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Chapter 2

Abstract
Objective To evaluate the methodologic quality of economic analyses published in the 
field of reproductive medicine.

Design Systematic review.

Setting Centers for reproductive care.

Patients Infertility patients.

Interventions We performed a Medline search to identify economic evaluation studies 
in reproductive medicine. We included studies that concerned interventions, evaluated 
costs and effects, and were published in a journal on reproductive medicine, gynecology, 
or a major general journal from 1997 through May 2011.

Main Outcome Measures Number of quality criteria adhered to.

Results Our search revealed 5,519 articles, of which 85 met our inclusion criteria. Seventy-
seven (91%) of the economic analyses were on treatment, six (7%) on diagnosis, and two 
(2%) on screening. The mean number of quality criteria adhered to was 20 out of 30 
items, and only one article met all 30 criteria. The mean number of criteria adhered to 
was higher if at least one of the authors was from a methodologic or health economics 
department (mean 23 [n . 30] versus mean 20 [n . 55]). The most common limitations 
of published economic evaluation studies were in methodology or presentation of 
incremental analyses, sensitivity analyses, and discounting.

Conclusions Economic analyses published in the past 15 years in the field of reproductive 
medicine seldom adhere to all recommended methodologic standards. A large majority of 
these publications evaluated treatments rather than diagnostic interventions. 
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Introduction
Decision making on availability and reimbursement of interventions in reproductive medicine 
is becoming increasingly difficult owing to rising health care costs and waning resources. 
Economic analyses underpinning decision making are therefore gaining importance. Quality 
standards have been set on how to perform high-quality economic evaluations, with the 
aim to improve performance (Drummond et al., 1996; Gold et al., 1996; Siegel et al., 1996). 

A review, evaluating the methodologic quality of cost-benefit and cost effectiveness 
studies in journals on obstetrics and gynecology from 1990 to 1996 showed that of 
published economic analyses in this field, only five of the 89 articles reviewed adhered to 
all recommended standards (Smith et al., 1998).

In 2012, an update of this review showed that advances had been made in the past 
decade, but there was still room for further improvement  (Vijgen et al., 2012). 

Because the quality of economic analyses in reproductive medicine has not been 
assessed systematically, and because many guidelines on economic analysis in health 
care were initiated or improved in the middle and late 1990s, we aimed to evaluate the 
methodologic quality of recently published literature concerning economic evaluation 
studies in reproductive medicine in the past decade. Insight into the quality of economical 
analysis in reproductive medicine is important for valuing the performed studies and to 
assess whether these studies can be used for decision making.

Material and methods
We performed a search of peer reviewed journals to identify journals on reproductive 
medicine, medical decision making, and health economics. This resulted in a Medline search 
in 87 peer-reviewed reproductive and gynecologic journals, as well as five general journals: 
the Journal of the American Medical Association, The Lancet, the British Medical Journal, 
the New England Journal of Medicine, and the Canadian Medical Association Journal.

Our systematic search was limited to publications in the English language from January 1, 
1997, to January 5, 2011, because standards on methodologic quality were first published in 
1996 (Drummond et al., 1996; Gold et al., 1996; Siegel et al., 1996). We used the following 
search strategy: [A] using the Mesh term ‘‘cost-benefit analysis’’ and [1] ‘‘cost-benefit analysis 
(Mesh)’’ OR ‘‘cost-benefit’’ OR ‘‘cost-effectiveness’’ and [2] limit for humans and English-
language publications and [3] limit for a specific obstetrics and gynecology journal, or [B] using 
the Mesh term ‘‘costs and cost analysis’’ and [1] ‘‘cost-benefit analysis (Mesh)’’ OR ‘‘cost-
benefit’’ OR ‘‘cost-effectiveness’’ and [2] limit for humans and English-language publications 
and [3] limit for a specific obstetrics and gynecology journal and [4] [B1 to B3] NOT [A1 to A3]. 

Editorials, review articles, letters, technical notes, and articles that used the term cost-
effectiveness or cost-benefit in a descriptive manner, i.e., the study was not supported 
with data, were excluded. The article was considered for inclusion with the use of three 
criteria: 1) The study population consists of subfertile couples; 2) the intervention 
evaluated concerns the field of reproductive medicine; and 3) the study concerns a 
full economic evaluation, defined as a comparative evaluation studying both costs and 
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benefits. Each study eligible for our review was read and independently reviewed by two 
authors. Included articles were subsequently assessed for methodologic quality.

Methodologic Quality
We evaluated the methodologic quality with the use of an assessment form based on 
several international standards developed by Vijgen et al. and resulting in 30-items 
concerning 8 topics (Table 1) (Drummond et al., 1996; Gold et al., 1996; Siegel et al., 
1996; Vijgen et al., 2012; Detsky et al., 1990; Udvarhelyi et al., 1992).  Our data extraction 
form consisted of two separate parts. Part 1 concerned items on clinical and methodologic 
characteristics of the economic evaluation study, including type of intervention, economic 

Table 1. Data Extraction and Methodological Criteria Used in Our study

Data extraction

Country of investigation

Category and type of intervention

Type of patients

Comparative intervention

Type of effectiveness study used

Outcome measure

Economic design & perspective according to authors & reviewers

Method of health benefits valuation

Included costs, price year

Model used

Discounting costs and effects

Time horizon

Sensitivity analysis

Methodological Criteria

Study design: study population, alternatives description, well-defined research question, appropriate 
economic study design, perspective description

Effectiveness data: source of effectiveness data, details of effectiveness study and/or an overview of studies

Benefit measurement an valuation: statement of primary outcome measures, use of outcome measure 
describing the condition of te patient, details of method used for health benefits valuation

Costing: completeness costs (looking at perspective and time horizon), description of resources and unit 
costs, currency and price data, details of inflation adjustment or currency conversion

Modeling: description of modelling, details and key parameters

Adjustments for timing of costs and benefits: appropriate time horizon, discounting mentioned

Allowance for uncertainty: description of statistical tests, description of sensitivity analysis and choice of 
variables

Presentation of results: use of incremental analysis, presentation major outcomes (separate and in a 
ratio), study question answered, logical conclusions
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design (trial-based or model-based), and type of economic evaluation (cost-effectiveness 
or cost-utility analysis). In part 2 we assessed the methodologic quality of the study. 

Each study was independently reviewed by L.M.M. and S.M.C.V., B.C.O. or B.W.J.M. 
Any discrepancies in scoring were resolved by discussion and consensus. All data were 
analyzed descriptively, and individual items were summarized as number and percentage 
of total with a positive score. The total number of items scoring positive was used as 
indicator of overall methodologic quality, and differences between types of journals, and 
between the affiliations of the authors, were analyzed with the use of one-way analysis of 
variance. Trends over time were tested with linear regression (SPSS 16.0). A P value of .05 
was considered to be significant. No ethical approval was needed for this research.

Results
The search strategy yielded 5,119 publications, of which 5,013 (including duplicates) 
were excluded because it was clear from the title and abstract that they did not fulfil the 
selection criteria. They included letters, comments, editorials, and reviews, but most of 
the time the articles were excluded because there were no full economic evaluations.

From the remaining 106 articles, three articles were excluded because they were 
not available in full text. During the review process, 18 articles were excluded because 
after close reading they also did not meet the inclusion criteria. Eighty-five articles were 
finally included and evaluated for methodologic quality. Two of a group of four reviewers 
independently reviewed each of the 85 articles and extracted data from each article with 
the use of the standardized form.

Of the included 85 articles, 73 (86%) were published in journals on reproductive 
medicine, 10 (12%) in journals on obstetrics and gynecology, and 2 (2%) in general 
journals. No studies on reproductive medicine were identified in health economic or 
medical decision making journals. Most economic evaluations were published in Fertility 
and Sterility (n =31; 36%), Human Reproduction (n = 25; 29%), Reproductive Biomedicine 
Online (n = 8; 9%), and Journal of Assisted Reproduction and Genetics (n = 6; 7%). There 
was considerable variation in the annual number of publications over time, but without a 
consistent change over time (Y = -259.148 + 0.132X; P=.4; Fig. 1).

General, Clinical, and Methodologic Characteristics
The general and clinical characteristics are summarized in Table 2. Most studies were 
performed in countries from mainland Europe (n = 32; 38%) and the United States (n = 29; 
34%). In the majority of the cases there was no author involved from a health economics or 
public health department (n = 55; 65%). There were 77 (91%) studies on treatment, 6 (7%) on 
diagnosis, and 2 (2%) on screening. Effectiveness data were mostly based on data integrated 
in decision analysis (n = 34; 40%). All studies used clinical outcome measures, among which 
clinical pregnancy, ongoing pregnancy, live birth, or delivery were the most frequently reported 
outcomes (n = 79; 93%). Methodologic characteristics are summarized in Table 3. Forty-one 
studies (48%) were model based and therefore the comparator was often the comparison of 
different strategies. From the viewpoint of the authors the majority reported their economic 
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study design as cost-effectiveness analysis (n = 71; 84%), but according to our study team this 
design was used even more often (n = 79; 93%). In 43 studies (51%) the perspective was not 
mentioned by the authors. According to our reviewers, a health care perspective was most 
often used (n = 49; 58%). In more than one-half of the studies the chosen time horizon was 
unclear (n = 49; 58%). Discounting of cost or effects was not mentioned in, respectively, 71 
(84%) and 74 (87%) of the studies. A sensitivity analysis was performed in 41 studies (48%).

Quality Assessment
Compliance with methodologic criteria was highest for the description of the study population 
(n = 72; 85%), description of competing alternatives (n = 77; 91%), defining a well defined 
research question (n = 79; 93%), an appropriate study design (n = 77; 91%), reporting the 
source of effectiveness data (n = 79; 93%), and a clearly stated primary outcome (n = 81; 95%).

Compliance was lowest for description of the perspective (n = 21; 25%), completeness 
of costs when looking at the time horizon (n = 26; 31%), details of any adjustment for 
inflation, index year, or currency conversion (n = 35; 41%), details of the statistical test and 
the confidence intervals around them(n = 28; 33%), and reporting of an incremental analysis 
(n = 49; 58%). If no discounting was applied an explanation was rarely given (n = 7; 8%). 

On average, 20 (SD 4.5) out of a possible 30 criteria were adhered to, with only one 
of the articles meeting all 30 methodologic criteria (Wex-Wechowski et al., 2010). We 
compared quality of reporting of studies across different types of journals. Out of the 
30 criteria, on average 20 (SD 4.5) criteria were met in reproductive medicine journals, 
versus 18 (SD 4.9) in obstetrics and gynecology journals and 21(SD 2.8) in general journals 
(P.30). The number of quality criteria adhered to was consistently higher (23 vs. 20; 
P<.005), when one of the authors was affiliated with a health economics department or 
methodologic department compared with authors exclusively from clinical departments.

Figure 1. Publication years of the economic evaluation articles
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Discussion
The main purpose of the present study was to evaluate the methodologic quality of recently 
published economic evaluation studies in reproductive medicine. Our main finding was 
that economic analyses in reproductive medicine still have shortcomings. On average the 
mean number quality criteria adhered to was 20 (SD 4.5) out of 30 criteria, with a range 
from 9 to 30; only one study adhered to all 30 quality criteria. We found that if at least one 

Table 2. General and clinical characteristics of the economic evaluation studies

Characteristic n=85 %

Country

Mainland Europe 32 38%

United States 29 34%

United Kingdom 12 14%

Australia/ New Zealand 5 6%

African country 3 4%

Asian country 2 2%

Canada 2 2%

Author affiliations

All from clinical departments 55 65%

At least one from a methodological or health economics department 30 35%

Intervention type

Treatment 77 91%

Diagnosis 6 7%

Screening 2 2%

Type of effectiveness study used

Data integrated 34 40%

Cohort study 25 29%

RCT 23 27%

Cross sectional study 2 2%

Case-control study 1 1%

Outcome measure used

Live birth 37 44%

Pregnancy, not defined 16 19%

Clincial pregnancy 10 12%

Ongoing pregnancy 8 9%

Delivery 8 9%

other 6 7%
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Table 3. Methodological characteristics of the studies

Characteristic % (N)

Comparative intervention:

Standard/usual care 65% (55)

(Model-based) comparison of different strategies 34% (29)

Next best alternative 1% (1)

Economic study design reviewer (author): Author Reviewer

Cost-effectiveness 84% (71) 93% (79)

Cost-minimization 6% (5) 6% (5)

Cost-utility 0% (0) 1% (1)

Unclear 11% (9) -

Perspective reviewer (author): Author Reviewer

Societal 22% (19) 15% (13)

Health care institution 15% (13) 58% (49)

Third payer 9% (8) 18% (15)

Patient 2% (2) 1% (1)

Unclear 51% (43) 7% (8)

Which costs included? Yes No Unclear

Direct Health Care Costs included: 91% (77) 9% (8)

Direct Non Health Care Costs included: 8% (7) 85% (72) 7% (6)

Indirect Health Care Costs included: 11% (9) 84% (71) 6% (5)

Indirect Non Health Care Costs included: 13% (11) 80% (68) 7% (6)

Model-based study:

Yes 48% (41)

No 51% (43)

Unclear 1% (1)

Chosen time horizon:

Lifetime 1% (1)

>= 1 year 12% (10)

< 1 year 29% (25)

Unclear 58% (49)

Discount rates used: Costs Effects

1% 1% (1)

3% 2% (2) 1% (1)

5% 1% (1)

6% 1% (1)

No discounting applied 12% (10) 11% (9)

Not mentioned 84% (71) 87% (74)
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of the authors was from a health economic or methodologic department, the adherence 
to the quality criteria was higher. The most common limitations we identified were in the 
methodology or presentation of time frame, perspective, incremental analysis, sensitivity 
analysis, and discounting (an explanation of these topics are presented in Supplemental 
Table 1, available online at www.fertstert.org).

Time Frame
The chosen time frame was unclear in 58% (n = 49) of the articles; especially in reproductive 
medicine, a known time frame is essential for interpreting the results, because in most 
analyses an outcome related to pregnancy is involved. It is important to know if this 
pregnancy rate was achieved in, e.g., 1 month or 1 year for the interpretation of the 
outcome. Also, if a time frame is unclear, the reader is unable to decide if discounting 
should be applied and if all essential costs are included. A methodologic review in 
obstetrics and gynecology found a similar result, namely that in 47% a time frame was not 
reported (Subak et al., 2002).

Perspective
The chosen perspective was not mentioned in 51% (n = 43) of the articles, and if a 
perspective was mentioned, it was only substantiated in 74% (n = 63) of the cases. A 
clear statement of the chosen perspective is essential for the interpretation of the results, 
because the chosen viewpoint influences the included cost categories as well as unit cost 
estimates in the evaluation (Drummond et al., 1996). 

An incremental analysis was mentioned in only 58% (n = 49) of the articles. This is 
unfortunate, because this is the statistic of interest in economic analyses (Briggs et al., 
2006). An incremental cost-effectiveness ratio (ICER) shows the extra cost one has to 
invest to gain one additional unit of the health outcome— e.g., one extra pregnancy—
compared with the comparator intervention. An incremental analysis thus enables us to 
evaluate the relative benefit from one alternative to another. We can relate the ICER to 
other interventions, or with some national threshold value which decision makers are 
assumed to be willing to pay for an additional unit of effect (Briggs et al., 2006).

Table 3.  Continued

Characteristic % (N)

If no discounting for costs and/or effect was applied an explaination given

Yes 8% ((7)

No 88% (75)

Not applicable 4% (3)

Sensitivity analyses:

Yes 48% (41)

No 52% (44)
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Sensitivity Analysis
Another shortcoming in many economic evaluations was the lack of sensitivity analyses. 
In fewer than one-half of the articles was a sensitivity analysis performed. If a sensitivity 
analysis was performed, it was mostly limited, e.g., only univariate sensitivity analysis. 
Only a few studies examined their assumptions thoroughly in multivariate sensitivity 
analyses. Other reviews concerning the methodologic quality of economic evaluations 
showed similar rates of 21%–53% (Smith et al., 1998; Subak et al., 2002). It is important 
to consider uncertainty in economic evaluations, to judge whether conclusions are 
meaningful and robust (Drummond et al., 1996). Sensitivity analysis can also help to 
prioritize research. Sensitivity analyses can identify which variables in our economic 
analysis ‘‘drive’’ the results, because some variables carry greater weight than others. If 
the value of the variable that has a large effect on the conclusions is uncertain, this would 
imply the need for further research in this area (Meltzer, 2001).

Discounting
Discounting costs and/or effects was not mentioned in 94% of the evaluated articles, and 
an explanation was given in only 8% of these. In reproductive medicine, most studies 
have a limited time frame and discounting is not applicable. This could be the reason 
why discounting was only sporadically mentioned. Nonetheless, discounting is important 
because costs as well as effects generated in the future are considered to be less important 
than those generated at present. Discounting thus allows for the direct comparison of 
costs and benefits generated during different periods (Meltzer, 2001).

Study Limitations
The search method we used may not have been comprehensive, because it relied on 
specific keywords or the Mesh headings ‘‘cost-effectiveness’’ or ‘‘cost and cost-analysis.’’ 
Identifying specific economic evaluations studies is difficult because usually such studies are 
not systematically classified as such. Furthermore, reviewers were not blinded for authors 
and institutions, or year of publication, although the methodologic criteria to evaluate each 
study were designed to be objective and were applied consistently to all studies evaluated. 
Finally, one of the reviewers (B.W.J.M.) is an author of two of the studies evaluated, though 
he did not contribute to the final scoring decisions of the studies in which he was involved.

In all economic evaluations, a clinical outcome was used as effectiveness measure, 
predominantly live birth (n = 37; 44%). This is a reliable effect measure, and very useful in 
reproductive medicine. We also found that in 19% (n = 16) of the studies, pregnancy was 
an outcome measure, but the definition of pregnancy was not given. In our opinion it is 
important to use live birth as an outcome measure, because in the end this is the outcome 
measure of interest. The aim of reproductive interventions is establishing a live birth, and 
achieving of a pregnancy. None of the studies were based on time to live birth. In our opinion, 
time to live birth is a crucial element for economic evaluations in reproductive medicine, 
not only because the birth of a child is of crucial importance, but also for the time it takes 
to occur. Time to pregnancy is especially important in view of subsequent pregnancies, 
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because most couples desire more than one child, and because failure to conceive is most 
prevalent in couples with relatively higher age, the time aspect is even more relevant. 

Surprisingly, the overwhelming majority of studies addressed issues of treatment, 
rather than diagnosis or screening. Apparently, diagnostic issues are more complicated to 
perform economic analyses on, specifically, the end point is more difficult to define. We 
think that there is a need for economic analyses of diagnostic issues, because a large part 
of the costs in reproductive medicine are spent to diagnostic procedures.

In recent decades, economic evaluations have become increasingly important as a 
means to support medical decision making, and several standards have been published to 
improve design and reporting of economic analysis (Drummond et al., 1996; Gold et al., 
1996; Siegel et al., 1996; Detsky et al., 1990; Udvarhelyi et al., 1992). Nevertheless, many 
publications show that there is still a need for improvement (Smith et al., 1998; Udvarhelyi 
et al., 1992; Subak et al., 2002; Hoomans et al., 2007; Jefferson et al., 2002; Manuel et al., 
2004; Severens, 2001; Vintzileos et al, 2004). 

In conclusion, the present study shows that there is still need for improvement in 
the quality of economical evaluations in reproductive medicine. Much can be gained 
by more clear and transparent reporting of the design (perspective, study horizon) as 
well as values used for costs, probabilities, outcomes, and the performance of sensitivity 
analysis. Understanding and adequately applying and reporting the methodology of cost-
effectiveness analysis is critical for researchers, editors, and readers to accurately interpret 
results. Because decision making—for both clinical and health policy decisions—should 
be based on high-quality evidence on clinical and economic consequences, researchers 
in reproductive medicine should strive to further improve the quality of their economic 
evaluation studies and related publications.
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Supplementary table 1. Terminology in cost-effectiveness studies

Term Explantion

Discounting Process for computing how much a quantitative measure of resource cost or 
health outcome at some point in the future is worth today.

Discounting rate The rate at which costs or health outcome is discounted. 

Health benefits Standard gamble: Involves utilities based on a discrete choice experiment. 
The utilities are dependent on the risk behaviour of the individuals surveyed. 
In general, individual behaviour is risk averse, meaning respondents will tend 
towards the certain outcome rather than the gamble. 
Time trade of: involves utilities based on asking subject s to consider the relative 
amount of time they would be willing to sacrifice to avoid a poorer health state. 
Visual analoge scale: Consists of a single line with anchors representing best 
possible health and death (or some alternative). Respondents are asked 
to place each health state on the line such that the intervals between the 
placements reflect their perceived differences between the health states.

Incremental cost-
effectiveness ratio (ICER)

Is the ratio of the difference in the mean costs of a technology compared 
with the next best alternative to the difference in the mean outcomes. It 
represents the additional cost per extra unit of effect (e.g. QALY) from the 
more effective technology. It is calculated by dividing the difference in costs 
between to scenarios by the difference in effect.

Perspective: Health care:  Considers all health care effects and resources used. 
Third payer: Considers all third payer effects and resources used. 
Patient: Considers all patients effects and resources used. 
Societal: Considers everyone affected by an intervention and all significant 
effects and resources used.

Quality adjusted life year A year of life adjusted for its quality or its value. A year in perfect health is 
considered equal to 1.0 QALY. Death is equal to 0.0 QALY. 
The value of a year in ill health will be somewhere in between. 

Sensitivity analysis A means of representing uncertainty in the results of economic evaluations. 
The four main types of sensitivity analysis are: one-way simple sensitivity 
analysis, multiway simple sensitivity analysis, threshold sensitivity analysis 
and probabilistic sensitivity analysis.

Types of cost Direct health care costs: e.g. admissions, staffing, consumables
Direct non health care costs: e.g. travel costs 
Indirect health care costs: e.g. health care costs in life years gained
Indirect non health care costs: e.g. productivity costs (time lost from work)

Types of economic study 
design

Cost minimization analysis: Effects outcomes have been shown to be 
equivalent. Interventions are based on net costs.
Cost benefit analysis: Effects are measured in monetary terms. The results 
are usually expressed in terms of net benefit (benefit minus cost).
Cost-effectiveness analysis: Effects are unidimensional health outcomes 
(e.g. number of live birth). When combined with costs and compared to at 
least one comparator the results of CEA are often presented as a ratio of 
incremental cost over incremental effect.
Cost utility analysis: Effects are estimated in utility units (e.g. quality adjusted 
life years (QALYs)). When combined with costs and compared to at least one 
comparator the results are presented in terms of incremental cost per QALY.

Willingness to pay: The process in which individuals are asked the maximum they are willing to 
pay, in monetary terms, to achieve a given benefit of an intervention/service.
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