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Abstract

Purpose While considerable progress has been made since
the advent of assisted reproductive technology (ART), the
field remains a complex and challenging one for clinicians
and researchers alike. This review discusses some of the most
salient issues pertaining to the study of ART and whenever
possible suggestions on how to address them.

Recent Findings More than 5 million babies have been born
through ART to date, representing up to 4% of all births
worldwide. While technologies continue to evolve and de-
mand for treatment grows, it is more important than ever to
conduct rigorous and timely research to help guide clinical
practice that is safe and effective, and that minimizes potential
short- and long-term adverse outcomes to mother and child.
Summary ART research will require exceedingly more so-
phisticated research methods, designs, and analyses that are
rooted in a reproductive epidemiological framework in order
to improve future research and ultimately promote better out-
comes for all subfertile couples and their children.
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Introduction

Approximately 5 million babies have been born through
assisted reproductive technology (ART) since 1978,
representing between 1 and 4% of all births among countries
worldwide [1-3]. During this period, the number of ART cy-
cles steadily increased as demand for treatment surged [4].
Globally, among countries contributing data, more than 4 mil-
lion initiated cycles were reported in 2008, 2009, and 2010,
resulting in the birth of over 1,144,800 ART-conceived babies
during this 3-year period alone [5].

Over the last several decades, ART research has largely
focused on understanding patient and treatment factors that
increase the likelihood of a live birth and improving outcomes
for mothers—through reduced complications—and their
ART-conceived children. Great strides have been made to im-
prove clinical protocols and develop new technologies that
maximize the success of ART and minimize the risk to the
mother and child, including the adoption of single-embryo
transfer policies and the improvement of embryo culture me-
dia [6, 7¢]. Indeed ART success rates have improved over
time as witnessed by the rising pregnancy and live birth rates,
and the overall declining number of multiple births [8]. While
the advent of ART has had a tremendous impact on subfertile
couples globally, an unintended consequence associated with
its use has been a higher risk of complications in pregnancy
and greater risk of preterm birth and other adverse outcomes in
both mothers and children [9°].

The study of ART remains a complex and challenging area
of epidemiologic research. The purpose of this review is to
discuss the most relevant issues pertaining to this field of
study in the broader context of understanding the factors that
predict clinical success, and investigating the health impacts
of these technologies on a potentially high-risk population and
their offspring. When possible, we also aim to provide
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suggestions on how to minimize or circumvent these issues
moving forward in order to improve the study of ART.

Definitions, Study Populations, and Data Sources

Definitions The study of ART is hindered by a lack of an
accepted and uniform definition of infertility itself [10, 11].
Infertility is a heterogeneous condition with potentially di-
verse underlying pathologies that occurs across a continuum
of severity [12]. It is also couple specific and the involvement
of two individuals rather than one further complicates the
definition. Variability in the use of terms such as “subfertility,”
“Infertility,” and “subfecundity” has led to confusion and dis-
crepancies in the study of infertility and as a consequence
studies on ART [10]. The International Committee for
Monitoring Assisted Reproductive Technology and the
World Health Organization (WHO) characterize infertility as
“a disease of the reproductive system defined by the failure to
achieve a clinical pregnancy after 12 months or more of reg-
ular unprotected sexual intercourse” [13]. Definitions of infer-
tility have centered on a couples’ duration of trying time to
pregnancy and maternal age, both considered important prog-
nostic factors [7¢¢]. Severity, on the other hand, is determined
by the underlying conditions associated with a long time to
pregnancy, and the probability of conceiving with different
forms of treatment depends on the cause of infertility, maternal
age, and other risk factors [14].

One particular concern is that a lack of consensus on a
definition and diagnostic criteria for infertility influences
who seeks evaluation and obtains treatment for infertility
[7e, 10, 15]. This issue, along with barriers to accessing treat-
ment including income, education, and race, as well as patient
dropouts impact who makes up the study population [16°¢].
The resultant heterogeneity across clinics in patient popula-
tions and risk factors may limit valid comparisons across stud-
ies. Consistency in defining infertility and setting more uni-
form criteria for the purpose of clinical management
strengthens our ability to identify couples that benefit from
treatment [15]. Doing so also helps advance research that re-
lies on such clinical settings for participants and remedies a
significant obstacle to meaningful comparison. Thus, a shared
and unified definition of infertility remains a primary and nec-
essary goal of studying ART (Table 1).

Study Populations A related concern has been the restricted
framework by which ART is studied. ART refers to all treat-
ments and procedures whereby both gametes, or embryos, are
manipulated in vitro. These procedures include, among others,
in vitro fertilization (IVF), intracytoplasmic sperm injection,
frozen embryo transfers, gamete and embryo cryopreserva-
tion, gamete or zygote intrafallopian transfers, and tubal trans-
fers (see WHO glossary) [13]. It is estimated that ART-based

procedures account for only about 20% of all pregnancies
achieved in the subfertile population [7¢¢]. However, ART
does not include intrauterine insemination or ovulation
induction/ovarian stimulation, procedures which are much
more common than ART. In fact, it has been estimated that
ovulation induction alone accounts for two to six times more
births than ART in the USA (~191,000 per year) [17], making
the broader term, medically assisted reproduction (MAR), a
more relevant area of study. There is a growing body of liter-
ature pointing to other non-ART treatments also being associ-
ated with adverse pregnancy outcomes [18]. Moreover, up to
40% of couples who seek infertility treatment end up conceiv-
ing naturally either before treatment begins, in between cy-
cles, or after withdrawing from treatment [11, 19]. As such,
limiting the study population to only those who conceive via
ART censors a large proportion of infertile patients and limits
our ability to accurately and validly quantify the contribution
of ART treatment and underlying infertility to various clinical,
pregnancy, and child health outcomes of interest.

Access to and use of infertility treatments is also determined
by a multitude of socio-economic factors including education,
household income, and private health insurance among women
[20] and men [16ee, 21]. It has also been shown that women
adhering to healthy lifestyle habits, including those with a low-
er BMI, never smokers, multivitamin users, and who are phys-
ically active, are more likely to have an infertility evaluation
compared to their peers who adopted less healthy behaviors
[16°¢]. Thus, associations found between specific risk factors
or lifestyle/environmental exposures and reproductive out-
comes in ART studies should be interpreted carefully as results
may not be generalizable to the broader population of couples
experiencing infertility. In addition, depending on the causal
question of interest, using an ART population could result in
selection bias. For example, if current smokers are less likely to
seek infertility treatment and there is another factor (U) associ-
ated with ART utilization and the likelihood of miscarriage,
then studying the effect of smoking on miscarriage in an ART
population may result in a biased effect estimate for the causal
question of interest (Fig. 1). In general, causal diagrams, like
the one illustrated in Fig. 1, can help identify scenarios in which
ART analyses may be biased, and if necessary, inverse proba-
bility weights can be used to remove such bias, as described by
Ahrens and colleagues [22¢]. Heterogeneity in patient popula-
tions, along with known differences in treatment protocols
across clinics, further hampers the ability to compare ART
study results across studies. Thus, great care should be taken
when comparing results across ART publications and
conducting meta-analyses.

Data Sources Many studies from the USA, Canada, and
Europe rely on national-level surveillance systems that mon-
itor and report ART cycles performed by clinics. In the USA,
the Centers for Disease Control (CDC) obtains data on all
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Table 1

Key methodological issues in the design and analysis of ART studies

Area of concern Key methodological issues

Definitions and study
population

« Inconsistent definitions of infertility and criteria for treatment.
* Narrow framework on ART that excludes other forms of medically assisted reproduction.

» Women/men/couples who participate in ART studies may be different from those who do not.
* Heterogeneity across clinics and risk factors in patient populations.

Data sources

» Data sources influenced by patient selection factors, treatment policies, and reporting practices.

» Comparing across ART studies is limited by clinic specific populations and protocols.

Exposure assessment
differences in risk of adverse outcomes.

» Complexity in ART as an exposure: varying treatment types, clinical guidelines, governmental/insurance policies, and

* Choice of comparison group on studies of adverse outcomes.

Confounding

» How to account for underlying infertility and its severity.

» Measuring and accounting for shared common causes of environmental factors and ART outcomes.

Study outcome(s)
» Using a rate as an outcome metric.

Statistical analysis

* Focusing on surrogate endpoints instead of live birth as the key outcome.

* Restricting analysis to only cycles with embryo transfer.

* Non-independence of oocytes, embryos, and ART outcomes within a woman undergoing multiple cycles.

* Using odds ratios with common outcomes.
* Relying on p values.

ART procedures as part of the National ART Surveillance
System and can be linked with other state-level health out-
comes [23]. Similarly, the Canadian ART Register
(CARTR), established in 1999, has achieved 97% participa-
tion by voluntary fertility clinic reporting and can be linked
with additional data elements extending its capacity to track
individual outcomes [24]. The European Society of Human
Reproduction and Embryology (ESHRE) has monitored ART
since 1997, and currently, more than 33 countries provide data
to this well-established source [25]. Denmark, however, is the
only country in Europe with an established national registry of
their own, and has the significant advantage of including all
MAR procedures [26]. Other such surveillance programs are
limited to monitoring and reporting solely on ART cycle pro-
cedures, a significant hindrance to evaluating the risk of ad-
verse outcomes by different treatment modalities of concep-
tion. Furthermore, while surveillance reports provide ART
researchers with data on cycles in the tens of thousands—
enhancing power and allowing one to investigate a multitude
of questions—these data sources are not without limitations.
Differences in patient selection factors, treatment policies
(e.g., single- vs. multiple-embryo transfer), cycle reporting
practices, and undocumented clinical practices, may partially
explain the different outcomes observed across clinics, states,
and countries rather than true differences.

Current Smoking I
Status

Use of ART | Miscarriage

U

Fig. 1 The potential for selection bias to affect studies on environmental
exposures and ART outcomes
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Evaluating ART as the Exposure

Within the subfertile population, the evaluation of various
ART procedures as interventions by measuring the proportion
of treated cycles ending in favorable outcomes has helped
advance clinical protocols, reduce risks, and improve success
rates [27]. However, success of ART has been differentially
defined over time and has depended on many factors, includ-
ing availability of data, reporting practices, and clinical guide-
lines [7+¢]. While the ultimate goal of couples seeking fertility
treatment is the birth of a healthy, live born infant [28], the
preponderance of studies have historically examined pregnan-
cy rates as a method of assessing successes and failures [7¢¢].
Yet, multiple vs. single-embryo transfer policies [29], for ex-
ample, can impact implantation and pregnancy rates while
doing little to achieve the desired outcome of a healthy live
birth through a low-risk pregnancy [30]. Nevertheless, the
complexities in different ART treatment practices make as-
sessment of interventions and their outcomes difficult.
General consensus by the ART community on what consti-
tutes a successful and healthy pregnancy and birth along with
adherence to clinical guidelines and more rigorous research
assessing standardized treatment would help improve the
evaluation of ART and generate a stronger evidence base for
clinical practice.

In 1980, the pioneer of IVF—Dr. Robert Edwards—was
the first to report that [IVF-conceived pregnancies could result
in problematic outcomes for the mother or infant [31]. Ever
since, there has been an explosion of ART studies investigat-
ing the short- and long-term risks and consequences associat-
ed with IVF-conceived pregnancies and births compared to
those naturally conceived [9¢]. While these studies have
helped shape our understanding of the impact of ART on
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adverse pregnancy and child health outcomes, they have a
number of limitations. First, whether we measure ART expo-
sure as current (i.e., cycle specific to conception ART proce-
dures), recent (i.e., all ART procedures in the last several cy-
cles prior to outcome) or lifetime (i.e., any ART procedures
used prior to outcome) has important implications with respect
to assessing the risk of adverse pregnancy, child, and long-
term health outcomes. Second, when designing studies to
quantify the risk of ART on poor pregnancy and birth out-
comes, care must be taken when choosing the appropriate
comparison group to ensure that every level of exposure (in-
cluding the unexposed group) is represented across the study
cohort in order to minimize bias and confounding. For in-
stance, while sampling from the general clinical obstetric pop-
ulation from the hospital from which the infertility patients
arose is often the most readily available and straightforward
comparison group, it can also lead to a type of Berkson’s bias
if the hospital is a tertiary-care center that overselects high-risk
pregnancies from the population. Furthermore, use of this
comparison group does not allow researchers to directly sep-
arate the effects of ART treatment from underlying infertility
and its severity. As such, many researchers have designed
studies to examine the effects of assisted reproduction by
using non-medically assisted/naturally conceived cycles with-
in a fertility clinic as the comparison group [9e, 18]. This
approach has the advantage of being able to compare differ-
ences in risk of outcomes by treatment mode of conception
among couples with some degree of subfertility; however,
similar to above, the differences in outcomes observed could
be confounded by type and severity of infertility [9¢]. Another
method used to address the potential issues involved in choos-
ing a comparison group has centered on the use of siblings
conceived with discordant use of ART treatment [32]. This
method has the unique advantage of accounting for all the
within-woman risk factors that may have remained constant
between pregnancies (e.g., BMI, socioeconomic status, edu-
cation underlying infertility, general health); however, it can
only partially control for time-varying factors such as age,
parity, potential differences in partners, and changes in habits
and lifestyle over time. While there are advantages and disad-
vantages to each design, expanding data sources to include all
MAR, and possibly even the causes of infertility, would allow
for improved comparison between treatment types, concep-
tion modes, and underlying infertility, and potential outcomes.

Measured and Unmeasured Confounding

That underlying infertility, and not just ART treatment, could
contribute to complications during pregnancy was first report-
ed by Saunders and colleagues in 1988 [33]. Using Australian
IVF registry data, the authors found that couples who con-
ceived naturally while on a waiting list for assessment and

treatment of infertility had a higher risk of preterm birth com-
pared with the general population. Moreover, among singleton
births, the risk of preterm birth was comparable to babies
conceived through IVF, suggesting an elevated baseline risk
among infertile couples, irrespective of treatment.
Mechanisms leading to infertility and its severity are thought
to play a role in the etiology of adverse pregnancy and child
health outcomes, making it a strong confounder and further
complicating ART research [9¢, 19]. Without accounting for
underlying infertility and its potential inherent risks, it is pos-
sible to misestimate the effect of ART or other procedures on
the success rates of treatments as well as on the risk of adverse
outcomes. Furthermore, not adjusting for other known con-
founding factors such as age and parity, the two variables most
strongly related to fertility, is common among studies using
data sources and linkages with limited individual-level vari-
ables [34, 35]. Unmeasured confounding is also a concern as
often there are shared common causes of infertility (and there-
fore ART) with outcomes such as preterm birth, low birth
weight, and other unintended birth outcomes. One example
is paternal factors, which are rarely measured in naturally
conceived pregnancies, but have been associated with reduced
fecundability (and thereby ART) and adverse outcomes [36].
One invaluable benefit of the ART clinical setting is that it is
uniquely designed to examine new and emerging risk factors
including the role that maternal and paternal environmental
chemicals and lifestyle factors play in ART treatment success,
and pregnancy and child health outcomes [37—41].

Studying the environmental, dietary, paternal, and clinical
factors that predict ART success is of great interest to current
and future infertility patients and health care providers [42].
Studying the effects of environmental exposures such as
phthalates and other endocrine disrupters on fertility and preg-
nancy outcomes in this unique setting allows for the direct
observation of many previously unobservable outcomes, in-
cluding oocyte quality, fertilization rate, and embryo develop-
ment. ART populations are also distinct in that couples pre-
senting for treatment suffer from some degree of subfertility,
and represent a potentially more susceptible high-risk popula-
tion where effects of certain environmental exposures and
diets may be stronger. Despite the advantages of using this
setting to answer new research questions, such studies are
not without challenges including recruiting a representative
study population, defining the appropriate outcomes, properly
analyzing the data, and interpreting the results in light of po-
tential limitations to generalizability.

ART Study Outcome(s)
The choice of a primary outcome in studies investigating

predictors of ART success has implications for both the
relevance and methodological validity of a study’s results.
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In the ART setting, the majority of studies fail to report on
the most relevant outcome, live birth. The main reason for
this is due to the natural time lag between infertility treat-
ment and the birth of an infant, which may result in loss
to follow-up, because obstetrical and infant care are de-
livered by other providers. Thus, instead of focusing on
live birth, studies in ART patients tend to focus on surro-
gate outcomes of varying clinical importance, such oocyte
retrieval parameters, fertilization rate, embryo quality
measures, and ongoing pregnancy. While the intermediate
outcomes of IVF are more often used as surrogates of a
woman’s fertility potential, ongoing pregnancy is general-
ly considered an acceptable surrogate for live birth, de-
spite its inherent flaws. The major potential limitation of
using ongoing pregnancies as the primary endpoint of
ART studies is the significant proportion of pregnancies
that are lost between the pregnancy confirmation (gener-
ally ~6-8-week gestation) and live birth. Therefore, any
exposures or treatments that reduce or increase the risk of
pregnancy loss would be shown to have no association
with ongoing pregnancy despite having important clinical
relevance to patients and health care providers. The fur-
ther along in gestation ongoing pregnancy can be mea-
sured, the better, as the incidence of pregnancy loss de-
clines substantially after 20-week gestation [43].
Therefore, future studies should strive to focus on the
most relevant outcome, live birth, as the primary endpoint
and when this is not feasible to focus on ongoing preg-
nancies as far along in gestation as possible.

Another concern is the reliance on rates as the measured
outcome evaluated in ART studies, with implantation, clin-
ical pregnancy, and live birth rates—estimated as the num-
ber of embryos that resulted in implantation, clinical preg-
nancy, or live birth divided by the number of embryos
transferred—being the most common. Most often rates
are used as a way to control or take into account the effect
of another factor. For instance, with implantation rates,
researchers are often trying to account for the fact that
some women may have had more than one embryo trans-
ferred and thus have a higher likelihood of implantation.
However, division by number of embryos transferred can
also create unwanted variation, particularly when the nu-
merator has low variability. Dividing by a denominator
with larger variability results in an outcome that is highly
related to the factor whose effect we wished to remove, in
this case, number of embryos transferred. Furthermore, if
the exposure is associated with the denominator of the rate,
the exposure will be associated with the rate in the direc-
tion opposite to that of the denominator even when the
exposure has no association with the numerator.
Therefore, caution must be taken when utilizing rates in
ART studies as oftentimes the methodological limitations
vastly outweigh their potential clinical importance.

@ Springer

Statistical Analysis

The most egregious error in the design or analysis of ART
studies is focusing on clinical outcomes only among cycles
with embryo transfer. This can occur by design (e.g., only
including cycles undergoing embryo transfer in the study) or
a post hoc decision to exclude these cycles in the analysis.
This restriction also occurs, although not as transparently,
when studies utilize a rate with number of embryos transferred
as the denominator. Limiting the analysis to only cycles with
embryos transferred can induce a type of survival bias, where
only those cycles that have succeeded to the point of embryo
transfer are included in the analysis. If the exposure of interest
is associated with early ART failure such as poor response to
stimulation, no oocytes fertilized, and poor embryo develop-
ment then the exclusion of these cycles will likely lead to bias.
Due to the large number of cycles that fail prior to embryo
transfer (10-20%), the potential effect of this type of bias is
not negligible. In the most extreme example, imagine that
exposure to a certain chemical X has such a strong effect on
oocyte quality that 60% of cycles for women exposed to
chemical X fail during fertilization and there are no embryos
available for transfer (Table 2). If these cycles are excluded
and there is no further effect of chemical X on later ART
outcomes, the analysis would show that there is no association
between chemical X and percent of embryo transfer cycles
resulting in live birth (scenario A). However, if there is a
depletion of susceptibles and the surviving women/cycles
who were exposed to chemical X actually have better success
after embryo transfer compared to unexposed women, then
the effect of chemical X and live birth per embryo transfer
could potentially appear beneficial (scenario B). In either sce-
nario, if all initiated cycles were included, and the data were
analyzed as intention to treat (similar to the approach used in
the analysis of clinical trials), the results would then demon-
strate that chemical X had a negative impact on the outcome.
The main criticism of the intention to treat analysis, however,
is that only cases at risk of the outcome should be included in
the denominator when addressing questions of the biologic or
mechanistic effects of an exposure [44]. Thus, moving for-
ward, more sophisticated statistical techniques such as discrete
survival models where the probability of failing at each ART
stage is modeled conditional on succeeding in the previous
stage should be more widely considered in ART studies [45].

Another area of statistical concern in ART studies is “unit
ofanalysis” errors. Simple group comparison tests, such as the
ttest for continuous data or x* for categorical data, require that
observations are statistically independent. Similarly, in linear
or logistic regression models, each line of data is considered
statistically independent. In the context of ART studies, to
fulfill these independence assumptions, only one observation
per patient could be included in any such analysis. However,
the hierarchical nature of ART data which often contains
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Table2 Example of survival bias
in ART studies by restricting to
cycles with embryo transfer (ET)

Exposure to
chemical X
(n =100 cycles)

No exposure
(n =100 cycles)

Scenario A
Cycles with ET 40 90
Cycles with live birth 20 45
Percent of ET cycles resulting in live birth 50% 50%
Percent of initiated cycles resulting in live birth 20% 45%
Scenario B
Cycles with ET 40 90
Cycles with live birth 30 45
Percent of ET cycles resulting in live birth 75% 50%
Percent of initiated cycles resulting in live birth 30% 45%

multiple oocytes, embryos, and implantations per treatment
cycle and multiple treatment cycles per woman provides ex-
tended scope for “unit of analysis” errors [46]. Not accounting
for multiple observations per woman leads to unpredictable
bias in the estimate of the effect, but exaggerates the apparent
sample size. This exaggeration leads to spuriously narrow
confidence intervals and low p values. The most common
methods to account for multiple observations per cycle or
per woman are generalized estimating equations or mixed
models. While the first option is generally easier to fit, it
requires the assumption that any imbalance in the number of
observations per cycle or per woman is not related to the
outcome of interest. This is oftentimes hard to assume in
ART studies since the number of embryos a woman produces
or the number of ART cycles a woman undergoes is directly
related to her underlying fertility, the outcome being studied
[47]. Mixed models are preferred over generalized estimating
equations because this imbalance in observations is actually
modeled, and thus, as long as the entire joint distribution is
correctly specified (including the model for the mean response
and the within-subject association), no bias should result [48].

Other important statistical issues that plague ART studies
are the use of odds ratios for common outcomes and reliance
on p values which can lead to inappropriate conclusions re-
garding effect size and significance. In cohort studies and
RCTs, odds ratios are often interpreted as risk ratios. This is
problematic because an odds ratio always overestimates the
risk ratio, and this overestimation becomes larger with in-
creasing incidence of the outcome [49]. In ART studies, most
of the outcomes being studied are common. For example, in
2014, 33% of initiated ART cycles using fresh non-donor eggs
or embryos in the USA resulted in clinical pregnancy and even
more resulted in implantation. This issue also applies to stud-
ies of adverse pregnancy outcomes, such as preterm birth,
where the percentage of ART singletons born before 37-
week completed gestations can exceed 10% and can reach as
high as 25%, making it also a common outcome [50].

Fortunately, there are many ways to avoid this overestimation
(as summarized by Austin and Laupacis [51]), the simplest
being to use log—binomial or Poisson regression with robust
standard errors [52]. However, another simple way would be
to present predicted probabilities obtained from a logistic re-
gression model (rather than an odds ratio) and, if desired, use
these predicted probabilities to estimate risk ratios [53].
Finally, while the utility of the p value in biomedical research
has been argued for many years [54, 55], a thorough discus-
sion of their use in reproductive epidemiology has recently
been described by Farland et al. [56¢]. The pitfalls of relying
on p values remain a concern for ART studies. P values com-
bine two important pieces of information: the magnitude of
the effect size and the sample size. Therefore, scientific con-
clusions should not be solely based on whether a p value
passes a specific threshold (e.g., <0.05). Important differences
can easily be missed in small ART studies by using a threshold
of 0.05 due to low power. On the other hand, statistically
significant results based on a threshold of 0.05 may be unim-
portant if the difference at hand is not clinically meaningful or
biologically plausible. A better alternative to merely providing
p values is using confidence intervals, which provide informa-
tion on the size and precision of the effect and contribute to the
calculation of the p value. Moving forward, ART researchers
should carefully consider whether using a p value adds any-
thing meaningful to the presentation of their results and keep
in mind the importance of effect size and biological plausibil-
ity when attributing clinical and public health importance to
the finding.

Conclusions
Considerable progress has been made over the last 40 years of
ART research; however, the field remains a complex and chal-

lenging one for clinicians and researchers alike. While tech-
nologies continue to evolve and demand for treatment grows,
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fertility specialists will increasingly rely on rigorous and time-
ly research to help guide clinical practice that is safe and
effective, and that minimizes potential short- and long-term
adverse outcomes to the mother and baby. There is also a
burgeoning need to better understand how parental environ-
mental and lifestyle factors impact ART success and pregnan-
cy and child health. This will require exceedingly stronger
research methods, designs, and analyses that are rooted in a
reproductive epidemiological framework. This review
discussed some of the most salient issues pertaining to the
field and how to address them in order to improve future
research and ultimately promote better outcomes for all
subfertile couples.
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