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The details matter: personalized
prediction of live birth after in vitro
fertilization in women with polycystic
ovary syndrome
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Objective: To derive and internally validate a clinical prediction model for live birth (LB) in women with polycystic ovary syndrome
(PCOS) undergoing in vitro fertilization (IVF).

Design: Retrospective cohort study.

Setting: Four academic reproductive endocrinology clinics.

Patients: A total of 207 women with PCOS confirmed using Rotterdam criteria undergoing their first fresh IVF cycle.

Interventions: Not applicable.

Main Outcome Measure: The primary outcome was cumulative LB per IVF cycle start. This included any LB that resulted from either
fresh embryo transfer or any subsequent frozen embryo transfer from embryos obtained at the index oocyte retrieval. A prediction
model was derived using multivariable logistic regression. Covariates considered for inclusion in the prediction model included demo-
graphic characteristics, medical history, and prior fertility treatment. Predicted probabilities for LB were calculated using the prediction
model which included the 90% shrinkage factor for each adjusted odds ratio.

Results: The final model, on the basis of maximization of the area under the receiver operating characteristic curve, included age < 35
years, White race, presence of polycystic ovaries on ultrasound (polycystic ovary morphology), normal body mass index (<25 kg/m?),
being metabolically healthy (no metabolic risk factors), and being a nonresponder to ovulation induction agents including letrozole and
clomiphene citrate. The area under the receiver operating characteristic curve score for the model was 0.68 (95% confidence interval
[CI]: 0.60, 0.77). Predicted probabilities of LB ranged from 8.1% (95% CI: 2.8, 21.5) for a woman who had no favorable predictors to
74.2% (95% CI: 59.5, 84.9) for a woman who had all favorable predictors.

Conclusion: Our study demonstrated that, in addition to anovulation, the underlying pathophysiology and associated comorbidities
alter the likelihood of a successful pregnancy in women with PCOS undergoing IVF. Further validation of this model is needed before
it can serve as a tool to personalize prediction estimates for the probability of LB in women with PCOS. (Fertil Steril® 2024;121:1010-9.
©2024 by American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.
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der affecting millions of reproductive-aged women, is

the most common cause of anovulatory infertility (1).
Infertility therapies for women with PCOS include
medication-induced ovulation with oral or injectable medi-
cation, ovarian drilling, and in vitro fertilization (IVF).
Ovulation induction (OI) with letrozole or clomiphene citrate
(CQ), the least invasive approach, is 70%-80% effective in
achieving ovulation in women with PCOS. Pregnancy, how-
ever, is only achieved within six cycles of treatment by 20%-
30% of women (2-5), leading many to seek IVF ultimately.
In vitro fertilization is an effective option for infertility
treatment, but it is time consuming, invasive, and
expensive. Furthermore, only 40% of women with PCOS
achieve pregnancy after their first embryo transfer (ET) (6).
Consequently, determining factors associated with a
reduced likelihood of a successful IVF cycle in women with
PCOS will enable physicians to intervene proactively to
mitigate these risk factors. Additionally, identified risk
factors could inform prediction models to improve
decisions about which fertility treatment to best
implement, increasing the likelihood of a successful
pregnancy outcome.

Fertility prediction models have been implemented suc-
cessfully for women in the general population to counsel pa-
tients regarding live birth rates (LBRs) per IVF cycle (7-10).
These models have included factors such as age, pregnancy
history, body mass index (BMI), race, and duration and
reason for infertility. Although diagnosis of anovulation
was included as a covariate in some of these models (7, 8),
others did not include PCOS diagnosis in the model (9, 10).
In addition, women with PCOS are inherently different
from the overall population of women undergoing IVF,
and their underlying pathophysiology and associated
comorbidities may result in distinct factors that alter the
likelihood of a successful pregnancy. Increasing age (11),
obesity (12-17), and insulin resistance (15) are all known
to negatively impact IVF outcomes in patients with PCOS.
Recent studies in women with PCOS have demonstrated
that metabolic syndrome (MetSyn), a constellation of
criteria including abdominal obesity, dyslipidemia,
elevated glucose, and hypertension (HTN), is associated
with decreased live birth (LB) in women with PCOS
undergoing OI (18) and IVF (19).

International guidelines recommend that all women with
PCOS be screened for metabolic abnormalities, including
obesity, HTN, impaired glucose tolerance (IGT), type 2 dia-
betes mellitus (T2DM), and dyslipidemia. Despite the high
prevalence of metabolic comorbidities in this population
and their clear importance for long-term health, previous pre-
diction models have failed to consider whether metabolic co-
morbidities can be employed to predict IVF success. Thus, we
had two aims: first, to use a cohort of women with PCOS-
associated infertility to identify parameters associated with
LB after IVF, and second, to employ those parameters to
derive and internally validate a clinical prediction model for
LB in women with PCOS undergoing IVF. This evidence will
better inform physicians as well as patients with PCOS about
deciding the optimal path toward achieving LB.

P olycystic ovary syndrome (PCOS), an endocrine disor-
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MATERIALS AND METHODS
Study design

A retrospective cohort of women with PCOS and infertility
was assembled at four study sites: the University of Pennsyl-
vania, Philadelphia, PA (Penn); Montefiore’s Institute for
Reproductive Medicine and Health, Albert Einstein College
of Medicine, Montefiore Medical Center, Hartsdale, NY (Mon-
tefiore); the University of Rochester, Rochester, NY (Roches-
ter); and Yale School of Medicine, New Haven, CT (Yale).
Subjects at Penn, Rochester, and Yale were identified from
each institution’s IVF database maintained for reporting to
the Society for Assisted Reproductive Technology (SART).
Given that the SART does not distinguish PCOS from other
disorders of ovulation, chart reviews were conducted at
each site to identify patients who met PCOS criteria on the ba-
sis of Rotterdam criteria (20). Subjects from Montefiore were
identified from an existing institutional database of women
with PCOS who were undergoing IVF. This study was
approved by the institutional review boards at all four institu-
tions: Penn, Montefiore, Rochester, and Yale.

Inclusion and exclusion criteria

We included women aged 18-45 years with a diagnosis of
PCOS on the basis of Rotterdam criteria (20) who underwent
their first oocyte retrieval for autologous IVF at one of the
above institutions between 2006 and 2016. Having a concur-
rent non-PCOS cause for infertility was not an exclusion cri-
terion. The availability of medical records for detailed medical
and obstetric histories at each institution dictated the years
that each center contributed subjects. Medical records were
accessible at Penn from 2009 to 2016, at Montefiore from
2006 to 2016, at Rochester from 2010 to 2016, and at Yale
from 2013 to 2016. Women undergoing an oocyte banking
cycle, using a donor oocyte or a gestational carrier, were all
excluded. We also excluded couples using surgically retrieved
sperm, given the concern that this could affect LBRs indepen-
dently and that we would not have enough data to evaluate
this as a variable. Only women with at least a full year of
follow-up after oocyte retrieval were considered in the final
cohort. Women were not excluded when they did not return
to use all frozen embryos.

Covariates

The following baseline data were extracted for each subject at
the time of starting IVF: age, BMI, race, obstetric history, and
use of medication, including metformin. Reports of medical co-
morbidities and laboratory values were extracted from the time
closest to IVF start, which for many patients was at the time of
the new patient evaluation or workup. Women were defined as
being “metabolically healthy” when they did not have any of
the following metabolic comorbidities: prediabetes and dia-
betes (defined on the basis of medical history, oral glucose
tolerance test > 140 mg/dL, hemoglobin Alc > 5.7%, or fast-
ing glucose > 100 mg/dL), HTN (defined on the basis of med-
ical history, use of blood pressure (BP) medication, systolic BP
> 140 mmHg, or diastolic BP > 90 mmHg), or dyslipidemia
(defined on the basis of medical history, including prior use
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of a statin, total cholesterol [C] > 200 mg/dL, low-density lipo-
protein C > 100 mg/dL, high-density lipoprotein C < 50 mg/
dL, or triglycerides (TGs) > 150 mg/dL). Metformin use was
not part of the diagnosis of prediabetes and diabetes, given
its other uses in women with PCOS.

PCOS diagnostic criteria used were the presence of oligo-
menorrhea, biochemical or clinical hyperandrogenism (modi-
fied Ferriman Gallwey score > 4), and polycystic ovary
morphology (PCOM). Given that subjects with PCOS were
diagnosed before new international guidelines updated the
ultrasound criteria for PCOM (21) and we did not have data
on the frequency of the ultrasound transducers used, we
defined PCOM as an antral follicle count (AFC) > 12 or a vol-
ume > 10 cm’ in one ovary (22) because this is what clini-
cians would have used for PCOS diagnosis at the time of
ultrasound. To address this limitation, we included a sensi-
tivity analysis where PCOS was defined by National Institutes
of Health (NTH) criteria, which includes oligomenorrhea and
hyperandrogenism but not PCOM (23) as well as one where
we had confirmed PCOM on the basis of updated criteria.

Data on infertility treatments before initiating IVF were
obtained, including the number of prior controlled ovarian
stimulation cycles (COH) with either oral medication (CC or le-
trozole) or follicle-stimulating hormone (FSH) injections, as
well as the number of intrauterine inseminations (IUIs).
When a woman was given maximum doses of oral OI agents
(CC 150 mg or letrozole 7.5 mg) but did not have evidence of
ovulation, she was categorized as an “OI nonresponder.”

Outcomes

The definition of IVF success has evolved over the years as the
range of treatment options has expanded to include both fresh
and frozen ETs. The SART reports the cumulative chance of an
LB after a complete IVF cycle, which is defined as “all fresh and
frozen-thawed ETs resulting from one episode of ovarian stim-
ulation” (21). Similarly, our primary outcome was cumulative
LB per complete IVF cycle. Patients with at least one LB that re-
sulted from either a fresh ET or any subsequent frozen ET (FET)
from embryos obtained at the index oocyte retrieval were coded
as having an LB. Only one LB per patient was included in the
primary outcome, so the percentage did not exceed 100%.
Because each patient had only one outcome at the end of the
follow-up period, no additional analysis was necessary for mul-
tiple outcomes per patient. A sensitivity analysis was performed
only including FET cycles that were completed within a year of
index oocyte retrieval (rather than allowing the inclusion of any
FET that was performed regardless of time).

When ET was not performed either because the ovarian
stimulation cycle was canceled before oocyte retrieval or no em-
bryos were available for transfer, women were coded as not
having an LB. This outcome was used both to identify parame-
ters associated with LB after IVF and to employ those parame-
ters to derive and internally validate a clinical prediction model.

Statistical analysis

Unadjusted comparisons were performed to assess for
associations between baseline covariates and cumulative

LB. Categorical covariates were assessed using Pearson x>
or Fisher’s exact test. Continuous covariates were assessed
using either Student’s ¢ tests and analysis of variance or
Wilcoxon rank sum and Kruskal-Wallis tests as
appropriate.

A prediction model was derived using multivariable lo-
gistic regression. Covariates considered for inclusion in the
prediction model included demographic characteristics, med-
ical history, and prior fertility treatment.

A priori, it was decided that age and BMI would be
included in the final model. The inclusion of other covariates
was based on the maximization of the area under the receiver
operating characteristic curve (AUROC) score. To avoid over-
fitting, the initial adjusted odds ratios (aORs) were multiplied
by a global shrinkage factor of 0.9 to decrease all aORs in the
prediction model by 10% (2 1). Bootstrap resampling (n = 100)
was used to compute AUROC scores with 95% confidence in-
tervals (CIs). Predicted probabilities for LB were calculated us-
ing the prediction model, which included the 90% shrinkage
factor for each aOR.

RESULTS
Study population

A total of 268 records had complete medical, obstetrics, and
IVF data. Sixty-one women were excluded because they did
not meet the inclusion criteria listed above (55 did not have
PCOS, 2 used testicular sperm extraction, 2 were on oocyte
cryopreservation cycles, one was using a gestational carrier,
and 1 was doing a comaternity cycle using her oocytes and
her partner carrying the pregnancy).

A total of 207 women with PCOS confirmed using Rotter-
dam criteria undergoing their first IVF cycle were included in
the final analyses. Table 1 delineates the demographics for the
entire study cohort as well as within each study site. The mean
age was 32.5 &+ 3.9 years, and the mean BMI was 29.5 £ 7.3
kg/m?. Most women were White (69%), nulliparous (62%),
and had a BMI in the overweight or obese range (65%). In
terms of PCOS phenotype, phenotype A (hyperandrogenism,
oligomenorrhea, and PCOM) was the most common (45.49%),
followed by phenotype D (oligomenorrhea and PCOM;
37.2%). More than half of the cohort was metabolically un-
healthy (56.5%). Preimplantation genetic testing for aneu-
ploidy was only done in six patients and was not included
as a variable in the analysis.

Primary outcome—cumulative LB

The included subjects underwent a total of 269 treatment cy-
cles (oocyte retrieval with fresh ET [N = 207] or subsequent
FETs [N = 62]). Out of the 269 treatment cycles, 11 were
canceled before a transfer was attempted, leaving 258 total
transfers. A little over half (52%) of the transfers resulted in
a positive 6 human chorionic gonadotropin level. There
were 92 (35.7%) LBs, 22 (8.5%) biochemical pregnancies, 15
(5.8%) clinical miscarriages, 3 (1.2%) ectopic pregnancies, 2
(0.8%) therapeutic abortions, and 1 (0.4%) stillbirth. When
evaluating the primary outcome, 42.5% achieved a cumula-
tive LB. Ninety percent of women either achieved a pregnancy
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TABLE 1

Demographics by study site.

Overall population Overall Penn Montefiore Rochester
(N = 207) (N = 207) (N = 105) (N = 49) (N = 31) Yale (N = 22)
Clinical covariates
Demographics
Mean age (y) 32.5(3.9) 32.3(3.7) 33.4(4.6) 32.0(3.6) 32.5(3.5)
Age < 35y 147 (71.0) 78 (74.3) 30 (61.2) 23 (74.2) 16 (72.7)
Mean BMI (kg/m?) 29.7 (7.2) 28.4(7.0) 31.2(7.5) 31.4(7.6) 299 (6.1)
BMI (kg/m?)
Underweight (<18.5) 3(1.5) .9) 1(2.0) 0 0
Normal (18.5-24.9) 69 (33.3) 44 (41.9) 10 (20.4) 9(29.0) 6 (27.3)
Overweight (25.0-29.0) 35 (16.9 1 8.1) 10 (20.4) 3(9.7) 3(13.6)
Obese (>30.0) 100 (48.3) 4 8.1) 28 (57.1) 19 (61.3) 13 (59.1)
Race®
Black 16 (8.0) 10 (9.5) (14.0) 0 0
Other® 46 (22.9) 22 (21.0) 11 (25.6) 3(9.7) 0 (45.5)
White 139 (69.2) 73 (69.5) (60.5) 28 (90.3) 2 (54.6)
Pregnancy history
Prior pregnancy 78 (37.7) 35 (33.3) 22 (44.9) 11 (35.5) 10 (45.5)
Prior full-term delivery 25(12.1) 11 (10.5) 7 (14.3) 4(12.9) 3(16.4)
Prior miscarriage 47 (22.7) 22 (21.0) 11 (22.5) 7 (22.6) 7 (31.8)
Medical history
Depression 17 (8.2) 11 (10.5) 0 5(16.1) 1(4.6)
Anxiety 22 (10.6) 11 (10.5) 2(4.1) 6(19.4 3(13.6)
Hypertension 41 (19.8) 25(23.8) 8(16.3) 6 (19.4) 2(9.1)
Diabetes 11 (5.3) .8) 5(10.2) 2 (6.5) 0
Currently taking metformin 74 (35.8) B 1.4) 23 (46.9) 4(12.9) 14 (63.6)
Metabolically healthy 90 (43.5) 3 6.2) 17 (34.7) 22 (71.0) 13 (59.1)
PCOS specific covariates
Polycystic ovary morphology 190 (91.8) 96 (91.4) 44 (89.8) 28(90.3) 22 (100)
(PCOM)
Oligoanovulation (OA) 188 (90.8) 91 (86.7) 47 (95.9) 30 (96.8) 0(90.9)
Hyperandrogenism (HA) 130 (62.8) 66.7) 34 (69.4) 9(29.0) 17 (77.3)
PCOS phenotype
Phenotype A (HA, OA, PCOM) 94 (45.4) 47 (44.8) 27 (55.1) 5(16.1) 15 (68.2)
Phenotype B (HA, OA) 17 (8.2) .6) 5(10.2) 3(9.7) 0
Phenotype C (HA, PCOM) 19 (9.2) 1 3.3) 2(4.1) 1(3.2) 2(9.1)
Phenotype D (OA, PCOM) 77 (37.2) B 3.3) 15 (30.6) 22 (71.0) 5(22.7)
Fertility treatment history
Total oral Ol cycles (median [IQR]) 3(2,5) 2,5) 2(1,4) 3(3,4) 4(1,5)
More than three prior oral Ol 92 (45.8) 51 (48.6) 16 (36.4) 14 (45.2) 11 (52.4)
cycles
Total Ul cycles (median [IQR]) 3(0, 4) ,4) 2 (0, 4) 4(3,7) 0(0, 2)
More than three prior Ul cycles 74 (36.8) 40 (38.1) 14 (31.8) 20 (64.5) 0
Any prior FSH COH cycles 71 (34.3) 26 (24.8) 21 (42.9) 23 (67.7) 3(13.6)
Ol nonresponder 32 (15.5) 1 6.2) 4(8.2) 6(19.4) 5(22.7)
Year of first oocyte retrieval
2006-2010 57 (27.5) 35 (33.3) 16 (32.7) 6(19.4) 0
2011-2016 150 (72.5) 70 (66.7) 33 (67.4) 25 (80.7) 22 (100)

Note: Continuous variables presented as mean (SD) unless otherwise noted. Categorical variables presented as n (%). BMI = body mass index; FSH COH = follicle-stimulating hormone controlled
ovarian hyperstimulation; IQR = interquartile range; IUl = intrauterine insemination; Ol = ovulation induction; PCOS = polycystic ovary syndrome.

@ Six values missing, all from Montefiore.

b Other includes American Indian or Alaskan Native, Asian, and Native Hawaiian or Pacific Islander.

Cooney. IVF Prediction for PCOS. Fertil Steril 2024.

or used all embryos from the index oocyte retrieval during
FETs. Only 10% of patients had embryos remaining and did
not return to use them in the time frame of the study.

Table 2 shows candidate predictors of outcome and their
association with LB. The final model, on the basis of maximi-
zation of the AUROC scores, included age < 35 years, White
race, presence of polycystic ovaries on ultrasound (PCOM),
normal BMI (<25 kg/m?), being metabolically healthy (no
metabolic risk factors), and being an OI nonresponder
(Table 3). Because five subjects had missing data for race,
they were not included in the final model. The AUROC score

was 0.68 (95% CI: 0.60, 0.77) both before applying the
shrinkage factor and afterward. In the sensitivity analysis
only evaluating those with PCOS diagnosed using NIH
criteria, 111 women (53.6%) met the criteria for inclusion.
The AUROC score for our model was 0.67 (95% CI: 0.56,
0.78). Similarly, 135 (65.2%) had enough data to confirm
PCOM on the basis of the criteria of follicle count > 20.
The AUROC score for our model was 0.66 (95% CI: 0.58, 0.75).

We performed a sensitivity analysis only, including out-
comes from FET cycles that were started within a year of the
index oocyte retrieval. This analysis impacted the outcome of
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TABLE 2

Predictors of cumulative LB after the first oocyte retrieval.

Covariates No LB (N = 115) LB (N = 92) Pvalue
Clinical covariates
Demographics
Mean age (y) 32.9 (4.5) 32.1(3.1) 18
Age < 35y 76 (66.1) 71(77.2) 08
Mean BMI (kg/m?) 30.7 (7.8) 28.4 (6.4) 03¢
BMI (kg/m?) 18
Underweight (<18.5) 2(1.7) 1(1.1)
Normal (18.5-24.9) 31 (27.0) 38 (41.3)
Overweight (25.0-29.0) 22 (19.1) 13 (14.1)
Obese (>30.0) 60 (52.2) 40 (43.5)
Race® .01¢
Black 11 (9. (5.6)
Other® 33(29.5) 13 (14.6)
White 68 (60.7) 71 (79.8)
Pregnancy history
Prior pregnancy 43 (37.4) 5 (38.0) .92
Prior full-term birth 14 (12.2) 11 (12.0) .96
Prior miscarriage 24 (20.9) (25.0) A48
Medical history
Depression 7 (6.1) 10 (10.9) 21
Anxiety 12 (10.4) 10 (10.9) 92
Hypertension 26 (22.6) 15 (16.3) .26
Diabetes 9(7.8) 2(2.2) .07
Currently taking metformin 38 (33.0) 36 (39.1) .36
Metabolically healthy 42 (36.5) 48 (52.2) .02¢
PCOS specific covariates
Polycystic ovary morphology (PCOM) 101 (87.8) 89 (96.7) 0.02¢
Oligoanovulation (OA) 103 (89.6) 85 (92.4) 0.48
Hyperandrogenism (HA) 79 (68.7) 51 (55.4) 0.05°¢
PCOS Phenotype 0.05¢
Phenotype A (HA, OA, PCOM) 53 1 41 (44.6)
Phenotype B (HA, OA) 14 2) 3(3.3)
Phenotype C (HA, PCOM) 12 4) 7 (7.6)
Phenotype D (OA, PCOM) 36 .3) 41 (44.6)
Fertility treatment history
Total oral Ol cycles (median [IQR]) 3(2,5) 3(2,5) 0.48
More than three prior oral Ol cycles 48 (43.6) 44 (48.4) 0.50
Total IUI cycles (median [IQR]) 3(0, 4) 3(0, 4) 0.70
More than three prior IUI cycles 38 (34.6) 36 (39.6) 0.46
Any prior FSH COH cycles 37 (32.2) 34 (37.0) 0.47
Ol nonresponder 13(11.3) 19 (20.7) 0.07
Year of first oocyte retrieval 0.10
2006-2010 37 (32.2) 20 (21.7)
2011-2016 78 (67.8) 72 (78.3)

Note: Continuous variables presented as mean (£SD) unless otherwise noted. Categorical variables presented as N (%). BMI = body mass index; FSH COH = follicle-stimulating hormone controlled
ovarian hyperstimulation; IQR = interquartile range; IUl = intrauterine insemination; LB = live birth; Ol = ovulation induction; PCOS = polycystic ovary syndrome.

2 Six values missing, all from Montefiore.

® Other includes American Indian or Alaskan Native, Asian, and Native Hawaiian or Pacific Islander.

€ P value indicate statistically significant.
Cooney. IVF Prediction for PCOS. Fertil Steril 2024.

four subjects whose LB occurred from an FET over a year from
the index oocyte retrieval. The AUROC score for our model
was 0.68 (95% CI: 0.60, 0.76).

Table 4 shows the potential uses of this model to predict
the probability of LB across several clinical scenarios for
various combinations of covariates. For example, a White
woman younger than 35 years old with PCOM would have
a 74.2% (95% CI: 59.5, 84.9) chance of cumulative LB after
her first IVF cycle when she was an OI nonresponder, had
normal weight, and was metabolically healthy. The same
woman would only have a 43.9% (95% CI: 36.8, 51.1) chance
of LB when she had responded to OI, was overweight and
obese, and was not metabolically healthy. For a woman

who has a non-White race, the same probabilities are 54.9%
(950 CI: 46.3, 63.2) and 24.8% (95% CI: 16.2, 36.1),
respectively.

The impact of the clinic as a potential confounder was
evaluated by comparing the final prediction models with
and without the clinic added. The models were not different
(P value using the likelihood-ratio test = .17).

DISCUSSION

This multicenter study of women with PCOS highlighted the
importance of evaluating metabolic health and resistance to
Ol agents in predicting LB and confirmed previously
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TABLE 3

Adjusted OR and shrinkage OR for final model predicting live birth.

OR after applying 90%
Patient characteristics Adjusted OR (95% CI) shrinkage factor (95% CI)
Age < 35y° 1.2 (0.6, 2.3); P=.70 1.0
White® 2.3(1.2, 4.5);, P= .02 2.0
PCOM® 3.2(0.9,12.3); P=.08 2.9
Ovulation induction 1.9(0.8, 4.4); P=.12 1.7
nonresponderd
Normal BMI (<25 kg/mz)e 1.6(0.8, 3.0); P=.18 1.4
Metabolically healthy’ 1.3(0.7, 2.4); P=.40 1.2

Note: BMI = body mass index; Cl = confidence interval; OR = odds ratio; PCOM = polycystic ovary morphology.
Compared with reference groups of age > 35y, °non-White, “no PCOM, “BMI > 25 kg/m?, and ®not metabolically healthy.

Cooney. IVF Prediction for PCOS. Fertil Steril 2024.

identified predictors such as normal BMI, PCOM, and White
race (7-10). These factors were leveraged in a model to
determine  predictive probabilities with reasonable
confidence to inform patients regarding the likelihood of
cumulative LB resulting from one IVF cycle.

Prediction models have been used to predict LB in women
with PCOS undergoing OI using data from the Pregnancy in
Polycystic Ovary Syndrome I and II (PPCOS-I and PPCOS-II)
trials, two randomized controlled trials (RCTs) evaluating
different OI methods (PPCOS-I: CC, metformin, or their com-
bination, and PPCOS-II: letrozole or CC). They found that
younger age, lower BMI, shorter duration of attempting
conception, and hormonal levels indicative of less insulin
resistance and hyperandrogenism were all found to be predic-
tive of ovulation, implantation, clinical pregnancy, and/or LB
with an AUROC score of 0.66-0.76 (22, 24). We were unable to
evaluate the duration of conception in our model, but inter-
estingly, we found that women who had undergone prior OI
cycles and did not ovulate with letrozole or CC had higher
rates of LB. From a patient’s perspective, failure to respond
to OI agents can be stressful and disheartening. Although
women in this category respond typically to injectable gonad-
otropins, these are associated with a higher risk of multiple
gestations. Thus, being able to counsel this subset of patients
that they have a good prognosis with IVF may help increase
their comfort with fast-tracking to IVF.

A reliable prediction model for LB after IVF can be
extremely valuable in informing discussions between clini-
cians and infertile women with PCOS to optimize interven-
tions for achieving a successful pregnancy. Factors such as
age, race, and PCOM are not modifiable, but weight and meta-
bolic health can be addressed before initiating IVF. For a
woman who is both overweight and obese and has a meta-
bolic risk factor, her LB rate could be 15% lower than that
of a woman with similar demographic characteristics who is
metabolically healthy and of normal weight. Given the
time and expense associated with IVF, evidence-based
counseling and upfront conversations about success between
physicians and patients are vital.

Obesity increases the time to conception by 2 months
(25); however, the effectiveness of lifestyle (LS) changes
before fertility treatment is debated. A study of overweight
and obese women with PCOS (N = 149) evaluated

the effectiveness of a 16-week LS intervention (caloric restric-
tion with meal replacement and weight loss medication)
compared with oral contraceptives pills (OCPs), or combined
treatment (LS and OCPs) (OWL-PCOS). Women in the LS
group had greater weight loss (6.1 vs. 1.1 kg; P<.001) and
improved 2-hour glucose and insulin sensitivity, although
the OCP group had higher TG levels and rates of MetSyn at
the completion of the study (26). Lifestyle increased cumula-
tive ovulation rates after four cycles of CC and intercourse.
Live birth was higher when the two groups with LS were com-
bined compared with the OCP alone group (P=.05), suggest-
ing a potential benefit to delayed conception (26). In a post
hoc analysis, when data from the LS and combined groups
of OWL-PCOS (delayed conception) were compared with
those from PPCOS-II (immediate conception), they found
that women in the delayed conception group had 2.5-fold
higher odds of LB (LS vs. PPCOS-II: 25% vs. 10.2%; P=.01
combined vs. PPCOS-II: 25.5% vs. 10.2%; P=.01) (27). These
studies suggest a potential fertility benefit of weight loss in
overweight and obese women with PCOS before using oral
OI medications.

A larger RCT (LIFEstyle study) of 574 women (BMI > 29
kg/m?) compared immediate fertility treatment, including OI
and IVF, to a 6-month LS intervention where participants
were instructed to decrease their calorie intake by 600 kcal
daily and were given exercise guidelines. This study was not
restricted to women with PCOS, although 47% of women
had anovulatory infertility and 75% of these were reported
to have PCOS. In the overall study, women in the LS group
lost more weight (4.4 vs. 1.1 kg; P<.001), but surprisingly,
the frequency of LB within 24 months after randomization
was lower in the LS group than in the control group (27.1
vs. 35.200; rate ratio: 0.77; 95% CI: 0.60-0.99). One of the lim-
itations of the study was that only 38% of the participants
reached their target weight loss of 5%-10% of the original
body weight. Post hoc subgroup analyses that were limited
to women with anovulatory infertility showed no significant
differences in LBRs between groups (28). Of note, women in
the LS group did have a higher rate of natural conception
(OR: 1.83, 95% CI: 1.21-2.76), which was seen also in the sub-
group of women with anovulatory infertility (aOR: 4.15, 95%
CI: 2.04-8.44). More importantly, anovulatory women who
received the lifestyle intervention had increased natural
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conception rates compared with ovulatory women who

;:i AAAAA - received the intervention (28, 29). In another post hoc analysis
;f:"j‘ AR RN R g of the same RCT, the investigators found that cardiometabolic
R NNRIME = jadce gz o health improved in the LS group and that a periconceptional
83 VI -GSO NG oMo decrease in BMI in obese infertile women led to a decrease in
e d9ecdnsguny . N
g— § 2 § § i g\: = § § = § ON\O 11: r;z;)tiersthog(l)%lpertenswe pregnancy complications and pre-
'§ 2 “OEIRNYIABSBR There are no studies specifically evaluating weight loss in
a women with PCOS before undergoing IVF alone. However, a
N large RCT of 317 women with a BMI of 30-35 kg/m? failed to
g demonstrate improved LBRs in obese women who received
%‘ § intensive weight reduction programs before IVF (31). In this
-% §>‘ 00000088 0%0Y % study, women were randomized to a low-calorie liquid for-
8 § e s mula diet for 12 weeks or usual care. Their outcome was LB
2 g after one IVF cycle or spontaneous LB before initiating IVF.
= Those in the low-calorie liquid formula diet group lost more
g weight (—9.4 vs. 1.2 kg, P<.001) but did not have improved
—_ § LB (29.6 vs. 27.5%; P=.77), although the weight reduction
E % . o E group did have more spontaneous pregnancies (10.5% vs.
g e SdEfboogdoedd § 2.6%; P=.009). A subgroup analysis of women with PCOS
g ‘\}' 1 showed a trend in improvements in LBR in women with
=~ = PCOS in the weight reduction group (n = 40) compared
g with the direct IVF group (n = 41); however, the study was
§ 4 not powered for this outcome (27.5 vs. 22.0%; P=.75) (31).
= Thus, more data are needed to identify when the possible
_§ _ Tgé improvement in LB after delayed conception in OI cycles in
RS iz women with PCOS is seen also in IVF.
E8 coo0o0fo8888D8 535 Although obesity is a hallmark symptom of PCOS, 40% of
S g Slelelels Ll g_f women with PCOS are of normal weight (32). Our study found
g 2 gﬁ a contribution of metabolic health to LBRs beyond that of
3 §§ overweight and obesity alone. This is consistent with results
% b from a secondary analysis from the PPCOS-II study showing
meo that women with MetSyn were less likely to achieve an LB
'é:E g (16.5% vs. 27%, P=.001) (18) and a secondary analysis of a
= o v e, BES large RCT (N = 1,508) evaluating fresh vs. frozen ET in
§ P o éﬁ;ﬁ_, women with PCOS (Frefro-PCOS), which found that MetSyn
5%% was negatively associated with cumulative LBR (OR: 0.70,
§§§ 95% CI: 0.51-0.96, P=.03) (19). Because normal-weight
g “§§§ women with PCOS still have increased risks of metabolic ab-
g cofo0f%008888 %H e normalities including IGT and T2DM, dyslipidemia, HTN, and
B ZZ2>Z2>>22>>>> € - MetSyn compared with normal-weight women without PCOS
= § Vs (33), focusing on lifestyle interventions to improve metabolic
§§ g health could be a new target to improve pregnancy rates in
$o% these women.
:?,‘ ég% This association between metabolic health and IVF suc-
M L0880 088YY §§§ cess has biologic plausibility. Studies of follicular fluid meta-
X SoEs oo §§§ bolic markers have found higher free fatty acids and lower
& S é % . bioactive lipids in women with PCOS (34, 35), which correlate
'% g =S S with decreased oocyte and embryo quality (35, 36). In the gen-
g ‘é = E eral population, elevated TGs have been associated with

o E’ %g E decreased LBRs (37), although this has not been evaluated

%5 £03 g in women with PCOS. Future studies should evaluate whether

= qi“j A % < there are additional serum biomarkers in women with PCOS

% - 2 gg “; that predict LB.

S 58 §§§ k¥ More recent treatment of obesity and metabolic dysfunc-
: ey ‘i%’ 552 £ tion in women with PCOS has focused on the use of
3 DL e icendon opie bt nd GPR

o $9%8 § - -
'E S 3G 825 8 agonists. Compared with metformin, treatment with GLP-1R
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agonists is associated with increased weight loss and an
improvement in insulin sensitivity (38). Overall, data are mixed
on whether treatment with GLP-1R agonists improves men-
strual frequency (39); however, early data on pregnancy out-
comes are promising. A study of 176 women with PCOS who
were overweight or obese, randomized to either exenatide or
metformin found a higher natural pregnancy rate in the exena-
tide group (40). Another study randomized 28 women with
PCOS who were obese and had infertility to liraglutide or met-
formin and found higher pregnancy rates after IVF in the lira-
glutide group despite similar amounts of weight loss (41). The
GLP-1R agonists are classified as pregnancy class C medications
and are contraindicated during pregnancy; however, their use in
the treatment of subfertility in the preconception period shows
promise. Future prediction studies should focus on whether
the use of these medications before IVF will improve outcomes.

The impact of race on IVF outcomes in our study was
striking. Multiple previous studies have demonstrated that
Black women are underrepresented among women undergo-
ing IVF and have decreased LBRs compared with White
women, likely in part because of systemic racism and racial
disparities in infertility referral and treatment options. (42—
44). In the PCOS population in particular, Black women
with PCOS also have worse metabolic phenotypes (45, 46),
which could contribute to the differences seen in IVF
success rates (43). More data are needed to evaluate
specifically the interaction between race and LB in women
with PCOS undergoing IVF to better address modifiable
factors underlying racial disparities.

Strengths of our study include recruitment from four sites
with different patient demographics and characteristics, which
increases generalizability to the other clinical sites. In addition,
we were able to obtain detailed medical, obstetric, and infertility
histories, allowing us to evaluate the contribution of factors that
have not been used in prior IVF prediction models.

Our results need to be interpreted in the context of limita-
tions. First, patients in our study were recruited when the
PCOM diagnosis criterion was > 12 follicles per ovary or vol-
ume was > 10 cm®. Although ultrasound reports included in-
formation to diagnose PCOM on the basis of this criterion,
we did not have AFCs in all patients to perform sensitivity an-
alyses to predict LB on the basis of total follicle number. Thus,
the inclusion of PCOM in our model must be interpreted in the
context of > 12 follicles per ovary. Despite this, we were able to
confirm that our model remained robust when looking at the
more restrictive NIH criteria for PCOS. Additional limitations
include a lack of routine documentation of the duration of
infertility, smoking status, prior obesity treatment, and socio-
economic status. Although socioeconomic status could impact
a subject’s ability to return for a FET, because 90% of women
either achieved pregnancy or used all embryos from the index
oocyte retrieval during FETs, we do not anticipate this having a
large impact. Because antimiillerian hormone (AMH) is a more
recent analyte, AMH values were not available for all subjects
and were not included in our model, although studies do show
a strong correlation between AMH levels and AFC (47, 48).
Finally, our model is derived and has internal validation, but
it needs further validation in a larger and independent contem-
porary cohort.

Fertil Steril®

CONCLUSION

Prediction of IVF success is incredibly important given that
this treatment is time consuming, invasive, and expensive.
We derived a prediction model that categorizes the likelihood
of an LB after IVF using a variety of factors available at the
time of a physician-patient IVF consultation. When this
model is validated in another cohort, it could serve as a tool
to personalize prediction estimates for the probability of LB
in women with PCOS starting IVF. Women with overweight
and obesity and poor metabolic health have decreased LBRs,
but additional studies would be necessary to demonstrate
whether weight loss or improving metabolic health before
IVF truly leads to improved LB outcomes. In the meantime,
clinicians should be reminded of the importance of screening
women for IGT and T2DM, dyslipidemia, and HTN routinely
in the preconception years.

CRediT Authorship Contribution Statement

Laura G. Cooney: Writing - review & editing, Writing - orig-
inal draft, Project administration, Methodology, Investiga-
tion, Formal analysis, Data curation, Conceptualization. Iris
Lee: Writing - original draft, Formal analysis, Conceptualiza-
tion. Michelle Goldsammler: Data curation. Erin Scott: Data
curation. Sarah Bjorkman: Data curation. Anuja Dokras:
Data curation.

Declaration of Interests

L.G.C. has nothing to disclose. M.D.S. has nothing to disclose.
LL. has nothing to disclose. M.A.C. has nothing to disclose.
M.G. has nothing to disclose. E.S. has nothing to disclose.
S.B. has nothing to disclose. B.T.F. reports funding from Pfizer
and Merck and consulting fees from Astellas outside the sub-
mitted work. A.D. has nothing to disclose.

REFERENCES

1. American College of Obstetricians and Gynecologists' Committee on Prac-
tice Bulletins—Gynecology. ACOG Practice Bulletin No. 194: polycystic
ovary syndrome. Obstet Gynecol 2018;131:e157-71.

2. Legro RS, Zhang H, Eunice Kennedy Shriver NICHD Reproductive Medicine
Network. Letrozole or clomiphene for infertility in the polycystic ovary syn-
drome. N Engl J Med 2014;371:1463-4.

3. LegroRS, Kunselman AR, Brzyski RG, Casson PR, Diamond MP, Schlaff WD,
et al. The Pregnancy in Polycystic Ovary Syndrome Il (PPCOS ) trial: rationale
and design of a double-blind randomized trial of clomiphene citrate and
letrozole for the treatment of infertility in women with polycystic
ovary syndrome. Contemp Clin Trials 2012;33:470-81.

4. Legro RS, Barnhart HX, Schlaff WD, Carr BR, Diamond MP, Carson SA, et al.
Clomiphene, metformin, or both for infertility in the polycystic ovary syn-
drome. N Engl J Med 2007;356:551-66.

5. Practice Committee of the American Society for Reproductive Medicine.
Role of metformin for ovulation induction in infertile patients with polycystic
ovary syndrome (PCOS): a guideline. Fertil Steril 2017;108:426-41.

6. Society for Assisted Reproductive Technology. Final National Summary
report for 2018 through 2020. https://www.sartcorsonline.com/rptCSR_
PublicMultYear.aspx#patient-cumulative. Accessed January 1, 2022.

7. Luke B, Brown MB, Wantman E, Stern JE, Baker VL, Widra E, et al. A predic-
tion model for live birth and multiple births within the first three cycles of as-
sisted reproductive technology. Fertil Steril 2014;102:744-52.

8. Cameron NJ, Bhattacharya S, Bhattacharya S, McLernon DJ. Cumulative live
birth rates following miscarriage in an initial complete cycle of IVF: a retro-
spective cohort study of 112 549 women. Hum Reprod 2017;32:2287-97.

VOL. 121 NO. 6/ JUNE 2024

1017

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 14,
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0015-0282(24)00073-6/sref1
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref1
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref1
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref2
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref2
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref2
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref3
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref3
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref3
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref3
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref3
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref4
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref4
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref4
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref5
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref5
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref5
https://www.sartcorsonline.com/rptCSR_PublicMultYear.aspx#patient-cumulative
https://www.sartcorsonline.com/rptCSR_PublicMultYear.aspx#patient-cumulative
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref7
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref7
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref7
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref8
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref8
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref8

ORIGINAL ARTICLE: ASSISTED REPRODUCTION

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Dhillon RK, McLernon DJ, Smith PP, Fishel S, Dowell K, Deeks JJ, et al. Pre-
dicting the chance of live birth for women undergoing IVF: a novel pretreat-
ment counselling tool. Hum Reprod 2016;31:84-92.

Sarais V, Reschini M, Busnelli A, Biancardi R, Paffoni A, Somigliana E. Predict-
ing the success of IVF: external validation of the van Loendersloot's model.
Hum Reprod 2016;31:1245-52.

Kalra SK, Ratcliffe SJ, Dokras A. Is the fertile window extended in women
with polycystic ovary syndrome? Utilizing the Society for Assisted Reproduc-
tive Technology registry to assess the impact of reproductive aging on live-
birth rate. Fertil Steril 2013;100:208-13.

Bailey AP, Hawkins LK, Missmer SA, Correia KF, Yanushpolsky EH. Effect of
body mass index on in vitro fertilization outcomes in women with polycystic
ovary syndrome. Am J Obstet Gynecol 2014;211(163):e1-6.

Marquard KL, Stephens SM, Jungheim ES, Ratts VS, Odem RR, Lanzendorf S,
et al. Polycystic ovary syndrome and maternal obesity affect oocyte size in
in vitro fertilization/intracytoplasmic sperm injection cycles. Fertil Steril
2011,95:2146-9.e1.

McCormick B, Thomas M, Maxwell R, Williams D, Aubuchon M. Effects of
polycystic ovarian syndrome on in vitro fertilization-embryo transfer out-
comes are influenced by body mass index. Fertil Steril 2008;90:2304-9.
Fedorcsak P, Dale PO, Storeng R, Tanbo T, Abyholm T. The impact of obesity
and insulin resistance on the outcome of IVF or ICSIin women with polycystic
ovarian syndrome. Hum Reprod 2001;16:1086-91.

Jungheim ES, Lanzendorf SE, Odem RR, Moley KH, Chang AS, Ratts VS.
Morbid obesity is associated with lower clinical pregnancy rates after
in vitro fertilization in women with polycystic ovary syndrome. Fertil Steril
2009;92:256-61.

Ozgun MT, Uludag S, Oner G, Batukan C, Aygen EM, Sahin Y. The influence
of obesity on ICSI outcomes in women with polycystic ovary syndrome. J Ob-
stet Gynaecol 2011;31:245-9.

Arya S, Hansen KR, Peck JD, Wild RA, National Institute of Child Health and
Human Development Reproductive Medicine Network. Metabolic syndrome
in obesity: treatment success and adverse pregnancy outcomes with ovula-
tion induction in polycystic ovary syndrome. Am J Obstet Gynecol 2021;225:
280.e1-11.

He Y, LuY, Zhu Q, Wang Y, Lindheim SR, Qi J, et al. Influence of metabolic
syndrome on female fertility and in vitro fertilization outcomes in PCOS
women. Am J Obstet Gynecol 2019;221:138.e1-12.

Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group.
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome (PCOS). Hum Reprod 2004;19:41-7.
Riley RD, Snell KI, Ensor J, Burke DL, Harrell FE Jr, Moons KG, et al. Minimum
sample size for developing a multivariable prediction model: PART Il - binary
and time-to-event outcomes. Stat Med 2019;38:1276-96.

Kuang H, Jin S, Hansen KR, Diamond MP, Coutifaris C, Casson P, et al. Iden-
tification and replication of prediction models for ovulation, pregnancy and
live birth in infertile women with polycystic ovary syndrome. Hum Reprod
2015;30:2222-33.

Zawadski JK, Dunaif A. Diagnostic criteria for polycystic ovary syndrome: to-
wards a rational approach. In: Dunaif A, Givens JR, Haseltine FP,
Merriam GR, editors. Polycystic ovary syndrome. Boston: Blackwell Scientific,
1992:377-84.

Rausch ME, Legro RS, Barnhart HX, Schlaff WD, Carr BR, Diamond MP, et al.
Predictors of pregnancy in women with polycystic ovary syndrome. J Clin En-
docrinol Metab 2009;94:3458-66.

Gesink Law DC, Maclehose RF, Longnecker MP. Obesity and time to preg-
nancy. Hum Reprod 2007;22:414-20.

Legro RS, Dodson WC, Kris-Etherton PM, Kunselman AR, Stetter CM,
Williams NI, et al. Randomized controlled trial of preconception interven-
tions in infertile women with polycystic ovary syndrome. J Clin Endocrinol
Metab 2015;100:4048-58.

Legro RS, Dodson WC, Kunselman AR, Stetter CM, Kris-Etherton PM,
Williams NI, et al. Benefit of delayed fertility therapy with preconception
weight loss over immediate therapy in obese women with PCOS. J Clin En-
docrinol Metab 2016;101:2658-66.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Mutsaerts MA, van Oers AM, Groen H, Burggraaff JM, Kuchenbecker WK,
Perquin DA, et al. Randomized trial of a lifestyle program in obese infertile
women. N Engl J Med 2016;374:1942-53.

van Oers AM, Groen H, Mutsaerts MA, Burggraaff JM, Kuchenbecker WK,
Perquin DA, et al. Effectiveness of lifestyle intervention in subgroups of
obese infertile women: a subgroup analysis of a RCT. Hum Reprod 2016;
31:2704-13.

van Dammen L, Wekker V, van Oers AM, Mutsaerts MAQ, Painter RC,
Zwinderman AH, et al. Effect of a lifestyle intervention in obese infertile
women on cardiometabolic health and quality of life: a randomized
controlled trial. PLOS ONE 2018;13:e0190662.

Einarsson S, Bergh C, Friberg B, Pinborg A, Klajnbard A, Karlstrom PO, et al.
Weight reduction intervention for obese infertile women prior to IVF: a ran-
domized controlled trial. Hum Reprod 2017;32:1621-30.

Lim SS, Norman RJ, Davies MJ, Moran LJ. The effect of obesity on polycystic
ovary syndrome: a systematic review and meta-analysis. Obes Rev 2013;14:
95-109.

Cooney LG, Dokras A. Cardiometabolic risk in polycystic ovary syndrome:
current guidelines. Endocrinol Metab Clin North Am 2021;50:83-95.

Sun Z, Chang HM, Wang A, Song J, Zhang X, Guo J, et al. Identification of
potential metabolic biomarkers of polycystic ovary syndrome in follicular
fluid by SWATH mass spectrometry. Reprod Biol Endocrinol 2019;17:45.
Niu Z, Lin N, Gu R, Sun Y, Feng Y. Associations between insulin resistance,
free fatty acids, and oocyte quality in polycystic ovary syndrome during
in vitro fertilization. J Clin Endocrinol Metab 2014;99:E2269-76.
Jungheim ES, Macones GA, Odem RR, Patterson BW, Lanzendorf SE,
Ratts VS, et al. Associations between free fatty acids, cumulus oocyte com-
plex morphology and ovarian function during in vitro fertilization. Fertil Steril
2011;95:1970-4.

Jamro EL, Bloom MS, Browne RW, Kim K, Greenwood EA, Fujimoto VY. Pre-
conception serum lipids and lipophilic micronutrient levels are associated
with live birth rates after IVF. Reprod Biomed Online 2019;39:665-73.
Han'Y, Li'Y, He B. GLP-1 receptor agonists versus metformin in PCOS: a sys-
tematic review and meta-analysis. Reprod Biomed Online 2019;39:332-42.
Pariante CM, Miller AH. Glucocorticoid receptors in major depression: rele-
vance to pathophysiology and treatment. Biol Psychiatry 2001;49:391-404.
Liu X, Zhang Y, Zheng SY, Lin R, Xie YJ, Chen H, et al. Efficacy of exenatide
on weight loss, metabolic parameters and pregnancy in overweight/obese
polycystic ovary syndrome. Clin Endocrinol (Oxf) 2017;87:767-74.
Salamun V, Jensterle M, Janez A, Vrtacnik Bokal E. Liraglutide increases IVF
pregnancy rates in obese PCOS women with poor response to first-line
reproductive treatments: a pilot randomized study. Eur J Endocrinol 2018;
179:1-11.

Humphries LA, Chang O, Humm K, Sakkas D, Hacker MR. Influence of race
and ethnicity on in vitro fertilization outcomes: systematic review. Am J Ob-
stet Gynecol 2016;214:212.e1-17.

Ghidei L, Wiltshire A, Raker C, Ayyar A, Brayboy LM. Factors associated with
disparate outcomes among Black women undergoing in vitro fertilization. F
S Rep 2022;3:14-21.

Seifer DB, Frazier LM, Grainger DA. Disparity in assisted reproductive tech-
nologies outcomes in black women compared with white women. Fertil
Steril 2008;90:1701-10.

Chang AY, Oshiro J, Ayers C, Auchus RJ. Influence of race/ethnicity on car-
diovascular risk factors in polycystic ovary syndrome, the Dallas Heart Study.
Clin Endocrinol (Oxf) 2016;85:92-9.

Hillman JK, Johnson LN, Limaye M, Feldman RA, Sammel M, Dokras A. Black
women with polycystic ovary syndrome (PCOS) have increased risk for meta-
bolic syndrome and cardiovascular disease compared with white women
with PCOS [corrected]. Fertil Steril 2014;101:530-5.

Christiansen SC, Eilertsen TB, Vanky E, Carlsen SM. Does AMH reflect follicle
number similarly in women with and without PCOS? PLOS ONE 2016;11:
e0146739.

Vatansever D, incir S, Bildik G, Taskiran C, Oktem O. In-vitro AMH produc-
tion of ovarian tissue samples in culture correlates with their primordial fol-
licle pool. Eur J Obstet Gynecol Reprod Biol 2020;254:138-40.

1018

VOL. 121 NO. 6/ JUNE 2024

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 14,
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0015-0282(24)00073-6/sref9
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref9
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref9
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref10
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref10
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref10
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref11
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref11
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref11
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref11
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref12
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref12
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref12
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref13
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref13
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref13
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref13
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref14
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref14
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref14
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref15
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref15
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref15
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref16
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref16
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref16
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref16
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref17
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref17
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref17
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref18
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref18
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref18
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref18
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref18
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref19
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref19
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref19
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref20
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref20
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref20
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref21
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref21
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref21
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref22
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref22
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref22
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref22
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref23
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref23
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref23
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref23
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref24
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref24
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref24
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref25
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref25
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref26
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref26
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref26
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref26
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref27
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref27
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref27
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref27
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref28
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref28
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref28
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref29
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref29
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref29
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref29
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref30
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref30
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref30
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref30
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref31
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref31
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref31
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref31
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref32
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref32
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref32
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref33
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref33
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref34
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref34
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref34
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref35
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref35
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref35
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref36
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref36
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref36
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref36
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref37
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref37
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref37
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref38
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref38
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref39
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref39
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref40
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref40
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref40
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref41
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref41
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref41
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref41
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref42
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref42
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref42
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref43
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref43
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref43
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref44
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref44
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref44
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref45
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref45
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref45
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref46
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref46
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref46
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref46
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref47
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref47
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref47
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref48
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref48
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref48
http://refhub.elsevier.com/S0015-0282(24)00073-6/sref48

Fertil Steril®

Los detalles importan: prediccion personalizada de nacido vivo luego de fecundacion in vitro en mujeres con sindrome de ovario
poliquistico.

Objetivo: Obtener y validar internamente un modelo de prediccion clinica para nacido vivo (NV) en mujeres con sindrome de ovario
poliquistico (SOP) que realizan fecundacion in vitro (FIV).

Diseno: Estudio de cohorte retrospectivo.

Escenario: Cuatro clinicas académicas de endocrinologia reproductiva.

Pacientes: Un total de 207 mujeres con SOP confirmadas mediante el criterio de Rotterdam que realizaron su primer ciclo de FIV.
Intervenciones: No aplicable.

Medida(s) de desenlace principal(es): El resultado principal fue la tasa acumulada de NV por ciclo iniciado de FIV. Esto incluyé cual-
quier NV que resultara de cualquiera de las transferencias embrionarias en fresco o cualquiera de las transferencias posteriores de em-
briones criopreservados obtenidos a partir de la misma aspiracién ovocitaria. El modelo de prediccién fue obtenido utilizando un
analisis de regresion multivariado. Las covariables consideradas para su inclusion en el modelo de prediccion fueron las caracteristicas
demograficas, antecedentes médicos y tratamientos de fertilidad previos. Las probabilidades previstas para NV fueron calculadas uti-
lizando un modelo de prediccién que incluia un factor de contraccion del 90% para cada razén de probabilidades ajustada.

Resultados: El modelo final, basado en la maximizacién del area bajo la curva, incluyé edades < a 35 anos, raza blanca, presencia de
ovarios poliquisticos en la ecografia (morfologia de ovario poliquistico), indice de masa corporal normal (< 25 Kg/m?), ser metabéli-
camente saludable (sin factores de riesgo metabdlico) y no responder a los agentes de induccién de la ovulacion, incluidos letrozol y
citrato de clomifeno. La puntuacion del area bajo la curva para el modelo fue de 0.68 (intervalo de confianza 95% [IC]: 0.60, 0.77).
Las probabilidades previstas de NV oscilaron entre 8.1% (IC 95%: 2.8, 21.5) para una mujer que no tenia predictores favorables y
74.2% (IC del 95 %: 59.5, 84.9) para una mujer que tenia todos los predictores favorables.

Conclusion: Nuestro estudio demostré que, ademads de la anovulacién, la fisiopatologia subyacente y las comorbilidades asociadas al-
tera la probabilidad de embarazo exitoso en mujeres con sindrome de ovario poliquistico que realizan FIV. Se necesita mayor validacion
de este modelo antes poder servir como herramienta para personalizar las estimaciones de prediccion de la probabilidad de NV en mu-
jeres con sindrome de ovario poliquistico.
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