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Objective—To identify baseline characteristics of couples likely to predict conception, clinical
pregnancy, and live-birth following up to four cycles of ovarian stimulation with intrauterine
insemination in couples with unexplained infertility.
Design—Secondary analyses of data from a prospective, randomized, multicenter clinical trial
investigating pregnancy, live-birth, and multiple pregnancy rates following ovarian stimulationintrauterine insemination with clomiphene citrate, letrozole, or gonadotropins.
Setting—Outpatient clinical units associated with the Reproductive Medicine Network clinical
sites
Patients—Nine-hundred couples with unexplained infertility who participated in the Assessment
of Multiple Intrauterine Gestations from Ovarian Stimulation (AMIGOS) clinical trial.

Author Manuscript

Intervention—As part of the clinical trial, treatment was randomized equally to one of three
arms and continued for up to four cycles or until pregnancy was achieved.
Main outcomes measures—Conception, clinical pregnancy and live-birth rates.
Results—In a multivariable logistic regression analysis, after adjustment for other covariates,
age, waist circumference, income level, duration of infertility, and a history of prior pregnancy loss
were significantly associated with at least one pregnancy outcome. Other baseline demographic
and lifestyle characteristics including smoking, alcohol use, and serum levels of AMH, were not
significantly associated with pregnancy outcomes.

Author Manuscript

Conclusions—While age and duration of infertility were significant predictors of all pregnancy
outcomes, many other baseline characteristics were not. The identification of level of income as a
significant predictor of outcomes independent of race and education may reflect differences in the
underlying etiologies of unexplained infertility or could reveal disparities in access to fertility
and/or obstetrical care.
Keywords
Unexplained infertility; predictors; ovarian stimulation; intrauterine insemination; pregnancy

Introduction

Author Manuscript

Infertility is one of the most common medical problems affecting reproductive age adults
(1). Although the estimated prevalence is between 10–15%, the true prevalence is likely
greater due to the social stigma associated with this diagnosis (2,3). In couples experiencing
infertility, it has been estimated that between 15–37% have infertility with no identifiable
etiology (4,5). Treatment paradigms for unexplained infertility typically involve ovarian
stimulation (OS) with intrauterine insemination (IUI), subsequently followed by in-vitro
fertilization (IVF) for those unsuccessful in achieving pregnancy with OS-IUI (6).
Unfortunately, less than one-third of couples will achieve a live-birth following the most
aggressive OS-IUI treatments involving gonadotropins, and will therefore require IVF (7,8).
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Previous investigations have evaluated the relationship between lifestyle and socioeconomic
factors and pregnancy outcomes following treatment in couples with unexplained infertility
(9,10). Many of these investigations have relied on retrospective data, have not included the
outcome of live-birth, or have focused on outcomes in the setting of IVF rather than OS-IUI
(9,11–15). One of the largest investigations, which included 664 couples with unexplained
infertility, 164 of whom underwent up to four cycles of OS-IUI treatment, has suggested that
the former use of coffee, tea, and alcohol was associated with greater pregnancy and livebirth rates as compared to never and current users (10).

Author Manuscript

Since OS-IUI and IVF are personally demanding, resource intensive, and are not without
expense and risk, identification of patient characteristics associated with successful
treatment outcomes following OS-IUI may allow for more effective counseling and
treatment planning. Our hypothesis was that baseline characteristics of the couple, including
lifestyle factors, would predict treatment outcomes. To this end, the present investigation
sought to 1) identify risk factors associated with treatment outcomes, and 2) develop
prediction models of treatment outcomes following OS-IUI treatment applied to the
Reproductive Medicine Network’s the Assessment of Multiple Intrauterine Gestations from
Ovarian Stimulation (AMIGOS) clinical trial. This trial, conducted at twelve clinical sites,
randomized 900 couples with unexplained infertility to clomiphene, letrozole, or
gonadotropins treatment for OS-IUI (8).

Materials and Methods
Study Design

Author Manuscript

This secondary analysis included all 900 participants from The AMIGOS clinical trial. The
trial design, analysis plan, baseline characteristics of the participating couples as well as the
trial outcomes have previously been published (8,16). Briefly, the AMIGOS trial was a
prospective, multicenter randomized clinical trial which evaluated the outcomes of
conception, pregnancy, live-birth and multiple gestations associated with OS-IUI in couples
with unexplained infertility. The trial was conducted at twelve clinical locations in the
United States, with the clinicaltrials.gov number NCT01044862. Treatment arms included
clomiphene citrate (300 couples), letrozole (299 couples), and gonadotropin (Menopur®,
Ferring Pharmaceuticals; 301 couples). Couples underwent OS-IUI treatment in the assigned
arm until four cycles were completed or pregnancy occurred. Participating women were ≥18
to ≤ 40 years with regular menses, had a normal uterine cavity with at least one patent
fallopian tube, and a male partner with a semen specimen with at least 5 million motile
sperm in the ejaculate. Institutional Review Board approval was obtained at each study site
and all participants underwent the written informed consent process. The investigation was
monitored by a Data and Safety Monitoring Board.

Author Manuscript

Methods
Baseline demographics as well as a complete medical and fertility history were obtained
using standardized forms upon enrollment for all participants (16). AMH assays were
completed on fasting samples, and batched samples were analyzed at the Ligand Assay &
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Analysis Core Laboratory at the University of Virginia (16). Intra and inter assay
coefficients of variation were 3% and 7%, respectively.
Data Analyses
Outcomes of interest for this study are conception, pregnancy (clinical), and live birth. For
the AMIGOS trial, conception was defined as having a rising serum level of human
chorionic gonadotropin on two consecutive tests. Clinical pregnancy was defined as an
intrauterine pregnancy with fetal heart motion as detected by transvaginal ultrasound. Live
birth was defined as the delivery of a viable infant.

Author Manuscript
Author Manuscript

Baseline patient demographic information and biochemical markers were selected as
predictor variables. These variables include: treatment group, age, body-mass-index (BMI,
both female and male), waist circumference, waist-hip ratio, race, ethnicity, smoking,
alcohol use, income, education level, duration of infertility, total-motile sperm count in the
screening semen analysis (TMC), prior conception, prior pregnancy loss, prior parity, prior
infertility therapy, serum AMH concentration, and the emotional domain score of the
Fertility Quality of Life (FertiQol) survey (17,18) as a measure of psychosocial stress. All
variables were evaluated as continuous predictors for modeling purposes with the exception
of BMI and income. BMI was categorized as underweight (< 18.5 kg/m2), normal (18.5–
24.9 kg/m2), overweight (25–30 kg/m2) and obese (>30 kg/m2) given that underweight and
overweight status may each be associated with poorer treatment outcomes. Income was
categorized as <$50,000 and ≥$50,000 and refused to answer. Waist circumference was
modeled as both a continuous variable and categorically (<=88 cm and > 88 cm) given that
88 cm is a commonly recognized cut-point for abdominal adiposity associated with
significantly increased metabolic risk (19,20). For summary statistics, ANOVA, Students ttest, chi-square analyses, and Fisher exact tests or other nonparametric equivalent tests were
used to compare each outcome to the putative predictors depending on the type (continuous
or categorical) and distribution (normal or not) of a predictor.

Author Manuscript

Logistic regression was used to establish a prediction model using all the predictors listed
above for each outcome variable. All variables were introduced to a multivariable logistic
regression analysis in a stepwise fashion, using a p value of <0.10 to enter and p value of
<0.05 to remain. Treatment group was retained in the final model regardless of significance.
For each covariate selected from the stepwise procedure, the interaction effects between the
treatment (as a whole) and the selected covariates were assessed, and those interactions that
were significant at the 0.05 level were included in the final models. All analyses were
adjusted by treatment site. For each outcome, we present tables with odds ratios and the
corresponding 95% confidence intervals for all predictors for both unadjusted and adjusted
logistic regression analysis.
To assess the predictive power of final models, we constructed receiver operating
characteristic (ROC) curves and calculated the areas under them (AUC). We also performed
the Hosmer–Lemeshow test (21) for goodness-of-fit of the final logistic regression models,
with a p-value of >0.05 indicating a good fit of the data. SAS 9.3 (Cary, NC) was used for all
analyses.
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Results
Baseline characteristics

Author Manuscript

Baseline clinical, demographic, and AMH levels are presented for the 900 couples who
participated in the AMIGOS trial in Supplemental Table 1. Beyond the significant
differences noted in outcomes based upon treatment group as previously reported (8),
significant differences were also observed in some baseline characteristics between patients
who achieved conception, clinical pregnancy, and live-birth and those who did not. Age was
significantly lower in women who achieved a clinical pregnancy (31.7 vs. 32.5 years, p =
0.016) and live-birth (31.5 vs. 32.5 years, p = 0.003) compared to those who did not. A waist
circumference of > 88 cm was associated with a higher rate of conception compared to a
waist circumference of ≤ 88 cm (41.0% vs. 34.4%, p = 0.046), but not associated with a
difference in the rate of live-birth, although there was a non-significantly higher rate of
clinical pregnancy loss in the > 88 cm group (18.0% > 88 cm waist circumference group vs.
10.8% ≤ 88 cm group, p = 0.105). HOMA-IR was greater in those participants with a waist
circumference of > 88 cm than those with a circumference of ≤ 88 cm (3.29 [95%CI
2.77,3.80] vs. 1.28 [95%CI 1.11,1.44]; p < 0.001). However, HOMA-IR was not associated
with conception, clinical pregnancy or live-birth. Serum levels of AMH were not
significantly different between the two waist circumference groups (data not shown). When
waist circumference was evaluated as a continuous variable there were no significant
associations with treatment outcomes (Supplemental Table 1).

Author Manuscript

The duration of infertility was significantly shorter in those who achieved a conception (30.4
vs. 37.2 months, p < 0.001), clinical pregnancy (30.4 vs. 36.5 months, p < 0.001) and livebirth (30.2 vs. 36.2 months, p = 0.003) as compared to those who did not. A history of prior
conception and a prior pregnancy loss were more common in those achieving conception
and clinical pregnancy, but not live-birth (Supplemental Table 1). Income of <$50,000 was
more common in those who did not achieve a live-birth (16.4% vs. 26.4%, <$50,000 vs. ≥
$50,000, respectively; p = 0.033). To a large extent, this difference in live-birth rate was due
to a greater rate of clinical pregnancy loss in the <$50,000 income group vs. the >$50,000
income group (28% vs. 11%, respectively, p = 0.017). AMH levels were significantly
different between those who did and did not achieve a conception and live-birth over the
course of the trial (Supplemental Table 1).
Bivariate Analyses

Author Manuscript

The association between baseline characteristics and pregnancy outcomes in unadjusted
analyses are presented in Table 1. Greater age was associated with significantly reduced
odds for clinical pregnancy and live-birth. Waist circumference of ≥ 88 cm was associated
with greater odds for conception, but not clinical pregnancy or live birth (Table 1). However,
when evaluated as a continuous variable, waist circumference was not significantly
associated with any pregnancy outcome. Black race was associated with lower odds of livebirth, but not conception or pregnancy. Income of ≥ $50,000 was associated with a greater
odds of conception and live-birth as compared to income of <$50,000. Those participants
that declined to answer the income question had increased odds of live-birth as compared to
the lower income group. A longer duration of infertility was associated with lower
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conception, pregnancy and live-birth rate (Table 1). Prior conception and prior pregnancy
loss were both associated with increased odds of conception and clinical pregnancy (Table
1). Greater serum levels of AMH were associated with increased odds of conception and live
birth (Table 1). The emotional domain score of the FertiQol survey was not significantly
associated with pregnancy outcomes in the unadjusted analyses (Table 1).
Multivariable Analyses

Author Manuscript

Adjusted odds ratios for the predictors of pregnancy outcomes of conception, clinical
pregnancy, and live-birth are presented in Table 2. In addition to treatment group effects,
age, waist circumference (categorical), income, duration of infertility, and history of a prior
pregnancy loss were associated with one or more of the pregnancy outcomes (Table 2).
Race, education status, psychosocial stress as assessed by the emotional domain of the
FertiQol survey, and serum level of AMH were not significantly associated with any
pregnancy outcome in this adjusted analysis. Income of ≥$50,000 was associated with a 1.66
and 2.02 greater odds of conception and live-birth, respectively. A waist circumference >88
cm remained associated with an increased odds of conception, but not pregnancy or livebirth. A history of prior loss remained significantly associated with increased odds for all
pregnancy outcomes (Table 2). No significant interactions (p <.05) were found between
treatment group and any other selected significant predictors (data not shown). Table 2
contains the OR and 95% CI only for those variables that were selected in the models for
conception, clinical pregnancy, and live-birth. Adjusted ORs for all predictors (including
those not selected for the models for conception, pregnancy, and live-birth) are presented in
Supplemental Table 2. Additionally, a full list of those predictors which were and were not
associated with the outcome of live birth is presented in Table 3.

Author Manuscript

To assess the overall predictive value of the developed models for conception, clinical
pregnancy and live birth, receiver operating characteristic (ROC) curves were generated and
area under the curves (AUC) were calculated (Figure 1). While the Hosmer–Lemeshow test
(21) for goodness-of-fit of the final logistic regression models suggests a good fit of the
models to the data (conception p = 0.27, pregnancy p = 0.47, and live-birth p = 0.99), the
AUCs suggest a relatively poor predictive value of the models [conception AUC = 0.66
(95% CI: 0.63 – 0.70), pregnancy AUC = 0.64 (95% CI: 0.60 – 0.68), and live-birth AUC =
0.65 (95% CI: 0.61 – 0.69); Figure 1]. Although age alone as anticipated is a powerful
predictor of outcomes, the addition of the other variables identified in the multivariable
analysis meaningfully improved the predictive power of the models. The AUCs for
conception, clinical pregnancy and live birth models excluding age are 0.65 (95% CI: 0.62 –
0.70), 0.62 (95% CI: 0.58 – 0.66), and 0.63 (95% CI: 0.59 – 0.67), respectively.

Author Manuscript

Compared to women who reported income ≥$ 50,000/year, women with reported income <
$50,000/yr. had a greater median waist circumference (87 cm vs. 83 cm), were less likely to
have a history of infertility therapy (45% vs. 58%) and had a longer duration of infertility
(median 36 mos. vs. 24 mos.) all p < 0.05 or less, in spite of being slightly younger (31.5 vs.
32 years, p = 0.04). Women who did not answer this income question were similar to those
whose reported income was <$50,000/yr. except for the baseline factors of duration of
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infertility, prior fertility therapy, and waist circumference, which were similar to women who
reported income >$50,000/yr.
Conception rates were lower in the < $50,000/yr. group as compared to the ≥ $50,000/yr.
group and in those who declined to answer this question. A significant part of the observed
differences in live-birth rates across the income groups (Supplemental Table 1) was due to a
higher rate of clinical pregnancy loss in women in the < $50,000/yr. group (28.6%)
compared to those in the ≥ $50,000/yr. group (11.9%) and to those who declined to answer
this question (10.6%, p = 0.026).

Discussion

Author Manuscript

Because of the large number of couples diagnosed with unexplained infertility, a better
understanding of factors associated with outcomes is important in order to guide treatment
options and to counsel patients effectively. Previously, the single center randomized Fast
Track and Standard Treatment (FASTT) clinical trial aimed to determine the efficacy of OSIUI in woman with unexplained infertility 21–39 years of age. However, the primary
endpoints of this study were time to live-birth and cost-effectiveness of gonadotropin-IUI
compared to IVF, and predictors of treatment success were not assessed (22). Given its large
size, randomized multicenter nature, and comprehensive ascertainment of demographic and
reproductive characteristics, the AMIGOS trial offered an important opportunity to
investigate predictors of success for OS-IUI.

Author Manuscript

Important baseline characteristics that were significantly associated with one or more
clinical outcomes here included age, waist circumference, income category, duration of
infertility, and a history of prior pregnancy loss. Age as a significant predictor of outcomes is
not surprising, as chronological age has previously been identified as a significant predictor
of clinical pregnancy following OS-IUI treatments utilizing both gonadotropins and
clomiphene citrate (23,24). While the magnitude of the OR may appear to reflect a small
impact on clinical outcomes (0.93 for the outcome of live-birth), this effect is per year, and
thus is quite meaningful over a several year interval. For example, using a < 31 year-old
group as reference, the OR for live-birth for the >34 year-old group is 0.62(0.42–0.91).

Author Manuscript

Duration of infertility as a predictor of pregnancy outcomes following OS-IUI treatment has
been reported in some (7,25) but not all investigations (24). The present investigation
identified duration of infertility as associated with all three pregnancy-related outcomes
including, importantly, live-births. Since the etiology of unexplained infertility is likely
multifactorial, this finding is not unexpected. Specifically, those couples with a shorter
duration of infertility are likely affected with fewer or less severe fertility factors than those
with a longer duration, and therefore may be expected to have superior outcomes following
treatment. Similarly, those couples with a prior pregnancy loss have shown that they can
conceive, and thus could also be considered less subfertile than those with no prior
pregnancy. Additionally, if the prior pregnancy loss was related to an identifiable factor, this
may have been found and treated, thus resulting in an improved outcome in a subsequent
pregnancy. To this end, our finding of an association between a prior pregnancy loss and
improved pregnancy outcomes is not surprising.
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The finding that a waist circumference of > 88 cm was associated with increased odds of
conception, but not clinical pregnancy or live-birth, was unanticipated. Although BMI was
not significantly associated with outcomes, women with a larger waist circumference may be
a subgroup of obese women with subtle menstrual cycle abnormalities (26). It is possible
that OS treatments are able to overcome these barriers to conception, but ultimately
metabolic abnormalities may interfere with continued gestation resulting in lower
subsequent clinical pregnancy and live birth rates. While increased insulin resistance was
noted in the women with a waist circumference of > 88 cm, insulin resistance, per se, was
not found to be associated with any of the pregnancy outcomes.

Author Manuscript
Author Manuscript

The finding that those reporting an annual income of <$50,000 had fewer conceptions and
live-births with OS-IUI is an important finding and warrants further evaluation. Recently a
large body of literature has identified disparities in outcomes following fertility treatments
associated with socioeconomic factors, including income, education and race (29,30). Most
of this literature has focused on outcomes following ART rather than less aggressive
treatments such as OS-IUI. Interestingly, in a prior retrospective study, income, employment
status, and ethnicity were each strongly associated with the likelihood of seeking infertility
treatment (27). Women reporting an annual income of <$50,000 were more likely to have a
longer duration of infertility and to not have previously undergone fertility treatments prior
to entering into the AMIGOS trial. While the longer duration of infertility in the lower
income group may suggest different underlying etiologies associated with the couples’
subfertility, it may also represent differences in access to care. Although the costs associated
with fertility treatments associated with the AMIGOS trial were covered by the study,
infertility evaluation and treatment prior to participation in the study was likely influenced
by income. Since only one of the twelve clinical sites participating in the AMIGOS trial was
in a state that mandated insurance coverage for comprehensive infertility treatment, direct
comparison of outcomes between mandated and non-mandated sites was not possible. While
economic factors may be an important reason why women in the <$50,000/yr. group had not
previously pursued evaluation and treatment, other potential barriers include lack of
appropriate information, lack of referrals from primary care physicians, and/or cultural
differences in the pursuit of elective fertility therapy (28).

Author Manuscript

The observation of an increased pregnancy loss rate following the identification of a clinical
pregnancy in the <$50,000/yr. group as compared to the ≥$50,000/yr. group is also
concerning. While differences in obstetrical outcomes could be due to differences in the
underlying characteristics of the populations, this potentially could also represent differences
in the access to or the quality of obstetrical care received. In our bivariate analyses, black
race was associated with significantly lower odds of live-birth; however, education level was
not associated with any of the pregnancy outcomes. In the adjusted analysis both race and
educational status were not significantly associated with pregnancy outcomes. Given that
race and educational status, in addition to income, have been associated with outcomes
following IVF treatments (29,30), these findings warrant further evaluation.
Social determinants of health such as low income, disparities in access to care, and minority
status are considered stressors and have been related to poor outcomes of care both within
and outside of the context of infertility (28–31). While many stressors are external, a
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growing body of literature suggests that modifiable factors such as cognitive attributes may
be related to treatment outcomes (32–34). Since income <$50,000/yr. was associated with
decreased odds of live-birth, we were interested in the relationship between psychological
stress captured with the FertiQol emotional domain score in the AMIGOS trial and treatment
outcomes. The FertiQol quality of life behavioral instrument is a validated tool designed to
assess the burden of infertility in men and women experiencing infertility (17,18). While we
did not identify significant associations between this score and the outcomes of treatment,
self-reported stress has previously been reported to not be correlated with time to pregnancy
(35). Physiological markers of stress such as salivary alpha-amylase have been associated
with time to pregnancy (35,36) and may be a better marker of psychosocial stress.
Unfortunately this marker was not obtained in the AMIGOS trial.

Author Manuscript
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Importantly, the present investigation did not observe an association between modifiable
lifestyle factors and the outcome of live-birth. Specifically, BMI, alcohol use, and smoking
status were not found to be significantly associated with any pregnancy outcome in the
bivariate or multivariate analyses. Given that these lifestyle factors are commonly assumed
risks for poor treatment outcomes, these negative findings are of interest. While few
investigations have addressed lifestyle factors in relation to OS-IUI treatment outcomes,
each has similarly found no relationship between smoking and outcomes (10,37–38). Even
less addressed has been the relationship between alcohol use and OS-IUI outcomes. Our
prior investigation of a much smaller OS-IUI database (664 couples with unexplained
infertility, 164 of whom underwent up to four cycles of OS-IUI) found a positive association
with the outcome of live birth in former users of alcohol as compared to current and never
users—a finding not replicated in the present study (10). The same investigation found that
former use of coffee and tea was associated with greater pregnancy and live-birth rates as
compared to never and current users (10). In the AMIGOS trial data reported here, coffee
and tea use information was not collected so these relationships could not be assessed.
Previous investigations have also failed to identify a relationship between BMI and
pregnancy outcomes following OS-IUI treatments (10,39).
In adjusted analyses serum levels of AMH were also not significantly associated with any
treatment outcomes. Although AMH levels have been associated with treatment outcomes in
the setting of IVF, even after adjustment for the number of oocytes recovered, there is
consensus that this marker is much more predictive of oocyte quantity than quality (40,41).
As such, the lack of a significant relationship between serum levels of AMH and treatment
outcome following OS-IUI, which must be considered less dependent on ovarian reserve
than is IVF, is not surprising.
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In addition to identifying baseline risk factors associated with treatment outcomes, a second
goal of the present investigation was to develop models predictive of outcome following OSIUI. Although the Hosmer–Lemeshow test suggests that the derived models for conception,
pregnancy and live-birth are a good fit to the data, the AUCs for the models demonstrates
their overall poor performance. The modest performance of the derived models is likely
partially explained by the relatively few significant predictors incorporated into the models
as well as the complex outcomes of pregnancy and live-birth in a population with
unexplained infertility.
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In summary, in this large prospective clinical trial evaluating the effectiveness and multiple
pregnancy rates associated with OS-IUI treatments for unexplained infertility, baseline age,
duration of infertility, a history of prior pregnancy loss, and income were significant
predictors of pregnancy outcomes. While age and duration of infertility are expected to be
related to outcomes including live-birth, the identification of income as a predictor
independent of race and education was unanticipated. As seen in patients undergoing more
time and cost intensive infertility treatments such as IVF, the findings of this study suggest
that differences in access to elective fertility care as well as different underlying etiologies of
infertility across income groups, may contribute significantly to treatment outcomes and
should be further investigated.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Receiver operating characteristic curves and area under the curve (AUC) for the final models
for conception, pregnancy, and live-birth
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