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Key Messages 
Purpose of Review 
Evaluate the comparative effectiveness and safety of treatments for common causes of infertility. 

Key Messages 
• Letrozole most likely results in more live births with lower multiple births than 

clomiphene alone in women with polycystic ovary syndrome. 
• For women with unexplained infertility, there is most likely shorter time to pregnancy 

with immediate in vitro fertilization (IVF). There may be however no differences 
between immediate IVF versus other treatments prior to IVF for the outcomes of live 
birth, multiple births, ectopic pregnancy, miscarriage, low birthweight, and ovarian 
hyperstimulation syndrome.  

• Although the risk of some cancers is increased in women with some infertility diagnoses, 
infertility treatments do not appear to increase overall cancer risk.  

• The ability to compare the effectiveness of treatments would be enhanced by greater 
consistency in reporting of outcomes, particularly live birth rates.  
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This report is based on research conducted by the [to be provided in Final Report]. The findings 
and conclusions in this document are those of the authors, who are responsible for its contents; 
the findings and conclusions do not necessarily represent the views of AHRQ. Therefore, no 
statement in this report should be construed as an official position of AHRQ or of the U.S. 
Department of Health and Human Services. 
 
None of the investigators has any affiliations or financial involvement that conflicts with 
the material presented in this report. 
 
The information in this report is intended to help health care decisionmakers—patients and 
clinicians, health system leaders, and policymakers, among others—make well-informed 
decisions and thereby improve the quality of health care services. This report is not intended to 
be a substitute for the application of clinical judgment. Anyone who makes decisions concerning 
the provision of clinical care should consider this report in the same way as any medical 
reference and in conjunction with all other pertinent information, i.e., in the context of available 
resources and circumstances presented by individual patients. 
 
 
This report is made available to the public under the terms of a licensing agreement between the 
author and the Agency for Healthcare Research and Quality. This report may be used and 
reprinted without permission except those copyrighted materials that are clearly noted in the 
report. Further reproduction of those copyrighted materials is prohibited without the express 
permission of copyright holders. 
 
AHRQ or U.S. Department of Health and Human Services endorsement of any derivative 
products that may be developed from this report, such as clinical practice guidelines, other 
quality enhancement tools, or reimbursement or coverage policies may not be stated or implied. 
 
 
This report may periodically be assessed for the currency of conclusions. If an assessment is 
done, the resulting surveillance report describing the methodology and findings will be found on 
the Effective Health Care Program Web site at www.effectivehealthcare.ahrq.gov. Search on the 
title of the report. 
 
Persons using assistive technology may not be able to fully access information in this report. For 
assistance contact EffectiveHealthCare@ahrq.hhs.gov.  
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Preface 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and 
private-sector organizations in their efforts to improve the quality of health care in the United 
States. These reviews provide comprehensive, science-based information on common, costly 
medical conditions, and new health care technologies and strategies.  

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews can help clarify whether assertions about the value of the intervention are 
based on strong evidence from clinical studies. For more information about AHRQ EPC 
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm  

AHRQ expects that these systematic reviews will be helpful to health plans, providers, 
purchasers, government programs, and the health care system as a whole. Transparency and 
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site 
(www.effectivehealthcare.ahrq.gov) to see draft research questions and reports or to join an e-
mail list to learn about new program products and opportunities for input.  

If you have comments on this systematic review, they may be sent by mail to the Task Order 
Officer named below at: Agency for Healthcare Research and Quality, 5600 Fishers Lane, 
Rockville, MD 20857, or by email to epc@ahrq.hhs.gov.  
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Director Director 
Agency for Healthcare Research and Quality Center for Evidence and Practice Improvement 
 Agency for Healthcare Research and Quality 
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Management of Infertility 
Structured Abstract 
Objective: Previous studies have demonstrated varying success for treatment of infertility. Much 
of this literature however does not focus on women with specific diagnoses. Our objective was to 
evaluate the comparative effectiveness and safety of fertility treatment strategies for (a) women 
of reproductive age (18-44) who are infertile due to polycystic ovary syndrome (PCOS), 
endometriosis, unknown reasons, or tubal or peritoneal factors or (b) couples with male factor 
infertility; and evaluate short- and long-term health outcomes of gamete donors in infertility. 

Data Sources: We searched PubMed®, Embase®, and the Cochrane Database of Systematic 
Reviews for English-language studies published from January 1, 2007, to September 17, 2015, 
that reported live birth rates, pregnancy and neonatal outcomes, time to pregnancy, and short-
term and long-term adverse outcomes for mothers and children born after infertility treatment.  
For male and female donors, we searched for studies reporting short- and long-term adverse 
effects and quality-of-life outcomes.  

Review Methods: Two investigators screened each abstract and full-text article for inclusion; 
abstracted data; and performed quality ratings, applicability ratings, and evidence grading. 
Where appropriate, random-effects models were used to compute summary estimates of effects.  

Results: We identified a total of 86 studies/primary articles that met our inclusion criteria: 31 for 
PCOS, 8 for endometriosis, 34 for infertility secondary to unknown causes, 11 relevant to 
tubal/peritoneal factor infertility, 18 relevant to male factor infertility, and 5 relevant to outcomes 
in male and female gamete donors. For women with infertility associated with PCOS, there was 
moderate strength of evidence (SOE) that letrozole compared to clomiphene results in higher live 
birth rates while reducing multiple births (moderate SOE). No differences were seen in other 
outcomes (low SOE). There was low SOE that there is no difference between clomiphene and 
metformin as primary therapy.  Live birth rates are not different comparing laparoscopic ovarian 
drilling (LOD) with oral agents (moderate SOE). For couples with unexplained infertility, there 
is no difference between the oral agents of letrozole and anastrozole for the outcome of ectopic 
pregnancy (low SOE) but evidence is insufficient for other outcomes of interest. There is also no 
difference between differing adjunct treatments used in combination with oral agents and IUI for 
the outcomes of live birth, miscarriage and ovarian hyperstimulation syndrome (OHSS) (low 
SOE for all outcomes). Time to pregnancy was shorter with immediate in vitro fertilization (IVF) 
compared to strategies starting with clomiphene and IUI or gonadotropins and IUI followed by 
IVF if necessary (moderate SOE). For couples with male factor infertility, live birth rate 
(moderate SOE) and miscarriage (low SOE) did not differ between intracytoplasmic sperm 
injection (ICSI) and intracytoplasmic morphological sperm injection (IMSI). For oocyte donors, 
studies suggest a lower incidence of OHSS with GnRH agonist trigger than with hCG trigger 
(low SOE). However, there was a lack of evidence on any long-term outcomes. For couples with 
tubal factor or endometriosis infertility, SOE was rated insufficient for all specific comparisons.  
Findings applicable across all indications for infertility for couples undergoing ART included: 
lower live birth rates for African-Americans compared to other racial/ethnic groups (low SOE); 
slightly lower live birth rates but significant reductions in multiple birth rates with elective 
single-embryo transfer compared to multiple-embryo transfer (low SOE); no increase in most 



vii 

maternal cancers after ART treatment after adjustment for infertility in general or specific causes 
(low SOE); and, for children born after ART, a possible increased risk of neurodevelopmental 
disorders after ICSI compared to IVF (low SOE).  
 
Conclusions: There is evidence supporting strategies for treatment of infertility in women with 
PCOS and with unexplained infertility. Consensus on which outcomes to collect and report and 
which areas of uncertainty are most important to resolve is needed in order to design future 
studies that will improve the ability of patients and clinicians to make optimal decisions. 
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Evidence Summary 
Background 

Condition and Therapeutic Strategies 
“Infertility” has traditionally been defined as failure to achieve pregnancy after 12 months of 

regular unprotected intercourse with the same partner; because as many as half of such couples 
will conceive without intervention over the next 12-24 months, the term “subfertility” is also 
sometimes used.1 However, to be concise, we will use the term “infertility” throughout this 
report. Self-reported infertility, using the 12-month definition, affected approximately 6 percent 
of married women aged 15-44 in the 2006-2010 National Survey of Family Growth (the most 
recent available data).2 In one population-based study, approximately 10 percent of pregnant 
women reported receiving infertility treatment, with 29 percent reporting use of fertility-
enhancing medications; 21 percent use assisted reproductive technology (ART), including in 
vitro fertilization (IVF); 15 percent use artificial insemination with fertility-enhancing drugs; and 
23 percent use other treatments, including surgery.3 Other estimates of the prevalence of 
infertility treatment are similar.4-8 

The most common demographic factor associated with female infertility is “advanced 
reproductive age”,9 while other common causes of female infertility include polycystic ovary 
syndrome (PCOS), endometriosis, occlusion of the fallopian tubes from prior infectious disease,6 
and infertility secondary to cancer treatment.10-12 Isolated male factor infertility affects 
approximately 17 percent of couples seeking treatment, with 34.6 percent of couples having both 
male and female diagnoses.13 

Treatment options are usually dependent on the underlying etiology of infertility. For female 
causes, options include surgical management of tubal occlusion, surgical treatment of 
endometriosis, ovarian “drilling” for treatment of PCOS, use of ovulation-induction agents 
including oral (clomiphene citrate or letrozole) and injected drugs (gonadotropins), artificial 
insemination with either partner or donor sperm (depending on partner fertility status), and ART, 
which includes both IVF and intra-cytoplasmic sperm injection (ICSI).14,15 Treatment options for 
male factor infertility include medical treatment of a diagnosed endocrinopathy or other 
conditions affecting sperm production, empiric treatments with hormonal or other agents, 
surgical management of varicocele, intrauterine insemination, IVF, ICSI, or use of donor 
sperm.16 Options appropriate for some diagnoses (e.g., ovulation induction in PCOS or 
unexplained infertility) may not be appropriate for others (e.g., women with documented tubal 
occlusion). In other cases, the appropriate comparisons may involve sequencing or combinations 
of treatment options—for example, one strategy might consist of several cycles of ovulation 
induction, followed by ART only if pregnancy does not occur, compared to proceeding directly 
to ART. 

Although there has been ongoing debate about the most appropriate outcome for evaluation 
of infertility treatments, there is a growing consensus that live birth is the most important patient-
centered outcome.17,18 Trade-offs between outcomes (particularly multiple gestations), time to 
pregnancy, and out-of-pocket costs might be different between the various treatment strategies 
even if cumulative live birth rates were identical. 

Different treatments also carry different safety risks. There are known short-term risks such 
as ovarian hyperstimulation syndrome (OHSS). Additionally, although observed associations 



ES-2 

between infertility treatment and female reproductive cancers, particularly ovarian cancer, are 
likely the result of the underlying infertility rather than treatment itself, there is still some 
uncertainty surrounding some cancer outcomes in subgroups of patients.19-21 

Some adverse pregnancy outcomes, such as preterm birth, are associated with infertility 
treatment; however, many of the conditions associated with infertility are also associated with 
these adverse outcomes, complicating assessment of comparative effectiveness.22-25 There may 
also be direct effects of some treatments that have unclear implications for long-term health in 
children born after these treatments.26,27 Finally, infertility clearly has an emotional impact,12,28,29 
and the comparative effects of infertility treatments on quality of life are an important 
consideration for both women and men. 

There may be significant variation in outcomes of different treatments in specific 
subpopulations. For example, age affects the likelihood of conception, and the risk of many 
pregnancy complications associated with infertility treatments, such as preterm birth or low 
birthweight, are also increased with higher maternal age. Obesity is common in women with 
PCOS, and, like older maternal age, is also associated with adverse pregnancy outcomes 
independent of its association with infertility. The utilization and outcomes of infertility 
treatment differ among different racial and ethnic groups, even after adjusting for insurance 
coverage.30-33   

Finally, a unique subpopulation is women who donate oocytes for use by other couples in 
ART. There are almost no data on the long-term safety of multiple courses of ovulation induction 
for the purposes of oocyte donation.34 In addition, there are complex ethical and legal 
considerations, including the balance between fair compensation and inducement,35 and sharing 
information about donors with recipients.36 

Scope and Key Questions  
This systematic review evaluates the comparative safety and effectiveness of available 

treatment strategies for women of reproductive age (18-44) who are infertile due to PCOS, 
endometriosis, unknown reasons, or tubal or peritoneal factors; the comparative safety and 
effectiveness of available treatment strategies for couples with male factor infertility; and the 
short- and long-term health outcomes of donors in infertility. 

The specific key questions (KQs) addressed in this review are listed below, and Figure A 
displays the analytic framework that guided our work. 

• KQ 1: What are the comparative safety and effectiveness of available treatment strategies 
for women with polycystic ovary syndrome (PCOS) who are infertile and who wish to 
become pregnant?  

o KQ 1a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, body mass index (BMI), presence of other potential 
causes of female infertility, or presence of male factor infertility? 

• KQ 2: What are the comparative safety and effectiveness of available treatment strategies 
for women with endometriosis who are infertile and who wish to become pregnant?  

o KQ 2a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, BMI, stage of endometriosis, presence of other 
potential causes of female infertility, or presence of male factor infertility? 

• KQ 3: What are the comparative safety and effectiveness of available treatment strategies 
for women who are infertile for unknown reasons and who wish to become pregnant?  
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o KQ 3a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, BMI, presence of other potential causes of female 
infertility, or presence of male factor infertility? 

• KQ 4: What are the comparative safety and effectiveness of available treatment strategies 
for women with tubal or peritoneal factors (e.g., pelvic adhesions) who are infertile and 
who wish to become pregnant?  

o KQ 4a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, BMI, presence of other potential causes of female 
infertility, or presence of male factor infertility? 

• KQ 5: What are the comparative safety and effectiveness of available treatment strategies 
for couples with male factor infertility and no evidence of an underlying diagnosis 
associated with infertility in the female partner?  

o KQ 5a. Does the optimal treatment strategy vary by characteristics in either 
partner such as age, ovarian reserve, race, or BMI?  

• KQ 6: What are the short- and long-term health outcomes of donors in infertility?  
o KQ 6a. For female oocyte donors: 

1. Do specific aspects of the pre-donation evaluation identify potential 
donors at greater risk for short- or long-term adverse outcomes (e.g., 
OHSS, quality-of-life issues)? 

2. Do short- and long-term outcomes differ among different 
stimulation/retrieval protocols? 

o KQ 6b. For male semen donors: 
 Are there long-term health, quality-of-life, or other adverse outcomes 

associated with donation? 
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Figure A. Analytic framework 

 
 
 

Abbreviations: ART=assisted reproductive technology; BMI=body mass index; GnRH=gonadotropin-releasing hormone; KQ(s)=key question(s); OHSS=ovarian hyperstimulation 
syndrome; PCOS=polycystic ovary syndrome 
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Methods 
Detailed methods are available in the full report and the posted protocol 

(http://effectivehealthcare.ahrq.gov/index.cfm).  

Literature Search Strategy 
To identify relevant published literature, we searched PubMed®, Embase®, and the Cochrane 

Database of Systematic Reviews, limiting the searches to studies conducted in adults and 
published from January 1, 2007, to September 17, 2015. Selection of the 2007 start date was 
based on establishing a one-year overlap with the search dates from a previous AHRQ evidence 
report that assessed assisted reproductive technology (ART)37 and input from key informants 
(KIs), who felt that the previous AHRQ review and more recent existing Cochrane reviews in 
this topic area would identify relevant high-quality studies. An experienced search librarian 
guided all searches. The exact search strings used are given in Appendix A. 

We supplemented the electronic searches with a manual search of citations from a set of key 
primary and review articles. The reference lists for identified pivotal articles were manually 
hand-searched and cross-referenced against our database, and additional relevant articles not 
already under consideration were retrieved for screening. All citations were imported into an 
electronic bibliographical database (EndNote® Version X7; Thomson Reuters, Philadelphia, PA).  

As a mechanism to ascertain publication bias in recent studies, we searched 
ClinicalTrials.gov to identify completed but unpublished studies (we also explored the possibility 
of publication bias in any quantitative synthesis of the included literature through meta-analysis 
techniques).  

Approaches to identifying relevant gray literature included notification through the Federal 
Register to stakeholders, such as drug and device manufacturers, of the opportunity to submit 
scientific information packets. We also searched the ClinicalTrials.gov study registry and the 
World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) 
search portal to identify potentially relevant study records, and subsequently searched for 
relevant articles from completed studies.  

We specified our inclusion and exclusion criteria based on the PICOTS (populations, 
interventions, comparators, outcomes, timing, and settings) identified for each question. For 
citations retrieved from PubMed, Embase, and the Cochrane Database of Systematic Reviews, 
two reviewers independently screened each title and abstract for potential relevance to the 
research questions using prespecified inclusion/exclusion criteria. Articles included by either 
reviewer underwent full-text screening. Articles meeting eligibility criteria at the full-text stage 
were included for data abstraction. Based on their clinical and methodological expertise, a pair of 
researchers were assigned to abstract data from each of the eligible articles. One researcher 
abstracted the data, and the second over-read the article and the accompanying abstraction to 
check for accuracy and completeness. Disagreements were resolved by consensus or by 
obtaining a third reviewer’s opinion if consensus could not be reached.  

Risk of Bias Assessment of Individual Studies 
We assessed methodological quality, or risk of bias, for each individual study using a 

components approach, assessing each study for specific aspects of design or conduct (such as 
allocation concealment for RCTs, or use of methods to address potential confounding), as 
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detailed in AHRQ’s EPC Methods Guide for Effectiveness and Comparative Effectiveness 
Reviews.38 Briefly, we rated each study as being of good, fair, or poor quality based on its 
adherence to well-accepted standard methodologies. For each study, one investigator assigned a 
summary quality rating, which was then reviewed by a second investigator; disagreements were 
resolved by consensus or by a third investigator if agreement could not be reached. 

We also rated quality for identified systematic reviews to provide additional context for the 
findings of the included studies. Rating was performed using the AMSTAR tool for assessing the 
methodological quality of systematic reviews.39 For each study, one investigator assigned a 
summary quality rating, which was then reviewed by a second investigator; disagreements were 
resolved by consensus or by a third investigator if agreement could not be reached. Reviews 
were then assigned overall quality scores of good (low risk of bias), fair (moderate risk of bias), 
or poor (high risk of bias). The consistency of the findings from these systematic reviews were 
incorporated in to our strength of evidence ratings as described below. 

Data Synthesis 
We began by summarizing key features of the included studies for each KQ. To the degree 

that data are available, we abstracted information on study design; patient characteristics; clinical 
settings; interventions; and intermediate, final, and adverse event outcomes. If not reported, 95% 
confidence intervals for dichotomous outcomes (e.g., live birth rates) were calculated from the 
numbers provided in the study.  

We then determined the feasibility of completing a quantitative synthesis (i.e., meta-analysis, 
decision analysis, or simulation model). For a meta-analysis, feasibility depends on the volume 
of relevant literature (requiring at least three relevant studies), conceptual homogeneity of the 
studies (similar intervention comparisons and outcome definitions), completeness of the 
reporting of results, and the adequacy and completeness of any existing meta-analyses.  

Strength of the Body of Evidence 
We graded the strength of evidence for each outcome assessed using the approach described 

in the AHRQ’s EPC Methods Guide for Effectiveness and Comparative Effectiveness 
Reviews.38,40,41 We also explored the consistency of our findings with recent systematic reviews 
and discussed agreement or disagreement, along with possible causes for disagreement and 
impact on strength of evidence ratings, in the results. A summary rating of high, moderate, or 
low strength of evidence was assigned for each outcome after discussion by two reviewers. 
When no evidence was available, or when evidence on the outcome was too weak, sparse, or 
inconsistent to permit any conclusion to be drawn, a grade of “insufficient” was assigned. 

Results 
We briefly summarize the results of our literature searches, description of included studies, 

key points, and strength of evidence for each KQ. 

Summary of Studies 
The literature search yielded 11,761 citations. In total, 1,046 studies were screened in full 

text, in which 952 were excluded for reasons listed in Figure 2 and Appendix D in the full report. 
We identified 94 articles describing 86 unique studies. The relationship of studies to the review 
questions is as follows: 31 studies relevant to KQ 1, 8 studies relevant to KQ 2, 34 studies 
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relevant to KQ 3, 11 studies relevant to KQ 4, 18 studies relevant to KQ 5, and 5 studies relevant 
to KQ 6 (some studies were relevant to more than one KQ).  

Key Question 1. PCOS 
We identified 34 articles42-75 describing 31 studies that addressed the comparative safety and 

effectiveness of available fertility treatment strategies for women with PCOS.  
 
Key findings for outcomes in couples where the primary cause of infertility is PCOS include: 

• Letrozole has a higher live birth rate than clomiphene citrate alone and lower multiple 
births (moderate SOE for both outcomes), with no difference in ectopic pregnancy, 
miscarriage, low birthweight, or time to pregnancy (low SOE for these outcomes). 

• Clomiphene citrate does not result in higher live birth rates compared with metformin 
(low SOE). Differences are also not found in the rates of miscarriage, multiple birth, 
ectopic pregnancy, or time to pregnancy (low SOE for all outcomes). 

• There was no difference between laparoscopic ovarian drilling (LOD) and oral agents 
for live birth (moderate SOE) or miscarriage rates (low SOE). Multiple births were 
reduced given LOD (moderate SOE).   

• Live birth and miscarriage rates did not differ between IVF treatment strategies (low 
SOE). 
 

In general, SOE was judged insufficient or low for most outcomes, with the exception of live 
births with the use of letrozole versus clomiphene or oral agents versus surgical management, 
and miscarriage between clomiphene and metformin or oral agents and surgical management 
which were rated moderate SOE. A common limitation across all comparisons was lack of 
precision for estimates of rare but important harms such as OHSS or surgical complications 
(Table A). 

 
Table A. Summary of strength of evidence for major outcomes—KQ 1 (PCOS) 

Comparison Outcome Study Design 
(Sample Size) Conclusion SOE  

(Rationale)a 
Oral Agents 
Alone 

    

Letrozole vs. 
Clomiphene 

Live birth 
(any/patient) 

1 SR (9 studies, 
1783 patients)76 

Improvement: Letrozole has higher 
live birth rates than clomiphene (pooled 
OR 1.64; 95% CI, 1.32 to 2.04). 

Moderate 
(Imprecise) 

Pregnancy 
complications: 
Multiple births 

1 SR (11 studies, 
2385 patients)76 

Improvement: Letrozole has lower 
rates of multiple birth compared to 
clomiphene (OR 0.38; 95% CI, 0.17 to 
0.84) 

Moderate 
(Inconsistent) 

Pregnancy 
complications: 
Ectopic 
pregnancy 

1 RCT44 (750 
patients) 

No difference: No difference between 
letrozole and clomiphene.  Very few 
ectopic pregnancies overall. 

Low 
(Imprecise, 
findings from 
only one study) 

Pregnancy 
complications: 
Miscarriage 

1 SR (12 studies, 
2385 patients)76 

No difference: No difference between 
letrozole and clomiphene (pooled OR 
1.32, 95% CI 0.92 to 1.88) 

Moderate 
(Imprecise) 

Neonatal 
outcomes: 
Birthweight 

1 RCT44 (750 
patients) 

No difference: No significant difference 
in birthweight between letrozole and 
clomiphene 

Low 
(Findings from 
only one study) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion SOE  

(Rationale)a 
Time to 
pregnancy 

1 RCT44 (750 
patients) 

No difference: No significant difference 
in time to pregnancy between 
clomiphene vs letrozole 

Low 
(Findings from 
only one study) 

Clomiphene vs 
Metformin vs. 
Metformin + 
Clomiphene 

Live birth 
(any/patient) 

2 RCTs53,73 
(737) 
 
1 Obs72 (251) 
 
1 SR77 (3 studies, 
912 patients)  

No difference: No difference between 
clomiphene and metformin or between 
clomiphene and combination therapy of 
metformin and clomiphene  

Low 
(Suspected 
reporting bias) 

Pregnancy 
complications: 
Multiple births 

3 RCTs63,70,73 (921)  No difference: No differences in 
multiple birth rates between clomiphene 
alone, metformin alone, and 
clomiphene plus metformin 

Low 
(Imprecise, 
suspected 
reporting bias) 

Pregnancy 
complications: 
Ectopic 
pregnancy 

2 RCTs70,73  
(850) 

No difference: No difference between 
studied oral agents.  Very few ectopic 
pregnancies overall. 

Low 
(Imprecise 
findings with 
moderate study 
limitations) 

Pregnancy 
complications: 
Miscarriage 

3 RCTs63,70,73 
(712) 
 
1 Obs72 (251) 

No difference: No significant 
differences between clomiphene, 
metformin in 3 RCTs for either early or 
late miscarriage (although different 
definitions used). 

Low 
(Suspected 
reporting bias, 
imprecise) 

Time to 
Pregnancy 

1 RCT53 
(343) 

No difference: No significant difference 
in time to pregnancy between 
clomiphene vs metformin 

Low (Findings 
from one study) 

Oral Agents 
Alone vs. 
Surgical 
Management 

    

LOD vs. oral 
agents 

Live birth 
(any/patient) 

1 SR78 (8 studies, 
1034 women) 

No difference: No significant 
differences between LOD and oral 
agents 

Moderate 
(suspected 
reporting bias) 

Pregnancy 
complications: 
Multiple births 

1 SR78 (12 studies, 
1129 women) 

Reduction: There was a reduction in 
multiple births given LOD as compared 
to oral agents. 

Moderate 
(suspected 
reporting bias) 

Pregnancy 
complications: 
Miscarriage 

1 SR78 (15 studies, 
1592 women) 

No difference: No significant 
differences in miscarriage between 
LOD and oral agents 

Low 
(Imprecise, 
suspected 
reporting bias) 

ART: IVF     
GnRH agonist 
+/- IVF vs. 
GnRH 
antagonist +/- 
IVF 

Live birth 
(cycle) 

4 RCTs48,52,68,71 
(408) 

No difference: No significant difference 
in included studies but varying 
interventions and comparators with low 
numbers of live birth 

Low 
(Imprecise 
findings with 
moderate study 
limitations) 

Pregnancy 
complications: 
Miscarriage 

2 RCTs68,71 
(159) 

No difference: No differences in 
miscarriage rates for GnRH agonist vs. 
antagonist, or hCG medium, hCG-free 
medium with transfer, and hCG-free 
medium without transfer.  

Low 
(Imprecise 
findings with 
moderate study 
limitations) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: ART=assisted reproductive technology; CI=confidence interval; GnRH=gonadotropin-releasing hormone; 
hCG=human chorionic gonadotropin; IUI=intrauterine insemination; IVF=in vitro fertilization; IVM=in vitro maturation; 
KQ=key question; LOD=laparoscopic ovarian drilling/diathermy; N=number of patients/participants; Obs=observational study; 
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OR=odds ratio; PCOS=polycystic ovary syndrome; RCT(s)=randomized controlled trial(s); rFSH=recombinant follicle-
stimulating hormone; uFSH=urinary follicle-stimulating hormone 

Key Question 2. Endometriosis 
We identified 11 articles21,25,79-87 describing 8 studies that addressed infertility treatment for 

women with endometriosis.  
Key findings for couples where the primary cause of infertility is endometriosis in the female 

partner included: 
• The live birth rate per cycle was higher in couples who underwent two-embryo transfer as 

compared with single embryo transfer (low SOE). 
• SOE was rated insufficient for all other comparisons/outcomes. 

 
In general, the SOE across all outcomes was judged to be insufficient or low, primarily due 

to imprecision and small numbers of studies, especially for both short-term harms (such as 
OHSS) (Table B). 
 
Table B. Summary of strength of evidence for major outcomes—KQ 2 (endometriosis) 

Comparison Outcome Study Design 
(Sample Size) 

Conclusion Strength of 
Evidence 

(Rationale)a 
ART vs. No 
treatment 

Live birth 1 Obs87 
(69,028 cycles) 

Improvement: For women with 
endometriosis, the live birth rate per 
cycle was higher in couples who 
underwent 2 embryo transfer 
(51.5%) as compared with single 
embryo transfer (46.6%) 
(p<0.0001).  

Low 
(Imprecise) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: ART=assisted reproductive technology; CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm 
injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number of patients/participants; 
Obs=observational study; RCT=randomized controlled trial; RR=relative risk 

Key Question 3. Unexplained Infertility 
We identified 34 studies described in 36 publications that met inclusion criteria for KQ 

3.80,81,87-120 One study (the Scottish Unexplained Infertility Trial [SUIT]) was described in two 
papers, a primary report115 and a companion economic analysis.106 

Key findings for couples with unexplained infertility included: 
• There is no difference between the oral agents of letrozole and anastrozole for the 

outcome of ectopic pregnancy (low SOE) but evidence is insufficient for other 
outcomes of interest.  

• There is no difference between letrozole and clomiphene for outcomes of multiple 
births or miscarriage (moderate SOE). 

• There is no difference between differing adjunct treatments used in combination with 
oral agents and IUI for the outcomes of live birth, miscarriage, and OHSS (low SOE 
for all outcomes). 
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• There are no differences between immediate IVF versus other treatments prior to IVF 
for the outcomes of live birth, multiple births, ectopic pregnancy, miscarriage, low 
birthweight, and OHSS (low SOE for all outcomes). There is however shorter time to 
pregnancy with immediate IVF (moderate SOE). 

• The overall risk of childhood cancers is not increased in offspring born after ART as 
compared to the general population (low SOE). 

 
SOE for most outcomes was judged to be insufficient or low, primarily because of 

imprecision or small numbers of studies of fair quality. One exception was time to pregnancy 
between different strategies for sequencing treatment, where precision was reasonable, and 
where SOE was judged to be moderate (Table C). 
 
Table C. Summary of strength of evidence for major outcomes—KQ 3 (unexplained infertility) 

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
Oral Agents 
Without IUI 

Pregnancy 
complications: 
Ectopic 
pregnancy 

1 RCT111 
(996) 

No difference: No difference between 
letrozole and anastrozole: 

Low 
(Moderate 
study 
limitations) 

Pregnancy 
complications: 
Multiple births 

1 SR121 (5 studies, 
395 patients) 

No difference: No difference between 
letrozole and clomiphene citrate 

Moderate  

Pregnancy 
complications: 
Miscarriage 

2 RCTs88,111 
(1076) 
 
1 SR121 (5 studies, 
395 patients) 

No difference: No difference between 
letrozole and clomiphene citrate 

Moderate  

Oral Agents vs. 
Unstimulated IUI 
vs. Expectant 
Management 

Live birth 1 SR122 (3 studies, 
370) 

Improvement: A significant increase 
in live births was found for women 
treated with IUI and ovarian 
hyperstimulation compared to women 
treated with IUI only 

Low 
(Inconsistent) 

Adjunct 
Treatments with 
Oral Agents and 
IUI 

Live birth 3 RCTs100,109,119 
(495) 

No difference: No difference between 
adjunct treatments with oral agents 
and IUI 

Low 
(Moderate 
study 
limitations) 

Pregnancy 
complications: 
Miscarriage 

2 RCTs109,117 
(252) 

No difference: No difference between 
adjunct treatments with oral agents 
and IUI 

Low 
(Moderate 
study 
limitations) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

2 RCTs100,117 
(475) 

No difference: No difference between 
adjunct treatments with oral agents 
and IUI 

Low 
(Moderate 
study 
limitations) 

Immediate IVF 
vs. Other 
Treatments Prior 
to IVF 

Live birth 2 RCTs94,96,110 
(605) 

No difference: Live birth does not 
differ between differing strategies of 
other treatments prior to IVF 

Low 
(Imprecise) 

Pregnancy 
complications: 
Multiple births 

2 RCTs94,110 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

Pregnancy 
complications: 
Ectopic 
pregnancy 

2 RCTs94,110 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
Pregnancy 
complications: 
Miscarriage 

2 RCTs94,110 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

Neonatal 
outcomes: 
Birthweight 

2 RCTs94,110 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

Time to 
pregnancy 

2 RCTs94,110 
(657) 

Reduction: Shorter time to pregnancy 
with immediate IVF compared with 
other treatments prior to IVF 

Moderate 

Short term 
adverse 
effects of 
treatment: 
OHSS 

2 RCTs94,110 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

ART:  
Unspecified 

Long-term 
outcomes: 
Child (cancer) 

1 Obs97 
(33,840) 

No difference: The overall cancer 
incidence was not elevated in children 
born after assisted conception for 
unexplained infertility. The SIR for all 
cancers in children conceived with 
assisted conception for unexplained 
infertility compared to the general 
population of the same age was 0.84 
(95% CI, 0.57 to 1.18). 

Low 
(Moderate 
study 
limitations) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: AH=assisted hatching; AMA=advanced maternal age; ART=assisted reproductive technology; CC=clomiphene 
citrate; CI=confidence interval; DHEA=dehydroepiandrosterone; FASTT=Fast Track and Standard Treatment; FSH=follicle-
stimulating hormone; hMG=human menopausal gonadotropin; HR=hazard ratio; ICER=incremental cost-effectiveness ratio; 
ICSI=intra-cytoplasmic sperm injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number 
of patients/participants; NA=not applicable; Obs=observational study; OHSS=ovarian hyperstimulation syndrome; OR=odds 
ratio; PGS=preimplantation genetic screening; RCT=randomized controlled trial; rFSH=recombinant follicle-stimulating 
hormone; RIF=recurrent implantation failure; SIR=standardized incidence ratio; uFSH=urinary follicle-stimulating hormone 

Key Question 4. Tubal and Peritoneal Factor Infertility 
We identified 15 articles21,24,25,79-81,83,84,87,91,104,105,123-125 describing 11 studies that addressed 

outcomes after treatment for tubal or peritoneal factor infertility.  
 
Key findings for patients with tubal or peritoneal factor infertility included: 
• The live birth rate per cycle was higher in couples who underwent two-embryo transfer as 

compared with single embryo transfer (low SOE). 
• SOE was rated insufficient for all other comparisons/outcomes. 
 
The SOE was judged to be insufficient for all outcomes primarily due to imprecision based 

on few studies meeting our inclusion criteria (Table D). 
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Table D. Summary of strength of evidence for major outcomes—KQ 4 (tubal and peritoneal factor 
infertility) 

Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
ART     
2-embryo 
transfer vs. 1-
embryo transfer 

Live birth (patient) 1 Obs87  
(69,028 cycles) 

No difference. No difference 
in the live birth rate per cycle 
was higher in couples who 
underwent 2 embryo transfer 
as compared with single 
embryo transfer 

Low (Imprecise) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: ART=assisted reproductive technology; CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm 
injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number of patients/participants; 
Obs=observational study; RCT=randomized controlled trial; RR=relative risk; SIR=standardized incidence ratio 

Key Question 5. Male Factor Infertility 
We identified 22 articles21,24,79-81,83,84,87,90,91,97,104,105,109,125-132 describing 18 studies that 

addressed the comparative effectiveness or safety of interventions applied to patients with male 
factor infertility. 

Key findings for patients with male factor infertility included: 
• Live birth rate (moderate SOE) and miscarriage (low SOE) did not differ between 

intracytoplasmic sperm injection (ICSI) and intracytoplasmic morphological sperm 
injection (IMSI). 

• The overall cancer incidence was not elevated in children born after assisted conception 
for male factor infertility (low SOE). 

• Live birth rate (low SOE) improved with vitamin E or zinc supplementation relative to 
placebo or no supplementation. 

 
The SOE was judged to be insufficient or low for all outcomes except for the comparison of IVF 
versus ICSI for live birth (Table E). 
 
Table E. Summary of strength of evidence for major outcomes—KQ 5 (male factor infertility) 

Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
ART: IVF     
ICSI or assisted 
hatching (1 
embryo 
transferred) vs. 
ICSI or assisted 
hatching 
(multiple 
embryos 
transferred) 
 
TESE vs. 
ejaculated OAT 

Live birth  2 Obs87,130  
(272,717 cycles) 

Improvement. Greater live births 
with multiple embryos transferred 
compared to 1 embryo transferred 

Low (Imprecise) 
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Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
ART: IVF vs. 
ICSI 

    

IVF vs. ICSI Live birth 3 RCTs126,129,131 
(497 patients) 
 
2 Obs125,127 
(771,661 cycles) 

No difference. Meta-analysis of 3 
RCTs produced a summary 
estimate of the OR for live birth per 
cycle associated with ICSI of 1.218 
(95% CI, 0.779 to 1.903) relative to 
IMSI and therefore does not 
demonstrate a difference between 
ICSI and IMSI. 

Moderate 
(Moderate study 
limitations) 

Pregnancy 
complication
s: 
Miscarriage 

1 RCT126  
(121 patients) 
 
1 Obs127 (499,135 
cycles) 
 
1 SR133 (6 studies, 
552 women) 

No difference. Both included 
studies and an existing systematic 
review supported no difference in 
miscarriage. SOE was reduced 
because of quality of included 
studies and imprecision of findings. 

Low  
(High study 
limitations, 
imprecise) 

ART: 
Unspecified 

    

 Long-term 
outcomes: 
Child 
(cancer) 

1 Obs97  
924, 427 patients) 

No difference: The overall cancer 
incidence was not elevated in 
children born after assisted 
conception for male factor 
infertility. The SIR for all cancers in 
children conceived with assisted 
conception for male factor infertility 
compared to the general 
population of the same age was 
0.92 (95% CI, 0.53 to 1.49). 

Low 
(Moderate study 
limitations) 

Antioxidants 
vs. No 
Supplemen-
tation 

    

 Live birth 1 SR134 (4 studies 
of 277 couples) 

Improvement: Increase in live 
birth rate associated with vitamin E 
or zinc supplementation relative to 
placebo or no supplementation 

Low (Imprecise, 
small studies) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: ART=assisted reproductive technology; CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm 
injection; IMSI=intracytoplasmic morphologically selected sperm injection; IUI=intrauterine insemination; IVF=in vitro 
fertilization; KQ=key question; N=number of patients/participants; Obs=observational study; OR=odds ratio; 
RCT(s)=randomized controlled trial(s) 

Key Question 6. Donors in Infertility 
We identified one fair-quality RCT135 and 4 retrospective observational studies, 3 fair-

quality,136-138 and 1 poor-quality,139 that addressed short- or long-term health outcomes of donors 
in infertility. 

Key findings for outcomes of sperm and oocyte donors included: 
• For oocyte donors, observational studies suggest a lower incidence of OHSS with GnRH 

agonist trigger than with hCG trigger (low SOE). However, there was a lack of evidence 
on any long-term outcomes.  
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• There was a lack of evidence on any short or long-term outcomes for sperm donors. 
 

Table F summarizes the SOE for KQ 6 and specifically for the incidence of OHSS with 
GnRH agonist trigger versus hCG trigger. All other short- and long-term outcomes had 
insufficient SOE or were not evaluated in the limited set of included studies. 
 
Table F. Summary of strength of evidence for major outcomes—KQ 6 (donors in infertility) 

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
GnRH agonist 
(leuprolide acetate) vs. 
hCG trigger 

Short term adverse 
effects of treatment: 
OHSS 

 

2 Obs136,137 
(3824) 

Improvement: Lower 
incidence of OHSS with GnRH 
agonist trigger than with hCG 
trigger.  

Low 
(Moderate study 
limitations, 
imprecise) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: GnRH=gonadotropin-releasing hormone; hCG= human chorionic gonadotropin; Obs=observational study; 
OHSS=ovarian hyperstimulation syndrome 

Findings Applicable Across All Key Questions 
Findings applicable across all KQs for patients who undergo IVF/ICSI include: 
• Clomiphene or gonadotropins ever use was not associated with increased risk of maternal 

cancer (low SOE). 
• Women who undergo IVF demonstrated an increased risk of ovarian malignancies (low 

SOE). 
• For children born after ART, ICSI may be associated with an increased risk of autism 

compared to IVF (low SOE). 
• In the United States, live birth rates after IVF/ICSI are lower for African-Americans than 

for other racial/ethnic groups after adjusting for other prognostic factors (low SOE).  
• Elective single-embryo transfer is associated with slightly lower live birth rates but a 

significant reduction in multiple birth rates compared to multiple-embryo transfer (low 
SOE). 

 
Table G summarizes the SOE for findings which are applicable across all key questions. 

Table G. Summary of strength of evidence for major outcomes—all key questions  

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
Clomiphene 
citrate and 
gonadotropin 

Long-term 
outcomes: Maternal 
cancer 

1 Obs79  
(9892 patients) 

No difference. Ever use of 
clomiphene citrate was not 
statistically significantly 
associated with maternal 
ovarian, breast, endometrial, 
lung, thyroid, colon, or 
melanoma cancer. 
Gonadotropin use was not 
associated with increased risk 
for breast or endometrial 
cancer 

Low (size of cohort 
not sufficient to 
detect modest 
increases in risk) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
ART: IVF Live birth (by race) 1 Obs80 

(13,473 cycles) 
Greater risk. Lower live birth 
rate for blacks as compared to 
white (p<0.001) 

Low 
(Imprecise, one 
study) 

Live birth (by 
number of embryos 
transferred) 

1 Obs87 
(69,028 cycles) 

Improvement. Increased live 
birth rate per cycle with 2 
embryo transfer as compared 
to single embryo transfer 

Low 
(Imprecise, findings 
with moderate 
study limitations) 

Pregnancy 
complications: 
Multiple births (by 
number of embryos 
transferred) 

1 Obs87 
(69,028 cycles) 

Improvement. Multiple live 
birth rates are significantly 
higher with a 2-embryo 
transfer than a single embryo 
transfer, but do not increase 
further with 3- or 4-embryo 
transfers 

Low 
(Imprecise, findings 
with moderate 
study limitations) 

Long-term 
outcomes: Child 
(Autism) 

1 Obs81 
(42,383) 

Greater risk. Risk of autism 
was greater in children 
conceived with ART with ICSI 
as compared to ART without 
ICSI (HR 1.65, p<0.05) 

Low (Imprecise) 

Long-term 
outcomes: Maternal 
(cancer) 

1 Obs91 
(25,164) 

Greater risk. IVF was 
associated with a statistically 
significant increased risk of all 
ovarian neoplasms (HR 2.05; 
95% CI, 1.20 to 3.82) and 
borderline ovarian tumors (HR 
6.28; 95% CI, 2.05 to 19.84) 
 
No difference: but not with 
invasive ovarian cancer (HR 
1.14; 95% CI, 0.54 to 2.41) or 
melanoma (SIR 1.27; 95% CI, 
0.75 to 2.15) 

Low 
(Imprecise, one 
study) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  

Abbreviations: ART=assisted reproductive technology; HR=hazard ratio; ICSI=intra-cytoplasmic sperm injection; 
Obs=observational study. 

Discussion 
In this comparative effectiveness review, we reviewed 86 studies described in 94 

publications that directly compared infertility management strategies in couples with infertility 
due to polycystic ovary syndrome (PCOS; key question [KQ] 1) or endometriosis (KQ 2); 
unexplained infertility (KQ 3); tubal and peritoneal factor infertility (KQ 4); and male factor 
infertility (KQ 5). We also explored the comparative effectiveness of management strategies for 
donors in infertility (KQ 6). Although the ultimate goal with any infertility management strategy 
is to improve live birth rates of healthy infants to a healthy couple, many studies initially 
identified in our review only reported on pregnancy rates or focused on other short-term 
outcomes and did not differentiate by the underlying causes of infertility. Our findings are based 
on those 86 studies which evaluated the comparative effectiveness of infertility management 
strategies in couples with a known cause of infertility (including unexplained infertility) and 
which evaluated the outcome of live birth or another long-term outcome. 
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Findings in Relation to What is Already Known 
The 2008 Agency for Healthcare Research and Quality (AHRQ) Evidence Report on 

“Effectiveness of ART”37 found that approximately 80 percent of the 478 included studies were 
performed outside the United States, and that the majority of RCTs did not report delivery rates 
and obstetric outcomes. Most studies did not have sufficient power to detect clinically 
meaningful differences in live birth rates, and had still lower power to detect differences in less 
frequent outcomes such as multiple births and complications. In addition, the previous report 
focused on outcomes of specific treatments (ovulation induction, superovulation, and IVF/ICSI) 
rather than a wider range of potential treatments, and infertility diagnosis was considered as 
subgroup analyses, rather than the primary basis for comparing treatments.   Methods for 
evidence synthesis, in particular for rating strength of evidence, have also been revised since that 
report. Although an increasing number of studies are using live birth rate as the primary 
outcome, the majority of the literature, particularly randomized trials, is still based on pregnancy 
or ongoing pregnancy.  Lack of precision for comparative estimates of rates for less common but 
important outcomes, such as complications, continues to be a major limitation.   

We compared our findings to evidence-based guidelines from the National Institute for 
Health and Care Excellence (NICE) in the United Kingdom (UK), and the American Society for 
Reproductive Medicine (ASRM).  In general, findings of our review were concordant with the 
guidelines, with differences primarily attributable to differences in inclusion/exclusion criteria. 

For women with PCOS, both NICE and ASRM support use of clomiphene citrate alone as 
first-line therapy, with the NICE guidance recommending ultrasound monitoring for dose 
adjustment to minimize risk of multiple pregnancy, followed by combination therapy with 
metformin or gonadotropins for women who do not conceive after a 3-6 month course of 
clomiphene alone. Both our review and NICE suggest letrozole may be superior to clomiphene 
as first line therapy, and that pretreatment with metformin may improve outcomes in women 
with PCOS being treated with gonadotropins. 

For women with endometriosis, ASRM concluded that evidence for surgical treatment of 
women with mild to moderate endometriosis was insufficient to recommend treatment, while the 
NICE guidance suggests some benefit, and our review was inconclusive. For those patients going 
directly to ART, surgical treatment of endometriosis, including endometrioma, prior to ART 
does not improve outcomes.  

For women with unexplained infertility, NICE recommends against use of oral agents 
entirely, while ASRM suggests clomiphene plus IUI may improve cycle fecundity compared to 
expectant management; our review found insufficient evidence. Based on our review, immediate 
IVF results in higher live birth rates and shorter time to pregnancy in women aged 38-42 
compared with a trial of clomiphene and IUI or gonadotropins and IUI, with most live births 
ultimately resulting from IVF.  

For women with suspected tubal factor infertility, both NICE and ASRM recommend 
imaging for diagnosis (which is outside the scope of our review), although, when ART is readily 
available and affordable, proceeding directly to ART without a definitive diagnosis of tubal 
disease may be more efficient.     

For male factor infertility, our review found no relevant findings compared to the 
recommendations, primarily because of limited data on live birth outcomes.  

For both male and female donors, both NICE and ASRM recommend psychological 
evaluation and counseling, including, for females, the short term risks of ovarian stimulation and 
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oocyte collection; our review found evidence on outcomes was limited only to the known short-
term risks of these procedures, with no evidence on potential longer term risks.  

For long-term outcomes in women and children after infertility treatment, our review found 
limited or inconsistent evidence. Risks of adverse longer term maternal cancer outcomes were 
generally not increased after adjustment for the risk associated with infertility itself. ICSI 
however may be associated with an increased risk of neurodevelopmental disorders in children 
compared to those conceived through IVF. The NICE guidance was generally consistent with 
this assessment, and recommended that patients should be informed that any absolute risk was 
low, while there was still uncertainty about longer-term outcomes.  

In general, our current review’s findings are consistent with the NICE and ASRM 
guidelines—there is a general consensus that the overall body of evidence for many aspects of 
infertility treatment across all patient groups is limited. One consistent limitation is the relative 
paucity of studies utilizing live birth per couple as the primary outcome.  

Applicability 
Two broad issues relate to the overall applicability of the available evidence to clinical 

practice in the United States—one geographic and one temporal. Many of the randomized 
controlled trials (RCTs) meeting our criteria were performed outside of the United States. 
Leaving aside any issues related to differences in study oversight or reporting, the populations of 
these studies may differ from U.S. infertility patients in two potentially important ways. 

The first issue is that there may be clinically relevant differences between populations in 
terms of both race/ethnicity and socioeconomic status. Although the estimate of any relative 
difference between two interventions derived from an unbiased RCT should in theory be 
independent of the probability of specific outcomes, the more clinically relevant absolute 
difference may be substantially different (e.g., the risk of preterm birth in African-American 
compared to white women is consistently elevated). To the extent that the probability of specific 
outcomes of interest may differ between populations because of differences in genetic risk or 
exposures to other factors affecting risk, there may be substantial differences in estimates of 
absolute risk differences. For relatively uncommon but important outcomes, these differences 
might also affect precision of estimates—confidence intervals for any treatment effect will be 
wider in populations where the outcome is less common. Given that observational data from 
Centers for Disease Control and Prevention (CDC)/Society for Assisted Reproductive 
Technology (SART) suggest differences in ART outcomes across U.S. ethnic groups,80 this is a 
potential concern. 

In addition to the potential impact of race/ethnicity, there may be important differences in the 
distribution of socioeconomic status between populations. Access to infertility diagnosis and 
treatment varies across countries, and certainly within the United States.140 Differences in 
socioeconomic status could affect applicability in several ways.  Differences in access to care 
may lead to differences in the spectrum of severity of “disease” for U.S. patients (who may have 
to wait longer to undergo evaluations). Although summary statistics of baseline characteristics 
may allow some judgment of comparability, there may be potentially important differences in the 
distribution that are obscured by the typical reporting of means and standard deviations 
(particularly if the underlying characteristic is not normally distributed), or by differences within 
a given stage. Socioeconomic status may also potentially affect some important outcomes 
independently of any specific treatment—for example, neurodevelopmental outcomes such as 
specific learning skills may be strongly correlated with parental socioeconomic status. 
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The second issue is that changes in practice over time have a major impact on applicability, 
particularly for long-term outcomes. The long lag time between exposure to infertility treatment 
and the potential development of longer term outcomes such as cancer means that data available 
today necessarily reflect women exposed to treatments at least 10 years in the past; even if the 
specific exposure is similar, there may be differences between past and current practice in 
potentially important attributes such as dosage, timing, patient selection criteria, use of 
adjunctive treatments, etc. For example, evidence that immediate use of IVF leads to shorter time 
to pregnancy than strategies where IVF is used only after a trial of agents such as clomiphene or 
gonadotropins has led to a change in guidelines,141 which now suggests that the cumulative 
exposure to gonadotropins during the course of treatment is likely to decrease compared to 
earlier cohorts of women, reducing any long-term risks. 

In addition, there may be cohort effects in terms of other exposures that may affect the 
absolute risk of some outcomes (e.g., changes in the use of postmenopausal hormone 
replacement therapy or ages of mammography screening affecting breast cancer risk), which in 
turn would impact any additional absolute risk due to exposure to infertility treatments. Because 
of this phenomenon, there is likely to always be some unresolvable uncertainty about long-term 
outcomes for both parents undergoing current infertility treatments and their children. 

Research Recommendations 
In an era of constrained resources, future clinical research, especially comparative 

effectiveness research—which helps resolve current uncertainties regarding clinical or policy 
decisions—should receive priority. For most of the KQs, there are multiple areas of remaining 
uncertainty based on the existing evidence. In part because of the diversity of causes and 
treatment options, it is difficult to make specific recommendations for specific topics.  

Before setting a specific agenda for future research in infertility, we believe a more general 
approach to identifying priorities would be helpful. Achieving consensus on the relative priority 
of specific outcomes, incorporating the perspective of multiple stakeholders (similar to the 
approach used for developing a research agenda for comparative effectiveness research for 
uterine fibroids.142,143 Ideally, these outcome priorities would be used for subsequent evidence 
syntheses and guideline development. 

As part of this consensus process, additional areas of discussion include: 
• Formal consideration of the limits of acceptability for specific quantitative harms (e.g., 

preterm birth) and benefits (e.g., live birth). 
• Formal discussion of the potential role of cost-effectiveness in decisionmaking, including 

issues of willingness-to-pay and appropriate choice of outcome. This is particularly 
important because there are significant methodological challenges to the use of 
“standard” measures such as quality-adjusted life expectancy in the setting of infertility 
treatment.   

• Issues related to study design, particularly from the patient stakeholder perspective. For 
example, in settings where patients and/or clinicians may have strong preferences for 
specific treatments, recruitment into RCTs may be difficult.144 In the uterine fibroid 
consensus process, patient stakeholders strongly preferred observational designs to 
randomized treatment assignment.142 Discussion of potential trade-offs between risk of 
bias, efficiency, ability to measure all relevant potential confounders and effect modifiers, 
appropriateness of alternative approaches such as Zelen randomization (where subjects 
are randomized prior to consent, then allowed to either receive the assigned treatment or 
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choose the alternative145), and the likelihood that a specific study design would resolve a 
specific area of uncertainty should all be included. 

 
Part of this process could include value-of-information analysis, a formal method for 

quantifying the impact of existing uncertainty on the likelihood of making the “wrong” 
decision.146-148 Although the approach has classically been used in the framework of cost-
effectiveness, the basic methods for illustrating the impact of uncertainty on the probability of 
making an optimal decision can also be applied using specific harms and benefits.   

In addition to development of a specific consensus-driven approach to resolving uncertainty, 
other specific recommendations apply across all areas of infertility treatment. Empiric 
measurement of patient preferences using validated measures would have substantial impact. In 
the context of infertility treatment, where approaches such as the standard gamble or time trade-
off (which require trading off risk of immediate death or life expectancy versus specific health 
benefits) may be both conceptually difficult and counter-intuitive to patients, approaches such as 
discrete choice experiments (DCE) may be preferable (DCE, or conjoint analysis, also has the 
advantage of being able to explicitly incorporate costs to measure willingness-to-pay).149,150 

The CDC/SART database is an outstanding example of what a large-scale, population-based 
registry can achieve in terms of providing data on treatment outcomes. However, the major 
limitation of the database in the past has been that data are only published on a per-cycle, rather 
than per-couple, basis. Recently the database methods have changed and now they are publically 
reporting the cumulative success rate per patient. Results, however, are still reported at the clinic 
level, so patients who receive care at more than one clinic do not have the full range of outcomes 
captured, and there is no mechanism for prospectively collecting long-term outcomes of patients 
or children. Facilitating reporting of results so that outcomes are reported on a per-couple basis 
will substantially improve the ability to generate estimates of the likely outcome of specific 
ART-related decisions.   

Based on input from key informants and our technical expert panel (TEP), we structured the 
review based on infertility diagnosis, and required studies to report outcomes specifically by 
diagnosis, or to adjust for diagnosis in multivariable analyses. As noted above, this led to 
exclusion of a number of papers, particularly those related to ART methods. There is clear 
evidence that the probability of some outcomes of interest, both short-term (e.g., OHSS) and 
long-term (certain cancers) differs based on underlying diagnosis. Although this may not be the 
case for all outcomes, we believe it would be helpful for future studies of interventions 
performed in patients with different underlying diagnoses to report results separately by 
diagnosis. Within an individual study powered on the basis of the total patients, estimates of 
diagnosis-specific outcomes may be too imprecise to confidently rule out clinically relevant 
differences—consistency of reporting would allow formal synthesis of estimates across studies.  

We found very limited evidence on outcomes among sperm or oocyte donors. Oocyte donors, 
who undergo controlled ovarian hyperstimulation and oocyte retrieval in the same manner as 
patients undergoing IVF using their own eggs, have, in theory, at least the same risk of short-
term adverse events as patients. The frequency with which oocyte donors are used is increasing, 
and evidence from the CDC/SART database suggests that the risk of certain pregnancy 
complications is lower when donor oocytes are used.34,151 If demand for donor oocytes continues 
to increase, much more evidence on the specific short- and long-term outcomes of donation 
(especially if a donor undergoes multiple cycles) is needed. 
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Conclusions 

Recently, there has been growing adaptation of more rigorous methods for evaluating 
treatments for infertility, particularly regarding treatments for PCOS and approaches to timing of 
interventions in patients undergoing ART. In addition, ongoing refinements to the SART/CDC 
database continue to make it a valuable resource, particularly for data on short-term 
outcomes.  However, given the diversity of infertility causes and treatments, there is considerable 
residual uncertainty about the optimal treatment options for specific patients. Consensus on 
which outcomes to report (such as encouraging reporting of live birth rates on a per couple basis 
as well as per cycle) and which areas of uncertainty are most important to resolve (in order to 
prioritize research) is needed to improve the ability of patients and clinicians to make decisions 
about the most appropriate treatment. 
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Introduction 
Background 

Condition 
“Infertility” has traditionally been defined as failure to achieve pregnancy after 12 months of 

regular unprotected intercourse with the same partner; because as many as half of such couples 
will conceive without intervention over the next 12-24 months, the term “subfertility” is also 
sometimes used.1 However, to be concise, we will use the term “infertility” throughout this 
report. Self-reported infertility, using the 12-month definition, affected approximately 6 percent 
of married women aged 15-44 in the 2006-2010 National Survey of Family Growth (the most 
recent available data).2 In one population-based study, approximately 10 percent of pregnant 
women reported receiving infertility treatment, with 29 percent of these women reporting use of 
fertility-enhancing medications; 21 percent use assisted reproductive technology (ART), 
including in vitro fertilization (IVF); 15 percent use artificial insemination with fertility-
enhancing drugs; and 23 percent use other treatments, including surgery.3 Other estimates of the 
prevalence of infertility treatment are similar.4-8 

The most common demographic factor associated with female infertility is “advanced 
reproductive age” (although the probability of pregnancy begins to decline by the mid-20’s, the 
slope of decline sharply increases by age 35).9 For example, the prevalence of “unexplained 
infertility” (infertility with no other documented female or male diagnosis) is substantially higher 
in older women,10 and “diminished ovarian reserve,” which is most commonly associated with 
increased age, is the single most common diagnosis among women undergoing ART, accounting 
for 27.5 percent of cycles.11 Other common causes of female infertility include polycystic ovary 
syndrome (PCOS), endometriosis, and occlusion of the fallopian tubes from prior infectious 
disease.6 A growing number of women also experience infertility secondary to cancer 
treatment.12-14 

Based on estimates of patients attending ART clinics, isolated male factor infertility affects 
approximately 17 percent of couples seeking treatment, with 34.6 percent of couples having both 
male and female diagnoses.15 

Treatment Strategies 
Treatment options are usually dependent on the underlying etiology of infertility. For female 

causes, options include surgical management of tubal occlusion, surgical treatment of 
endometriosis, ovarian “drilling” for treatment of PCOS, use of ovulation-induction agents 
including oral (clomiphene citrate or letrozole) and injected drugs (gonadotropins), artificial 
insemination with either partner or donor sperm (depending on partner fertility status), and ART, 
which includes both IVF and intra-cytoplasmic sperm injection (ICSI).16,17 Treatment options for 
male factor infertility include medical treatment of a diagnosed endocrinopathy or other 
conditions affecting sperm production, empiric treatments with hormonal or other agents, 
surgical management of varicocele, intrauterine insemination, IVF, ICSI, or use of donor 
sperm.18 Options appropriate for some diagnoses (e.g., ovulation induction in PCOS or 
unexplained infertility) may not be appropriate for others (e.g., women with documented tubal 
occlusion). In other cases, the appropriate comparisons may involve sequencing or combinations 
of treatment options—for example, one strategy might consist of several cycles of ovulation 
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induction, followed by ART only if pregnancy does not occur, compared to proceeding directly 
to ART.  

Benefits: There has been ongoing debate about the most appropriate outcome for evaluation 
of infertility treatments—ovulation (in anovulatory women such as PCOS patients), pregnancy, 
live birth, or term live birth.19-23 However, there is a growing consensus that live birth is the most 
important patient-centered outcome.22,23 Trade-offs between outcomes (particularly multiple 
gestations), time to pregnancy, and out-of-pocket costs might be different between the various 
treatment strategies even if cumulative live birth rates are identical. 

Harms: Different treatments also carry different safety risks. There are known short-term 
risks such as ovarian hyperstimulation syndrome (OHSS) or acute risks from surgery. The 
literature suggests that observed associations between infertility treatment and female 
reproductive cancers, particularly ovarian cancer, are likely the result of the underlying infertility 
rather than treatment itself. There is however some uncertainty surrounding some cancer 
outcomes in subgroups of patients.24-26 

Some adverse pregnancy outcomes, such as preterm birth, are associated with infertility 
treatment; however, many of the conditions associated with infertility are also associated with 
these adverse outcomes, complicating assessment of comparative effectiveness.19,21,27,28 There 
may also be treatments that have unclear effects on the long-term health in children born 
following these treatments For example, there is the possibility that epigenetic changes from 
treatments such as IVF/ICSI may lead to increased risk of some disorders (e.g., Beckwith-
Wiedemann syndrome) later in life—or that an increase in multiple births or other causes of 
prematurity or fetal growth restriction/low birthweight from treatments may result in poor 
neurodevelopmental outcomes.29,30 Finally, infertility clearly has an emotional impact,14,31,32 and 
the comparative effects of infertility treatments on quality of life are an important consideration 
for both women and men. 

There may be significant variation in outcomes of different treatments in specific 
subpopulations. For example, age affects the likelihood of conception, and the risk of many 
pregnancy complications associated with infertility treatments, such as preterm birth or low 
birthweight, are also increased with higher maternal age. Obesity is common in women with 
PCOS, and, like older maternal age, is also associated with adverse pregnancy outcomes 
independent of its association with infertility. The utilization and outcomes of infertility 
treatment differ among different racial and ethnic groups, even after adjusting for insurance 
coverage.33-36   

Finally, a unique subpopulation is women who donate oocytes for use by other couples in 
ART. An increasing number of women undergoing ART are receiving donor oocytes,37 and there 
are almost no data on the long-term safety of multiple courses of ovulation induction for the 
purposes of oocyte donation.38 In addition, there are complex ethical and legal considerations, 
including the balance between fair compensation and inducement,39 and sharing information 
about donors with recipients.40 

Complexity of Decisionmaking for Treatments of Infertility 
Infertility treatment is a topic where decisionmaking is particularly complex for patients, 

clinicians, and policymakers. Decisionmaking involves both partners (although the intensity and 
risks of treatment are quite different), consideration of outcomes for both parents and infants 
over short- and long-term time frames, trade-offs between short-term success and long-term 
adverse outcomes, and in some cases preferences for process as well as outcome. In addition, 
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time is an important consideration, particularly for women 35 and older. There is clear variation 
in patient preferences for different treatments and outcomes, and there has been relatively little 
empirical work focused on the decisionmaking aspects of infertility treatment. There are large 
differences in the costs of different infertility treatments, and variation in the degree of coverage 
for infertility diagnosis and treatment, and many patients face significant out-of-pocket costs.41 
There is substantial evidence that the availability of coverage affects access to treatment and 
treatment choices.42-45 Time lost from work may also be a consideration (particularly in the 
context of the need to make out-of-pocket payments). 

There are a number of areas where controversy or uncertainty about the evidence adds to the 
difficulty of decisionmaking. For example, the optimal trade-off between ART success and the 
risk of preterm birth and long-term health outcomes (such as neurodevelopmental problems) in 
infants associated with the number of embryos transferred is unclear. All other things being 
equal, transfer of more embryos results in both a greater chance of success in a given ART cycle 
and a greater chance of multiple pregnancies—single-embryo transfer greatly reduces the chance 
of multiple gestation, but may require more cycles to achieve a pregnancy.46,47 Other areas of 
uncertainty include optimal timing of embryo transfer48 and use of fresh versus frozen 
embryos,49,50 in terms of both achieving pregnancy and outcomes of those pregnancies, as well as 
timing of ART relative to other options, especially since the risk of higher order multiples 
(triplets or higher) is greater with ovulation induction, although ART is more invasive and 
expensive on a per-cycle basis.51-53 

Limitations of the Evidence Base 
Methodological limitations of the literature contribute to the uncertainty. For example, the 

National ART Surveillance System (NASS) is an excellent resource for observational data on 
U.S. population-based outcomes for ART. However, it has been limited by (a) use of the ART 
cycle (rather than the individual patient) as the unit of analysis; (b) lack of long-term follow-up 
data for individual patients38 and (c) some concern about underreporting of some adverse 
outcomes.54 NASS 2.0, introduced at the end of 2016, now includes both unique patient and 
cycle identifiers, meaning that cumulative success rates per patient should be available in future 
years.55 In addition, mechanisms for capturing outcomes from patients who receive care at 
multiple clinics have been put into place. On the other hand, randomized controlled trials (RCTs) 
may not provide data on important long-term outcomes, or may be underpowered to detect 
clinically relevant differences in complications of treatment.  

Scope and Key Questions 

Scope of the Review 
The present review evaluates the comparative safety and effectiveness of available treatment 

strategies for women of reproductive age (18-44) who are infertile due to PCOS, endometriosis, 
unknown reasons, or tubal or peritoneal factors; the comparative safety and effectiveness of 
available treatment strategies for couples with male factor infertility; and the short- and long-
term health outcomes of both oocyte and sperm donors.  
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Key Questions 
The specific key questions (KQs) addressed in this review are listed below, and Figure 1 

displays the analytic framework that guided our work. 
• KQ 1: What are the comparative safety and effectiveness of available treatment strategies 

for women with polycystic ovary syndrome (PCOS) who are infertile and who wish to 
become pregnant?  

o KQ 1a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, body mass index (BMI), presence of other potential 
causes of female infertility, or presence of male factor infertility? 

• KQ 2: What are the comparative safety and effectiveness of available treatment strategies 
for women with endometriosis who are infertile and who wish to become pregnant?  

o KQ 2a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, BMI, stage of endometriosis, presence of other 
potential causes of female infertility, or presence of male factor infertility? 

• KQ 3: What are the comparative safety and effectiveness of available treatment strategies 
for women who are infertile for unknown reasons and who wish to become pregnant?  

o KQ 3a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, BMI, presence of other potential causes of female 
infertility, or presence of male factor infertility? 

• KQ 4: What are the comparative safety and effectiveness of available treatment strategies 
for women with tubal or peritoneal factors (e.g., pelvic adhesions) who are infertile and 
who wish to become pregnant?  

o KQ 4a. Does the optimal treatment strategy vary by patient characteristics such as 
age, ovarian reserve, race, BMI, presence of other potential causes of female 
infertility, or presence of male factor infertility? 

• KQ 5: What are the comparative safety and effectiveness of available treatment strategies 
for couples with male factor infertility and no evidence of an underlying diagnosis 
associated with infertility in the female partner?  

o KQ 5a. Does the optimal treatment strategy vary by characteristics in either 
partner such as age, ovarian reserve, race, or BMI?  

• KQ 6: What are the short- and long-term health outcomes of donors in infertility?  
o KQ 6a. For female oocyte donors: 

3. Do specific aspects of the pre-donation evaluation identify potential 
donors at greater risk for short- or long-term adverse outcomes (e.g., 
OHSS, quality-of-life issues)? 

4. Do short- and long-term outcomes differ among different 
stimulation/retrieval protocols? 

o KQ 6b. For male semen donors: 
1. Are there long-term health, quality-of-life, or other adverse outcomes 

associated with donation? 
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Figure 1. Analytic framework 

 
 
 

Abbreviations: ART=assisted reproductive technology; BMI=body mass index; GnRH=gonadotropin-releasing hormone; KQ(s)=key question(s); OHSS=ovarian hyperstimulation 
syndrome; PCOS=polycystic ovary syndrome
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Figure 1 depicts the KQs within the context of the populations, interventions, comparators, 
outcomes, timings, and settings (PICOTS) considered in this review. The figure illustrates how a 
wide range of treatments for infertility may result in intermediate outcomes such as time to 
pregnancy and/or final outcomes such as live birth (single or multiple) or costs in couples with 
different underlying causes of infertility. A separate KQ focuses on outcomes in female and male 
donors in infertility. Short- and long-term adverse effects may occur at any point during 
treatment and may affect donors, patients, and/or children. Optimal treatment strategies may vary 
by important patient characteristics and/or by setting/provider. 

Organization of This Report 
The remainder of the report details our methodology and presents the results of our literature 

synthesis, with summary tables and strength of evidence grading for major comparisons and 
outcomes. In the discussion section, we offer our conclusions, summarized findings, and other 
information that may be relevant to translating this work for clinical practice and future research. 

Appendices provide further details on our methods and the studies we assessed, as follows: 
• Appendix A. Exact Search Strings 
• Appendix B. Data Abstraction Elements 
• Appendix C. List of Included Studies 
• Appendix D. List of Excluded Studies 
• Appendix E. Characteristics of Included Studies  
• Appendix F. AMSTAR Quality Assessment for Systematic Reviews 
• Appendix G. Risk of Bias Assessment for Included Studies 
• Appendix H. Supplemental Project to Assess the Transparency of Reporting for Trials 

Evaluating Treatment for Infertility 
 
A list of abbreviations and acronyms is provided at the end of the report. 
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Methods 
Methods for this systematic review follow the Agency for Healthcare Research and Quality 

(AHRQ) Methods Guide for Effectiveness and Comparative Effectiveness Reviews56 and the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist.57 
See the review protocol (http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-
reviews-and-reports/?productid=2131&pageaction=displayproduct) for full details. 

Topic Refinement and Review Protocol 
The topic of this report and preliminary key questions (KQs) arose through a public 

nomination and initial development by the Scientific Resource Center (SRC) for AHRQ’s 
Effective Health Care (EHC) program. During the subsequent topic refinement phase, a panel of 
key informants (KIs) gave input to the Evidence-based Practice Center (EPC) on the KQs to be 
examined; these KQs were posted on AHRQ’s EHC website for public comment in June 2015 
for 3 weeks and revised in response to comments. We then drafted a protocol for the systematic 
review and recruited a technical expert panel (TEP) to provide high-level content and 
methodological expertise throughout the development of the review. The KIs and TEP 
represented members of medical professional societies and clinician/researchers in the areas of 
obstetrics and gynecology, assisted reproductive technology, and reproductive medicine; 
scientific experts; payers; Federal agencies; and patients/consumers. The finalized protocol is 
posted on the EHC website.58 The PROSPERO registration is CRD42016025750.  

Literature Search Strategy 

Search Strategy 
To identify relevant published literature, we searched PubMed®, Embase®, and the Cochrane 

Database of Systematic Reviews, limiting the searches to studies conducted in adults and 
published from January 1, 2007, to September 17, 2015. We selected the 2007 start date to 
establish a one-year overlap with the search dates from a 2008 AHRQ evidence report that 
assessed assisted reproductive technology (ART).59 Also, KIs felt that existing Cochrane reviews 
would identify older relevant high-quality studies, particularly evidence from RCTs, while 
primary studies and other systematic reviews published after 2008 would identify studies most 
relevant to current practice in infertility. An experienced search librarian guided all searches. The 
exact search strings used are given in Appendix A. 

We supplemented the electronic searches with a manual search. The reference lists for 
identified pivotal articles60-112 were manually hand-searched and cross-referenced against our 
database, and additional relevant articles not already under consideration were retrieved for 
screening. All citations were imported into an electronic bibliographical database (EndNote® 
Version X7; Thomson Reuters, Philadelphia, PA).  

To ascertain publication bias in recent studies, we searched ClinicalTrials.gov to identify 
completed but unpublished studies. We also explored publication bias in any quantitative 
synthesis of the included literature through meta-analysis techniques. While the draft report is 
under peer review, we will update the search and include any eligible studies identified either 
during that search or through peer or public reviews in the final report. In Appendix H, we use 
this report to explore in more detail the utility of ClinicalTrials.gov for detecting selective 
reporting, and the impact of selective reporting on the estimates of treatment effect. 

http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=2131&pageaction=displayproduct
http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=2131&pageaction=displayproduct
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Approaches to identifying relevant gray literature included notification to stakeholders of the 
opportunity to submit scientific information packets of material relevant to the KQs. This 
notification was coordinated by the SRC. We also searched the ClinicalTrials.gov study registry 
and the World Health Organization (WHO) International Clinical Trials Registry Platform 
(ICTRP) search portal to identify potentially relevant study records, and subsequently searched 
for relevant articles from completed studies.  

Inclusion and Exclusion Criteria 
We specified our inclusion and exclusion criteria based on the PICOTS (populations, 

interventions, comparators, outcomes, timing, and settings) identified for each question. Note 
that the outcomes of interest are ordered in approximate relative importance to patients, based on 
input from topical experts and Key Informants, rather than temporal occurrence in the clinical 
pathway. Table 1 lists inclusion and exclusion criteria. 

Table 7. Inclusion and exclusion criteria 
PICOTS 
Element Inclusion Criteria Exclusion 

Criteria 
Populations KQs 1-4: 

• Women of reproductive age (18-44) with no pregnancy after 12 
months of regular intercourse for women under 35, or 6 months for 
women 35 and older (studies which use alternate definitions of 
infertility based on different age or duration criteria may be included 
if justified), and 

o diagnosed PCOS [KQ 1] 
o diagnosed endometriosis [KQ 2] 
o no other diagnosed cause of infertility [KQ 3] 
o identified tubal or peritoneal disease potentially amenable 

to surgical interventions (hydrosalpinx, unilateral occlusion, 
prior tubal sterilization) [KQ 4] 

• Subpopulations of interest include groups differing in: 
o age; race/ethnicity; obesity/BMI; ovarian reserve; history of 

prior treatments; primary vs. secondary infertility; maternal 
parity; insurance status [KQs 1-4] 

o diagnostic criteria/evaluation; presence or absence of male 
factor infertility, other female causes of infertility, or 
common comorbidities such as hypertension and diabetes 
[KQ 1] 

o diagnostic criteria/evaluation; stage of endometriosis; 
presence or absence of male factor infertility, presence of 
endometrioma, other female causes of infertility, or 
common comorbidities such as hypertension and diabetes 
[KQ 2] 

o diagnostic criteria/evaluation; presence or absence of 
common comorbidities such as hypertension and diabetes; 
women without male partners (single women or lesbian 
couples) [KQ 3] 

o anatomic cause of tubal occlusion (e.g., prior sterilization 
vs. adhesions) [KQ 4] 

 
KQ 5: 

• Couples which include men partnered with women of reproductive 
age (as defined in other KQs), with no documented female cause of 
infertility and documented male infertility.  

• Subpopulations of interest include groups differing by cause of male 
infertility (identified hormonal cause, varicocele, idiopathic), age 
(male and female), race/ethnicity, obesity/BMI, history of prior 
treatments, primary vs. secondary infertility, diagnostic criteria used 

Individuals 
younger than 18 
or 45 and older* 
 
Study does not 
report outcomes 
of interest by 
underlying 
diagnosis or by 
using a 
multivariate 
model that 
includes 
diagnosis as one 
of the covariates 
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PICOTS 
Element Inclusion Criteria Exclusion 

Criteria 
for male infertility, insurance status, and presence or absence of 
common comorbidities such as hypertension and diabetes. 

 
KQ 6: 

• Women of reproductive age (18-44) who are potential donors of 
oocytes for ART, and males donating semen for intrauterine 
insemination or ART 

Interventions KQ 1: Clomiphene citrate, letrozole, diet/exercise/other weight loss 
strategies, timed intercourse using various technologies in conjunction with 
oral ovulation induction, metformin, combination oral medications, ovulation 
induction with gonadotropins with or without intrauterine insemination (IUI), 
surgery (ovarian drilling), ART (IVF and ICSI) with patient and donor oocytes 
 
KQ 2: Surgical excision of endometriotic implants, alternative surgical 
approaches to destruction of lesions (e.g., laser vaporization), gonadotropin-
releasing hormone agonists or antagonists, timed intercourse with various 
technologies, ovulation induction with gonadotropins with or without IUI, ART 
(IVF and ICSI) with patient and donor oocytes 
 
KQ 3: Timed intercourse with various technologies, oral ovulation induction 
agents (e.g., clomiphene citrate), superovulation with gonadotropins with and 
without IUI, ART (IVF and ICSI) with patient and donor oocytes, watchful 
waiting 
 
KQ 4: Surgical repair, ART (IVF and ICSI) with patient and donor oocytes 
 
KQ 5: ICSI (note that interventions and comparators may vary depending on 
underlying cause of male factor infertility), testicular sperm extraction, 
vasectomy reversal, surgical repair of varicocele, IUI, donor insemination, 
ART, treatment of underlying endocrinopathy 
 
KQ 6: Pre-donation testing strategies; ovulation induction with gonadotropins 
using different induction/retrieval protocols; semen donation (men) 

 

Comparators KQ 1: Any other active intervention (e.g., clomiphene vs. metformin), or 
timing/sequence of interventions (e.g., ovulation induction/IUI followed by 
ART if unsuccessful vs. proceeding directly to ART, or timed intercourse with 
oral medications or injectable gonadotropins) 
 
KQ 2: Either direct between two alternatives (e.g., surgery vs. gonadotropin-
releasing hormone [GnRH] agonists/antagonists), or timing/sequence of 
interventions (e.g., ovulation induction/IUI followed by ART if unsuccessful vs. 
proceeding directly to ART) 
 
KQ 3: Any other active intervention, or timing/sequencing of timing/sequence 
of interventions (e.g., ovulation induction/IUI followed by ART if unsuccessful 
vs. proceeding directly to ART) 
 
KQ 4: Other active interventions (including combinations of therapy such as 
surgical removal of hydrosalpinx followed by ART)  
 
KQ 5: Other active interventions 
 
KQ 6 (women): Pre-donation testing strategies; controlled ovarian 
hyperstimulation with gonadotropins using different induction/retrieval 
protocols; non-donors (women and men) 

 

Outcomes KQ 1-5: 
• Live birth (both cumulative and per cycle) 

o Live singleton birth 
o Live multiple birth 

• Pregnancy complications 

 



10 

PICOTS 
Element Inclusion Criteria Exclusion 

Criteria 
o Multiple births (and associated complications) 
o Ectopic pregnancies 
o Miscarriage 

• Neonatal outcomes 
o Death 
o Birthweight (categorized as low birthweight/normal 

birthweight) 
o Congenital anomalies 

• Time to pregnancy  
o Calendar time (months) 
o Number of cycles 

• Costs 
o Patient 
o Health system 
o Societal 

• Short-term adverse effects of treatments 
o OHSS 
o Surgical complications 

• Long-term outcomes (child) 
o Neurodevelopmental/other issues related to prematurity 
o Specific issues related to infertility treatment (epigenetic 

changes, sex chromosomal abnormalities, etc.) 
o Cancer (all types) 

• Long-term outcomes (maternal) 
o Cancer 
o Subsequent fertility 

 
KQ 6:  

• Women: 
o Short-term adverse effects of treatments 

 OHSS 
 Surgical complications 
 Adverse effects of treatments 

o Long-term outcomes (donor) 
 Downstream fertility 
 Cancer 
 Age at menopause 

o Quality-of-life outcomes 
• Men: 

o Quality-of-life outcomes 
o Short- and long-term health outcomes 

Timing  KQs 1-5 : 
• Short-term 

o From beginning of treatment through first 12 months of life 
if live birth occurs 

• Long-term 
o 12 months or more from completion of treatment (no live 

birth) or from date of live birth 
 
KQ 6:  

• Short-term:  
o From time of beginning donation process to 12 months 

after donation 
• Long-term: 

o 12 months or more from time of first donation 

 

Settings • Subspecialty practice (infertility specialist) [KQs 1-6] 
• General gynecology practice [KQs 1-5] 
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PICOTS 
Element Inclusion Criteria Exclusion 

Criteria 
• Family practice/general internist/nurse practitioner/other non-

gynecologist primary care provider [KQs 1-6] 
• Male reproductive medicine specialist/urologist [KQ 5] 

Study design • Original data 
• RCTs, prospective and retrospective observational studies with 

comparator; for test characteristics, cross-sectional studies were 
acceptable if they included patients with diagnostic uncertainty and direct 
comparison of test results with an appropriate reference standard 

• Study design limitations by outcome type: 
o KQs 1-5: 

 Short-term outcomes: RCTs of any sample size; 
observational studies of ≥100 subjects presenting data 
from the National ART Surveillance System 

 Long-term outcomes: RCTs of any sample size; 
observational studies of ≥100 subjects  

o KQ 6 (all outcomes):  
 RCTs of any sample size; observational studies of ≥100 

subjects 

Editorials, 
nonsystematic 
reviews, 
abstracts only, 
letters, case 
series, case 
reports, articles 
that have been 
retracted or 
withdrawn 

Publications • English-language only 
• Published January 1, 2007, to present 
• Relevant systematic reviews, meta-analyses, or methods articles 

Non-English 
language 
articlesa 

aNon-English articles were excluded due to: (1) the high volume of literature available in English-language publications 
(including the majority of known important studies); and (2) concerns about the applicability of non-English publication studies 
to populations in the United States. *Studies which included patients outside this age range were included if findings were 
reported separately for this age group of interest or if at least 80% of women were within this age range. 
Abbreviations: ART=assisted reproductive technology; BMI=body mass index; GI=gastrointestinal; GnRH=gonadotropin-
releasing hormone; hCG=human chorionic gonadotropin; ICSI=intra-cytoplasmic sperm injection; IUI=intrauterine insemination; 
IVF=in vitro fertilization; KQ(s)=key question(s); OHSS=ovarian hyperstimulation syndrome; PCOS=polycystic ovary 
syndrome; PICOTS=Populations, Interventions, Comparators, Outcomes, Timing, Settings; RCTs=randomized controlled trials 

Study Selection 
For citations retrieved from PubMed, Embase, and the Cochrane Database of Systematic 

Reviews, two reviewers independently screened each title and abstract for potential relevance to 
the research questions using prespecified inclusion/exclusion criteria described in Table 1. 
Articles included by either reviewer underwent full-text screening.  

At the full-text screening stage, two reviewers independently reviewed the full text of each 
article and indicated a decision to include or exclude the article for data abstraction. When paired 
reviewers arrived at different decisions about whether to include or exclude an article, or about 
the reason for exclusion, we reconciled the difference through review and discussion among 
investigators. Articles meeting eligibility criteria were included for data abstraction. All 
screening results were tracked using the DistillerSR data synthesis software program (Evidence 
Partners Inc., Manotick, ON, Canada). 

Appendix C provides a list of all articles included for data abstraction. Appendix D provides 
a list of articles excluded at the full-text screening stage, with reasons for exclusion. 

While systematic reviews and meta-analyses were not study designs qualifying for inclusion 
and abstraction under our screening criteria, we did flag relevant articles of these types as part of 
the screening process. Component references from these systematic reviews were reviewed and 
when studies met our inclusion criteria, they were included in our report. For systematic reviews 
which were identified as relevant to the individual KQs but included mostly studies prior to 
2007, we summarize the findings from these existing reviews and the consistency of their 
findings with those from our included studies in the appropriate results sections. 
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Data Extraction 
The investigative team created data abstraction forms that were programmed in the 

DistillerSR software for collection of data from included studies. The abstraction forms were 
pilot-tested with a sample of included articles to ensure that all relevant data elements were 
captured and that there was consistency and reproducibility between abstractors. Based on their 
clinical and methodological expertise, a pair of researchers were assigned to abstract data from 
each of the eligible articles. One researcher abstracted the data, and the second over-read the 
article and the accompanying abstraction to check for accuracy and completeness. Disagreements 
were resolved by consensus or by obtaining a third reviewer’s opinion if consensus could not be 
reached.  

We designed the data abstraction forms to collect the data required to evaluate the specified 
eligibility criteria for inclusion in this review, as well as demographic and other data needed for 
determining outcomes (intermediate, final, and adverse events outcomes). We paid particular 
attention to describing the details of the treatment (e.g., for comparisons of in vitro fertilization 
[IVF] to other therapies, the specific IVF protocol used), patient characteristics (e.g., age of 
female partners, presence or absence of male factor infertility), setting (e.g., U.S.- vs. non-U.S.-
based studies), and study design (e.g., randomized controlled trial [RCT] vs. observational) that 
may be related to outcomes. In addition, we described comparators carefully, as treatment 
standards may have changed during the period covered by the review. The safety outcomes were 
framed to help identify adverse events, including those from medical therapies (e.g., ovarian 
hyperstimulation syndrome) and those resulting from procedural complications. Data necessary 
for assessing quality and applicability, as described in AHRQ’s EPC Methods Guide for 
Effectiveness and Comparative Effectiveness Reviews,56 were also abstracted. A complete list of 
data abstraction elements is provided in Appendix B.  

Quality (Risk of Bias) Assessment of Individual Studies 
We assessed methodological quality, or risk of bias, for each individual study using a 

components approach, assessing each study for specific aspects of design or conduct (such as 
allocation concealment for RCTs, or use of methods to address potential confounding), as 
detailed in AHRQ’s EPC Methods Guide for Effectiveness and Comparative Effectiveness 
Reviews.56 Briefly, we rated each study as being of good, fair, or poor quality based on its 
adherence to well-accepted standard methodologies. For each study, one investigator assigned a 
summary quality rating, which was then reviewed by a second investigator; disagreements were 
resolved by consensus or by a third investigator if agreement could not be reached. Table 2 
describes the overall study quality assessment ratings. Appendix G presents the risk of bias 
assessment components for the individual included studies. 

Table 8. Definitions of overall quality ratings 
Quality Rating Description 

Good (low risk of bias) These studies had the least bias, and the results were considered valid. These 
studies adhered to the commonly held concepts of high quality, including the 
following: a clear description of the population, setting, approaches, and 
comparison groups; appropriate measurement of outcomes; appropriate statistical 
and analytical methods and reporting; no reporting errors; a low dropout rate; and 
clear reporting of dropouts. 
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Quality Rating Description 
Fair (moderate risk of bias) These studies were susceptible to some bias, but not enough to invalidate the 

results. They did not meet all the criteria required for a rating of good quality 
because they had some deficiencies, but no flaw was likely to cause major bias. 
The study may have been missing information, making it difficult to assess 
limitations and potential problems. 

Poor (high risk of bias) These studies had significant flaws that might have invalidated the results. They 
had serious errors in design, analysis, or reporting; large amounts of missing 
information; or discrepancies in reporting. 

 
The grading was outcome-specific such that a given study that analyzed its primary outcome 

well but did an incomplete analysis of a secondary outcome could be assigned a different quality 
grade for each of the two outcomes. Studies of different designs were graded within the context 
of their respective designs as good, fair, or poor (Appendix G).  

We also rated quality for systematic reviews that were identified and discussed in the report 
using the AMSTAR tool for assessing the methodological quality of systematic reviews.113 For 
each study, one investigator assigned a summary quality rating, a second investigator reviewed 
the rating; disagreements were resolved by consensus or by a third investigator. Reviews were 
then assigned overall quality scores according to the following categories114: 

 
• Good (low risk of bias)—Systematic reviews that have few or no methodological 

shortcomings and a low risk of bias. 
• Fair (moderate risk of bias)—Systematic reviews that have some methodological flaws 

but the investigators conclude that the flaws will not seriously bias or invalidate the 
results. 

• Poor (high risk of bias)—Systematic reviews that contain a serious flaw or flaws that, in 
the judgment of the investigators, are highly likely to bias or invalidate the results.  
 

The AMSTAR quality assessment components for the individual systematic reviews are 
detailed in Appendix F. 

Data Synthesis 
We began by summarizing key features of the included studies for each KQ. To the degree 

that data are available, we abstracted information on study design; patient characteristics; clinical 
settings; interventions; and intermediate, final, and adverse event outcomes. If not reported, 95% 
confidence intervals for dichotomous outcomes (e.g., live birth rates) were calculated from the 
numbers provided in the study.  

We then determined the feasibility of completing a quantitative synthesis (i.e., meta-analysis, 
decision analysis, or simulation model). For a meta-analysis, feasibility depends on the volume 
of relevant literature (requiring at least three relevant studies), conceptual homogeneity of the 
studies (similar intervention comparisons and outcome definitions), completeness of the 
reporting of results, and the adequacy and completeness of any existing meta-analyses.  

When the above criteria were met and a meta-analysis was considered appropriate, we used 
random-effects models within the Comprehensive Meta-Analysis software to synthesize the 
available evidence quantitatively. We tested for heterogeneity using graphical displays and test 
statistics (Q and I2 statistics), while recognizing that the ability of statistical methods to detect 
heterogeneity may be limited. For comparison, we also performed fixed-effect meta-analyses. 
We present summary estimates, standard errors, and confidence intervals. We anticipated that 
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intervention effects may be heterogeneous. We hypothesized that the methodological quality of 
individual studies, study type, the characteristics of the comparator, and patients’ underlying 
clinical presentation would be associated with the intervention effects. If there were sufficient 
studies, we performed subgroup analyses and/or meta-regression analyses to examine these 
hypotheses. We performed quantitative and qualitative syntheses separately by study type and 
discuss their consistency qualitatively.  

Strength of the Body of Evidence 
We rated strength of evidence using the approach described in the AHRQ’s EPC Methods 

Guide for Effectiveness and Comparative Effectiveness Reviews.56,115,116 We graded the strength 
of evidence separately for each outcome; thus, the strength of evidence for two separate 
outcomes in a given study may be graded differently. The grades are presented in the strength of 
evidence tables throughout the report. 

Briefly, the approach requires assessment of five domains: study quality (previously named 
risk of bias, and described above), consistency, directness, precision, and reporting bias (which 
includes publication bias, outcome reporting, and analysis reporting biases). When the body of 
evidence for a particular outcome included both RCTs and observational studies, we graded each 
study type separately using design-specific criteria. In considering the overall strength of the 
entire body of evidence, we considered the extent to which the observational evidence was 
consistent with RCT data, particularly with regard to direction and magnitude of effect. We also 
explored the consistency of our findings with recent systematic reviews and discussed agreement 
or disagreement, along with possible causes for disagreement and impact on strength of evidence 
ratings, in the text. Because of the risk of unmeasured confounding, observational studies 
generally would not contribute to estimates of the magnitude or precision of effect, when RCT 
data were available. If there were other issues (such as differences in when and where RCTs 
were performed compared to observational studies, and how these differences might affect 
applicability), this would generally increase uncertainty about the magnitude and precision of 
any treatment effect.117 The five domains were considered qualitatively, and a summary rating of 
high, moderate, or low strength of evidence was assigned after discussion by two reviewers. 
When no evidence was available or when evidence on the outcome was too weak, sparse, or 
inconsistent to permit any conclusion to be drawn, a grade of “insufficient” was assigned. This 
four-level rating scale consisted of the following definitions: 

• High Strength of Evidence—We are very confident that the estimate of effect lies close to 
the true effect for this outcome. The body of evidence has few or no deficiencies. We 
believe that the findings are stable, i.e., another study would not change the conclusions. 

• Moderate Strength of Evidence—We are moderately confident that the estimate of effect 
lies close to the true effect for this outcome. The body of evidence has some deficiencies. 
We believe that the findings are likely to be stable, but some doubt remains. 

• Low Strength of Evidence —We have limited confidence that the estimate of effect lies 
close to the true effect for this outcome. The body of evidence has major or numerous 
deficiencies (or both). We believe that additional evidence is needed before concluding 
either that the findings are stable or that the estimate of effect is close to the true effect.  

• Insufficient Strength of Evidence —We have no evidence, we are unable to estimate an 
effect, or we have no confidence in the estimate of effect for this outcome. 
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Applicability 
We assessed applicability across our KQs using the method described in AHRQ’s EPC 

Methods Guide for Effectiveness and Comparative Effectiveness Reviews56,118 In brief, this 
method uses the PICOTS format as a way to organize information relevant to applicability. The 
most important issue with respect to applicability is whether the outcomes were different across 
studies that recruit different populations (e.g., age groups, U.S. vs. non-U.S. settings) or used 
different methods to implement the interventions of interest; that is, important characteristics are 
those that affect baseline (control group) rates of events, intervention group rates of events, or 
both. We used a checklist applied to each abstracted study to guide the assessment of 
applicability (Appendix B). For each study, one investigator assigned a summary quality rating, 
which was then reviewed by a second investigator; disagreements were resolved by consensus or 
by a third investigator if agreement could not be reached. We summarize issues of applicability 
qualitatively.  

Peer Review and Public Commentary 
Experts in the fields of reproductive endocrinology, reproductive epidemiology, urology, and 

women’s reproductive health, and individuals representing stakeholder and user communities 
have been invited to provide external peer review of this draft report; AHRQ and an associate 
editor will also provide comments. The draft report will be posted on the AHRQ website for 4 
weeks to elicit public comment. We will address all reviewer comments, revising the text as 
appropriate, and will document everything in a disposition of comments report that will be made 
available 3 months after the Agency posts the final report on the EHC website. 
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Results 
Introduction 

We begin by describing the results of our literature searches. We then provide an overall 
description of the included studies. The remainder of the chapter is organized by key question 
(KQ). Under each of the six KQs, we begin with a brief description of the included studies, 
followed by a bulleted list of the key points of the findings and a detailed synthesis of the 
evidence. Within each key question the detailed syntheses are organized first by treatment 
comparison and then by outcome. The outcomes of interest are ordered in approximate relative 
importance to patients, based on input from topical experts and Key Informants, rather than 
temporal occurrence in the clinical pathway: live birth, pregnancy complications, neonatal 
outcomes, time to pregnancy, costs, short term adverse effects of treatment, and long term 
outcomes. We conducted quantitative syntheses where possible, as described in the Methods 
chapter. Although not considered as formal included articles, we discuss findings from relevant 
systematic reviews – and whether these findings are consistent or not with the evidence from our 
included articles. We end each treatment section by highlighting any evidence for specific 
subgroups of interest. Each KQ results section concludes with a summary of the strength of 
evidence for the main findings. For findings applicable across all KQs, please refer to “Key 
Findings Across All Key Questions,” which is presented at the end of the results section. 

Results of Literature Searches 
Figure 2 depicts the flow of articles through the literature search and screening process. 

Searches of PubMed, Embase, and the Cochrane Database of Systematic Reviews yielded 11,761 
citations, 11,071 of which were unique. Manual searching of gray literature databases and 
bibliographies of key articles or referral by investigators identified 26 additional citations, for a 
total of 11,097 citations. We received no responses from manufacturers to our requests for 
scientific information packets. After applying inclusion/exclusion criteria at the title-and-abstract 
level, 1,046 full-text articles were retrieved and screened. Of these, 952 were excluded at the 
full-text screening stage, leaving 94 articles for data abstraction. These 94 articles described 86 
unique studies. Studies with more than one article are listed in Table 3. Note that although four 
studies used the NASS system they were not considered overlapping studies in terms of the 
underlying patient population and so are reported separately. 

Table 9. Key to primary and companion articles 
Study Name Primary Article Companion Articles 

NASS (National Artificial 
Reproductive Technology 
Surveillance System) 

Butts, 2014119 None 
Kawwass, 201327 None 
Luke, 2010120 None 
Nangia, 2011121 None 

OMEGA Project Spaan, 2015122 van Leeuwen, 2011123 
PPCOS (Pregnancy in 
Polycystic Ovary Syndrome) 

Legro, 2007124 Rausch, 2009125 
 

PPCOS 2 (Pregnancy in 
Polycystic Ovary Syndrome 2) 

Legro, 2014126 Polotsky, 2015127 

SUIT (Scottish Unexplained 
Infertility Trial) 

Bhattacharya, 2008128 Wordsworth, 2011129 
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Study Name Primary Article Companion Articles 
None Brinton, 2015130 Brinton, 2014131 

Brinton, 2013132 
Trabert, 201326 

None Nahuis, 2011133 Nahuis, 2012134 
 
  



18 

Figure 2. Literature flow diagram 

 

 
  

11,761 citations identified by 
literature search: 

PubMed: 5721 
EMBASE: 5849 
Cochrane: 191 

Citations identified through 
gray lit/manual searching or 
referral by investigators: 26 

 11,097 citations identified 

10,051 abstracts excluded 

 1,046 passed abstract 
screening 

94 articles 
 representing 86 studies passed 

full-text screening and were  
included for abstraction 

952 articles excluded:  
- Not a full publication OR full text not available: 5 
- Not available in English: 3 
- Not original data from an RCT, SR/MA, or observational 

study with comparator: 29 
- Observational study of < 100 subjects: 26 
- Not a study population of interest: 12 
- No comparator of interest: 24 
- No outcomes of interest: 113 
- Outcomes not reported by underlying diagnosis: 562 
- Does not meet study design criteria by outcome type: 178 

Data abstracted for 86 studies:a 
KQ 1: 31 studies 
KQ 2: 8 studies 
KQ 3: 34 studies 
KQ 4: 11 studies 
KQ 5: 18 studies 
KQ 6: 5 studies 

Duplicates removed: 690 
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Description of Included Studies 
Overall, we included 86 studies described in 94 publications: 31 studies were relevant to KQ 

1, 8 studies to KQ 2, 34 studies to KQ 3, 11 studies to KQ 4, 18 studies to KQ 5, and 5 studies to 
KQ 6 (some studies were relevant to more than one KQ). Studies were conducted wholly or 
partly in continental Europe or the United Kingdom (34 studies, 40%), the United States or 
Canada (18 studies, 21%), the Middle East (13 studies, 15%), Asia (11 studies, 13%), Africa (8 
studies, 9%), and other locations (Latin America [1 study; this study also had sites in the 
UK/Europe] and Australia/New Zealand [2 studies], total 3%). Appendix C provides a detailed 
listing of included articles. Appendix D provides a complete list of articles excluded at the full-
text screening stage, with reasons for exclusion.  Further details on the studies included for each 
KQ are provided in the relevant results sections, below, and in Appendix E. Detailed risk of bias 
information for each included study is reported in Appendix G. 

Key Question 1. PCOS 
KQ 1: What are the comparative safety and effectiveness of available treatment strategies for 

women with polycystic ovary syndrome (PCOS) who are infertile and who wish to become 
pregnant?  

1a. Does the optimal treatment strategy vary by patient characteristics such as age, 
ovarian reserve, race, body mass index (BMI), presence of other potential causes of 
female infertility, or presence of male factor infertility? 

Description of Studies Included for KQ 1 (PCOS)  
We identified 34 articles124-127,133-162 describing 31 studies that addressed the comparative 

safety and effectiveness of available treatment strategies for infertility in women with PCOS. 
Three studies were each described in two publications, as follows: 

• PCOS Study: Legro, 2007: Primary report124 and a companion paper125 
• PCOS 2 Study: Legro, 2014: Primary report126 and a companion paper127 
• Nahuis, 2011: Primary report133 and a companion paper134 
Of the 31 included studies, 30 were randomized controlled trials (RCTs). Fourteen of these 

were good quality,124,126,137,143-145,148,149,152,154,155,159,161,162 14 were fair quality,133,135,138,140-

142,146,147,150,151,153,156-158 and 2 were poor quality.136,139 The single observational study was fair 
quality.160 These studies collectively included 5718 patients.  

Much of the research was done abroad, in subspecialty clinics and funded by unclear or 
unknown sources. The breakdown of geographic location was: three RCTs124,126,151 in the United 
States, six RCTs135,137,140,149,150,153 in the Middle East, eight RCTs133,136,143,145,147,155-157 in the 
UK/Europe, five RCTs146,148,154,161,162 in Africa, six RCTs138,139,141,142,158,159 in Asia, one RCT152 
in Australia/New Zealand, one observational study160 in Canada, and one RCT144 in the 
UK/Europe and Latin America. Settings included 25 RCTs124,135,137,138,140-144,146-159,161,162 and 1 
observational study160 in subspecialty practices, 4 RCTs126,133,136,139 in unclear or unknown 
settings, and 1 RCT145 in both subspecialty practices and general gynecologic practices. Eighteen 
RCTs135-137,139,142,143,145-148,150,153-155,158,159,161,162 and one observational study160 reported unclear or 
unknown funding, four RCTs126,133,141,156 reported government funding, two RCTs144,151 reported 
industry funding, three RCTs140,149,157 reported nongovernmental and nonindustry funding, one 
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RCT124 reported governmental and industry funding, and two RCTs138,152 reported governmental 
and nongovernmental/nonindustry funding.  

Further details on the characteristics of studies included for this KQ are provided in the 
results sections, below, and in Appendix E. We did not perform meta-analysis because of the 
lack of studies reporting results for similar outcomes and treatment comparisons. 

In addition to the above studies, four systematic reviews (three good66,81,90, one fair quality78) 
that addressed the comparative effectiveness of various treatments for infertility in women with 
PCOS are also discussed below and the consistency of their findings with our included studies 
are incorporated in to our strength of evidence ratings. 

Key Points for PCOS 
Key findings for outcomes in couples where the primary cause of infertility is PCOS include: 
• Letrozole has a higher live birth rate than clomiphene citrate alone and lower multiple 

births (moderate SOE for both outcomes), with no difference in ectopic pregnancy, 
miscarriage, low birthweight, or time to pregnancy (low SOE for these outcomes). 

• Clomiphene citrate does not result in higher live birth rates compared with metformin 
(low SOE). Differences are also not found in the rates of miscarriage, multiple birth, 
ectopic pregnancy, or time to pregnancy (low SOE for all outcomes). 

• There was no difference between laparoscopic ovarian drilling (LOD) and oral agents for 
live birth (moderate SOE) or miscarriage rates (low SOE). Multiple births were reduced 
given LOD (moderate SOE).   

• Live birth and miscarriage rates did not differ between IVF treatment strategies (low 
SOE). 

Detailed Synthesis by Treatment for PCOS  
Included studies and their findings for the following treatments for PCOS are detailed in this 

section: 
1. Oral Agents Alone 
2. Oral Agents Alone Versus Oral Agents With IUI 
3. Oral Agents Alone Versus Surgical Management 
4. Oral Agents Versus Gonadotropins 
5. Surgical Management Versus Gonadotropins 
6. Gonadotropins With IUI 
7. Assisted Reproductive Technology (ART) 

a. IVF 
b. ICSI 

1. Oral Agents Alone for PCOS 
Oral agents used to induce ovulation in women with PCOS include anti-estrogens (e.g., 

clomiphene citrate) and aromatase inhibitors (e.g., letrozole). We identified six 
RCTs124,126,136,143,152,158 (5 good quality, 1 fair quality) and one fair-quality observational study160 
that addressed outcomes between different oral agents for ovulation induction without 
intrauterine insemination (IUI). These studies varied in the medication type used for oral 
ovulation as well as in adjunct treatments. These 7 studies included 2352 patients combined. We 
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also identified two systematic reviews which explored metformin versus clomiphene,78,90 and 
one which focused on letrozole versus clomiphene.66 Outcomes are summarized in Table 4. 

Letrozole resulted in significantly more live births than clomiphene (moderate SOE). This 
finding was based on a good-quality meta-analysis of by Franik et al. comparing clomiphene to 
letrozole,66 and which included the RCT by Legro and colleagues.126 This meta-analysis of 9 
RCTs (1783 subjects) reported a significant increase in live birth rate with letrozole (pooled OR 
1.64; 95% CI, 1.32 to 2.04). 

Multiple births was explored in the meta-analysis demonstrating a lower rate of multiple 
pregnancies with letrozole compared to clomiphene (OR 0.38, 95% CI 0.17 to 0.84) based on 11 
studies with 2385 subjects66 (moderate SOE). Our included study126 did not support a difference 
in ectopic pregnancy for letrozole (low SOE). 

Miscarriage was reported in all 5 studies and in the meta-analysis by Franik and colleagues, 
with several definitions of miscarriage utilized. From the meta analysis, 2385 patients from 12 
trials demonstrated no difference between letrozole and clomiphene in miscarriage rates (pooled 
OR 1.32, 95% C 0.92 to 1.88) (moderate SOE).66 

Neonatal death was reported in one good-quality RCT,126 which compared clomiphene to 
letrozole. There was not a significant difference between clomiphene and letrozole for cases of 
neonatal death although given the rarity of the outcome, much larger data sets are needed 
(insufficient SOE). 

Finally, the good-quality RCT reported time to pregnancy for clomiphene versus letrozole.126 
It did not show a significant difference in mean days to pregnancy between study arms (low 
SOE). 

Three studies compared clomiphene to metformin (or metformin in combination with 
clomiphene). One RCT143 demonstrated greater live births with combination of metformin and 
clomiphene compared to clomiphene alone, while the second RCT124 resulted in greater live 
births with clomiphene compared to metformin but no difference between clomiphene and 
combination therapy (Table 4). The observational study did not find a difference between 
clomiphene and combination therapy of metformin and clomiphene. A fair-quality meta-analysis 
by Sun et al.,78 suggested there were no significant differences in live birth rate comparing 
metformin with clomiphene alone (OR 0.89; 95% confidence interval [CI], 0.71 to 1.13) in 4 
RCTs (1012 patients). This analysis included our identified RCT by Legro and colleagues.124 
The meta-analysis by Sun also demonstrated no difference between the addition of metformin to 
clomiphene citrate versus clomiphene alone (OR 0.99; 95% CI, 0.84 to 1.17) based on 3 studies 
with 912 patients.78 Together we rated the SOE as low for no difference in live birth rates. 

Our included studies did not support a difference in multiple births between clomiphene and 
metformin. Given the imprecision in these findings and suspected reporting bias of the included 
studies the strength of evidence was rated as low. Our included studies also did not support a 
difference in ectopic pregnancy or miscarriage (low SOE for both outcomes). 

Mean birthweight did not differ between clomiphene alone versus clomiphene plus 
metformin. Given findings from only one observational study the SOE was rated as insufficient. 
For the outcomes of congenital anomalies, the anomalies reported in these studies varied in 
severity and type and given the rarity of outcomes and imprecise evidence the SOE was rated as 
insufficient. None of the studies however found significant differences between intervention 
groups.  
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Finally, a good-quality RCT reported time to pregnancy for clomiphene versus metformin or 
placebo in combination with clomiphene.143 It did not show a significant difference in mean days 
to pregnancy between study arms (low SOE). 

There was no evidence regarding costs, short-term adverse effects, and long-term child or 
maternal outcomes. 

Table 10. Outcomes for comparisons of oral agents alone in women with PCOS 

Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Interventio

n 
N  

(%) 
(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole 72/376 
(19.1) 

(15.3-23.3) 

103/374 
(27.5) 

(23.1 to 
32.2) 

0.007 Greater live births 
with letrozole 
compared to 
clomiphene  

Morin-
Papunen, 
2012143 
 
RCT 
(320) 

CC Metformin+CC 
 

46/160 
(28.9) 

(22.0 to 
36.0) 

66/160 
(41.1) 

(33.8 to 
38.9) 

0.03 Greater live births 
with combination 
of metformin and 
clomiphene 
compared to 
clomiphene alone 

Bedaiwy, 
2009160 
 
Obs 
(251) 

CC Metformin+CC 
 

93/108 
(86.1) 

(79.0 to 
91.9) 

88/114 
(77.2) 

(69.1 to 
84.4) 

0.24 No difference 

Legro, 
2007124 
 
RCT 
(626) 

CC Metformin 47/209 
(22.5) 

(17.1 to 
28.4) 

15/208 
(7.2) 

(4.1 to 11.1) 

<0.001 
 

Greater live births 
with clomiphene 
compared to 
metformin 

Metformin+CC 
 

47/209 
(22.5) 

(17.1 to 
28.4) 

56/209 
(26.8) 

(21.0 to 
33.0) 

0.31 No difference 

Pregnancy 
complicatio
ns 

       

Multiple 
births 
 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole 5/376 
(1.3) 

(0.4 to 2.7) 

4/374 
(1.1) 

(0.3 to 2.3) 

0.175 No difference 

Johnson, 
2010152 
 
RCT 
(171) 

CC Metformin 1/36 
(2.8) 

(0.1 to 10.0) 

1/35 
(2.9) 

(0.1 to 10.3) 

0.98 No difference 

Metformin+ 
CC 
 

1/36 
(2.8) 

(0.1 to 10.0) 

1/35 
(2.9) 

(0.1 to 10.3) 

0.98 No difference 

Zain, 
2009158 
 
RCT 
(124) 

CC Metformin 0/39 
(0) 

0/38 
(0) 

NS No difference 

Metformin+ 
CC 
 

0/39 
(0) 

0/38 
(0) 

NS No difference 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Interventio

n 
N  

(%) 
(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Legro, 
2007124 
 
RCT 
(626) 

CC Metformin 3/50 
(6.0) 

(1.3 to 14.0) 

0/18 
(0) 

0.29 No difference 

Metformin+CC 
 

3/50 
(6.0) 

(1.3 to 14.0) 

3/65 
(4.6) 

(1.0 to 10.8) 

0.74 No difference 

Ectopic 
pregnancy 
 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole 3/376 
(0.8) 

(0.2 to 1.9 

4/374 
(1.1) 

(0.3 to 2.3) 

0.67 No difference 

Zain, 
2009158 
 
RCT 
(124) 

CC Metformin 0/39 
(0) 

0/38 
(0) 

NS No difference 

Metformin+ 
CC 
 

0/39 
(0) 

0/38 
(0) 

NS No difference 

Bedaiwy, 
2009160 
 
Obs 
(251) 

CC Metformin+ 
CC 

1/108 
(0.9) 

(0.0 to 3.4) 

2/114 
(1.8) 

(0.2 to 4.8) 

0.24 No difference 

Legro, 
2007124 
 
RCT 
(626) 

CC Metformin 2/209 
(1.0) 

(0.1 to 2.6) 

0/208 
(0) 

0.16 No difference 

Metformin+ 
CC 
 

2/209 
(1.0) 

(0.1 to 2.6) 

2/209 
(1.0) 

(0.1 to 2.6) 

NS No difference 

Miscarriage 
 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole 30/103 
(29.1) 

(20.8 to 
38.2) 

49/154 
(31.8) 

(24.7 to 
39.4) 

0.65 No difference 

Bedaiwy, 
2009160 
 
Obs 
(251) 

CC Metformin+ 
CC 

14/108 
(13.0) 

(7.3 to 19.9) 

24/114 
(21.1) 

(14.1 to 
29.0) 

0.24 No difference 

Legro, 
2007124 
 
RCT 
(626) 

CC Metformin 16/62 
(25.8) 

(15.8 to 
37.3) 

10/25 
(40.0) 

(22.1 to 
59.4) 

0.19 No difference 

Metformin+ 
CC 
 

16/62 
(25.8) 

(15.8 to 
37.3) 

24/80 
(30.0) 

(20.5 to 
40.4) 

0.58 No difference 

Zain, 
2009158 
 
RCT 
(124) 

CC Metformin 0/39 
(0) 

0/38 
(0) 

NS No difference 

Metformin+ 
CC 
 

0/39 
(0) 

1/38 
(2.6) 

0.31 No difference 

Johnson, 
2010152 
 

CC Metformin 0/36 
(0) 

4/35 
(11.4) 

0.037 Reduced 
miscarriage with 
clomiphene 
compared to 
metformin 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Interventio

n 
N  

(%) 
(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

RCT 
(171) 

Metformin+ 
CC 
 

0/36 
(0) 

3/35 
(8/6) 

0.073 No difference 

Neonatal 
outcomes 

       

Birthweight 
(kg) 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole Mean = 3.23 
(+/- 0.7153) 

Mean = 3.23 
(+/- 0.6574) 

0.83 No difference 

Bedaiwy, 
2009160 
 
Obs 
(251) 

CC Metformin+ 
CC 

Mean = 3.13 
(+/- 0.734 

SD) 

Mean = 3.04 
(+/- 0.736 

SD) 

0.401 No difference 

Congenital 
anomalies 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole 1/66 
(1.5) 

(0.0 to 5.5) 

4/102 
(3.9) 

(1.1 to 8.4) 

0.37 No difference 

Bedaiwy, 
2009160 
 
Obs 
(251) 

CC Metformin+ 
CC 

2/121 
(1.7) 

(0.2 to 4.6) 

0/131 
(0) 

0.196 No difference 

Legro, 
2007124 
 
RCT 
(626) 

CC Metformin 0/209 
(0) 

0/208 
(0) 

NS No difference 

Metformin+ 
CC 
 

0/209 
(0) 

2/209 
(1.0) 

(0.1 to 2.6) 

0.15 No difference 

Time to 
pregnancy 

       

Time to 
pregnancy 
(days) 
 

Legro, 
2014126 
 
RCT 
(750) 

CC Letrozole 85.9  90.4  0.27 No difference 

Morin-
Papunen, 
2012143 
 
RCT 
(320) 

CC Metformin+ 
CC 

172  171  0.9 No difference 

Abbreviations: CC=clomiphene citrate; CI=confidence interval; NR=not reported; SD = standard deviation. 

2. Oral Agents Alone Versus Oral Agents With IUI for PCOS 
One good-quality RCT149 compared clomiphene citrate without IUI to clomiphene citrate 

with IUI in women with PCOS. The results for live birth (reported as any live birth per patient), 
pregnancy complications (multiple births, ectopic, miscarriage) were reported. Results for live 
births and pregnancy complications are summarized in Table 5 (insufficient SOE). There was no 
evidence for this treatment regarding neonatal outcomes, time to pregnancy, costs, short-term 
adverse effects, and long-term child or maternal outcomes. 
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Table 11. Outcomes for oral agents alone vs. oral agents with IUI in women with PCOS 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Abu Hashim, 
2011149 
 
RCT 
(188) 

CC + IUI CC + timed 
Intercourse 

18/93 
(19.4%) 

(12.0% to 
27.9%) 

17/95 
(17.9%) 

(10.9% to 
26.2%) 

0.33 No difference 

Pregnancy 
complications 

       

Multiple births 
 
 

Abu Hashim, 
2011149 
 
RCT 
(188) 

CC + IUI CC + timed 
Intercourse 

2/22 
(9.1%) 

(1.2% to 
23.8%) 

2/21 
(9.5%) 

(1.2% to 
24.9%) 

0.46 No difference 

Ectopic 
pregnancy 
 
 

Abu Hashim, 
2011149 
 
RCT 
(188) 

CC + IUI CC + timed 
Intercourse 

0/93 
(0%) 

0/95 
(0%) 

NS No difference 

Miscarriage 
 
 

Abu Hashim, 
2011149 
 
RCT 
(188) 

CC + IUI CC + timed 
Intercourse 

4/22 
(18.2%) 
(5.4% to 
36.3%) 

4/21 
(19.0%) 
(5.7% to 
37.9%) 

0.31 No difference 

Abbreviations: CC=clomiphene citrate; CI=confidence interval; IUI=intrauterine insemination; NR=not reported 

3. Oral Agents Alone Versus Surgical Management for PCOS 
Six RCTs146,148,155,157,161,162 (4 good quality, 2 fair quality) compared the use of oral agents 

without IUI to surgical management in women with PCOS. These studies varied in the 
medication used as well as in the specific surgical methods. These 6 studies included 848 
patients. One good-quality systematic review of 25 studies also explored laparoscopic ovarian 
drilling versus oral agents alone.81 All six of our included studies were included in this 
systematic review and therefore the findings of this systematic review are highlighted when they 
assessed outcomes of interest.. 

Outcomes are summarized in Table 6 and demonstrate that there were no significant 
differences in treatment outcomes between pharmacologic and surgical approaches for live birth 
within the individual studies. The systematic review of 25 studies by Farquhar et al.81 included 8 
studies (1034 women) where live birth was evaluated also found no significant differences in live 
birth rates comparing LOD to oral agents (OR = 0.77, 95% CI 0.59 to 1.01) (moderate SOE). 
When exploring specific oral agents, this review found that LOD compared to clomiphene plus 
tamoxifen (OR 0.81; 95% CI, 0.42 to 1.53 based on 1 trial, n=150), or to letrozole (OR 0.97; 
95% CI, 0.59 to 1.59 based on 3 trials, n=318) did not support a difference in live birth dates, but 
it did find a significantly lower birth rate with LOD compared to clomiphene plus metformin 
(OR 0.44; 95% CI, 0.24 to 0.82 based on 2 trials, n=159).   

Our included studies did not demonstrate a difference in miscarriage. The systematic review 
synthesized findings from 15 studies (1592 women) and found no difference between LOD and 
other treatments (OR 1.1, 95% CI 0.74 to 1.61) (low SOE). The evidence was downgraded since 
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there were inadequate explanations of randomization (in 3 trials), allocation concealment (8 
trials) and inadequate or no blinding reported in 8 trials. The multiple pregnancy rate was 
evaluated in 12 studies (1129 women) and found to be lower in women undergoing LOD (OR 
0.21, 95% CI 0.08 to 0.58) (moderate SOE).81 

The evidence did not show any differences between treatments for the outcomes of OHSS, 
and surgical complications but was considered insufficient SOE given the small numbers of 
events and the imprecision in the included studies.  

There was no evidence for this treatment regarding neonatal outcomes, time to pregnancy, 
costs, and long-term child or maternal outcomes. 

Table 12. Outcomes for oral agents alone vs. surgical management in women with PCOS 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study 

Findings 

Live birth        
Any/patient 
 
 

Abu Hashim, 
2011146 
 
RCT 
(176) 

CC LOD 25/89 
(28.1) 

(19.3 to 
37.8) 

28/87 
(32.2) 

(22.8 to 42.3) 

0.55 No difference 

Palomba, 
2010155 
 
RCT  
(47) 

CC LOD 12/23 
(52.2) 

(32.2 to 
71.8) 

13/24 
(54.2) 

(34.5 to 73.2) 

1 No difference 

Amer, 
2009157 
 
RCT 
(65) 

CC LOD 18/32 
(56.3) 

(39.1 to 
72.7) 

15/33 
(45.5) 

(29.1 to 62.3) 

0.27 No difference 

Abu Hashim, 
2010161 
 
RCT 
(260) 

Letrozole LOD 32/128 
(25.0) 

(17.9 to 
32.8) 

33/132 
(25.0) 

(18.0 to 32.7) 

1 No difference 

Zakherah, 
2010162 
 
RCT 
(150) 

CC + 
tamoxifen 

LOD 37/75 
(49.3) 

(38.1 to 
60.6) 

33/75 
(44.0) 

(33.0 to 55.3) 

0.35 No difference 

Pregnancy 
complications 

       

Multiple births 
 
 

Abdellah, 
2011148 
 
RCT 
(140) 

Letrozole LOD 0/23 
(0) 

0/16 
(0) 

NS No difference 

Abu Hashim, 
2010161 
 
RCT 
(260) 

Letrozole LOD 0/128 
(0) 

0/132 
(0) 

NS No difference 
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Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study 

Findings 

Amer, 
2009157 
 
RCT 
(65) 

CC LOD 0/20 
(0) 

0/17 
(0) 

NS No difference 

Miscarriage 
 
 

Abu Hashim, 
2011146 
 
RCT 
(176) 

CC LOD 5/30 
(16.7) 

(5.8 to 31.7) 

6/34 
(17.6) 

(7.0 to 31.6) 

0.92 No difference 

Abdellah, 
2011148 
 
RCT 
(140) 

Letrozole LOD 2/25 
(8.0) 

(1.0 to 2.1) 

4/20 
(20.0) 

(6.1 to 39.6) 

0.231 No difference 

Amer, 
2009157 
 
RCT 
(65) 

CC LOD 2/20 
(10.0) 

(1.3 to 26.0) 

2/17 
(11.8) 

(1.6 to 30.2) 

0.62 No difference 

Abu Hashim, 
2010161 
 
RCT 
(260) 

Letrozole LOD 4/128 
(3.1) 

(0.9 to 6.7) 

4/132 
(3.0) 

(0.8 to 6.5) 

0.92 No difference 

Zakherah, 
2010162 
 
RCT 
(150) 

CC + 
tamoxifen 

LOD 3/40 
(7.5) 

(1.6 to 17.3) 

5/38 
(13.2) 

(4.5 to 25.4) 

0.06 No difference 

Short-term 
adverse 
effects 

       

OHSS 
 

Amer, 
2009157 
 
RCT 
(65) 

CC LOD 1/32 
(3.1) 

(0.1 to 11.2) 

0/33 
(0) 

0.31 No difference 

Abu Hashim, 
2010161 
 
RCT 
(260) 

Letrozole LOD 0/128 
(0) 

0/132 
(0) 

NS No difference 

Surgical 
complications 
 

Palomba, 
2010155 
 
RCT  
(47) 

CC LOD NA 0/24 
(0) 

NR No difference 

Amer, 
2009157 
 
RCT 
(65) 

CC LOD NA 1/33 
(3.0) 

(0.1 to 10.9) 

NR No difference 
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Abbreviations: CC=clomiphene citrate; CI=confidence interval; LOD=laparoscopic ovarian drilling; NA=not applicable; NR=not 
reported; OHSS=ovarian hyperstimulation syndrome 

4. Oral Agents Versus Gonadotropins for PCOS 
One good-quality RCT144 compared treatment with clomiphene citrate to low-dose follicle-

stimulating hormone (FSH; starting dose 50 IU) in 302 women without prior treatment. In 
intention-to-treat analysis, live birth rates were not significantly higher for FSH than CC. 
Treatment was cancelled in 6.6% of cycles of low-dose FSH because of overstimulation. Ectopic 
pregnancies, miscarriages, and multiple pregnancies did not significantly differ between groups.  

A second good quality RCT137 compared clomiphene plus urinary FSH to FSH alone. 
Outcomes for the two studies are summarized in Table 7 and suggest no statistically significant 
difference in live birth or pregnancy complications. Given the limited evidence and imprecise 
findings these outcomes were rated insufficient for strength of evidence.  

There was no evidence for these treatment comparisons regarding neonatal outcomes, time to 
pregnancy, costs, short-term adverse effects, and long-term child outcomes. 

Table 13. Outcomes for oral agents vs. gonadotropins in women with PCOS 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Homburg, 
2012144 
 
RCT 
(302) 

CC FSH 53/143 
(37.1) 

(29.4 to 
45.1) 

72/159 
(45.3) 

(37.6 to 53.0) 

0.12 No difference 

Ghanem, 
2013137 
 
RCT 
(159) 

CC + FSH FSH 22/87  
(25.3) 

(16.8 to 
34.9) 

19/87 
(21.8) 

(13.9 to 31.0) 

0.85 No difference 

Pregnancy 
complications 

       

Multiple births 
 
 

Homburg, 
2012144 
 
RCT 
(302) 

CC FSH 0/143 
(0) 

2/159 
(1.3) 

(0.2 to 3.5) 

0.17 No difference 

Ectopic 
pregnancy 
 
 

Homburg, 
2012144 
 
RCT 
(302) 

CC FSH 1/143 
(0.7) 

(0.0 to 2.6) 

1/159 
(0.6) 

(0.0 to 2.3) 

0.91 No difference 

Miscarriage 
 
 

Homburg, 
2012144 
 
RCT 
(302) 

CC FSH 5/143 
(3.5) 

(1.2 to 7.1) 

7/159 
(4.4) 

(1.8 to 8.1) 

0.68 No difference 

Abbreviations: CC=clomiphene citrate; CI=confidence interval; FSH=follicle-stimulating hormone; NR=not reported 
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5. Surgical Management Versus Gonadotropins for PCOS 
Three articles reporting two fair-quality RCTs133,134,140 compared surgical management to 

gonadotropins with IUI for PCOS. These studies varied in the medication type/protocol used for 
oral ovulation induction as well as in the specific methods used for laparoscopic ovarian 
electrocauterization (a form of laparoscopic ovarian drilling) and the protocol following surgery. 
The two studies included 272 patients.  

Results are summarized in Table 8. In the study reporting live birth,133 rates were not 
significantly different between treatments. Multiple births and costs were also not different 
between strategies.134 In a study comparing adverse outcomes, OHSS was reported in 3.8% of 
subjects receiving hMG, and no cases in the laparoscopic electrocauterization arm.140 Given the 
evidence from one small fair-quality study for each of these outcomes it was graded as 
insufficient. There was no evidence for this treatment regarding neonatal outcomes, time to 
pregnancy, and long-term child or maternal outcomes. 

Table 14. Outcomes for surgical management vs. gonadotropins in women with PCOS 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Nahuis, 
2011133 
 
RCT 
(168) 

LEC rFSH 71/83 
(85.5) 

(77.3 to 
92.2) 

69/85 
(81.2) 

(72.3 to 
88.7) 

0.63 No difference 

Pregnancy 
complications 

       

Multiple births 
 
 

Nahuis, 
2011133 
 
RCT 
(168) 

LEC rFSH 7/134 
(5.2) 

(2.1 to 9.6) 

10/124 
(8.1) 

(4.0 to 13.4) 

0.35 No difference 

Costs        
Mean direct 
medical costs 
in euros 
 

Nahuis, 
2011134 
 
RCT 
(168) 

LEC rFSH 9,560 euros 
(8,212 to 
10,907) 

11,708 
euros 

(9,845 to 
13,561) 

NS No difference 

Short-term 
adverse 
effects 

       

OHSS 
 

Mehrabian, 
2012140 
 
RCT 
(104) 

LEC hMG 0/52 
(0) 

2/52 
(3.8) 

(0.5 to 10.4) 
 

0.16 No difference 

Abbreviations: CI=confidence interval; LEC=laparoscopic electrocauterization; hMG=human menopausal gonadotropin; NR=not 
reported; OHSS=ovarian hyperstimulation syndrome; rFSH=recombinant follicle-stimulating hormone 
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6. Gonadotropins With IUI for PCOS 
Two fair-quality RCTs135,151 examined the effects of gonadotropins with IUI. These studies 

varied in the medication type used for oral ovulation as well as in adjunct treatments. These two 
studies included 374 patients. Table 9 summarizes the findings for live birth, pregnancy 
complications, and short-tern adverse effects. Live birth was investigated by both studies but 
used varying outcomes for measuring live birth. The strength of evidence was rated as 
insufficient given evidence from one fair-quality trial for either live birth measure. These same 
two studies examined pregnancy complications, reporting on miscarriage and multiple births. 
Neither study found significant differences between their intervention groups for either outcome. 
The imprecision of the findings and the quality of the included studies resulted in insufficient 
strength of evidence. 

Finally, one fair-quality RCTs135 reported on short-term adverse effects of treatment, 
specifically OHSS (insufficient SOE). There was no evidence regarding neonatal outcomes, time 
to pregnancy, costs, and long-term child or maternal outcomes. 

Table 15. Outcomes for gonadotropins with IUI in women with PCOS 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/cycle 
 

Stadtmauer, 
2011151 
 
RCT 
(98) 

rFSH rFSH + 
GnRH 
antagonist 
(flexible) 

10/53 
(18.9) 

18/54 
(33.3) 

0.09 No difference 

rFSH + 
GnRH 
antagonist 
(start day) 

10/53 
(18.9) 

7/47 
(12.3) 

0.37 No difference 

Single/cycle 
 

Rashidi, 
2015135 
 
RCT 
(276) 

rFSH hMG 21/132 
(15.9) 

14/144 
(9.7) 

0.14 No difference 

Pregnancy 
complications 

       

Multiple births 
 
 

Rashidi, 
2015135 
 
RCT 
(276) 

rFSH hMG 1/132 
(0.8%) 

(0.0 to 2.8) 

2/144 
(1.4) 

(0.2 to 3.8) 

0.62 No difference 

Stadtmauer, 
2011151 
 
RCT 
(98) 

rFSH rFSH + 
GnRH 
antagonist 
(flexible) 

0/10 
(0) 

2/18 
(11.1) 

(1.5 to 28.7 

0.27 No difference 

rFSH + 
GnRH 
antagonist 
(start day) 

0/10 
(0) 

1/7 
(14.3) 

(0.4 to 45.9) 

0.22 No difference 

Miscarriage 
 
 

Rashidi, 
2015135 
 
RCT 
(276) 

rFSH hMG 3/25 
(12.0) 

(2.7 to 27.0) 

3/18 
(16.7) 

(3.8 to 36.4) 

0.63 No difference 
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Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Stadtmauer, 
2011151 
 
RCT 
(98) 

rFSH rFSH + 
GnRH 
antagonist 
(flexible) 

2/12 
(16.7) 

(2.3 to 41.3) 

1/19 
(5.3) 

(0.1 to 18.5) 

0.30 No difference 

rFSH + 
GnRH 
antagonist 
(start day) 

2/12 
(16.7) 

(2.3 to 41.3) 

2/9 
(22.2) 

(3.2 to 52.7) 

0.75 No difference 

Short-term 
adverse 
effects 

       

OHSS 
 

Rashidi, 
2015135 
 
RCT 
(276) 

rFSH hMG 1/132 
(0.8) 

(0.0 to 2.8) 

2/144 
(1.4) 

(0.2 to 3.8) 

0.61 No difference 

Abbreviations: CI=confidence interval; GnRH=gonadotropin-releasing hormone; hMG=human menopausal gonadotropin; 
NR=not reported; OHSS=ovarian hyperstimulation syndrome; rFSH=recombinant follicle-stimulating hormone 

7. Assisted Reproductive Technology (ART) for PCOS 

IVF for PCOS 
Eight RCTs138,139,142,145,153,154,156,159 (3 good-, 4 fair-, 1 poor-quality) compared outcomes for 

patients with PCOS undergoing IVF. These studies varied in the medication type used for 
ovulation stimulation, adjunct treatments, and laboratory phase methods. One study explore in 
vitro maturation (IVM) which involves immature oocyte retrieval with subsequent oocyte 
IVM.139 These 8 studies included 857 patients combined. There was no evidence regarding 
neonatal outcomes, time to pregnancy, costs, and long-term child or maternal outcomes. 

Table 10 summarizes the findings from these studies related to live birth, pregnancy 
complications, and short-term adverse effects. Live birth was investigated in five studies with 
one138 reporting it as any live birth per patient and four139,142,156,159 reporting any live birth per 
cycle. The study reporting any live birth/patient compared berberine (an alkaloid extracted from 
Chinese medicinal herbs), metformin, and placebo as adjunct therapies to IVF. The results were 
significant for berberine, resulting in more live births than metformin and placebo; metformin 
resulted in significantly more live births than placebo.138 This evidence however was rated as 
insufficient strength of evidence given findings form one fair quality trial. 

Of the four studies that reported live birth according to any live birth per cycle, three 
incorporated gonadotropin use as adjunct therapy. The results of any live birth per cycle were not 
significant across intervention groups (low SOE). Two studies examined pregnancy 
complications,156,159 with both reporting on miscarriage and one156 reporting on multiple births. 
Neither study reported significant differences between intervention groups for miscarriages (low 
SOE). Multiple births were reported in one study156 without significant differences measured but 
the strength of evidence was rated as insufficient given findings from one fair-quality trial.  

Four studies examined short-term adverse effects of ART145,153,154,156 with all 4 reporting on 
OHSS. One study145 compared metformin with placebo as oral ovulation induction in addition to 
IVF. The study by Tehraninejad et al.153 reported outcomes by severity of OHSS. Heterogeneity 
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in comparisons and findings as well as the studies being underpowered to detect differences in 
OHSS led to an insufficient strength of evidence rating. 

Table 16. Outcomes for comparisons of IVF treatments in women with PCOS 

Outcome 
 

Study 
Design 

(N Patients) 
Interventi

on Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P value Summary of 
Study Findings 

Live birth        
Any/patient An, 2014138 

 
RCT 
(109) 

Berberine 
+IVF 

Metformin 
+IVF 

18/37 
(48.6) 

(32.9 to 64.5) 

14/38 
(36.8) 

(22.5 to 
52.5) 

0.30 

 
No difference 

Placebo 
+IVF 

18/37 
(48.6) 

(32.9 to 64.5) 

7/34 
(20.6) 

(9.0 to 35.5) 

0.013 Greater live birth 
with berberine 
compared to 
placebo 

Any/cycle Choi, 2012139 
 
RCT 
(61) IVM + 

hCG 

GnRH 
agonist 5/14 

(35.7) 
(13.9 to 61.4) 

5/14 
(35.7) 

(13.9 to 
61.4) 

NS 

No difference 

GnRH 
antagonist 

10/39 
(25.6) 

(13.4 to 
40.2) 

0.47 

No difference 

Kim, 2012142 
 
RCT 
(208) 

GnRH 
agonist 

GnRH 
antagonist 

36/103 
(35.0) 

(26.1 to 44.4) 

36/105 
(34.3) 

(25.6 to 
43.6) 

0.92 

No difference 

Kurzawa, 
2008156 
 
RCT 
(70) 

GnRH 
agonist 

GnRH 
antagonist 

18/37 
(48.6) 

(32.9 to 64.5) 

14/33 
(42.4) 

(26.4 to 
59.4) 

0.481 

No difference 

Ge 2008159 
 
RCT 
(62) hCG 

medium 

hCG free 
medium + 
transfer 

9/29 
(31.0) 

(15.9 to 48.7) 

10/30 
(33.3) 

(17.9 to 
50.8) 

0.85 

No difference 

hCG free 
medium 

10/30 
(33.3) 

(17.9 to 
50.8) 

0.85 

No difference 

Pregnancy 
complications 

       

Multiple births 
 
 

Kurzawa, 
2008156 
 
RCT 
(70) 

GnRH 
agonist 
+IVF 

GnRH 
antagonist 
+IVF 

5/37 
(13.5) 

(4.7 to 26.1) 

3/33 
(9.1) 

(2.0 to 20.8) 

0.5 No difference 

Miscarriage 
 
 

Kurzawa, 
2008156 
 
RCT 
(70) 

GnRH 
agonist 
+IVF 

GnRH 
antagonist 
 

2/37 
(5.4) 

(0.7 to 14.5) 

6/33 
(18.2) 

(7.2 to 32.8) 

0.154 No difference 

Ge 2008159 
 
RCT 
(62) 

hCG 
medium 

hCG-free 
medium + 
transfer 

3/29 
(10.3) 

(2.3 to 23.5) 

3/30 
(10.0) 

(17.9 to 
50.8) 

0.97 No difference 
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Outcome 
 

Study 
Design 

(N Patients) 
Interventi

on Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P value Summary of 
Study Findings 

hCG-free 
medium 

3/29 
(10.3) 

(2.3 to 23.5) 

2/30 
(6.7) 

(0.8 to 17.8) 

0.62 No difference 

Short-term 
adverse 
effects 

       

OHSS (any) 
 

Palomba, 
2011145 
 
RCT 
(120) 

Metformin
+ IVF 

Placebo+IVF 5/60 
(8.3) 

(2.8 to 16.5) 

18/60 
(30.0) 

(19.2 to 
42.1) 

0.003 Reduced OHSS 
with metformin 
compared to 
placebo 

Aboulghar, 
2010154 
 
RCT 
(84) 

rFSH uFSH 0/42 
(0) 

1/42 
(2.4) 

(0.1 to 8.6) 

0.31 No difference 

Kurzawa, 
2008156 
 
RCT 
(70) 

GnRH 
agonist 

GnRH 
antagonist 

2/37 
(5.4) 

(0.7 to 14.5) 

0/33 
(0) 

0.17 No difference 

OHSS, 
(moderate) 
 

Tehraninejad, 
2010153 
 
RCT 
(90) 

GnRH 
agonist 

GnRH 
antagonist 

10/45 
(22.2) 

(11.5 to 35.3) 

0/45 
(0) 

 

0.001 Reduced OHSS 
with GnRH 
antagonist 
compared to 
GnRH agonist 

OHSS, 
(severe) 
 

Tehraninejad, 
2010153 

GnRH 
agonist 

GnRH 
antagonist 

5/45 
(11.1) 

(3.8 to 21.7) 

0/45 
(0) 

 

0.02 Reduced OHSS 
with GnRH 
antagonist 
compared to 
GnRH agonist 

a P values for berberine vs. placebo, metformin vs. placebo, and berberine vs. metformin were each <0.05. 
Abbreviations: CI=confidence interval; GnRH=gonadotropin-releasing hormone; hCG=human chorionic gonadotropin; IVM=in 
vitro maturation; NR=not reported; OHSS=ovarian hyperstimulation syndrome; rFSH=recombinant follicle-stimulating hormone; 
uFSH=urinary follicle-stimulating hormone 

An eighth study looked at adjuncts to IVF in PCOS women. Specifically, a fair-quality 
RCT147 compared metformin with placebo as pretreatment prior to IVF in PCOS patients. The 
study presented any live birth per patient for 3 study populations: intention-to-treat (all women 
randomized to treatment), spontaneous pregnancy (all women with a positive urinary pregnancy 
test prior to controlled ovarian stimulation), and those women randomized to the study who 
started ovarian stimulation (ART population). Note that we judge only the intention-to-treat 
results as fair quality, with the others poor (due to increased risk of bias). The live birth results 
for intention-to-treat populations across interventions are presented in Table 11 (insufficient 
SOE). There was no evidence regarding pregnancy complications, neonatal outcomes, time to 
pregnancy, costs, short-term adverse effects, and long-term child or maternal outcomes. 
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Table 17. Outcomes for adjuncts to IVF in women with PCOS 

 
Outcome 

 
Study Study 

population 

Intervention 
N 

(%) 
(95% CI) 

P value 

 
Summary of 

Study Findings 

Metformin Placebo 
Live birth       
Any/patient 
 
 

Kjotrod, 
2011147 
 
RCT 
(149) 

Intention to 
treat 

36/74 
(48.6) 

(37.4 to 60.0) 

24/75 
(32.0) 

(22.0 to 42.9) 

0.038 Greater live births 
with metformin 
compared to 
placebo within the 
intention to treat 
analysis 

ART 21/56 
(37.5) 

(25.4 to 50.4) 

16/56 
(28.6) 

(17.6 to 41.0) 

0.32 No difference 

Abbreviations: ART=assisted reproductive technology; CI=confidence interval 

ICSI for PCOS 
Two RCTs141,150 compared different methods for ICSI. These studies varied in the 

medication type used for ovulation stimulation and adjunct treatments. These 2 studies included 
194 patients combined. Outcomes are summarized in Table 12. Live birth was investigated in 
one study141 reporting it as any live birth per patient. The pregnancy complication of miscarriage 
was investigated in the second study150. Neither outcome was significantly different between 
treatments but the strength of evidence was rated as insufficient given findings from one small 
fair-quality study. Only the second study evaluated the short-term adverse effect of OHSS.  The 
use of GnRH antagonist reduced the incidence of OHSS significantly, primarily through its 
effect on moderate/severe OHSS although again the evidence from one fair-quality study results 
in an insufficient strength of evidence rating. 

There was no evidence regarding neonatal outcomes, time to pregnancy, costs, and long-term 
child or maternal outcomes. 

Table 18. Outcomes for comparisons of ICSI treatment in women with PCOS 

Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient Zheng, 

2012141 
 
RCT 
(82) 

hCG Priming No hCG 
Priming 

9/40 
(22.5) 

(11.1 to 
36.5) 

13/42 
(31.0) 

(18.1 to 45.5) 

0.39 No difference 

Pregnancy 
complications 

       

Miscarriage 
 
 

Hosseini, 
2010150 
 
RCT 
(112) 

GnRH 
agonist 

GnRH 
antagonist 

4/55 
(7.3) 

(2.1 to 15.4) 

8/57 
(17.6) 

(6.9 to 25.8) 

0.219 No difference 

Short-term 
adverse 
effects 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

OHSS 
 

Hosseini, 
2010150 
 
RCT 
(112) 

GnRH 
agonist 

GnRH 
antagonist 

35/55 
(63.6)  

(50.6 to 
75.7) 

25/57 
(43.9) 

(34.0 to 60.5) 

0.036 Reduced OHSS 
with GnRH 
antagonist 
compared to 
GnRH agonist 

OHSS, mild 
 

Hosseini, 
2010150 
 
RCT 
(112) 

GnRH 
agonist 

GnRH 
antagonist 

18/55 
(32.7) 

(21.1 to 
45.6) 

16/57 
(29) 

(18.7 to 43.1) 

0.78 No difference 

OHSS, 
moderate/seve
re 
 

Hosseini, 
2010150 
 
RCT 
(112) 

GnRH 
agonist 

GnRH 
antagonist 

17/55 
(30.9) 

(19.5 to 
43.6) 

9/57 
(15.7) 

(8.2 to 28.1) 

0.09 No difference 

Abbreviations: CI=confidence interval; GnRH=gonadotropin-releasing hormone; hCG=human chorionic gonadotropin; NR=not 
reported; OHSS=ovarian hyperstimulation syndrome 

Subgroups of Interest for PCOS 
Three good-quality RCTs124,143,152 reported live birth with BMI analyzed as a subgroup in 

women with PCOS. Interventions and BMI parameters varied between studies. One study143 
reported BMI as less than 27 of ≥27. This study found no significant differences in live births 
between metformin and placebo as adjunct therapies to clomiphene by BMI subgroups (BMI <27 
45.5% vs. 34.2%; p=0.16 | BMI ≥27 35.9% vs. 22.6%; p=0.1).  

Another study152 reported findings for women with BMI ≤32 or >32. This study compared 
clomiphene, metformin, and clomiphene plus metformin. Pregnancy and live birth rates were 
low in women with BMI > 32 whatever treatment was used, with no evidence of benefit of 
metformin over placebo. For women with BMI ≤ 32 there was no evidence of significant 
differences in outcomes whether treated with metformin, clomiphene or both.  

The third study124,125 compared clomiphene and clomiphene plus metformin (combination 
therapy) in 626 women. Metformin was used as a reference in the analysis. Patients were divided 
into BMI subgroups (<30, 30-34, ≥35). When the treatment arms were stratified by BMI, both 
clomiphene and combination therapy were more successful regarding the outcome of live birth 
compared to metformin with greatest benefits seen in the low and high BMI categories. 

These findings suggest that the addition of metformin to clomiphene does not significantly 
improve live birth weight in obese women with PCOS. Studies however were not powered to 
detect differences within subgroups, and different categorization definitions for BMI limit the 
ability to pool study results. 

Strength of Evidence for PCOS 
Table 13 summarizes the SOE for the findings described above. In general, SOE was judged 

insufficient or low for most outcomes with a few exceptions: There was moderate SOE live 
births with the use of letrozole versus clomiphene, and for oral agents versus surgical 
management. There was moderate SOE for miscarriage rates between clomiphene versus 
metformin and for oral agents versus surgical management.  A common limitation across all 



36 

comparisons was lack of precision for estimates of rare but important harms such as OHSS or 
surgical complications 

Table 19. Strength of evidence for major outcomes—KQ 1 (PCOS) 
Comparison Outcome Study Design 

(Sample Size) Conclusion SOE  
(Rationale)a 

1. Oral Agents 
Alone 

    

Letrozole vs. 
Clomiphene 

Live birth 
(any/patient) 

1 SR (9 studies, 
1783 patients)66 

Improvement: Letrozole has higher 
live birth rates than clomiphene (pooled 
OR 1.64; 95% CI, 1.32 to 2.04). 

Moderate 
(Imprecise) 

Pregnancy 
complication
s: Multiple 
births 

1 SR (11 studies, 
2385 patients)66 

Improvement: Letrozole has lower 
rates of multiple birth compared to 
clomiphene (OR 0.38; 95% CI, 0.17 to 
0.84) 

Moderate 
(Inconsistent) 

Pregnancy 
complication
s: Ectopic 
pregnancy 

1 RCT126 (750 
patients) 

No difference: No difference between 
letrozole and clomiphene.  Very few 
ectopic pregnancies overall. 

Low 
(Imprecise, 
findings from 
only one study) 

Pregnancy 
complication
s: 
Miscarriage 

1 SR (12 studies, 
2385 patients)66 

No difference: No difference between 
letrozole and clomiphene (pooled OR 
1.32, 95% CI 0.92 to 1.88) 

Moderate 
(Imprecise) 

Neonatal 
outcomes: 
Death 

1 RCT126 (750  
patients) 

Inconclusive: Given the rarity of the 
outcome, much larger data sets are 
needed. 

Insufficient 
(Imprecise, 
findings from 
only one study, 
small number of 
events) 

Neonatal 
outcomes: 
Birthweight 

1 RCT126 (750 
patients) 

No difference: No significant difference 
in birthweight between letrozole and 
clomiphene 

Low 
(Findings from 
only one study) 

Neonatal 
outcomes: 
Congenital 
anomalies  

1 RCT126 (750 
patients) 

Inconclusive: Given the rarity of the 
outcomes, much larger data sets are 
needed. 

Insufficient 
(Imprecise, 
findings from 
only one study, 
small number of 
events) 

Time to 
pregnancy 

1 RCT126 (750 
patients) 

No difference: No significant difference 
in time to pregnancy between 
clomiphene vs letrozole 

Low 
(Findings from 
only one study) 

Clomiphene vs 
Metformin vs. 
Metformin + 
Clomiphene 

Live birth 
(any/patient) 

2 RCTs124,143 
(737) 
 
1 Obs160 (251) 
 
1 SR78 (3 studies, 
912 patients)  

No difference: No difference between 
clomiphene and metformin or between 
clomiphene and combination therapy of 
metformin and clomiphene  

Low 
(Suspected 
reporting bias) 

Pregnancy 
complication
s: Multiple 
births 

3 RCTs124,152,158 
(921)  

No difference: No differences in 
multiple birth rates between clomiphene 
alone, metformin alone, and 
clomiphene plus metformin 

Low 
(Imprecise, 
suspected 
reporting bias) 

Pregnancy 
complication
s: Ectopic 
pregnancy 

2 RCTs124,158  
(850) 

No difference: No difference between 
studied oral agents.  Very few ectopic 
pregnancies overall. 

Low 
(Imprecise 
findings with 
moderate study 
limitations) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion SOE  

(Rationale)a 
Pregnancy 
complication
s: 
Miscarriage 

3 RCTs124,152,158 
(712) 
 
1 Obs160 (251) 

No difference: No significant 
differences between clomiphene, 
metformin in 3 RCTs for either early or 
late miscarriage (although different 
definitions used). 

Low 
(Suspected 
reporting bias, 
imprecise) 

Neonatal 
outcomes: 
Birthweight 

1 Obs160 (251) Inconclusive: SOE was insufficient 
given evidence from one observational 
study. 

Insufficient 
(Findings from 
one small 
study) 

Neonatal 
outcomes: 
Congenital 
anomalies  

1 RCT124  
(417) 
 
1 Obs160 (251) 

Inconclusive: SOE was insufficient 
given the imprecise evidence from 
identified studies. Given the rarity of the 
outcomes, much larger data sets are 
needed. 

Insufficient 
(Imprecise, 
suspected 
reporting bias) 

Time to 
Pregnancy 

1 RCT143 
(343) 

No difference: No significant difference 
in time to pregnancy between 
clomiphene vs metformin 

Low (Findings 
from one study) 

2. Oral Agents 
Alone vs. Oral 
Agents With IUI 

    

Clomiphene 
citrate without 
IUI vs. 
clomiphene 
citrate with IUI 

Live birth 1 RCT149  
(188) 

Inconclusive: SOE was insufficient 
given evidence from one small trial.  

Insufficient 
(imprecise, one 
small trial) 

Pregnancy 
complication
s: Multiple 
births 

1 RCT149  
(188) 

Inconclusive: SOE was insufficient 
given evidence from one small trial.  

Insufficient 
(imprecise, one 
small trial) 

Pregnancy 
complication
s: Ectopic 
pregnancy 

1 RCT149  
(188) 

Inconclusive: SOE was insufficient 
given evidence from one small trial.  

Insufficient 
(imprecise, one 
small trial) 

Pregnancy 
complication
s: 
Miscarriage 

1 RCT149  
(188) 

Inconclusive: SOE was insufficient 
given evidence from one small trial.  

Insufficient 
(imprecise, one 
small trial) 

3. Oral Agents 
Alone vs. 
Surgical 
Management 

    

LOD vs. oral 
agents 

Live birth 
(any/patient) 

1 SR81 (8 studies, 
1034 women) 

No difference: No significant 
differences between LOD and oral 
agents 

Moderate 
(suspected 
reporting bias) 

Pregnancy 
complication
s: Multiple 
births 

1 SR81 (12 studies, 
1129 women) 

Reduction: There was a reduction in 
multiple births given LOD as compared 
to oral agents. 

Moderate 
(suspected 
reporting bias) 

Pregnancy 
complication
s: 
Miscarriage 

1 SR81 (15 studies, 
1592 women) 

No difference: No significant 
differences in miscarriage between 
LOD and oral agents 

Low 
(Imprecise, 
suspected 
reporting bias) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

1 RCT157 
(37) 

Inconclusive: SOE was insufficient 
given the imprecision and small 
numbers of events in the identified 
studies. 

Insufficient 
(Imprecise, 
suspected 
reporting bias, 
one small 
study) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion SOE  

(Rationale)a 
Short term 
adverse 
effects of 
treatment: 
Surgical 
complication
s 

2 RCTs155,157 
(89) 

Inconclusive: SOE was insufficient 
given the imprecision and small 
numbers of events in the identified 
studies. 

Insufficient 
(Imprecise, 
suspected 
reporting bias, 
small sample 
size) 

4. Oral Agents 
Alone vs. 
Gonadotropins 

    

Clomiphene 
citrate vs. low-
dose FSH 

Live birth 1 RCT144 
(302) 

Inconclusive: SOE was insufficient 
given the imprecision and small 
numbers of events in the identified 
studies. 

Insufficient  
(Imprecise, only 
one study, 
small number of 
events) 
 

Pregnancy 
complication
s: Multiple 
births 

1 RCT144 
(302) 

Inconclusive: SOE was insufficient 
given only 1 identified trial. 

Insufficient 
(Imprecise, only 
one study) 
 

Pregnancy 
complication
s: Ectopic 
pregnancy 

1 RCT144 
(302) 

Inconclusive: SOE was insufficient 
given only 1 identified trial 

Insufficient 
(Imprecise, only 
one study) 
 

Pregnancy 
complication
s: 
Miscarriage 

1 RCT144 
(302) 

Inconclusive: SOE was insufficient 
given only 1 identified trial 

Insufficient 
(Imprecise, only 
one study) 
 

Clomiphene plus 
urinary FSH vs. 
FSH alone 

Live birth 1 RCT137 
(174) 

Inconclusive SOE was insufficient 
given only 1 identified trial 

Insufficient 
(Imprecise, only 
one small 
study) 
 

5. Surgical 
Management 
vs. 
Gonadotropins 

    

LEC vs. rFSH 
 
LEC vs. hMG 

Live birth 1 RCT133  
(168)  

Inconclusive: SOE was insufficient 
given only 1 study with moderate risk of 
bias. 

Insufficient 
(imprecise, only 
one study with 
limitations) 

Pregnancy 
complication
s: Multiple 
births 

1 RCT133  
(168) 

Inconclusive: SOE was insufficient 
given only 1 study with moderate risk of 
bias. 

Insufficient 
(imprecise, only 
one study with 
limitations) 

Costs 1 RCT133  
(168) 

Inconclusive: SOE was insufficient 
given only 1 study with moderate risk of 
bias. 

Insufficient 
(imprecise, only 
one study with 
limitations) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

1 RCT140 
(104) 

Inconclusive: SOE was insufficient 
given only 1 study with moderate risk of 
bias. 

Insufficient 
(imprecise, only 
one study with 
limitations) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion SOE  

(Rationale)a 
6. 
Gonadotropins 
With IUI 

    

rFSH vs. rFSH + 
GnRH antagonist 
or hMG 

Live birth 
(any/cycle) 

2 RCTs135,151 
(374) 

Inconclusive: SOE was insufficient 
given studies with moderate risk of bias 
and varying definitions of live birth 

Insufficient 
(Moderate 
study 
limitations) 

Pregnancy 
complication
s: Multiple 
births 

2 RCTs135,151 
(374) 

Inconclusive: SOE was insufficient 
given imprecise findings from studies of 
moderate risk of bias. 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

Pregnancy 
complication
s: 
Miscarriage 

2 RCTs135,151 
(374) 

Inconclusive: SOE was insufficient 
given imprecise findings from studies of 
moderate risk of bias. 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

1 RCT135 
(276) 

Inconclusive: SOE was insufficient 
given only 1 study with moderate risk of 
bias. 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

7. ART: IVF     
GnRH agonist 
+/- IVF vs. GnRH 
antagonist +/- 
IVF 

Live birth 
(patient) 

1 RCT138  
(109) 

Inconclusive: SOE was insufficient 
given only 1 study with moderate risk of 
bias and with imprecise findings 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

Live birth 
(cycle) 

4 RCTs139,142,156,159 
(408) 

No difference: No significant difference 
in included studies but varying 
interventions and comparators with low 
numbers of live birth 

Low 
(Imprecise 
findings with 
moderate study 
limitations) 

Pregnancy 
complication
s: Multiple 
births 

1 RCT156 
(70) 

Inconclusive: SOE was insufficient 
given only 1 small study with moderate 
risk of bias. 

Insufficient 
(Moderate 
study 
limitations) 

Pregnancy 
complication
s: 
Miscarriage 

2 RCTs156,159 
(159) 

No difference: No differences in 
miscarriage rates for GnRH agonist vs. 
antagonist, or hCG medium, hCG-free 
medium with transfer, and hCG-free 
medium without transfer.  

Low 
(Imprecise 
findings with 
moderate study 
limitations) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

4 RCTs145,153,154,156 
(368) 

Inconclusive: SOE was insufficient 
given that all identified studies were 
underpowered to detect differences in 
OHSS. 

Insufficient 
(Imprecise, 
underpowered 
studies) 

8. ART: ICSI     
GnRH agonist 
vs. GnRH 
antagonist 

Live birth 1 RCT141 
(82) 

Inconclusive: SOE was insufficient 
given only 1 small study with moderate 
risk of bias. 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations, one 
small study) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion SOE  

(Rationale)a 
Pregnancy 
complication
s: 
Miscarriage 

1 RCT150 
(112) 

Inconclusive: SOE was insufficient 
given only 1 small study with moderate 
risk of bias. 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations, one 
small study) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

1 RCT150 
(112) 

Inconclusive: SOE was insufficient 
given only 1 small study with moderate 
risk of bias. 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations, one 
small study) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
Abbreviations: ART=assisted reproductive technology; BMI=body mass index; CI=confidence interval; FSH=follicle-stimulating 
hormone; GnRH=gonadotropin-releasing hormone; hCG=human chorionic gonadotropin; hMG=human menopausal 
gonadotropin; IUI=intrauterine insemination; IVF=in vitro fertilization; IVM=in vitro maturation; KQ=key question; 
LEC=laparoscopic electrocauterization; LOD=laparoscopic ovarian drilling/diathermy; N=number of patients/participants; 
NA=not applicable; NR=not reported; Obs=observational study; OHSS=ovarian hyperstimulation syndrome; OR=odds ratio; 
PCOS=polycystic ovary syndrome; RCT(s)=randomized controlled trial(s); rFSH=recombinant follicle-stimulating hormone; 
uFSH=urinary follicle-stimulating hormone 

Key Question 2. Endometriosis 
KQ 2: What are the comparative safety and effectiveness of available treatment strategies for 

women with endometriosis who are infertile and who wish to become pregnant?  
2a. Does the optimal treatment strategy vary by patient characteristics such as age, 
ovarian reserve, race, BMI, stage of endometriosis, presence of other potential causes of 
female infertility, or presence of male factor infertility? 

Endometriosis is a condition defined by the presence of endometrial tissue outside the uterus, 
most commonly on the ovary and peritoneum. It is observed in approximately 6–10% of women 
of fertile age, and in up to 35–50% of women with infertility, pelvic pain, or both.163 
Endometriosis severity is defined in a system of stages that are based on a weighted point 
system. The severity of the disease is classified as minimal (Stage I), mild (Stage II), moderate 
(Stage III), or severe (Stage IV) based on surgical findings.164 

Description of Included Studies for KQ 2 (Endometriosis) 
We identified 11 articles26,28,120,130-132,165-169 describing 8 studies that addressed infertility 

treatment for women with endometriosis.  
Two studies were RCTs; one was good quality,169 and one was fair quality.167 The remaining 

six were observational retrospective cohorts; four were good quality,28,130,165,166 and two were fair 
quality.120,168 Four observational studies were performed in the United States.28,120,130,166 One 
study each was performed in Europe (observational),165 Asia (RCT),167 Australia 
(observational),168 and Africa (RCT).169 Four studies (two RCTs167,169 and two 
observational130,165) were conducted in subspecialty practices. The setting was unclear for the 
remaining four observational studies.28,120,166,168 Four observational studies reported funding from 
government sources.28,130,166,168 One observational study reported nongovernment, nonindustry 
funding.120 The remaining three studies did not report a funding source.165,167,169 
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The main classes of treatment examined were: oral ovulation/superovulation with or without 
IUI, gonadotropins with or without IUI, ART (IVF or ICSI), surgical treatment, and surgery with 
hormonal adjunctive therapy. We did not perform meta-analysis because of the lack of studies 
reporting results for similar outcomes and treatment comparisons. 

In addition to the above studies, three systematic reviews (two good60,64, one fair quality170) 
that addressed the comparative effectiveness of various treatments for infertility in women with 
endometriosis are discussed below and the consistency of their findings with our included studies 
are incorporated in to our strength of evidence ratings. 

Key Points for Endometriosis 
Key findings for couples where the primary cause of infertility is endometriosis in the female 

partner included: 
• The live birth rate per cycle was higher in couples who underwent two-embryo transfer as 

compared with single embryo transfer (low SOE). 
• SOE was rated insufficient for all other comparisons/outcomes. 

Detailed Synthesis by Treatment for Endometriosis 
Included studies and their findings for the following treatments for endometriosis are detailed 

in this section: 
1. Oral Agents With IUI 
2. Oral Agents Versus Gonadotropins 
3. Adjunctive Hormonal Therapy after Surgical Treatment 
4. ART 

1. Oral Agents With IUI after Laparoscopic Treatment for 
Endometriosis 

One good-quality RCT examined pregnancy outcomes after ovulation induction with IUI in 
136 infertile women with minimal/mild endometriosis who sought infertility treatment 6 to 12 
months after laparoscopic treatment.169 Women were randomized to treatment with clomiphene 
or letrozole for 5 days starting on day 3 of the menstrual cycle. Human chorionic gonadotropin 
(hCG; 10,000 IU) was given intramuscularly when one follicle measuring at least 18 mm was 
identified. IUI was performed 32–36 hours after HCG injection.  There was no significant 
difference in live birth rate among women treated with letrozole and IUI (44.9%) as compared 
with clomiphene citrate and IUI (40.3%; RR 0.89; 95% CI, 0.43 to 1.58) (low SOE). There was 
also no significant difference in miscarriage rate among women treated with letrozole and IUI 
(12.4%) as compared with clomiphene citrate and IUI (12.9%; RR 1.13; 95% CI, 0.76 to 1.68). 
Both outcomes were rated as insufficient SOE given findings from one small study. Other 
pregnancy complication outcomes, neonatal outcomes, time to pregnancy, costs, short term 
adverse effects of treatments, or long term effects were not evaluated. 

2. Adjunctive Hormonal Therapy after Surgical Treatment for 
Endometriosis 

A fair-quality RCT examined the efficacy of hormonal therapy as an adjunctive treatment 
with surgical correction of endometriosis.167 This trial studied short-term oral contraceptives, 
with and without a “Dan’e” Chinese herbal mixture, compared with no treatment, immediately 
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after surgery in 156 women with endometriosis. After the surgical treatment, participants were 
randomly allocated to three groups: (a) a combined oral contraceptive for 63 days, (b) combined 
oral contraceptive for 63 days + Dan’e Chinese herbal mixture for the last 30 days, or (c) no 
medical treatment. The mean duration of follow-up was 22.17 ± 3.39 months.  

A total of 73 pregnancies occurred. The total pregnancy rate was 46.80%. There was no 
difference in live birth rate (70% vs. 81.2% vs. 79.2%), ectopic pregnancy rate (5% vs. 0 vs. 
8.3%), or miscarriage rate (20% vs. 18.7% vs. 12.5%) in any of the three arms of the study (p > 
0.05). One stillbirth occurred in this study, in the group that was treated with oral contraceptive 
alone. Other outcomes of interest were not evaluated. The imprecise evidence from one fair-
quality study performed in China resulted in insufficient strength of evidence across the 
outcomes assessed. 

3. ART for Endometriosis 
One observational study120 examined the effectiveness of ART in women with 

endometriosis-related infertility using data from the Centers for Disease Control and Prevention 
(CDC)/Society for Assisted Reproductive Technology (SART) database, a collective cohort of 
305,774 pregnancies in the United States. The good-quality retrospective analysis examined live 
birth rates, maternal complications, and neonatal complications based on the number of embryos 
transferred in 69,028 ART cycles.120 In this study, 7,104 cycles of IVF or ICSI were performed 
in couples with the diagnosis of endometriosis. In this endometriosis subgroup, the live birth rate 
per cycle after treatment with either IVF or ICSI was 48.7%. For women with endometriosis, the 
live birth rate per cycle was higher in couples who underwent two embryo transfer (n=3808 
cycles, live birth rate=51.5%) as compared with single embryo transfer (n=319 cycles, live birth 
rate=46.6%) (p<0.0001) (low SOE).  

Subpopulations of Interest for Endometriosis 
A 2014 good-quality systematic review compared IVF outcomes in 20,167 women (78 

publications) with endometriosis (2227 women with stage I-II endometriosis, 1703 women with 
stage III-IV endometriosis) to 121,931 women without endometriosis.64 This publication 
included randomized and non-randomized controlled trials. They concluded that live birth rates 
were similar regardless of whether surgical correction of endometrioma was performed. Women 
with more severe endometriosis had similar outcomes as compared with women with less severe 
endometriosis. Specifically, for the comparison of women with Stage-III/IV versus Stage-I/II 
endometriosis, results were as follows: live birth, RR 0.94 (95% CI, 0.80 to 1.11); clinical 
pregnancy, RR 0.90 (95% CI, 0.82 to 1.00); miscarriage, RR 0.99 (95% CI, 0.73 to 1.36). 

In 2015, Hamdan and colleagues published a good-quality systematic review60 investigating 
the association between endometriosis and reproductive outcomes in women undergoing ART. 
This meta-analysis included 33 studies (30 retrospective observational, 3 RCTs). Fourteen of 
these studies overlapped with systematic review by Barbosa and colleagues discussed above.64 In 
women with endometrioma, those who had surgical treatment before IVF/ICSI had a similar live 
birth rate (OR 0.90; 95% CI, 0.63 to 1.28), a similar clinical pregnancy rate (OR 0.97; 95% CI, 
0.78 to 1.20), and a similar miscarriage rate (OR 1.32; 95% CI, 0.66 to 2.65) compared to those 
with untreated endometrioma. 

In summary, the severity of endometriosis, surgical treatment of endometriosis prior to ART, 
and adjunctive hormonal therapy do not appear to influence fertility outcomes.60,64 
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Strength of Evidence for Endometriosis 
Table 14 summarizes the SOE for the findings described above. In general, the SOE across 

all outcomes was judged to be insufficient or low, primarily due to imprecision and small 
numbers of studies, especially for both short-term harms (such as OHSS) and long-term harms. 

Table 20. Strength of evidence for major outcomes—KQ 2 (Endometriosis) 
Comparison Outcome Study Design 

(Sample Size) 
Conclusion Strength of 

Evidence 
(Rationale)a 

1. Letrozole 
vs. 
Clomiphene 
with IUI 

Live birth 
(any/patient) 

1 RCT169  
(136) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 
study with moderate risk of bias 

Insufficient 
(Imprecise 
findings from one 
small study with 
limitations) 

Pregnancy 
complications: 
Miscarriage 

1 RCT169  
(136) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 
study with moderate risk of bias 

Insufficient 
(Imprecise 
findings from one 
small study with 
limitations) 

2. Adjunctive 
Hormonal 
Therapy After 
Surgical 
Treatment 

Live birth 1 RCT167  
(156) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 
study with moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

Pregnancy 
complications: 
Miscarriage 

1 RCT167  
(156) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 
study with moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

Pregnancy 
complications: 
Ectopic 
pregnancy 

1 RCT167  
(156) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 
study with moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

Neonatal 
outcomes: 
Death 

1 RCT167  
(156) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 
study with moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate study 
limitations) 

3. ART 
Treatment vs. 
no treatment 

Live birth 1 Obs120 
(69,028 cycles) 

Improvement: For women with 
endometriosis, the live birth rate per 
cycle was higher in couples who 
underwent 2 embryo transfer 
(51.5%) as compared with single 
embryo transfer (46.6%) 
(p<0.0001).  

Low 
(Imprecise) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
Abbreviations: ART=assisted reproductive technology; CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm 
injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number of patients/participants; 
NA=not applicable; Obs=observational study; RCT=randomized controlled trial; RR=relative risk 
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Key Question 3. Unexplained Infertility 
KQ 3 was: What are the comparative safety and effectiveness of available treatment 

strategies for women who are infertile for unknown reasons and who wish to become pregnant?  
3a. Does the optimal treatment strategy vary by patient characteristics such as age, 
ovarian reserve, race, BMI, presence of other potential causes of female infertility, or 
presence of male factor infertility? 

Unexplained infertility is defined as infertility with no other documented female or male 
diagnosis. 

Description of Included Studies for KQ 3 (Unexplained Infertility) 
We identified 34 studies described in 36 publications that met inclusion criteria for KQ 

3.52,119,120,122,123,128,129,165,166,171-197 One study (the Scottish Unexplained Infertility Trial (SUIT)) 
was described in two papers, a primary report128 and a companion economic analysis.129 We refer 
only to the primary publication here; the companion paper is cited where relevant under 
“Detailed Synthesis” below. 

Eighteen studies were conducted in Europe,122,128,165,171,172,174,176-178,182-185,188,191-193,197 seven in 
the United States,52,119,120,166,175,180,190 five in the Middle East,173,181,187,189,196 two in Asia,179,186 
and two in Africa.194,195 Twenty-two studies were single-center,171-174,176,179-182,185-197 10 were 
multicenter,52,120,122,128,165,175,177,178,183,184 and two did not report the number of sites.119,166 
Twenty-six studies were RCTs; 11 were good quality,52,128,173-175,184,193-197 14 were fair 
quality,171,172,177,179,181-183,186-192 and 1 was poor quality.176 Eight studies were observational 
studies; four were good quality,122,165,166,180 and four were fair quality.119,120,178,185 Nine studies 
were government-funded,52,119,122,128,166,175,178,183,184 and three were funded by industry.177,187,190 
Five studies received nongovernment, nonindustry funding.120,122,176,180,185 The remainder did not 
report a funding source or the funding source was unclear. The type of practice was not specified 
in five studies.120,166,177-179 The remainder of the studies were performed at a subspecialty 
practice.  

The main classes of treatment examined were: ovulation induction without IUI, unstimulated 
IUI (i.e. without oral agents for ovulation induction), ovulation induction with IUI, expectant 
management, surgical management, gonadotropins with IUI, IVF, and ICSI. Two fair-quality 
RCTs compared treatment strategies within the class of ovulation induction without IUI.171,189 
One good-quality RCT compared ovulation induction without IUI to unstimulated IUI (i.e. 
without ovulation induction).128 The same good-quality RCT and one fair-quality RCT189 
compared outcomes between ovulation induction and expectant management. Two good-quality 
RCTs194,196 and one fair-quality RCT188 compared outcomes between different treatment 
strategies of ovulation induction with IUI. Two good-quality RCTs173,193 compared outcomes 
between ovulation induction with oral agents and IUI, and with gonadotropins and IUI. One 
good-quality RCT examined outcomes with ovulation induction/IUI compared to ART.175 One 
good-quality RCT examined outcomes following luteal phase scratching (“surgical 
management”) compared to expectant management.195 Two good-quality RCTs,174,197 three fair-
quality RCTs,181,188,192 and one poor-quality RCT176 compared outcomes between different 
treatment strategies of gonadotropins/IUI. Two good-quality RCTs52,175 and one fair-quality 
RCT177 compared outcomes with gonadotropins/IUI to ART. Two good-quality observational 
studies,165,166 three fair-quality observational studies119,120,178 and five fair-quality 
RCTs172,183,186,187,190 examined outcomes with IVF. Two fair-quality RCTs179,182 compared 
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outcomes between different treatment strategies with ICSI. Two good-quality observational 
studies166,180 and one fair-quality observational study119 compared outcomes between IVF and 
ICSI. One good-quality122 and one fair-quality185 observational study compared outcomes 
between ART and no intervention/expectant management. We did not perform meta-analysis 
because of the lack of studies reporting results for similar outcomes and treatment comparisons. 

In addition to the above studies, 6 systematic reviews (5 good70,84,87,92,95, 1 fair quality94) that 
addressed the comparative effectiveness of various treatments in women with unexplained 
infertility are discussed below and the consistency of their findings with our included studies are 
incorporated in to our strength of evidence ratings. 

Key Points for Unexplained Infertility 
Key findings for couples with unexplained infertility included: 

• There is no difference between the oral agents of letrozole and anastrozole for the 
outcome of ectopic pregnancy (low SOE) but evidence is insufficient for other 
outcomes of interest.  

• There is no difference between letrozole and clomiphene for outcomes of multiple 
births or miscarriage (moderate SOE). 

• There is no difference between differing adjunct treatments used in combination with 
oral agents and IUI for the outcomes of live birth, miscarriage, and OHSS (low SOE 
for all outcomes). 

• There are no differences between immediate IVF versus other treatments prior to IVF 
for the outcomes of live birth, multiple births, ectopic pregnancy, miscarriage, low 
birthweight, and OHSS (low SOE for all outcomes). There is however shorter time to 
pregnancy with immediate IVF (moderate SOE). 

• The overall risk of childhood cancers is not increased in offspring born after ART as 
compared to the general population (low SOE). 

Detailed Synthesis by Treatment for Unexplained Infertility 
Included studies and their findings for the following treatments for unexplained infertility are 

detailed in this section: 
1. Oral Agents Without IUI 
2. Oral Agents Versus Unstimulated IUI Versus Expectant Management 
3. Different Adjunct Treatments Combined with Oral Agents and IUI 
4. Oral Agents With IUI Versus Gonadotropins With IUI 
5. Different Treatment Strategies for Controlled Ovarian Hyperstimulation with 

Gonadotropins and IUI 
6. Immediate IVF Versus Other Treatments Prior to IVF 
7. Expectant Management versus Other Interventions 
8. ART  

a. IVF 
b. ICSI 
c. IVF Versus ICSI 
d. Unspecified ART 
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1. Oral Agents Without IUI for Unexplained Infertility 
Two RCTs, both rated as fair quality, provided evidence on outcomes among women with 

unexplained infertility treated with oral agents alone. One171 compared clomiphene citrate alone 
to clomiphene citrate plus hydrotubation, while the other189 compared clomiphene to letrozole 
and anastrozole. Results are summarized in Table 15. Neither study identified significant 
differences in outcomes between clomiphene alone and comparators, but sample sizes were 
small, with wide confidence intervals for rates of all outcomes. The strength of evidence was 
rated as insufficient for all outcomes other than ectopic pregnancy which was rated as low for no 
difference between letrozole and anastrozole. Outcomes of multiple births, costs, short term 
adverse effects, and long term outcomes were not evaluated in the included studies. 

A good-quality systematic review and meta-analysis compared outcomes between 
clomiphene citrate and letrozole.70 Six studies were included representing 1776 patients, of 
which one189 was included in the present systematic review. The meta-analysis did not assess 
live birth rates. Miscarriage however was examined in 5 studies (395 patients), including the 
study by Badawy and colleagues.189. Within these studies, the miscarriage rate was 24/195 
(12.3%) in the letrozole group versus 36/200 (18.0%) in the clomiphene citrate group (RR 0.65; 
95% CI, 0.33 to 1.29, p=0.22) (moderate SOE). Multiple pregnancy rates were also evaluated in 
these same 5 trials and again demonstrated no difference between letrozole and clomiphene 
citrate (RR 0.57, 95% CI 0.25 to 1.27) (moderate SOE).70 

Table 21. Outcomes for comparisons of oral agents without IUI in women with unexplained 
infertility 

Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Yapca, 
2015171 
 
RCT 
(80) 

CC CC + 
hydrotubation 

2/40 
(5) 

(0.6 to 13.5) 

8/40 
(20) 

(9.3 to 33.5) 

0.043 Greater live 
births with 
clomiphene and 
hydrotubation 
compared to 
clomiphene 
alone  

Pregnancy 
complications 

       

Ectopic 
pregnancy 

Badawy, 
2009189 
 
RCT  
(996) 

CC Letrozole 1/420 
(0.2) 

(0.06 to 0.9) 
  

0/269 
(0) 

(0 to 0.9) 

0.43 No difference 

Anastrozole 0/107 
(0) 

(0 to 2.3) 

0.62 No difference 

Miscarriage 
 
 

Yapca, 
2015171 
 
RCT 
(80) 

CC CC + 
hydrotubation 

1/40 
(2.5) 

(0.06 to 9.0) 

0/40 
(0) 

(0 to 6.1) 

0.31 No difference 

Badawy, 
2009189 
 
RCT  
(996) 

CC Letrozole 8/77 
(10.4) 

(4.7 to 18.1) 

4/36 
(11.1) 

(3.2 to 23.1) 

0.91 No difference 

Anastrozole 2/15 
(13.3) 

(1.8 to 33.9) 

0.74 No difference 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Neonatal 
outcomes 

       

Birthweight 
(small for 
gestational 
age) 
 

Badawy, 
2009189 
 
RCT  
(996) 

CC Letrozole 3/65 
(4.6) 

(1.0 to 10.8) 

2/30 
(6.7) 

(0.8 to 17.8) 

0.68 No difference 

Anastrozole 1/11 
(9.1) 

(95 0.3 to 
30.8) 

0.54 No difference 

Neonatal 
death  

Badawy, 
2009189 
 
RCT  
(996) 

CC Letrozole 0/65 
(0) 

(0 to 3.8) 

1/30 
(3.3) 

(0.09 to 
11.9) 

0.14 No difference 

Anastrozole 0/11 
(0) 

(0 to 20.8) 

NS No difference 

Abbreviations: CC=clomiphene citrate; CI=confidence interval. 

2. Oral Agents Versus Unstimulated IUI Versus Expectant 
Management for Unexplained Infertility 

One good-quality RCT128 compared outcomes between oral agents, unstimulated IUI, and 
expectant management. Results are summarized in Table 16 for live birth, pregnancy 
complications, and time to pregnancy. Other outcomes of interest were not reported. 

Table 22. Outcomes for comparisons of oral agents vs. unstimulated IUI vs. expectant 
management in women with unexplained infertility 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study 

Findings 

Live birth        
Any/patient 
 
 

Bhattacharya, 
2008128 
 
RCT 
(576) 

CC IUI 26/192 
(13.5) 

(9.1 to 18.7) 

43/191 
(22.5) 

(16.9 to 
28.7) 

0.022 Greater live 
births with IUI 
compared to 
clomiphene  

Expectant 
management 

32/193 
(16.5) 

(11.7 to 
22.1) 

0.40 No difference 

Pregnancy 
complications 

       

Ectopic 
pregnancy 
 
 

Bhattacharya, 
2008128 
 
RCT 
(576) 

CC 
 

IUI 0/192 
(0) 

(0 to 1.3) 

2/191 
(1.0) 

(0.1 to 2.9) 
 

0.24 No difference 

Expectant 
management 

1/193 
(0.5) 

(0.01 to 1.9) 

0.68 No difference 

Miscarriage 
 
 

Bhattacharya, 
2008128 
 

CC IUI 10/38 
(26.3) 

(13.8 to 
41.2) 

9/55 
(16.3) 

(7.9 to 27.1) 
 

0.24 No difference 
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Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study 

Findings 

RCT 
(576) 

Expectant 
management 

14/46 
(30.4) 

(18.2 to 
44.3) 

0.68 No difference 

Time to 
pregnancy 

       

Time to 
pregnancy 
 

Bhattacharya, 
2008128 
 
RCT 
(576) 

CC 
IUI 

Expectant 
management 

HR of CC 
compared to 

expectant 
managemen

t 0.83 
(0.42 to 

1.63) 

HR of IUI 
compared to 

expectant 
managemen

t 1.40 
(0.77 to 

2.56) 

NS No difference 

Abbreviations: CC=clomiphene citrate; CI(s)=confidence interval(s); HR=hazard ratio; IUI=intrauterine insemination 

This comparison was also evaluated in two good-quality systematic reviews.87,92 Both of 
these systematic reviews included our included study by Bhattacharya and colleagues.128 

One systematic review examined outcomes with clomiphene citrate for unexplained 
infertility as compared to expectant management.92 Seven RCTs were included (1,159 patients), 
of which only the one study by Bhattacharya128 reported on outcomes of interest. In this study, 
there was no benefit of clomiphene citrate over placebo for live birth (OR 0.79; 95% CI, 0.44 to 
1.38, p=0.41) or miscarriage (OR = 0.71, 95% CI 0.31 to 1.61). The SOE was rated as 
insufficient given imprecise findings from one study.  

Another good-quality systematic review of 14 studies examined outcomes following ovarian 
stimulation, IUI, or both in 2,033 patients with unexplained infertility.87 Comparisons were made 
between IUI and timed intercourse (TI) with and without ovarian hyperstimulation. Clomiphene 
citrate, gonadotropins, or a combination of clomiphene citrate and gonadotropins were utilized 
for ovarian hyperstimulation. Fourteen RCTs were included, of which one128 was included in our 
systematic review. Overall for the 14 included studies, they noted that the risk of bias was 
“substantial” due to failure to report allocation concealment and details of randomization.  

When comparing IUI versus expectant management, only one good-quality, low risk of bias 
study was included, also included in the present systematic review.128 Live birth rates were not 
significantly differently between groups (23% with IUI, 16% with expectant management; OR 
1.60; 95% CI, 0.92 to 2.78). Miscarriage rates were similar between groups (OR 0.77; 95% CI, 
0.28 to 2.11). There were 2 ectopic pregnancies in the IUI group (OR 5.06; 95% CI, 0.24 to 
106.21) (insufficient SOE).  

For the comparison of IUI versus TI with ovarian hyperstimulation, only 2 studies examined 
live birth rates. Live birth rates were similar between groups (OR 1.59; 95% CI, 0.88 to 2.88). 

For the comparison of IUI in a natural cycle versus IUI in a stimulated cycle, 3 studies 
examined live birth rates, all excluded from the present review due to publication prior to 2007. 
Live birth rates were significantly higher with ovarian hyperstimulation/IUI compared to IUI 
alone (OR 2.07; 95% CI, 1.22 to 3.50) (low SOE).  

Finally, only one study was included for in the meta analysis which compared IUI in a 
natural cycle versus TI in a stimulated cycle (also included in the present study).128 Odds of live 
birth were higher with IUI than with ovarian hyperstimulation/TI (OR 1.95; 95% CI, 1.10 to 
3.44) (insufficient SOE). 
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Overall this systematic review suggested that there is evidence that IUI with ovarian 
hyperstimulation increases the live birth rate compared to IUI alone. Other comparisons had 
insufficient SOE. 

Costs of three treatment approaches used for 6 months (clomiphene citrate, unstimulated IUI, 
and expectant management) were compared in a good-quality economic analysis of this trial.129 
The mean treatment costs (standard deviation) per patient for expectant management, 
clomiphene citrate, and IUI were £12 (£117), £350 (£220), and £331 (£222), respectively. Mean 
costs per live birth were higher with clomiphene citrate (£2611.25) and IUI (£1486.87) versus 
expectant management (£71.64). Converted to US dollars these correspond to approximately 
mean costs per live birth of $3264 for clomiphene citrate, $1857 for IUI and $90 for expectant 
management. Interventions did not result in superior live birth rates (13% for clomiphene citrate 
and 22% in IUI vs. 17% in expectant management) but were more costly. Of note, couples 
randomized to the “active” interventions were significantly more likely to find treatment 
“acceptable” (93.5%; 95% CI, 89.4% to 96.7% for clomiphene citrate; 95.7%; 95% CI, 92.1% to 
98.2% for IUI) than those randomized to expectant management (80.4%; 95% CI, 73.8% to 
86.2%). Applicability to U.S. populations may be limited because the health systems and 
methods of payment for infertility services are markedly different in the UK. 

3. Different Adjunct Treatments Combined with Oral Agents and IUI 
for Unexplained infertility 

Two good-quality RCTs194,196, and two fair-quality RCTs181,188 compared outcomes between 
different adjunct treatment strategies for use of oral agents (usually CC) with IUI. Interventions 
included luteal progesterone using a vaginal pessary,196 hydrotubation with saline compared to 
lidocaine,194 double versus single insemination,188 and adjunct stimulation with either rFSH or 
HMG.181 Results are summarized in Table 17. None of the studies identified significant 
differences in outcomes between interventions for the outcomes of live birth, miscarriage, or 
OHSS (low SOE for all outcomes). No other outcomes of interest were evaluated.  

Table 23. Outcomes for comparisons of oral agents with IUI in women with unexplained infertility  

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Ebrahimi, 
2010196 
 
RCT 
(200) 

CC/hMG + 
Progesterone 

CC/hmG+No 
support 

19/98 
(19.4) 

(12.2 to 27.7) 

15/102 
(14.7) 

(85.6 to 
22.2) 

0.38 No difference 

Bagis, 
2010188 
 
RCT 
(228) 

CC+Double 
insemination 

CC+Single 
insemination 

1/19 
(5.3) 

(0.1 to 18.5) 

2/17 
(11.7) 

(1.5 to 30.2) 

0.48 No difference 

Rashidi, 
2013181 
 
RCT 
(259) 

CC+rFSH CC+hMG 19/132 
(14.5) 

( 9.0 to 21.0) 

16/127 
(12.6) 

(7.4 to 18.9) 

0.12 No difference 
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Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Pregnancy 
complications 

       

Ectopic 
pregnancy 
 
 

Morad, 
2012194 
 
RCT 
(216) 

Lidocaine 
hydrotubation 
prior to CC + 
IUI 

Saline 
hydrotubation 
prior to CC + 
IUI 

1/109 
(0.9) 

(0.02 to 3.4) 

1/107 
(0.9) 

(0.02 to 3.4) 

0.99 No difference 

Miscarriage 
 
 

Bagis, 
2010188 
 
RCT 
(228) 

CC+Double 
insemination 

CC+Single 
insemination 

6/20 
(30) 

(12.6 to 51) 

4/16 
(25) 

(7.8 to 48.1) 

0.74 No difference 

Morad, 
2012194 
 
RCT 
(216) 

Lidocaine 
hydrotubation 
prior to CC + 
IUI 

Saline 
hydrotubation 
prior to CC + 
IUI 

1/109 
(0.9) 

(0.02 to 3.4) 

1/107 
(0.9) 

(0.02 to 3.4) 

0.99 No difference 

Adverse 
effects of 
treatment 

       

OHSS 
 

Morad, 
2012194 
 
RCT 
(216) 

Lidocaine 
hydrotubation 
prior to CC + 
IUI 

Saline 
hydrotubation 
prior to CC + 
IUI 

1/109 
(0.9) 

(0.02 to 3.4) 

1/107 
(0.9) 

(0.02 to 3.4) 

0.99 No difference 

Rashidi, 
2013181 
 
RCT 
(259) 

CC+rFSH CC+hMG 6/132 
(4.5) 

(1.7 to 8.7) 

5/127 
(3.9) 

(1.3 to 7.9) 

0.81 No difference 

Abbreviations: CC=clomiphene citrate; CI=confidence interval; hMG=human menopausal gonadotropin; IUI=intrauterine 
insemination; rFSH=recombinant follicle-stimulating hormone 

4. Oral Agents With IUI Versus Gonadotropins With IUI for 
Unexplained Infertility 

Two good-quality RCTs173,193 compared outcomes between oral agents/IUI and 
gonadotropins/IUI. In one study, patients with unexplained infertility were randomized to 
treatment with clomiphene citrate or recombinant FSH with IUI.173 The live birth rate per patient 
was 42/94 (44.7%) in the rFSH group compared to 25/87 (28.7%) in the clomiphene citrate 
group (p<0.05).  

In another study, patients who had failed three cycles of clomiphene citrate and IUI were 
randomized to treatment with either letrozole or rFSH and IUI.193 The live birth rate per patient 
was 7/25 (28%) in the rFSH group versus 5/25 (20%) in the letrozole group (p>0.05). The 
consistent but imprecise findings from these two RCTs was rated as insufficient strength of 
evidence. 
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5. Different Treatment Strategies for Controlled Ovarian 
Hyperstimulation with Gonadotropins and IUI for Unexplained 
Infertility 

Two good-quality RCTs,174,197 two fair-quality RCTs188,192 and one poor-quality RCT176 
compared outcomes between different treatment strategies of gonadotropins/IUI. Interventions 
included luteal progesterone compared to no luteal support,174,192 uterine perturbation versus no 
additional therapy,176 and type of gonadotropin (rFSH, highly purified urinary FSH, or HMG).197 
Results are summarized in Table 18. The studies were consistent in terms of the direction of 
benefit (greater live births with progesterone compared to no support) but inconsistent in terms 
of their statistical significance and with imprecise findings (insufficient SOE). No difference was 
reported between uterine perturbation versus no intervention (insufficient SOE). The imprecise 
findings from heterogeneous interventions for miscarriage resulted in an insufficient strength of 
evidence rating. Finally, evidence from one study with no events provided insufficient evidence 
to support statements about the impact on OHSS. No other outcomes of interest were reported. 

Table 24. Outcomes for comparisons of different treatment strategies for controlled ovarian 
hyperstimulation with gonadotropins and IUI in women with unexplained infertility 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Seckin, 
2014174 
 
RCT 
(149) 

Progesterone No support 14/71 
(19.7) 

11/78 
(14.1) 

0.36 No difference 

Erdem, 
2009192 
 
RCT 
(214) 

Progesterone No support 39/223 (per 
cycle) 
(17.5) 

19/204 (per 
cycle) 
(9.3) 

0.016 Greater live 
births with 
progesterone 
compared to no 
support 

Yildiz, 
2014176 
 
RCT 
(180) 

Uterine 
perturbation 

No intervention 10/79 
(12.7) 

(6.3 to 20.8) 

20/101 
(19.8) 

(12.6 to 
28.1) 

0.20 No difference 

Pregnancy 
complications 

       

Miscarriage 
 
 

Bagis, 
2010188 
 
RCT 
(228) 

Double 
insemination 

Single 
insemination 

6/20 
(30) 

(12.6 to 51) 

4/16 
(25) 

(7.8 to 48.1) 

0.74 No difference 

Yildiz, 
2014176 
 
RCT 
(180) 

Uterine 
perturbation 

No intervention 1/79 
(1.3) 

(0.03 to 4.5) 

3/101 
(3.0) 

(0.6 to 7.0) 

0.44 No difference 

Demirol, 
2007197 
 
RCT 

rFSH 
 

hMG 2/81 
(2.5) 

(0.3 to 6.8) 

hMG: 
2/80 
(2.5) 

(0.3 to 6.9) 
 

0.99 No difference 
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Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

(241) uFSH  uFHS: 
1/80 
(1.2) 

(0.03 to 4.5) 

0.57 No difference 

Adverse 
effects of 
treatment 

       

OHSS Demirol, 
2007197 

rFSH 
 

hMG 0/81 
(0) 

(0 to 3.1) 

hMG: 
0/80 
(0) 

(0 to 3.1) 
 

NS No difference 

uFSH  uFSH: 
0/80 
(0) 

(0 to 3.1) 

NS No difference 

Abbreviations: CC=clomiphene citrate; CI=confidence interval; hMG=human menopausal gonadotropin; IUI=intrauterine 
insemination; rFSH=recombinant follicle-stimulating hormone; uFSH=urinary follicle-stimulating hormone 

6. Immediate IVF Versus Other Treatments Prior to IVF for 
Unexplained Infertility 

Two good-quality RCTs52,175 compared different broad strategies for women with 
unexplained infertility. In the Fast Track and Standard Treatment (FASTT) trial,52 women aged 
21-39 were randomized to (a) up to 3 cycles of clomiphene citrate/IUI followed by up to 3 cycles 
of gonadotropins/IUI followed by up to 6 cycles of IVF (“conventional strategy”) or (b) up to 3 
cycles of clomiphene citrate/IUI followed by 6 cycles of IVF (“fast track”). In the Forty and 
Over Treatment Trial (FORT-T),175 women aged 38-42 with unexplained infertility were 
randomized to (a) clomiphene citrate/IUI for up to 2 cycles followed by up to 6 cycles IVF, (b) 
FSH/IUI for up to 2 cycles followed by 6 cycles IVF, or (c) immediate IVF (up to 6 cycles).  

Table 19 presents outcomes of interest. Consistent findings between the two studies found no 
difference in outcomes between immediate IVF compared with other treatments prior to IVF 
(low SOE for live birth, ectopic, miscarriage, multiple births, low birthweight, OHSS) while 
decreasing the time to pregnancy (moderate SOE).  Note that for the FASTT trial, couples 
received gonadotropins only after not conceiving after clomiphene citrate, and received IVF only 
after not conceiving after gonadotropins, so that the distribution of fecundity within each group 
is likely to be different.  

Table 25. Outcomes for comparisons of immediate IVF versus other treatments prior to IVF in 
women with unexplained infertility 

Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Live birth—by 
strategy 
 
 

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

171/256 
(66.8) 

(60.5 to 
72.1) 

150/247 
(60.7) 

(56.6 to 
68.9) 

0.15 No difference 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF 
 

CC/IUIIVF 24/51 
(47.1) 

(31.2 to 
63.4) 

CC/IUIIVF
: 

25/51 
(49.0) 

(32.9 to 
65.2) 

 

0.84 No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

22/52 
(42.3) 

(97.5 CI, 
27.1 to 58.1) 

0.63 No difference 

Pregnancy 
complications 

       

Ectopic 
pregnancy—by 
strategy 
 

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

10/256 
(3.9) 

(1.9 to 6.6) 

8/247 
(3.2) 

(1.4 to 5.8) 

0.69 No difference 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF 
 

CC/IUIIVF 0/51 
(0) 

(95 CI 0 to 
4.8) 

CC/IUIIVF
: 

1/51 
(2.0) 

(0.04 to 7.1) 
 

0.32 No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

3/52 
(5.8) 

(1.2 to 13.5) 

0.08 No difference 

Miscarriage 
 
 

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

38/256 
(14.8) 

(10.8 to 
19.4) 

32/247 
(13.0) 

(9.1 to 17.4) 

0.54 No difference 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF 
 

CC/IUIIVF 11/51 
(21.6) 

(11.5 to 
33.7) 

CC/IUIIVF
: 

8/51 
(15.7) 

(7.2 to 26.7) 
 

0.45 No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

10/52 
(19.2) 

(9.8 to 30.9) 

0.77 No difference 

Multiple births 
 

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

34/171 
(twins) 
(19.9) 

(14.3 to 
26.2) 

30/150 
(twins) 

(20) 
(14.0 to 

26.7) 

0.98 No difference 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF CC/IUIIVF 3/24 (twins) 
(12.5) 

(2.8 to 28.0) 

CC/IUIIVF
: 

6/25 (twins) 
(25) 

(9.8 to 42.2) 
 

0.30 No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

4/22 (3 
twins, 1 
triplet) 
(18.2) 

(5.4 to 36.3) 

0.59 No difference 

Neonatal 
outcomes 

       

Low 
birthweight  
 

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

30/171 
(17.5) 
(95 CI 

12.2 to 23.6) 

23/150 
(15.3) 

(10.0 to 
21.5) 

0.59 No difference 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF CC/IUIIVF 2/24 
(8.3) 

(1.1 to 21.9) 

CC/IUIIVF
: 

2/25 
(2.8) 

(1.0 to 21.1) 
 

0.97 No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

2/22 
(9.1) 

(1.2 to 23.8) 

0.93 No difference 

Neonatal 
deaths 
 

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

0/171 
(0) 

(0 to 1.5) 

0/150 
(0) 

(0 to 1.7) 

NS No difference 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF 
 

CC/IUIIVF 0/24 
(0) 

(0 to 10.0) 

CC/IUIIVF
: 

0/25 
(0) 

(0 to 9.6) 
 

NS No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

0/22 
(0) 

(0 to 10.9) 

NS No difference 

Time to 
pregnancy 

       

 Time to 
pregnancy  

Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

8 months 11 months 0.045 Shorter time to 
pregnancy with 
immediate IVF 
compared to 
gonadotropins 
prior to IVF 
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Outcome 
 

Study 
Design 

(N 
Patients) 

Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF CC/IUIIVF 8.7 ± 0.5 
months 

CC/IUIIVF
: 

9.1 ± 0.6 
 

<0.05 Shorter time to 
pregnancy with 
immediate IVF 
compared to IUI 
prior to IVF 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

12.2 ± 0.7 

<0.05 Shorter time to 
pregnancy with 
immediate IVF 
compared to IUI 
and 
gonadotropins 
prior to IVF 

Adverse 
outcomes 
from 
treatment 

       

OHSS Reindollar, 
201052 
 
RCT 
(503) 

CCIVF 
(fast track) 

CC 
gonadotropins 
IVF (conventional) 

18/256 
(7.0) 

(4.2 to 10.5) 

18/247 
(7.3) 

(4.4 to 10.8) 

0.93 No difference 

Goldman, 
2014175 
 
RCT 
(154) 
 

IVF CC/IUIIVF 3/51 
(5.9) 

(1.3 to 13.7) 

CC/IUIIVF
: 

2/51 
(3.9) 

(0.5 to 10.6) 
 

0.65 No difference 

Gonadotropins/ 
IUIIVF 

Gonadotropi
ns/ IUIIVF: 

3/52 
(5.8) 

(1.2 to 13.5) 

0.98 No difference 

Abbreviations: CC=clomiphene citrate; CI(s)=confidence interval(s); eSET=elective single embryo transfer; HR=hazard ratio; 
IUI=intrauterine insemination; IVF=in vitro fertilization; OHSS=ovarian hyperstimulation syndrome 

A cost-effectiveness analysis of the U.S.-based FASTT trial52 reported charges per delivery 
were $9,846 lower (95% CI, $25,099 lower to $3,869 higher; p=0.084) for the fast track arm 
than the conventional arm. The difference in the infertility treatment-related charges per delivery 
was $5,802 (95% CI, -$14,388 to $2,299; p=0.08) (insufficient SOE).  

7. Expectant Management versus Other Interventions for Unexplained 
Infertility 

We identified two studies that included expectant management as a strategy and provided 
evidence on at least one outcome of interest. 

One good-quality RCT examined outcomes following luteal phase scratching compared to 
expectant management in women with unexplained infertility195. The miscarriage rate was 2/16 
(12.5%) in the endometrial scratch group versus 1/6 (16.6%) in the control group (p=0.79). 
Multiple births were also similar in the two groups (1/54 in the endometrial scratch group versus 
0/51 in the control group, p=1) (insufficient SOE for both outcomes). 

Another good-quality RCT trial of 253 couples compared costs of controlled ovarian 
stimulation with FSH and IUI to 6 months of expectant management followed by usual 
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treatment.184 Three-year outcomes were evaluated. The mean estimated costs per couple in the 
expectant management group were 3424 euros (95% CI, 880 to 5968 euros) and in the immediate 
treatment group 6040 euros (95% CI, 4055-8121 euros), with an estimated saving of 2616 euros 
per couple (95% CI, 385 to 4847 euros). The likelihood of achieving pregnancy and the time to 
pregnancy did not differ between the groups, suggesting that expectant management was a 
reasonable cost-savings option. Applicability to U.S. populations is limited because the study 
was conducted in the Netherlands (insufficient SOE).  

Finally, a good-quality systematic review84 examined outcomes following IVF for 
unexplained infertility. Within this analysis, the live birth rate was higher with IVF than 
expectant management (45.8% vs. 3.7%, OR 22.00; 95% CI, 2.56 to 189.37) based on 1 RCT 
with 51 women. Given the findings from one small study (from 2004) – we rated the SOE as 
insufficient.   

8. ART for Unexplained Infertility 

IVF for Unexplained Infertility 
A fair-quality systematic review and meta-analysis examined outcomes following ART with 

and without preimplantation genetic screening (PGS) in women of advanced maternal age 
(35+).94 Six RCTs were included (1,136 patients), none of the studies within this systematic 
review were included in the present systematic review. Reasons for exclusion included either 
being published before 2007, not presenting outcomes of interest by underlying diagnosis, or 
presenting findings by embryo rather than by cycle or patient. Live birth rate per woman was 
examined in only one study. In this study the odds of live birth were decreased with ART plus 
PGS compared with ART without PGS (OR 0.48; 95% CI, 0.26 to 0.88). Miscarriage was 
examined in 3 studies. There was no significant difference in miscarriage rate between groups 
(OR 2.02; 95% CI, 0.57 to 7.41). The systematic review was limited by inclusion of studies that 
utilized PGS technologies that are no longer current. Therefore, the review is not applicable to 
today’s clinical practice and strength of evidence for all outcomes was rated as insufficient. 

ICSI for Unexplained Infertility 
One fair-quality RCT179 compared outcomes between different treatment strategies with 

ICSI. The study randomized patients undergoing ICSI to hyaluronic acid sperm selection 
(physiological ICSI [PICSI]) or no selection (ICSI).179 The live birth rate per patient was 22/71 
(31%) with PICSI versus 21/80 (26.3%) with ICSI (p=0.520) (insufficient SOE). The 
miscarriage rate per patient was 3/25 (12%) with PICSI versus 7/28 (25%) with ICSI (p=0.227) 
(insufficient SOE).  

IVF Versus Combined IVF and ICSI for Unexplained Infertility 
One good-quality observational study180 compared outcomes between IVF and combined 

IVF and ICSI. The authors performed an adaptive decision analysis to determine whether 
combined IVF and split-ICSI (randomly assigning sibling oocytes to conventional IVF or 
combined IVF and ICSI) is cost-effective for patients with unexplained infertility undergoing 
their first IVF cycle. For patients undergoing one cycle, conventional IVF was preferred, as the 
incremental cost effectiveness ratio (ICER) of split-ICSI or all ICSI ($58,766 per additional live 
birth) did not justify the increase in live birth rate (3%). For patients undergoing two cycles, split 
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IVF/ICSI was preferred, as the 3.3% increased cumulative live birth rate was gained at an ICER 
of $29,666 per additional live birth (insufficient SOE). 

Unspecified ART for Unexplained Infertility 

Long-Term Outcomes after ART for Unexplained Infertility: Child  
Risk for cancer in children conceived after by either IVF or ICSI was evaluated in a cohort of 

106,013 children born in Britain between 1992 and 2008178 For 33,840 of these children, the 
cause of infertility was unexplained. The average duration of follow-up was 6.6 years, with a 
maximum of 15 years. Cancer diagnoses were identified through the National Registry of 
Childhood Tumors. 

Cancer was diagnosed in 32 children born after assisted conception for unexplained 
infertility. The standardized incidence ratio (SIR) for all cancers in children conceived with 
assisted conception for unexplained infertility compared to the general population of the same 
age was 0.84 (95% CI, 0.57 to 1.18).  

Despite the large number of children in the cohort, the overall number of cancers was small. 
Conclusions about the risk are tenuous due to the inability to examine risk for individual cancer 
types by underlying cause of infertility (low SOE). 

Subgroups of Interest for Unexplained Infertility 
One fair-quality observational study,119 and one fair-quality RCT182 reported data on 

outcomes with IVF in subgroups of interest for women with infertility of unknown etiology. 

Ovarian Reserve Status 
A fair-quality observational SART study assessed the impact of assisted hatching IVF (where 

an embryologist uses micromanipulation under a microscope to create a small hole in the zona 
pellucidaon) outcomes in patients undergoing an initial IVF cycle with diminished ovarian 
reserve (DOR).119 DOR was diagnosed in one of 2 ways: (1) only elevated FSH and (2) DOR 
diagnosis in SART CORS database. Among women with elevated FSH only, the live birth rate 
per cycle was 562/2682 (21%) with no assisted hatching compared to 571/3470 (21.6%) with 
assisted hatching (RR 1.03; 95% CI, 0.94 to 1.14). After adjustment for possible confounders, 
the RR was 0.92 (95% CI, 0.79 to 1.07). Among women with a DOR diagnosis in SART CORS, 
the live birth rate per cycle was 3190/14,106 (22.6%) with no assisted hatching compared to 
3123/16,033 (19.5%) with assisted hatching (RR 0.86; 95% CI, 0.82 to 0.9). After adjustment for 
possible confounders, the RR was 0.84 (95% CI, 0.77 to 0.92), suggesting worse outcomes with 
assisted hatching although the limitations of the observational design remain (insufficient SOE). 

Advanced Maternal Age 
The study by Rubio and colleagues compared PGS prior to blastocyst transfer on day 3 to no 

screening in women with advanced maternal age.182 In the advanced maternal age group, the live 
birth rate per patient was 30/93 (32.5%) in the PGS group versus 14/90 (15.5%) in the no-PGS 
group (OR 2.59; 95% CI, 1.26 to 5.30) demonstrating an increase in live birth with PGS 
(insufficient SOE). 

Miscarriage rates and multiple birth rates were similar. In the advanced maternal age 
population, the miscarriage rate was 16.7% in the PGS group versus 22.2% in the no-PGS group 
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(p>0.05). The twin birth rate was 25% in the PGS group versus 21.4% in the no-PGS group 
(p>0.05) (insufficient SOE for all outcomes).  

Strength of Evidence for Unexplained Infertility 
Table 20 summarizes the SOE for the findings described above. SOE for most outcomes was 

judged to be insufficient or low, primarily because of imprecision or small numbers of studies of 
fair quality. One exception was time to pregnancy between different strategies for sequencing 
treatment, where precision was reasonable, and where SOE was judged to be moderate. 

Table 26. Strength of evidence for major outcomes—KQ 3 (unexplained infertility) 

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
1. Oral Agents 
Without IUI 

Live birth 
(any/patient) 

1 RCT171 
(80) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 small 
study with moderate risk of bias. 

Insufficient 
(Imprecise 
findings, one 
small study 
with moderate 
study 
limitations) 

Pregnancy 
complications: 
Ectopic 
pregnancy 

1 RCT189 
(996) 

No difference: No difference between 
letrozole and anastrozole: 

Low 
(Moderate 
study 
limitations) 

Pregnancy 
complications: 
Multiple births 

1 SR70 (5 studies, 
395 patients) 

No difference: No difference between 
letrozole and clomiphene citrate 

Moderate  

Pregnancy 
complications: 
Miscarriage 

2 RCTs171,189 
(1076) 
 
1 SR70 (5 studies, 
395 patients) 

No difference: No difference between 
letrozole and clomiphene citrate 

Moderate  

Neonatal 
outcomes: 
Death 

1 RCT189 
(996) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 study 
with moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate 
study 
limitations)) 

Neonatal 
outcomes: 
Birthweight 

1 RCT189 
(996) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 study 
with moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate 
study 
limitations)) 

2a. Clomiphene 
Citrate vs. 
Expectant 
Management 

Live birth 1 RCT128 
(580) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial. 

Insufficient 
(Imprecise, 
one study) 

Pregnancy 
complications: 
Miscarriage 

1 RCT128 
(580) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial. 

Insufficient 
(Imprecise, 
one study) 

2b. Oral Agents 
vs. Unstimulated 
IUI vs. Expectant 
Management 

Live birth 1 SR87 (3 studies, 
370) 

Improvement: A significant increase 
in live births was found for women 
treated with IUI and ovarian 
hyperstimulation compared to women 
treated with IUI only 

Low 
(Inconsistent) 



59 

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
Pregnancy 
complications: 
Ectopic 
pregnancy 

1 RCT128 
(580) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial. 

Insufficient 
(Imprecise, 
one study) 

Pregnancy 
complications: 
Miscarriage 

1 RCT128 
(580) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial. 

Insufficient 
(Imprecise, 
one study) 

Time to 
pregnancy 

1 RCT128 
(580) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial. 

Insufficient 
(Imprecise, 
one study) 

3. Adjunct 
Treatments with 
Oral Agents and 
IUI 

Live birth 3 RCTs181,188,196 
(495) 

No difference: No difference between 
adjunct treatments with oral agents 
and IUI 

Low 
(Moderate 
study 
limitations) 

Pregnancy 
complications: 
Ectopic 
pregnancy 

1 RCT194 
(216) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial. 

Insufficient 
(Imprecise, 
one study) 

Pregnancy 
complications: 
Miscarriage 

2 RCTs188,194 
(252) 

No difference: No difference between 
adjunct treatments with oral agents 
and IUI 

Low 
(Moderate 
study 
limitations) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

2 RCTs181,194 
(475) 

No difference: No difference between 
adjunct treatments with oral agents 
and IUI 

Low 
(Moderate 
study 
limitations) 

4. Oral Agents 
With IUI vs. 
Gonadotropins 
With IUI 

Live birth 2 RCTs173,193 
(269) 

Inconclusive: Conflicting findings 
from two good-quality RCTs resulted 
in insufficient SOE 

Insufficient 
(Imprecise, 
inconsistent) 

5. Different 
Treatment 
Strategies for 
Controlled 
Ovarian 
Hyperstimulation 
with 
Gonadotropins & 
IUI  
 

Live birth 3 RCTs174,176,192 
(837) 

Inconclusive: SOE was insufficient 
given inconsistent and imprecise 
findings. 

Insufficient 
(Inconsistent 
and Imprecise 
findings with 
moderate 
study 
limitations) 

Pregnancy 
complications: 
Miscarriage 

3 RCTs176,188,197 
(929) 

Inconclusive: SOE was insufficient 
given imprecise evidence about the 
outcome from 3 studies targeting each 
an individual intervention.   

Insufficient 
(Imprecise 
findings with 
moderate 
study 
limitations)) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

1 RCT197 
(161) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 trial 
with no events. 

Insufficient 
(Imprecise, 
one small 
study) 

6. Immediate IVF 
vs. Other 
Treatments Prior 
to IVF 

Live birth 2 RCTs52,175,177 
(605) 

No difference: Live birth does not 
differ between differing strategies of 
other treatments prior to IVF 

Low 
(Imprecise) 

Pregnancy 
complications: 
Multiple births 

2 RCTs52,175 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
Pregnancy 
complications: 
Ectopic 
pregnancy 

2 RCTs52,175 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

Pregnancy 
complications: 
Miscarriage 

2 RCTs52,175 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

Neonatal 
outcomes: 
Death 

2 RCTs52,175 
(657) 

Inconclusive: SOE was insufficient 
given imprecise evidence for a rare 
event which requires a larger data set 
to draw inferences 

Insufficient 
(Imprecise, 
rare events) 

Neonatal 
outcomes: 
Birthweight 

2 RCTs52,175 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

Time to 
pregnancy 

2 RCTs52,175 
(657) 

Reduction: Shorter time to pregnancy 
with immediate IVF compared with 
other treatments prior to IVF 

Moderate 

Costs 1 RCT52 
(619) 

Inconclusive: Insufficient SOE given 
one study with imprecise and 
overlapping findings 

Insufficient 
(Imprecise, 
one study) 

Short term 
adverse 
effects of 
treatment: 
OHSS 

2 RCTs52,175 
(657) 

No difference: No significant 
difference between other treatments 
prior to IVF and immediate IVF. 

Low 
(Imprecise) 

7. Expectancy 
Management vs 
Other 
Interventions 

Live birth 1 SR84 (1 study, 
51 patients) 

Inconclusive: Insufficient SOE given 
imprecise findings from one small 
study published in 2004 

Insufficient 
(Imprecise 
findings from 
small study) 

Pregnancy 
complications: 
Multiple births 

1 RCT195 (105)  Inconclusive: Insufficient SOE given 
imprecise findings from one small 
study  

Insufficient 
(Imprecise 
findings from 
small study) 

Pregnancy 
complications: 
Miscarriage 

1 RCT195 (105)  Inconclusive: Insufficient SOE given 
imprecise findings from one small 
study  

Insufficient 
(Imprecise 
findings from 
small study) 

Costs 1 RCT184 (253) Inconclusive: Insufficient SOE given 
imprecise findings from one small 
study published outside US 

Insufficient 
(Imprecise 
findings from 
small study) 

8b. ART:  
ICSI 

Live birth 1 RCT179 
(156) 

Inconclusive: Insufficient SOE given 
imprecise findings from one study with 
moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate 
study 
limitations) 

Pregnancy 
complications: 
Miscarriage 

1 RCT179 
(156) 

Inconclusive: Insufficient SOE given 
imprecise findings from one study with 
moderate risk of bias 

Insufficient 
(Imprecise 
findings with 
moderate 
study 
limitations) 

8c. ART:  
IVF vs. ICSI 

Costs 1 Obs180 
(154) 

Inconclusive: SOE was insufficient 
given imprecise evidence from 1 small 
observational trial. 

Insufficient 
(Imprecise, 
one small 
study) 
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Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
8d. ART:  
Unspecified 

Long-term 
outcomes: 
Child (cancer) 

1 Obs178 
(33,840) 

No difference: The overall cancer 
incidence was not elevated in children 
born after assisted conception for 
unexplained infertility. The SIR for all 
cancers in children conceived with 
assisted conception for unexplained 
infertility compared to the general 
population of the same age was 0.84 
(95% CI, 0.57 to 1.18). 

Low 
(Moderate 
study 
limitations) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
Abbreviations: AH=assisted hatching; AMA=advanced maternal age; ART=assisted reproductive technology; CC=clomiphene 
citrate; CI=confidence interval; DHEA=dehydroepiandrosterone; FASTT=Fast Track and Standard Treatment; FSH=follicle-
stimulating hormone; hMG=human menopausal gonadotropin; HR=hazard ratio; ICER=incremental cost-effectiveness ratio; 
ICSI=intra-cytoplasmic sperm injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number 
of patients/participants; NA=not applicable; Obs=observational study; OHSS=ovarian hyperstimulation syndrome; OR=odds 
ratio; PGS=preimplantation genetic screening; RCT=randomized controlled trial; rFSH=recombinant follicle-stimulating 
hormone; RIF=recurrent implantation failure; SIR=standardized incidence ratio; uFSH=urinary follicle-stimulating hormone 

Key Question 4. Tubal and Peritoneal Factor Infertility 
KQ 4 : What are the comparative safety and effectiveness of available treatment strategies for 

women with tubal or peritoneal factors (e.g., pelvic adhesions) who are infertile and who wish to 
become pregnant?  

4a. Does the optimal treatment strategy vary by patient characteristics such as age, 
ovarian reserve, race, BMI, presence of other potential causes of female infertility, or 
presence of male factor infertility? 

Description of Included Studies for KQ 4 (Tubal and Peritoneal 
Factor Infertility) 

We identified 15 articles26-28,120-123,130-132,165,166,185,198,199 describing 11 studies that addressed 
outcomes after treatment for tubal or peritoneal factor infertility.  

One study was a poor-quality RCT conducted in Asia,198 and 10 were observational studies; 
7 of these were good quality,27,28,122,130,165,166,199 and 3 were fair quality,120,121,185 with 6 conducted 
in the United States27,28,120,121,130,166 and 4 in Europe.122,165,185,199 Six studies were conducted in or 
used data from fertility subspecialty clinics,27,121,122,130,165,185 and the remaining five did not 
specify the setting.28,120,166,198,199 Five studies were supported by government 
funding,28,121,122,130,166 two by nongovernment, nonindustry funds,120,185 and no source of funding 
was reported in four studies.27,165,198,199 

Outcomes and complications of pregnancy were described in one RCT198 and four 
observational studies.27,120,121,165 Two observational studies reported on long-term neurological 
outcomes in the child.166,185 Long-term cancer outcomes in the mother were evaluated in two 
studies.122,130 One observational study reported on treatment costs.199 

The main classes of treatment investigated were surgical management, IVF, ICSI, oral 
ovulation induction, gonadotropins, and expectant management. One poor-quality RCT 
compared surgical management of tubal infertility with laparoscopic salpingolysis with or 
without transcervical tubal dilation.198 Oral ovulation induction and gonadotropin treatment were 
evaluated in relation to cancer outcomes in one good-quality observational study.130 IVF 



62 

treatment in comparison to other treatments was examined in relation to cancer outcomes in one 
good-quality observational study,122 and in relation to neurological outcomes in two 
observational studies,166,185 one good quality and one fair quality. Three observational studies, 
two good quality and one fair quality, compared outcomes after ART by underlying infertility 
diagnosis (tubal vs. male factor)27,121 and across ethnicities controlling for underlying 
diagnosis.165 Costs of treatment comparing combinations of surgical management, IVF, and 
expectant management were evaluated in one good-quality observational study.199 We did not 
perform meta-analysis because of the lack of studies reporting results for similar outcomes and 
treatment comparisons. 

In addition to the above studies, one good-quality systematic review that addressed the 
comparative effectiveness of various treatments for infertility in women with tubal factor 
infertility (5 studies, 646 patients) is discussed below and the consistency of its findings with our 
included studies is incorporated in to our strength of evidence ratings.93 

Key Points for Tubal or Peritoneal Factor Infertility 
Key findings for patients with tubal or peritoneal factor infertility included: 
• The live birth rate per cycle was higher in couples who underwent two-embryo transfer as 

compared with single embryo transfer (low SOE). 
• SOE was rated insufficient for all other comparisons/outcomes. 

Detailed Synthesis by Treatment for Tubal or Peritoneal Factor 
Infertility 

Included studies and their findings for the following treatments for tubal or peritoneal 
infertility are detailed in this section: 

1. Oral Agents Versus Gonadotropins 
2. Surgical Management 
3. ART 

1. Surgical Management for Tubal or Peritoneal Factor Infertility 
We identified no new primary studies that examined live birth. One good-quality Cochrane 

systematic review involving 5 RCTs with a total of 646 women explored surgical treatment for 
tubal disease in women undergoing IVF. None of the included trials reported on the primary 
outcome of live birth and therefore they were excluded from our systematic review. They did 
however report an increase in ongoing pregnancy and clinical pregnancy with laparoscopic 
salpingectomy for hydrosalpinges prior to IVF versus non-surgical management. No significant 
differences were seen in any of the adverse effects of surgical treatments.93 

The risk of ectopic pregnancy was also examined in one poor-quality RCT of women who 
underwent transcervical falloposcopy tubal dilatation as an adjunctive therapy during surgical 
treatment of tubal fertility.198 The study examined 468 infertile women with evidence of 
fallopian tube disease who underwent laparoscopic salpingolysis and/or salpingostomy. Patients 
were included if they had tubal factor infertility on hysterosalpingography and were excluded if 
they had evidence of uterine fibroids, endometriosis, male factor infertility, genital 
malformations, unilateral salpingectomy, or endocrine pathology. A total of 256 patients were 
randomized to the intervention, transcervical falloposcopy tubal dilatation, and 212 patients did 
not receive the additional procedure (control group). The ectopic pregnancy rate in women who 
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underwent transcervical falloposcopy tubal dilatation was 2% compared with 5.4% in the control 
group (p=0.647) (insufficient SOE).  

One good-quality study evaluated costs of different diagnostic and treatment scenarios for 
women with tubal infertility.199 Six different scenarios involving different diagnostic approaches 
(no diagnostics, hysterosalpingogram, laparoscopy) and delayed or immediate IVF treatment 
were examined using a computer-generated Markov model. Costs were based on those in the 
Netherlands. Costs per live birth of the various diagnostic and treatment scenarios differed by 
more than 3000 euros. The costliest intervention was no diagnostics with immediate IVF 
treatment (8927 euros), and the least expensive was no diagnostics with 12 cycles of expectant 
management followed by 3 cycles of IVF (6459 euros) (insufficient SOE). 

2. ART for Tubal or Peritoneal Factor Infertility 
An analysis of the CDC/SART database compared success and complications associated with 

treatment patterns for women undergoing IVF/ICSI: live birth rates and maternal and neonatal 
complications based on the number of embryos transferred in 69,028 ART cycles.120 Among 
women with tubal infertility, the live birth rate after treatment with IVF or ICSI was 44.4%. In 
women with tubal fertility, the live birth rate was higher in couples who underwent two embryo 
transfer (47.5%) as compared with single embryo transfer (41.1%) (p=0.05) (low SOE).120 

Strength of Evidence for Tubal and Peritoneal Factor Infertility 
Table 21 summarizes the SOE for the findings described above. The SOE was judged to be 

insufficient for all outcomes primarily due to imprecision based on few studies meeting our 
inclusion criteria. 

Table 27. Strength of evidence for major outcomes—KQ 4 (tubal and peritoneal factor infertility) 

Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
1. Surgical 
Management 

    

Transcervical 
falloposcopy 
tubal dilatation 
vs. no 
intervention 

Pregnancy 
complications: 
Ectopic pregnancy 

1 RCT198  
(468) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from one trial with 
high potential limitations 

Insufficient 
(Imprecise 
findings with 
high study 
limitations, one 
study) 

Hysterosa-
lpingogram, 
laparoscopy, no 
intervention vs. 
IVF 

Costs 1 Obs199  
(NA) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from one modeling 
study 

Insufficient 
(Imprecise; 
indirect findings, 
one study) 

2. ART     
2-embryo 
transfer vs. 1-
embryo transfer 

Live birth (patient) 1 Obs120  
(69,028 cycles) 

No difference. No difference 
in the live birth rate per cycle 
was higher in couples who 
underwent 2 embryo transfer 
as compared with single 
embryo transfer 

Low (Imprecise) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
Abbreviations: ART=assisted reproductive technology; CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm 
injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number of patients/participants; 
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NA=not applicable; Obs=observational study; RCT=randomized controlled trial; RR=relative risk; SIR=standardized incidence 
ratio 

Key Question 5. Male Factor Infertility 
KQ 5 was: What are the comparative safety and effectiveness of available treatment 

strategies for couples with male factor infertility and no evidence of an underlying diagnosis 
associated with infertility in the female partner?  

5a. Does the optimal treatment strategy vary by characteristics in either partner such as 
age, ovarian reserve, race, or BMI?  

Description of Included Studies for KQ 5 (Male Factor) 
We identified 22 articles26,27,120-123,130-132,165,166,173,178,185,188,200-206 describing 18 studies that 

addressed the comparative effectiveness or safety of interventions applied to patients with male 
factor infertility.  

Six studies were RCTs,173,188,200,202,203,205 and 12 were observational studies.27,120-

122,130,165,166,178,185,201,204,206 Five of the RCTs collectively enrolled at total of 829 patients, and 1 
RCT involved 77 treatment cycles. Sample sizes of the observational studies ranged from 120 to 
106,013 patients and 191 to 272,526 cycles. Six studies were conducted in the United 
States,27,120,121,130,166,201 eight in the UK/Europe,122,165,178,185,188,200,203,206 three in the Middle 
East,173,202,205 and one in Asia.204 All but three studies were conducted in subspecialty practices; 
the remaining three did not report the setting or the setting was unclear.120,166,178 Six studies 
reported government funding.130,166,178,201,203,206 Three studies reported nongovernment, 
nonindustry funding.120,185,204 Two studies reported a combination of government and 
nongovernment, nonindustry funding.121,122 The remaining seven studies did not report funding 
source or the funding source was unclear.27,165,173,188,200,202,205 Of the six RCTs, one was good 
quality,173 three were fair quality,188,203,205 and two were poor quality.200,202 Of the 12 
observational studies, 5 were good quality,27,122,130,165,166 5 were fair quality,120,121,178,185,201 and 2 
were poor quality.204,206 

The interventions and comparisons evaluated in the included studies are summarized in 
Appendix E. Outcomes of couples with male factor infertility were evaluated in three studies: 
Oral ovulation induction or gonadotropins of female partners in couples with male infertility 
were evaluated in a good-quality observational study assessing long-term risk of cancer,130 a fair-
quality RCT that compared single IUI with double IUI in multifollicular ovarian 
hyperstimulation cycles,188 and a good-quality RCT that compared rFSH with clomiphene 
citrate.173 IVF or ICSI were evaluated in two fair-quality203,205 and two poor-quality RCTs,200,202 
as well as two good-quality,165,166 four fair-quality,120,121,185,201 and two poor-quality204,206 
observational studies. Long-term risk of developing cancer among women who had received IVF 
was evaluated in a good-quality observational study,122 the risk for cancer after non-donor–
assisted conception was evaluated in a fair-quality observational study,178 and perinatal risk 
associated with ART for male factor versus tubal factor infertility was compared in a good-
quality observational study.27 

In addition to the above studies, three good-quality systematic reviews72,79,207 that addressed 
the comparative effectiveness of various treatments in men with male factor infertility are 
discussed below and the consistency of their findings with our included studies are incorporated 
in to our strength of evidence ratings. 
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Key Points for Male Factor Infertility 
Key findings for patients with male factor infertility included: 
• Live birth rate (moderate SOE) and miscarriage (low SOE) did not differ between 

intracytoplasmic sperm injection (ICSI) and intracytoplasmic morphological sperm 
injection (IMSI). 

• The overall cancer incidence was not elevated in children born after assisted conception 
for male factor infertility (low SOE). 

• Live birth rate (low SOE) improved with vitamin E or zinc supplementation relative to 
placebo or no supplementation. 

Detailed Synthesis by Treatment for Male Factor Infertility 
Included studies and their findings for the following treatments for unexplained infertility are 

detailed in this section: 
1. IUI With Adjunct Treatment for Female Partners 
2. ART 

a. IVF 
b. ICSI 
c. IVF Versus ICSI 
d. ART Unspecified 

3. Other Strategies 

1. IUI with Adjunct Treatments for Female Partners with Male Factor 
Infertility 

A single fair-quality RCT188 that compared single versus double IUI in multifollicular 
ovarian hyperstimulation cycles reported live birth rates and pregnancy complications. 
Clomiphene citrate or recombinant FSH or both were used for ovarian hyperstimulation in both 
study arms. Of the 228 women in the trial, male factor was the cause of infertility for 67 couples 
in the single IUI arm and 65 couples in the double IUI arm. Among the couples with male factor 
infertility, double IUI was associated with a crude OR of 0.71 (95% CI, 0.21 to 2.37; p=0.764) 
relative to single IUI for live birth rate. This trial was conducted in a single subspecialty clinic in 
Turkey and given the imprecise findings was rated as insufficient strength of evidence. 

A single good-quality RCT173 compared rFSH with clomiphene citrate in IUI cycles in 
couples with infertility. Of the 219 couples in the trial, male factor was the cause of infertility for 
15 couples in rFSH group and 22 couples in the clomiphene citrate group. Among the couples 
with male factor infertility, the live birth rate per patient was 20% in the rFSH group and 13.6% 
in the clomiphene citrate group (p value reported as “not significant”). This trial was conducted 
in a single subspecialty clinic in Turkey (insufficient SOE). 

Related to these included studies, a good-quality systematic review published in 2007207 
evaluated outcomes associated with IUI for male-factor infertility; the single study that compared 
ovarian hyperstimulation with IUI with IUI alone among couples with male factor infertility did 
not demonstrate a significant difference in live birth rates (OR 0.87; 95% CI, 0.28 to 2.70).  
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2. ART for Male Factor Infertility 

IVF for Male Factor Infertility 
Two studies reported findings from comparisons of varying IVF procedures for patients with 

male factor infertility.120,204 Findings for these studies are summarized in Table 22. We did not 
identify any eligible studies that reported live birth rates per patient for within-class comparisons 
of IVF procedures for male factor infertility. Both studies instead reported live birth rate per 
cycle,120,204 while one study also report neonatal outcomes and congenital anomalies.204  

Table 28. Outcomes for comparisons of IVF in couples with male infertility 

Outcome 
 

Study 
Design 

(N Patients) 
Intervention Comparator 

Results 
Intervention 

N  
(%) 

(95% CI) 

Results 
Comparator 

N 
(%) 

(95% CI) 

P 
value 

Summary of 
Study Findings 

Live birth        
Any/patient 
 
 

Tsai, 2011204 
 
RCT 
(191 cycles) 

TESE Ejaculated 
OAT 

40.7% 30.2% 0.197 No difference 

Luke, 2010120 
 
RCT 
(69,028 ART 
cycles) 

ICSI or 
assisted 
hatching (1 
embryo 
transferred) 

ICSI or 
assisted 
hatching 
(multiple 
embryos 
transferred) 

44.7% 
 

52.1% (2 
embryos)  
46.9% (3 
embryos) 
40.4% (4 
embryos) 
(number 

transferred) 

<0.001 
 

Greater live 
births with 
multiple 
embryos 
transferred 
compared to 1 
embryo 
transferred 

Neonatal 
outcomes 

       

Low 
birthweight       
(< 2500 g) 
 

Tsai, 2011204 
 
RCT 
(191 cycles) 

TESE Ejaculated 
extreme 
severe OAT 
sperm 

38.3% 23.8% 0.292 No difference 

Congenital 
anomalies 
 

Tsai, 2011204 
 
RCT 
(191 cycles) 

TESE Ejaculated 
extreme 
sever OAT 
sperm 

1.7% (major) 
8.3% (minor) 

4.7% (major) 
4.8% (minor) 

0.454 
0.591 

No difference 

Abbreviations: CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm injection; OAT=oligo-astheno-
teratozoospermia; SOE = strength of evidence; TESE=extracted testicular sperm 

ICSI for Male Factor Infertility 
A poor-quality RCT202 conducted in Iran randomly allocated 182 couples undergoing ICSI 

for male factor infertility to laser assisted hatching (n=90) or intact embryo transfer without laser 
assisted hatching (n=92). The live birth rate per patient was 11.1% in the laser assisted hatching 
arm and 8.6% in the control arm (p=0.06). This study reported 2 sets of twins among the 10 live 
births in the laser assisted hatching arm and 2 sets of twins among the 8 live births in the 
conventional ICSI arm (OR 0.6; 95% CI, 0.08 to 6.9). In addition, one congenital anomaly was 
reported among the 10 live births in the laser assisted hatching arm and zero congenital 
anomalies among the 8 live births in the conventional ICSI arm (OR 0.9; 95% CI, 0.07 to 1.1) 
(insufficient SOE for all outcomes). 
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IVF Versus ICSI for Male Factor Infertility 

Live Birth 
Three RCTs (2 fair quality, 1 poor quality)200,203,205 and 2 observational studies (both fair 

quality)121,201 reported live birth rates for comparisons between IVF and ICSI for couples with 
male factor infertility  

We conducted a meta-analysis of the live birth rates per cycle reported by the 3 RCTs 
summarized above that compared ICSI with IMSI (Figure 3). The summary estimate of the OR 
for live birth per cycle associated with ICSI was 1.218 (95% CI, 0.779 to 1.903) using a fixed 
effect model (with identical results using a random effects model). The Q-value was 0.2913 with 
2 degrees of freedom, with an I2 of 0%, suggesting no significant heterogeneity. This meta-
analysis corroborates the findings of each of the three primary studies, which is that there is no 
significant difference in live birth rates per cycle between ICSI and IMSI procedures for male 
factor infertility. The systematic review published in 201379 included 9 trials with 2,014 couples 
however only the study by Balaban and colleagues205 reported on live birth. We rated the 
strength of evidence for no difference in live birth as moderate based on the findings of our 
meta-analysis.  

Figure 3. Effect of ICSI vs. IMSI on live birth 
 

 
 

We also identified 2 fair-quality observational studies121,201 that analyzed data from the 
CDC/SART database to compare ICSI with IMSI for male factor infertility. These two studies 
may report data from the same patients. One of the studies compared live birth rates of both 
couples with male factor infertility who received conventional IVF (N=4973 cycles) or combined 
IVF with ICSI (N=72,459 cycles).121 Among couples with male factor infertility, the live birth 
rate for the 1989 cycles that resulted in a pregnancy after treatment with conventional IVF was 
84.9%, compared with 85.2% live birth rate among the approximately 32,896 cycles that resulted 
in a pregnancy after treatment with ICSI. This corresponds to an OR of 0.98 (95% CI, 0.90 to 
1.06) for live birth rate given a pregnancy associated with IVF relative to ICSI among couples 
with male factor infertility and supports the findings from our meta-analysis. 

The other observational study compared outcomes associated with 10,933 cycles of 
conventional IVF with 153,968 ICSI cycles for male factor infertility reported to the SART 
registry during 1996-2012.201 The adjusted RR for live birth per cycle among transfers associated 

Study name Odds ratio 
and 95% CI

Odds Lower Upper 
ratio limit limit

La Sala, 2015 1.301 0.494 3.423

Leandri, 2013 1.102 0.611 1.990

Balaban, 2011 1.485 0.569 3.876

1.218 0.779 1.903

100

Favors IMSI Favors ICSI

0.01 0.1 1.0 10

Combined
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with conventional IVF relative to ICSI was 0.98 (95% CI, 0.95 to 1.02; p>0.99). The 
multivariate analysis was adjusted for maternal age, number of prior live births, number of prior 
spontaneous abortions, number of prior assisted reproductive technology cycles, number of 
oocytes retrieved, number of embryos cryopreserved, donor egg/embryo, donor sperm, use of 
preimplantation genetic testing, and infertility diagnosis (tubal factor, endometriosis, uterine 
factor, ovulatory disorder, and diminished ovarian reserve). Again this observational study 
supports the findings from our meta analysis of no difference between IVF and ICSI for the 
outcome of live birth (moderate SOE). 

Multiple Births 
The poor-quality RCT that compared ICSI to IMSI for male factor infertility reported that 

22.2% (2/9) and 36.4 % (4/11) of births were twin deliveries in the ICSI and IMSI arms, 
respectively (p=0.496).200 The fair-quality observational study by Boulet et al.201 that compared 
outcomes associated with conventional IVF with ICSI calculated an adjusted RR of 0.87 (95% 
CI, 0.83 to 0.91) for multiple live births among pregnancies for ICSI relative to IVF among 
couples with male factor infertility. Given the quality of these two studies and the imprecision of 
the findings the SOE was rated as insufficient. 

Miscarriage  
The same poor-quality RCT that compared ICSI to IMSI for male factor infertility reported 

miscarriage rates of 20.5% (15/73) for ICSI and 22.9% (11/48) for IMSI (p=0.823).200 The 
observational study calculated an adjusted RR of 0.97 (95% CI, 0.91 to 1.04) for miscarriage 
among pregnancies for ICSI relative to IVF among couples with male factor infertility.201  Our 
findings are consistent with a good-quality systematic review of 6 RCTs (552 women)79 that 
concluded that there is no evidence of effect on miscarriage between ICSI and IMSI. Although 
all of these studies support there being no difference in miscarriage rates, the SOE was rated as 
low given large imprecision in the findings and the high risk of bias in the included studies. 

Birthweight 
Boulet’s observational study201 compared birthweight for ICSI (4230 live births) versus 

conventional IVF (60,273 live births). Among couples with male factor infertility, they 
calculated an adjusted RR of low birthweight of 0.93 (95% CI, 0.88 to 0.98) for ICSI relative to 
IVF. The fair-quality observational study121 by Nagia et al that evaluated outcomes associated 
with conventional IVF versus ICSI among both couples with male factor infertility reported 
singleton birth weights of 3270 grams (SD 580) among conventional IVF recipients versus 3266 
grams (SD 637) among ICSI recipients (p=0.67).  

The one poor-quality RCT found that the mean birthweight was 2535 (SD 710) associated 
with IMSI versus 2789 (SD 575) associated with ICSI (p=0.492), not demonstrating a difference 
(insufficient SOE).200 

Congenital Anomalies 
The poor-quality RCT summarized above that compared ICSI to IMSI for male factor 

infertility reported zero cases of congenital anomalies for ICSI and 18.2% (2/11) for IMSI 
(p=0.190) (insufficient SOE).200 
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ART Unspecified for Male Factor Infertility 

Long-term Outcomes: Child 
Risk for cancer in children conceived after IVF or ICSI was evaluated in a fair-quality cohort 

study of 106,013 children born in Britain between 1992 and 2008.178 For 24,427 of these 
children, the cause of infertility was male factor only. The average duration of follow-up was 6.6 
years, with a maximum of 15 years of follow-up. Cancer diagnoses were identified through the 
National Registry of Childhood Tumors. Cancer was diagnosed in 16 children born after assisted 
conception for male factor infertility. The standardized incidence ratio (SIR) for all cancers in 
children conceived with assisted conception where the cause of infertility was male factor only 
compared to the general population of the same age was 0.92 (95% CI 0.53 to 1.49)  

Despite the large number of children in the cohort, the overall number of cancers was small. 
Conclusions about the risk are tenuous due to the inability to examine risk for individual cancer 
types by underlying cause of infertility (low SOE). 

3. Other Strategies: Antioxidants for Male Factor Infertility 
We did not identify any eligible studies that evaluated the comparative effectiveness of 

antioxidants on live births for couples with male factor infertility. We did, however, identify a 
good-quality systematic review72 that conducted a meta-analysis with data from 4 small RCTs, 3 
of which were published prior to 2007; this meta-analysis demonstrated a significant increase in 
live birth rate associated with vitamin E or zinc supplementation relative to placebo or no 
supplementation (OR 4.21; 95% CI, 2.08 to 8.51).  However, these results are based only 44 live 
births out of 277 couples, and the overall quality of evidence within the included studies was 
rated low. 

Strength of Evidence for Male Factor Infertility 
Table 23 summarizes the SOE for the findings described above. The SOE was judged to be 

insufficient or low for all outcomes except for the comparison of IVF versus ICSI for live birth. 

Table 29. Strength of evidence for major outcomes—KQ 5 (male factor infertility) 

Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
1. IUI With 
Adjunct 
Treatments 

    

Single vs. double 
IUI 
 
rFSH vs. 
clomiphene 
citrate 
 
IUI vs IUI with 
ovarian 
hyperstimulation 

Live birth 2 RCTs173,188  
(447 patients) 
 
1 SR207 (1 study, 
932 couples) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence studies or varying quality 
and differing strategies. 

Insufficient 
(Imprecise; 
findings from 
studies with 
varying quality 
and differing 
strategies) 

2a. ART: IVF     
ICSI or assisted 
hatching (1 
embryo 
transferred) vs. 

Live birth  2 Obs120,204  
(272,717 cycles) 

Improvement. Greater live births 
with multiple embryos transferred 
compared to 1 embryo transferred 

Low (Imprecise) 
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Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
ICSI or assisted 
hatching 
(multiple 
embryos 
transferred) 
 
TESE vs. 
ejaculated OAT 
TESE vs. 
ejaculated OAT 

Neonatal 
outcomes: 
Birthweight 

1 Obs204  
(191 cycles) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from one observational 
study with potential limitations 

Insufficient 
(Imprecise 
findings with 
high study 
limitations) 

Neonatal 
outcomes: 
Congenital 
anomalies 

1 Obs204  
(191 cycles) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from one observational 
study with potential limitations 

Insufficient 
(Imprecise 
findings with 
high study 
limitations) 

2b. ART: ICSI     
ICSI vs. laser-
assisted 
hatching 

Live birth 1 RCT202  
(182 patients) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from 1 low-quality trial 

Insufficient 
(Imprecise 
findings with 
high study 
limitations) 

Pregnancy 
complication
s: Multiple 
births 

1 RCT202  
(182 patients) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from 1 low-quality trial. 

Insufficient 
(Imprecise 
findings with 
high study 
limitations) 

Neonatal 
outcomes: 
Congenital 
anomalies  

1 RCT202  
(182 patients) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from 1 low-quality trial. 

Insufficient 
(Imprecise 
findings with 
high study 
limitations and a 
suspected 
reporting bias) 

2c. ART: IVF vs. 
ICSI 

    

IVF vs. ICSI Live birth 3 RCTs200,203,205 
(497 patients) 
 
2 Obs121,201 
(771,661 cycles) 

No difference. Meta-analysis of 3 
RCTs produced a summary 
estimate of the OR for live birth per 
cycle associated with ICSI of 1.218 
(95% CI, 0.779 to 1.903) relative to 
IMSI and therefore does not 
demonstrate a difference between 
ICSI and IMSI. 

Moderate 
(Moderate study 
limitations) 

Pregnancy 
complication
s: Multiple 
births 

1 RCT200  
(121 patients) 
 
1 Obs201 (499,135 
cycles) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from 1 trial and 1 
observational study with moderate 
study limitations 

Insufficient 
(Imprecise with 
moderate study 
limitations) 

Pregnancy 
complication
s: 
Miscarriage 

1 RCT200  
(121 patients) 
 
1 Obs201 (499,135 
cycles) 
 

No difference. Both included 
studies and an existing systematic 
review supported no difference in 
miscarriage. SOE was reduced 
because of quality of included 
studies and imprecision of findings. 

Low  
(High study 
limitations, 
imprecise) 
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Comparison Outcome Study Design 
and Sample Size Conclusion 

Strength of 
Evidence 

(Rationale)a 
1 SR79 (6 studies, 
552 women) 

Neonatal 
outcomes: 
Birthweight 

1 RCT200  
(121 patients) 
 
2 Obs121,201 
(771,661 cycles) 

Inconclusive. SOE was 
insufficient given inconsistent and 
imprecise evidence from 1 trial and 
2 observational study with 
moderate study limitations 

Insufficient 
(Imprecise and 
inconsistent 
findings with 
moderate study 
limitations) 

Neonatal 
outcomes: 
Congenital 
anomalies  

1 RCT200  
(121 patients) 
 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from 1 poor-quality trial. 

Insufficient 
(Imprecise; 
findings with 
high study 
limitations) 

2e. ART: 
Unspecified 

    

 Long-term 
outcomes: 
Child 
(cancer) 

1 Obs178  
924, 427 patients) 

No difference: The overall cancer 
incidence was not elevated in 
children born after assisted 
conception for male factor 
infertility. The SIR for all cancers in 
children conceived with assisted 
conception for male factor infertility 
compared to the general 
population of the same age was 
0.92 (95% CI, 0.53 to 1.49). 

Low 
(Moderate study 
limitations) 

3. Antioxidants 
vs. No 
Supplemen-
tation 

    

 Live birth 1 SR72 (4 studies 
of 277 couples) 

Improvement: Increase in live 
birth rate associated with vitamin E 
or zinc supplementation relative to 
placebo or no supplementation 

Low (Imprecise, 
small studies) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
 
Abbreviations: ART=assisted reproductive technology; CI=confidence interval; HR=hazard ratio; ICSI=intra-cytoplasmic sperm 
injection; IMSI=intracytoplasmic morphologically selected sperm injection; IUI=intrauterine insemination; IVF=in vitro 
fertilization; KQ=key question; N=number of patients/participants; NA=not applicable; NR=not reported; OAT=oligo-astheno-
teratozoospermia; Obs=observational study; OR=odds ratio; RCT(s)=randomized controlled trial(s); rFSH=recombinant follicle-
stimulating hormone; RR=relative risk; SD=standard deviation; SIR=standardized incidence ratio; TESE=extracted testicular 
sperm 

Key Question 6. Donors in Infertility 
KQ 6 was: What are the short- and long-term health outcomes of donors in infertility?  

6a. For female oocyte donors: 
1. Do specific aspects of the pre-donation evaluation identify potential donors at 

greater risk for short- or long-term adverse outcomes (e.g., OHSS, quality-of-life 
issues)? 

2. Do short- and long-term outcomes differ among different stimulation/retrieval 
protocols? 

6b. For male semen donors: 
1. Are there long-term health, quality-of-life, or other adverse outcomes associated 

with donation? 
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Description of Included Studies for KQ 6 (Donors) 
We identified one fair-quality RCT208 and 4 retrospective observational studies, 3 fair-

quality,209-211 and 1 poor-quality,212 that addressed short- or long-term health outcomes of donors 
in infertility. Two of the studies were conducted in the United States.211,212 The remaining three 
studies were conducted in Europe.208-210 Four studies were conducted in a subspecialty practice, 
and the remaining study did not report the setting or the setting was unclear.212 None of the 
studies reported a funding source. We did not perform meta-analysis because of the lack of 
studies reporting results for similar outcomes and treatment comparisons. All of the included 
studies focused on oocyte donors. We did not find any studies evaluating male donors. 

Key Points for Donors 
Key findings for outcomes of sperm and oocyte donors included: 
• For oocyte donors, observational studies suggest a lower incidence of OHSS with GnRH 

agonist trigger than with hCG trigger (low SOE). However, there was a lack of evidence 
on any long-term outcomes.  

• There was a lack of evidence on any short or long-term outcomes for sperm donors. 

Detailed Synthesis for Oocyte Donors 
Included studies and their findings for the included studies are discussed below in terms of 

short- and long-term outcomes.  

1. Short Term Outcomes for Oocyte Donors 
One included study was a cross-sectional survey published in 2009 (poor quality).212 The 

authors surveyed former oocyte donors who were registered on the Donor Sibling Registry, a 
U.S.-based worldwide registry designed to help donor-conceived individuals search for and 
contact their donor sibling. Of the 287 women with valid e-mail addresses who were invited via 
an email message to participate in the study, 155 (54%) completed the 25-item questionnaire. 
The mean age of respondents at the time of the survey was 35.8 years, and the number of years 
since first donation was 9.4 years (SD 5.2). Details of the stimulation protocols and oocyte 
retrieval methods were not reported. Of the 155 respondents, 47 (30.3%) reported some degree 
of OHSS, 18 (11.6%) reported OHSS-related hospitalization and/or paracentesis. This study was 
rated as poor quality because of the high risk of bias due to the relatively low response rate and 
the self-selected nature of the study sample (insufficient SOE for all outcomes). 

A randomized crossover trial conducted in Cypress in 2008 compared outcomes associated 
with hCG versus GnRH agonist (leuprolide acetate) trigger among 50 oocyte donors.208 Both 
study protocols used recombinant FSH or hMG administered beginning on day 3 of each donor’s 
menstrual cycle for donor stimulation. Among the 44 donors who received both triggering agents 
in 2 consecutive cycles, 3 cases (6.8%) of mild-to-moderate OHSS were reported after 
administration of hCG. No cases of OHSS were reported after administration of the GnRH 
agonist leuprolide. The between-group difference in rates of OHSS was not statistically 
significant, but this trial may have been underpowered to detect a statistically significant effect 
for this clinical outcome. This study was rated as fair quality because of the small sample size 
and the exclusion from the analysis of patients who did not complete the trial (insufficient SOE). 

Two publications reported retrospectively assessed outcomes observed among overlapping 
cohorts of oocyte donors treated at a private infertility clinic in Spain between 2001 and 
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2007.209,210 Among 1907 donors who collectively underwent 4052 stimulation cycles that 
reached oocyte retrieval, the stimulation protocol and triggering agents used were as follows: 
1238 cycles with a GnRH agonist protocol and hCG trigger; 1295 cycles with a GnRH 
antagonist protocol and hCG trigger; and 1519 cycles with a GnRH antagonist protocol and a 
GnRH agonist trigger. The incidence of moderate or severe OHSS resulting from these three 
protocols were, respectively: 0.65%; 1.08%; and 0% (difference not statistically significant).209 
The other publication from this cohort of patients reported an incidence of 13 cases of moderate 
or severe OHSS associated with 624 cycles of hCG triggering (2.1%) and no cases of moderate 
or severe OHSS associated with 547 cycles of triggering with a GnRH agonist.210 These two 
studies were rated as fair quality because of their retrospective design. Together they suggest a 
lower incidence of OHSS with GnRH agonist trigger than with hCG trigger (low SOE). 

The fifth study was a retrospective analysis of all attempts at oocyte donations by anonymous 
and known directed donors at a medical center in the United States from 1991 to 2007.211 The 
charts of 587 donors (481 anonymous and 106 directed) who participated in 973 stimulation 
cycles and 886 retrievals were reviewed. The age of the donors ranged from 20 to 42 years. Of 
the 886 stimulation cycles, 12 (1.4%) were associated in mild or moderate OHSS that led to 2 
outpatient office visits, and 4 (0.5%) were associated with moderate OHSS that led to 3 or 4 
office visits. There was a single case (0.1%) of intraabdominal bleeding and 18 cases (2.0%) of 
other complications such as cysts, hematomas, urinary tract infections, yeast infections, or 
“vague symptoms.” This study was rated as fair quality because of its retrospective design and 
because details of the stimulation and retrieval protocols were not reported. In addition, the 
applicability of these findings is limited in that clinical practice have evolved since 1991 and 
how the protocol during the study period reflected these changes in practice is unclear 
(insufficient SOE). 

2. Long-term Outcomes for Oocyte Donors 
The only included study with evidence on long-term outcomes was the 2009 cross-sectional 

survey referenced above by Kramer and colleagues (poor quality).212 The authors surveyed 
former oocyte donors who were registered on the Donor Sibling Registry, a U.S.-based 
worldwide registry designed to help donor-conceived individuals search for and contact their 
donor sibling. Of the 287 women with valid e-mail addresses who were invited via an email 
message to participate in the study, 155 (54%) completed the 25-item questionnaire. The mean 
age of respondents at the time of the survey was 35.8 years, and the number of years since first 
donation was 9.4 years (SD 5.2). Details of the stimulation protocols and oocyte retrieval 
methods were not reported. Of the 155 respondents, and 41 (26.4%) reported infertility and/or 
menstrual changes since donation. Fifteen of these women (9.6% of the total sample) reported 
new infertility problems; of these, only 4 reported having become pregnant. This study was rated 
as poor quality because of the high risk of bias due to the relatively low response rate and the 
self-selected nature of the study sample (insufficient SOE for all outcomes) 

Strength of Evidence for Donors 
Table 24 summarizes the SOE for the incidence of OHSS with GnRH agonist trigger versus 

hCG trigger. All other short- and long-term outcomes had insufficient SOE or were not evaluated 
in the limited set of included studies. 
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Table 30. Strength of evidence for major outcomes—KQ 6 (donor) 

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
GnRH agonist 
(leuprolide acetate) vs. 
hCG trigger 

Short term adverse 
effects of treatment: 
OHSS 

 

2 Obs209,210 
(3824) 

Improvement: Lower 
incidence of OHSS with GnRH 
agonist trigger than with hCG 
trigger.  

Low 
(Moderate study 
limitations, 
imprecise) 

a  Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
 
Abbreviations: GnRH=gonadotropin-releasing hormone; hCG= human chorionic gonadotropin; Obs=observational study; 
OHSS=ovarian hyperstimulation syndrome 

Key Findings Across All Key Questions 
Select key studies reported findings applicable across all KQs. Note these studies all adjusted 

for cause of infertility although did not report their findings for specific causes of infertility and 
therefore are reported here. 

Key Points for Any Infertility Diagnosis 
Key points for patients who undergo IVF/ICSI include: 
• Clomiphene or gonadotropins ever use was not associated with increased risk of maternal 

cancer (low SOE). 
• Women who undergo IVF demonstrated an increased risk of ovarian malignancies (low 

SOE). 
• For children born after ART, ICSI may be associated with an increased risk of autism 

compared to IVF (low SOE). 
• In the United States, live birth rates after IVF/ICSI are lower for African-Americans than 

for other racial/ethnic groups after adjusting for other prognostic factors (low SOE).  
• Elective single-embryo transfer is associated with slightly lower live birth rates but a 

significant reduction in multiple birth rates compared to multiple-embryo transfer (low 
SOE). 

Long-Term Outcomes: Maternal 

Cancer 
Two studies evaluated long-term risk for cancer in infertile women (by diagnosis) who were 

treated with clomiphene citrate, gonadotropins, or IVF and reported results in multiple 
publications, as follows: 

• Brinton, 2015: Primary report130 and three companion papers26,131,132 
• Spaan, 2015: Primary report122 and a companion paper123 
One study compared the long-term risk for cancer in infertile women treated with 

clomiphene citrate versus gonadotropins, with risks for different cancers reported in four 
separate papers.26,130-132 This study was a prospective cohort of 12,193 women who sought 
treatment for infertility between 1965 and 1988 at five reproductive endocrinology practices in 
the United States. The analytic cohort comprised 9892 women successfully traced, with a median 
follow-up of approximately 30 years.  



75 

Tables 25 and 26 highlight the risk of cancer in relation to use of clomiphene citrate or 
gonadotropins in women by infertility diagnosis. 

Table 31. Cancer Risk for Ever Use of Clomiphene Citrate 

Cancer 
Risk of Cancer (95% CI) by Infertility Diagnosis 

Endometriosis (N=2196) Tubal or Peritoneal 
Factor (N=3496) Male Factor (N=2218) 

Ovarian 1.01 (0.43 to 2.36) 0.98 (0.46 to 2.07) 1.18 (0.52 to 2.68) 
Endometrial 1.79 (0.76 to 4.23) 1.14 (0.59 to 2.21) 1.55 (0.82 to 2.96) 
Breast 1.23 (0.92 to 1.65) 1.12 (0.87 to 1.45) 1.25 (0.92 to 1.69) 
Colon 0.53 (0.22 to 1.27) 0.66 (0.31 to 1.40) 1.14 (0.42 to 3.06) 
Lung 1.68 (0.71 to 3.99) 1.78 (0.90 to 3.54) 1.35 (0.51 to 3.61) 
Thyroid 0.87 (0.28 to 2.67) 1.08 (0.40 to 2.88) 2.46 (0.64 to 9.49) 
Melanoma 1.10 (0.42 to 2.89) 0.98 (0.36 to 2.73) 1.10 (0.27 to 4.46) 

 

Table 32. Cancer Risk for Ever Use of Gonadotropins 

Cancer 
Risk of Cancer (95% CI) by Infertility Diagnosis 

Endometriosis (N=2196) Tubal or Peritoneal 
Factor (N=3496) Male Factor (N=2218) 

Endometrial 1.15 (0.72 to 1.83) 1.16 (0.77 to 1.74) 1.29 (0.79 to 2.11) 
Breast 2.74 (0.96 to 7.85) 0.94 (0.32 to 2.70) 0.74 (0.22 to 2.43) 

 
While the findings from this cohort are suggestive that, in couples with infertility due to 

endometriosis, tubal factors, or male factors, that women treated with clomiphene citrate or 
gonadotropins are not at markedly increased risk for any common cancer, the size of the cohort 
was not adequate to detect modest increases in risk. In addition, the size of the cohort precluded 
conducting more detailed analyses in relation to the number of cycles received or age at 
treatment (low SOE). 

Cancer risk in relation to IVF treatment was examined in one good-quality observational 
cohort study, with one paper examining melanoma risk122 and the other ovarian neoplasms.123 In 
this study, the underlying cause of infertility was adjusted for along with other potential 
confounders. The cohort was comprised of 19,158 women who received IVF treatment and 6006 
infertile women who did not receive IVF treatment after a median follow-up of 15 years. IVF 
was not significantly associated with melanoma risk (SIR 1.27; 95% CI, 0.75 to 2.15) when 
controlling for cause of infertility.122 IVF was associated with a statistically significant increased 
risk of all ovarian malignancies (HR 2.05; 95% CI, 1.10 to 3.82). This risk was increased most 
notably for borderline ovarian tumors (HR 6.38; 95% CI, 2.05 to 19.84) as compared to the 
increase seen in invasive ovarian cancer (HR 1.14; 95% CI, 0.54 to 2.41) (low SOE).123 

The applicability of the findings may be limited since the study was conducted in the 
Netherlands and the IVF treatments were received in the period between 1983 and 1995. With 
the evolution of IVF treatment over time, findings from this study may not reflect the risk for 
women currently undergoing IVF.  

Long-Term Outcomes: Child  

Neurodevelopmental Outcomes 
Risk of autism through age 5 was examined in one good-quality observational study 

involving 42,383 children conceived with ART in California between 1997 and 2006.166 
Analyses did not examine associations with type of embryo fertilization (ICSI or conventional 
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IVF) stratified by cause of infertility, but did control for infertility diagnosis in multivariable 
analyses. Among ART-conceived infants, use of ICSI was associated with a higher incidence of 
autism in both singleton births (HR 1.65; 95% CI, 1.08 to 2.52) and multiple births (HR 1.71; 
95% CI, 1.10 to 2.66) in multivariable analyses that controlled for infertility diagnosis (low 
SOE). Results of ICSI versus IVF were not described for specific causes of infertility, although 
male factor infertility was the most common diagnosis in the cohort. 

One fair-quality185 observational study compared outcomes between ART and no 
intervention/expectant management. Risk of neurological dysfunction at 2 years was assessed in 
a fair-quality observational study examining children conceived with IVF (n=122), conceived 
naturally to subfertile parents (n=87), or born to parents without fertility problems (n=101).185 
Outcomes reported were simple or complex minor neurological dysfunction. Results were 
stratified by underlying cause of infertility. None of the specific causes of infertility were related 
to the rates of neurological dysfunction (insufficient SOE). 

Subgroups of Interest (With Any Infertility Diagnosis) 

Race 
One good-quality observational study assessed the association between race and IVF 

outcomes.165 The live birth rate per patient was 34.7% among whites, 19.8% among blacks, 
33.3% among South Asians, 31.3% among those who reported mixed race, 28.4% among those 
who reported “other,” and 36.1% among those who reported “unknown” (p<0.001 for black vs. 
white comparison; p>0.05 for South Asian vs. white) (low SOE). 

Number of Embryos Transferred  
A fair-quality observational study using SART data assessed 69,028 cycles to determine 

factors associated with elective single embryo transfer (eSET) and controlled for infertility 
diagnosis.120 Findings from the study are summarized in Table 27, demonstrating increased live 
birth rate per cycle with 2 embryo transfer as compared to single embryo transfer (low SOE) and 
that multiple live birth rates are significantly higher with a 2-embryo transfer than a single 
embryo transfer, but do not increase further with 3- or 4-embryo transfers (low SOE). 

Table 33. Birth rates by number of embryos transferred 
# Embryos 
Transferred 

1 Embryo 
Transferred 

2 Embryos 
Transferred 

3 Embryos 
Transferred 

4+ Embryos 
Transferred 

P value 
 

Singleton birth 1,302/3,037 
(42.9%) 

13,779/42,396 
(32.5%) 

4,632/17,480 
(26.5%) 

1,424/6,115 
(23.3%) 

p<0.0001 

Multiple birth 15/3,037 
(0.5%) 

8,055/42,396 
(19.0%) 

3,094/17,480 
(17.7%) 

923/6,115 
(15.1%) 

p<0.0001 

Total births  
per cycle 

1,318/3,037 
(43.4%) 

21,834/42,396 
(51.5%) 

7,726/17,480 
(44.2%) 

2,348/6,115 
(38.4%) 

p<0.0001 
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Strength of Evidence (With Any Infertility Diagnosis) 
Table 28 summarizes the SOE findings which span all key questions. 

Table 34. Strength of evidence for major outcomes—across all key questions 

Comparison Outcome Study Design 
(Sample Size) Conclusion 

Strength of 
Evidence 

(Rationale)a 
Clomiphene 
citrate and 
gonadotropin 

Long-term 
outcomes: Maternal 
cancer 

1 Obs130  
(9892 patients) 

No difference. Ever use of 
clomiphene citrate was not 
statistically significantly 
associated with maternal 
ovarian, breast, endometrial, 
lung, thyroid, colon, or 
melanoma cancer. 
Gonadotropin use was not 
associated with increased risk 
for breast or endometrial 
cancer 

Low (size of cohort 
not sufficient to 
detect modest 
increases in risk) 

ART: IVF Live birth (by race) 1 Obs165 
(13,473 cycles) 

Greater risk. Lower live birth 
rate for blacks as compared to 
white (p<0.001) 

Low 
(Imprecise, one 
study) 

Live birth (by 
number of embryos 
transferred) 

1 Obs120 
(69,028 cycles) 

Improvement. Increased live 
birth rate per cycle with 2 
embryo transfer as compared 
to single embryo transfer 

Low 
(Imprecise, findings 
with moderate 
study limitations) 

Pregnancy 
complications: 
Multiple births (by 
number of embryos 
transferred) 

1 Obs120 
(69,028 cycles) 

Improvement. Multiple live 
birth rates are significantly 
higher with a 2-embryo 
transfer than a single embryo 
transfer, but do not increase 
further with 3- or 4-embryo 
transfers 

Low 
(Imprecise, findings 
with moderate 
study limitations) 

Long-term 
outcomes: Child 
(Autism) 

1 Obs166 
(42,383) 

Greater risk. Risk of autism 
was greater in children 
conceived with ART with ICSI 
as compared to ART without 
ICSI (HR 1.65, p<0.05) 

Low (Imprecise) 

Long-term 
outcomes: Child 
(neurological) 

1 Obs185  
(310 patients) 

Inconclusive. SOE was 
insufficient given imprecise 
evidence from 1 small 
observational study with 
moderate risk of bias 

Insufficient 
(imprecise findings 
with moderate 
study limitations, 
small study) 

Long-term 
outcomes: Maternal 
(cancer) 

1 Obs122 
(25,164) 

Greater risk. IVF was 
associated with a statistically 
significant increased risk of all 
ovarian neoplasms (HR 2.05; 
95% CI, 1.20 to 3.82) and 
borderline ovarian tumors (HR 
6.28; 95% CI, 2.05 to 19.84) 
 
No difference: but not with 
invasive ovarian cancer (HR 
1.14; 95% CI, 0.54 to 2.41) or 
melanoma (SIR 1.27; 95% CI, 
0.75 to 2.15) 

Low 
(Imprecise, one 
study) 

a Criteria for downgrading strength of evidence is described as Rationale; when these criteria are insufficient for understanding 
the final strength of evidence, additional explanation is provided.  
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Abbreviations: ART=assisted reproductive technology; CI=confidence interval; ICSI=intra-cytoplasmic sperm injection; 
IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; N=number of patients/participants; 
Obs=observational study; RCT=randomized controlled trial 

Publication Bias 
As part of the EPC Program, AHRQ sought to assess whether information from 

ClinicalTrials.gov would impact the conclusions of five ongoing systematic reviews. This 
infertility systematic review was part of this methods project (Augmenting Systematic Reviews 
with Information from ClinicalTrials.gov to Increase Transparency and Reduce Bias).  

For this purpose, we searched the ClinicalTrials.gov registry of clinical studies to ascertain 
publication bias by identifying studies that have been completed but are as yet unpublished. Our 
search yielded 354 records of completed trials about treatments for infertility for screening (see 
Appendix A for our search strategy and Appendix H for details on our findings). Initial manual 
review identified 94 of these records as potentially relevant; subsequent review by a topic expert 
reduced this number to 66. Of these 66 records, we were not able to identify publications for 12 
studies that had expected completion dates 3 years or more prior to our search.  

Of these 12 trials with unpublished results, two were considered potentially relevant to KQ 1, 
9 potentially relevant to KQ 3, and 1 potentially relevant to KQ 5. Implications for KQs 1, 2, and 
4 are discussed in more detail in Appendix H as part of the augmenting transparency methods 
project.  

For this current systematic review, the two trials identified as potentially relevant to KQ 1 
had a combined sample size of 340 patients and were completed more than 3 years ago. These 
two “missing” trials are unlikely to have had a meaningful impact on our review’s results 
especially given the presence of two systematic reviews for women with infertility from PCOS.   

For KQ 3, there were 9 potentially relevant unpublished studies where the underlying 
diagnosis of infertility was not listed. It is not clear whether these trials are specifically relevant 
to patients with infertility for unknown reasons as is required for inclusion in KQ 3 since the 
trials may focus on patients with identified infertility diagnoses. This diagnosis specification 
however is not available from the missing trials. The nine studies differed in terms of treatments 
evaluated and outcomes assessed. All studies were fairly small studies (planned enrollment 
varying between 60 and 242 individuals) and most of them focused on pregnancy rates rather 
than live births though could potentially be relevant based on information about miscarriages, 
ovarian hyperstimulation syndrome (OHSS), or other adverse events.  

For KQ 5, there was one unpublished potentially relevant study which sought to determine 
whether couples with male factor infertility, specifically with elevated sperm DNA damage 
undergoing in vitro fertilization (IVF)/intra-cytoplasmic sperm injection (ICSI), should use 
testicular sperm extraction to improve their reproductive outcomes. Although this study did have 
live birth listed as the primary outcome, it had an enrollment of 25 males and so would not likely 
change any of our findings.  

In summary, because of the relatively low number of unpublished studies identified through 
our ClinicalTrials.gov registry analysis as compared to our included set of studies, we do not 
believe these findings indicate significant publication bias in the evidence base that would 
impact our overall conclusions. 
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Discussion 
In this comparative effectiveness review, we reviewed 86 studies described in 94 

publications that directly compared infertility management strategies in couples with infertility 
due to polycystic ovary syndrome (PCOS; key question [KQ] 1) or endometriosis (KQ 2); 
unexplained infertility (KQ 3); tubal and peritoneal factor infertility (KQ 4); and male factor 
infertility (KQ 5). We also explored the comparative safety and effectiveness of management 
strategies for donors in infertility (KQ 6). Although the ultimate goal with any infertility 
management strategy is to improve live birth rates of healthy infants to a healthy couple, many 
studies initially identified in our review only reported on pregnancy rates or focused on other 
short-term outcomes and did not differentiate by the underlying causes of infertility. Our findings 
are based on those 86 studies which evaluated the comparative effectiveness of infertility 
management strategies in couples with a known cause of infertility (including unexplained 
infertility) and which evaluated the outcome of live birth or another long-term outcome. 

Key Findings and Strength of Evidence 
For women with infertility associated with PCOS, there was moderate strength of evidence 

(SOE) that letrozole compared to clomiphene results in higher live birth rates while reducing 
multiple births (moderate SOE). No differences were seen in other outcomes (low SOE). There 
was low SOE that there is no difference between clomiphene and metformin as primary therapy.  
Live birth rates are not different comparing laparoscopic ovarian drilling (LOD) with oral agents 
(moderate SOE). For couples with unexplained infertility, there is no difference between the oral 
agents of letrozole and anastrozole for the outcome of ectopic pregnancy (low SOE) but evidence 
is insufficient for other outcomes of interest. There is also no difference between differing 
adjunct treatments used in combination with oral agents and IUI for the outcomes of live birth, 
miscarriage and ovarian hyperstimulation syndrome (OHSS) (low SOE for all outcomes). Time 
to pregnancy was shorter with immediate in vitro fertilization (IVF) compared to strategies 
starting with clomiphene and IUI or gonadotropins and IUI followed by IVF if necessary 
(moderate SOE). For couples with male factor infertility, live birth rate (moderate SOE) and 
miscarriage (low SOE) did not differ between intracytoplasmic sperm injection (ICSI) and 
intracytoplasmic morphological sperm injection (IMSI). For oocyte donors, studies suggest a 
lower incidence of OHSS with GnRH agonist trigger than with hCG trigger (low SOE). However 
,there was a lack of evidence on any long-term outcomes For couples with tubal factor or 
endometriosis infertility, SOE was rated insufficient for all specific comparisons.  Findings 
applicable across all indications for infertility for couples undergoing ART included: lower live 
birth rates for African-Americans compared to other racial/ethnic groups (low SOE); slightly 
lower live birth rates but significant reductions in multiple birth rates with elective single-
embryo transfer compared to multiple-embryo transfer (low SOE); no increase in most maternal 
cancers after ART treatment after adjustment for infertility in general or specific causes (low 
SOE); and, for children born after ART, a possible increased risk of neurodevelopmental 
disorders after ICSI compared to IVF (low SOE). 

Findings in Relation to What is Already Known 
The 2008 Agency for Healthcare Research and Quality (AHRQ) Evidence Report on 

“Effectiveness of ART”59 found that approximately 80 percent of the 478 included studies were 
performed outside the United States, and that the majority of RCTs did not report delivery rates 
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and obstetric outcomes. In that review, most studies did not have sufficient power to detect 
clinically meaningful differences in live birth rates, and had still lower power to detect 
differences in less frequent outcomes such as multiple births and complications.   In addition, the 
previous report focused on outcomes of specific treatments (ovulation induction, superovulation, 
and IVF/ICSI) rather than a wider range of potential treatments, and infertility diagnosis was 
considered as subgroup analyses, rather than the primary basis for comparing treatments. 

Methods for evidence synthesis, in particular for rating strength of evidence, have also been 
revised since that report. Although an increasing number of studies are using live birth rate as the 
primary outcome, the majority of the literature, particularly randomized trials, is still based on 
pregnancy or ongoing pregnancy.  Lack of precision for comparative estimates of rates for less 
common but important outcomes, such as complications, continues to be a major limitation.  

To put the findings of our present systematic review in context, Tables 29 through 35 provide 
a comparison of the findings of this review, by KQ, with two major sets of 
guidelines/recommendations—those of the National Institute for Health and Care Excellence 
(NICE) in the United Kingdom (UK), and those of the American Society for Reproductive 
Medicine (ASRM). Recommendations for NICE and ASRM are presented verbatim. For the 
NICE guidelines, recommendations are taken from the 2013 document,17 except as noted in the 
tables. References to specific recommendations by ASRM are provided within the tables. For 
simplicity, we do not present the results of relevant Cochrane reviews here; the NICE guidance 
relied heavily on available Cochrane reviews, and the specific recommendations reflect 
judgments about overall strength of evidence. Sections or statements shaded in gray represent 
outcomes where our review’s findings were different from those of the major 
guidelines/recommendations. Note that since our review focused on studies which reported live 
births—and not just pregnancies—several of the comparisons could not be made directly. 

These tables demonstrate that in general, findings of our present review were concordant 
with the guidelines, with differences primarily attributable to differences in inclusion/exclusion 
criteria (particularly for publication dates and primary outcome of live birth vs pregnancy).  

For women with PCOS (Table 29), both NICE and ASRM support use of clomiphene citrate 
alone as first-line therapy, with the NICE guidance recommending ultrasound monitoring for 
dose adjustment to minimize risk of multiple pregnancy, followed by combination therapy with 
metformin or gonadotropins for women who do not conceive after a 3-6 month course of 
clomiphene alone. Both our review and NICE suggest letrozole may be superior to clomiphene 
as first line therapy, and that pretreatment with metformin may improve outcomes in women 
with PCOS being treated with gonadotropins.  

For women with endometriosis (Table 30), ASRM concluded that evidence for surgical 
treatment of women with mild to moderate endometriosis was insufficient to recommend 
treatment, while the NICE guidance suggests some benefit, and our review was inconclusive. For 
those patients going directly to ART, surgical treatment of endometriosis, including 
endometrioma, prior to ART does not improve outcomes.  

For women with unexplained infertility (Table 31), NICE recommends against use of oral 
agents entirely, while ASRM suggests clomiphene plus IUI may improve cycle fecundity 
compared to expectant management; our review found insufficient evidence. Based on our 
review, immediate IVF results in higher live birth rates and shorter time to pregnancy in women 
aged 38-42 compared with a trial of clomiphene and IUI or gonadotropins and IUI, with most 
live births ultimately resulting from IVF.  
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For women with suspected tubal factor infertility (Table 32), both NICE and ASRM 
recommend imaging for diagnosis (which is outside the scope of our review), although, when 
ART is readily available and affordable, proceeding directly to ART without a definitive 
diagnosis of tubal disease may be more efficient.   

For male factor infertility (Table 33), our review found no relevant findings compared to the 
recommendations, primarily because of limited data on live birth outcomes.  

For both male and female donors (Table 34), both NICE and ASRM recommend 
psychological evaluation and counseling, including, for females, the short term risks of ovarian 
stimulation and oocyte collection; our review found evidence on outcomes was limited only to 
the known short-term risks of these procedures, with no evidence on potential longer term risks.  

For long-term outcomes in women and children after infertility treatment (Table 35), our 
review found limited or inconsistent evidence. Risks of adverse longer term maternal cancer 
outcomes were generally not increased after adjustment for the risk associated with infertility 
itself. ICSI however may be associated with an increased risk of neurodevelopmental disorders 
in children compared to those conceived through IVF. The NICE guidance was generally 
consistent with this assessment, and recommended that patients should be informed that any 
absolute risk was low, while there was still uncertainty about longer-term outcomes. 
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Table 35. Report findings and major guidelines/recommendations—KQ 1 PCOS 
Intervention Evidence Report Findings NICE ASRM 

Oral Agents     
Anti-estrogens Clomiphene citrate does not result in higher 

live birth rates compared with metformin 
(low SOE). Differences are also not found 
in the rates of miscarriage, multiple birth, 
ectopic pregnancy, or time to pregnancy 
(low SOE for all outcomes) 
 

For women with WHO Group II ovulation 
disorders (PCOS), offer as initial 
treatment clomiphene, metformin, or a 
combination, considering potential 
adverse effects, ease and mode of use, 
the woman's BMI, and monitoring 
needed 
 
For women who are taking clomiphene 
citrate, offer ultrasound monitoring during 
at least the first cycle of treatment to 
ensure that they are taking a dose that 
minimizes the risk of multiple pregnancy.  
 
For women who are taking clomiphene 
citrate, do not continue treatment for 
longer than 6 months.  
 
(Monitoring as part of treatment was not 
included in our review) 

Clomiphene citrate is an effective first-line 
treatment for the majority of women with 
anovulatory infertility.213 
 
Failure to conceive after 3 to 4 successful CC-
induced ovulation cycles is indication for further 
evaluation to exclude other contributing causes 
of infertility, particularly in women >35 years of 
age.213 

Insulin sensitizers Clomiphene citrate does not result in higher 
live birth rates compared with metformin 
(low SOE). Differences are also not found 
in the rates of miscarriage, multiple birth, 
ectopic pregnancy, or time to pregnancy 
(low SOE for all outcomes) 
 
 
The combination of metformin and 
clomiphene does not significantly improve 
live birth rates in women with higher BMI, 
but precision is limited. 

For women with WHO Group II ovulation 
disorders [PCOS] who are known to be 
resistant to clomiphene citrate, consider 
one of the following second-line 
treatments, depending on clinical 
circumstances and the woman's 
preference: 

• laparoscopic ovarian drilling or 
• combined treatment with 

clomiphene citrate and metformin  
if not already offered as first-line 
treatment or  

• gonadotropins 
 
Women prescribed metformin should be 
informed of the side effects associated 
with its use (such as nausea, vomiting 
and other gastrointestinal disturbances).  

Combination therapies involving CC and other 
agents (metformin, glucocorticoids, and 
exogenous gonadotropins) may be effective 
when treatment with CC alone fails to induce 
ovulation.213 
 
There is no evidence for improved live birth 
rates or decreased pregnancy complications 
with the use of metformin either before 
conception or during pregnancy (Level A).214  
Note there is a growing body of evidence on its 
use both for PCOS patients who get treatment 
and for patients with gestational diabetes. 

Aromatase 
inhibitors 

Letrozole has a higher live birth rate than 
clomiphene citrate alone and lower multiple 

In women with polycystic ovary 
syndrome, letrozole appears to be 

No specific recommendations 
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Intervention Evidence Report Findings NICE ASRM 
births (moderate SOE for both outcomes), 
with no difference in ectopic pregnancy, 
miscarriage, low birthweight, or time to 
pregnancy (low SOE for these outcomes) 
 

associated with a higher live birth rate, 
lower rates of multiple pregnancy and 
lower incidence of ovarian 
hyperstimulation syndrome (OHSS) than 
clomiphene citrate.215  

Surgical 
Management 

There was no difference between 
laparoscopic ovarian drilling (LOD) and oral 
agents for live birth (moderate SOE) or 
miscarriage rates (low SOE). Multiple births 
were reduced given LOD (moderate SOE)   

For women with WHO Group II ovulation 
disorders [PCOS] who are known to be 
resistant to clomiphene citrate, consider 
one of the following second-line 
treatments, depending on clinical 
circumstances and the woman's 
preference: 

• LOD or 
• combined treatment with 

clomiphene citrate and 
metformin  if not already offered 
as first-line treatment or 

• gonadotropins 

No specific recommendations 

Gonadotropins    
Gonadotropins 
alone 

Use of gonadotropins as primary therapy 
does not improve outcomes compared to 
oral agents 

Women with polycystic ovary syndrome 
who are being treated with 
gonadotropins should not be offered 
treatment with gonadotropin-releasing 
hormone agonist concomitantly because 
it does not improve pregnancy rates, and 
it is associated with an increased risk of 
ovarian hyperstimulation.  

No specific recommendations 

Adjuncts to 
gonadotropins 

Pretreatment with metformin prior to ART 
may improve live birth rates and decrease 
OHSS. 
 
Use of GnRH antagonists as part of the 
controlled ovarian hyperstimulation protocol 
in IVF/ICSI reduces the incidence of OHSS 
compared to GnRH agonists. 

The use of adjuvant growth hormone 
treatment with gonadotropin-releasing 
hormone agonist and/or human 
menopausal gonadotropin during 
ovulation induction in women with 
polycystic ovary syndrome who do not 
respond to clomiphene citrate is not 
recommended because it does not 
improve pregnancy rates.  

No specific recommendations 

Abbreviations: ART=assisted reproductive technology; ASRM=American Society for Reproductive Medicine; BMI=body mass index; CC=clomiphene citrate; 
GnRH=gonadotropin-releasing hormone; ICSI=intra-cytoplasmic sperm injection; IVF=in vitro fertilization; KQ=key question; NICE=National Institute for Health and Care 
Excellence (UK); OHSS=ovarian hyperstimulation syndrome; PCOS=polycystic ovary syndrome; WHO=World Health Organization 
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Table 36. Report findings and major guidelines/recommendations—KQ 2 Endometriosis 
Intervention Evidence Report Findings NICE ASRM216 

Medical 
management 

Strength of evidence was insufficient for all 
comparisons. 

Medical treatment of minimal and mild 
endometriosis diagnosed as the cause of 
infertility in women does not enhance 
fertility and should not be offered.  

There is no evidence that medical treatment of 
endometriosis improves fertility 
 
In younger women (under age 35 years) with 
stage I/II endometriosis-associated infertility, 
expectant management or superovulation with 
IUI can be considered as first-line therapy.  For 
women 35 years of age or older, more 
aggressive therapy (superovulation with IUI or 
IVF) may be considered. 
 
IVF success rates in women with endometriosis 
appear to be diminished compared to women 
with tubal factor infertility; however, IVF likely 
maximizes cycle fecundity for those with 
endometriosis. 

Surgery Strength of evidence was insufficient for all 
comparisons. 

Women with minimal or mild 
endometriosis who undergo laparoscopy 
should be offered surgical ablation or 
resection of endometriosis plus 
laparoscopic adhesiolysis because this 
improves the chance of pregnancy.  
 
Women with ovarian endometriomas 
should be offered laparoscopic 
cystectomy because this improves the 
chance of pregnancy.  
 
Women with moderate or severe 
endometriosis should be offered surgical 
treatment because it improves the 
chance of pregnancy.  
 
Post-operative medical treatment does 
not improve pregnancy rates in women 
with moderate to severe endometriosis 
and is not recommended.  

The benefit of laparoscopic treatment of 
minimal or mild endometriosis is insufficient to 
recommend laparoscopy solely to increase the 
likelihood of pregnancy. 
 
There is insufficient evidence to indicate that 
resection of endometriomas prior to IVF 
improves outcomes.  
 
In women with stage III/IV endometriosis-
associated infertility, conservative surgical 
therapy with laparoscopy or possible 
laparotomy may be beneficial. Surgical 
management of an endometrioma should 
include resection or ablation, rather than 
drainage, with resection preferred. For women 
with stage III/IV endometriosis who fail to 
conceive following conservative surgery or 
because of advancing reproductive age, IVF-ET 
is an effective alternative. 

Abbreviations: ART=assisted reproductive technology; ASRM=American Society for Reproductive Medicine; CC=clomiphene citrate; ET=embryo transfer; FSH=follicle-
stimulating hormone; ICSI=intra-cytoplasmic sperm injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; NICE=National Institute for Health and 
Care Excellence (UK) 
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Table 37. Report findings and major guidelines/recommendations—KQ 3 Unexplained Infertility 

Intervention Evidence Report Findings NICE ASRM  

Oral ovarian 
stimulation 

There is no difference between the oral 
agents of letrozole and anastrozole for the 
outcome of ectopic pregnancy (low SOE) 
but evidence is insufficient for other 
outcomes of interest  
 
There is no difference between differing 
adjunct treatments used in combination 
with oral agents and IUI for the outcomes 
of live birth, miscarriage, and OHSS (low 
SOE for all outcomes) 
 
 

Do not offer oral ovarian stimulation 
agents (such as clomiphene citrate, 
anastrozole or letrozole) to women with 
unexplained infertility.  

The treatment effects with non-ART treatment 
for unexplained infertility generally are small. 
Empiric treatment may do no more than 
hasten conception in those couples who would 
conceive eventually without treatment.217 
 
Level I evidence from randomized clinical trials 
supports short-term use of IUI, CC, 
gonadotropins and IUI, and ART treatment for 
unexplained infertility but is insufficient for 
conclusions regarding CC/IUI treatment. 
 
Clomiphene citrate treatment combined with 
intercourse does not increase cycle fecundity 
in couples with unexplained infertility 
compared with expectant management; 
however, clomiphene plus IUI does increase 
fecundity compared to expectant 
management.213 

Clomiphene citrate There is no difference between letrozole 
and clomiphene for outcomes of multiple 
births or miscarriage (moderate SOE) 

Inform women with unexplained infertility 
that clomiphene citrate as a stand-alone 
treatment does not increase the chances 
of a pregnancy or a live birth.  

IVF There are no differences between 
immediate IVF versus other treatments 
prior to IVF for the outcomes of live birth, 
multiple births, ectopic pregnancy, 
miscarriage, low birthweight, and OHSS 
(low SOE for all outcomes). There is 
however shorter time to pregnancy with 
immediate IVF (moderate SOE) 

Advise women with unexplained infertility 
who are having regular unprotected 
sexual intercourse to try to conceive for a 
total of 2 years (this can include up to 1 
year before their fertility investigations) 
before IVF will be considered.  

ART therapies are considerably more costly 
than CC and IUI. 

• Adverse effects of ART and ovarian 
stimulation include multiple pregnancy 
and ovarian hyperstimulation. 

• When considering treatment options 
for couples with unexplained infertility, 
it is prudent to consider simple 
treatment before complex treatment 
and to balance what is known about 
effectiveness against the cost and 
adverse effects of different treatments. 

Offer IVF treatment to women with 
unexplained infertility who have not 
conceived after 2 years (this can include 
up to 1 year before their fertility 
investigations) of regular unprotected 
sexual intercourse. 

Abbreviations: ART=assisted reproductive technology; ASRM=American Society for Reproductive Medicine; CC=clomiphene citrate; FSH=follicle-stimulating hormone; 
ICSI=intra-cytoplasmic sperm injection; IUI=intrauterine insemination; IVF=in vitro fertilization; KQ=key question; NICE=National Institute for Health and Care Excellence 
(UK) 
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Table 38. Report findings and major guidelines/recommendations—KQ 4 Tubal and Peritoneal Factor Infertility 
Intervention Evidence Report Findings NICE ASRM218 

Diagnosis  Strength of evidence was insufficient for 
all comparisons. 

Women who are not known to have 
comorbidities (such as pelvic 
inflammatory disease, previous ectopic 
pregnancy or endometriosis) should be 
offered HSG to screen for tubal occlusion 
because this is a reliable test for ruling 
out tubal occlusion, and it is less invasive 
and makes more efficient use of 
resources than laparoscopy. [2004] 
 
Where appropriate expertise is available, 
screening for tubal occlusion using 
hysterosalpingo-contrast-
ultrasonography should be considered 
because it is an effective alternative to 
hysterosalpingography for women who 
are not known to have comorbidities. 
[2004] 
 
Women who are thought to have 
comorbidities should be offered 
laparoscopy and dye so that tubal and 
other pelvic pathology can be assessed 
at the same time. [2004] 

There is good evidence to support HSG as the 
standard firstline test to assess tubal patency, 
but it is limited by false positive diagnoses of 
proximal tubal blockage. 
 

• The evidence is fair to recommend 
tubal cannulation for proximal tubal 
obstruction in young women with no 
other significant infertility factors. 

• The evidence is fair to recommend 
laparoscopic fimbrioplasty or 
neosalpingostomy for the treatment of 
mild hydrosalpinges in young women 
with no other significant infertility 
factors. 

Surgery Strength of evidence was insufficient for 
all comparisons. 

For women with mild tubal disease, tubal 
surgery may be more effective than no 
treatment. In centres where appropriate 
expertise is available it may be 
considered as a treatment option. [2004] 
 
For women with proximal tubal 
obstruction, selective salpingography 
plus tubal catheterisation, or 
hysteroscopic tubal cannulation, may be 
treatment options because these 
treatments improve the chance of 
pregnancy. [2004] 

There are no adequate trials comparing 
pregnancy rates with tubal surgery vs. IVF. 
However, IVF has a higher per-cycle 
pregnancy rate. 
 
The evidence is fair to recommend tubal 
cannulation for proximal tubal obstruction in 
young women with no other significant 
infertility factors. 
 
The evidence is fair to recommend 
laparoscopic fimbrioplasty or 
neosalpingostomy for the treatment of mild 
hydrosalpinges in young women with no other 
significant infertility factors. 
 
Tubal anastomosis for reversal of tubal 
sterilization has a significantly higher 
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Intervention Evidence Report Findings NICE ASRM218 
cumulative pregnancy rate than IVF, and it is 
more cost efficient, even in women 40 years of 
age or older. 
 
Laparoscopic salpingectomy or proximal tubal 
ligation overcomes the detrimental effect of 
hydrosalpinges on IVF pregnancy rates in 
patients who are not candidates for corrective 
tubal surgery. 
 
There is good evidence for recommending 
laparoscopic salpingectomy or proximal tubal 
occlusion in cases of surgically irreparable 
hydrosalpinges to improve IVF pregnancy 
rates. 
 
There is good evidence to support the 
recommendation for microsurgical 
anastomosis for tubal ligation reversal. 

Abbreviations: ART=assisted reproductive technology; ASRM=American Society for Reproductive Medicine; HSG=hysterosalpingography; ICSI=intra-cytoplasmic sperm 
injection; IVF=in vitro fertilization; KQ=key question; NICE=National Institute for Health and Care Excellence (UK) 

Table 39. Report findings and major guidelines/recommendations—KQ 5 Male Factor Infertility 
Intervention Evidence Report Findings NICE ASRM 

Gonadotropins No relevant findings Men with hypogonadotrophic 
hypogonadism should be offered 
gonadotrophin drugs because these are 
effective in improving fertility.  

No specific recommendations 

Surgical No relevant findings Where appropriate expertise is available, 
men with obstructive azoospermia 
should be offered surgical correction of 
epididymal blockage because it is likely 
to restore patency of the duct and 
improve fertility. Surgical correction 
should be considered as an alternative to 
surgical sperm recovery and IVF.  
 
Men should not be offered surgery for 
varicoceles as a form of fertility treatment 
because it does not improve pregnancy 
rates.  

• Infertility due to obstructive azoospermia 
may be treated effectively by surgical 
reconstruction or by retrieval of sperm from 
the epididymis or testis, followed by 
IVF/ICSI. 

• When obstructive azoospermia results 
from a vasectomy performed less than 15 
years before and there are no coexisting 
female infertility factors, microsurgical 
reconstruction of the reproductive tract 
generally is preferred over sperm retrieval 
and IVF/ICSI. 

ART Live birth rate (moderate SOE) and 
miscarriage (low SOE) did not differ 

Couples should be informed that ICSI 
improves fertilisation rates compared to 

No specific recommendations 
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Intervention Evidence Report Findings NICE ASRM 
between intracytoplasmic sperm injection 
(ICSI) and intracytoplasmic morphological 
sperm injection (IMSI). 

IVF alone, but once fertilisation is 
achieved the pregnancy rate is no better 
than with IVF.  

Abbreviations: ASRM=American Society for Reproductive Medicine; ICSI=intra-cytoplasmic sperm injection; IVF=in vitro fertilization; KQ=key question; NICE=National 
Institute for Health and Care Excellence (UK) 

Table 40. Report findings and major guidelines/recommendations—KQ 6 Donors 
Intervention Evidence Report Findings NICE ASRM 

Male donors No evidence on short- or long-term 
outcomes 

All potential semen donors should be 
offered counselling from someone who is 
independent of the treatment unit 
regarding the implications for themselves 
and their genetic children, including any 
potential children resulting from donated 
semen.  

Psychological evaluation and counseling by a 
qualified mental health professional is strongly 
recommended for all sperm donors. The 
assessment should include a clinical interview 
and, where appropriate, psychological testing. 
Psychological consultation should be required 
for individuals in whom there appear to be 
factors that warrant further evaluation. In 
cases of directed donation, psychological 
evaluation and counseling are strongly 
recommended for the donor and his partner (if 
applicable) as well as for the recipient female 
and her partner (if applicable). The potential 
impact of the relationship between the donor 
and recipient should be explored. The 
psychological assessment also should address 
the potential psychological risks and evaluate 
for evidence of coercion (financial or 
emotional). It is important to ascertain whether 
the donor is well informed about the extent to 
which information about him might be 
disclosed and about any plans that may exist 
relating to future contact.219 

Female donors Limited evidence on short-term outcomes, 
no evidence on long-term outcomes 
 
Observational studies suggest a lower 
incidence of OHSS with GnRH agonist 
trigger than with hCG trigger (low SOE). 

Before donation is undertaken, oocyte 
donors should be screened for both 
infectious and genetic diseases in 
accordance with the 'UK guidelines for 
the medical and laboratory screening of 
sperm, egg and embryo donors' (2008).  
 
Oocyte donors should be offered 
information regarding the potential risks 
of ovarian stimulation and oocyte 
collection.  
 

Psychological evaluation and counseling by a 
qualified mental health professional is strongly 
recommended for the oocyte donor and her 
partner (if applicable). The assessment should 
include a clinical interview and, where 
appropriate, psychological testing. 
Psychological consultation should be required 
for individuals in whom there appear to be 
factors that warrant further evaluation. In 
circumstances involving known donors, 
psychological evaluation and counseling is 
strongly recommended for the donor and her 
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Intervention Evidence Report Findings NICE ASRM 
Oocyte recipients and donors should be 
offered counselling from someone who is 
independent of the treatment unit 
regarding the physical and psychological 
implications of treatment for themselves 
and their genetic children, including any 
potential children resulting from donated 
oocytes.  

partner, if applicable, as well as for the 
recipient and her partner, if applicable. The 
potential impact of the relationship between 
the donor and recipient should be explored. 
The psychological assessment also should 
address the potential psychological risks and 
evaluate for evidence of coercion (financial or 
emotional). It is important to ascertain whether 
the donor is well informed about the extent to 
which information about her may be disclosed 
and about any plans that may exist relating to 
future contact 
• . All oocyte donors should be advised 

explicitly of the risks and adverse effects 
of ovarian stimulation and retrieval, with 
such counseling documented by informed 
consent in the patient's permanent 
medical record.219 

Oocyte donors are exposed to the risks of 
controlled ovarian stimulation, oocyte retrieval, 
and anesthesia. 
The risk of OHSS is estimated to occur in 1%–
2% of donation cycles and may be further 
reduced by the use of GnRH agonists for 
triggering final oocyte maturation. 
The risk of serious acute complications 
associated with these procedures is small 
(<0.5%). 
As these are independent events, the 
cumulative risk of multiple procedures should 
be similarly low. 
The preponderance of data does not 
demonstrate a significant risk of future cancers 
in women undergoing stimulation and egg 
retrieval. 
 While the data are limited, available evidence 
does not suggest that oocyte donation is 
associated with changes in the donor's ovarian 
reserve. 
Currently, there are no clearly documented 
long-term risks associated with oocyte 
donation and as such no definitive data upon 
which to base absolute recommendations. 
However, because of the possible health risks 
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Intervention Evidence Report Findings NICE ASRM 
outlined in the preceding discussion, it is 
prudent to limit the number of stimulated 
cycles for a given oocyte donor to 6.220 

Abbreviations: ASRM=American Society for Reproductive Medicine; GnRH=gonadotropin-releasing hormone; ICSI=intra-cytoplasmic sperm injection; KQ=key question; 
NICE=National Institute for Health and Care Excellence (UK); OHSS=ovarian hyperstimulation syndrome 

Table 41. Report findings and major guidelines/recommendations—all KQs: long-term outcomes of treatments 
Intervention Evidence Report Findings NICE ASRM 

Ovulation Induction 
Agents 

• Infertility itself is associated with an 
increased risk of some cancers, and 
the overall risk of cancer in women 
exposed to oral ovulation agents, 
gonadotropins, and IVF/ICSI is not 
increased after adjustment for 
infertility in general or specific causes, 
although there are some associations 
with less common cancers (low SOE). 

• For children born after ART, ICSI may 
be associated with an increased risk 
of neurodevelopmental disorders 
compared to IVF, although evidence 
is inconsistent (low SOE).  

Inform women who are offered 
ovulation induction or ovarian 
stimulation that: 
• No direct association has been 

found between these treatments 
and invasive cancer and 

• No association has been found in 
the short- to medium-term between 
these treatments and adverse 
outcomes (including cancer) in 
children born from ovulation 
induction and 

• Information about long-term health 
outcomes in women and children is 
still awaited.  

No specific recommendations 

IVF/ICSI • Infertility itself is associated with an 
increased risk of some cancers, and 
the overall risk of cancer in women 
exposed to oral ovulation agents, 
gonadotropins, and IVF/ICSI is not 
increased after adjustment for 
infertility in general or specific causes, 
although there are some associations 
with less common cancers (low SOE). 

• For children born after ART, ICSI may 
be associated with an increased risk 
of neurodevelopmental disorders 
compared to IVF, although evidence 
is inconsistent (low SOE).  

Inform women that while the absolute 
risks of long-term adverse outcomes of 
IVF treatment, with or without ICSI, are 
low, a small increased risk of borderline 
ovarian tumours cannot be excluded.  
 
Inform people who are considering IVF 
treatment that the absolute risks of 
long-term adverse outcomes in children 
born as result of IVF are low.  

No specific recommendations 

Abbreviations: ART=assisted reproductive technology; ASRM=American Society for Reproductive Medicine; ICSI=intra-cytoplasmic sperm injection; IVF=in vitro fertilization; 
KQs=key questions; NICE=National Institute for Health and Care Excellence (UK) 
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In general, this review’s findings are consistent with the guidelines cited above—there is a 
general consensus that the overall body of evidence for many aspects of infertility treatment 
across all patient groups is limited. One consistent limitation is the relative paucity of studies 
utilizing live birth per couple as the primary outcome. Where there are differences between our 
findings and these guidelines, or between guidelines, they can be attributed to the following: 

• Differences in study inclusion/exclusion criteria, particularly in study dates and outcomes 
considered. 

• Differences in grading individual study quality, which are then reflected in grading of the 
overall strength of evidence. 

• Differences in the approach to guideline development—the NICE guidance follows the 
Grading of Recommendations Assessment, Development and Evaluation (GRADE) 
system similar to our approach, while the ASRM uses a less structured approach. 

• Differences in settings, which affect the manner in which cost considerations are weighed 
in formulating recommendations. NICE guidance is designed for use within the UK 
National Health Service, and cost-effectiveness is considered from a health system 
perspective. Conversely, the ASRM guidelines are meant to be applied in the more 
diverse U.S. setting, where coverage of infertility services is much more varied, and the 
perspective of individual payers and patients, who are likely to bear a much higher 
proportion of the cost of care, must be considered.  

Applicability 
Table 36 summarizes the applicability scores across KQs.  

Table 42. Potential issues with applicability of included studiesa  

Issues 
Key Question 

KQ 1 
N=32 

KQ 2 
N=8 

KQ 3 
N=34 

KQ 4 
N=11 

KQ 5 
N=18 

KQ 6 
N=5 

Total 
N=87 

Population (P) 
Study population demographics not 
representative of intended population 

1 2 1 1 2 0 4 

Narrow or unrepresentative 
severity/stage/comorbidity 

0 0 0 0 0 0 0 

Intervention (I) 
Treatment protocol not representative of current 
practice 

0 2 4 1 1 0 6 

Change in standard of care 0 0 1 0 0 0 1 
Comparator (C) 
Comparator not representative of current practice 1 0 3 1 1 0 4 
Outcomes (O) 
Timing of outcome assessment 0 0 0 0 0 0 0 
Setting (S) 
Standards or access to care vary from US setting 28 4 27 5 12 3 70 
Specialty population or level of care 0 0 0 0 0 0 0 

a Numbers in cells represent the number of included studies that were identified as having potential issues related to the specific 
item. Columns represent numbers for each key question and then for all included studies. 
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Two broad issues relate to the overall applicability of the available evidence to clinical 
practice in the United States—one geographic and one temporal. Many of the randomized 
controlled trials (RCTs) meeting our criteria were performed outside of the United States. 
Leaving aside any issues related to differences in study oversight or reporting, the populations of 
these studies may differ from U.S. infertility patients in two potentially important ways. 

The first issue is that there may be clinically relevant differences between populations in 
terms of both race/ethnicity and socioeconomic status. Although the estimate of any relative 
difference between two interventions derived from an unbiased RCT should in theory be 
independent of the probability of specific outcomes, the more clinically relevant absolute 
difference may be substantially different (e.g., the risk of preterm birth in African-American 
compared to white women is consistently elevated). To the extent that the probability of specific 
outcomes of interest may differ between populations because of differences in genetic risk or 
exposures to other factors affecting risk, there may be substantial differences in estimates of 
absolute risk differences. For relatively uncommon but important outcomes, these differences 
might also affect precision of estimates—confidence intervals for any treatment effect will be 
wider in populations where the outcome is less common. Given that observational data from 
Centers for Disease Control and Prevention (CDC)/Society for Assisted Reproductive 
Technology (SART) suggest differences in ART outcomes across U.S. ethnic groups,165 this is a 
potential concern. 

In addition to the potential impact of race/ethnicity, there may be important differences in the 
distribution of socioeconomic status between populations. Access to infertility diagnosis and 
treatment varies across countries, and certainly within the United States.221 Differences in 
socioeconomic status could affect applicability in several ways.  Differences in access to care 
may lead to differences in the spectrum of severity of “disease” for U.S. patients who given the 
financial burden of treatment options they may wait longer to undergo evaluations. Although 
summary statistics of baseline characteristics may allow some judgment of comparability, there 
may be potentially important differences in the distribution that are obscured by the typical 
reporting of means and standard deviations (particularly if the underlying characteristic is not 
normally distributed), or by differences within a given stage. Socioeconomic status may also 
potentially affect some important outcomes independently of any specific treatment—for 
example, neurodevelopmental outcomes such as specific learning skills may be strongly 
correlated with parental socioeconomic status. 

The second issue is that changes in practice over time have a major impact on applicability, 
particularly for long-term outcomes. The long lag time between exposure to infertility treatment 
and the potential development of longer term outcomes such as cancer means that data available 
today necessarily reflect women exposed to treatments at least 10 years in the past; even if the 
specific exposure is similar, there may be differences between past and current practice in 
potentially important attributes such as dosage, timing, patient selection criteria, use of 
adjunctive treatments, etc. For example, evidence that immediate use of IVF leads to shorter time 
to pregnancy than strategies where IVF is used only after a trial of agents such as clomiphene or 
gonadotropins has led to a change in guidelines.217 which now suggest that the cumulative 
exposure to gonadotropins during the course of treatment is likely to decrease compared to 
earlier cohorts of women, reducing any long-term risks.   

In addition, there may be cohort effects in terms of other exposures that may affect the 
absolute risk of some outcomes (e.g., changes in the use of postmenopausal hormone 
replacement therapy or ages of mammography screening affecting breast cancer risk), which in 
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turn would impact any additional absolute risk due to exposure to infertility treatments. Because 
of this phenomenon, there is likely to always be some unresolvable uncertainty about long-term 
outcomes for both parents undergoing current infertility treatments and their children. 

Implications for Clinical and Policy Decisionmaking 
Our review found considerable uncertainty about the comparative effectiveness of many 

available treatments for infertility, both those targeted at specific causes and those like ART that 
are used broadly in patients with a wide range of underlying diagnoses. A large component of 
this uncertainty is due to inconsistency in the choice of reported outcomes. This is especially true 
of the choice for primary measure of “success.” Although there is a growing consensus that live 
birth rate per couple (either per cycle or per a number of treatment cycles) undergoing a 
particular intervention is the most relevant outcome for clinical decisionmaking,22,222-224 many 
studies, particularly older ones, report intermediate outcomes such as clinical or ongoing 
pregnancy rates. Although there is some evidence that conclusions about relative effectiveness 
are similar whether ongoing pregnancy or live birth is used as the primary outcome,225 there may 
be relevant differences in absolute effectiveness, as discussed under Limitations. From a study 
design and feasibility perspective, intermediate outcomes reduce costs through smaller sample 
size requirements and shorter overall time to reaching endpoints (discussed in more detail under 
Research Recommendations), but feasible studies that do not sufficiently resolve uncertainty 
about specific clinical or policy decisions to allow confidence in those decisions are ultimately 
not an efficient use of resources. 

Another source of uncertainty is a lack of consensus or clarity on the relative importance of 
different outcomes to patients, clinicians, and policymakers. Many clinical decisions regarding 
infertility treatment involve tradeoffs between, at least, the number of treatment cycles required, 
the cumulative probability of a successful outcome, and the relative probability of multiple 
gestations. Depending on the health system, these clinical tradeoffs can have financial 
implications for patients as well. There is a striking lack of evidence on the relative value 
patients place on different outcomes related to infertility treatment, with relatively few studies 
using standard methods of preference elicitation available.226-229 This makes decision analyses, 
both clinical and economic, difficult. This lack of data also inhibits design and testing of policies 
intended to optimize outcomes (e.g., insurance coverage for elective single-embryo transfer over 
multiple cycles for eligible patients in order to take away incentives for multiple-embryo transfer 
when patients pay out of pocket).   

As discussed above in the applicability section, the combination of continuous changes in 
infertility treatment and the long time horizon needed to obtain evidence on long-term safety 
outcomes for both parents and children means that there will always be a degree of unresolvable 
uncertainty about long-term safety for patients making decisions now. To some extent, this is 
true of most clinical decisionmaking (such as estimates of the impact of specific interventions 
such as cancer screening on life expectancy are based on assumptions about treatment 
effectiveness, competing risks, etc., that do not reflect potential future changes). This is another 
area where more insight into relative preferences for both outcomes and timing of outcomes 
(e.g., is there a potential increased risk in the risk of cancer in 20 or 30 years that patients would 
be willing to trade off for an increased probability of a live birth within the next year) would be 
helpful.   

A potential first step toward addressing these uncertainties within the U.S. context would be 
to create a formal structure for evaluating specific decisions relevant to infertility management, 
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similar to the GRADE approach used by NICE. Achieving consensus on at least the relative 
importance of specific outcomes (potentially including costs), the ideal method for measuring 
those outcomes, and acceptable trade-offs between harms and benefits (such as the number of 
cases of OHSS per live birth, or number of preterm births attributable to multiple births per live 
birth), would be useful for structuring future reviews, guidelines development, and, through 
methods such as value-of-information analysis,230 prioritizing future research.  

Limitations of the Systematic Review Process 
Several aspects of the review process may have affected the results. First, there were 

constraints in our search strategy, developed in consultation with the Key Informants and TEP. 
We did not review evidence on the diagnostic evaluation of patients with infertility. Although 
this is obviously a critical question for patients, clinicians, and policymakers, it was outside of 
the scope of the review.  

We limited the search to papers published after the cutoff date of the previous Agency for 
Healthcare Research and Quality (AHRQ) Evidence Report on ART.59 This meant that studies 
completed prior to the cutoff date, which otherwise might have met inclusion criteria, were 
excluded. While we believe that the majority of these studies were included in the systematic 
reviews we used to supplement each KQ, it is possible that potentially relevant articles were 
missed. Given broad changes in clinical practice (such as increasing use of ICSI even in the 
absence of specific male factor infertility and decreasing use of empiric gonadotropin therapy 
prior to ART in couples with unexplained infertility) Over the past decade, the impact of missing 
earlier studies on conclusions about comparative effectiveness of currently used treatment 
alternatives is unclear. 

We limited the outcomes to those considered most important by key stakeholders, using a 
formal prioritization process described in the Methods section, in an attempt to keep the scope of 
the review tractable. We specifically limited the review to articles that reported live birth as the 
primary pregnancy-related outcome, excluding studies that reported pregnancy rates alone 
(including studies reporting clinical or ongoing pregnancies). There is growing consensus that 
live birth is the most appropriate outcome for studies of infertility treatment effectiveness,22,222 
particularly when expressed as the cumulative probability of live birth per couple over time 
rather than on a per-cycle basis,223,224 since this is the most clinically relevant information for a 
given couple. In 2010, the Cochrane group found that live birth is still infrequently reported in 
trials of infertility treatment, but there is some evidence suggesting that, in studies that report 
both clinical pregnancy and live birth outcomes, the magnitude and direction of effect are 
similar.225 Including otherwise eligible studies that reported clinical pregnancy rates alone may 
have provided some additional evidence relevant to the KQs. However, because the use of a 
surrogate or intermediate outcome such as clinical pregnancy rate affects the strength of 
evidence through its effect on directness, our overall assessment of strength of evidence would 
not likely have substantially changed. 

Our review process was structured by KQ and, for each outcome, we required that outcomes 
be reported for the specific patient population covered by the KQ, or, in the case of observational 
studies, that the underlying diagnosis be included in multivariate analyses so that the reported 
overall measure of association accounted for variability based on diagnosis. This approach led to 
the exclusion of a number of studies of treatments used across multiple diagnoses, particularly 
those involving ART. The extent to which specific outcomes might differ based on underlying 
diagnosis is unclear. For long-term outcomes such as cancer in female patients, there is evidence 
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that certain infertility diagnoses increase risk independently of any treatment effects (for 
example, PCOS and endometrial cancer, or endometriosis and ovarian cancer). Risks of some 
adverse outcomes (e.g., OHSS or ectopic pregnancy) differ in different populations (e.g., women 
with PCOS, tubal factor, or endometriosis infertility). However, there is less evidence that 
treatment effectiveness varies by diagnosis, although even when relative differences are similar, 
there still may be clinically important differences in the absolute probability of specific benefits 
and harms. One alternative approach to structuring the review would be to focus diagnosis-
specific reviews only on treatments used prior to initiation of ART, and report comparative 
effectiveness of treatments used in ART under the assumption that outcomes are similar across 
patient populations. However, even if this approach expanded the evidence base, there still 
would be residual uncertainty surrounding quantitative estimates of outcome likelihood in 
specific patient populations.  

Last, we did not include studies published in languages other than English, primarily due to 
resource limitations. However, given differences in the way infertility evaluation and treatment is 
financed in different countries, our judgment (discussed in more detail under Applicability) is 
that there may be important differences, both measurable and unmeasurable, between couples 
undergoing infertility in the United States compared with other countries. Inclusion of non-
English language studies would only make this problem worse. 

Research Recommendations  
In an era of constrained resources, future clinical research, especially comparative 

effectiveness research—which helps resolve current uncertainties regarding clinical or policy 
decisions—should receive priority. For most of the KQs, there are multiple areas of remaining 
uncertainty based on the existing evidence. In part because of the diversity of causes and 
treatment options, it is difficult to make specific recommendations for specific topics.  

Before setting a specific agenda for future research in infertility, we believe a more general 
approach to identifying priorities would be helpful. Achieving consensus on the relative priority 
of specific outcomes, incorporating the perspective of multiple stakeholders (similar to the 
approach used for developing a research agenda for comparative effectiveness research for 
uterine fibroids.231,232 Ideally, these outcome priorities would be used for subsequent evidence 
syntheses and guideline development. 

As part of this consensus process, additional areas of discussion include: 
• Formal consideration of the limits of acceptability for specific quantitative harms (e.g., 

preterm birth) and clinically meaningful differences in benefits (e.g., live birth). 
• Formal discussion of the potential role of cost-effectiveness in decisionmaking, including 

issues of willingness-to-pay and appropriate choice of outcome. This is particularly 
important because there are significant methodological challenges to the use of 
“standard” measures such as quality-adjusted life expectancy in the setting of infertility 
treatment.   

• Issues related to study design, particularly from the patient stakeholder perspective. For 
example, in settings where patients and/or clinicians may have strong preferences for 
specific treatments, recruitment into RCTs may be difficult.233 In the uterine fibroid 
consensus process, patient stakeholders strongly preferred observational designs to 
randomized treatment assignment.231 Discussion of potential trade-offs between risk of 
bias, efficiency, ability to measure all relevant potential confounders and effect modifiers, 
appropriateness of alternative approaches such as Zelen randomization (where subjects 
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are randomized prior to consent, then allowed to either receive the assigned treatment or 
choose the alternative234), and the likelihood that a specific study design would resolve a 
specific area of uncertainty should all be included. 

 
Part of this process could include value-of-information analysis, a formal method for 

quantifying the impact of existing uncertainty on the likelihood of making the “wrong” 
decision.235-237 Although the approach has classically been used in the framework of cost-
effectiveness, the basic methods for illustrating the impact of uncertainty on the probability of 
making an optimal decision can also be applied using specific harms and benefits.   

In addition to development of a specific consensus-driven approach to resolving uncertainty, 
other specific recommendations apply across all areas of infertility treatment. Empiric 
measurement of patient preferences using validated measures would have substantial impact. In 
the context of infertility treatment, where approaches such as the standard gamble or time trade-
off (which require trading off risk of immediate death or life expectancy versus specific health 
benefits) may be both conceptually difficult and counter-intuitive to patients, approaches such as 
discrete choice experiments (DCE) may be preferable (DCE, or conjoint analysis, also has the 
advantage of being able to explicitly incorporate costs to measure willingness-to-pay).238,239 

The CDC/SART database is an outstanding example of what a large-scale, population-based 
registry can achieve in terms of providing data on treatment outcomes. However, the major 
limitation of the database in the past has been that data are only published on a per-cycle, rather 
than per-couple, basis. Recently the database methods have changed and now they are publically 
reporting the cumulative success rate per patient. Results, however, are still reported at the clinic 
level, so patients who receive care at more than one clinic do not have the full range of outcomes 
captured, and there is no mechanism for prospectively collecting long-term outcomes of patients 
or children. Facilitating reporting of results so that outcomes are reported on a per-couple basis 
will substantially improve the ability to generate estimates of the likely outcome of specific 
ART-related decisions.   

Based on input from key informants and our technical expert panel (TEP), we structured the 
review based on infertility diagnosis, and required studies to report outcomes specifically by 
diagnosis, or to adjust for diagnosis in multivariable analyses. As noted above, this led to 
exclusion of a number of papers, particularly those related to ART methods. There is clear 
evidence that the probability of some outcomes of interest, both short-term (e.g., OHSS) and 
long-term (certain cancers) differs based on underlying diagnosis. Although this may not be the 
case for all outcomes, we believe it would be helpful for future studies of interventions 
performed in patients with different underlying diagnoses to report results separately by 
diagnosis. Within an individual study powered on the basis of the total patients, estimates of 
diagnosis-specific outcomes may be too imprecise to confidently rule out clinically relevant 
differences—consistency of reporting would allow formal synthesis of estimates across studies.  

We found very limited evidence on outcomes among sperm or oocyte donors. Oocyte donors, 
who undergo controlled ovarian hyperstimulation and oocyte retrieval in the same manner as 
patients undergoing IVF using their own eggs, have, in theory, at least the same risk of short-
term adverse events as patients. The frequency with which oocyte donors are used is increasing, 
and evidence from the CDC/SART database suggests that the risk of certain pregnancy 
complications is lower when donor oocytes are used.37,38 If demand for donor oocytes continues 
to increase, much more evidence on the specific short- and long-term outcomes of donation 
(especially if a donor undergoes multiple cycles) is needed. 
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Conclusion 
Recently there has been growing adaptation of more rigorous methods for evaluating 

treatments for infertility, particularly regarding treatments for PCOS and approaches to timing of 
interventions in patients undergoing ART. In addition, ongoing refinements to the SART/CDC 
database continue to make it a valuable resource, particularly for data on short-term 
outcomes.  However, given the diversity of infertility causes and treatments, there is considerable 
residual uncertainty about the optimal treatment options for specific patients. Consensus on 
which outcomes to report (such as encouraging reporting of live birth rates on a per couple basis 
as well as per cycle) and which areas of uncertainty are most important to resolve (in order to 
prioritize research) is needed to improve the ability of patients and clinicians to make decisions 
about the most appropriate treatment.   
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Acronyms and Abbreviations 
AHRQ Agency for Healthcare Research and Quality 
ART assisted reproductive technology 
ASRM American Society for Reproductive Medicine 
BMI body mass index 
CDC Centers for Disease Control and Prevention 
CI confidence interval 
DCE discrete choice experiments 
DHEA dehydroepiandrosterone 
DOR diminished ovarian reserve 
EHC Effective Health Care 
EPC Evidence-based Practice Center 
eSET elective single embryo transfer 
FASTT Fast Track and Standard Treatment 
FORT-T Forty and Over Treatment Trial 
FSH follicle-stimulating hormone 
GnRH gonadotropin-releasing hormone 
GRADE Grading of Recommendations Assessment, Development and 

Evaluation 
hCG human chorionic gonadotropin 
hMG human menopausal gonadotropin 
HR hazard ratio 
ICTRP International Clinical Trials Registry Platform 
ICSI intra-cytoplasmic sperm injection 
IMSI intra-cytoplasmic morphologically selected sperm injection 
IUI intrauterine insemination 
IVF in vitro fertilization 
IVM in vitro maturation 
KIs key informants 
KQ key question 
NASS National ART Surveillance System 
NICE National Institute for Health and Care Excellence (UK) 
NIH National Institutes of Health 
NR not reported 
NS not statistically significant 
OAT oligo-astheno-teratozoospermia 
OHSS ovarian hyperstimulation syndrome 
OR odds ratio 
PCOS polycystic ovary syndrome 
PGS preimplantation genetic screening 
PICOTS populations, interventions, comparators, outcomes, timing, settings 
PICSI physiological intra-cytoplasmic sperm injection 
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
RCT randomized controlled trial 
rFSH recombinant follicle-stimulating hormone 
RR relative risk 
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SART Society for Assisted Reproductive Technology 
SART CORS Society for Assisted Reproductive Technology Clinic Outcome 

Reporting System 
SD standard deviation 
SIR standardized incidence ratio 
SRC Scientific Resource Center 
TEP technical expert panel 
TESE extracted testicular sperm 
uFSH urinary follicle-stimulating hormone 
UK United Kingdom 
WHO World Health Organization 
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