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study question: Can we build and validate predictive models for ovulation and pregnancy outcomes in infertile women with polycystic
ovary syndrome (PCOS)?

summaryanswer: We were able to develop and validate a predictive model for pregnancy outcomes in women with PCOS using simple
clinical and biochemical criteria particularly duration of attempting conception, which was the most consistent predictor among all considered
factors for pregnancy outcomes.

what is known already: Predictive models for ovulation and pregnancy outcomes in infertile women with polycystic ovary syndrome
have been reported, but such models require validation.

study design, size, and duration: This is a secondaryanalysis of the data from the Pregnancy in Polycystic Ovary Syndrome I and II
(PPCOS-I and -II) trials. Both trials were double-blind, randomized clinical trials that included 626 and 750 infertile women with PCOS, respect-
ively. PPCOS-I participants were randomized to either clomiphene citrate (CC), metformin, or their combination, and PPCOS-II participants to
either letrozole or CC for up to five treatment cycles.

participants/materials, setting, and methods: Linear logistic regression models were fitted using treatment, BMI, and
other published variables as predictors of ovulation, conception, clinical pregnancy, and live birth as the outcome one at a time. We first evaluated
previously reported significant predictors, and then constructed new prediction models. Receiver operating characteristic (ROC) curves were
constructed and the area under the curves (AUCs) was calculated to compare performance using different models and data. Chi-square tests
were used to examine the goodness-of-fit and prediction power of logistic regression model.

main results and the role of chance: Predictive factors were similar between PPCOS-I and II, but the two participant samples
differed statistically significantly but the differences were clinically minor on key baseline characteristics and hormone levels. Women in PPCOS-II
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had an overall more severePCOS phenotype than women in PPCOS-I. The clinically minor but statistically significant differences may be due to the
large sample sizes. Youngerage, lower baseline freeandrogen indexand insulin, shorter duration of attempting conception, and higher baseline sex
hormone-binding globulin significantly predicted at least one pregnancy outcome. The ROC curves (with AUCs of 0.66–0.76) and calibration
plots and chi-square tests indicated stable predictive power of the identified variables (P-values ≥0.07 for all goodness-of-fit and validation tests).

limitations, reasons for caution: This is a secondary analysis. Although our primary objective was to confirm previously
reported results and identify new predictors of ovulation and pregnancy outcomes among PPCOS-II participants, our approach is exploratory
and warrants further replication.

wider implications of the findings: We have largely confirmed the predictors that were identified in the PPCOS-I trial.
However, we have also revealed new predictors, particularly the role of smoking. While a history of ever smoking was not a significant predictor
for live birth, a closer look at current, quit, and never smoking revealed that current smoking was a significant risk factor.

study funding/competing interest(s): The Eunice Kennedy Shriver National Institute of Child Health and Human Devel-
opment (NICHD) Grants U10 HD27049, U10 HD38992, U10HD055925, U10 HD39005, U10 HD33172, U10 HD38998, U10
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support.

trial registration number: PPCOS-I and -II were respectively registered at Clinicaltrials.gov: NCT00719186 and
NCT00719186.
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Introduction
Polycystic ovary syndrome (PCOS) is characterized by oligomenorrhea
and ovulatory dysfunction, hyperandrogenism and polycystic ovary
morphology (Taylor et al., 1997; Rotterdam Group, 2003; Azziz et al.,
2006). It affects 6.5–10% of reproductive age women, and is the most
common cause of anovulatory infertility (Knochenhauer et al., 1998;
Diamanti-Kandarakis et al., 1999; Asunción et al., 2000). Approximately
40% of women with PCOS present with a clinical complaint of infertility
(Teede et al., 2010), and 90–95% of anovulatory women who visit
infertility clinics have PCOS (Sirmans and Pate, 2013). Despite its high
prevalence, the optimal treatment of infertile women with PCOS is still
surrounded by much controversy (Thessaloniki Group, 2008). The
recommended first-line treatment for ovulation induction has long
been clomiphene citrate (CC), but recently wedetermined that letrozole
was markedly more effective than CC in inducing ovulation and live births
in infertile women with PCOS (Legro et al., 2014a,b).

Randomized, clinical trials can point out an overall superior therapy,
but there are often individual patient factors that may play a role in the
success of any specific treatment. There are many treatment choices
for an infertile woman with PCOS; the selection of which one is best
for any individual patient remains a clinical dilemma. In fact, not all
women with PCOS will ovulate in response to CC or letrozole, and of
those that do only half will achieve a pregnancy within up to five cycles
(Legro et al., 2014a,b). Given these challenges, there is significant interest
in identifying predictors that may help physicians identify appropriate
infertility treatments for women with PCOS and to counsel them regard-
ing their prognosis. We sought to determine which patient attributes

were most likely to predict a successful outcome in the context of Repro-
ductive Medicine Network-conducted clinical trials. It was reported
previously that baseline free androgen index, baseline proinsulin, and
duration of attempting conception all influenced the outcomes of ovula-
tion, conception, pregnancy, and live birth (Rausch et al., 2009).

In this study, we use data from our recently completed investigation on
Pregnancy in Polycystic Ovary Syndrome (PPCOS-II) that compared
letrozole to CC for infertility in women with PCOS. We attempt to
confirm previously reported significant predictors based on an earlier
Pregnancy in Polycystic Ovary Syndrome (PPCOS-I) study data
(Rausch et al., 2009), as well as construct new prediction models that
may better fit the recent data in predicting successful pregnancies.

Materials and Methods

Study design
This is a secondary analysis of the PPCOS-I and -II trial data. Both trials were
multi-center, randomized and double-blind. PPCOS-I compared CC, met-
formin and their combination in 626 women with PCOS. In PPCOS-II, 750
infertile women with PCOS were randomized to letrozole or CC for up
to five cycles of ovulation induction (Legro et al., 2014a,b). PCOS was
defined by modified Rotterdam criteria and detailed inclusion and exclusion
criteria have been reported previously (Legro et al., 2007, 2014a,b). The in-
stitutional review board at each study site approved the protocol and all sub-
jects (males/females) gave written informed consent. The study was
monitored by a Data and Safety and Monitoring Board.

Demographics and a full infertility and medical history were obtained using
standardized forms from all participants. Blood pressure, acne assessment,
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hirsutism assessment and transvaginal ultrasound examinations were all per-
formed at baseline. Fasting blood was obtained for hormonal assays. Samples
were batched and analyzed at the Ligand Assay & Analysis Core Laboratory
at the University of Virginia. The free androgen index (FAI) was calculated
from the formula: (total testosterone in nmol/l / SHBG in nmol/l) × 100
(Sodergard et al., 1982). Glucose levels were determined on a glucose ana-
lyzer using the glucose oxidase method. Laboratory tests including complete
blood count, liver and renal function tests were performed at baseline and
end of study as safety labs at each site.

In the PPCOS-II trial (Legro et al., 2014a,b), among the 376 women ran-
domized to letrozole, 331 ovulated, 154 conceived, 117 achieved clinical
pregnancy and 103 delivered at least one live born baby. In contrast, 288
of the 374 women randomized to CC ovulated; 103 conceived, 81 achieved
clinical pregnancy, and 72 delivered a baby. Letrozole was superior to CC in
all pregnancy outcomes. BMI was negatively associated with all pregnancy
outcomes. In the PPCOS-I trial (Legro et al., 2007), live birth was observed
in 47 of 209 women randomized to CC, 15 of 208 women randomized to
metformin and 56 of 209 women who were randomized to combination
therapy. CC and the combination of CC with metformin were superior to
metformin alone for all outcomes. Live birth was significantly more likely
for women with a BMI below 30 kg/m2 compared with women with a BMI
over 30 kg/m2.

Data analysis
First, we evaluated the four prediction models previously built in the PPCOS-I
population to predict success of ovulation, conception, pregnancy and live
birth (Rausch et al., 2009) in the PPCOS-II population. The criteria for defin-
ing ovulation and conception have changed. For PPCOS-I, ovulation was
defined as having a midluteal serum progesterone level .5 ng/ml, and
conception was defined as any positive serum human chorionic gonado-
trophin level. For PPCOS-II (Legro et al., 2014a,b), ovulation was defined
as having a midluteal serum progesterone level .3 ng/ml and conception
was defined as having a serum level of human chorionic gonadotrophin
.10 mIU per milliliter. For both studies, clinical pregnancy was defined as
an intrauterine pregnancy with fetal heart motion as detected by transvaginal
ultrasound examination; live birth was defined as the delivery of a viable
infant. Logistic regression was used for the analysis of these binary outcomes.

Since our first goal was to replicate the four published models, we consid-
ered the same set of baseline clinical and laboratory predictors as in Rausch
et al. (2009). These comprised treatment, age, weight, body mass index
(BMI), hirsutism score, race, waist measurement, waist/hip ratio, ethnic
group, duration of attempting conception, pregnancy history, prior loss of
pregnancy, prior parity, history of smoking, baseline total testosterone, base-
line freeandrogen index (FAI), baseline glucose, baseline insulin, baseline pro-
insulin, baseline SHBG and baseline white blood cell count. We categorized
BMI (,30, 30–34 and ≥35 kg/m2), age (≤34, .34 years), proinsulin
(,23, ≥23 pmol/l), FAI (,10, ≥10), hirsutism (,8, 8–15, ≥16) and dur-
ation of attempting conception (,1.5, ≥1.5 years). For history of smoking,
as an additional step, we believe it is more appropriate and informative to
consider current, quit and never smoking.

We then used backward deletion to rebuild four logistic regression models
for ovulation, conception, pregnancy and live birth using the PPCOS-II data.
As in Rausch et al. (2009), both age and treatment variables were retained in
the final models regardless of their statistical significance. For each covariate
selected from the initial backward deletion procedure, interaction effects
between treatment (CC or letrozole) and the selected covariates were
then assessed, and those interactions that were significant at the 0.10 level
or lower were included in the final models. For each outcome, the final
models are presented in a table with odds ratios and the corresponding
90% confidence intervals for all covariates following the tables in Rausch
et al. (2009). The interaction effect of the treatment with a covariate was

displayed by presenting the odds ratios for the treatment effect given the
value of the covariate.

To compare the performance of the prediction models built from
PPCOS-I and II data on the PPCOS-II data, we estimated the probability of
live birth for each woman in the PPCOS-II study first using the PPCOS-I
model and then using the PPCOS-II model. Then, we took the average of
the estimated probabilities of live birth within the groups defined by the pre-
dictors in the PPCOS-I models. Figure 1 uses different colors to represent the
ranges of the estimated probabilities and their differences.

To assess the predictive power of various models and the consistency of
the predictors across PPCOS-I and II data, we constructed receiver operating
characteristic (ROC) curves and calculated the areas under them (AUC). In
this way, we assessed the PPCOS-I-generated models used in Rausch et al.
(2009) applied to the PPCOS-II data and the PPCOS-II-generated models
applied to the PPCOS-I data.

To assess the predictive power of our models in terms of both the preci-
sion and reproducibility, we adopted an intuitive calibration approach used in
related studies (Veltman-Verhulst et al., 2012), performed the Hosmer–
Lemeshow test (Hosmer and Lemeshow, 1980) for goodness-of-fit of the
logistic regression models, and Pearson’s chi-square test for independent
validation. We stratified our samples into quintiles (i.e. very low, low, inter-
mediate, high and very high success rates) according to the predicted model,
obtained the average of the estimated success probabilities from the partici-
pants within each strata, and calibrated those averages with the observed
percentages of success from the corresponding strata.

All analyses were performed with SAS software, version 9.2 (SAS Institute,
Cary, NC, USA) or R (www.r-project.org). Trial Registration: ClinicalTrials.
gov number: NCT00068861 (PPCOS-I) and NCT00719186 (PPCOS-II).

Results

Baseline characteristics
Table I summarizes baseline demographic and clinical variables, and bio-
markers. There were no significant differences in baseline characteristics
between the two treatment arms in the PPCOS-II data (Legro et al.,
2014a,b); the same was true of the PPCOS-I sample. Thus, we did
not present the treatment-specific data in Table I. Instead, we examined
potential overall differences between PPCOS-I and II participants
without considering the treatment arms. PPCOS-I women were
younger (P ¼ 0.001) than those in PPCOS-II. Although BMI was not
significantly different between the two samples, age (28.1 versus 28.9,
P ¼ 0.001), waist circumference (102.5 versus 105.9, P ¼ 0.002) and
waist to hip ratio (0.86 versus 0.90, P , 0.001) were significantly lower
in PPCOS-I participants than PPCOS-II participants. Hirsutism score
was also lower in women in PPCOS-I than those in PPCOS-II (14.4
versus 17.0, P , 0.001). Moreover, group distributions of race/ethnicity
(P , 0.001) differed between the two studies, such that PPCOS-II
women were more likely to be White (78.7%) and less likely to be
African-American (13.3%) or Hispanic or Latino (17.1%), in comparison
to PPCOS-I (White: 69.8%; African-American: 17.5%; Hispanic or
Latino: 26.2%) (Table I). The means for all hormonal markers except
SHBG (Table I) were considerably and significantly (P ≤ 0.01) higher in
PPCOS-I participants than those in PPCOS-II participants.

Predictive value of individual characteristics
As presented in Table II, despite a lack of difference in ovulation rate by
age group (P . 0.05), younger women had better outcomes in terms of
conception (odds ratio [OR] ¼ 2.06, Wald 90% confidence intervals
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[CI] ¼ 1.20–3.53), pregnancy (OR ¼ 1.92, CI ¼ 1.06–3.50) and live
birth (OR ¼ 2.51, CI ¼ 1.26–5.00). History of a prior pregnancy loss
was not associated with the likelihood of ovulation, but was significantly
associated with conception rate (OR ¼ 1.53, CI ¼ 1.11–2.12). This

latter finding was unique to the PPCOS-II data. Proinsulin level was not
predictive of any of the outcomes, although there was a trend toward
better outcomes with lower proinsulin levels. FAI was predictive of
ovulation (OR ¼ 1.64, CI ¼ 1.14–2.36) and live birth (OR ¼ 1.60,

Figure1 Group averaged estimates of probability in the PPCOS-II subgroups determined by treatment, duration of attempting conception, age, BMI and
hirsutism score: (a) Based on the PPCOS-I model; (b) Based on the PPCOS-II model; and (c) The difference of the estimates between (a) and (b). Colors
represent the levels of probability (a and b) or differences in probability (c) and the empty subgroups were represented with white cells. The blanks in (b) and
(c) indicate that there were no PPCOS-II participants in those subgroups, and the estimates are not available.
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CI ¼ 1.08–2.39) but not conception or pregnancy, although a trend was
observed. Hirsutism score was not selected in the initial model for
ovulation from the PPCOS-I data and hence was not re-evaluated in
the PPCOS-II data, but for the other three outcomes, the middle
group had a modest increase in success, which was significant for
conception (OR ¼ 1.46, CI ¼ 1.08–1.97) and pregnancy (OR ¼ 1.40,
CI ¼ 1.02–1.92), and nearly significant for live birth (OR ¼ 1.30,
CI ¼ 0.93–1.81). A shorter duration of attempting conception had
little relationship to the ovulation rate, but was significantly positively
associated with the other outcomes (conception: OR ¼ 1.35,

CI ¼ 1.003–1.82; pregnancy: OR ¼ 1.50, CI ¼ 1.10–2.05; live birth:
OR ¼ 1.39, CI ¼ 1.01–1.92).

Building prediction models on baseline
characteristics
Next, we used a backward deletion procedure to build prediction
models for the four outcomes from the PPCOS-II data (Table III). As
pointed out earlier, age was included in our models regardless of its sig-
nificance. Unlike what we did in Table II, we considered age and BMI on a

.............................................................................................................................................................................................

Table I Clinical parameters and baseline biomarkers used as covariates in prediction models.

Parameter PPCOS-II
(N 5 750)

PPCOS-I
(N 5 626)

P-value*

Age 28.9+4.3 28.1+4.0 0.001

Weight (kg) 94.8+26.3 94.3+24.7 0.715

BMI (kg/m2) 35.1+9.3 35.2+8.7 0.849

,30 245/750 (32.7) 179/625 (28.6) 0.057

30–34 127/750 (16.9) 135/625 (21.6)

≥35 378/750 (50.4) 311/625 (49.8)

Waist circumference (cm) 105.9+20.4 102.5+19.6 0.002

Waist/hip ratio 0.902+0.103 0.864+0.091 ,0.001

Hirsutism score 17.0+8.5 14.4+7.9 ,0.001

,8 97/750 (12.9) 121/626 (19.3) ,0.001

8–15 250/750 (33.3) 262/626 (41.9)

≥16 403/750 (53.7) 243/626 (38.8)

Race ,0.001

White 590/750 (78.7) 435/623 (69.8)

Black or African-American 100/750 (13.3) 109/623 (17.5)

Asian 24/750 (3.2) 17/623 (2.7)

American Indian or Alaska Native 7/750 (0.9) 72/623 (11.6)

Native Hawaiian or Pacific Islander 2/750 (0.3) 1/623 (0.2)

Mixed race 27/750 (3.6)

Ethnic group ,0.001

Not Hispanic or Latino 622/750 (82.9) 462/626 (73.8)

Hispanic or Latino 128/750 (17.1) 164/626 (26.2)

Length of attempting conception (months) 41.7+37.8 40.4+35.8 0.503

Prior pregnancy 273/750 (36.4) 210/626 (33.6) 0.269

Prior pregnancy loss 174/750 (23.2) 138/626 (22.0) 0.610

Prior live birth 148/750 (19.7) 113/626 (18.1) 0.428

History of smoking 317/750 (42.3) 247/626 (39.5) 0.291

Total testosterone (ng/dl) 55.0+28.8 62.0+28.6 ,0.001

Free androgen index 7.8+5.9 9.5+6.7 ,0.001

Glucose (mg/dl) 86.0+12.6 89.0+17.4 ,0.001

Insulin (mU/ml) 19.3+27.0 23.0+26.6 0.011

Proinsulin (pmol/l) 18.0+14.4 24.9+25.8 ,0.001

SHBG (nmol/l) 33.9+23.1 29.7+18.1 ,0.001

White blood cells (103/ml) 7.3+1.9 7.3+2.0 0.660

Data are presented as mean+ SD or frequencies (%). There are some missing values.
SHBG, sex hormone-binding globulin.
*Comparison for all patients between PPCOS-I and PPCOS-II studies.

2226 Kuang et al.



continuous scale. Older age had an overall negative relationship to preg-
nancy (OR ¼ 0.96, CI ¼ 0.93–1.00) and live birth (OR ¼ 0.94, CI ¼
0.91–0.98). BMI was negatively associated with ovulation (OR ¼ 0.97,
CI ¼ 0.95–0.99) and conception (OR ¼ 0.98, CI ¼ 0.96–0.996), but
did not remain for pregnancy and live birth. Hispanic or Latino ethnicity
remained in the model for a lower rate of ovulation (OR ¼ 0.48, CI ¼
0.32–0.71), but was removed for the other three outcomes. Smoking
remained in the model for a lower ovulation rate (OR ¼ 0.70, CI ¼
0.50–0.99), but not for the other three outcomes. History of prior preg-
nancy increased the likelihood of pregnancy (OR ¼ 1.45, CI ¼ 1.06–
1.99) and live birth (OR ¼ 1.49, CI ¼ 1.08–2.06), but was removed
for the prediction models of ovulation and conception. History of prior

loss remained only for conception (OR ¼ 1.57, CI ¼ 1.13–2.18), but
not for the other three outcomes.

Biomarkers
Again, as presented in Table III, testosterone was negatively associated
with conception (OR ¼ 0.99, CI ¼ 0.99–0.996), pregnancy (OR ¼
0.99, CI ¼ 0.98–0.99) and live birth (OR ¼ 0.99, CI ¼ 0.98–0.99),
but it was removed fromthe model for ovulation. Attempting conception
longer reduced the odds of conception (OR ¼ 0.99, CI ¼ 0.99–0.995),
pregnancy (OR ¼ 0.99, CI ¼ 0.98–0.99) and live birth (OR ¼ 0.99,
CI ¼ 0.99–0.996), but it was also removed from the model for

.............................................................................................................................................................................................

Table II Odds ratios, and 90% Wald confidence limits obtained using PPCOS-I models to determine predictive factors for
success applied to PPCOS-II data.

Effect Ovulation Conception
(achieved pregnancy)

Pregnancy
(clinical pregnancy)

Live birth

Baseline BMI ≥35 (kg/m2)

Clomiphene (reference) 1.0 1.0 1.0 1.0

Letrozole 2.42 (1.58, 3.70) 2.83 (1.90, 4.21) 2.47 (1.60, 3.80) 2.21 (1.40, 3.48)

Baseline BMI 30–34 (kg/m2)

Clomiphene (reference) 1.0 1.0 1.0 1.0

Letrozole 2.45 (1.15, 5.20) 1.12 (0.59, 2.10) 1.18 (0.59, 2.38) 1.13 (0.52, 2.46)

Baseline BMI ,30 (kg/m2)

Clomiphene (reference) 1.0 1.0 1.0 1.0

Letrozole 2.44 (1.06, 5.61) 1.50 (0.99, 2.30) 1.29 (0.83, 1.99) 1.39 (0.89, 2.17)

Treatment

Clomiphene (reference) 1.0 1.0 1.0 1.0

Letrozole 2.42 (1.70, 3.44) 1.89 (1.44, 2.48) 1.64 (1.23, 2.19) 1.59 (1.18, 2.15)

BMI (kg/m2)

≥35 (reference) 1.0 1.0 1.0 1.0

30–34 1.12 (0.71, 1.77) 1.00 (0.67, 1.49) 0.91 (0.59, 1.41) 0.83 (0.52, 1.33)

,30 2.57 (1.59, 4.13) 1.61 (1.16, 2.24) 1.45 (1.02, 2.06) 1.63 (1.14, 2.34)

Age (years)

.34 (reference) 1.0 1.0 1.0 1.0

≤34 0.89 (0.48, 1.65) 2.06 (1.21, 3.53) 1.92 (1.06, 3.50) 2.51 (1.26, 5.00)

History of prior loss 1.45 (0.94, 2.26) 1.53 (1.11, 2.12) N.A. N.A.

Baseline proinsulin (pmol/l)

≥23 (reference) 1.0 1.0 1.0 1.0

,23 1.40 (0.95, 2.07) 1.40 (0.97, 2.02) 1.21 (0.81, 1.79) 1.15 (0.76, 1.74)

Baseline free androgen index

≥10 (reference) 1.0 1.0 1.0 1.0

,10 1.64 (1.14, 2.36) 1.23 (0.88, 1.73) 1.41 (0.97, 2.05) 1.60 (1.08, 2.39)

Hirsutism score N.A.

≥16 (reference) 1.0 1.0 1.0

8–15 1.46 (1.08, 1.97) 1.40 (1.02, 1.92) 1.30 (0.93, 1.81)

,8 1.08 (0.70, 1.66) 1.06 (0.68, 1.67) 1.12 (0.70, 1.79)

Duration of attempting conception

≥1.5 years (reference) 1.0 1.0 1.0 1.0

,1.5 years 1.16 (0.78, 1.74) 1.35 (1.003, 1.82) 1.50 (1.10, 2.05) 1.39 (1.01, 1.92)

N.A. refers to the variables not selected in the PPCOS-I model.
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ovulation. SHBG was positively associated with conception (OR ¼ 1.01,
CI ¼ 1.002–1.02), pregnancy (OR ¼ 1.01, CI ¼ 1.01–1.02) and live
birth (OR ¼ 1.02, CI ¼ 1.01–1.02), and again it was removed from
the model for ovulation. We should note that all ORs appear very
close to 1 because of the small unit in the variable, and a one unit increase
of these variables did not lead to a large magnitude change of the ORs.
Proinsulin (OR ¼ 0.99, CI ¼ 0.97–0.997), and FAI (OR ¼ 0.95, CI ¼
0.93–0.98), were negatively associated with ovulation, but removed
from the models for the other three outcomes. Glucose remained for
ovulation (OR ¼ 0.98, CI ¼ 0.97–0.998), and conception (OR ¼
0.99, CI ¼ 0.98–0.999), but not for the other two outcomes.

Following Rausch et al. (2009), we divided the 750 PPCOS-II partici-
pants into 72 subgroups determined by treatment, duration of attempt-
ing conception, age, BMI and hirsutism score, of which 16 subgroups had
no participants. Then, as displayed in Fig. 1 we estimated the probability
of live birth in each subgroup. The estimates in Fig. 1a and b were derived
from the PPCOS-I and II models, respectively. It can be seen clearly from
the top-left panel of Fig. 1a that the nine subgroups who received letro-
zole, had attempted conception less than 1.5 years, and were 34 years of
age or younger had the overall highest chance of success. Within these
nine subgroups, the variations from BMI and hirsutism are relatively
minor. On the other hand, the age effect was clear from the colors in
the two top-left panels of Fig. 1a, and so was the effect of duration of
attempting conception (e.g. the first and third panels in the top row).
Although the PPCOS-I and II models selected different predictors,
their estimated probabilities of live birth in the PPCOS-II participants

were similar as most of the differences between the estimates were
below 10%. See Fig. 1c.

As a post hoc analysis, we examined whether extreme values in any
of the biomarkers were indicative of negative pregnancy outcomes.
Although PPCOS-II was not powered to adequately address this
issue, Fig. 2 indicates that the chance of delivering live births is dimi-
nished with very high FAI (≥20), glucose (≥110 mg/dl), proinsulin
(≥55 pmol/l), insulin (≥70 mU/ml) or testosterone (≥130 ng/dl).
Specifically, 2 out of 36 women who had FAI ≥ 20, 1 out of 17 women
who had glucose ≥110 mg/dl, 1 out of 17 women who had proinsulin
≥55 pmol/l, 1 out of 12 women who had insulin ≥70 mU/ml, and 0
out of 15 women who had testosterone ≥130 ng/dl delivered live
birth. The estimates of these ORs were less than one-third but unreliable
due to the small number of events (0 or 1), and hence the details were
omitted here.

ROC curves
For convenience, we refer to the models built from the PPCOS-I and II
data as the PPCOS-I and II models, respectively. Figure 3 displays the
ROC curves when the PPCOS I models were used to predict the out-
comes in the PPCOS-I and II data and PPCOS-II models were used to
predict the outcomes in the PPCOS-I and II data. When PPCOS-I
models were used to predict the outcomes in the PPCOS-I data
(model 1), AUCs were the largest for conception (0.74), pregnancy
(0.76), and live birth (0.76), and the second largest for ovulation

.............................................................................................................................................................................................

Table III Odds ratios (90% confidence intervals) from PPCOS-II models to determine predictive factors for success.

Effect Ovulation Conception
(achieved pregnancy)

Pregnancy
(clinical pregnancy)

Live birth

Treatment

Clomiphene (reference) 1.0 1.0 1.0 1.0

Letrozole 2.40 (1.69, 3.42) 1.90 (1.45, 2.51) 1.62 (1.21, 2.18) 1.55 (1.14, 2.10)

Age (years) 1.02 (0.98, 1.06) 0.98 (0.95, 1.02) 0.96 (0.93, 0.999) 0.94 (0.91, 0.98)

Baseline BMI (kg/m2) 0.97 (0.95, 0.99) 0.98 (0.96, 0.996) N.A. N.A.

Ethnic group N.A. N.A. N.A.

Not Hispanic or Latino (reference) 1.0

Hispanic or Latino 0.48 (0.32, 0.71)

History of smoking N.A. N.A. N.A.

Never smoked (reference) 1.0

Current or former smoker 0.70 (0.50, 0.99)

History of prior pregnancy N.A. N.A. 1.45 (1.06, 1.99) 1.49 (1.08, 2.06)

History of prior loss N.A. 1.57 (1.13, 2.18) N.A. N.A.

Baseline testosterone (ng/dl) N.A. 0.99 (0.99, 0.996) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99)

Baseline proinsulin (pmol/l) 0.99 (0.97, 0.997) N.A. N.A. N.A.

Baseline free androgen index 0.95 (0.93, 0.98) N.A. N.A. N.A.

Baseline glucose (mg/dl) 0.98 (0.97, 0.998) 0.99 (0.98, 0.999) N.A. N.A.

Baseline SHBG (nmol/l) N.A. 1.01 (1.002, 1.02) 1.01 (1.01, 1.02) 1.02 (1.01, 1.02)

Duration of attempting conception N.A. 0.99 (0.99, 0.995) 0.99 (0.98, 0.99) 0.99 (0.99, 0.996)

Backwards selection was performed.
N.A. indicating that the specific covariate in the row was not included in the prediction model of the outcome in the column.
SHBG, sex hormone-binding globulin.
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(0.73). When the PPCOS-II models were used to predict the outcomes
in the PPCOS-II data (model 3), the AUCs were the third largest for con-
ception (0.69), pregnancy (0.68), and live birth (0.69), and the largest for
ovulation (0.74). When the PPCOS-I models were used to predict the
outcomes in the PPCOS-II data (model 2), the AUCs were the lowest
for all outcomes (ovulation: 0.71, conception: 0.68, pregnancy: 0.66
and live birth: 0.67). When the PPCOS-II models were used to predict

the outcomes in the PPCOS-I data (model 4), the AUCs were very
similar to those when the PPCOS-I models were used to predict the out-
comes in the PPCOS-I data, suggesting that the PPCOS-II models were
better than the PPCOS I models when they were applied to both the
PPCOS-I and II data.

Considering the independence of the PPCOS-I and II data, we tested
the differences of AUCs when the same model was applied to both the

Figure 2 Histograms of biomarkers in PPCOS-II. Red and blue indicate live birth and no live birth, respectively.
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PPCOS-I and II data. The AUC from the use of the PPCOS-I model for
the PPCOS-I data is significantly larger than that from the use of the
PPCOS-II model for the PPCOS-II data for predicting pregnancy (differ-
ence 0.073, P ¼ 0.025, 95% CI: 0.009–0.137) and live birth (difference
0.067, P ¼ 0.045, 95% CI: 0.002–0.133). Overall, the smaller AUCs
obtained from the PPCOS-II data suggest that predicting outcomes in
the PPCOS-II participants was more difficult than that in the PPCOS I
participants.

Calibration analysis
Supplementary Figure S1 displays the plots for the PPCOS I data. Each
panel is one of the four outcomes. Two lines (solid for the PPCOS I
model and dashed for the PPCOS-II model) are the least squares fits
to the five points (based on the division into quintiles described in

Materials and Methods) where the x-axis is the average of the estimated
success probabilities and the y-axis the observed success rates based on
the counts. Supplementary Figure S2 is analogous to Supplementary
Figure S1, but displays the result for the PPCOS-II data. All regression
lines have the intercepts very close to 0 (e.g. off by the second decimal
point, P-value .0.05), and the slopes very close to 1 (e.g. off by the
second decimal point, P-value ,0.05). These plots suggest again the
PPCOS I and II models are well calibrated between these two independ-
ent trials. Furthermore, the P-values obtained from the Hosmer Leme-
show test for goodness-of-fit for all logistic models were �0.08 or
above, suggesting reasonable fits of the data. The P-values obtained
from the Pearson’s chi-square test for the independent validation of all
logistic models between PPCOS I and II data were greater than 0.2, con-
firming a reasonable match between the prediction models and the inde-
pendently observed data.

Figure 3 Receiver-operator characteristic (ROC) curves for PPCOS-I and II models in predicting ovulation, conception, pregnancy, and live birth out-
comes in PPCOS-I and II Data. Model 1: PPCOSI model for PPCOS-I data; model 2: PPCOS-I model for PPCOS-II data; model 3: PPCOS-II model for
PPCOS-II data; model 4: PPCOS-II model for PPCOS-I data.
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Discussion
In this study, we examined a number of clinical and biochemical predic-
tors for fertility outcomes in women with PCOS who participated in two
large, randomized clinical trials. The participants recruited for both of
these trials came from similar geographical areas and met similar criteria.
Simple demographic, physical measures or biochemical features that are
readily available to the clinician appear to have modest power to predict
pregnancy outcomes in women with PCOS based on the cumulative
sample of 1376 women. A younger age, lower BMI, shorter duration
of attempting to become pregnant, and overall hormonal levels indicative
of less insulin resistance and hyperandrogenism were all found to be pre-
dictive of ovulation, conception, clinical pregnancy and/or live birth.
Most of the predictors were similar for the PPCOS-I and II data, although
in the PPCOS-II trial, an association between history of prior pregnancy
loss and conception was observed. Unlike in the PPCOS-I trial, proinsulin
levels were not predictive of pregnancy outcome. These minor discrep-
ancies between the two studies may reflect inconsistent relationships
between these latter predictive factors. Alternatively, they may re-
present a modest interaction between the treatments used in the two
studies. Although there were patterns of potential interactions
between treatment and BMI groups in both the PPCOS-I and II data,
they did not reach the statistical significance (P ¼ 0.05). The sample
sizes of the resulting groups might limit the power of the PPCOS-I and
II trials in detecting such interactions.

In both the PPCOS-I and II populations, female obesity can have a
significantly negative impact on all outcomes as can be seen in Table III
and Fig. 1 when very obese women (BMI ≥ 35) were compared with
non-obese women (BMI , 30). However, such an association may
not be apparent always. For example, when BMI was treated as a cont-
inuous variable, it was only significantly associated with ovulation and
conception (Table III). These inconsistencies suggest that the effects of
BMI on pregnancy outcomes are complex in both its own association
with the pregnancy outcomes and the existence of confounding factors.
Nonetheless, the detrimental effects of obesity on menstrual function
(Lake et al., 1997), preterm birth, stillbirth (Chu et al., 2007) and recur-
rent miscarriage (Metwally et al., 2010) have all been well documented.

As presented in Table II, using the PPCOS-II data, we have largely con-
firmed the predictors that were found to be significant in the prior
PPCOS-I models. Of note, duration of attempting conception is the
most consistent predictor among all considered factors for the four
pregnancy-related outcomes. Due to the known association among
the predictors that we considered as well as the difference in treatments,
the predictors that were selected from the PPCOS-II models were
mostly different from those selected in the PPCOS-I models. This differ-
ence does not necessarily suggest inconsistencies in our data and findings,
but rather reflects the complex relationship among the predictors and
outcomes. In fact, the PPCOS-I and II models performed similarly in
terms of prediction (Fig. 1). We have also observed differences in the bio-
markers reported in Table I between the PPCOS-I and II data. We have
used the same lab for those tests and confirmed no change in the assays.
Though clinically relatively small, those differences can be statistically sig-
nificant due to the large sample sizes in the two studies.

Smoking did not remain in any PPCOS-I models, but was a significant
predictor for ovulation in the PPCOS-II model. This may partially be due
to its known association with increased free testosterone and worsening
insulin resistance (Cupisti et al., 2010). In a recent study specifically

designed to address the accuracy of self-reported smoking and the
effect on smoking behavior from the infertility treatment (Legro et al.,
2014c), hirsutism scores at baseline were found to be lower in the
never smoker than in the past smokers. Total testosterone levels at base-
line were also lower in the never smokers than in the current smokers. At
end of study follow-up insulin levels and homeostatic index of insulin
resistance increased in the current smokers compared with baseline
and with non-smokers. Moreover, the effect of smoking may also have
been difficult to detect, as only about 40% of women reported
smoking, although we should note that self-report of smoking among
women with infertility has been shown to be reliable (Cupisti et al.,
2010). Given these complexities with smoking, we believe we should
examine current, quit and never smoking. Interestingly enough, although
history of smoking characterized by ever smoking is not significant for
live birth, current and quit smoking are significant risk (OR ¼ 0.31,
CI ¼ 0.16–0.63) and protective predictors (OR ¼ 1.76, CI ¼ 1.21–
2.55) of live birth, respectively. Adverse effects of smoking on fetal
health have been well established, but only about half of the smokers
quit smoking during pregnancy in our studies. These data should
provide additional motivation to engage infertile, anovulatory women
to quit smoking; in particular, given that smoking status is unlikely to
change during infertility treatment, extra attention should be paid to
smoking cessation in current or recent smokers who seek or who are
receiving infertility treatment (Legro et al., 2014c).

We have noted different criteria that were used to define ovulation
and conception and differences in the baseline characteristics
between the PPCOS-I and II participants. Nonetheless, we have
largely confirmed the predictors that were identified in the PPCOS-I
trial, and vice versa. The ROC curves in Fig. 3 suggest that the selected
predictors had good and stable power to predict the outcomes, al-
though there is clearly room for improvement in prediction of these
complex outcomes. We should note that expecting the AUC be 80%
or higher is likely to be unrealistic because of both unknown and uncer-
tain etiologies of the pregnancy outcomes. Despite the modest AUCs,
our findings have important clinical implications. First, some published
studies used relatively small number of samples. For example, the
article by Veltman-Verhulst et al. (2012) used only 108 women who
were from the same medical center. We made use of 1376 couples in
.10 medical centers, and hence these findings are more representative
of and generalizable to clinical practice. Second, our findings also suggest
that it is very difficult, if not impossible, to have both high and consistent
prediction power for pregnancy outcomes because there are likely
many factors that have small effects which not only increase the risk
but also the uncertainty. Lastly, the ROC curves are helpful to under-
stand the discriminant power of our prediction models, which is
modest as presented above. While a high discriminant power is indica-
tive of the quality of our prediction models, a model with a high discrim-
inant power (i.e. the ability to call a subject at high or low risk of a certain
status) can be built without depending on accurate probability estimates
of the outcomes. We are, however, more interested in the predictive
power of our models in terms of both the precision and reproducibility.
Our calibration analysis confirms the validity of the predictors that were
identified before and here. Similar techniques have been used in predict-
ing the probability of a live birth after in vitro fertilization (Leushuis et al.,
2009; Smith et al., 2015).

In conclusion, duration of attempting conception and age were the
most consistent predictors among all considered factors for the four
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pregnancy-related outcomes, although longer duration of attempting
conception may be interrelated to increasing age of the women. The
mutual verification of the predictors between the PPCOS-I and II trials
attests to the value of simple clinical and biochemical criteria for
predicting pregnancy outcomes in women with PCOS, but a great deal
of variability remains, limiting our prediction precision.

Supplementary data
Supplementary data are available at http://humrep.oxfordjournals.org/.
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