemia, and polycystic
ovarian morphology), provided that
other common causes such as thyroid
or prolactin disorders are excluded
(4). PCOS is a complex disease
composed of a broad and variable
phenotype, with many associated
comorbidities and complications
(5–10). Despite numerous studies over
several decades on this disease, many
questions remain unanswered (11).
One of the challenges in the study of
PCOS is the heterogeneous nature of
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the disease. PCOS represents the final common pathway from
other metabolic disorders such as insulin resistance and
glucose intolerance, obesity and the metabolic syndrome,
overproduction of ovarian androgens, abnormal
hypothalamic-pituitary signaling, environmental and ge-
netic factors, and several others (1, 3, 5).

PCOS is also one of the most common causes of infertility,
and thus it is imperative to understand the influence of this
disease on the reproductive system, particularly at oocyte
and subsequent embryo development. In patients with
PCOS, adverse fertility outcomes have been observed during
different stages of reproduction, including impaired oocyte
maturation and decreased fertilization, blastulation and im-
plantation, and higher miscarriage rates (9). Subsequently,
patients with PCOS also have increased obstetric risks
including pre-eclampsia, gestational diabetes, preterm deliv-
ery, and infant mortality (10). It is not understood clearly how
PCOS affects oocyte and embryo quality (12). Interestingly, a
study performed by Wood et al. (13) demonstrated abnormal
gene expression in human PCOS oocytes, specifically relating
to key biologic processes in early embryo development. These
genes included processes such as maternal effect genes and
mitotic cell cycle, which may be driven by the androgen
(and insulin)–rich environment of a PCOS follicle.

Study of the preimplantation embryo has proven chal-
lenging, although several recent technologies have opened
new and promising avenues for research. For instance, incu-
bators fitted with time-lapse microscopy (TLM) have allowed
for prospective, real-time analysis of the early cell divisions of
the preimplantation embryo (14). Although the clinical utility
of these data remains controversial (15, 16), these time points
in embryo development can serve as markers of embryo qual-
ity and viability as shown in both in animal models (17, 18)
and human studies (19–23). Four studies have been
performed on patients with PCOS undergoing in vitro
fertilization (IVF) using TLM reaching contradictory
conclusions (24–27). We undertook the present study to
elucidate the effects of PCOS on embryo quality as it relates
to preimplantation growth and pregnancy outcomes. We
designed this study to investigate if the embryo
morphokinetics of women with PCOS were different from
the embryo morphokinetics of an age- and body mass index
(BMI)–matched control population.
MATERIALS AND METHODS
Study Design

This is a retrospective cohort study. The analysis of embryos
from patients with PCOS along with an age- and BMI-
matched control population was approved by the Institutional
Review Board of Baylor College of Medicine, Houston, Texas.
All patients undergoing IVF via intracytoplasmic sperm injec-
tion (ICSI) at a single-site academic fertility clinic with
embryos incubated using TLM from July 2014 through
December of 2017 were screened for participation. Only
ICSI cycles were included to ensure that time of fertilization
was known for further assessment using TLM. The time-
lapse system used was the Embryoscope (Vitrolife). PCOS
was defined using the Rotterdam criteria, and subsequent
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controls were matched 1:1 by both age and BMI given that
these are known confounders in fertility outcomes. Controls
were chosen at random from a cohort of patients undergoing
IVF with embryos incubated in the Embryoscope during the
same time period, and were matched using both age and BMI.
Clinical Data and Reproductive Hormone
Measurements

Demographic data were collected and included age, BMI, anti-
mullerian hormone (AMH) levels, metformin use, total testos-
terone (T), total gonadotropin dose, peak estradiol, number of
oocytes collected, number of mature oocytes, number fertil-
ized, and number of blastocysts. The primary outcome was
time to blastulation. Secondary outcomes included preg-
nancy, defined as positive cardiac activity noted on ultra-
sound, live birth rate, defined as live birth after 20 weeks
gestation per embryo transferred, and miscarriage rate,
defined as no fetal cardiac activity after positive serum
human chorionic gonadotropin test.

To study the effects of increased androgen production on
embryo quality, a secondary analysis was performed on pa-
tients with PCOS who were specifically hyperandrogenic by
laboratory or clinical criteria (PCOS-HA), as well as patients
with PCOS who had a normal androgen profile (PCOS-NA).
Hyperandrogenism was determined using clinical evidence
as noted in the patient’s history or using laboratory evidence
of elevated T levels. Immunoassay was used for T measure-
ment, where applicable, which had an inter- and intra-
assay coefficient of variation of <6%. These patients were
again compared with respective age- and BMI-matched con-
trols in the same fashion as the initial analysis.
Embryo Morphokinetics

The primary outcome was time to blastulation (tB), with other
morphokinetic parameters noted as follows: time to pronuclei
appearance (tPNa), time to pronuclei fade (tPNf), time to two-
cell division (t2), three-cell division (t3), four-cell division (t4),
and so on to nine cells or greater (t9). The start of compaction
of the morula was annotated as tM, the start of blastulation as
tSB, and the formation of the blastocyst was defined as the
point at which the blastocoel comprised 50% of the embryo
and was annotated as tB.

To obtain the morphokinetic parameters, time-lapse im-
ages collected from all embryos of patients undergoing IVF
via ICSI at the time of the study were analyzed retrospectively
and annotated manually by two independent researchers. The
embryoscope captured an image in seven focal planes every
10 minutes of each embryo from fertilization to transfer or
cryopreservation at the blastocyst stage and thus allowed
for a comprehensive analysis. Although the researchers
were not blinded to the clinical characteristics of the study
subjects, prior to the initiation of the study, all morphokinetic
parameters objectively were agreed upon based on prior pub-
lications and morphokinetic annotations were reviewed by at
least two researchers for agreement (14). Briefly, tPNa was
considered to be the initial presentation of both pronuclei,
and tPNf was determined as the point at which the pronuclei
VOL. 1 NO. 2 / SEPTEMBER 2020
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were no longer visible. All divisions of the cells were denoted
at the point at which the cell membranes distinctly were
formed. Compaction (tM) was annotated as the point in
time in which the cell boundaries became indistinct. The
tSB was considered to be the time point at which the first
sign of a blastocoel cavity was apparent, and tB was the
time at which 50% of the blastocyst was occupied by the blas-
tocoel cavity.
Statistical Analysis

Statistical analysis of age was performed using Student t test.
Wilcoxon rank sum test was used for analysis of BMI, AMH
levels, total T, chi-square test for tobacco, and metformin
use. All cycle characteristics and morphokinetic data were
analyzed using generalized linear mixed model with random
intercept (proc glimmix) or generalized linear model using
maximum likelihood estimation (proc genmod) to account
for multiple samples per patient. Because this was a retrospec-
tive cohort study, no power analysis was calculated. All ana-
lyses were performed using SAS statistical software (version
9.4).

RESULTS
In total, 64 patients with PCOS were matched 1:1 using age
and BMI to a control population undergoing ICSI during the
same period. There were 990 embryos analyzed from the pa-
tients with PCOS, and 628 from the control population for a
total of 1,618 embryos. For secondary analysis, there was a
total of 47 patients with PCOS-HA, which included 715 em-
bryos compared with 47 controls with 449 embryos, leaving
17 patients with PCOS who did not have signs or symptoms
of androgen excess with 275 embryos and their respective
controls.
Primary Analysis

In the primary analysis, the mean age was not different be-
tween groups (32 � 3.8 years in PCOS vs. 32 � 3.8 years in
controls; P¼ .71), with a mean BMI of 26 (26.9 in PCOS �
6.5 vs. 26.2 � 5.9 in controls; P¼ .53), and no difference in
parity (Table 1). There was a statistically significant difference
between the PCOS group and the control group in AMH level
(8 � 6.2 ng/mL in PCOS vs. 3.0 � 2.2 ng/mL in controls;
P< .0001) and use of metformin (57.8% in PCOS vs. 9.4% in
controls; P< .0001). There were differences in total T that ap-
proached significance (35.9 � 15.3 ng/dL in PCOS vs. 26.5 �
12.3 ng/dL in controls; P¼ .08). Additionally, as shown in
Table 2, patients with PCOS required less gonadotropins
(2,990 � 167 IU in PCOS vs. 3,673 � 167 IU; P¼ .014) and
had a higher peak estradiol level (3,232.0 � 186 pg/mL vs.
2,413.7 � 183.7 pg/mL; P¼ .009). Regarding other IVF out-
comes, patients with PCOS had a higher number of oocytes
retrieved (22.1 � 1.3 vs. 14.4 � 1.2; P¼ .0009; Table 2). There
were no differences in the percent of mature oocytes (84.5 �
2% in PCOS vs. 81.7 � 2% in controls; P¼ .29), fertilization
rates (79.7 � 2% in PCOS vs. 78.5 � 2% in controls;
P¼ .68), or blastulation rates (56.1 � 2.9% in PCOS vs. 51.1
� 2.85% in controls; P¼ .24). There was no difference in
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patients with PCOS versus controls regarding elective single
embryo transfer (eSET), use of preimplantation genetic testing
for aneuploidies, or euploid rate (Table 2), however, patients
with PCOS did have a higher rate of frozen embryo transfers
(FET; 90% in PCOS vs. 77% in controls; P¼ .03).

Regarding the primary outcome, there was no difference
in time to blastulation (109.88 � 0.65 hours vs. 110.36 �
0.70 hours; P¼ .6); however, PCOS embryos overall displayed
a faster time to t7 (57.33 � 0.63 hours vs. 59.43 � 0.67 hours
[95% confidence interval (CI), 58.12–60.74]; P¼ .022), t8
(61.35 � 0.63 hours vs. 64.06 � 0.67 hours; P¼ .003), and
t9 (70.90 � 0.63 hours vs. 73.23 � 0.68 hours; P¼ .012)
compared with controls (Fig. 1A). There were no differences
in any other morphokinetic parameters. With respect to sec-
ondary outcomes, there was no difference in live birth rate
(45.7% in PCOS vs. 53.9% in controls; P¼ .33), however, pa-
tients with PCOS had a higher miscarriage rate (29.6% in
PCOS vs. 14.1% in controls; P¼ .018; Table 2).
Subanalysis

In the analysis of the PCOS-HA group, there was no difference
noted in age or BMI (31.8 � 3.7 in PCOS-HA vs. 32.0 � 3.7
years in controls and 27.4 � 6.3 in PCOS-HA vs. 26.4 � 5.9
in controls, respectively; P>.05). However, the PCOS-HA
population had a higher AMH (7.8 � 6.3 ng/mL in PCOS-
HA vs. 3.2 � 2.4 ng/mL in controls; P< .0001), a higher T
(39.1� 15.1 ng/dL in PCOS-HA vs. 23.5� 11.1 ng/dL in con-
trols; P¼ .02), and a higher use of metformin (66% in PCOS-
HA vs 11% in controls; P< .0001; Table 1). Furthermore,
PCOS-HA patients used less gonadotropins (2,805.5 � 196.5
IU vs. 3,644.1 � 195.7 IU; P¼ .01) and had more oocytes
retrieved (21.7 � 1.4 oocytes vs. 14.5 � 1.4 oocytes;
P¼ .006), which translated to more blastocysts at the end of
the cycle (7.8 � 0.6 blastocysts vs. 4.8 � 0.6 blastocysts;
P¼ .006). The percent of mature oocytes, fertilization rates,
and blastulation rates were again similar between groups.
There was no difference in patients with PCOS-HA versus
controls regarding rate of FET, eSET, use of preimplantation
genetic testing for aneuploidies, or euploid rate (Table 2).

Patients with PCOS-HA also showed no difference in time
to blastulation (109.72� 0.76 hours vs. 110.88� 0.84 hours;
P¼ .3). However, there were more differences noted in mor-
phokinetics, with a faster time to t5 (48.96 � 0.73 hours in
PCOS-HA vs. 51.31 � 0.78 hours in controls; P¼ .027), t6
(52.37 � 0.73 hours in PCOS-HA vs. 55.34 � 0.78 hours in
controls; P¼ .006), t7 (56.18 � 0.73 hours in PCOS vs. 59.59
� 0.79 hours in controls; P¼ .002), t8 (60.32 � 0.73 hours
in PCOS-HA vs. 63.74 � 0.79 hours in controls; P¼ .002), t9
(69.60 � 0.74 hours in PCOS-HA vs. 73.30 � 0.80 hours in
controls; P¼ .001), and tM (87.77 � 0.75 hours in PCOS-HA
vs. 90.36 � 0.81 hours in controls; P¼ .02), with a trend to-
ward a faster time to tSB (100.49 � 0.75 hours in PCOS-HA
vs. 102.58 � 0.83 hours [95% CI, 100.96–104.2] in controls;
P¼ .06; Fig. 1B). However, in the secondary analysis, there
were no differences in pregnancy rate, live birth rate, or
miscarriage (Table 2). When analyzing the patients with
PCOS-NA, similar results were seen for the demographic
and clinical outcomes data except for a higher rate of eSET
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TABLE 1

Demographics of control and polycystic ovary syndrome patients.

Variable PCOS (n [ 64) Control (n [ 64) P value PCOS-HA (n [ 47) Control (n [ 47) P value PCOS-NA (n [ 17) Control (n [ 17) P value

Age (y), mean (SD) 32.2 (3.8) 32.4 (3.8) .71 32.0 (3.7) 31.75 (3.7) .70 33.29 (4.1) 33.29 (3.9) .95
BMI (kg/m2) mean (SD) 26.9 (6.5) 26.2 (5.9) .53 27.44 (6.3) 26.4 (5.9) .38 25.58 (7.1) 25.59 (5.7) .96
Parous, n (%) 4 (6.5) 10 (15.9) .15 2 (4.4) 7 (15.2) .16 2 (12.5) 3 (17.7) .99
Tobacco, n (%) 6 (9.4) 2 (3.2) .14 6 (12.8) 1 (2.2) .10 0 (0.0) 1 (5.9) .35
AMH (ng/mL) mean (SD) 8.0 (6.2) 3.0 (2.2) < .0001 7.77 (6.0) 3.23 (2.4) < .0001 8.75 (6.9) 2.50 (1.5) .0004
Testosterone (ng/dL), mean (SD) 35.9 (15.3) 26.5 (12.3) .08 39.07 (15.1) 23.48 (11.1) .02 24.38 (10.0) 35.5 (14.8) .23
Metformin, n (%) 37 (57.8) 6 (9.4) < .0001 31 (66.0) 5 (10.6) < .0001 6 (35.3) 1 (5.9) .09
Note: Patients are divided by overall cohort and patients with PCOS with HA or those with NA and their corresponding controls. AMH ¼ antimullerian hormone; BMI ¼ body mass index; HA ¼ hyperandrogenemia; NA ¼ normal androgens; PCOS ¼ polycystic ovary
syndrome; SD ¼ standard deviation.

Chappell. Embryo development in PCOS versus control. Fertil Steril Rep 2020.

TABLE 2

Cycle characteristics and birth outcomes.

Variable PCOS (n [ 64) Control (n [ 64) P value PCOS-HA (n [ 47) Control (n [ 47) P value PCOS-NA (n [ 17) Control (n [ 17) P value

Total GND, mean (SE) 2,990.4 (167.2) 3,673.0 (166.7) .014 2,805.5 (196.5) 3,644.1 (195.7) .01 3,489.9 (303.2) 3,748.6 (303.1) .59
Days stim, mean (SE) 9.85 (0.19) 9.65 (0.19) .49 9.65 (0.24) 9.69 (0.24) .91 10.4 (0.33) 9.6 (0.32) .15
Peak E2, mean (SE) 3,232.0 (185.7) 2,413.74 (183.7) .009 3,078.2 (210.9) 2,498.2 (207.8) .08 3,676.11 (387.3) 2,230.31 (386.5) .08
Oocytes, mean (SE) 22.14 (1.25) 14.42 (1.24) .0009 21.66 (1.4) 14.49 (1.4) .006 23.56 (2.7) 14.23 (2.7) .09
% Mature, mean (SE) 84.46 (1.79) 81.7 (1.77) .29 84.81 (2.1) 80.78 (2.1) .20 83.75 (3.5) 84.83 (3.5) .84
Fert rate (%), mean (SE) 79.68 (1.98) 78.53 (1.95) .68 81.56 (2.10) 76.299 (2.07) .11 74.68 (4.4) 84.86 (4.3) .20
Blast rate (%), mean (SE) 56.06 (2.89) 51.07 (2.80) .24 55.43 (3.4) 49.31 (3.31) .23 57.94 (5.6) 56.03 (5.3) .82
FET, n (%) 63 (90) 59 (77) .03 51 (88) 39 (75) .08 12 (100) 20 (80) .15
eSET
n (%)a

61 (88) 73 (95) .23 53 (93) 49 (94) .99 8 (66.7) 24 (96) .04

PGT-A, n (%) 38 (60) 41 (59) .85 26 (54) 27 (55) .99 12 (80) 14 (70) .45
Euploid rate (%), mean (SE) 49 (4) 48 (4) .79 53 (5) 44 (4) .26 41 (8) 55 (7) .33
Cardiac activity, n (%) 37 (54.4) 44 (57.1) .75 30 (52.6) 30 (58.8) .54 7 (63.6) 14 (53.9) .57
Live birth, n (%) 32 (45.7) 42 (53.9) .33 26 (44.8) 28 (54.9) .33 6 (50.0) 14 (51.9) .97
Miscarriage, n (%) 21 (29.6) 11 (14.1) .018 16 (27.6) 8 (15.7) .14 5 (38.5) 3 (11.3) .07
Note: Blast ¼ blastulation; eSET ¼ elective single embyro transfer; E2 ¼ estradiol; Fert ¼ fertilization; FET ¼ frozen embryo transfer; GND ¼ gonadotropin; PGT-A ¼ preimplantation genetic testing for aneuploidies; SE ¼ standard error; stim ¼ stimulated.
a All embryo transfers that we were not eSET were double embryo transfers.
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FIGURE 1

Morphokinetics of patients with PCOS and patients with PCOS-HA compared with respective controls. (A) Patients with PCOS developed faster
than controls with statistically significant different time points at t7, t8, and t9. (B) Patients with PCOS-HA developed to morula faster than
controls with statistically significant different time points at t5, t6, t7, t8, t9, and tM. PCOS ¼ polycystic ovary syndrome; PCOS-HA ¼ polycystic
ovary syndrome hyperandrogenic.
Chappell. Embryo development in PCOS versus control. Fertil Steril Rep 2020.
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for the control population (96% vs. 66.7% in the patients with
PCOS-NA; P¼ .04; Tables 1 and 2), however, there were no
differences noted in morphokinetics across all time points
analyzed (Supplemental Fig. 1, available online).
DISCUSSION
PCOS is a complex and multifactorial disease with serious im-
plications in fertility (9–11). Previous studies have shown that
oocytes developing in a patient with PCOS have impaired
oocyte competence due to abnormal follicle development
due to hyperandrogenemia (2, 3, 28–33). Furthermore,
studies have demonstrated impaired gene expression in the
oocytes of patients with PCOS due to androgen and/or
insulin signaling, both of which are increased in the PCOS
follicle (13, 34, 35). Although a subset of women with PCOS
undergoing treatment for IVF have normal embryo
development and pregnancy outcomes (36), many patients
with PCOS have decreased fertilization, blastulation and
implantation, and higher miscarriage rates (9, 37). The
developmental competence of embryos arising from poor-
quality oocytes are compromised (9, 10, 12, 38, 39). Our pre-
sent study agrees with previous studies, demonstrating
patients with PCOS-HA had altered early embryo develop-
ment and also higher miscarriage rates. (6, 7). Although we
saw no difference in live birth rates overall, given the higher
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miscarriage rate and the trend toward lower live birth rates,
this is possibly a limitation of the sample size.

Our morphokinetic analysis demonstrated embryos from
patients with PCOS develop faster to the nine-cell stage,
and patients with PCOS-HA showed a faster development
up to the morula stage when compared with age- and BMI-
matched controls. In the human embryo, compaction is driven
by complex interactions via cell-to-cell signaling. Gap junc-
tions, desmosomes, tight junctions, and other adhesion mol-
ecules will increase to result in a tightly bound embryo
devoid of distinct cell borders (40). From this important
step, cellular polarity and differentiation occur, giving rise
to the inner cell mass and the trophectoderm (40). Although
much remains unknown regarding this process, some key
proteins have demonstrated integral roles in early studies,
in particular, connexins and cadherins. Connexin 43 (Cx43)
has been shown to be important in both mouse and human
compaction (41). Additionally, E-cadherin becomes activated
at the time of compaction, although its role to date is not yet
entirely understood (40). Nonetheless, there are studies
showing increased expression of Cx43 and E-cadherin in
PCOS, possibly explaining the differences seen in our study
(41, 42).

To our present knowledge, only four smaller studies on
the morphokinetics of embryos from women with PCOS un-
dergoing IVF have been performed, with differing
129
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conclusions and several limitations. Sundvall et al. (25)
showed a faster time to compaction similar to our findings,
but Wissing et al. (24) showed that patients with PCOS-HA
developed slower in the early stages (delayed t2, t3, t4, and
t7) compared with controls. In the study performed by Sund-
vall et al., the patients with PCOS were younger (29 vs. 32;
P¼ .0010), with only a small percentage of the patients having
PCOS-HA, although the authors did adjust for age, BMI, male
fertility diagnosis, and fertilization method. In the latter
study, it must be noted that the best embryo from each patient
was excluded from analysis for fresh transfer, thus limiting a
full interpretation of each cohort of embryos. Neither study
showed a difference in birth outcomes, with both studies re-
porting similar pregnancy, live birth, and miscarriage rates,
although neither study was powered for such findings. This
is in contrast to our study, which showed an increase in
miscarriage rates in the overall analysis. Both of these studies
were performed in Denmark, where the prevalence of obesity
is lower than in the U.S., and the BMI values in these popula-
tions predominantly were within normal range. Furthermore,
the population in Denmark is more homogenous than in the
United States. Importantly, the other two studies only fol-
lowed early embryo development leading up to compaction
(26, 27). The study by Tabibnejad et al. (26), similar toWissing
et al. (24), found that PCOS embryos developed slower to t8
compared with patients with tubal factor. However, they
only followed embryos to the eight-cell stage because they
performed day 3 embryo transfers and did not adjust for
age or BMI. Tam et al. (27) found no differences in regard to
time points comparing patients with PCOS to controls, yet
they only evaluated for 48 hours or to the six-cell stage. Taken
in the context of the findings of our study, it is plausible to
consider that several aspects of the PCOS phenotype
contribute to these adverse outcomes, and variations among
these three groups may account for the differences noted, spe-
cifically the role of HA.

In our subanalysis of the PCOS-HA group, we found
faster times to compaction from t5 to morula stage, which
represents an even more robust difference from controls
than the primary analysis of all patients with PCOS. Although
there were no differences noted in the secondary outcomes,
there was a notable trend seen in the miscarriage rate of the
PCOS-HA population compared with the controls (PCOS-HA
27.6% vs. control 15.7%), and it is possible that the lack of
statistical significance is more indicative of a lack of power
than of lack of association.

In prior work by Leary et al. it was shown that overweight
and obese patients had embryos that developed to the morula
stage faster than controls, with no subsequent difference in
time to blastulation (43). In addition, the authors reported ev-
idence of impaired metabolism with decreased glucose con-
sumption at the blastocyst stage, which has been shown to
correlate with embryo viability (44). Strikingly, our present
study demonstrated very similar morphokinetic development
results, despite controlling for BMI. In addition, prior animal
work has shown impaired mitochondrial function in oocytes
of a PCOS mouse model that also controlled for weight (45).
These studies taken together highlight the complex and inter-
woven nature of metabolic dysfunction and obesity
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coinciding with HA. Although the mechanism of action has
yet to be elucidated fully, it is clear that there is a link that
requires further exploration.

Indeed, in regard to HA, studies previously have sug-
gested that an elevated T environment can decrease rates of
embryonic development as well as increased miscarriage rates
in women with PCOS. Although the mechanism behind these
findings still needs to be explored, it could be due to altered
aromatase activity and the interaction of cumulus cells with
oocytes (39). This would be an interesting avenue to explore
because there has been a recent association found between
embryo morphokinetics and cumulus cell gene expression
in women with PCOS (46). Although the subpopulation of pa-
tients in our study with HA constituted 73% of the total PCOS
group evaluated, it would be important to compare a larger
sample number of patients with PCOS who have HA with
those that do not to further elucidate the effects of androgens
on embryo development.

Our study has several strengths. First, this is the largest
study of its kind, both in number of patients as well as number
of embryos analyzed. Furthermore, this was the first study to
subgroup patients based on the diagnostic criteria of HA.
Additionally, multiple demographic and outcome data were
collected including live birth rate with comprehensive
follow-up to allow further evaluation of this patient popula-
tion beyond preimplantation embryo development to other
clinically significant outcomes. Given that the data were
collected in a single academic site, the protocols used for em-
bryo culture, vitrification, and transfer were uniform
throughout the time period studied. Importantly, all of the
study patients underwent fertilization via ICSI. Finally, use
of mixedmodeling statistics on the morphokinetic parameters
provides an appropriate evaluation of these endpoints
without artificial inflation of sample size.

There are also some potential weaknesses. The retrospec-
tive nature of the study poses risk for missing data; however,
because this was from a single academic site, we were able to
capture all relevant data points. Furthermore, given that this
data is from a single academic site, perhaps it is not as gener-
alizable to all populations, however, the population seen is
diverse in age and BMI. In the design of the study, we attemp-
ted to control purposefully for the most well-known con-
founders, namely, age and obesity, but we did not control
for any possible affects that a higher FET rate in patients
with PCOS had in terms of outcomes. We also cannot exclude
the possibility of unknown confounders in our population of
study skewing the significance of our findings. Finally, there
is the possibility that there are other potential effect modifiers
playing a role in the outcomes that we observed. Namely, in
patients with PCOS there is a higher incidence of metabolic
dysfunction, and thus it is possible that the outcomes
measured were influenced by the concurrent presence of
glucose intolerance and insulin resistance. In fact, this can
affect up to 60%–80% of patients with PCOS (10). This would
be true particularly in regard to pregnancy outcomes given
the differences in maternal environment, independent of em-
bryo quality. With the retrospective nature of this study, it
was not possible to compare metabolic function because not
all patients had evaluation in this regard, particularly in the
VOL. 1 NO. 2 / SEPTEMBER 2020
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control group. However, the 11% of the control population
taking metformin was doing so for insulin resistance and or
glucose intolerance rather than diabetes and elucidates that
patients with PCOS do indeed have a higher rate of metabolic
dysfunction. It is important to note that HA and abnormal
metabolism are linked physiologically and both augment
the other in the pathology of PCOS (38). To truly and
completely isolate one from the other will require prospective
studies that obtain metabolic testing of a control population.

In conclusion, the results of this study show direct evi-
dence of altered embryo development in PCOS preimplanta-
tion embryos. Although the exact mechanism of faster
embryonic growth and its impact of further embryo develop-
ment and survival are not known, there seems to be an asso-
ciation with an androgen excess environment and could
involve regulation via gene expression. Regardless, there
appear to be worse obstetric outcomes for these patients
and future studies are warranted. Further study on the mech-
anisms at play during this critical time in development are
essential to understand and intervene potentially to optimize
the health of the oocyte and the viability of future progeny.
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