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INTRODUCTION

Consumption of fertility treatments are unlike any other medical 
intervention. This claim is made on the basis of the nature of the intended 
outcome achieved through consuming fertility treatments – namely a live 
birth – compared with the desired outcome normally attributed to consuming 
healthcare of improved health. Grossman previously described the demand 
for medical care as a derived demand because consumption of medical care 
is derived from a demand for improved health and the benefi ts that improved 
health can off er. 1 In the framework of Grossman it is possible to suggest that 
the consumption of fertility treatments is also a derived demand derived from 
the desire of couples to have children and build families. 

Because the goal of consuming fertility treatments is to achieve a child, then 
demand for fertility treatments are likely infl uenced by factors other than 
simply being infertile. In fact, demand for children measured using fertility 
rates are known to be infl uenced by a range of economic and social factors . 2,3

Because of this the demand for fertility treatments such as in-vitro fertilisation 
(IVF) and intracytoplasmic sperm injection (ICSI) can be compounded by 
prevailing economic conditions known to infl uence the demand for children. 

The valuation of benefi ts derived from fertility treatments is also likely to 
diff er from all other medical interventions. Increasingly the tendency for 
health economists and policy analysts is to value outcomes using quality-
adjusted life years (QALY). Although QALYs are valid for valuing most health 
technologies, when applied to fertility treatments they may undervalue 
outcomes because of the potentially large externality attributed to creating 
human life through the consumption of healthcare. Furthermore, in light 
of the increasing proportion of children conceived from fertility treatments 
every year policy analysts are starting to view assisted reproduction policy in 
the context of population policy which might suggest that a fundamentally 
diff erent way for valuing treatment outcomes is requir ed.4

The economics of fertility treatments and the resulting live births are a 
complex area often neglected by mainstream health economists. This is 
surprising if we consider the nature of fertility treatment outcomes measured 
in terms of live births and unique opportunities for assessing the impact of 
fertility technology on health systems and society. It is hoped that the work 
described here will fi ll a void in the literature regarding the economics of 
fertility and address some important questions that can aid decision-makers 
regarding resource allocation decisions. 

1
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Infertility burden of disease
Prevalence estimates for infertility vary considerably depending on a range of 
factors. For example, the defi nition of infertility used in diff erent population 
surveys is known to infl uence prevalence estima tes.5 Furthermore, because 
prevalence estimates can vary by age and geography refl ecting underlying 
population dynamics and prevalence of sexually transmitted diseases that 
cause infertility, the choice of location for conducting a study can possibly 
infl uence the fi ndings. 

In the development of Clinical Guidelines for people with fertility problems the 
National Institute for Health and Clinical Excellence (NICE) in the UK briefl y 
reviewed infertility prevalence. The NICE report suggests that 1 in 7 couples in 
the UK are aff ected by inferti lity.6 Subsequent to this review an investigation 
of prevalence estimates derived from population based surveys involving more 
than 50,000 participants suggested that current infertility during the preceding 
12-months ranges between 3.5% and 16.7% with a median o f 9%).7 Despite high 
prevalence, the proportion of infertile couples seeking advice and ultimately 
pursuing treatment is likely less th an 50%.7 The diff erence between prevalence 
fi gures and utilisation refl ects a range of cultural, economic, religious, physical 
and psychological barriers to pursuing treatment.8

For infertile couples, aside from often being childless, infertility can also 
impair quality of life (QoL) and cause social stigma.8 Several studies have 
explored the issue of QoL and infertility, often with mixed results, but clearly 
a trend showing impaired QoL in many diff erent s ettings.9 Furthermore, there 
appears to be a trend towards increased social pressure and impaired QoL for 
women compared with male partners, and that the eff ect might be sustained 
for many years after failing to conceive u si ng  IVF.10,11,12 Utilisation of fertility 
treatments has also been shown to improve the QoL of couples, even when 
failing to achieved a live birth. This might suggest that attempting fertility 
treatment even when unsuccessful off ers a sense of closure for couples having 
attempted all reasonable options for achieving a child. 

Access to aff ordable treatments
Despite high prevalence rates and a lifelong condition for many couples 
(i.e. childlessness), fertility treatments are often plagued by limited 
reimbursement. The high cost of most assisted reproductive technology (ART) 
procedures suggests reimbursement for services is an important element to 
ensure deliv ery of care.13 Several investigations have previously described 
the relationship between ART reimbursement and the annual number of 
treatment cycles per million  i nh abitants.14,15,16
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In 2007 a survey conducted for the International Federation of Fertility 
Societies (IFFS) of 57 countries indicated that only six of the countries 
surveyed provide ‘complete’ fer tility coverage.17 The majority of countries 
reported in the survey were classifi ed as either partial or no coverage. Based 
on the reimbursement classifi cation of ‘complete’ or ‘partial’ assigned by 
Jones and Cohen the relationship between annual IVF/ICSI cycle volumes 
per million inhabitants in each coun try are shown in Figure 1. As depicted 
in Figure 1 there is a decreased trend in cycle volumes for countries with 
‘partial’ reimbursement (shaded area) compared to those with ‘complete’ 
reimbursement. 

The availability of voluntary insurance is also known to infl uence success 
rates (i.e. live births) where states without mandates have higher success in 
comparison to those with mandate i nsurance coverage.18 Investigations have 
also revealed that diff erent reimbursement systems can infl uence the manner 
in which ART is delivered. A comparison of public and private clinics has 
shown that private clinics have higher multiple pregnancy rates compared 
with those in  the public market.19 Increased multiple pregnancy rates are 
thought to refl ect the need of private clinics to achieve higher success rates, 
therefore transferring an increased number of embryos and exposing patients 
to the risk of higher twin and triplet pregnancy rates. 

Figure 1  Relationship between level of reimbursement (e.g. complete or partial) and annual 
cycle volumes per million inhabitants

Complete Average

Complete- Sweden

Complete- Slovenia

Complete- France 

Complete- Denmark

Complete- Belgium

Partial Average
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Partial- Netherlands
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Partial- Finland
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Partial- Austria
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Annual cycles per million inhabitants (2004)

Note:  ‘complete’ and ‘partial’ indicates the level of fertility treatment reimbursement in 
each country as defi ned by Jones and Cohen (2007). Shaded area represents countries 
with partial reimbursement.
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IVF Rationing – the inconvenient truth
Rationing is an unavoidable fact in any health service as the demand for medical 
treatment outstrips the available resources to provide all required services. 
Faced with fi nite resources few would dispute the need to ration healthcare; 
though challenges remain regarding the optimal approach for doing so (New, 
1996). Because infertility is often viewed as a low health priority and ART 
treatments are often contentious, it has been suggested that fertility treatments 
may experience a disproportionate  am ou nt of rationing.21,22,23 Because of the 
need to ration fertility treatments in many health services, developing eligibility 
criteria for rationing has become a complex balance between clinical and social 
characteristics in an eff ort to opt im ise societal welfare.24,25

Several studies have investigated why payers often don’t fund treatments 
such as IVF and ICSI. The principle reason is often based on the view that 
infertility is not an illness, rather it is a lifestyle choice brought about by 
de laying natural fertility.26 The second most common advanced is that the 
technology is too expensive. In contrast with reimbursement policy in many 
countries, survey data collected across Europe suggests that public support 
for reimbursing fer tility treatments is high.27

It has also been suggested by Devlin and Parkin that fertility treatments might 
be incompatible with health services, therefore explaining the limited  funds 
often made available.28 If the principle goal of a health service is to provide 
health then the principle outcome achieved using fertility treatments i.e. 
live births, might not fi t within the goals of the health service. If fertility 
treatments are incompatible with health services then it might be feasible to 
position the desired treatment outcome of live births into a diff erent context 
rather than simply placing infertility into a health context. This would likely 
require diff erent methods for valuing outcomes taking into consideration the 
broader impact and externalities of the technology. 

Valuing fertility treatment outcomes
To aid healthcare priority-setting and decision-making technology appraisal 
agencies such as the National Institute for Health and Clinical Excellence 
(NICE) in the UK prefer outcomes measured using a common metric so 
that outcomes can be compared across  di ff  erent health conditions.29,30,31

Increasingly quality-adjusted life years (QALYs) are being adopted by many 
national decision-making authorities and technology appraisal groups 
because of its ability to facilitate comparisons  ac ross diff erent disease 
areas.29,31 While QALYs are useful in most healthcare settings, their use for 
valuing fertility treatments is problematic because the outcome of interest, to 
obtain a child, is not readily comparable with most health outcomes achieved 
through the health service. 



Chapter 1

13

The QALY was developed to refl ect both mortality and morbidity using 
patient preference for diff erent heal th conditions in a single metric.32 In 
this respect the QALY as it is commonly applied is only applicable to the 
individual experiencing the health condition being investigated. In the case 
of infertility this would include the QALYs of the infertile couple. In this 
context it is important to recognise that infertility infl uences both persons 
in a relationship, although only one person may be infertile. This refl ects the 
externality of infertility which can impact a person that is not infertile if their 
partner is unable to have a child. However, in its present form the QALY can’t 
be used for valuing ‘lives gained’ attributed to using reproductive treatments. 
Therefore, economic evaluations of fertility treatments using QALYs can 
only be used to refl ect changes in health state of the couple undergoing 
treatment and not those of the future child. Even in these circumstances 
measuring QALY changes in both the male and female may represent double 
counting as the QALY is not specifi cally designed to measure the externality 
of a health condition on another person. Because the positive and negative 
externalities attributable to producing a child with fertility treatments is 
likely to be signifi cant, it would seem that valuing fertility treatments solely 
in QALY terms applied to an infertile individual would likely undervalue the 
technology. Pursuing such an approach would completely ignore assigning 
any value to the child produced by using fertility treatments. 

An alternative approach for valuing fertility treatment outcomes might be 
to use willingness to pay (contingent valuation). Willingness to pay (WTP) 
is considered a stated preference approach for valuing benefi ts because 
individuals are asked to state how much they are willing to pay for a 
particular benefi t, while taking into consideration what they are willing to 
give  up to obtain a particular benefi t.33 There are several reasons why WTP 
might be ideally suited for valuing fertility benefi ts. Firstly, it is founded in 
welfare economics where values are assigned by individuals to both market 
and non-market goods based on the maximum that individuals are willing 
to pay for particular commodities. Secondly, while achieving a baby is the 
main goal of fertility treatment, other non-health benefi ts such as provision 
of information and the actual process of treatment that are also important. 
These treatment attributes might not always be captured using utility 
measures and are likely  more suitable for valuing with WTP.34 Thirdly, WTP 
can adopt a global perspective with respect to benefi ts and consider a range of 
futur e costs and changes in productivity.33 Because of this broader perspective 
it might be possible to capture some of the externality associated with live 
births achieved using ART. 

Several investigations have attempted to estimate the societal value of ART 
us in g willingness to pay (WTP) studies.34,35 A study reported by Ryan sought 
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to establish the value placed on IVF using the known treatment attributes that 
included live births adjusted for success probability, psychological outcomes, 
and convenience benefi t. Based on the product attributes of IVF, study 
participants assigned a societal value to IVF of £5,000 per cycle. Because IVF 
benefi ts exceeded per cycle costs of £2,700, the societal benefi ts of treatment 
exceeded societal costs. Based on the surplus societal benefi ts associated with 
IVF the author suggested that public provision of IVF should be encouraged. 

In many respects the WTP approach would seem appropriate for valuing 
fertility treatment outcomes. However, there are some weaknesses to consider. 
Because fertility success is on average achieved in only 25% of those treated, 
the ability to answer WTP questions regarding access to treatment requires 
individual to understand success probabilities. Furthermore, because the result 
of failing fertility treatment is the possibility of a lifetime of childlessness, 
it is likely that infertile individuals are unable to adequately assign a value 
to both the positive and negative benefi ts of not being able to have children. 
Furthermore, WTP is really concerned with the value that an ‘individual’ 
assigns to treatment benefi ts. In this case an infertile person assigns a value 
to the possible consequences of achieving a live birth. Because it is based on 
the values assigned by the ‘individual’ it is questionable whether this approach 
fully captures the externality of the live birth and how society may assign value 
to this child. After all it is the value assigned by the infertile person, however 
the value assigned to this child is likely to diff er depending on who is assigning 
value of the child and the perspective applied in their valuation. 

The societal benefi ts of ART conceived children are seldom considered in the 
debate concerning ART. However, with an increasing proportion of children 
born every year from ART, previous claims regarding the economic benefi ts of 
ART conceived children are likel y to become more salient in the future.36,37,38 As 
described earlier, the outcomes attributed to fertility treatments are diff erent 
than those normally desired from consuming medical care. Because the 
outcomes are entirely diff erent this might suggest separate demand curves 
exist for “good health” and a child because they are entirely diff erent outputs 
obtained through the consumption of medical treatments. Because demand 
for “good health” and demand for a child are diff erent outputs this would also 
suggest the need for diff erent evaluation methods, therefore it may not be 
appropriate to subject ART to typical healthcare evaluations such as QALYs. 

Patient costs and consumer response
When faced with out of pocket costs for fertility treatments there are limited 
options to couples desiring a child. Many couples can aff ord the costs of 
between $4,000 and $12,000 per fresh treatment cycle for an attempt that 
will off er them an appro ximate 25% chance of conceiving a child.39 For others 
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the costs are too high and they are unable to aff ord treatment or will withdraw 
from trea tm ent after a limited number of attempts.40,41

When couples are faced with high fertility treatment costs they may pursue 
treatment in foreign countries where the costs of care are often much cheaper 
giv ing rise to cross-border reproductive care.42 In some instances foreign 
clinics are known to promote services in foreign countries to attract would 
be couples to travel abroad for care. For many couples cross border treatment 
is a realistic option to obtain treatment at a much lower cost than they could 
if treated at home. It is also worth noting that reproductive tourism does not 
occur exclusively because of cost issues. In many instances couples will travel 
overseas to avoid waiting lists or to access procedures not available in their 
home country. 

Although cross border reproductive treatment is a viable solution for many 
couples, it is not achieved without its specifi c impact. For example, couples 
may travel abroad and have a greater number of embryos transferred than is 
necessary resulting in a multiple birth pregnancy which are more prone to 
premature delivery. Obviously the costs associated with the more complex 
multiple pregnancy and the resulting twins or triplets will then have to be 
paid for by their home country. 

Value for money in fertility treatments
The need to optimise outcomes with limited resources is a common feature 
of medicine in the 21st century. The need for effi  ciency should be especially 
relevant for the delivery of fertility treatments because of high treatment 
costs, limited public funding in many health services, and couples often 
having to pay out of pocket for treatment. In light of the importance of 
achieving fertility outcomes with the scarce healthcare resources available, 
economic evaluations are increasingly conducted on fertility treatments to 
inform resource allocation decisions. 

To date the majority of economic evaluations in fertility care have focused 
on the relative cost-eff ectiveness between diff erent treatment options with 
considerable attention given to the choice of gonadotrophin used to s timulate 
ovaries in IVF and ICSI procedures.6 The volume of studies investigating 
gonadotrophins in economic evaluations refl ects both the high proportion 
of costs represented by gonadotrophins in the overall costs of treatment, 
and the necessity for pharmaceutical manufacturers to perform economic 
evaluations to support product reimbursemen.  39 In contrast with most other 
economic evaluations, the outcome of interest used in the denominator of 
the cost-eff ectiveness ratio is often the ‘cost per live birth’ or ‘cost per ongoing 
pregnancy’ for the diff erent treatment options available. 
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In coming years economic evaluations are likely to remain focused on the cost-
eff ectiveness of gonadotrophins. This is attributed to several new product 
launches expected in this area which includes long-acting gonadotrophins 
and a move towards  low dose gonadotrophin stimulation protocols.43 

Research aims of thesis 
The body of research described in this thesis is categorised into three parts. 

Part I considers the importance of costs faced by consumers in order to access 
fertility treatments and specifi cally IVF and ICSI. This was assessed using 
a novel qualitative method for exploring public interest in IVF treatments 
and in particular considers changes in the interest level associated with the 
costs of fertility treatment over time. The methodology is still exploratory 
but uses Google internet search query data as a measure of public interest. 
Additionally, the role of costs faced by consumers was assessed in a price-
elasticity of demand assessment following changes to pub lic reimbursement 
for IVF and ICSI in Germany.44 Gaining an understanding of the responsiveness 
of consumers to co-payments is increasingly of interest within many health 
services that see passing more costs onto consumers as a way of saving money.

Part II considers the current funding environment for fertility treatments that 
often considers infertility to be a lifestyle disorder treated using expensive 
technology. Because aff ordability is often a barrier to public funding in 
many health services the research described in Part II seeks to address the 
aff ordability issue from a diff erent perspective. Namely, the investigations 
describe the development of a health investment model that takes into 
consideration a broader range of costs and benefi ts attributed to fertility 
treatment outcomes. This work goes beyond traditional economic evaluation 
studies of fertility treatments and considers the life course of the child that 
is conceived through IVF. Specifi cally the research will seek to establish the 
lifetime net tax contribution of an average child conceived using IVF and ask 
whether the public benefi t measured in future discounted net taxes can be 
used to justify public expenditure. 

In the early years of IVF, discussing the economic value of children would have 
likely been taken out of context. However, much has changed over the past 30 
years since IVF was fi rst introduced and issues regarding ageing populations 
and sustainability of public fi nances brough t  ab out by ageing have become 
more commonplace.45,46,47 Furthermore, the use of reproductive technology 
has become more common and in some countries children conceived using 
reproductive technologies account for an i nc reasing proportion of national 
births each year.36,48 This new awakening with respect to IVF technology 
has led some to question whether fertility treatments should be placed 
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in the context of population policy because of their small   but meaningful 
contribution to changing demography.4,49 Hence, the political and social 
environment in which fertility treatments are currently being delivered 
underscores the importance of the analyses described in this thesis assessing 
the impact that individuals can have on government public fi nances. 

Part III will apply traditional cost-eff ectiveness analysis to gonadotrophin 
treatments required for performing IVF. The cost attributed to IVF treatment can 
range considerably, however the drug costs – mainly consisting of gonadotrophins 
used to perform follicle stimulation – can often make up 25% of treatment costs. 
This represents one of the highest components of the IVF procedure next to clinic 
and doctor fees; therefore it represents one area where medical decision making 
can possibly infl uence cost-eff ectiveness and vice versa. 
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WHAT’S ON THE MIND OF IVF CONSUMERS? 
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Summary
During economic downturns demographers note that birth rates often 
decline as couples are more concerned with job security than providing for an 
additional child. The eff ects of economic conditions are likely to be amplifi ed 
in infertile couples because there is often the need to pay for treatment. To 
try and understand changes in public interest in IVF over time we explore 
publicly available Google Trends data that reports changes in internet search 
activity relative to baseline volumes for search queries entered into Google 
search engines. Using the US and UK as case studies we observe that interest 
in internet searches using the term “IVF” relative to searches within the 
infertility category remained relatively unchanged in the US, with a small 
decrease observed in the UK. Internet searches using the combined terms 
“IVF cost” and “cost of IVF” have increased over the past two years relative 
to the infertility category. Additionally, inclusion of the term “cost” appears 
concentrated in US states without insurance mandates compared to states 
with mandated insurance coverage. The extent to which Google internet 
search queries refl ect public interest, and more importantly infertile couple 
is diffi  cult to know for certain, however there appears to be increased interest 
in costs. 

Findings
Public subsidy of fertility treatments in many countries are limited or non-
existent, consequent ly couples often have to pay for treatment themselves.1 In 
countries where patients pay for treatment it should be expected that infertile 
couples respond to price and quality signals in their purchasing decisions in 
the same way that consumers would for any product or service. 

During periods of deteriorating economic conditions two forces could possibly 
infl uence patient demand for fertility treatments. Firstly, during economic 
downturns demographers note that birth rates often decline as couples are 
more concerned with job security than providing for an additional child. 
Secondly, as wages fall, as currently observed in many countries, demand for 
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treatments can also fall because of decreased consumer purchasing power 
(i.e. the income-elasticity of demand). The extent to which current economic 
conditions will infl uence current demand for fertility treatments is diffi  cult 
to gauge with retrospective IVF monitoring programs used in many countries. 

Predicting the future is challenging – but predicting the present is not much 
easier requiring accurate and timely information about consumer interests 
and demands. To inform readers about a useful publicly available resource, 
and in an eff ort to address whether interest in fertility treatments are waning, 
we explored GoogleTM Trends d ata for the United States (US) and United 
Kingdom (UK).2 Google collects information on internet search queries 
entered into Google search engines above a certain volume threshold and 
provides the data as an index of the total volume of search queries. 

Of interest to us is that Google Trends data can also be provided by categories 
assigned by Google using an automated classifi cation engine. This enables 
users to evaluate changes in growth for particular search term s over time 
with respect to the fi rst year on the graph.3 By using search terms likely to 
be used by infertile couples interested in IVF we explored changes in interest 
in the US and UK over time to see whether there are any emerging trends. 
Furthermore, with respect to the US, results are disaggregated by state to 
compare diff erences in interest level between states. 

 Figure 1  Change in interest in the US relative to category Infertility for the search terms “IVF” 
(light blue) and “IVF cost” (red)† relative to category reproductive health (dark blue)
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†  The change in volume for the terms “cost of IVF” showed a similarly shaped curve to that 
of “IVF cost

Figure 2  Change in interest in the UK relative to category Infertility for the search terms “IVF” 
(light blue) and “IVF cost” (red) relative to category reproductive health (dark blue)
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Of relevance to our research we examined interest in the search terms “IVF” 
and the combined terms of “IVF cost” from January 2004 to May 2009 relative 
to the category Reproductive Health and sub-category Infertility assigned by 
Google to these search topics. This exploratory assessment was undertaken 
as a hypothesis-generating exercise, therefore the results are reported exactly 
as provided by Google for educational and discussionary purposes. 

Trend data for the US presented in Figure 1 suggests that interest in IVF relative 
to the Infertility sub-category has remained constant over the past 5 years. There 
is some variation in the data which refl ects the nature of public interests with a 
noticeable reduction in IVF searches during winter months. Growth in interest 
in the combined search terms “IVF cost” was consistent with the Infertility sub-
category up until the end of 2006. From 2007 onwards we observe increased 
internet searches using the combined terms “IVF cost” that peaked in early 2009. 

The pattern of internet searches in the UK for “IVF” and “IVF cost” are less 
deterministic than those observed in the US with more variation (Figure 2). 
However, internet searches using the term “IVF” appear to have decreased in 
the UK since 2006. 

We also report state level interest in the US for the top fi ve states ranked 
by Google where searches are conducted using the terms “IVF” and “IVF 
costs” (Table 1). States with mandated insurance coverage are noted using an 
asterisk. Based on the regional level search volume data provided by Google 
there appears to be an increased likelihood of including the term “cost” in 
internet searches in states without mandated in internet searches in states 
without mandated insurance coverage (Table 1). 

There are numerous challenges in trying to interpret the fi ndings from 
internet search query data. Firstly, the interest level is restricted to those with 
access to the internet and using Google search engines. Secondly, we can’t 
distinguish between whether queries have originated from infertile couples, 
academic organisations or anyone with an interest in IVF. 

Table 1 State level interest in the search terms “IVF” and “IVF cost” combined

Rank Interest in term “IVF” Interest in term “IVF cost”
1 Massachuse� s* Texas *
2 New York* District of Columbia 
3 New Jersey* Georgia
4 District of Columbia Florida
5 Maryland* Maryland *

*  States with mandated fertility coverage. The level and accessibility of insured fertility 
coverage varies between states.



The Economics of Assisted Reproduction

26

Despite these weaknesses some trends emerge. Data from the US suggests that 
interest in the search term “IVF” has remained relatively unchanged over the 
past few years. However, internet searches including the term “cost” appear to 
be on the increase in the US and less obviously in the UK. Furthermore, there 
appears to be a trend towards increased interest in the search term “cost” in US 
states without insurance mandates compared to those with mandate coverage. 

The predictive capacity of these observations on the demand for fertility 
treatments is diffi  cult to know for certain. However, if search index data has 
predictive capacity, then Google’s 72% and 90% market share for the US 
and UK internet searches, respectively, should refl ect the interests of these 
countries – at least those with a computer and access to the internet.4 It is 
worth noting that previous studies have inv estigated the relationship between 
Google search queries and demand for consumer goods such as automobiles 
in the US with some important observations about predicting the present.3

Perhaps the validity of any predictive conclusion s that can be drawn from 
this data will have to wait until annual utilisation data for the US and UK is 
reported in the future. 

What does appear clear is that consumer (i.e. the public) interest in IVF has 
remained steady relative to internet search volumes, at least the in the US, 
but there is has been increasing interest in the costs of treatment. Exactly how 
this manifests itself in clinical practice is diffi  cult to know for certain. One 
possibility is that couples may be more willing to pursue low cost, low effi  cacy 
interventions such as intrauterine insemination (IUI) before pursuing more 
expensive treatments. In fact we explored the interest level in “IUI” and “IUI 
cost” using Google Trends data and observed a noticeable increase in searches 
relative to the sub-category Infertility in the US and UK over the past year. 
Alternatively, when consumers are concerned about cost there is the likelihood 
that they shop around more for lower cost clinics and treatments which could 
explain why we see a rise in search queries using the terms IVF and costs. 
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Summary
Background: Authorities concerned by rising healthcare costs have a tendency 
to target reproductive treatments because of the perception that infertility 
is a low priority. In 2004 German health authorities introduced a 50% co-
payment for patients, in an eff ort to save cost. We explored the impact of this 
pricing policy on the utilization of reproductive treatments in Germany.

Methods: Using aggregated annual in-vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) cycle data in Germany, we evaluated 
the relationship between changes in the number of cycles in relation to 
changes in costs faced by consumers following the introduction of a patient 
co-payment from ‘no fees’ to €1500–2000 by estimating the short-run price-
elasticity of demand. The impact of introducing patient co-payments for IVF/
ICSI on the likelihood of switching to other low-cost fertility treatments was 
evaluated using the cross-price elasticity methodology.

Results: The reduction in demand for IVF and ICSI cycles in the year following 
the introduction of patient co-payments resulted in elasticities of –0.41 and 
–0.34, respectively. The price-elasticity for the combined reduction of IVF/
ICSI in relation to the co-payment was estimated to be –0.36. The cross-price 
elasticity for clomifene was close to zero (20.01) suggesting that demand for 
these interventions are independent of each other and no substitution occurred. 

Conclusions: We report price elasticities for IVF and ICSI of –0.41 and –0.34 
after introducing a €1500–2000 co-payment. These fi ndings likely represent 
short-run elasticities that are likely to vary over time as factors that infl uence 
the supply and demand for fertility treatments change. 

3



The Economics of Assisted Reproduction

28

Introduction:
Over the past decade demand for (i.e. utilisation of) assisted reproductive 
technologies (ART) has steadily increased.1,2 Despite increasing demand for 
treatment, the  p rovision of services by national and private health insurers 
is often limited.3,4 The primary reasons for not funding or for l i miting funds 
through public and private health services are costs and the perception 
that infertility is not a disease.5 In many cases, the necessity to allocate 
sc are resources to those deemed of most need has led to the establishment 
of criteria for rationing treatments.6 For those unable to access publicly 
subsid ised treatments, aff ordability can be a problem and as a result many 
infertile couples go without treatment or discontinue treatment.7,8

Because costs and aff ordability are imp o rtant factors that can infl uence a 
couple’s access to treatment, it is important to understand the relationship 
between prices and consumer demand. The demand for any product or 
service refl ects the relationship between the quantity consumed at any 
given price and ART is likely no exception. To understand this relationship, 
economists often measure the change in quantity demanded in response to 
a price change to establish the price-elasticity of demand.9 This is a simple 
ratio of the change in  demand over a period of time in relation to changes in 
price over the same period of time to explain how responsive demand is in 
relation to its price. Price elasticity estimates are used by policy-makers and 
commercial analysts to predict how future price changes, in this case patient 
co-payments, are likely to infl uence demand for products and potential 
revenue consequences in the case of commercial organisations. 

With the above points in mind, we sought to measure the price-elasticity 
of demand associated with a policy intervention in Germany that 
required couples to pay 50% of the costs for in-vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) from January 2004 onwards.10 This 
natural experiment provides us w ith an opportunity to assess the price-
elasticity of demand for IVF and ICSI based on changes in utilisation of 
fertility treatments observed following introduction of the co-payment. 
Furthermore, to assess how patients and doctors respond to high co-payment 
charges, we evaluated whether changes in IVF/ICSI co-payments would aff ect 
the demand for alternative cheaper but less eff ective fertility treatments such 
as clomifene. 

Methods
This study was a retrospective analysis on the number of IVF and ICSI cycles in 
Germany reported by the Deutsches IVF registry (DIR) for the period from 1999 
up to and including 2004.11,12 The dates were selected to provide  a  historical 
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perspective to the growth in use of IVF and ICSI prior to introduction of the 
German healthcare modernization law which mandated a 50% co-payment 
for all treatment costs in January 2004 for publicly insured couples. All IVF/
ICSI clinics in Germany are required by law to report utilization statistics to 
the DIR, therefore providing comprehensive statistics on the annual number 
of cycles performed. The DIR cycle data is available in aggregated format for 
all cycles, both self paid and reimbursed, although the majority of cycles in 
Germany are conducted within the public reimbursement system.13 

The primary price-elasticity estim ates were based on IVF/ICSI volumes 
changes observed between 2003 and 2004 which corresponds with the 
introduction of the co-payment. However, to account for the demand surge 
that occurred in 2003 prior to implementing the policy reform, a second price-
elasticity calculation was derived based on the average annualized growth in 
the fi ve years prior to the co-payment being introduced. The cycle volume 
data on which the elasticity estimates are based are provided in Table 1. 

Price-elasticity of demand equation
To estimate the responsiveness of consumer demand to changes in prices two 
methodologies are commonly used to estimate the price-elasticity of demand: 
(1) ‘arc’ price-elasticity of demand and (2) ‘point’ price-elasticity of demand. 
For our purposes, the arc methodology is better suited for considering large 
increases in price as were experienced in Germany in 2004.9,15,16 For criticisms 
of the arc met h od ology, interested readers are referred to the publication by 
Sánchez−Moreno and Ruiz−Tamarit.17

The formula for deriving the r atio of change in cycles to change in price is 
shown below. The elasticity of demand (Ed) is the ratio between the changes 
in demand for IVF and ICSI treatments in relation to the change in price paid 
by patients over the same period of time. The equation uses the average of the 
initial and fi nal quantities and average of initial and fi nal patient co-payments 
(i.e. price) for the base estimates. 

=  
⁄

⁄
 

 =   
( 2 − 1 ) [

1 + 2
2 ]

( 2 − 1 ) [
1 + 2

2 ]
 

Q1= is the number of cycles prior to the co-payment
Q2= is the number of cycles after the 50% co-payment
P1 = is the price paid by patients for IVF and ICSI price before the co-payment 
P2= is the price paid by patients after introducing the co-payment
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Since the variable Q1 is the quantity demanded prior to the policy change and 
Q2 is the quantity demanded after the policy, the change in IVF/ICSI volumes 
(ΔQ) before and after the co-payment is fi rst derived from Q2 – Q1. Because 
IVF/ICSI volumes decreased in response to introducing a co-payment, this 
results in a negative coeffi  cient. The change in quantity is then divided by 
the average of the two quantities [(Q1 + Q2)/2] to derive the average change 
in quantity (Qav). A similar procedure is followed using the P2 and P1 price 
points to derive the change in price (ΔP) and the average change in price 
(Pav). The elasticity of demand is then estimated from the ratio of change in 
quantity to the change in price. 

Assessing treatment substitution using cross-price elasticity
To assess how IVF and ICSI co-payments may infl uence demand for other 
fertility treatments, the cross-price-elasticity of demand method can be 
used. Cross-price elasticity evaluations are useful for highlighting how 
price changes for one treatment can infl uence treatment choices for other 
products or services. In our assessment, we looked at how introducing a 50% 
co-payment for IVF/ICSI infl uenced the demand for clomifene treatments. 
Using the cross-price elasticity of demand approach helps us to understand 
whether two products are substitutes for each other (i.e. interchangeable), 
complements of each other in that they are consumed together or consumed 
completely independent of one another. Although clomifene is not entirely 
interchangeable with IVF/ICSI, it is conceivable that price increases along a 
continuum of care could infl uence demand for treatments used early in the 
treatment pathway and outside of the control of gynaecologists. 

The same formula used to calculate the price-elasticity of demand was used 
to calculate the cross-price elasticity for clomifene. The diff erence is that the 
change in patient demand was based on changes in clomifene sales volumes 
between 2003 (Q1) and 2004 (Q2) to derive ΔQ and Qav (Table 1). The same 
co-payment changes P2 – P1 = ΔP for IVF/ICSI from January 2004 onwards 

Table 1 IVF and ICSI annual cycle volumes used to estimate price-elasticities

1999 2000 2001 2002 2003 2004
IVF cycles† 21,880 28,945 28,506 23,936 28,058 11,848
ICSI cycles† 21,224 15,752 24,897 37,692 51,389 25,339
Clomifene‡ - - - 131,529 126,037 124,814

Data reproduced with permission from Deutsches IVF Register.
†  To adjust for variations in demand that occurred during the period prior to the co-payment 

introduction, we performed a secondary elasticity analysis using the average fi ve year 
volumes for IVF and ICSI from 1999 to 2003. The average fi ve year cycle volumes for IVF and 
ICSI used in the secondary analyses were 26,265 and 30,191, respectively. 

‡  Clomifene volumes are aggregated quarterly sales data provided by IMS Germany.
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were used in the denominator for estimating the cross-price elasticities. 
The convention applied to cross-price elasticities is that a positive (+) value 
indicates that two products are substitutes (i.e. can be interchanged), a 
negative (-) value suggests two products are complements and a ratio of zero or 
near zero indicates that patient demand for the two products are independent 
of one another. The annualized clomifene volumes were provided by IMS 
Germany and are shown in Table 1. 

Patient co-payment changes
Prior to 2004, couples were eligible for up to four IVF/ICSI cycles including 
pharmaceuticals, with 100% reimbursement. In January 2004, the German 
healthcare modernization law requires couples to pay 50% of all costs 
attributed to IVF/ICSI, including medicines.18 The cost per treatment cycle 
in 2004 varied between c linics, however average co-payment estimates of 
approximately €1,500 and €2,000 per cycle for IVF and ICSI, respectively, 
have been reported by diff erent sources .10,19 The increased costs faced by 
consumers were used  to  estimate the price-elasticities of demand for IVF 
and ICSI in relation to observed changes in demand. Indirect costs associated 
with consuming IVF/ICSI were not used in the calculations as there is unlikely 
to be any variation in these following the policy change.

Results 
The price elasticity of demand based on observed changes from 2003 to 
2004 for IVF and ICSI were -0.41 and -0.34, respectively (Table 3). Based on 
the average fi ve-year change prior to the 2004 policy reform, we estimated 
price-elasticities for IVF and ICSI at -0.38 and -0.09, respectively (Table 2). 
The price-elasticity for IVF and ICSI together was -0.36 based on the one 
year comparison and -0.21 based on the combined fi ve year average demand 
before the co-payment. 

The cross-price elasticity for the demand in clomiphene treatment following 
the IVF and ICSI co-payment introduction was -0.01, suggesting no 
relationship in the demand curves for these products. 

Table 2  Price-elasticity of demand for IVF and ICSI following introduction of patient co-payments

Price elasticity 
(change from 2003 to 2004)

Price elasticity 5 year 
average (1999 – 2004)

IVF -0.41 -0.38
ICSI -0.34 -0.09
Combined IVF/ICSI -0.36 -0.21
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Discussion 
In this study, we report the short-run (12-month) price-elasticity of demand for 
fertility treatments following a policy change that resulted in the introduction 
of consumer co-payments for IVF and ICSI in Germany. Specifi cally we 
demonstrate that introducing a co-payment resulted in elasticities of -0.41 
and -0.34 based on changes in demand between 2003 and 2004 for IVF and 
ICSI, respectively, with a combined IVF/ICSI price-elasticity estimate at one 
year of -0.36. Because demand for IVF and ICSI is often dependent on the 
diff erent causes of infertility attributed to females and males, respectively, it 
is likely that the combined elasticity estimates best refl ects the price-elasticity 
of demand for couples. 

One interpretation of our elasticity fi nding is that a 10% price increase for 
IVF and ICSI will result in a reduction in demand between 4.1 and 3.4% or 
3.6% for IVF/ICSI combined. However, our fi ndings are most likely applicable 
over the short-run based on a single price change from no fees to €1,500 – 
2,000 over a 12-month period. It is important to note that over longer time 
periods, these observations may not hold true as a range of factors that can 
infl uence the supply and demand for fertility treatments are likely to change 
over time. Furthermore, the extrapolation of this fi nding to other markets 
is dependent on similar characteristics to those found in Germany such as 
treatment accessibility, living standards, disease perception and consumer 
costs, to name a few. 

The standard convention applied to price-elasticity of demand estimates 
by economists would suggest that demand for IVF and ICSI are relatively 
inelastic. In other words, the percentage change in quantity demanded is 
less than the percentage change in price over the same period, and as a 
consequence demand is not associated closely with price changes for the 
price points tested (no fees to €1,500 – €2,000) over a 12 months period. Of 
course, this conclusion is implausible, given the 53% reduction in IVF/ICSI 
cycles within 12-months following the introduction of the co-payment, which 
suggests that demand is highly price-sensitive.20 The inelasticity of demand 
for IVF/ICSI that we desc ribe can be explained by an even larger percentage 
increase in the price than the percentage reduction in services demanded. 
By convention, if demand for IVF/ICSI were ‘elastic’ (i.e. sensitive to price 
with an elasticity [Ed] > 1.0) the reduction in treatment cycles (i.e. demand) 
following the co-payment introduction would have been much larger than 
was observed in 2004. In fact, in order to describe the demand for IVF/ICSI as 
elastic (ie. [Ed] > 1.0) under the circumstances of an increase in cost starting at 
zero, there would have to have been almost a complete drop discontinuation 
off  in use of IVF/ICSI i.e. no cycles performed in 2004. 
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Previous studies have estimated price elasticities for IVF using international 
cost-per cycle comparisons and utilization rates in diff erent countries.16,21 
Price-elasticities are ideally calculated when a  pr ice change occurs in isolation 
of other changes that are likely to infl uence demand, therefore allowing the 
possibility to measure the infl uence of price alone on changes in demand. 
As identifi ed in previous studies, when IVF elasticities are measured across 
diff erent countries, it is diffi  cult to account for the numerous diff erences in 
culture, access to services and disease perception that may exist between 
countries and infl uence demand for IVF and ICSI irrespective of price.16,21

In our study, we have been able to isolate the  eff  ects of price by measuring 
changes in demand over a 12-month period immediately following the 
introduction of a patient co-payment in the same country when all other 
factors would have likely remained constant. Therefore our study could more 
accurately estimate the impact of introducing a cost on demand for treatment 
than could a study which compares diff erences in service utilization and 
prices across diff erent countries.

The elasticity results described in this paper are consistent with research 
exploring the impact of price changes on demand in other areas of healthcare. 
The most common observation is that demand for healthcare is not 
responsive to price (i.e. inelastic) with elasticities normally < 1.0.22 Reviewers 
of the elasticity literature also hig hlight that price is more likely to infl uence an 
individual’s decision or ability to access treatment, rather than the frequency of 
visits once treatment has been accessed (Ringel et al, 2005). If this observation 
holds true for IVF/ICSI, then this might suggest that price increases can impact 
the number of people willing or able to access care and less so the number of 
treatment cycles per couple for those able to access treatment to begin with. 
The discriminating eff ects of price infl uences those who can access fertility 
treatment based on ability to pay has obvious equity concerns.23

The cross-price elasticity for clomifene was  near zero indicating that this low 
cost treatment was not being substituted for IVF and ICSI. Although most 
gynaecologists recognize that clomifene and IVF/ICSI are used in diff erent 
populations, because they are often used along a continuum of fertility care, 
it was useful to see whether introducing a co-payment infl uenced treatment 
progression decisions for patients who may have commenced therapy 
on clomifene and previously would have advanced to IVF or ICSI. This is 
especially important because the prescription of clomifene often occurs 
outside of the control of gynaecologists and it is important to know how other 
prescribers may have responded to the IVF/ICSI co-payment change. 
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Dealing with an overnight introduction of cost for services, where P1 = €0, 
does not occur under normal market conditions and requires special 
considerations. For example, in this study DP will always be ‘2’ as long as 
P1 =  €0. This is a function of the accepted mid-point equation used and 
represents the upper limit of the changes in prices observed. Challenging the 
validity of the equation is beyond the scope of this article, and for this analysis 
we accept that the equation is valid and cite several references to support its 
application. However, we note that when substitute values, within reason, 
are used for P1 the main conclusions reported in this article do not change. 
Perhaps the signifi cance of this debate is that it highlights the challenges 
in measuring changes in demand for IVF/ICSI in relation to price changes. 
It also highlights the need to better understand these relationships and how 
price signals infl uence consumer response, especially as it seems likely that 
increasing costs-to-patients will become more common for a wide range of 
medical procedures because of cost pressures arising from ageing populations 
and the introduction of expensive new technologies. 

A limitation of this study is the inability to discriminate between the proportion 
of IVF/ICSI cycles delivered through the public system and those in the private 
insurance system. In this analysis, we used annual IVF and ICSI data provided 
by the DIR which includes aggregated public and private cycles. However, 
estimates suggest that the percentage of private cycles is approximately 20%, 
with the majority of cycles receiving public reimbursement.24 From January 
2004, Q2 cycles performed within  the public system were subject to the 
newly introduced co-payment, however, the policy change had no immediate 
bearing on costs within the private system. For IVF/ICSI cycles delivered 
through the private market, we are unable to establish how prices may have 
responded to the introduction of co-payments in the public system. Because 
public and private cycles are reported in aggregate, the changes in demand 
used to calculate the elasticities reported here likely refl ects demand changes 
in the public system. This might suggest the demand change in the public 
market was even greater because demand was stabilized to some extent by 
privately reimbursed treatment cycles. For example, if private cycles were not 
included in the aggregated DIR data, then one might have expected to see an 
even greater reduction in the IVF/ICSI cycles conducted in the public sector. 
A second weakness is that we are unable to establish whether price increases 
had a greater aff ect on fi rst or subsequent attempts for conception using IVF/
ICSI. This issue will be explored in future work. 

Conclusions
This study reports the price elasticity of demand following policy interventions 
that introduced patient co-payments for IVF and ICSI. By convention the price-
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elasticity results described here suggest that IVF and ICSI are price inelastic 
for the price points tested (no fees to €1,500 – €2,000) over a 12 month period, 
in that demand for treatment is relatively responsive to changes to price. This 
fi nding is mostly applicable over the short-run and is likely to vary over longer 
time periods as diff erent factors that can infl uence the supply and demand 
for fertility treatments change over time. Additionally, the transferability of 
this fi nding is likely most applicable to industrialized countries with similar 
disease prevalence, accessibility to treatment, prevailing religion and similar 
economic conditions to those found in Germany. The major weaknesses of 
our study are the fact that our results are based on aggregated data and the 
inability to diff erentiate between private and public provision. Despite these 
weaknesses, we believe our elasticity estimates are a useful contribution 
to understanding the relationship between costs faced by consumers and 
demand for fertility treatments over the short-run.
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Summary
Background: Over the past decade, demand for fertility treatments has 
increased as a result of delaying time to fi rst pregnancy and growing 
awareness and acceptance of available treatment options. Despite increasing 
demand, health authorities often view infertility as a low health priority and 
consequently limit access to treatments by rationing and limiting funds. 

Methods: To assess the long-term economic benefi ts attributed to in vitro 
fertilization (IVF)-conceived children, we developed a health investment 
model to evaluate whether state-funded IVF programmes in the UK represent 
sound fi scal policies. Based on the average investment cost to conceive an 
IVF singleton, we describe the present value of net taxes derived from gross 
taxes paid minus direct government transfers received (e.g. education, health, 
pension) over the lifetime of the child. To establish the present value of 
investing in IVF, we have discounted all costs from benefi ts (i.e. lifetime taxes 
paid) using UK Treasury department rates based on a singleton delivery with 
similar characteristics for education, earnings, health and life expectancy to a 
naturally conceived child.

Results: The lifetime discounted value of net taxes from an IVF-conceived 
child with mother aged 35 is £109 939 compared with £122 127 for a naturally 
conceived child. The lifetime undiscounted net tax contribution for the IVF-
conceived child and naturally conceived child are £603 000 and £616 000, 
respectively.

Conclusions: An investment of £12 931 to achieve an IVF singleton is actually 
worth 8.5-times this amount to the UK Treasury in discounted future tax 
revenue. The analysis underscores that costs to the health sector are actually 

4
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investments when a broader government perspective is considered over a 
longer period of time.

Introduction
Rising healthcare expenditure and demographic transition due to falling 
fertility rates and increasing life expectancy are two issues currently facing 
most industrialized countries. These two issues should not be seen in isolation 
as population ageing is expected to cause increases in healthcare expenditure, 
while falling birth rates in many countries will result in fewer young people 
entering the labor force in a generation’s time. A shrinking work force available 
to pay for state-funded health services and non-health government programs 
in the future, and an increasing size of the population dependent on these 
services is posing signifi cant economic challenges for these countries. 

Concerns over increasing age-related public expenditure and ageing 
populations are not restricted to the health sector. In 1991 a new methodology 
referred to as generational accounting (GA) was developed to evaluate whether 
current governmental fi scal policies will disproportionately burden future 
generations.1 GA is used to evaluate the present value of l ifetime net taxes − 
gross taxes minus direct fi nancial transfer (health, education, pension, etc) 
− for population cohorts over many generations. In principal, GA considers 
whether there will be suffi  cient tax revenue collected in the future to pay for 
government programs and whether tax increases or other policy adjustments 
are necessary to cover government expenditures in the future, and whether 
the tax burden is evenly distributed over generations or whether costs are 
simply passed onto future generations. 

The main source of revenue for most governments is through taxation which 
can be infl uenced by the proportion of tax levied per individual and the size 
of the work force. Within the GA framework demography plays a central role 
in these calculations because it defi nes the size of the working-age population 
available in the future to pay taxes. All things being equal, if benefi ts are to 
remain constant, a decreasing tax base implies that the contributions per 
individual need to increase. Conversely, an increasing tax base would suggest 
a smaller tax contribution per individual.2

In an eff ort to control healthcare costs va rious demand and supply measures 
are being introduced and increasingly rationing is used as decision-makers 
and in some instances the public consider how best to allocate scarce 
healthcare resources.3,4 In several countries the need to ration c a re has led 
health agencies to conclude that infertility is a low health priority and 
funding for fertility services has been reduced or withdrawn leaving many 
infertile couples without access to care.3,5 In Germany recent IVF funding cuts 
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resu l ted in a 50% reduction in the overall number of IVF cycles undertaken.6

Increasingly, demographers have started  to pay attention to the proportion of 
people that are willing but unable to have children and the extent to which 
ART can infl uence population structures.7,8

The past decade has witnessed increa s ed demand for assisted reproductive 
technologies (ART) of which in-vitro fertilisation (IVF) is predominant. 
Increased demand is attributed to factors including increasing prevalence of 
infertility resulting from couples delaying time to fi rst pregnancy, increasing 
obesity, and an increased prevalence of sexually transmitted diseases, as 
well as an increased awareness of available infertility treatment options. 
In countries with generous funding for fertility treatments, for example 
Denmark, the proportion of infants born after either in vitro techniques or 
after intrauterine inseminations comprised 6.2% of all newborns during 
2002.9 Given the importance of birth rates  for achieving generational balance 
described earlier, it is possible to imagine how the benefi ts of ART may extend 
beyond the benefi ts conferred on the parents and off ers a much broader 
benefi t to society. 

To investigate whether ART represents good use of public resources in the UK 
we developed a health investment model to evaluate net taxes attributable to 
an IVF conceived singleton in the future using the GA analytical framework. 
The model explores lifetime fi nancial transactions between individuals and the 
State to derive the lifetime net tax contribution. Because IVF is unique among 
all medical interventions in that its utilization leads to the creation of life, we 
believe this approach is appropriate in order to account for benefi ts attributed 
to ART conceived children which are likely to extend over many generations. 
We envisage that this research can provided a balanced economic viewpoint 
regarding the long term benefi ts of ART and inform future policy in this area. 

Materials and Methods

Qualitative description of the model and its assumptionsQualitative description of the model and its assumptions
Following the GA framework described by Cardarelli et al we model direct 
fi nancial transactions between an IVF conceived singleton and the UK 
government over their projected lifetime.2 Based on a previously reported 
heal th investment model the average IVF treatment costs to achieve a 
singleton live birth are treated as an investment in human capital with 
long-term economic consequences.10 In this contract the State makes  age-
dependent direct fi nancial transfers to the individual and the individual 
pays money to the State through taxation. In the model we assume the child 
conceived through IVF is a singleton with average education, earnings, health 
and life expectancy. 
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Broadly speaking there are 5 stages of the model namely childhood, primary 
education, secondary education, employment and retirement. During the fi rst 
three stages of life the individual is a net receiver; direct fi nancial transfers 
from the State to the individual consist mostly of Child Benefi ts, Child Tax 
Credits, education and healthcare. After the individual has entered the work 
force, the State will gradually become a net receiver based on discounted net 
taxes. After the individual has retired, tax contributions reduce, but health 
and pension benefi ts will be provided until the end of life. 

Quantifi cation of net tax contributionsQuantifi cation of net tax contributions
Applying the generational accounting framework we can derive the net tax 
contribution or net tax defi cit for an individual at any stage of life using the 
following equation: 

)()()()()()( tPtCtHtEtTtC SL ––––=

Where T(t) is the gross tax revenue paid to the State; E(t) and H(t) are the 
education and healthcare costs to the State, while C(t) are the child tax 
credits. The State pension is defi ned as PS. The individual also draws a private 
pension of which the State receives a percentage through taxation. The net 
tax contribution at any point in time is represented by CL(t). 

The model for each stage depends on the functional forms for income, 
proportional taxes, education costs and healthcare, as well as child tax credits. 
The direct costs at each stage are based on current averages and adjusted 
accordingly over the period defi ned as follows: 

i.  Childhood: from birth to year tE; 
ii.  Primary education: from year tE to year tC; 
iii.  Secondary/higher education: from year tC to year tW;
iv.  Employment: from year tW to year tP;
v.  Retirement: from tP until death, tD.

In the health investment model we assigned the following vales for each of 
the constants described above: tE=6, tC=16, tW=20, tP=68, tD=78. Based 
on recent Pension Commission recommendations we have set the age for 
retirement at age 68.11

Labour productivity growthLabour productivity growth
To acc ount for economic growth over time wages and governments transfers 
are adjusted according to labour productivity growth.2,12 In the model we have 
used rec e nt labour productivity growth estimates for the UK produced by the 
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European Commission suggesting annual growth of 1.9% during the period 
2004 to 2050.13 These estimates are consisten t with labour productivity 
estimates provided by the Organisation for Economic Cooperation and 
Development (OECD) which also indicate a slowdown in productivity in 
recent years.14

Government transfers 
To deri ve average net tax contributions we deduct direct fi nancial transfers 
based on average 2005 contributions from gross tax contributions. In 
the model we have allowed direct government fi nancial transfers to grow 
according to labour productivity growth estimates. 

Education
Education costs are based on children attending state-funded schools 
obtained from the Department for Children, Schools and Families (DCFS). 
The average annual cost per pupil in the base year was £4,200.15

Healthcare 
Healthcare is o ne of the more diffi  cult expenditure parameters to estimate 
and predictions for the future vary.16,17,18 In 2005 health spendi ng  i n the 
UK accounted for 8.3% of gross domestic product (GDP) of which 87% 
was funded through public sources.19 To refl ect diff erences  in healthcare 
consumption during life we have used age-specifi c health expenditure.20 The 
age-specifi c per ca pita expenditure was used in the model obtained from the 
UK Department of Health.21 In the model we assum e an annual 3% increase 
in age-adjusted health expenditure. This fi gure is below average annual real 
growth in NHS expenditure of 7.4% between 2002 and 2007, however the 3% 
fi gure does refl ect anticipated funding growth from 2022 onwards.22 Similarly, 
generatio nal accounts produced by Cardarelli et al also refl ect a slowdown 
in healthcare growth per benefi ciary in the future.2 Alternative annual N HS 
expenditure increases of 4% and 5% are examined in the sensitivity analysis. 

Child tax credits
State allows for child tax credits up to the age of 16. The average child tax 
benefi t per household reported in 2003/04 was £500 which grew according 
to productivity growth.23 

Pension
In 2003 -04 the average retired person receives a pension comprised of 51% 
state pension and 49% derived from private sources. The model assumes this 
to remain unchanged in the model, however pension reform will likely cause 
considerable shift towards private pensions in the future. In the analysis 
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private pensions are considered because of the tax revenue derived from this 
source of earnings. The annual state and private pensions in the base year and 
projected forward were £8,139/year and £7,972/year, respectively.24 

Income
Average ag e stratifi ed income was obtained from the 2002-03 Survey of 
Personal Income (SPI) from a representative sample of those liable to pay UK 
taxes.25 The data shows t hat average income varies as a function of age (Figure 
1): it fi rst increases, peaks at around age 45, and then declines. This trend was 
fi t statistically to a function I0, see Figure 1. The average income I is assumed 
to increase with the rate of productivity increases over the duration of the 
model in which the governing equation can be expressed as: 

IαI I
αtδ

dt
dI

eI0== ⇒

Where I0 is the average and age-dependent income at t=0, in the model 
assumed to be year 2005. Figure 1 presents the observed mean SPI income 
data and the projected income data adjusted for growth over the lifetime of 
the individual. 

 Figure 1  Mean age-stratifi ed income from the Survey of Personal Income data (HM Revenue & 
Customs) and projected aged-stratifi ed lifetime income adjusted according to work 
productivity increases over lifetime of the individual 
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Tax contributions
Taxation is the main source of income for government hence it is the most 
relevant parameter for projecting future revenue. Tax rates applied in the 
model are derived from estimates collected from the Expenditure and Food 
Survey which is an annual survey of income and expenditure of private 
households in the UK. The average household tax applied in the model was 
35% which includes income tax, council tax, value added taxes and duties.23,26

As reported  by  Jones the income tax component makes up 17% of the tax 
liability and this was confi rmed using Her Majesty’s (HM) Revenue & Customs 
Income tax statistics and distributions data.23,27 The percen ta ge tax liability on 
retired households in 2003-04 represents 30% of gross income.23 In the mode l 
we assume no change to the percentage tax contribution over time which may 
be an idealized assumption when compared with future UK projections.28

Discount  rate
To refl ect the depreciation of money over time we applied a discount rate on 
the costs of IVF to refl ect the future value of costs and benefi ts in present 
value (2005). This calculation method is also referred to as net present value 
(NPV). As stated in the HM Treasury Green Book Appraisal and Evaluation in 
Central Government, valuing future costs and benefi ts in discounted terms is 
the primary criteria for establishing whether government action on programs 
can be justifi ed).27 We applie d a 3.5% discount rate to all costs and benefi ts 
as recommended by HM Treasury for evaluating social costs and benefi ts 
of new policies and programs in the UK.27 The disc ount rate is compounded 
continuously over time. Furthermore, because of the uncertainty associated 
with cash fl ows in the future described in the model we have evaluated 
discount rates of 4.5% and 5.5% in the sensitivity analysis.

IVF costs
The incremental investment costs to the UK National Health Service 
(NHS) required to conceive an additional live birth from IVF were obtained 
from estimates published by the National Institute for Health and Clinical 
Excellence (NICE) in 2004.29 The NIC E guidelines highlight variations in 
IVF success by age of the woman treated to derive an age-specifi c cost per 
live birth as follows: Aged 24, £11,917; Aged 35, £12,931; Aged 39, £20,056. 
The present value of net taxes was derived for the three diff erent costs per 
live birth described by NICE. Delivery costs of £3,313 for both the naturally 
conceived and IVF conceived singleton have been included in the model.30

Resu lts
The projected lifetime net taxes are illustrated in Figure 2 where the varying 
discounted tax position between the individual and the State changes over 
time. A positive value at any given point in time indicates the return on 
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investment from IVF expenditure for the State. The trace in Figure 2 indicates 
that in the early years of life the net balance for the State is negative as the 
State provides education, health and family allowances. As the individual 
enters their working years the balance shifts in favour of the State from 
tax payments and reduced expenditure directed to the individual. The net 
tax position for an IVF conceived and naturally conceived child follow a 
similar trace where the only diff erence between the two is the additional IVF 
investment cost required for conception. We also provide estimates which 
extend beyond normal UK life expectancy where the fi nancial position 
between the individual and the State can start to approach a negative balance. 

The lifetime present value of net taxes based on projected life expectancy 
for a naturally and IVF conceived child in 2005 are provided in Table 1. The 
present value of future taxes from an IVF conceived child from a mother 
aged 24 is £110,210. Variations in the cost per live birth for a mother aged 35 
and 39 results in a discounted net tax contribution of £109,939 and £101,871, 
respectively. The breakeven age defi ned as the point at which the fi nancial 
position between the individual and the State for a naturally conceived child 
crosses unity at age 36. The breakeven age for the IVF conceived child is 
between 38 and 39 years of age dependent on the age of the mother at birth 
(Table 1). This can also be seen as the age at which the IVF conceived child has 
paid for their own IVF costs in addition to all previous government transfers. 

Figure 2  Lifetime net tax projections for naturally conceived and IVF conceived child based on 
aged of mother aged 35  
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The undiscounted lifetime net tax contributions for IVF and naturally 
conceived children are also provided in Table 1. These fi gures represent the 
lifetime balance sheet based on gross taxes paid and deducting age specifi c 
government transfers without applying a discount rate. The undiscounted net 
tax contribution for a naturally conceived child is £616,135 and ranges from 
£596,000 to £604,000 for IVF conceived children dependent on the age of 
mother at conception. 

Sensitivity analysisSensitivity analysis
A parametric study was carried out to assess the infl uence of changes to 
baseline parameters on discounted future net tax contributions. The model is 
mostly sensitive to those parameters which are applied over the lifetime of the 
model such as labour productivity growth, percentage increase in healthcare 
expenditure and the discount rate which infl uences the discounted future tax 
revenue. We tested six diff erent scenarios in the sensitivity analysis varying 
the discount rate up to 5.5% and annual healthcare expenditure to 5% as well 
as changes in +/-0.5% diff erences in labour productivity growth (Table 3). 

Table 1  Lifetime discounted and undiscounted net taxes based on life expectancy for naturally 
conceived child and IVF conceived children in the UK with variations in the cost per live 
birth based on age of mother

Age of conception and costs per live birth Breakeven 
point
(Age)

Lifetime net tax
contribution 
discounted

Lifetime net tax
contribution 

undiscounted
Naturally conceived child 
(cost= minimal) 

36 £122,127 £616,135

IVF child conceived from mother aged 24 
(cost=£11,917) 

38 £110,210 £604,218

IVF child conceived from mother aged 35 
(cost=£12,931) 

38 £109,939 £603,204

IVF child conceived from mother aged 39 
(cost=£20,056) 

39 £101,871 £596,079

Table 2  Discounted net tax contributions for an IVF and naturally conceived child in the UK 
based on changes in parameters based on mother aged 35

Parameter Lifetime net tax
contribution IVF conceived 

child

Lifetime net tax 
contribution naturally 

conceived child
Discount rate 4.5% £57,352 £70,283
Discount rate 5.5% £23,198 £36,130
Healthcare growth 4% £88,300 £101,230
Healthcare growth 5% £47,183 £60,114
Labour productivity 1.4% £73,670 £86,601
Labour productivity 2.4% £155,185 £168,116



The Economics of Assisted Reproduction

48

Under the scenarios examined in the sensitivity analysis we observed that 
investing in IVF continues to generate a positive return on investment for the 
State in comparison to naturally conceived children although slightly lower 
because of IVF investment costs. Radical variations in the sensitivity analysis 
are not viable because competing government policy interventions would be 
introduced to counterbalance prevailing economic conditions. 

Discussion 
The most striking observation from our research is that what appears as a cost 
in the balance sheet of the health service is actually an investment with future 
returns when a broader government perspective is considered over a longer 
time horizon. Based on the average NHS cost of £12,931 to conceive one IVF 
child and current levels of direct fi nancial transfers from the UK government, 
the discounted return to the State is approximately £109,000 over the child’s 
projected lifetime. Based on the set of parameters estimates applied in the 
model and applying a long term perspective we suggest that investing in IVF 
can pay for itself when a longer time horizon is considered. To account for 
changes to parameter estimates that can occur over long time horizons we 
tested our assumptions in a sensitivity analysis where we consistently noted 
a positive, although varying, return on IVF investment costs. 

The results presented here describe how public subsidy of IVF in the UK will 
generate a return to the government in future tax contributions. In reality, 
with expansion of the European Union and work force mobility the situation 
is more complex than described in this paper. With increasing immigration and 
emigration the simplifying assumption that a government which pays for IVF 
will benefi t in the future perhaps may not hold true. This does not suggest there 
are winners and losers with immigration as all countries can benefi t from the 
free movement of labor. This caveat is not specifi c to IVF investment costs where 
similar arguments could be made in relation to all publicly funded services 
such as education and health. An additional caution is warranted regarding the 
transportability of these fi ndings to other countries because of diff erences in 
the provision of public services and taxation rates between countries. 

In the analysis described here we have modelled the consequences of a 
singleton delivery with average health and life expectancy characteristics 
which some would disagree. Available evidence does suggest that costs to 
the health service for twins and triplets can increase by 3-fold and 10-fold, 
respectively.30 These additional costs were explored in our analysis and while 
the fi nancia l penalties for multiple embryo transfer are high, the discounted 
net tax return to the State remained positive suggesting the additional costs 
do not substantially infl uence our conclusions. Furthermore, the conclusions 
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presented here do not account for spontaneous pregnancy rates which may 
over estimate success rate of the technology leading to a higher cost per live 
birth. However, based on current and historical waiting lists for treatment 
in the UK the NICE fi gures may already account for spontaneous pregnancy 
rates. Based on the assumptions applied here the results should be considered 
as a fi rst order approximation. 

In 1972 Grossman introduced the concept of ‘demand for health’ which 
describes the medical seeking behaviour of individuals which can infl uence 
health capital and ultimately human capital.31 In our analysis we considered 
the ‘supply of health’ from the perspective  of national health providers and 
whether there is a fi nancial return for the state in the future from investing 
in medical technologies. Our analysis suggests that a State subsidy to cover 
the costs of ART represents a positive fi nancial investment for the State. The 
results from the model have demonstrated that if the State were to invest in 
IVF it could expect a return of approximately £109,000 at the discounted 
present value and £603,000 undiscounted. These results do not suggest the 
state is profi ting, rather the amount collected in lifetime tax contributions is 
greater than the direct transfers to individuals which allows for distribution 
of funds to meet other government obligations. The present model excludes 
public investment in, for example, infrastructure and defence. In other words, 
each child born though ART will contribute around £109,000 (discounted) 
towards the public spending budget over the course of their lifetime. 

The methodology for assigning value derived from health investments applied 
in our model diff ers from previous health investment models. The most 
common approach for assigning value associated with health investments is 
based on the value of statistical life concept.32,33 The statistical life approach 
is commonly used in public policy evaluat io ns to derived average investment 
costs required to prevent one death.34 Because the purpose of our analysis 
was to evaluate whether public subs idy of IVF represents good use of public 
resources we applied a narrower government approach where the return on 
investment was based on future net tax contributions. Had we adopted a 
statistical life approach in our analysis then IVF conceived child with average 
life expectancy would no doubt represent one of the most attractive health 
investments available. 

As previously described we applied a narrow focus in our analysis which 
may suggest we have neglected a broader range of benefi ts that accrue to 
society and families from IVF treatment. In our model we ignore benefi ts 
that accrue to couples achieving successful IVF treatment, as well as benefi ts 
to those couples failing IVF, which include the benefi t of closure and peace 
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of mind having had the opportunity to attempt all reasonable approaches 
to conception. The narrow government approach applied in our model also 
ignores the net marginal contribution of an individual to the economy and 
society other than as a source for future government revenues.

Role of Health Investment models in decision makingRole of Health Investment models in decision making
The results presented here may have implications for shaping IVF policy in the 
future. In countries with birth rates below replacement level one interpretation 
may be that funding IVF represents a good use of public resources with likely 
economic rewards in the future. In fact such conclusions have recently 
been taken in Korea and Sweden where increased public funding was made 
available because of low birth rates in these countries. Though the model 
and results presented here are applicable only to the UK, the methodology 
described here outlines an analytical approach for addressing the IVF access 
problem that exists in many countries. 

The health investment model described here follows the GA framework used 
to inform public policy with respect to potential fi scal imbalances between 
generations.1 While GA has been embraced by most OECD countries, the 
European Union a nd World Bank for evaluating fi scal promises, there are 
a number of challenges in applying it to evaluate the adoption of medical 
technologies. In reality, healthcare resource allocation decisions are more 
often based on disease burden and other elements such as fairness and 
equity. Applying our approach to health funding may inappropriately suggest 
that health technologies are funded solely on the basis of tax revenues 
derived from individuals in the future based on expected increases in health 
and human capital. Under these circumstances the methodology would 
obviously predicate against provision of costly healthcare to those who 
have retired from work. We do not advocate that this method should replace 
existing criteria for evaluating technologies, rather that the method can be 
used to augment existing methodologies. In some instances the approach 
described here can be used to develop advocacy in situations where health 
authorities may overlook long-term fi scal benefi ts that can be derived from 
health investments, as is often the case with funding for IVF. 

Conclusions
We have described a health investment framework that estimates discounted 
future net tax returns to the UK government based on the average investment 
cost in IVF to achieve a singleton live birth. The results indicate that based on an 
investment of £12,931 the return on investment for the State over the lifetime 
of the child is 8.5-fold. The analysis described here has focused narrowly on 
costs and benefi ts in the form of future taxes to the UK government over the 
lifetime of the child and has not considered broader economic aspects that 
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individuals can have on the economy which suggests we have underestimated 
the true economic impact of investing in IVF. Furthermore, because we have 
focused narrowly on economics and future tax contributions our research 
fails to account for the eff ects of increased morbidity that may be applicable to 
some IVF conceived children. We recognize there are challenges to applying 
this methodology in mainstream healthcare decision-making, however the 
approach used in our analysis can be a powerful tool to express future benefi ts 
attributed to investing in IVF to a wider audience outside of the health sector. 
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Summary
Objective: To evaluate whether lifetime future net tax revenues from an in vitro 
fertilization (IVF) conceived child are substantial enough to warrant public 
subsidy relative to the mean IVF treatment costs required to obtain 1 live birth. 
The study design was based on a mathematical generational accounting model.

Methods: The model estimates direct fi nancial interactions between the IVF-
conceived child and the government during the child’s projected lifetime. 
In the model, we accrue IVF costs required to conceive the child to the 
government, and then we estimate future net tax revenue to the federal and 
state governments from this individual, off set by direct fi nancial transfers 
from the government (eg, child allowances, education, Medicare, and Social 
Security). We discount lifetime costs and gross tax payments at Treasury 
Department rates to establish the present value of investing in IVF. We applied 
US Congressional Budget Offi  ce projected changes in tax rates over the course 
of the model.

Results: An IVF-conceived child, average in every respect (eg, future earnings, 
healthcare consumption, and life expectancy), represents a net positive 
return to the government. Based on an average employed individual born in 
2005, the projected net lifetime tax contribution is US $606,200. Taking into 
consideration IVF costs and all direct fi nancial interactions, the net present 
value is US $155,870.

Conclusions: Lifetime net taxes paid from a child relative to the child’s 
initial IVF investment represent a 700% net return to the government in 

5
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discounted US dollars from fully employed individuals. This suggests that 
removing barriers to IVF would have positive tax benefi ts for the government, 
notwithstanding its benefi cial eff ect on overall economic growth.

Introduction
The economic and health consequences of fi nancial barriers to medical 
treatment are frequently topics of interest for health economists and policy 
analysts.1,2,3 With respect to assisted reproductive technology (ART), treatment  
 b arriers create an additional issue, as successful use of this technology 
leads to the creation of human life that would not have been born were the 
technology not available. The immediate benefi t of ART success is to fulfi l 
a couple’s desired family size which leads to quality of life improvements. 
However, what is less well characterized is the economic impact that IVF 
conceived children will make once becoming economically active adults, 
enter the work force and start paying taxes. 

To assess the economic consequences of IVF born children we have developed 
a mathematical model which explores the lifetime fi nancial transactions 
between a single individual conceived by IVF, and the government under a 
theoretical assumption that the government paid standard fees for that IVF. 
To investigate whether investing in IVF represents sound fi scal policy for 
government, we have theoretically assigned IVF costs to the US government 
in the model. The methodology applied here is based on generational 
accounting (GA) methods developed by Kotlikoff  and utilized by treasury 
departments, including the US Congressional Budget Offi  ce, to assess whether 
current fi scal policies will adversely impact future generations, ie. shift costs 
to future generations.4,5,6 In this paper we describe a GA model to assess future 
net tax r e v enues derived from a hypothetical IVF conceived child, in order 
to establish whether policies that increase access to IVF treatment would 
generate long-run economic benefi ts. It is envisaged that this analysis can 
inform government and non-government agencies with a vested interest in 
future population age structures. Such an analysis is urgently needed in view 
of declining birth rates, increasing numbers of aging retired, and the predicted 
insolvency of Social Security. 

Methods
Based on the US GA model developed by Kotlikoff ,4 a basic mathematical 
model was developed taking the perspective o f the US government to 
estimate the discounted lifetime net tax contribution derived from a single 
individual. The model describes the fi nancial position between the child 
and the government during the child’s projected lifetime. For comparison, 
the model estimates lifetime net tax contributions for a naturally conceived 
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versus an IVF-conceived child, where the major cost diff erence is assumed to 
be IVF treatment costs and any extra costs related to the child’s care. In this 
model, we assign IVF costs to the government to assess the merits of funding 
such a policy. All direct government expenditures and tax contributions were 
discounted using Treasury Department rates.

Conceptually, there are three broad stages in lifetime fi nancial interactions, each 
with diff ering components of the fi nancial exchange, as follows: (1) early life, 
when the government primarily contributes resources to individuals through 
child tax credits, healthcare, and educational expenses; (2) employment, when 
individuals begin returning resources to the government through federal, state, 
and local taxes; and (3) retirement, when the government expends additional 
resources on Social Security and old-age programs. 

Two general models are estimated. The fi rst model assumes that individuals 
graduate from high school and then follow the average higher education, 
employment, and unemployment trends (hereafter referred to as average 
employment). The second model assumes full-time education from ages 6 
to 19 years, with full-time employment from age 20 years until retirement at 
age 65 years (hereafter referred to as full employment). The models assume 
that successful IVF treatment results in a single live birth (with a mean life 
expectancy of 79 years) and that the child is identical to a naturally conceived 
individual.7,8 In all scenarios, the model includes hospital delivery costs,  t aking 
into consideration additional costs frequently accrued to IVF-conceived 
children attributed to low birth weight.9,10 Age-graded government expenses 
and tax contributions were  a ssessed across a hypothetical individual’s 
lifetime to derive discounted lifetime net tax contributions using net present 
value (NPV) calculations and undiscounted lifetime net tax contributions. 
Following similar GA calculations used to assess US immigration policy, we 
consider various costs generated and taxes paid.11,12

ExpendituresExpenditures
Two broad categories of federal and state g ov ernment expenditures are 
considered, congestible goods and transfer programs.13 Congestible goods 
have nonzero marginal costs and include  expenditures such as roads, fi re 
and police protection, airports, and sewers. Transfer programs include all 
government expenditures that can be assigned to specifi c individuals such 
as Social Security, Supplemental Security Income, Medicare, Medicaid, 
Aid to Families With Dependent Children, public assistance, food stamps, 
unemployment benefi ts, disability benefi ts, subsidized school lunch 
programs, and public education at all levels. There is also a child tax credit 
associated with individuals until age 17 years. 
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Revenues
Revenues collected by the government include federal and state income 
tax (the national mean rate in this model), corporate tax, excise tax, 
Federal Insurance Contributions Act tax, Supplemental Medical Insurance 
contributions, federal retirement tax, property tax, and sales tax. To calculate 
the accounting models, age profi les of each expenditure and revenue 
component were identifi ed from existing data sources. Because the models 
describe fi nancial interactions across an individual’s lifetime, these age 
profi les are adjusted to account for depreciation of money over time through 
the application of a discount rate. The US Congressional Budget Offi  ce 2007 
projections were used as the basis for estimates of infl ation, individual 
earnings increases, tax rate increases, increases in Supplemental Medical 
Insurance revenue, and Medicare and Medicaid expenditures.14 Increases in 
expenditures on schooling are based on hist orical rates of increase.15 Beyond 
the period for which these long-term forecasts a re available, we assume that 
particular components grow to keep pace with demographic and productivity 
growth. A discount rate of 4% was applied to lifetime tax revenue and transfer 
payments. The discount rate was compounded continuously. 

IVF Treatment Costs 
The mean IVF treatment costs to produce a live birth are considered herein as 
a further expense unique to an individual conceived using IVF. The national 
mean cost per IVF treatment cycle in 2003 is US $12,400.16 Cost per live birth is 
calculated as the mean cost per  cycle divided by the age-adjusted probability 
of a live birth, where the treatment effi  cacy is known to vary primarily by 
the age of the mother (ie., lower success rates with older age) and by other 
factors.16,17,18,19 The age-adjusted cost per live birth is give n  in  T able 1.

Data Sources
Analyses are based primarily on 2 waves of the annual March Current 
Population Survey.20 The Current Population Survey is a monthly survey  of 
about 50,000 households conducted by the Bureau of the Census for the 
Bureau of Labor Statistics and is the primary source of information on the 
labor force characteristics of the US population. The sample is representative 
of the civilian non-institutionalized population. Estimated sales tax revenue 
is obtained from the Consumer Expenditure Survey, also conducted by the 
Bureau of Labor Statistics. Government expenditures on congestible goods are 
obtained from the US Statistical Abstract, following prior work.11 Educational 
expenditures are taken from the Dige st of Education Statistics.15 

Calculation of NPV
Given the baseline assumpt ions for the age profi les of expenditures 
and revenues, the net fi nancial exchange of an individual at any age is 
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derived in the accounting models simply as the discounted sum of all the 
economic components up to that age. Specifi cally, lifetime individual NPV 
is the discounted sum of all revenues to the government at all ages minus 
expenditures at all ages as follows:
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Rt indicates the sum of all revenues accruing from the individual at age t; Et, 
the sum of all expenditures on the individual at age t; r, the rate of discount; 
T, the life expectancy at birth; and Ko, the initial direct costs of IVF in the 
base period. For individuals conceived by IVF, the direct cost of achieving 
a live birth is included in the expenditures as consisting of the cost of IVF 
treatment and the mean additional hospital costs associated with low birth 
weight attributed to IVF infants.9,10

Results 
The projected lifetime net tax c o ntribution trajectories for an average 
employment naturally conceived child and for an IVF-conceived child are 
shown in the Figure. There is a net increase in government revenue by age 
37 years for naturally conceived children versus by age 40 years for an IVF-
conceived child. The additional costs attributed to conceiving an IVF child 
are shown as an increased cost at birth. In all simulations, the fi nancial 
position between the child and the government changes as the child enters 
the workforce and again at the point of leaving full-time employment, with 
a net profi t to the taxing authority. In vitro fertilization coverage represents a 
minor component of the net cost for creation of new taxpayers. 

The projected combined returns to the federal and state governments in 
lifetime net tax contributions from an IVF-NPV conceived child and from a 
naturally conceived child are given in Table 1. For a naturally conceived child, 
the mean discounted lifetime tax contribution amounts to US $292,285 for 
full employment; the projected net undiscounted lifetime tax contribution for 
a full employment individual born in 2005 is US $1,103,000 (Table 2). For IVF-
conceived children, the net undiscounted lifetime tax contribution is similar 
to that for naturally conceived children even after IVF investment costs are 
factored into the analysis. 

The age at which the fi nancial position between a naturally conceived child 
and an IVF-conceived child changes with respect to the taxing authority 
is given in Table 1. We have labelled this as the breakeven age to highlight 
the age at which the government has recouped all direct fi nancial transfers 
(discounted) in the early years to achieve working-age participation. Assuming 
full employment, the breakeven ages with net profi t to the government are 
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34 years for naturally conceived children and 36 to 38 years for IVF children 
conceived to mothers younger than 41 years. The diff erence in the breakeven 
age for IVF-conceived children compared with naturally conceived children 
diff ers by 2 to 5 years depending on variations in increasing IVF investment 
costs attributed to older mothers.1,17

Discussion 
The approach used in this model assesses medical costs attributed to 
conceiving an IVF child as an investment required to achieve a live birth 
with consequent long-term economic returns. It is likely that the conceptual 
model described herein is of most relevance to countries with nationally 
funded health services where the taxing authority and the health service 
are 2 components of the overall government. Under these circumstances, 
the national health service pays for or provides IVF treatment, and the tax 
authority will collect tax revenue from the IVF-conceived child when he or she 
reaches working age. There are obvious fl aws in applying this methodological 
approach in the United States, where there is a clear separation between 
those that pay for treatment (eg, infertile couples and private insurers) and the 
benefi ciary of future tax payments from IVF children (i.e., Internal Revenue 
Service). Despite these shortcomings, we have positioned IVF medical costs 

Figure 1  Lifetime net tax contribution trajectory between a naturally and IVF conceived 
individual and the state discounted at 3%  
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as accruing to the government to inform government health policy in this 
area and to stimulate debate. 

The analysis described herein has taken the perspective of the taxing 
authority, where net tax contributions (i.e., gross tax contributions minus 
direct government transfers and congestibles) are the sole economic 
variable considered. Because our approach has taken the perspective of the 
government, there are limitations to our model, which does not consider 
the broader economic benefi ts that individuals contribute to a country’s 
economic growth. Consequently, the analysis presented herein is an 
underestimate of the true economic contributions that an individual has on 
the economy as a whole because we have not considered the gross domestic 
product contribution brought about by the increased demand for goods and 
services generated by this individual. 

Table 1  Discounted lifetime net tax contri b ution and breakeven age based on ‘average 
employment’ and those with full-time employment aged 20-64

Average employment Full employment (20-64)
Method of 
conception and 
age of mother

Age-adjusted 
cost per live 
birth using IVF†

Breakeven 
age

Lifetime 
net tax 

contribution 
(discounted)

Breakeven 
age

Lifetime 
net tax 

contribution 
(discounted)

Naturally conceived 
All ages

Not applicable 37 $190,515 34 $292,285

IVF; Aged <35 $27,373 40 $160,540 36 $266,310
IVF; Aged 35-37 $32,041 40 $155,870 37 $257,640
IVF; Aged 38-40 $43,509 41 $144,405 38 $246,175
IVF; Aged 41-42 $158,225 44 $116,240 40 $218,007

Note:  Breakeven point is the age at which the fi nancial position between an individual and 
the state becomes positive in favor of the state. 

†   Derived from the average IVF cost per cycle divided by the age-adjusted probability 
of live birth.

Table 2  Lifetime gross tax contribution (undiscounted) for Average Employment and for Full 
Employment *

Average employment Full employment (20-64)
Undiscounted tax 
contributions

Undiscounted tax 
contributions

Naturally conceived $633,600 $1,103,000
IVF conceived $606,200 $1,076,000

*  The average employment model assumes that individuals graduate from high school and 
then follow the average higher education, employment, and unemployment trends. The 
full employment model assumes full-time education from ages 6 to 19 years, with full-
time employment from age 20 years until retirement at age 65 years.
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The methods applied in our work are based on GA, a method frequently 
used by government treasury departments as an alternative to the more 
commonly applied defi cit accounting, which only considers current year 
accounts. Using GA helps bridge the gap between what has been promised in 
the future (eg, Medicare and Social Security payments) in relation to future 
revenue generated predominantly through taxation. From the government 
revenue–generating perspective, the number of taxpayers and the mean 
tax contribution per individual are relevant, as well as the importance of 
current birth rates, which will directly infl uence the number of taxpayers 
in the future and, depending on future spending promises, the tax rates 
paid by future generations.4,5 Considering the eff ect that birth rates have on 
future fi scal imbalances between current and future generatio n s, we believe 
that our approach is acceptable for evaluating IVF technology because of its 
established ability to signifi cantly aff ect national birth rates.21

Several simplifying assumptions were made during the course of the work that 
can be challenged. In particula r, clinicians may criticize the assumption that 
IVF children are identical to naturally conceived children. Although we have 
adjusted initial costs to compensate for lower birth weight, we do not treat 
the subsequent education and employment trajectories of these individuals 
diff erently from those of naturally conceived individuals. Furthermore, 
additional medical costs frequently arise as a result of multiple pregnancies 
and premature birth. However, it is likely that much of this increased risk 
can be mitigated by a reduction in embryos transferred and multiple births 
when the burden of success is shared by a third-party payer.22,23 For example, 
following the Belgian example, the government agreed to fund up to 6 IVF 
cycles for every i nf ertile couple, while simultaneously regulating the number 
of embryos transferred in each cycle.24 Support of IVF allows the funding 
authority to limit the number of embryos transferred and to obviate an y 
of the extra risks associated with patient-funded IVF. The net result of this 
policy change for Belgium was a cost saving attributed to a reduction in 
multiple pregnancies. 

In our model, we assumed that a child born from IVF would achieve average 
lifetime income earnings, which may be an oversimplifi cation of future earnings 
based on current IVF utilization. What is known at present is that those seeking 
treatment for infertility and undergoing IVF are not representative of the US 
population because racial/ethnic and economic factors defi ne treatment-
seeking behavior.25,26 In the current environment, which is dependent on out-of-
pocket payments, those accessing and using I VF  services are overrepresented 
by individuals with higher socioeconomic backgrounds and with the fi nancial 
means to pay for IVF.27,28 As a consequence of an increased proportion of higher 
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socioeconomic families accessing infertility  tr eatments, IVF children are 
more likely to achieve higher socioeconomic status in their lifetimes.29 This is 
further supported by research suggesting that IVF conceived children obtain 
higher academic  scores compared with naturally conceived children.30 This 
would suggest that in the present IVF access environment children conceived 
through IVF are li kely to make future tax contributions above the mean fi gures 
described in our results. 

The disparity in IVF utilization based on socioeconomic status raises questions 
regarding what could happen if barriers to IVF were lowered, allowing for a 
broader range of socioeconomic groups to access treatment. In our model, 
the calculations are based on the statistical mean for lifetime income, which 
is based on income from all socioeconomic groups, low and high. On this 
basis, if an increased proportion of families of lower socioeconomic status 
accessed IVF, this would not aff ect the conclusions of our work because the 
lower earning capacity has already been accounted for in the average lifetime 
fi nancial calculations. 

One of the underlying aims of this research is to highlight that economic 
barriers limit access to infertility treatments and that costs attributed to 
infertility are dependent on the perspective and the period during which costs 
and benefi ts are observed. Based on our analysis, we suggest that discounted 
future net tax contributions derived from IVF conceived children could be 
used to justify government funded IVF programs. Our work also highlights 
that there is a cost associated with not treating infertility in the form of lost 
tax revenue, which to the best of our knowledge has never been quantifi ed. 
This study is not the fi rst application of GA principles to address important 
policy questions. Previous explorations using GA models have evaluated the 
eff ect of US immigration policies on government fi scal imbalances.31 Although 
it is tempting to compare our fi ndings with those from immigration policy, we 
believe th at this is not feasible because immigration and fertility policies are 
shaped by diff erent social and political issues, of which economics is only one 
of many components.

Based on projected tax revenue to the government, our analysis suggests that 
removal of fi nancial barriers to IVF treatment, which may lead to increases in 
birth rates, could help to achieve broader demographic and economic policy 
goals. We acknowledge that this proposition may be provocative, but it is not 
without precedent. Within the United States, under the current system of 
sporadic IVF insurance coverage and various state mandates, a demographic 
eff ect has already been observed. In a recent study by Schmidt,32 it was shown 
that in those states with legislated mandates there is an increased birth rate 
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for  women older than 35 years compared with states without mandates. Going 
a step further, in countries such as South Korea and Israel facing demographic 
crisis and regional instability, respectively, IVF funding policy is viewed as a 
pronatalist tool for infl uencing population growth.33,34 

Conclusions
The principal aim of this research was to assess the net tax contributions of a n 
 IVF-conceived child, with the intention of informing future policy directives 
that may infl uence access to fertility treatments. In reality, there are many 
good reasons to justify improved IVF access, including medical need, equity, 
and respect for an individual’s human right to a family, and reproductive 
rights. However, in many countries, including the United States, access to 
fertility care is limited, and many couples are unable to aff ord treatment. 
Based on the results shown herein, one could easily argue on the basis of 
economics that fi nancial or legislative barriers to IVF treatments for infertile 
couples should be removed.
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LONG-TERM FISCAL IMPLICATIONS OF SUBSIDIZING 
IN-VITRO FERTILIZATION IN SWEDEN: A LIFETIME TAX 
PERSPECTIVE
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Leif Hägglund
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Background: In Sweden approximately 3% of annual births are conceived 
using assisted reproductive technologies (ART). In light of increasing use of 
ART in Sweden we estimate the lifetime future tax revenues of an in-vitro 
fertilisation (IVF) conceived child to establish whether public subsidy of IVF 
represents sound fi scal policy. 

Methods: A modifi ed generational accounting model was developed to 
calculate the net present value (NPV) of average investment costs required to 
achieve an IVF conceived child. The model simulates direct lifetime fi nancial 
interactions between the child and the Swedish government. Within the 
model we assume average direct fi nancial transfers are made to the individual 
(eg, child allowance, education, healthcare, pension, etc). In return, the 
individual transfers resources to the government through taxation based on 
anticipated average earnings. The diff erence between direct transfers and 
gross taxes paid equals the net-tax contribution. Individual tax contributions 
were held constant in the model. 

Results: Based on average life-expectancy an individual born in 2005 will pay 
an undiscounted 32.5 million SEK in   taxes to the Swedish government and 
receive 20.9 million SEK in direct fi nancial transfers over their lifetime. When 
these fi gures are discounted and IVF costs are included in the analysis we 
obtain a lifetime NPV of 254,000 SEK with a break-even point at age 41 (the 
age of achieving a positive NPV) for an individual conceived through IVF. 

Conclusions: Based on results presented here we conclude that State-
funded IVF in Sweden does not negatively impact the long run fi scal budget. 
Conversely, over their lifetimes IVF-off spring returns a net positive value to 
the State. 

6
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Introduction
Over the past decade there has been increased use of assisted reproductive 
technologies internationally resulting in an increasing proportion of 
annual births attributed to this technology.1 Sweden is no exception where 
approximately three percent of annual births are attributed to ART.2,3

Increasing demand for ART services is attributed to a variety of factors 
including higher prevalence of infertility brought about by delays in time to 
fi rst pregnancy, increasing obesity, sexually transmitted disease and a growing 
awareness and acceptance of the available technology to treat infertility.4,5,6,7

Despite increasing medical need for infertility treatments, the demand 
for healthcare outstrips available resources and many health authorities 
are forced to make rationing decisions about which services to provide. 
Unfortunately many health authorities view medical infertility as a low 
health priority and consequently have provided limited resources for treating 
infertility.8,9 As a result, since many couples are unable to aff ord treatment, 
they are forced to forego IVF treatment.9,10,11

In Sweden the health care system is publicly funded and the ethical platform 
for prioritising health care rests on three basic principles; (1) the principle that 
all humans have the same value; (2) the principle of need and solidarity which 
means that resources should be used where they are needed the most; and 
(3) the principle of cost-eff ectiveness.12 With these guiding principles, four 
priority groups are established, ranking infertility in Priority group III (out 
of IV).13 As infertility is included on the priority list, IVF treatments at public 
clinics are fully reimbursed by the National health care system.14 However, 
the National health care system has established limits on the number of IVF-
cycles covered by the system and which indications allow couples treatment. 
This has caused waiting-lists for treatment which exacerbates the situation 
because of the impact of age on fecundity. This forces many couples to pay for 
treatment outside of the publicly subsidised system. A recent study indicated 
that 68% of ART expenditure in Sweden was publicly fi nanced with the 
remainder fi nanced privately.15

In recent years, in view of the increasing numbers of children born using ART, 
there has been growing interest in infertility treatments amongst demographers 
seeking to understand how ART could potentially infl uence population ageing 
trends.16,17,18 Traditionally demographers have focused on understanding 
why birth rates are falling and which social and economic factors infl uence 
fecundity, however more recently attention has focused on those people that 
are ‘willing but unable’ to have children.17,19,20 The numbers of infertile couples 
are not small; some estimates suggest up to 1 in 7 couples can face reduced 
fecundity at some point in their lives.5,21 Furthermore, when the increasing 



Chapter 6

69

numbers of children born from ART every year are positioned within the ageing 
populations currently aff ecting many countries it is useful to understand how 
policy which infl uences access to ART impact on total fertility rates.16, 18

In light of increasing reliance on ART by couples for conception, we sought 
to understand whether public subsidy of ART represents sound fi scal policy 
for governments - in this example the Swedish government. Moving beyond 
the benefi ts to the individual couple undergoing IVF treatment, we sought to 
understand the long-term fi scal benefi ts to the State. Thus, the purpose of this 
study was to assess the long run net fi scal implications from the perspective 
of the State. The underlying assumption being that State subsidized IVF is an 
investment which can infl uence future government revenue when a longer 
time horizon is applied. In order to test the concept we have developed a 
model which uses a single individual conceived through ART, assumed to be 
average in every respect to a naturally conceived child, and assessed whether 
investing in IVF is fi nancially sound. It is hoped that this analysis can be used 
to inform health policy and legislative policies which infl uence fi nancing 
decisions and access to reproductive treatments. 

Methods

Model designModel design
The model quantifi es the long-term net tax implications of IVF funding 
attributed to a single individual. The average costs required to conceive an 
IVF child are treated as an investment with long-term fi scal implications. The 
model describes the lifetime fi nancial interaction between the State and a 
hypothetical IVF conceived child born in 2005 with a life expectancy of 80 
years. In this contract the person pays money into the State budget through 
tax (positive cash fl ow for the State), while the State makes direct fi nancial 
transfers to the individual in the form of social services such as education and 
healthcare (negative cash fl ow for the State). The marginal cost for congestible 
items such as roads, fi re and police protection, airports, sewers, etc are not 
included in the analysis which would negligibly infl uence the results. 

Modelled Life stagesModelled Life stages
Within the model we assume a number of life stages as shown in Figure 1. 
During the early stages of life the State contributes towards an individual’s 
education and healthcare costs. The situation changes when the individual 
enters their working stage; now the State still contributes to healthcare costs, 
however an average individual has a positive balance because they contribute 
more to the State in the form of taxes than they receive in benefi ts. Finally, 
after retirement, the State helps support citizens until the end of their life in 
the form of healthcare and pensions. 
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Each stage has very specifi c characteristics that diff er between the stages. 
Mathematically this implies a diff erent set of equations for each stage:

(1) ( ) ChIVFDYdtDYdtDYdtDYdtdtDtNPV
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At any time, the balance or net return, NL, to the state is given by:

(2) )()()()()()()( tPtGtHtEtCtTtN SL −−−−−=  

Where T(t) is the tax revenue of the State; C(t) E(t), and H(t) are costs to the 
State for child allowances, education, and healthcare, respectively. Geriatric 
care and state pension are represented by G(t) and PS, respectively. The 
methodology described here is based on generational accounting modelling 
techniques developed by Kotlikoff .23 For simplicity, we have represented tax 
collection and fi nancial transfers for the three levels of government (eg, 
federal, county and municipalities) within the model as an aggregated unit. 

At birth, the new born costs a sum, Ch. Since the baby is conceived using IVF, 
a further cost, IVF, is added. In this context, the State can be seen to make 
an investment, which in time will lead to a return. The size of the return on 
investment in present value is estimated using NPV calculations to evaluate 
the return on investment in present terms. 

Figure 1 Lifetime fi nancial interaction between individual and State 
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Where r is the discount rate and r is the discount rate and r t=0 is assumed to be year 2005. The integral 
represents the discounted, time-aggregated balance interaction between the 
state and the individual. The costs IVF and IVF and IVF Ch represent the initial ‘investment’ Ch represent the initial ‘investment’ Ch
from the State.

The critical model inputs and a brief explanation are provided in Table 1. 
The other equations used in the model are explained in Figure 1 and in the 
technical appendix.

Table 1  Variables included in model to derive net present value of IVF investment costs to 
derive a live birth in Sweden

Parameter Estimates (2005) Notes and references:
Applied discount rate 2.5% Based on recommendations by the Swedish 

National Financial Management Authority. 25

Economic Growth 2.8% Based on historical growth rates since 1950. 26

Growth in Healthcare 
expenditure

4% OECD health database. 27, 28

Direct fi nancial transfers from government to individual
cost per successful IVF 
live birth

205,000 SEK Derived from Granberg et al and adjusted for et al and adjusted for et al
growth in healthcare expenditure from 2001-
2005.15

cost per delivery 23,939 SEK Swedish Association of Local authorities and 
Regions. 29

Child allowance 12,600SEK/

child/year up to 
age 19

The allowance increases with economic 
growth.30

Educational 
expenditure 

75,850SEK Education costs are assumed to increase with 
economic growth.31

Healthcare 13,782SEK average 
annual cost per 
person (2005)

Age-adjusted healthcare expenditure is based on 
county of Skåne.32

State pension 116,800 SEK

average annual 
cost per person

Costs to government of basic state pension are 
considered.33

Geriatric care 72,000SEK 
average annual 
cost per person

Geriatric costs are assumed to increase with 
economic growth.34

Income tax 30% Swedish Tax Agency 2008. Taxes in Sweden 
2007. A summary of the Tax Statistical Yearbook 
of Sweden. Swedish Tax Agency, Stockholm.

Value Added Tax (VAT) 25% same as above
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Results
The lifetime discounted fi nancial interaction between an IVF- conceived and 
naturally conceived child and the State are shown in Figure 2. Additional 
costs to the state for an IVF conceived child are demonstrated by having a 
more negative fi nancial position with the state at birth. The breakeven point 
for both IVF conceived and naturally conceived children are also shown in 
which this is achieved at age 41 and 40, respectively. The discounted fi nancial 
trace also demonstrates that the cost increases once again upon retirement 
due to costs of state pensions, healthcare and elderly care.

Based on average life-expectancy an individual born in 2005 will pay an 
undiscounted 32.5 million SEK in taxes and receive 20.9 million SEK in direct 
government transfer over their lifetime. The diff erence between these fi gures 
represents the undiscounted lifetime surplus tax payments. When average 
investment costs required to conceive a child are evaluated in the NPV model, 
the present value of investing in IVF to the State is approximately 254,000 
SEK (based on average life expectancy). At old age, a point is reached at which 
the aggregated costs of an average person to the government again outweigh 
the lifetime revenues. From this point forward the fi nancial position remains 
negative until the person has died. 

For comparison, NPV calculations for an individual conceived naturally 
were also calculated in which the only diff erentiating variable between IVF 

Figure 2  Lifetime discounted fi nancial position between naturally conceived and IVF conceived 
child and the State   

3,000,000 kr

2,000,000 kr

1,000,000 kr

0 kr

-1,000,000 kr

-2,000,000 kr

-3,000,000 kr

-4,000,000 kr

-5,000,000 kr

10 20 30 6050 8070 9040

Net Present Value of IVF, NPV

Age



Chapter 6

73

conceived and naturally conceived child is the costs of IVF to the government. 
Hence, the corresponding breakeven age for a naturally conceived individual 
is 40 years and he/she has returned 459,000 SEK in net present value to the 
State at the age of 80. 

Because IVF success is age-dependent and older couples frequently require 
more treatment cycles and consequently increased costs to obtain a live 
birth, we have varied treatment costs to refl ect the need for additional cycles 
to achieve a live birth and whether this would infl uence our conclusions.5

When the average cost of achieving a live birth are increased by 46% and 95% 
the lifetime value of the investment changes to 159,000 SEK and 59,000 SEK, 
respectively. 

Sensitivity analysis 
To test the robustness of the model we varied a series of parameters likely to 
impact conclusions found in the base case scenario. The model was found to 
be sensitive to the age at which retirement begins as demonstrated in Table 
3. An increase in the average growth of healthcare infl uenced the results, 
particularly as healthcare costs increase dramatically in older age (Table 3). 
Furthermore, the model was found to be insensitive to changes in the child 
allowance and only slightly sensitive to the costs of education and geriatric 
care (variables not shown).

Critical fi nancial variables including income tax rates, economic growth and 
discount rate were also varied in the sensitivity analysis. Because government 
revenue is dictated by tax rates the model was extremely sensitive to the 
average lifetime level of taxation applied. An increase in economic growth 
from the baseline 2.8 percent to 3.8 percent would reduce the breakeven 
age by three years and increase the net return to the State to 3,140,000 SEK. 
Furthermore, an increased discount rate increases the breakeven age and 
decrease the net return to the State. 

Table 2  Lifetime net present value and breakeven age from perspective of Swedish government 
for naturally conceived and IVF conceived children

Scenario Lifetime NPV 
(SEK)

Breakeven age

Naturally conceived 459,000 40
Cost of IVF conceived child (base case derived from Granberg) 254,000 41
Cost of IVF conceived child increased by 46% to 300,000 SEK 159,000 42
Cost of IVF conceived child increased by 95% to 400,000 SEK 59,000 43



The Economics of Assisted Reproduction

74

Discussion
The analysis presented here has evaluated costs attributed to treating IVF as 
an investment in health with future revenue implications for the State. The 
foundation on which this approach rests comes from fact that as individuals 
transition from childhood to adulthood they become economically active, 
and that through participation in economic activities a proportion of this 
economic benefi t passes to the state through taxation. This methodology is 
based on the principle that ART enables couples to have children; children 
that would not have existed were reproductive technologies not available. 
If one accepts this premise then it is conceivable that barriers which 
prevent couples from accessing reproductive services could have a long-
term cost seldom considered. It is only through calculating the lifetime tax 
calculations we can begin to understand what that cost might be. This work 
was undertaken with the explicit aim of raising awareness of these potential 
costs, and benefi ts, and providing policy-makers with a more comprehensive 
understanding of the benefi ts attributed to ART. 

The methodological approach describe here is unique when compared 
to previous economic studies of ART which tend to focus on costs over 
shorter time periods and do not consider the economic benefi ts when 
children reach adulthood and become employed.15,36 This illustrates some 

Table 3  Change from base case in model parameters likely to infl uence fi nancial position 
between individual and State†

Parameter Lifetime NPV 
(SEK)

Breakeven age

Changes in tax Rate (income tax + VAT)
Decreased to 50% -515,000 43
Increased to 60% 1 023,000 40
Economic Growth (% increase in GDP)
1.8 % -1 534,000 47
3.8 % 3 072,000 38
Discount rate (%)
1.5 % -16,000 38
3.5 % 45,000 46
Changes in average retirement age
Aged 55 -403,000 41
Aged 65 827,000 41
Average annual increase in healthcare expenditure 
3.0 % 1,827,000 41
5.0 % -2,851,000 42

†  Base case assumes 55% average taxation rate, discount rate of 2.5%, economic growth 
2.8%, average retirement age 60, healthcare expenditure increases 4% annually. 
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of the technical issues that need to be considered in economic evaluations 
which includes clearly defi ning the economic question to be explored, from 
whose perspective will costs be considered, and the timeframe over which 
the eff ect is to be measured.37 For example, if one seeks to understand the 
costs of IVF treatment to the health service then it is appropriate to look at 
costs over a short period of time.15 However, if one seeks to evaluate the long-
term societal costs and benefi ts of IVF programmes then it is appropriate 
to consider a broader range of costs and a longer time horizon over which 
costs and benefi ts can accrue. On this point we believe that applying the 
generational accounting methodology which was developed explicitly to look 
at future government expenditure and revenue over a long time period is an 
appropriate methodology for evaluating ART benefi ts.23

One of the major criticisms of this work is likely to be the simplifying 
assumption in the calculations that an IVF child is average in every respect 
to naturally conceived children. In fact, there is considerable evidence 
highlighting the risk of multiple pregnancies attributed to IVF which increases 
the likelihood of preterm delivery and consequently lower birth weights and 
increased hospitalisation costs.36,38 A rough estimate by Granberg indicates 
that neonatal care costs of IVF infants are increased by approximately 27,000 
SEK compared to that of a “normal” new born.15 That would correspond to 
a 13% increase in the cost associated with IVF and thus a NPV that would 
decrease to 227,000 SEK. There is also evidence indicating that IVF children 
have an increased morbidity even after the neonatal period. For example, 
Koivurora et al. concluded that IVF children were signifi cantly more frequently 
admitted to hospital and spent signifi cantly more days in the hospital than 
control children.39 Similar criticisms could be made based on the age of 
women undergoing IVF which are on average higher than mothers conceiving 
naturally which presents an increased risk of complicated pregnancies.40 It 
is likely that taking into consideration long-term cost consequences of 
being born premature would adversely infl uence the simulations presented 
here. However, we believe this research complements previous research 
which highlights the economic benefi ts of limiting the number of embryos 
transferred in IVF to minimise multiple pregnancy rates.41 In the Swedish 
context, there has been considerable eff ort to lower the multiple pregnancy 
rate from as much as 32% in 1991 to 6.5% in 2004.3 Today, single embryo 
transfer is standard and is in accordance to the guidelines of the Swedish 
Board of Health and Welfare which has reduced the multiple pregnancy rate, 
with likely cost savings attributed to reduced preterm delivery costs. 

Another methodological limitation concerns the role of the State. 
Theoretically, from an economic perspective the State has two roles. One is 
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to transfer funds between individuals and between diff erent time periods 
during the life of an individual which has been taken into account in the 
model. The second role is to provide pure public goods and services which 
cannot, or will not, be produced by the private sector. This is excluded in the 
model. Implementing the costs of the provision of public goods in the model 
will, ceteris paribus, alter the fi scal impact of an individual born in 2005. 

The model assumes that there are no asymmetries between IVF births 
and normal births. This will aff ect the estimates of costs and benefi ts of 
the two target groups to the extent that a newborn child’s socio-economic 
background determines its future in education, labour market, healthcare 
and life expectancy. For various reasons, it is likely that there are statistical 
diff erences between the characteristics (in terms of education, income, social 
status, etc.) of the two populations of couples who currently undergo IVF 
treatment and those who do not. These and other characteristics have not 
been included in the analysis. 

The model illustrates that an IVF conceived child born in 2005 will return 
a lifetime positive NPV to the government of 254,000 SEK. While the 
present value (ie. return on investment) of funding (ie. investing) IVF may 
appear minimal, it is important to consider that the purpose of government 
is not profi t maximising. This perspective is refl ected by applying lower 
discount rates to public investments where benefi ts are likely to accrue over 
generations.24,42 Consequently, for the state, the present value of investing 
205,000 SEK results in approximately a 24% return on capital which would 
satisfy most corporations and can be considered more than adequate for 
government investments. 

As the present study is based on Swedish data it is important to emphasize 
that the results presented here may not be valid for other countries as the 
tax- and welfare systems may diff er signifi cantly. It is likely that the costly, 
well developed, Swedish welfare system has a negative eff ect on the NPV 
of an IVF-conceived child. A similar study in the U.K., a country with a less 
expensive welfare system, supports this notion as that study indicated a 
larger net return to the government compared to the results presented here.43

Conclusions
In this paper we have applied generational accounting techniques to evaluate 
the long-term fi nancial impact of an IVF child conceived from State subsidized 
IVF treatments in Sweden. Our results indicate that when a longer time horizon 
is utilised and a broader range of costs and benefi ts (ie. tax-contributions) are 
used to evaluate IVF treatment costs, the economic benefi ts to the Swedish 
government exceed the cost required to conceive a single child from IVF. This 
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would suggest that barriers which prevent people from accessing available 
assisted reproductive techniques would represent a fi nancial loss to the State 
that could be generated through lifetime tax contributions in the future. It is 
envisaged that the results presented here can assist policy-makers charged 
with responsibility for developing and administering IVF policy by enabling 
them to see the economic benefi ts derived from children conceived using IVF. 
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Technical appendix

Equations used in the model:

Tax Rate

(4) )()( PIt βT +=

Where T(t) is the total Tax per person, I is Income of which a fraction, β, is 
paid as tax. P is total Pension, of which a fraction, β, is paid as tax.
Only income tax and Value Added Tax (VAT) are included in the model (as β). 

Income
The average income, I, is assumed to increase with the rate of economic 
growth, α, over the years.

The governing equation and solution can be expressed as: 

(5) I
tαeα ⇒ I δII

dt
dI

0==

Where I
0
 is the average income for each specifi c age. The term δ

I
 is a multiplier 

that takes the value 1 during the period tW to tP, and 0 otherwise. This means 
that the income term is valid only during the working stage.

Child allowance
In the model, the allowance is assumed to increase with economic growth, α,
and can therefore be expressed as:

(6) α CeCCC
dt
dC

0=⇒= tα δ

Where δ
C
 takes the value 1 for 

C
 takes the value 1 for 

C
age<19 and 0 otherwise. 

Education
The average cost of education is assumed to increase with economic growth 
(α). The equation is expressed as:

(7) ⇒α EeEEE
dt
dE

0== tα δ

Where E
0
 is the average cost of education in 2005. In this case δ

E
 takes the 

E
 takes the 

E

value 1 for age<t
W

, and 0 otherwise. Hence, the costs of education apply only 
W

, and 0 otherwise. Hence, the costs of education apply only 
W

during the stages from birth to working age.
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Healthcare costs
The costs of healthcare can be described by: 

(8) ⇒γ tγeHHH
dt
dH

0==

In the model, γ refl ects the rate at which healthcare spending increases. 
According to the OECD (2006), healthcare expenditure in Sweden increased, 
in real terms, by 4.2 percent annually between 1999 and 2004. Thus, the cost 
of healthcare is growing faster than the economy as a whole. This trend is 
likely to continue in the future and consequently γ is set at four percent.27

Geriatric Care
The cost of geriatric care is included in the model and is governed by the 
following equation:

(9) ⇒α G
teGGG

dt
dG

0== α δ

In the equation, G
0

is the average cost of geriatric care which is assumed to 
increase with economic growth, α. In the equation, the term δ

G
takes the value 

1 for age>60 and 0 otherwise. Thus, the equation is only valid after retirement.

Pensions
In the model, three diff erent types of pensions are considered. First, the 
basic state pension which should be considered as a cost for the government. 
Secondly, the occupational pension which an individual receives from his/
her former employer and lastly, private pension savings. Neither occupational 
nor private pensions are considered as costs for the government. During 
retirement, the government receives tax revenue from all three types of 
pensions as they are all subject to taxation. 
Further on, it is assumed that pension benefi ts increase with the rate of 
economic growth, α. 

(10) 

⇒

⇒

⇒

α tα δ

tα δ

tα δPooo
o

PPPP
P

PSSS
S

PS

ePPP
dt

dP

ePPP
dt

dP

ePPP

α

α

dt

dP
PPPP

0

0

0

o

==

==

==

++=

Where P
S

P
S

P  is state pension, 
S
 is state pension, 

S
P

P
P

P
P  is private pension and P

P
 is private pension and P

P o
 is occupational pension. 

The term δ
P
 takes the value 1 for 

P
 takes the value 1 for 

P
age>t

P
, and 0 otherwise. 
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Summary
Public funding for IVF is increasingly being challenged by health authorities 
in an attempt to minimize health service costs. In light of treatment rationing, 
the need to consider costs in relation to outcomes is paramount. To assess 
the cost implications of gonadotrophin treatment options, an economic 
evaluation comparing highly purifi ed human menopausal gonadotrophin 
(HP-HMG) and recombinant follicle stimulating hormone (rFSH) has been 
conducted. The analysis is based on individual patient data from a large 
randomized controlled trial (n = 731) in a long agonist IVF protocol. The 
economic evaluation uses a discrete event simulation model to assess 
treatment costs in relation to live births for both treatments based on 
published UK costs. After one cycle the mean costs per IVF treatment for HP-
HMG and rFSH were £2396 (95% CI £2,383–2,414) and £2,633 (£2,615–2,652), 
respectively. The average cost-saving of £237 per IVF cycle using HP-HMG 
allows one additional cycle to be delivered for every 10 cycles. With maternal 
and neonatal costs applied, the median cost per IVF baby delivered with HP-
HMG was £8893 compared with £11,741 for rFSH (P < 0.001). The cost-saving 
potential of HP-HMG in IVF was still apparent after varying critical cost 
parameters in the probabilistic sensitivity analysis. 

Introduction
The past several years have witnessed an increased demand for infertility 
treatments across Europe, which is partially attributed to the combined 
eff ects of women postponing fi rst pregnancy and an increased prevalence of 
sexually transmitted diseases. In the UK, one in six couples requires referral 
for investigation or treatment of subfertility.1 When defi ning infertility as at 
least one year of attempting to conceive, a lifetime prevalence of infertility 
between 17.3% and 26.4% has been reported in stud ies from the UK.2,3 

7
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Despite increasing demand for services, there is often an inverse relationship 
with respect to publicly funded treatments. In the UK, the National Institute  
 for Health and Clinical Excellence (NICE) recommends the provision of up to 
three stimulated cycles of IVF for women who have had infertility for at least 
3 years.4 Despite NICE guidance, available evidence suggests that less than 
one cycle per couple is currently being provided through the National Health 
Service (NHS). 5 The implication of this is that the UK has one of the lowest 
provisions of infertility treatment in Europe, with only 625 treatment cycles 
per million inhab itants compared with 916 cycles per million inhabitants 
across Europe.6.7

For couples unable to access publicly funded assisted reproduction services, 
the options are limited, and out-of-pocket payments are often required to 
ob t ain treatment. Considering the established relationship between ability 
to pay and utilization of assisted reproduction services, many couples have 
to withdraw from treatment because of limited fi nancial resources.8,9 This 
would suggest that many couples are unable to receive treatment, with the 
result that fewer children are born each year than would otherwise have 
 b een the case had suffi  cient funding been available.10,11 Considering the 
amount of attention that policymakers in industrialized countries currently 
place on ageing population issues, partially attributed  t o decreased total 
fertility rates, it is perplexing why those countries with declining birth rates 
do not provide adequate treatments to medically infertile couples who are 
‘willing but unable’ to have children. The idea that successful use of assisted 
reproduction treatments can infl uence the total fertility rate was discussed 
in a recent publication describing the potential demographic impact of 
assisted reproduction treatments.12 Hoorens et al further suggest that assisted et al further suggest that assisted et al
reproduction techniques could be considered part of a broader population-
policy mix to help improve fert ility rates. 

For the majority of health providers, including the UK NHS, the main reason 
for failing to provide adequate public funding for IVF is most often attributed 
to lack of fi nancial resources and low prioritization of infertility.13,14 While the 
majority of costs associated with IVF are fi xed (e.g., doctor and nurse wages, 
rents), the choice of gonadotrophins is one area where  cl inicians can make 
cost-eff ective decisions that directly infl uence health budgets. The desire to 
optimize outcomes in relation to limited public resources underpins the need 
for comparing highly purifi ed human menopausal gonadotrophin (HP-HMG) 
and recombinant follicle stimulating hormone (rFSH) in a cost eff ectiveness 
analysis. To better understand the cost consequences of gonadotrophin 
treatment options in IVF, a dynamic cost eff ectiveness model was constructed 
to explore gonadotrophin costs in relation to live birth rates. Although, 
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ideally, prospective randomized trials should be conducted to determine 
both costs and eff ectiveness of gonadotrophins, the value and feasibility 
of such approach is limited in multiple multi-step assisted reproduction 
interventions.15 Simulation incorporating best available evidence from clinical 
trials enables representation of each stage and cycle of the treatment process 
and  accurate assessment of health outcomes and related costs. The model 
was applied to perform an economic evaluation using patient-level data from 
the recently published clinical trial, Menotrophin versus recombinant FSH in-
vitro fertilization trial (MERiT), which compared HP-HMG with rFSH. These 
two products have been previously compared in an economic evaluation 
where it was found that the cost per cycle with HP-HMG was lower than with 
rFSH.16 However, as new clinical data become available, it is common practice 
to update economic evaluations to refl ect these new results as well as cos t 
changes that may have occurred since the previous analyses.

Methods

Overview
An economic evaluation was conducted comparing HP-HMG (Menopur, 
Ferring Pharmaceuticals, St Prex, Switzerland) and rFSH (follitropin alpha, 
Gonal-F, Serono, Geneva, Switzerland) using a discrete event simulation 
(DES) model with the following events: stimulation, oocyte retrieval, embryo 
transfer, ongoing pregnancy and live birth. The probabilities of transitioning 
through each stage of the model are based on MERiT.17 The logical fl ow of 
the model, coded in Visual Basic for Microsoft Excel, is illustrated in Figure 
1. Probabilities for each individual transit ion between the states were based 
on those observed in MERiT and each discrete event was simulated using 
computer-generated random numbers representing chance events.18

All patients entered the simulation in the gonadotrophin stimulation state. 
Treatment with gonadotrophin was administered following pituitary  down-
regulation as described previously.17 Ovulation was induced and patients 
entered the oocyte retrieval state. Following fertilization, embryo transfer, 
implantation and the state o f ongoing pregnancy ensued. If the latter stage 
was successfully reached, treatment pathway terminated in either pregnancy 
loss or live birth. Multiple births following one fresh cycle, including related 
maternal and neonatal costs, were accounted for in the analysis. All success 
rates and, consequently, transition probabilities were based on sampling from 
frequencies obtained from the patient-level data from MERiT.17 Analysis was 
based on the intention-to-treat population. Trial participants were analysed 
in the respective randomization groups. The result s reported in the trial and 
used in the model are from the available case analysis. To test the impact of 
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Figure 1 Flow diagram representing events simulated in the model   
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Note:  Only the results for the fi rst fresh cycle are described in this manuscript. The results 
for subsequent cycles are not presented as described in the Discussion. 
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missing outcomes from patients discontinuing treatment at various stages, 
the model was run with values imputed using last observation carried forward 
(LOCF) method. Imputation did not produce results materially diff erent from 
the reported fi gures, with savings marginally decreased and incremental 
savings increased in favour of HP-HMG.

Clinical study detailsClinical study details
The clinical trial details on which this economic evaluation is based have been 
previously described by Andersen et al.17 Briefl y, MERiT was a randomized, 
open-label, assessor-blind, parallel-group, multicentre and multinational 
(Belgium, Czech Republic, Denmar k, Finland, France, Israel, Poland, Slovenia, 
Spain and Sweden) study of 731 women comparing HP-HMG (n = 363) and 
rFSH (n = 368) in IVF. Relevant inclusion criteria were: women with good 
physical and mental health, aged 21–37 years, with regular menstrual cycles, 
and presumed to have ovulatory, tubal or unexplained infertility, including 
endometriosis stage I/II and mild male factor, eligible for IVF treatment; 
infertility for ≥1 year before randomization, except for proven bilateral tubal 
infertility; and BMI of 18–29 kg/m2 at the time of randomization. Exclusion 
criteria were polycystic ovarian syndrome, endometriosis stage III/IV or 
severe male factor requiring ICSI, more than three previous consecutively 
unsuccessful IVF cycles, previous poor response in an IVF cycle and history 
of recurrent miscarriage.

Randomization was stratifi ed by age (<35 years and 35–37 years) in each centre 
and concealed using envelopes. The study was conducted in accordance with 
the Declaration of Helsinki on good clinical practice, and ethical committee 
approval was obtained at all participating centres. 

The effi  cacy parameters on which the economic model was based included the 
clinical pregnancy rate per cycle, early pregnancy loss, and moderate/severe 
ovarian hyperstimulation syndrome (OHSS). 17 The live birth rate for HMG 
and rFSH were 26% and 22%, respectively. The reported early pregnancy loss 
for HMG and rFSH were 26% and 32%,  respectively. The OHSS rate for HMG 
and rFSH was comparable. 

Cost-data collection
Cost-data collection was gathered from a variety of diff erent published sources 
and captured data from the randomized trial. Treatment costs for HP-HMG 
and rFSH were based on doses observed in MERiT and previously reported.17

As reported in the British National Formulary, unit costs of £22.31 per vial of 
rFSH containing 75 IU of activity, and £13.65 per vial of  HP-HMG containing 
75 IU of FSH and 75 IU of LH activity were used to derive gonadotrophin 
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treatment costs (British National Formulary, 2007). Based on UK treatment 
practices, the costs of down-regulation were based on buserelin (Suprefact; 
Sanofi -Aventis, Paris, France) 250 μg/day for an average of 14 days; whereas 
triptorelin was used in the actual clinical trial. To induce fi nal follicular 
maturation, human chorionic gonadotrophin (HCG) was administered in a 
single dose of 250 μg at a cost of £33.31. Vaginal progesterone gel 8% (Crinone, 
Serono, Geneva, Switzerland) 90 mg/day was used for luteal support during 
days 13–42 after embryo transfer. Since daily application is indicated for 30 
days after laboratory evidence of pregnancy, three packages with 15 dosages 
each per successful pregnancy were assumed at £32.73 per package.19 Based 
on expert advice, all moderate and severe OHSS was assumed to lead to 
hospitalization at an average cost of £1032 per diagnosis. F requency of OHSS 
was extracted from trial data (2.17% for FSH and 2.20% for HP-HMG, not 
signifi cantly diff erent). Cost of patient visits was assumed to be included in 
costs of retrieval, fertilization and embryo transfer. Specialist consultation 
costs were added during stimulation and for pregnancy determination. 

To account for a broader range of health services costs attributed to IVF, 
the model enabled inclusion of costs of child delivery and neonatal care 
as reported by Ledger et al.20 Furthermore, varying costs for singletons, 
twins and triplets were accounted for in the analysis.20 Cost and outcome 
consequences of  failed treatments and the probability of adoption were not 
considered. Social costs, such as non-me dical costs, costs of time and loss of 
productivity, were not incorporated in the analysis as the perspective of the 
model was that of the NHS payer.

The analysis sought to explore the output of the average IVF cost per treatment 
based on choice of gonadotrophin treatment. The simulation results are 
reported as ‘per patient treated’ with a given number of cycles rather than 
‘per cycle’, as it is the patients who were randomized in trials.21 However, 
results for the fi rst treatment cycle can be interpreted both as ‘per cycle’ 
and ‘per treatment’. The impact of the inclusi on of maternal and neonatal 
costs arising from successful pregnancies, which would account for costs of 
multiple pregnancies, was also assessed. The cost inputs used in the model 
are summarized in Table 1.

Statistical analysisStatistical analysis
Simulation output variables were not normally distributed and Wilcoxon 
ranks sum test was used to test the signifi cance of mean and median cost 
results. In addition, the results were verifi ed using permutation tests on 
means and medians of samples obtained by bootstrapping individual patient 
cost based on resource use derived from within the randomized trial and 
external unit costs.
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Confi dence intervals (CI) were produced by bootstrapping, which estimates 
the sampling distribution of a statistic through a large number of simulations, 
employing sampling with replacement from the original data.23 Bootstrapping 
treats the sample as the general population and multiple random draws are 
conducted to obtain confi dence intervals for estimates of averages. Samples 
of sizes equal to the trial group s were drawn from the simulated parent 
population of 50,000 patients. Mean values were used for summary reporting, 
except for costs inclusive of maternal 502 and neonatal costs, where medians 
were appropriate due to skewed irregular distribution attributed to twins and 
triplets. Two-sided 95% confi dence intervals were obtained based on cost 
distributions from bootstrapping, as between the 2.5 and 97.5% centiles. 

Table 1 Cost variables used in simulation model

Variable Cost Variance tested in 
sensitivity analysis

Comments & Reference

Gonal-F (rFSH) 
per IU

£0.298 £0.238-£0.357 Based on BNF price of £22.31 per ampoule 
containing 75 IU of rFSH. 

Menopur (HP-
hMG) per IU

£0.182 £0.146-£0.218 Based on BNF price of £13.65 per ampoule 
containing 75 IU of FSH and 75 IU of LH. 

Buserelin £7.54 £6.03-9.05 Unit cost of £11.85 per 5.5mg vial. Dosing 
based on local practice, 250 mcg/day for 
14 days. Ref. 19 

Choriongonado-
tropin alpha

£33.31 £26.65-39.97 Choriongonadotropin alpha (Ovitrelle, 
Serono) was administered in a single dose 
of 250 mcg. Ref. 19

Luteal support £24.06 £19.25 - 28.87 Vaginal progesterone gel used during 
13-42 days a¶ er embryo transfer. Based 
on 3 packages with 15 dosages each 
per successful pregnancy at £32.73 per 
package. BNF 2007. 

Retrieval £760 £608 - £913 UHCW cost infl ated to 2006 price. Ref. 16
Embryo transfer £497 £398 - 597 UHCW cost infl ated to 2006 price. Ref. 16
Fertilisation £235 £188 -282 UHCW cost infl ated to 2006 price Ref. 16
Hospitalization 
for OHSS

£1,031 £825 - £1238 All moderate and severe OHSS was 
assumed to lead to hospitalisation. Ref. 15

Clinical 
pregnancy 
determination

£41 £33 - £49 Based on HCG test cost of £14.17 and cost 
of specialist consultation. Ref. 15 & 22 

Ongoing 
pregnancy 
determination

£63 £51 - £76 Based on ultrasound cost of £36.35 and 
specialist consultation at £26.99. Ref. 15 
& 22

Miscarriage £252 £202 - £303 Ref. 4 

BNF:   British National Formulary; HCG: human chorionic gonadotrophin; HP-HMG: highly 
purifi ed human menopausal gonadotrophin; NICE: National Institute for Health and 
Clinical Excellence; rFSH: recombinant FSH; UHCW: University Hospitals of Coventry 
and Warwickshire
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Considerable skewness of the gonadotrophin dose distribution was addressed 
by sampling the original trial data. Probabilistic sensitivity analysis was 
performed to address uncertainty in parameters used in the model. Based on 
accepted practices, values for parameters were sampled from 95% confi dence 
intervals based on probabilities of success at each stage of simulation and 
from uncertainty intervals for costs, judged to approximate conservatively 
the 95% confi dence intervals.

Results

Costs per cycleCosts per cycle
Total mean IVF costs per person starting the treatment after one IVF treatment 
cycle for HP-hMG and rFSH were £2,396 [95% CIs: £2,383 - £2,414] and £2,633 

Table 2  IVF cycle costs for HP-hMG and rFSH (Follitropin alpha) cycles 

Parameter HP-hMG Follitropin alpha
Gonadotrophin costs per patient 
treatment

£456†

[£441-469]
£709†

[£691-728]
Total costs per patient treatment £2,396†

[£2,383-2,414]
£2,633†

[£2,615-2,652]
Mean cost per delivery excluding 
maternal and neonatal costs 

£8,991†

[£7,666-10,995]
£11,919†

[£9,935-14,779]
Median cost per delivery excluding 
maternal and neonatal costs

£8,893‡ £11,741‡

Mean cost per delivery including maternal 
and neonatal costs

£14,301†

[£11,299-15,784]
£17,407†

[£14,339-21,913]
Median cost per delivery including 
maternal and neonatal costs 

£9,098‡ £12,044‡

†  Diff erences between HP-hMG and rFSH signifi cant at p<0.001 (Wilcoxon Rank Sum test), 
despite instances of overlap of confi dence intervals. In permutation test confi dence 
intervals for the diff erence in means and medians did not contain 0, indicating 
signifi cance in all comparisons. 

‡  Diff erences between HP-hMG and rFSH signifi cant at p<0.001 (permutation test). 
Confi dence intervals not provided for medians as they have no clinical interpretation 
when the median value lies outside the interval; confi dence intervals for diff erences 
obtained in permutation tests did not include zero, indicating signifi cance. 

Table 3 Incremental ratios (HP-hMG versus rFSH) a¶ er one fresh IVF cycle

Cost-savings per cycle £237
Number of cycles using HP-hMG required to deliver one additional IVF cycle 10.1 cycles
Incremental cost per delivery -£5,187
Incremental cost per baby -£4,804
Incremental cost per delivery including maternity and neonatal costs -£740
Incremental cost per baby including maternity and neonatal costs -£685
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[£2,615 - £2,652], respectively (p<0.001) (Table 2). The per cycle cost-saving 
resulting from the use of HP-hMG instead of rFSH is £237, which would allow 
for delivering one additional cycle for every 10 HP-hMG cycles delivered 
(Table 3). Specifi cally looking at the cost of gonadotrophins, the average NHS 
cost after one cycle using HP-hMG and rFSH were £456 [£441 - £469] and 
£709 [£691 - £728], respectively (p<0.001). The remaining IVF related costs 
i.e., drugs other than gonadotrophins, procedures, treatment of OHSS, for 
HP-hMG and rFSH were £1,940 and £1,922, respectively. 

Cost-minimisation results
Based on the success rates for one fresh cycle from MERiT which were 
trending in favor of HP-hMG but non-signifi cant, we have tested whether 
there was a cost diff erence in achieving the outcomes with either HP-hMG 
or rFSH. Mean IVF cost per delivery after one treatment cycle for HP-hMG 
and rFSH were £8,991 [£7,666 - £10,995] and £11,919 [£9,935 - £14,779], 
respectively (Table 2). When maternal and neonatal costs were added, the 
median cost per delivery with HP-hMG and rFSH was £9,098 and £12,044, 
respectively. The median values diff erences were signifi cant (p<0.001). Mean 
IVF costs per live birth (per baby) after one treatment cycle for HP-hMG and 
rFSH were £7,456 and £9,675, respectively. When maternal and neonatal costs 
were added, the median cost per live birth with HP-hMG and rFSH was £7,544 

Figure 2 Disaggregated costs per cycle including maternal and neonatal costs 
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Note:  ‘complete’ and ‘partial’ indicates the level of fertility treatment reimbursement in 
each country as defi ned by Jones and Cohen (2007).
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and £9,776, respectively. Despite a non-signifi cant diff erence in outcomes 
reported in MERiT, there was a signifi cant cost diff erence in achieving the 
outcomes based on the Wilcoxon test for means and permutation test for 
medians where cost diff erences were found to be signifi cant (p<0.001).17 The 
incremental ratios were negative for both cost per delivery and cost per baby, 
indicating that HP-hMG is dominant (less costly and more eff ective) versus 
rFSH (Table 3).

The disaggregated cost s per cycle which includes maternal and neonatal costs 
are presented in Figure 2. The results demonstrate that the majority of cost-
savings are achieved in reduced gonadotrophin cost between HP-hMG and 
rFSH, but also from reduced maternal costs with HP-hMG. 

Probabilistic sensitivity analysis supported the conclusion drawn from the 
base case that HP-hMG was cost-saving compared to rFSH. The mean and 
median value of ICER was negative both for cost per delivery and cost per 
baby. Cost eff ectiveness acceptability curve (CEAC) showed that HP-hMG was 
cost-saving in more than 92% of patients for both measures of eff ectiveness, 
and was 91-95% cost eff ective when willingness to pay for delivery or baby 
(Ceiling ratio) was varied from £0 to £20,000 per delivery. 

Figure 3 Cost of live delivery as a function of rFSH price 
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Note:  Only the results for the fi rst fresh cycle are described in this manuscript. The results 
for subsequent cycles are not presented as described in the Discussion. 
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Changes in drug acquisition costsChanges in drug acquisition costs
The impact of varying the acquisition costs of rFSH alpha on comparative costs 
per delivery after one cycle was tested in the model. The results indicate that in 
order to achieve an equivalent cost per delivery for both gonadotrophins the 
cost of rFSH would need to be £2.91 per 75 I.U. vial (Figure 3). This represents 
a price reduction of 7.7 times the published British National Formulary price 
for rFSH alpha. 

Discussion
The results presented here indicate that treatment with HP-HMG after one 
fresh cycle of IVF off ers signifi cant cost-savings, based on the costs per cycle, 
per delivery, and per baby analyses. These results suggest an approximate 
10% saving per cycle with HP-HMG compared with rFSH. For many cash-
constrained health services operating within a fi xed budget, such as the 
NHS, these savings off er an opportunity to deliver additional IVF cycles. 
Cost of drugs, mainly gonadotrophins, comprises 19% (HP-HMG) and 27% 
(rFSH) of the total IVF fresh cycle costs and their choice can have signifi cant 
implications for healthcare 504 decision-making.

As shown in Figure 1 the DES was designed to assess costs and live births for 
both treatments up to 3 fresh cycles. However, because this would rely on 
using the effi  cacy parameter obtained after the fi rst fresh cycle as reported in 
the MERiT trial, this would tend to compound the fi ndings from the fi rst cycle 
in each subsequent cycle. Because this may not actually refl ect real world 
effi  cacy outcomes for couples undergoing a second and third fresh cycle, we 
opted not to present these fi ndings in the analysis. We believe that focusing 
the economic evaluation on the fi rst fresh cycle is suffi  cient for establishing 
the optimal cost-eff ectiveness treatment option. 

The results from this analysis, when compared with previous randomized 
controlled trial data, are comparable in terms of the IVF cost per cycle. Based 
on results from the European Israeli Study Group, Lloyd et al reported that et al reported that et al
HP-HMG was less expensive per cycle delivered when compared with rFSH, 
allowing 13% more cycles to be delivered.16 A further economic evaluation 
based on a meta-analysis of eight randomized studies comparing Menotropin 
with rFSH found Menotropin to be cost-saving.24 When comparing HP-HMG 
versus rFSH-alpha in a n intracytoplasmic sperm injection (ICSI) cohort, in a 
prospective, randomized trial, gonadotrophin requirement was reduced by 
17% and shorter treatmen t duration was found in the HP-HMG group.25 In the 
present model, the cost-savings result primarily from the lower acquisition 
cost of HP-HMG. 
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The cost of IVF in the UK has been previously determined as £1,786, while 
others have provided  IVF cost per cycle ranging from £1,717–2,233.26,27 After 
appropriate infl ationary adjustments, previous cost estimates validate the 
results obtained in this model. Lloyd et al found that cost of one cycle of et al found that cost of one cycle of et al
treatment with rFSH (£2,745; £3,5 40  as the equivalent 2006 price) was higher 
than with HP-HMG (£2,423; £3,125 as the equivalent 2006 price).16 The values 
obtained in this model are slightly lower. It is likely that the infl ation rate 
applied to the costs may have underestimated current prices. Also, Lloyd et al
incorporated the cost s of all visits as in the trial design. The approach in this 
study was to model the resource utilization to refl ect usual treatment pattern, 
and fi ve rather than nine visits were used. The cost discrepancy might have 
also resulted from lower dosage of gonadotrophins in MERiT than in the data 
used by Lloyd and co-workers. Higher cost of ICSI procedure, modelled in 
that study, also increased the mean treatment cost. In addition, allowance for 
research and overheads were made in charges by the trust providing cost data. 

In a model accompanying the 2004 NICE guidelines, a cost per live birth of 
£11,917 (95% CI: £8,103–14,697) was reported for women aged 24 years, and 
£12,931 (95% CI: £8,800–15,943) for women aged 35 years.4 The NICE values 
correspond to the costs results modelled for patients treated with rFSH, 
suggesting potential savings if HP-HMG were used in place of rFSH. Daya et 
al modelled cost–eff ectiven ess of recombinant rFSH versus urinary FSH in al modelled cost–eff ectiven ess of recombinant rFSH versus urinary FSH in al
three fresh or fresh/frozen cycles in the UK setting.15 The slightly lower cost 
per ongoing pregnancy with rFSH (£5,906; £7,617 as the equivalent 2006 
price) compared with this study’s results is likely accounted for by lower costs 
related to in clusion of frozen cycles.

In this analysis, as is true of most economic evaluations, the results are heavily 
infl uenced by incremental cost diff erences between the two interventions 
being compared, as this is the main cost diff erence between the two treatment 
arms. On this basis, the acquisition cost for rFSH was varied to establish at what 
price rFSH should be off ered to fertility clinics to achieve an equivalent cost per 
delivery compared with HP-HMG. The results indicate that the published price 
for rFSH should requires a price reduction by 87% to achieve a cost per delivery 
equivalent to HP-HMG. In the UK it is common practice for fertility units to 
negotiate directly with drug companies regarding product acquisition costs 
in which the fi nal agreed price is not publicly available. The results from this 
analysis can help guide clinics regarding an acquisition price for rFSH which 
will help them achieve a cost per live birth equivalent to that for HP-HMG.

In addition to drug acquisition costs, gonadotrophin stimulation doses 
used in clinical practice can also infl uence the incremental cost diff erence 
between two interventions and consequently cost-eff ectiveness conclusions. 
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In this study, gonadotrophin costs were based on doses observed in MERiT 
and are consistent with meta-analyses comparing HP-HMG and rFSH 
treatments.17,28 In light of recent trends to use low-dose gonadotrophin 
stimulation protocols, it was considered whether this would impact on this 
study’s conclusions.29 Modelling a low-dose stimulati on  protocol would tend 
to lower gonadotrophin costs for both treatments, and marginally infl uence 
the cost-saving benefi ts of HP-HMG. However, it was decid ed not to model 
the implications of low-dose stimulation protocols because of lack of data 
regarding the impact on live birth rates. Also, the aim of this analysis was to 
evaluate the cost-eff ectiveness of gonadotrophin based on doses used in the 
MERiT study.

Another assumption, based on the trial data, was made for the cancellation 
rate prior to oocyte retrieval of 5.7% for the rFSH group and 5.2% for HP-
HMG group (diff erence not signifi cant). Engmann et al previously noted et al previously noted et al
a cancellation rate of 3.5% of patients starting treatment. Using the latter 
value in the model slightly increases cost–eff ectiveness of HP-HMG with no 
eff ect on costs per delivery and per baby, and no impact on conclusions.30 If 
the results are to be considered outside the clinical trial context, a potential 
bias needs to be addressed; as Balasch and Barri point out, the randomized 
trials comparing gonadotro phins have almost always included patients with 
favourable ovarian response profi les (18–38 years old, normal BMI, normal 
basal FSH, normoovulators) which generally favours the least eff ective 
treatment option.31 Therefore, the analysis undertaken here is likely to have 
underestimated the advantage of using HP-HMG.

This study reports results for one fresh cycle, based on evidence from a 
randomi zed clinical trial. A preliminary analysis of multiple simulated cycles 
was also conducted to test the impact of diff erential effi  cacy and patient 
dropout. The success rate for ongoing pregnancy was assumed to decrease 
with subsequent cycles based on previously reported fi nding.32 Previously 
reported dropout rates following the fi rst and second cycles, showing an 
increasing trend, were also incorporated in the simulation. In the preliminary 
analysis using up to  three fresh cycles, whether assuming dropout or with 
no dropout, HPHMG remained consistently the preferred option compared 
with rFSH, and cost-savings resulting from using HP-HMG increased with 
additional cycles.

The present study compared HP-HMG with the recombinant form of 
follitropin alpha as used in MERiT. The analysis by Daya and Gunby suggested 
that cost-eff ectiveness of follitropin alpha (Gonal-F) could be greater than that 
of follitropin beta.33 Therefore, if all preparations of rFSH were compared with 
HP-HMG, the results obtained for the latter may underestimate its relative 
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cost–eff ectiveness. Furthermore, the use of tript orelin, as in the MERiT study 
protocol, instead of buserelin, which is commonly administered in the UK, 
had no signifi cant impact on results. 

Conclusions  
The results from this study suggest that cost-savings can be achieved by using 
less costly gonadotrophin, in this case HP-HMG, without compromising 
live birth rates. Furthermore, although there was no diff erence in live births 
between the two products reported in MERiT, the cost per live birth data, 
when compared using the Wilcoxon test for means and permutation, showed 
a signifi cant diff erence in cost per live birth (P < 0.001). It is likely that these 
results are suffi  ciently robust to inform decision making in line with NICE 
infertility treatment guidance. Furthermore, if the total number of IVF 
treatments is limited by spending in other areas of health, where clinical targets 
direct resource allocation, savings from using less costly gonadotrophins can 
help achieve more cycles within a fi xed healthcare budget. 
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Summary
In light of limited public funding for fertility treatments and the fundamental 
role of costs in IVF treatment decisions, there is an increasing need to 
establish the cost-eff ectiveness of available treatment options. The aim of the 
study was to assess the cost-eff ectiveness of two gonadotrophin treatments 
available in the UK. 

The data on which the economic evaluation was based consisted of two 
large randomized clinical trials in IVF patients using a simulation model. 
The combined studies included fi fty-three fertility clinics in thirteen 
European countries and Israel. The population on which the analysis was 
based consisted of women indicated for treatment with IVF (N=986), aged 
18-38, participating in double-blind, randomized controlled trials. The two 
treatment interventions being compared were highly purifi ed menotropin 
(HP-hMG, MENOPUR) or recombinant follitropin alpha (rFSH, GONAL-F).
The main outcome measure used in the cost-eff ectiveness analysis was the 
cost per IVF cycle and cost per live birth for HP-hMG and rFSH alpha.

The results show that HP-HMG was more eff ective and less costly versus 
rFSH for both IVF cost per live birth and for IVF cost per baby (incremental 
cost-eff ectiveness ratio was negative). The mean costs per IVF treatment for 
HP-hMG and rFSH were £2,408 [95%CI: £2,392; £2,421] and £2,660 [£2,644; 
£2,678], respectively. The mean cost-saving of £253 per cycle using HP-hMG 
allows one additional cycle to be delivered for every 9.5 cycles. 

8
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Treatment with HP-hMG was dominant compared with rFSH in the UK. 
Gonadotrophin costs should be considered alongside live birth rates to 
optimize outcomes using scarce healthcare resources.

Introduction
In many countries, to qualify for reimbursement, treatments must meet 
rigorous economic criteria of cost-eff ectiveness. In light of the increasing 
demand for health care across all areas, healthcare providers often resort 
to rationing as a means of controlling costs; such rationing often disregards 
evidence on relative cost-eff ectiveness of treatment options. In many markets, 
including the UK, fertility treatments are often a target for budget cuts because 
infertility is often considered as a low health priority.1 Based on best available 
effi  cacy and cost-eff ectiveness evidence, the National Institute for Health 
and Clinical Excellence (NICE) recommends that up to three cycles should be 
reimbu rsed.2 Despite NICE’s recommendation, in practice approximately only 
25% of cycles are funded by the National Health Service (NHS).3

A critical component in economic evaluations is the cl inical outcomes data 
on which cost-eff ectiveness claims are made. Accumulating data now show 
that treatment outcome diff ers s ignifi cantly depending on the gonadotrophin 
chosen. As previously reported by the European and Israeli Study Group 
(EISG), patients treated with either highly purifi ed (HP) hMG or recombinant 
FSH (rFSH) achieved similar ongoing pregnancy rates.4 A subsequent analysis 
of the EISG IVF cohort demonstrated that patients receiving HP-hMG 
achieved a statistically signifi cant (P=0.037) higher ongoing pregnancy rate 
(31%) than p atients receiving rFSH (20%).5 An integrated analysis of the EISG 
and menotrophin versus recombinant FSH in vitro fertilization trial (MERiT) 
studies that was reported in an article by Sørensen et al. and in  an earlier 
article by Platteau et al. Demonstrated signifi cantly higher live-birth rates 
of 27% with HP-hMG compared with 21% with rFSH (odds ratio [OR] =1.36; 
95% confi dence interval [CI], 1.01–1.83; P=0.04).6 Additionally, a recent meta-
analysis by Al-Inany et al has shown that there is a statistically signifi cant 
increase in live-birth rate with patients treated with hMG compared w ith 
rFSH (P<.05).7 In clinical terms, this translates into a number needed to treat 
(NNT) to get an additional live birth with hMG versus rFSH of 23 (95% CI, 
11–200) for a 25% baseline chance of  live birth with IVF. 

Because of the need to optimize outcomes with limited fi nancial resources, 
it is important to consider the costs of all elements of the treatment options. 
One possible variation in IVF costs can be attributed to diff erent gonadotrophin 
regimes. Previous studies have explored the cost-eff ectiveness of ART using a 
variety of diff erent clinical parameters and assumptions.8 Cost-eff ectiveness 
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of recombinant and urinary FSH has been compared,9,10,11,12,13,14,15 and one study 
included urinary hMG as an additional comparator.12 Urinary hMG and its  
highly purifi ed preparation were analyzed jointly in comparison with   rF SH  
f or  o vulation induction.16 HP-hMG alone was compared with rFSH, but the  
analysis combined IVF and intracytoplasmic sperm injection (ICSI) patients.17

Of all identifi ed economic studies involvi ng HP-hMG, only one was based 
on patient-level data from a randomized trial,18 and in one, effi  cacy data 
were extracted fr om a meta-analysis.15 While many studies reported cost 
per clinical or ongoing pregnancy,13,14,15,16,17 cost per live b irth or per baby was 
addressed less frequently20 and mainly in studies not involving comparison of 
gonadotrophins.27 No report of cost  pe r  li ve  birth after stimulation with HP-
hMG has been identifi ed in pub lished sources. Only one study involving HP-
hMG and rFSH was conducted in the UK setting, although it was not specifi c to 
IVF patients.17 Our previous study comparing HP-hMG and rFSH in IVF patients 
in the UK setting was a cost-minimization analysis based on one clinical trial 
only.18 Pooling  of two large randomized controlled trials (RCTs) allowed us 
to conduct the fi rst analysis of live-birth rates after stimulation with the two 
gonad otrophins and of the related costs in IVF patients in the UK.

As new clinical data become available, it is common practice to update 
economic evaluations to incorporate new effi  cacy results, while adjusting 
resource use and changes in costs. Therefore, our study is based on the two 
RCTs involving IVF patients treated with HP-hMG or rFSH with cost per live 
birth as the primary outcome in the analysis. Since new adequately powered 
trials of gonadotrophins in subfertile patients are unlikely to be conducted, 
pooling of results from existing trials remains a valuable and informative 
technique.31 

Decision analytic models are commonly used to evaluate treatments for 
which suffi  cient cost data have not been collected alongside clinical trials.23

Ideally, prospective clinical trials should be conducted to determine both 
effi  cacy and costs, but the value and feasibility of such approach is limited 
i n multiple multistep interventions, such as assisted reproduction19 therefore 
modelling enables representation of each stage and cycle of the treatment 
process and unbiased assessment of health outcomes and resource use.  We 
employed state-of-the-art simulation modelling to combine best available 
costs and effi  cacy evidence.
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Methods

Overview
An economic evaluation comparing HP-hMG (Menopur; Ferring Pharma-
ceuticals, St. Prex, Switzerland) and rFSH (follitropin alpha; Gonal-F, Merck 
Serono (MS), Geneva, Switzerland) was conducted based on a discrete event 
simulation (DES) model. The objective of the study was to determine the 
following:

I.  Effi  cacy expressed as number of live births and number of babies 
born per patient initiating treatment. Results of the simulation 
replicate the trials results presented in the earlier paper, however, 
small discrepancies in point estimates and CIs may arise from random 
process in the simulation.6 

II.  Average IVF cost per treatment based on each of the gonadotrophin 
treatment options. The simulation results are reported as ‘‘per patient 
treated,’’ rat her than ‘‘per cycle,’’ as it is the patients who were 
randomized in trials.24 However, results for one cycle treatment can 
be interpreted both as ‘‘per cycle’’ and ‘‘per treatment.’’

III.  Cost per live birth for each treatment option. 

IV.  Incremental cost-eff ectiveness expressed as the diff erence in cost 
of the two treatment options divided by the diff erence in number of 
deliveries and babies born per treated patient. 

V.  Impact of inclusion of maternal and neonatal costs arising from 
successful pregnancies, considering costs of multiple pregnancies.

Clinical Evidence
The modelled population was obtained by pooling patients from two 
prospective, randomized, multinational trials: EISG (IVF stratum, n =255) and 
MERiT (all patients, n =731).4,5 Both studies were conducted in accordance 
with the Declaration of Helsinki on good clinical practice, and ethics approval 
was obtained in all partici p ating centers. Women aged 18–38 were recruited 
at 53 fertility clinics in 13 European countries and Israel. The entire modelled 
cohort was treated with either HP-hMG (n =491) or rFSH (n =495) using a long 
GnRH agonist stimulation protocol. The primary causes of infertility in both 
studies were tubal and unexplained infertility; the baseline characteristics of 
patients in both trials eligibility criteria, treatment protocols, and primary 
endpoints were similar, justifying the pooled analysis. 
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Cost Data
The cost data in this study are identical to those described in Chapter 7, Table 
1. In this section we briefl y describe relevant cost calculations used in the 
economic evaluation. 

Unit costs per item were obtained from published UK sources. Treatment 
doses of HP-hMG and rFSH were sampled based on dosage reported in the 
two trials. The unit costs of £22.31 per vial of rFSH containing 75 IU of FSH 
activity and £13.65 per vial of HP-hMG containing 75 IU of FSH activity and 75 
IU of LH activity were obtained from the British National Formulary.25 In the 
UK centers, GnRH agonists were used according to the trial center standard 
practice, and therefore, the costs of down-regulation were based  on buserelin 
(Superfact, Sanofi -Aventis, Paris, France) 250 mg/day for an average of 14 
days. To refl ect UK treatment practices, the costs of choriongonadotropin 
alpha (Ovitrelle, MS, Geneva, Switzerland) based on a single dose of 250 mg at 
a cost of £33.31 were included in the cost calculations. Similarly, to refl ect UK 
treatment practices, the costs of vaginal P gel (Crinone, MS) were included in 
the costs based on treatment ranging from 13 to 42 days after embryo transfer 
(ET). Since daily application is indicated for 30 days after laboratory evidence 
of pregnancy, three packages with 15 dosages each per successful pregnancy 
were assumed at £32.73 per package.25 

Based on expert advice, all moderate and severe cases of ovarian 
hyperstimulation syndrome (OHSS) were assumed to lead to hospitalization at 
an a verage cost of £1032 per diagnosis. Frequency of OHSS was extracted from 
combined trial data (1.81% for FSH and 1.83% for HP-hMG; not signifi cant). 
Costs of delivery and neonatal care were considered separately for singletons, 
twins, and triplets.26 Cost and outcome consequences of failed treatments 
and the probability of adoption were not considered. The perspective of the 
study was that of t he NHS payer and nonmedical costs, and costs of time and 
loss of productivity were not incorporated in the analysis. Since fewer cycles 
would be required on HP-hMG than on rFSH to achieve one delivery and one 
birth (baby), the exclusion of social costs had a conservative eff ect likely to 
underestimate the cost advantage of HP-hMG. Costs were indexed to 2006, 
and no discounting was applied because of the short time horizon employed. 
All input variables for costs used in the model were summarized in Chapter 
7, Table 1.

The Simulation Model
A DES was designed to model clinical outcomes and related costs and coded 
using visual basic for applications in Excel (Microsoft Excel; Microsoft 
Corp., Redmond, WA). In DES, probabilities based on individual patient data 
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from the combined trial cohort are simulated for each clinical event, using 
computer-generated random numbers representing chance events.27 In such 
simulations, also known as Monte Carlo simulations, results from numerous 
runs are averaged over all patients, approximating the results  that would be 
obtained if deterministic probabilities, identical for each patient, were used. 
As a result, small insignifi cant variations in point estimates and CIs can be 
observed between the deterministic and simulated analysis. In DES, the 
events do not need to be synchronized as in Markov models, allowing greater 
fl exibility and more accurate representation of the patient pathway, thus 
refl ecting clinical reality with greater accuracy. 

The following treatment events (stages) were modelled from the combined 
clinical cohort: stimulation, oocyte retrieval, ET, pregnancy, and live births. 
Modelled treatment was consistent with the procedures performed in the 
clinical trials, and the patient transitions between stages of the model were 
determined by pooled patient-level data from the two clinical trials. The 
number of oocytes retrieved and number of twins and triplets were also 
obtained from the trial data. Probabilities of fertilization and implantation 
success were accounted for by subsequent events and therefore not considered 
explicitly in the model. 

The logical fl ow of the DES model used for this study is identical to the model 
description illustrated in Chapter 7, Figure 1. 

Statistical AnalysisStatistical Analysis
Effi  cacy results were simulated using available case intention-to-treat data.28

To test the robustness of the results, the last observation carried forward 
(LOCF) method for imputing missing values was also used. Only the av ailable 
case results are reported, as the LOCF-based results were not signifi cantly 
diff erent and did not aff ect the conclusions.

Simulation output cost variables were not normally distributed; hence the 
Wilcoxon rank sum test was used to test the signifi cance of mean and median 
results. In addition, the results were verifi ed using a permutation test on 
means and medians of samples obtained by bootstrapping the cost results 
from the model.

Confi dence intervals were produced by bootstrapping. Bootstrapping 
estimates the sampling distribution of a statistic through a large number of 
simulations, employing sampling with replacement from the original data.29

Samples of sizes equal to the trial groups were drawn from the simulated parent 
population of 50,000 patients. Mean values were used for summar y reporting, 
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except for costs inclusive of maternal and neonatal costs, where medians 
were inappropriate owing to skewed irregular distribution attributed to costs 
associated with twins and triplets. Two-sided 95% CIs were obtained based 
on cost distributions from bootstrap as the 2.5th and the 97.5th percentiles. 
Considerable skewness of the gonadotrophin dose distribution was addressed 
by sampling the original trial data. Comparative cost-eff ectiveness of 
gonadotrophins was expressed using an incremental cost-eff ectiveness ratio 
(ICER). The ICER is a comparative metric used to represent the additional 
cost required to achieve an additional unit of clinical eff ectiveness between 
two diff erent treatment options.30 Probabilistic sensitivity analysis (PSA) was 
performed to address uncertainty in the parameters used in the model. Based 
on accepted practices , values for parameters were sampled from 95% CIs based 
on probabilities of success at each stage of simulation and from uncertainty 
intervals for costs, judged to conservatively approximate the 95% CIs. Results 
from the PSA were summarized using cost-eff ectiveness acceptability curves 
(CEACs).31 CEACs present the probability that a given intervention is more 
cost-eff ective than the alternative treatment as a function of ceiling ratio  (CR) 
or willingness to pay for one unit of eff ectiveness, typically life year adjusted 
for quality (QALY).

Results

Effi  cacyEffi  cacy
The live-birth rate obtained from the DES after one fresh IVF cycle was 26.6% 
(CI, 22.7%–30.5%) for HP-hMG and 20.6% (CI, 17.0%–24.1%) for rFSH (OR 
=1.40; CI, 1.04–1.88; P=0.03). When adjusted for multiple births, the respective 
values were 338 (95% CI, 296–379) and 268 (95% CI, 229–307) babies per 
1000 cycles initiated (OR =1.40; 95% CI, 1.06–1.83; P=0.02). Furthermore, 
the required NNT to achieve one additional live birth when using HP-hMG 
instead of rFSH was 17 for deliveries and 14 for babies.

Costs
Total mean IVF costs per person starting the treatment after one fresh IVF 
treatment cycle for HP-hMG and rFSH were £2408 (95% CI, £2392, £2421) 
and £2660 (95% CI, £2644, £2678), respectively (P<0.001 ; Table 2). The mean 
per-cycle cost saving resulting from using HP-hMG instead of rFSH was £253, 
which would allow fi nancing of an additional cycle for every 9.5 HP-hMG 
cycles delivered. The total cost of gonadotrophin was 36% lower for HP-hMG 
than for rFSH, that is, £471 (£457–485) versus £736 (£716–757; P<.001).
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Remaining costs related to IVF procedures, inclusive of OHSS treatment costs, 
were comparable (£1,487 vs. £1,492, respectively), as were other costs related 
to stimulation (£344 vs. £327). Mean total IVF costs per live birth after one 
treatment cycle for HP-hMG and rFSH were £9058 (£7,884–10,676) and £12,944 
(£11,124–15,788), respectively (P<.001). The corresponding median costs per 
live birth per patient were £8,995 and £12,620, respectively (P <0.001). 

When maternal and neonatal costs were applied to live birth data, including 
costs of multiple pregnancies, the median costs per patient starting the 
treatment with HP-hMG and rFSH were £9,149 and £12,945 (P<.001). The 
corresponding mean costs per live birth per patient were £14,804 (£12,753–
17,592) and £18,909 (£15,854–23,230), respectively (P<.001). The mean IVF 
costs per baby after one treatment cycle for HP-hMG and rFSH were £7,133 
(£6,110–8,450) and £9944 (£8,317–12,219), respectively (P<.001). When 
maternal and neonatal costs were added, the median costs per baby with HP-
hMG and rFSH were £7205 and £9946, respectively (P<.001). 

Table 2 IVF  cycle costs for HP-hMG and rFSH (follitropin alpha) cycles

Parameter HP-hMG Follitropin 
alpha

Cost 
diff erence

ICER
(per birth)

ICER 
(per baby)

Total costs per patient £2,408a

[£2,392-
2,421]

£2,660a

[£2,644-
2,678]

£253 -£4,180 -£3,600

Gonadotrophin costs per 
patient 

£471a

[£457-485]
£736a

[£716-757]
£265

Mean cost per live birth £9,058a

[7,884-
10,676]

£12,944a

[11,124-
15,788]

£3,936

Median cost per live 
birth 

£8,995b £12,620b £3,625

Results including maternal and neonatal costs for HP-hMG and rFSH
Total costs per patient 
includes 

£3,936c £3,886c -£50 £824 £710

Mean cost per live birth £14,804a

[£12,753-
17,592]

£18,909a

[£15,854-
23,230]

£4,105

Median cost per live 
birth 

£9,149b £12,945b £3,796

a  Diff erences between HP-hMG and rFSH signifi cant at p<0.001 (Wilcoxon Rank Sum test), 
despite instances of overlap of confi dence intervals. In permutation test confi dence 
intervals for the diff erence in means and medians did not contain 0, indicating 
signifi cance in all comparisons.

b  Confi dence intervals not provided for medians as they have no clinical interpretation 
when the median value lies outside the interval; confi dence intervals for diff erences 
obtained in permutation tests did not include zero, indicating signifi cance.

c Diff erence not statistically signifi cant (p>0.05, Wilcoxon Rank Sum test).



Chapter 8

109

Incremental Cost-Eff ectiveness 
The ICER was negative for both IVF cost per live birth and IVF cost per baby, 
indicating that HP-hMG is dominant (less costly and more eff ective) versus 
rFSH alpha (Table 2). When maternal and neonatal costs were added to the 
cost of IVF, ICER was £824 and £710 per delivery and per baby, respectively. 

Changes in Drug Acquisition CostsChanges in Drug Acquisition Costs
The impact of varying the acquisition costs of rFSH alpha on comparative 
costs per live birth after one cycle was tested in the model. The results 
indicate that an equivalent cost per live birth for both gonadotrophins cannot 
be achieved, regardless of the cost of rFSH. To achieve an equivalent cost per 
live birth, the price of rFSH would have to be negative (see solid line in Figure 
2). An equivalent total IVF cost per cycle would be achieved at the cost of rFSH 
alpha £2.65 per vial (data not shown). This represents a price reduction to 
around one eighth of the published British National Formulary price for rFSH 
follitropin alpha.

Probabilistic Sensitivity AnalysisProbabilistic Sensitivity Analysis
The PSA for one IVF cycle revealed that the mean and median value of ICER 
was negative both for cost per delivery and for cost per baby, which suggests 
cost saving. The scatter output from the PSA results is plotted on the cost-
eff ectiveness plane as shown in Figure 3. To quantify the results, CEACs were 
plotted. The CEAC showed that the probability of being cost-eff ective for HP-

Figure 2 Cost per live birth as function of rFSH price
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hMG was 98.4% for the value of CR of £20,000 per live birth both exclusive 
and inclusive of neonatal and maternal costs. For all values of CR smaller than 
£20,000, the probability was greater than 98.4%, and was equal to 100% for 
CR =£6,720 and less. If no amount was assumed to be allocated for additional 
deliveries (CR =£0), HP-hMG was preferred in 100% of cases because of cost-
savings.

Discussion
Our results demonstrate that treatment with HP-hMG after one fresh cycle 
of IVF off ers signifi cantly higher live-birth rates that were achieved at lower 
cost compared with treatment with rFSH. The live-birth rates simulated in 
the model are comparable with outcomes in the previously reported pooled 
analysis.6 The reported OR by Platteau et al. was 1.36 (95% CI, 1.01–1.83), 
and the slight discrepancy observed in this study and the previous study are 
due to random processes in the simulation. Additionally, these results are 
in agreement w ith a previously reported meta-analysis of randomized trials 
comparing menotropins with rFSH, which showed that using the former 
produced a clinically relevant higher pregnancy rate (27%) than using the 
latter (22%).32 A recent update of the meta-analysis with three additional 
studies included and the majority of the patients treated with the highly 
purifi ed preparation HP-hMG showed a statistically signifi cant higher live-
birth rate (relative  risk [95% CI]: 1.18 [1.02, 1.38]; P =0.03). The advantage of 
using HP-hMG is also evidenced by relatively low values of NNT. Typically, 

Figure 3 Cost-eff ectiveness plane with sca� er plot of PSA for HP-hMG versus FSH 
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an NNT of less than 20 is required to justify preference for the more eff ective 
treatment in a routine clinical setting.33,34

Several previous studies have investigated the costs of IVF delivery in the 
UK. For example, NICE guidelines published in 2004 suggest an average IVF 
cost per cycle of £2,771.2 A recently published assessment of costs based o n 
 the MERiT clinical data alone suggested that the costs of HP-hMG and rFSH 
treatment were £2,396 and £2,633, respectively.18 The results described here 
are consistent with previo us IVF cost per cycle estimates. 

Based on our analysis, when IVF costs were considered alongside effi  cacy 
results, treatment with HP-hMG generated cost savings with approx imately 
9% savings per cycle relative to rFSH. Based on the savings achieved using 
HP-hMG, this would suggest that within a fi xed budget, additional IVF cycles 
could be delivered through the NHS. When maternal and neonatal costs were 
included in the analyses, additional costs accrued to HP-hMG attributed 
to the increased live-birth rate. This resulted in a change in the ICER from 
negative to positive for the incremental cost per delivery and incremental 
cost per baby analyses of £824 and £710, respectively. 

Slightly greater cost savings per cycle were found using HP-hMG versus rFSH 
when compared with our previous analysis based on the MERiT trial data.18

Importantly, current analysis of combined trial data shows signifi cance of 
higher success rates with HP-hMG.15 Greater effi  cacy inevitably contributed 
to higher average maternal and neonatal costs per treatment initiated, th us 
reducing the incremental advantage of HP-hMG relative to the previous 
single-trial analysis; nevertheless, HP-hMG remains highly cost-eff ective. 
Additionally, the analysis presented here indicates that some of the costs 
accrued to those patients treated with HP-hMG because of additional costs 
attributed to maternal and neonatal costs arising from non-signifi cant 
diff erences in multiple birth rates per treatment initiated (P =0.59). By 
including costs diff erences arising from non-signifi cant diff erences in 
multiple birth rates, we believe this approach to be conservative. 

In our analysis, we report the results both exclusive and inclusive of maternal 
and neonatal costs. It may be argued, however, that if neonatal costs are to 
be considered in the analysis, utility of future discounted life years of babies 
born should also be included. If the costs related to treatment for infertility 
should be considered only up the point when the patient is no longer infertile, 
that is, up to clinical or ongoing pregnancy, then neither neonatal costs nor 
utility of the babies would be counted. If, however, cost per live birth is 
reported, the neonatal utility should also be estimated. Even with adjustment 
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of average lifetime morbidity, each live birth would increase joint mother and 
child utility considerably. Additional utility gain reported by a successfully 
treated couple would augment the advantage of HP-hMG even further. 

Costs of treatment are largely fi xed costs (staff , facilities), but drugs, mainly 
gonadotrophins, make up 20% (HP-hMG) and 28% (rFSH) of the total IVF 
fresh cycle costs (Table 2). To test the sensitivity of our cost per cycle and cost 
per live birth results, we varied the drug acquisition costs of rFSH to establish 
at what point the two products were equivalent. The results indicate that, 
regardless of the available price reduction on the published price of rFSH, a 
cost per live birth equivalent to HP-hMG cannot be achieved (cost of rFSH 
would have to be negative). An equivalent total IVF cost would be achieved 
with an rFSH price reduction of 8.5 times (11.9%) the published British 
National Formulary price. Even though it is common practice for fertility 
units in the UK to negotiate drug costs directly with companies, the results 
from this analysis show little possibility for the two drugs to be comparably 
cost-eff ective. 

Apart from drug acquisition costs, the dosage of gonadotrophins used in 
stimulation is a signifi cant factor in treatment costs and, as a result, aff ects cost-
eff ectiveness results. In this study gonadotrophin dosage was extracted from 
the patient level data from the clinical trials; the values were consistent with 
those reported for HP-hMG and rFSH in the combined analysis.6 A recent trend 
in some markets is to use low dose gonadotrophin stimulation protocols.35 In 
our evaluation we did not assess the impact of low-dose stimulation protocols 
as this would tend to lower gonadotrophin costs for bo th treatments, thus 
infl uencing the cost-saving benefi ts of HP-hMG, but the impact on r elative 
effi  cacy of the two drugs could not be estimated. Until low-dose protocols 
become the norm, we believe this approach to be valid for informing current 
treatment practices as applied in the MERiT and EISG studies. 

One of the key issues in conducting economic evaluations is the handling of 
uncertainty around input parameters. To address issues of uncertainty there 
are well-established guidelines available to instruct investigators regarding 
best treatment practices. For example, NICE suggests the use of PSA that 
simultaneous varies critical input parameters because the results obtained 
using this approach are more robust.22,23 This is in contrast to previous 
economic evaluations of gonadotrophins without sensitivity analysis,11,14 and 
those using only one-way or two-way sensitivity analysis.9,10,12,15

The results of our study are likely to  ha ve underestimated the true cost-
eff ectiveness of HP-hMG relative to rFSH. There are two factors that c ou ld 
likely infl uence the cost-eff ectiveness fi ndings presented h e re :  [1] the treated 
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population and [2] assumptions regarding cancellation rates. Randomized 
trials comparing gonadotrophins almost always include patients with 
favorable ovarian response profi les, which is likely to favor the least eff ective 
treatment option, here rFSH.36 Based on the trial data, the cancellation rate 
before oocyte retrieval of 5.9% for the rFSH group and 4.3% for the HP-
hMG group (not signifi cant) was assumed.6 Engmann et al. previously noted 
a cancellation rate  of 3.5% of patients starting treatment.37 Using the latter 
value in the model slightly increases cost-eff ectiveness of HP-hMG with no 
eff ect on costs per deliv ery and per baby and no impact on conclusions.

In conclusion, our results demonstrate that hi gher success rates can be 
achieved with HP-hMG compared with rFSH and can be achieved at lower 
cost. HP-hMG is cost saving when only IVF treatment costs are considered. 
The inclusion of maternal and neonatal costs in the analysis adversely 
infl uenced the results for HP-hMG because of the increased live births. 
Despite the additional maternal and neonatal costs, HP-hMG remained 
highly cost-eff ective. Furthermore, sensitivity analysis revealed that HP-hMG 
was superior regardless of the rFSH unit price, a direct consequence of both 
the lower price of HP-hMG and the higher success rate achieved using this 
gonadotrophin. 

It is envisaged that the results of our study will assist medical decision makers 
and clinicians by highlighting that clinical choice has signifi cant direct 
implications for treatment success where gonadotrophins diff er in effi  cacy 
and that improved outcomes can be achieved at lower cost using HP-hMG.
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Summary
To help inform healthcare treatment practices and funding decisions, 
an economic evaluation was conducted to compare the two leading 
gonadotrophins used for IVF in Belgium. Based on the results of a recently 
published meta-analysis, a simulated decision tree model was constructed 
with four states: (i) fresh cycle, (ii) cryopreserved cycle, (iii) live birth and (iv) 
treatment withdrawal. Gonadotrophin costs were based on highly purifi ed 
human menopausal gonadotrophin (HP-HMG; Menopur) and recombinant 
FSH (rFSH) alpha (Gonal-F). After one fresh and one cryopreserved cycle the 
average treatment cost with HP-HMG was lower than with rFSH (HP-HMG 
€3635; rFSH €4103). The average cost saving per person started on HP-HMG 
when compared with rFSH was €468. Additionally, the average costs per 
live birth of HP-HMG and rFSH were found to be signifi cantly diff erent: HP-
HMG €9996; rFSH €13,009 (P < 0.0001). HP-HMG remained cost-saving even 
after key parameters in the model were varied in the probabilistic sensitivity 
analysis. Treatment with HP-HMG was found to be the dominant treatment 
strategy in IVF because of improved live birth rates and lower costs. Within 
a fi xed healthcare budget, the cost-savings achieved using HP-HMG would 
allow for the delivery of additional IVF cycles.

Introduction 
Over the past decade demand for assisted reproductive technologies (ART) 
has increased internationally.1,2 Despite increasing medical need and demand 
for fertility treatments many national and private insurers frequently ration 
access to treatment or do not provide reimbursement.3,4 The decision to 
ration access   is often driven by a desire to cut rising healthcare expenditure 
attributed to an ageing population.5

9
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The consequences of rationing and limiting public access to services ca n  be 
devastating for couples that must pay out of pocket for services. Because of 
the relationship between ability to pay and acces s to ART, it is clear that many 
couples must go without treatment.6,7,8 Over reliance on a user pays system has 
lead to considerable debate regarding whether or not access to state funded 
IVF is an extension of the basic human right to family formation defi ned by 
the Unite d   Nations.9,10,11

While many countries have sought to limit ART expenditure in recent years, 
Belgium is an exception to the norm where funding has been increased to 
allow for up to six IVF cycles per couple.12 In c re ased funding in Belgium was 
partially driven by applying rational health economics arguments to inform 
ART policy. In a study which assessed the costs associated with multiple 
pregnancies resu lting from multiple embryo transfer, it was concluded that 
state funded IVF in which the number of embryos transferred is restricted 
to one would be cost saving because of a resulting reductions in the number 
of multiple births and resulting premature births and its short and long term 
cost consequences.13,14

Despite increased ART funding this does not suggest Belgium health 
authorities are frivolous with resources as they continuously strive for 
improved effi  ciency in the delivery of IVF. In 2003  Be lgium established a 
fi xed IVF payment per cycle which covers oocyte retrieval, fertilisation, 
laboratory related activities, staff  costs, as well as cryopreservation which 
includes freezing, storing and thawing. As an extension of this reform 
policy makers now seek to establish a fi x reimbursement payment system 
for all gonadotrophins used for ovarian stimulation. To achieve this requires 
accurate dosing data on which to derive a weighted price amongst the various 
gonadotrophin presentations. The establishment of a gonadotrophin forfait 
would be an eff ective policy if all gonadotrophin products were equivalent. 
However, if the products are not equivalent, a fl at reimbursement rate could 
decrease effi  ciency if the forfait is set above the price of the more cost-eff ective 
product. This stresses the need to base such important policy decisions on 
costs and live birth rates and not costs alone. 

To inform future policy decision we have performed an economic evaluation 
taking into consideration not only costs, but also diff erences in live birth 
rates achieved between the various gonadotrophin presentations. The 
clinical data on which the analysis is based is from a recent systematic 
review and meta-analysis of seven randomised gonadotrophins releasing 
hormone long protocol studies.15 The economic evaluation was designed to 
evaluate the leading gonadotrophins MENOPUR (HP-hMG) and GONAL-F 
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(recombinant FSH alpha) in Belgium with market shares of 40.0% and 
37.8%, respectively.16 Furthermore, to refl ect ‘real world  ’ practices we have 
incorporated cryopreserved live birth rates from registry data in Belgium 
with the Coomarasamy live birth data. By synthesizing the live bi rth rates 
from two sources of evidence this represents real world treatment practices 
of patients failing 1 fresh cycle and advancing to a cryopreserved cycle. 
However, it should be acknowledged that modelling exercises of this nature 
are an approximation of well prospective randomised trials. None the less, it 
is envisaged that the analysis described here will allow payers to understand 
the relationship between cost and outcomes by comparing the ‘costs per live 
birth’ for the leading gonadotrophins rather than focusing solely on drug 
acquisition costs.

Materials and methods

Clinical evidence
The live birth data on which the economic evaluation is based was derived 
from two sources. Live birth rate data was taken from a recently reported 
meta-analysis of seven studies using long-agonist protocols which showed 
an 18% relative increase in live births with hMG compared to rFSH (RR= 1.18, 
95% CI: 1.02 to 1.38, p=0.03).15 The inclusion criteria for the seven studies 
were broadly similar, with some notable diff erences regarding excludable age 
and maximum body-mass index. The ovarian hyperstimulation syndrome 
(OHS S) rate for HP-hMG and rFSH applied in the model were 0.019 and 
0.01, respectively, and as previously reported these diff erences were non-
signifi cant.17 The miscarriage rates were defi ned as the remainder of people 
reporting clinical pregnancy that did not progress to live birth. Additionally, 
to refl ect Belgian success rates, data on cryoprese rved embryos was extracted 
from the Belgian register for assisted procreation (BELRAP) to model 
availability and success rates using frozen embryos in Belgium.18

Model designModel design
To assess the comparative cost-eff ectiveness of HP-hMG and rFSH we 
developed a simulated decision tree with the following health events:19 (1) 
start fresh treatment (2) cryopreser ved cycle (3) live birth and (4) treatment 
withdrawal, in which all patients started in fresh treatment. The model was 
constructed using Treeage Pro He althcare 2007 (Release 1.0) using a Markov 
structure, however the model is not Markovian as it is time independent. 
The model explored costs and outcomes of two cycles which included an 
opportunity for using cryopreserved embryos where available. The scenarios 
assessed were: Cycle-1, one fresh cycle for all patients; Cylce-2, a second 
consecutive fresh cycle or one frozen cycle based on the probability of 
cryopreserved embryos being available. 
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Figure 1 Decision-analytic model comparing HP-hMG and rFSH
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Similar to previously reported economic evaluations we allowed patients to 
withdraw from treatmen.20 Based on previously reported withdraw rates from 
Belgium couples could withdraw from treatment at various stages as follows: 
(1) cancellation of fresh cycle; (2) unsuccessful fertilisation;  (3) unsuccessful 
embryo implantation; or (4) miscarriage following diagnosis of a clinical 
pregnancy.21 Couples continuing treatment were allocated to fresh or frozen 
cycles depending on the proportion of cycles resulting in frozen embryos 
reported in BELRAP and confi rmed using a large random ised clinical trial 
dataset.22 Couples without frozen embryos proceeded to a second fresh cycle. 
The model structure is shown in Figure 1. 

We consciously  chose not to extrapolate the model beyond one fresh and a 
second fresh or frozen cycle, because there is insuffi  cient randomised live 
birth rate data for conducting consecutive fresh cycles. Previous economic 
evaluations which explore consecutive fresh cycles tend to support 
conclusions observed in the fi rst cycle, because the same success probabilities 
for both treatments are applied in the consecutive cycles. Hence, treatment 
benefi ts in consecutive cycles repeat the conclusions observed in the fi rst 
cycle and consequently adding additional fresh cycles does not provide 
additional information on which to diff erentiate treatments.17,23

Cost input data Cost input data 
The perspective of the economic evaluation was the Belgium health service, 
Rijksinstituut voor ziekte- en invaliditeitsverzekering (RIZIV); therefore 
costs paid by th e  couples and lost productivity for time off  work were not 
incorporated into the analysis. Cost data was obtained from a variety of 
sources including published references, the Genk Institute for Fertility 
Technology and expert opinion. All costs were adjusted for infl ation to 2007. 
No discounting was applied due to the short time horizon employed in the 
model. 

Similar to previous economic studies we only considered those costs directly 
attributed to the delivery of IVF.24 Consequently only costs attributed to 
the administration of IVF and treatment related adverse events have been 
included in the cost calculations. Furthermore, costs attributed to ongoi ng 
pregnancies and deliveries were not included in the evaluation because this 
would inappropriately accrue additional costs to the product with higher live 
birth rates. Furthermore, we have not assigned costs to treatment withdrawals 
which may accrue additional costs for counseling services or adoption costs 
to the least eff ective product. 
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Pharmaceutical costs
The economic evaluation compares the two leading gonadotrophins in 
Belgium: highly-purifi ed hMG (MENOPUR, Ferring Pharmaceuticals, St Prex, 
Switzerland) and recombinant FSH follitropin alpha (GONAL-F, MerckSerono, 
Geneva, Switzerland). Because of reported diff erences in dosing for rFSH 
alpha between clinical trials and clinical practice, we considered two dosing 
scenarios for rFSH in the economic evaluation to refl ect its use in clinical 
practice. The ‘high dose’ scenario was based on the weighted mean dose 
per fresh cycle for HP-hMG and rFSH derived from the studies reported by 
Coomarasamy as follows: HP-hMG 2,491 IU; rFSH 2,434 IU (Table 1). The 
‘low dose’ rFSH scenario is based on doses obtained from Genk Institute for 
Fertility Technology in Belgium and shown in Table 1. Gonadotrophin costs 
were only applied during the fresh cycles. Costing of gonadotrophins was 
based on the number of packs required to fulfi ll per cycle dose requirements 
in each scenario (Table 1). The costs of GnRH agonists for pituitary down 
regulation and one prescription of Progesterone for luteal support have been 
included in the model. 

Health Service Costs
The major health service cost is attributed to the IVF forfait which covers 
oocyte retrieval, laboratory procedures, embryo transfer, as well as freezing, 
storing and thawing of embryos. Doctor consultations are not covered 
within the forfait payment; therefore we have assumed an average of three 
clinical consultations during the stimulation period. Nursing consultations 

Table 1  Gonadotrophin doses and per cycle costs used in economic evaluation based on doses 
from Coomarasamy and Genk University

Gonadotrophin HP-hMG rFSH alpha
Weighted mean dose from Coomarasamy et al (High dose 
scenario)

2,491 IU 2,434 IU

Presentations required to achieve weighted mean dose 75 IU x 34 
vials

1,050 IU x 2 +
450 IU x 1

Cost to health service (RIZIV) €651.34 €963.76
Genk University dosing scenario (Low dose scenario)
Median doses 2,500 IU 2,200 IU
Presentations required to achieve median dose No change 900 IU x 2 +

450 IU x 1
Change in cost to RIZIV No change (€107.62)

Note:  There was no diff erence in the amount of HP-hMG used in the low and high dose 
scenarios. This is a� ributed to the observation that the weighted mean dose derived 
from the trials included in the Coomarasamy meta-analysis and the median dose 
from Genk University were very similar. Consequently in the high and low dose 
scenarios the dose and costs of HP-hMG do not change.
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have been excluded from the analysis because they are not paid for by RIZIV. 
Similar to previous economic evaluations in IVF the costs attributed to OHSS 
were applied as a weighted tariff  across both treatment options early in the 
stimulation phase of the cycle based on reported OHSS frequency for both 
treatment.25 All cost input variables in the model are summarized in Table 2. 

Model output Model output 
The decision model was evaluated in three diff erent ways. Firstly, the model 
was assessed deterministically (no randomness) which derives a mean 
value for each treatment based on fi xed probabilities of outcomes and costs 
emanating from each branch of the decision tree. The model was validated 
by comparing the live birth output from the deterministic model output 
with the live birth data from the Coomarasamy meta-analysis. We observed 
comparable live birth rates within 0.001 live births suggesting the model was 
an accurate refl ection of the clinical data on which it was based.  

Table 2 Direct medical costs to RIZIV for IVF fresh and cryopreserved cycles in Belgium

Variable Period applied Cost to RIZIV Units Reference /
Comments

IVF clinic consultation 
per visit

Stimulation €20.79 3 visits in fresh 
cycle

3 visits in cryo 
cycle

Genk Univ. 

hCG Stimulation €3.90 1 injection of 
5,000 Units

Price based on box 
of 3. RIZIV

Hormonal monitoring Stimulation €26.33 4 Testing during 
simulation period. 

Genk Univ.
Sedation Retrieval €333.29 1 Genk Univ.
Oocyte retrieval Retrieval €189.20 1 Genk Univ. 
IVF Forfait Retrieval €1,182 1 Forfait for 

fertilization. 
Article 76bis

Embryo transfer Transfer fresh 
or cryo

€135.15 1 Same cost for fresh 
or cryo cycles. 

Genk Univ.
Ultrasound in transfer 
phase

Transfer fresh 
or cryo

€28.66 1 in fresh cycle
1 in cryo cycle

Genk Univ.

Progesterone Clinical 
pregnancy

€18.47 1 Price based on box 
of 90. RIZIV 

Cost embryo freezing 
and thawing

Cryo cycle No charge - Included in forfait 

Average OHSS 
management costs

Stimulation €512 As required Genk Univ.

Average cost of 
miscarriage

Clinical 
pregnancy

€425 As required Genk Univ.
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Secondly, uncertainty in the model was assessed using Monte Carlo fi rst-
order microsimulation techniques. First-order simulations are used to model 
variability in individual outcomes (ie. live birth or no live birth.) as large 
cohorts are randomly walked through the model. Using a large simulation 
cohort of 50,000 we are able to generate average estimates of outcomes which 
should refl ect deterministic model output. 

Thirdly, parameter uncertainty was tested in the model using probabilistic 
sensitivity analysis (PSA). Also referred to as second-order analysis, PSA 
is commonly used in medical technology appraisals, and is recommended 
by the Belgium Health Care Knowledge Centre (KCE) because it allows for 
simultaneous sampling from defi ned distribution for those parameters where 
there is likely to be uncertaint.26,27 The uncertainty parameters tested in the 
sensitivity analysis included: dropout rates, frequency of clinic visits in the 
stimulation cycle, availability of frozen embryos, and live birth rates achieved 
using HP-hMG and rFSH alpha from Coomarasamy et al, and live b ir th rates 
using cryopreserved embryos. Variation in live birth rates for HP-hMG and 
rFSH alpha were based on the 95% confi dence intervals for each gonadotrophin 
derived from Coomarasamy and defi ned in the PSA using a beta distribution.15 

Transition probabilities and distributions applied in the PSA are provided in 
Table 3. Variations in dose were not included in the PSA but have been tested 
using diff erent dosing scenarios as previously described (Table 1). For both 
rFSH dose scenarios PSA sampli ng of 20,000 simulations were used. 

Table 3 Transition probabilities and distributions applied in the PSA

Parameter Variance (95% CI) Distribution Source
HP-hMG live birth 0.254 (0.229 – 

0.281)
Beta Coomarasamy 

(2008)
rFSH live birth 0.217 (0.193 – 

0.242)
Beta Coomarasamy 

(2008)
Probability frozen embryo 0.343 (0.335 - 

0.350) 
Beta BELRAP

Live birth cryocycle 0.102 (0.093 – 
0.112) 

Beta BELRAP

Probability continue 0.73 (0.695 – 0.763) Beta De Vries (1999)
Consultations per cycle Range 2 – 5 Uniform Expert opinion 
Transition probabilities for non-PSA variables 
Oocyte retrieved hMG

rFSH
0.947
0.943

Andersen (2006)

Fertilisation transfer hMG
rFSH

0.821
0.823

Andersen (2006)

Clinical pregnancy hMG
rFSH

0.325
0.293

Andersen (2006)

Ongoing pregnancy hMG
rFSH

0.267
0.223

Andersen (2006)
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Statistical comparisonsStatistical comparisons
The outputs from fi rst-order and second-order simulation techniques are 
not interpreted in the same way; therefore output for each simulation was 
evaluated diff erently. Confi dence intervals from the Monte Carlo fi rst-order 
microsimulation output were produced by bootstrapping in order to estimate 
the sample distribution.28 Applying this method to IVF microsimulation 
output which produces either a “1” for live birth or “0” for no birth has 
been previously described.28 Simulation output from the PSA was normally 
distributed and was testing using unpaired t-tests.29 Statistical comparis ons 
for average cost per person and the average cost-eff ectiveness ratio were 
performed for both rFSH dosing scenarios. Comparisons were conducted  
using the software program StatsDirect (version 2.6.6), Cheshire, UK. 

Results
The average c ost per person and average cost per live birth for HP-hMG and 
rFSH using the base case dosing scenario and alternative dosing scenario are 
presented in Tables 4 and 5. The average costs per fresh IVF cycle were lower 
for HP-hMG when compared to the two rFSH dosing regimens: HP-hMG 
(€2,623); rFSH low dose (€2,921); and rFSH high dose (€2,813). Additionally, 
after only one fresh IVF cycle the average cost per live birth for HP-hMG, rFSH 
high dose, and rFSH low dose were €10,288, €13,515, and €13,017, respectively 
(Table 4). Based on the average costs-savings per fresh cycle with HP-hMG 
compared with rFSH high dose, this would suggest that within a fi xed health 
budget, 1 additional IVF cycle could be delivered after every 8.8 cycles 
delivered using HP-hMG. The cost-savings achieved when using HP-hMG 
compared to the rFSH low dose could be used to deliver 1 additional IVF cycle 
after 13.8 cycles using HP-hMG. 

The cumulative live birth data after one fresh cycle and the possibility of one 
cryopreserved cycle after adjusting for dropouts are shown in Table 5. After 
one fresh and one cryopreserved cycle the average treatment costs were lower 
for HP-hMG when compared with rFSH: HP-hMG (€3,635); rFSH high dose 
(€4,103); and rFSH low dose (€3,953). The average cost savings per person 
started on HP-hMG when compared to rFSH high dosing and rFSH low dosing 
were €468 and €318, respectively. 
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Table 4  Average treatment costs and cost per live birth for HP-hMG and GONAL-F based on 
high and low dosing scenarios a¶ er one fresh cycle only

HP-hMG† rFSH alpha
(High dose)

rFSH alpha
(Low dose)

Average cost per cycle 
deterministic analysis 

€2,623 €2,921 €2,813

Incremental cost - (€298) (€190)
Incremental live birth rate 0.255 0.216 0.216
Average cost per live birth 
Deterministic analysis

€10,288 €13,515 €13,017

Cost per live birth from fi rst 
order microsimulation 
(95% confi dence intervals)

€10,167
(€9,358 - €11,479)

€13,338 (€12,256 - 
€14,965)

€12,954
(€11,482 - €14,747)

Average cost per live birth 
from PSA (Std Dev)
(95% Confi dence interval)

€10,293‡

(180)
(€9,953 – €10,660)

€13,520‡

(224)
(€13,106 – €13,974)

€13,020‡

(214)
(€12,616 – €13,469)

†  High and low dose scenarios are based on dose diff erences for rFSH only. The HP-hMG 
dose is identical in both scenarios. 

‡  Comparisons between HP-hMG and rFSH (high and low dose Gonal-F) were found to be 
signifi cant using unpaired t-tests (p<0.0001). 

Table 5  Average treatment costs and cost per live birth for HP-hMG and GONAL-F based 
on high and low dosing scenarios a¶ er one fresh and one cryopreserved cycle 
(Deterministic and PSA results)

HP-hMG rFSH alpha
(High dose)

rFSH alpha
(Low dose)

Average cumulative cost per 
cycle deterministic analysis 

€3,635 €4,103 €3,953

Incremental cost - (€468) (€318)
Cumulative incremental live 
birth rate

0.365 0.315 0.315

Cost per live birth based 
on cumulative success 
(Deterministic output)

€9,996 €13,009 €12,535

Cost per live birth based on 
cumulative success from 
fi rst order microsimulation 
(95% confi dence intervals)

€10,055

(€9,243 – €10,843)

€12,862

(€11,854 – €13,992)

€12,653

(€11,467 – €14,103)

Average cost per live birth 
from PSA (Std Dev)

(95% Confi dence interval)

€9,999‡

(174)

(€9,668 – €10,351)

€13,012‡

(210)

(€12,615 – €13,438)

€12,540‡

(202)

(€12,159 – €12,946)

‡  Comparisons between HP-hMG and rFSH (high and low dose Gonal-F) were found to be 
signifi cant using unpaired t-tests (p<0.0001). 
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Second order microsimulation
The probabilistic sensitivity analysis tested uncertainty around critical 
model parameters as previously described based on the two diff erent rFSH 
alpha dosing scenarios. A comparison of the average cost per live birth and 
cumulative cost per live birth from the PSA indicated consistency between 
the deterministic results and the fi rst-order microsimulation (Tables 4 and 5). 
Small variations in the average cost per live birth and the cumulative cost per 
live birth from the deterministic analysis and the fi rst-order microsimulation 
refl ects random variation in the simulation methodology.  A comparison of 
the average cost per live birth after one fresh cycle and the average cumulative 
cost per live birth (one fresh, one frozen) from the PSA for HP-hMG and high 
dose rFSH was found to be signifi cantly diff erent (p<0.0001). Similarly, the 
cost per live birth after one fresh cycle and the average cumulative cost per 
live birth was found to be lower with HP-hMG in comparison to low dose 
rFSH and this diff erence was found to be signifi cant (p<0.0001). 

Discussion
In this study we report the results of an economic evaluation comparing 
highly purifi ed hMG with follitropin alpha in Belgium. The analysis indicates 
that using of HP-hMG compared to rFSH alpha results in lower average 
costs per fresh cycle, lower average cumulative costs for one fresh and one 
cryopreserved cycle, and lower average costs per live birth. In contrast to 
previous economic evaluations of gonadotrophins, we have not presented 
the incremental cost per baby because average treatment costs with HP-hMG 
are lower than rFSH and has improved success rates resulting in a negative 
incremental cost-eff ectiveness ratio which is diffi  cult to interpret when live 
births is the primary outcome of interest (Wechowski et al., 2007). In health 
economics terms, treatments which have improved outcomes and lower costs 
are referred to as being the ‘dominant’ treatment option.30 

To address parameter uncertainty in the model we utilized widely accepted 
PSA practices used in economic evaluations and recommended by the Belgium 
health authorities.27,31,32 Based on the output of 20,000 simulations we found 
that results from the PSA were consist ent with the fi ndings observed in the 
deterministic (no random) analysis. It is likely that this approach should 
provide decision-makers and clinicians confi dence in our  re su lts and assist 
with resource allocation decisions. 

Previous studies have reported diff erences in doses in the IVF stimulation 
phase for diff erent gonadotrophin preparations.2,34 We have addressed these 
potential diff erences by using two diff erent dosing scenarios in the model: 
(1) high dose rFSH scenario based on a pooled sample of over 1000 people 



The Economics of Assisted Reproduction

128

treated with HP-hMG and rFSH alpha based on weighted average mean 
doses;15 (2) low dose   rFSH scenario based on reported dosing practices 
from the Genk Institute for Fertility Technology. Results from the economic 
evaluation indicate that while higher doses for HP-hMG may be required 
in some settings, the higher costs per IU for rFSH a t appropriate doses still 
results in a more expensive cost per cycle for rFSH alpha. As a result the 
possibility of higher relative dose requirements with HP-hMG did not impact 
the cost-eff ectiveness conclusions. 

The quality and reliability of all economic evaluations is always dependent 
on the clinical data on which the analysis is based. Therefore, for economic 
evaluations to be interpreted appropriate it is important to (1) clearly defi ning 
the outcome of interest on which the economic evaluation will be based; 
and (2) describing the clinical data which best refl ects the actual outcome 
diff erences between the products being compared. In ART the selection of 
outcomes is relatively straightforward as the main outcome of interest is live 
birth which can be considered the ultimate treatment outcome. While it is 
possible to conduct economic evaluations on any clinical outcome in IVF, for 
example, ongoing pregnancy rates or process utilities, these outcomes are 
considered intermediate outcomes and do not necessarily refl ect the desired 
treatment outcomes for couples undergoing IVF.35,36 In our evaluation we 
have used live birth rates as the fi nal outcome on which to base our economic 
evaluation. 

The second critical question to defi ne in economic evaluations is the clinical 
data that best refl ects the outcomes. Broadly speaking there are  tw o schools 
of thought regarding clinical data for use in economic models: (1) use of 
a single randomized controlled study or (2) a systematic review approach 
which combines all available evidence into a meta-analysis to be used in 
the economic evaluation.38,39 For many government health authorities there 
is a growing preference for the use of meta-analysis in health technology 
appraisals because it provides more precise treatment eff ectiveness which 
simultaneously addresses heterogeneity.39 Additionally, recen t  good practice 
guidelines developed by the International Society for Pharmacoeconomic 
and Outcomes Research (ISPOR) for economic modeling recommend the 
need for conducting systematic reviews of the literature when developing 
economic mo dels.40 Furthermore, ISPOR guidance also suggests that when a 
systematic approach is not applied that justifi cation needs to be provided as 
to why studies cannot be combined. 

In line with the above recommendations we have utilized the results from a 
recently re ported systematic review and meta-analysis on which to conduct 
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our economic evaluation (Coomarasamy et al., 2008). The authors of this study 
are aware of an additional meta-analysis recently published comparing hMG 
and rFSH in which results comparable to Coomarasamy were observed. In the 
study by Al-Inany et al the live-birth rate was signifi cantly higher with HMG et al the live-birth rate was signifi cantly higher with HMG et al
[odds ratio (OR) = 1.20, 95% CI = 1.01–1.42] compared to rFSH.25 As the live 
birth rates used in our economic evaluation were lower than those reported 
by Al-Inany et al, it is likely that the results presented here are conservative 
with respect to average costs per cycle and average cost per live birth. 

Within B elgium a fl at reimbursement fee (forfait) is used to cover the costs of 
IVF. The forfait covers costs related to lab procedures including the search for 
oocytes, fertilisation by means of IVF/ICSI, growth of the embryo as well as 
the morphologic evaluation of the embryo’s together with cryopreservation 
(freezing, storing and thawing) of the embryos. In addition, the possibility 
of establishing a forfait for pharmaceutical products which would include 
gonadotrophins has been discussed since 2007. Establishing a forfait for 
pharmaceutical products which is scientifi cally and fi nancially justifi ed is a 
logical further step to obtain optimal infertility treatment in Belgium. Such 
a forfait would be a trustable self regulating mechanism for budget control, 
guaranteeing freedom of choice and responsible prescribing from clinicians. 

In the lead up to establishing the maximum pharmaceutical forfait payment 
there has been considerable debate regarding gonadotrophin doses on 
which to base the maximum payment. This is an important point because 
it invariably has cost and effi  ciency implications. If the established dose 
and consequently forfait is below what is required by the patient then the 
additional costs could fall onto the patient or perhaps worse be sub-optimally 
stimulated because insuffi  cient dose is made available. Alternatively, if the 
dose in the forfait is higher than necessary this could lead to an ineffi  cient 
payment system resulting in excess payment for less stimulation. While the 
results presented here will not resolve the debate it does help focus attention 
on what is perhaps a more important measure; the average cost per live birth. 
The average cost per live birth encompasses both costs and live birth rates 
and highlights that there are effi  cacy diff erences between the products which 
are currently being neglected in the forfait debate. It is envisaged that the 
results presented here can assist policy-makers and health funding agencies 
design optimal IVF payment systems which consider both costs and outcome 
diff erences between HP-hMG and rFSH. 

Conclusions
The results from our economic evaluation based on a systematic review of 
human derived and recombinant gonadotrophins and applied to Belgium cost 
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data indicates that a lower average cost per cycle and average cost per live birth 
can be achieved using HP-hMG compared with rFSH alpha. The base case results 
were confi rmed in the probabilistic sensitivity analysis in which live birth rates 
and cost data were varied suggesting the robustness of our conclusions. It is 
hoped that these results can be used by physicians, couples and healthcare 
decision-makers to optimise resource allocation decisions which not only 
increase live birth rates but also save scare healthcare resources. 
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Discussion
Over the past several years assisted reproductive technology (ART) has 
started to attract the interest of politicians, policy makers, demographers 
and economists. After years of less than desirable media attention placed on 
assisted reproductive technologies, the good news and benefi ts regarding 
assisted reproduction have started to capture the imagination of a variety 
of diff erent stakeholders.1,2,3 Perhaps most importantly, politicians and 
various interested groups have started to realise that the benefi ts of ART not 
only passed directly to those couples being treated, but that these benefi ts 
increasingly infl uence society. 

Despite the good ne w s  regarding ART conceived children, considerable 
variation exists in many European countries and North America with respect 
to reimbursement and fertility coverage.4 Increasingly it is recognised that 
funding and reimbursement are some of the major factors infl uencing access 
to care and without reimbursement many couples are unable to aff ord care.5

The relatively high cost for ART procedures means that reimbursemen t 
of services is an important element in ensuring delivery of care.6 Previous 
investigations have described the relationship between ART reimbursement 
and annual per capita treatment c ycles in diff erent countries.7,8,9

Aff ordability and cost constraints can also infl uence clinical practice and 
treatment choices made b y consumers. Data from the US has demonstrated 
that insurance coverage infl uences the number of embryos transferred and 
consequently multiple bir t h  rates leading to increased healthcare costs.10 In a 
survey of family growth in the US the impact of income and insurance status 
on access to diff erent levels of fertility service provision were assessed. The 
investigators noted that seeking advice (i.e. consultation) for infertility was 

10
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the  only fertility service that was not infl uenced by either insurance status or 
income level.11 The investigators also noted that insurance coverage increased 
the likelihood that women would pursue treatment with medications only or 
with surgery compared with ‘no treatment’ observed with uninsured women. 
A trend showing that low income w omen were more likely to pursue the ‘no 
treatment’ option was also observed. Additionally, for low income women 
there was only an 11% chance they would pursue ART. In contrast high income 
women were almost two-times as likely to pursue the ART treatment option.11

Discussion Part II
In Chapter 2 we attempted to capture the consumer interests in relation 
to costs for in-vitro fertilisation (IVF) using search query data entered into 
Google search engines in the United States (US) and the United Kingdom  (UK). 
As a hypothesis generating exercise we explored changes in internet search 
volumes using the search terms “cost + IVF” and “costs of IVF.” Based on the 
timeframe explored we observed an increase proportion of Google searches 
in the US using cost terms associated with IVF. Furthermore, Google searches 
using cost related terms were predominantly concentrated in those states 
without legislated mandates requiring that insurance companies practicing in 
those states provide some level of fertility coverage. Because couples in states 
without mandates would be required to pay for treatments out of pocket this 
might suggest increased concern amongst couples regarding costs, therefore 
explaining increased internet searches including the ‘cost’ terms. 

The infl uence of costs faced by consumers on the demand for IVF and ICSI 
was explored by taking advantage of a natural experiment involving changes 
to fertility funding policies in Germany requiring that couples pay 50% of 
treatment costs. In Chapter 3 we estimated the price-elasticity of demand 
associated with introducing a co-payment that ranged between €1,500 – 
€2,000 for IVF and ICSI in Germany. We found demand for IVF and ICSI to 
be relatively inelastic with price-elasticities of –0.41 and –0.34, respectively.12

Based on the reported elasticities this might suggest that a 10% increase in 
price reduces utilisation by 4.1% and 3.4% for IVF and ICSI, respectively. 
Cross-price elasticity assessment of clomifene which are often used prior to 
IVF and ICSI  indicated that patients didn’t switch to low cost, low effi  cacy 
interventions following introduction of the co-payment. 

The results described in Chapters 2 & 3 support previous observations that 
costs faced by consumers are important with respect to accessing reproductive 
treatments. 
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Discussion Part II
Increasingly assisted reproduction is discussed in the context of ageing 
populations and the infl uence of reproductive technologies on future 
demographic structures.2,3,13,14 Traditionally the focus of demographic 
research has been to understand factors that infl uence fertility patterns, while 
often dismissing the impact of infertility on birth rates. However, increasingly 
research has started to focus on  w h at  can be considered the ‘willing but unable’ 
members of society that are infertile and unable to reproduce naturally. 
With estimates as high as one in seven couples experiencing infertility and 
projections that these fi gures are likely to increase, it would appear that 
‘willing but unable’ couples are increasingly of interest to demographers.15,16

If reproductive treatments were viewed in the context of population policy, 
as they are in a limited number of countries, then policies that limit access 
would have an opportunity cost from prohibiting infertile couples from being 
tre at ed.17,18 The research described in Chapters 4, 5, & 6 sought to better 
understand the opportunity cost of IVF treatments by estimating the lifetime 
net tax contributions attributed to an IVF conceived child. 

The Lifetime Net Tax (LNT) model s  described in Chapters 4 – 6 outline 
the economic benefi ts for government in future taxes that can arise from 
investments in IVF technology applying a ‘government perspective’ in the 
analysis. The methodology deviates from typical healthcare evaluations 
which seldom consider taxes generated from healthcare interventions. 
Typically economic evaluations of medical technologies ignore taxes because 
they are considered a transfer between individuals and consequently 
excluded from economic evaluations that are conducted from the societal or 
health service perspective. Within the government perspective framework 
described in Chapters 4 – 6 we accounted for future tax revenues paid by an 
IVF conceived child. Previous claims regarding the economic value of IVF 
conceived children have been made by others, however to the best of our 
knowledge these claims were not substantiated using a rigorous methodology 
as those described here.19,20,21

The inclusion of taxes in a government perspective model for valuing IVF 
outcomes is thought to be appropriate because taxes are often the main 
source of revenue for many governments.22 Furthermore, because many 
governments ar e  co ncerned about sustainability of public fi nances – 
especially in light of ageing populations and falling birth rates – it was felt 
that the inclusion of these costs could assess whether p ublic subsidy of IVF 
represents a good use of tax-payer funds. Conceptually and methodologically, 
our approach is comparable with generational accounting methods regularly 
used by national treasury departments, including Her Majesty’s Treasury, the 
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European Commission and the World Bank.23 Generational accounting is used 
by these organisations for long-term fi scal planning to establish whether there 
is generational imbalance between fi scal promises and current and future tax 
payors available to pay for these promis es. Fundamental to conclusions drawn 
from generational accounting models is the role of our changing demography 
and how many children will be around in the future to pay taxes to support 
an ageing population. As demography underpins generational accounting 
principles, we considered that the increasing proportion of live births each 
year attributed to assisted reproduction, up to 4% of national births each year 
in some countries, warranted investigation to assess the long-term economic 
contribution of all these children who would not have been born if the 
technology were not available.24,25

The three studies based on the Lifetime Net Tax (LNT) model discussed in 
Chapters 4 – 6 demonstrate consistently that public subsidy in IVF represents a 
positive return on investment. In the three models we explored variation s  in the 
IVF costs per live birth showing a consistent return on investment. A summary 
of the key fi ndings from each of the three studies are presented in Table 1

The three studies described in Chapters 4 – 6 highlight the opportunity costs to 
government attributed to treatment barriers that prevent people from accessing 
reproductive treatments. Regardless of the barrier (e.g., reimbursement, limited 
funding, embryo transfer legislation), there is an economic consequence of 
preventing people from accessing the care they need. When these barriers are 
positioned within the ageing population debate within many countries it is easy 
to appreciate the importance of these fi ndings. 

The three studies estimating future net tax revenues generated from IVF 
conceived children described here share a similar analytical framework based 
on generational accounting.23,26 Because the aims of the analyses described 
in Chapters 4 – 6 were identical and the analytical framework is similar it is 
tempting to compare the results from the studies. While cursory comparisons 
can be performed there is nothing revealing about IVF technology from such 
a comparison. In fact, each model is uni qu e because it refl ects the social and 
individual lifestyles in each of these countries and diff erences in human 
capital investments made by each government. These diff erences in human 
capital investments and economic conditions are ultimately refl ected in the 
end results for each country. 

It is likely that the IVF LNT model results reveal something intuitive about 
the relationship between governments and their citizens. Our investigations 
show that on average, the state stands to gain more in future taxes by funding 
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fertility treatments than average lifetime fi nancial transfers made to any 
individual. This was the case for both a naturally conceived child and the 
IVF conceived child and there is no reason to believe the life course of these 
children would be any diff erent. In the LNT model government stands to lose 
when individuals live beyond normal life expectancy and when governments 
promise more in fi nancial transfers than expected tax receipts. Generational 
accounting models help governments to understand the relationship between 
fi scal promises and projected future tax receipts over many receipts. On the 
whole governments normally aim to bring in more in taxes per citizen than 
average fi scal promises to each citizen unless the majority of government 
revenue is generated from non-tax receipts. In the three studies described in 
Chapters 4 – 6 we demonstrate an average tax surplus per citizen. This is not 
necessarily considered profi t for the state; rather the excess revenue allows 
governments to invest in other policies to achieve social and political aims. 

The LNT models described here are thought to off er several advantages over 
typical economic evaluations applied to healthcare interventions. Firstly, 
outcomes are defi ned purely in economic terms that are easy for people to 
grasp. The ability to translate fertility outcomes in economic terms seems 
particularly relevant to communicate the advantages of reproductive 
technology to a range of stakeholders outside of the health service. 
Furthermore, as discussed in Chapter 1, the QALY is likely inappropriate for 
valuing outcomes attributed to the resulting child from successful application 

Table 1 Comparison of IVF government perspective models

Country Key fi ndings Citation
United States Lifetime discounted value of net taxes from an 

IVF conceived child is $155,870
The discounted return on investment for 
government would be 7-times the original IVF 
investment costs
Lifetime net tax contribution is US $606,200

Connolly, American J. 
Managed Care (2008)

Sweden Lifetime discounted value of net taxes from an 
IVF conceived child is 254,000 SEK 
An individual born in 2005 will pay an 
undiscounted 32.5 million SEK in taxes to the 
Swedish government
State-funded IVF in Sweden does not negatively 
impact on the long run fi scal budget 

Svensson, Scand J. 
Public Health (2008)

United Kingdom Lifetime discounted value of net taxes from an 
IVF-conceived child is £109 939
Return on investment is 8.5-times IVF 
investment costs in present value
Lifetime undiscounted net tax contribution 
is £603,000

Connolly, Human 
Reproduction (2009)
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of reproductive treatments. Interestingly, if QALYs were applicable for valuing 
resulting years from an IVF conceived live birth they would likely represent an 
exceptionally low cost per QALY.20

The investigations described in Chapters 4 – 6 also help to underscore that 
to adequately value IVF programs and the resulting children requires a longer 
time horizon and a more comprehensive consideration of costs than normally 
occurs with typical economic evaluations. In fact, we have shown that the 
return on  investment from public subsidy can take more than 30 years, but 
the investment does pay dividends for the state even when discounted using 
treasury department rates. Furthermore, because we adopted a government 
perspective in the analysis it was necessary to include a comprehensive 
assessment of costs that does not occur with most health technologies. For 
example, we included future medical costs for the IVF conceived child in the 
analysis. While health economists debate whether future costs should be 
included in economic evaluations we felt it was necessary to include these 
costs to account for future government expenditure that will arise following 
public subsidy of fertility treatments and the resulting birth.27

Several criticisms could be made against the LNT model described in Chapters 
4 – 6. For example, we previously received criticisms for failing to consider 
additional costs attributed to over-population and the environmental impact 
of an additional child in our analysis. This is a valid point although limited 
i nformation is available regarding the economic impact of one additional 
child.28 Although it is also important to recognise that the inclusion of 
these costs would not be specifi c to an IVF conceived child and would be 
equally applicable to a naturally conceived child. The approach has also 
been criticised for not considering indirect costs attributed to the female 
undergoing treatment and  time off  from work. However, these costs are 
known to be insignifi cant and had we included them they would no infl uence 
the conclusions drawn from our studies.29

Based on projected future tax contributions from an IVF conceived child off -
set against direct lifetime government fi scal transfers we can conclude that 
investing in IVF yields a positive return on investment for governments. The 
LNT model results described here are based on the average costs to conceive 
a chi ld using IVF and the resulting lifetime net tax contributions. Extending 
these fi gures to a cohort of children born every year from reproductive 
technology the benefi ts are easily worth billions of dollars in future tax 
revenue every year. The results described here most likely underestimate the 
macroeconomic benefi ts of ART conceived children because it only focuses 
on net tax revenues to government and does not considered the broader 
benefi ts of an individual on economic growth. The economic framework for 
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evaluating IVF treatments described here suggests that the opportunity cost 
of rationing fertility treatments has yet to be fully appreciated in resource 
allocation decisions in many countries. 

Discussion Part III
The need to maximise outcomes with available scarce resources using 
economic evaluations has become an important element of healthcare delivery 
as demand for health services outstrips available supply. This is particularly 
relevant for fertility treatments because of the high costs of ART treatments 
and limited reimbursement resulting in the need to ration treatment using 
social and clinical criteria.30 Because of the need for effi  ciency in health 
systems, the availability of economic evaluations comparing treatment 
alternatives can aid decision-making to identify treatment strategies that 
optimise birth rates with the limited resources available, thus enabling more 
people to be treated within a fi xed budget . 

The results described in Chapters 7 – 9 in three separate analyses and in 
two diff erent countries have consistently shown that human derived highly 
purifi ed gonadotrophins (HP-hMG) are more cost-eff ective compared with 
recombinant FSH (rFSH). This conclusion is based on the cost per live birth 
derived for HP-hMG and rFSH based on three separate sets of randomised 
controlled data. In fact, the results illustrate using randomised controlled trial 
data that more live births can be obtained at a lower cost using human derived 
hMG compared with rFSH. 

Economics evaluations of fertility treatments are unique compared with 
normal cost-eff ectiveness analyses requested by decision-makers where 
QALYs are often the preferred outcome.31 In the delivery of reproductive 
treatment there is little doubt that the outcome of interest is live births. 
Regarding the selection of outcomes for economic evaluations of fertility 
treatments Gleicher suggested that “anything else [i.e. other outcomes] is self-
defeating in its incentives and deceptive in i ts accuracy of cost assessment.”32 In 
many respects the use of live birth rates simplifi es cost-eff ectiveness analysis 
because of ease of establishing treatment outcomes between comparative 
treatment options. Because of this the outcome mostly used in economic 
evaluations is the ‘cost per live birth’ or ‘cost per take home baby.’ Occassiona lly 
economic studies will report the ‘cost per ongoing pregnancy.’ However, this 
represents an intermediate outcome and can be misleading because there is 
no guarantee the child will make it to full term resulting in a successful live 
birth. The economic evaluations reported here used what is likely the most 
appropriate outcome for fertility treatments where we report the ‘cost per live 
birth’ between diff erent gonadotrophin treatment preparations. 
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A critical element in all cost-eff ectiveness studies is the timeframe over which 
costs and outcomes are considered. With respect economic evaluations this 
suggests the need to include maternal and neonatal costs that arise following 
diff erent treatment interventions.32 In economic evaluations of diff erent 
embryo transfer policies the inclusion of maternal and neonatal costs has 
been critical for making informed policy choices and resource allocation 
decisions regarding the number of embryos transferred per cycle.29,33,34

However, when comparing diff erent gonadotrophin tr eatments the inclusion 
of maternal and neonatal costs after a single IVF cycle will increase total costs 
for the intervention that achieves a higher live birth rate which could lease to 
spurious decisions regarding resource allocations. 

Of the avail ab le  studies comparing gonadotrophins in economic evaluations 
there is no consistency regarding the inclusion of maternal and neonatal costs 
in the denominators of the cost-eff ectiveness ratio.35,36 Of the three economic 
evaluations reported in Chapters 7 – 9, two of the studies included maternal 
and neonatal costs (Chapters 8 & 9)37,38 and one study did not include maternal 
and neonatal costs (Chapter 7).39

From our experience both including and excluding maternal and neonatal 
costs, it is li ke ly that the inclusion of these costs are mostly applicable when 
comparing interventions that have diff erent multiple pregnancy rates. Th e 
 justifi cation for this is that if multiple pregnancies are comparable, t hen 
including maternal and neonatal costs will have little bearing on the results. 
However, if the aim of the analysis is to compare diff erent multiple pregnancy 
rates then these costs should be included in the total cost calculation because 
this is likely critical to the question being addressed in the analysis. On the 
other hand if multiple pregnancy rates are comparable then they aren’t likely 
to infl uence the fi ndings of the study. In the studies that included maternal 
and neonatal costs we found that their inclusion in the analysis did not 
infl uence the main fi ndings.37,38 In both studies that we evaluated the multiple 
pregnancy rates were comparable which explains why including the maternal 
and neonatal costs did not alter the fi ndings. 

Increasingly technology appraisal agencies ask that comparative cost-
eff ectiveness analysis includes probabilistic sensitivity  a nalysis (PSA) to 
refl ect imprecision of the input variables with results presented using cost-
eff ectiveness acceptability curves (CEAC).40,41,42 The CEAC can be used to 
plot the probability of being more cost-eff ective for competing interventions 
based on accepted standards of cost-eff ectiveness in a particular country. 
Because there are no fi xed standards regarding the maximum willingness to 
pay (WTP) for a unit of health, most of te n  measured using QALYs, it is common 
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to present the probability that each intervention is cost-eff ective over a range 
of WTP values. By plotting probabilities over a range of WTP thresholds this 
enables decision-makers to decide how much they are willing to pay per unit 
of health gain (e.g., QALY, life-year) in a particular condition and select the 
treatment with the highest probability of being cost-eff ective. 

In fertility treatments where the outcome is measure using live births, the 
ability to use CEACs is somewhat hampered because the probability of 
producing a live birth is plotted over a range of diff erent thresholds. In order 
to use CEACs decision-makers require some prerequisite or knowledge 
regarding how much they are likely to pay for a particular outcome. In the 
case of fertility treatments a decision-maker would need to establish how 
much they are willing to pay for an additional live birth. Because this would 
likely fall outside of the realm that decision-makers normally operate where 
decisions are based on QALYs or life-years, the CEAC is unlikely to be of much 
value because of lack of precedence regarding the value that society places on 
an additional child. 

The results presented in Chapters 7 – 9 can aid resource allocation decisions 
made by physicians, patients and health purchasers. However, it is important 
to recognise that these fi ndings are by no means static. The important thing 
to recognise about economic evaluations is that the results refl ect the costs 
and outcomes under a particular set of circumstances. If any factor were 
to dramatically change, for example the timeframe, the country, or patient 
group, this could just as easily infl uence the conclusions described here. 
One area where treatments are changing rapidly is in the adoption of low 
stimulation gonadotrophin protocols. As described by Noorashikin et al, 
the use of low dose stimulation protocols is equally eff ective while reducing 
treatment costs.43 Because the results described here are based on high dose 
stimulation protocols it is conceivable that were the two products compared 
using diff erent dosing protocols diff erent results may have been obtained. At 
present this question can’t be addressed until more widespread acceptance 
and use  of low stimulation protocols occurs. 

The point discussed above about changing dosing regiments illustrates the 
fact that as treatment practices evolve, a gap often exists between clinical 
evidence and informative economic evaluations to establish whether new 
practices are cost-eff ective. Evolution of new innovative practices is both 
welcome and should be encouraged, however effi  cacy data always precede 
economic studies, and new practices that are not cost-eff ective can become 
established as best practice even before cost-eff ectiveness data becomes 
available to inform questions of technical effi  ciency. As new technologies 
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evolve it would be of value to start considering cost-eff ectiveness decisions 
in advance and closing the gap between product launches and availability 
of results of high quality economic studies in order to inform treatment 
decisions rationally. In some instances economic studies can be performed 
on products in the development stage to inform necessary effi  cacy thresholds 
required to achieve current cost-eff ectiveness standards. In reality this 
practice rarely occurs and in many situations could impair innovation as it 
may kill new innovations in their infancy before the full extent of a products 
effi  cacy had been established. 

Discussion Part IV - Broader application of research fi ndings
The health investment model based on future tax revenues described in 
Chapters 4 – 6 demonstrates how investing in reproductive technology such 
as IVF could have positive fi scal implications for governments – especially 
in light of ageing populations and concerns over sustainability of public 
fi nances. However, there is no justifi cation for why the LNT methodology 
for estimating future taxes described in these chapters should be limited to 
valuing outcomes attributed to reproductive treatments. In this section we 
discuss the ‘government perspective’ health investment framework described 
in this paper more broadly and consider its role in infl uence healthcare 
priority-setting and resource allocation decisions. 

Ageing populations and economic growth
Over the past several decades demographers have repeatedly described the 
ageing of populations in industrialised countries resulting from increasing 
longevity and falling fertility rates experienced over the past century.44 While 
the accomplishments of humankind to increase life-expectancy and avert 
famine as predicted by earlier demographers should be applauded, ageing 
populations pose numerous challenges for all of us – most notable of which 
includes the shrinking numbers of working aged people expected to pa y 
for social programs. As populations age and increasingly place demands on 
government funded social programs, few easy policy options are available and 
often includes cuts to public spending, increasing taxes to pay for increasing 
demand and in some instances both.45,46,47 In many European countries old-
age dependency ratios are expected reach 50% by 2050 whereby two working 
aged people will be supporting one person over the age of 65 compared with 
the current ratio of four working aged people to one retired person.45 

As the number of working aged peop le  s tarts to decline macroeconomic 
theory suggests growth will start to decline. Increases in physical capital 
(i.e. infrastructure, technology) and productivity can partially mitigate the 
eff ects of ageing populations.48 However, to maintain living st andards the 
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rate of productivity increase will need to be greater than the eff ects of ageing. 
This increasingly looks unlikely considering that productivity growth has 
been declining in many parts of Europe over the past two decade.49,50 Labour 
market ref orm that encourages people to work longer and delay retirement 
has also been put forward as one potential option. However, as illustrated by 
Manton et al, increasing the age of retirement is only feasible provide people 
are healthy enough to remain working.51

Heal th  as an investment
Few people question the positive correlation between health and economic 
growth that serves as the cornerstone of development economics, although 
the direction of the relationship is often debated. The traditional belief has 
been that wealthier nations have m ore command over healthcare resources 
and as a consequence were healthier. However, gradually this view has 
changed and health as an important economic determinant has become 
recognise.53 Perhaps one of the best known examples is the relationship 
between life-expectancy and economic growth.54,55 However, the relationship 
is more than simply keeping people alive for longer, but also recognises that 
economic growth is driven by the healthy that are able to supply labou r to the 
market.56,57,58 Therefore, the manner in which health infl uences labour force 
participation, lab ou r productivity, creativity, and the absolute number of 
hours on the job can infl uence economic outcomes that should be considered 
when evaluating medical programs and setting priorities. 

The  pr in ciples of health and wealth have long been championed by 
organisations such as the WHO. More recently these ideas have caught 
on in Europe as outlined in an independent European Commission report 
published in 2005 where it was noted that “policy-makers who are interested 
in improving economic outcomes (e.g. on the labour market or for the entire 
economy) would have good reasons to consider investment in health as one of 
their options by which to meet their economic objectives.”59 The authors of the 
report acknowledge that the subject is often overlooked in wealthier nations, 
while highlighting the importance of investing in health to achieve economic 
growth in the context of ageing populations. 

The relationship between health and economic outcomes is  based on 
human capital theory and that individuals invest in themselves to improve 
their economic condition.60 Human capital takes many form but is often 
thought of in terms of knowledge, skills and experiences, but also includes 
investments in health. Much of the early human capital work was conducted 
by Becker to explain monetary returns from educational attainment where 
he touched  on the subject of health.61 Building on these ideas Grossman 
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described the demand for health from a microeconomic perspective using 
the ideas of human capital where he defi ne health both as consumption good 
and as a capital good.62 According to Grossman health as a consumption good 
makes people feel b etter, and health as a capital good health can enhance an 
individual’s earning capacity. 

An appreciation of the relationship between health and economic outcomes 
can also be gained by exploring the drive rs of macroeconomic growth often 
defi ned in terms of gross domestic product (GDP). Numerous models have 
been developed to describe economic growth, however one of the better 
known models was developed by Robert Solow where he defi ned the key 
determinants of economic growth in terms of: technological progress (A) 
capital (K), and labour supply (L).63 According to the Solow model for which he 
was later awarded the Nobel Prize, economic growth can only occur if there is 
an increase in either A, K, or L. 

Although the Solow growth model does not specifi cally address human and 
health capital, it is know that health can dir ectly or indirectly impact each 
of the inputs known to infl uence economic growth.64 For example, health 
can infl uence both the supply of labour in terms of quantity and quality 
(L). Health also infl uences educational attainment and creativity which 
undoubtedly infl uences technological progress (A).65 Furthermore, the 
relationship between improved health  and longevity is believed to increase 
the personal savings rate as people expect to live longer.53 Consequently an 
increased savings rate makes more money available for investing in physical 
capital which in turn infl  uences economic growth. 

Benefi ciaries from investments in health 
If health has economic value it is worth considering who benefi ts from 
improved popu lation health. At the individual level it is clear that persons 
experiencing health improvements regardless of whether measured in terms 
of reduced pain, increased quality of life, or economics are the benefi ciaries. 
When health improvements occur at the aggregate level things are much 
diff erent with a wider range of benefi ciaries across society. This takes into 
consideration both aggregate measures of health but also the externality 
of poor health that can have consequences even for healthy individuals; 
especially in relation to communicable diseases. On the whole it is clear 
that as population health improves then society as a whole will benefi t from 
health status improvements and accrue economic benefi ts. 

Moreover, if health has an economic value then this value will surely be taxed. 
This point seeks to acknowledge that governments also benefi t from economic 
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growth regardless of the causes. As economies expand, whether brought about 
through natural growth, economic stimulus or improved population health, all 
things being equal governments can benefi t from increased tax revenue that 
results from economic expansion. This seemingly benign point is important in 
light of concerns over tax funded social programs and a shrinking tax base, and 
at a practical level could potentially be used to infl uence government resource 
allocation decisions in healthcare in the same way that governments currently 
invest in technologies and education to stimulate growth. 

Popular belief often suggests that governments can increase tax revenue by 
increasing rates of taxation, however this is not necessarily supported by 
the empirical evidence whereby economic growth is thought to be a more 
eff ective for increasing tax revenue. Past studies have shown that increasing 
tax rates can have limited impact on tax revenue as higher tax rates increase 
incentives for misreporting and increases demand for leisure time. This 
point is illustrated from an analysis in the US which shows that changes to 
the highest marginal tax rate between 91% and 35% over 40 years did not 
signifi cantly impacted government tax revenue as a percent of GDP.66 Supply-
side economists make the case for lowering taxes to stimulate economic 
growth as a more effi  cient means for governments to increase tax revenues.67

The relationship between economic growth and increasing tax revenues has 
also been noted in Congressional reports  in the United States.68

Applying the growth and tax perspective to health highlights that governments, 
especially those with tax funded health systems, m ight be better positioned 
to infl uence tax receipts based on how resources are allocated within the 
health service. There is nothing sini ster about the relationship and simply 
acknowledges that a small component of the economic growth attributed 
to health gains described earlier will be collected in the form of taxes as 
economies expand.51,59,66 The relationship between health and tax receipts for 
government can work in the opposite direction as recently acknowledged in a 
report from the WHO on the economic consequences of disease and injury.69

Moreover, investing in programs that enable people to wor k  lo nger into 
retirement, avoid short and long-term sick leave or avoid illness altogether, 
increase productivity will stimulate economic outcomes for individuals but 
can also benefi t government both in ter ms of increased tax receipts and 
reduced demand on publicly funded programs. 

Tax value of a life 
As previously described in Chapters 4 – 6 the LNT model treated IVF costs to 
conceive a child as an investment with future economic consequences. In the 
US, UK and Swedish LNT models we demonstrated that from the government 
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perspective there is a strong case for public subsidy of fertility treatments in 
these countries. 

The LNT model is a useful and straightforward tool for evaluating fertility 
treatments because live births achieved ultimately lead to an increase in 
the supply of labour. However, for the LNT methodology to be relevant to 
healthcare decision-makers it needs to be more broadly applicable to a range 
of medical interventions. While it is true that fertility treatments do infl uence 
the supply of labour, the same could be said for any medical intervention 
that saves a life or enables a person to work longer or more effi  ciently. In 
economic terms, investing healthcare resources to create a life using IVF or 
investing resources to save a life or improve the productivity of an individual 
are analysed using the same methodological framework for valuing human 
life using labour wage rates.70 Whether you save a life or create a life by 
investing healthcare resources, the end result is the same because there is 
one additional person alive who would not have been alive if decisive medical 
care to save or to create life had not been taken. 

When populat ion health is viewed in the context of ageing populations the 
relevance of health investment models like the LNT model described in 
Chapters 4 – 6 become more apparent. The demographer Phillip Longman 
writing on the subject of ageing populations suggested that “With a shrinking 
labor supply, Europe’s future economic growth will therefore depend entirely 
on getting more out of each remaining worker (many of them unskilled, 
recently arrived immigrants), even as it has to tax them at higher and higher 
rates to pay for old-age pensions and health care.” 71 From this perspective it is 
possible to see the relevance of the LNT model and how it can potentially be 
applied to a wider range of diff erent interventions. In particular those medical 
interventions that have the capacity to signifi cantly infl uence absenteei sm, 
presenteeism, withdrawal from the work force and premature death. 

It is important to recognise that the LNT model described in Chapters 
4 – 6 is not an economic evaluation like those used by HTA agencies. 
Because it emphasises tax benefi ts attributed to improved health status or 
reduced mortality the method places no value on the commodity of health, 
consequently it undervalues the benefi ts of improved health status from 
the societal perspective. The approach solely focuses on individuals as 
economic entities and how health status improvements can infl uence the 
manner in which future economic activities take place. In this respect the 
health investment model addresses a fundamentally diff erent question and 
considers the costs and consequences of changes in population health on 
government accounts. This approach may be useful for evaluating other 
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technologies because it addresses medical intervention costs in relation to 
increased productivity and sustainability of public fi nances (i.e. tax revenue) 
in the same analysis. 

Resource allocation and returns on investing in health
The fi ndings described in Chapters 4 – 6, although in many respects intuitive, 
can be used to contrast diff erences between where healthcare resources are 
commonly spent and where tax revenues are generated. To illustrate this we 
reproduce a fi gure from our previous work (Figure 1). The trace in Figure 1 
illustrates the lifetime cash fl ow between an individual and their government. 
In the early stages of life an individual is a net recipient of government 
transfers. After entering the work force fi nancial transfers fl ow in favour of 
government as workers start to pay taxes (eg, income taxes, consumption 
taxes, property taxes and levies). Finally, when individuals exit the work 
force they transition to a stage of reduced tax contributions while increasing 
demand on public services (e.g., healthcare, pension, and social services). 

In comparison several studies have reported that healthcare consumption and 
costs are often concentrated in the elderly and younger children.72,73 Because 
the need is higher in these groups, and in particular older persons, current 
spending simply refl ects demand. However, when age-related spending is 
viewed in the context of the LNT these two groups represent extreme ends 

Figure 1  Lifetime fi scal balance sheet between an individual and US government over 
projected lifetime based on US government fi nancial transfers and project average 
earnings and longevity 
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of the economic lifecycle wi th  entirely diff erent returns on investment from 
health expenditure. This simply refl ects diff erences in future economic 
capacity between diff erent age groups. Perhaps the more important question 
to ask is whether current spending in one age cohort is done to the detriment 
of another age cohort. Furthermore, is it possible to achieve the same level of 
health gain, while also infl uencing future tax revenues in a positive direction. 

Priority setting and resource allocation decisions are infl uenced by a range 
of factors that includes medical need, defi ned in various diff erent ways, 
equity, and increasingly QALYs. If health services seek to infl uence economic 
outcomes then it is conceivable that remaining economic capacity might 
need to be considered in priority setting in the future. In this respect the LNT 
approach that we have described can help to answer questions about how 
investing in programs infl uences economic outcomes. Although the model 
we developed has been used to assess fertility treatments, it can easily be 
adapted to evaluate almost any intervention. In particular those with an acute 
intervention cost and clearly defi nable outcome, for example vaccination 
programs that save lives or surgical interventions that infl uence future work 
capacity. However, it needs to be emphasised that this approach should never 
be used in isolation to infl uence resource allocation decisions. Rather, it can 
be used in conjunction with existing criteria for priority setting. Perhaps it is 
most useful for pointing out some fairly glaring facts about where resources 
are allocated or aren’t being allocated as in the IVF case. 

The major weakness in applying the LTN in decision making is that one 
might always favour the young and working over the old and not working. 
The allocation of resources based purely on remaining economic capacity 
is no doubt deplorable for many. However, in fact precedence already exists 
for priority setting that favours the young. Previous public assessments have 
shown that in the allocation of life saving treatments the public often favour 
allocating resources to the young compared with the old.74,75 The rationale for 
why public opinion should favour the young over the old is often not explicit 
but is thought to be on moral grounds and remaining life-expectancy. Whilst 
claims over resources for the young are often made on moral grounds, the 
LTN provid es  an economic rationale for allocating resources in this manner. 

Conclusions Part IV of Discussion
To many readers allocating resources on the basis of economic benefi ts 
or future revenue for government is a ghastly prospect on which to base 
disease prioritisation and treatment decisions. On the other hand we know 
that sustainability of public fi nances, economic growth and maintaining 
living standards are also important for society. The options for maintaining 
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all of these societal values will be challenging as the number of working 
aged people decrease at the same time that demands on publicly funded 
programs. For many nations diffi  cult decisions will have to be made in order 
to maintain economic growth, deliver generous health and social programs, 
while balancing how much they intend to tax current and future generations. 

In reality every element of the ageing population problem and all of the 
possible solutions should not be seen in isolation of one another. If nations 
can use their health service to improve economic sustainability in the face of 
ageing populations then it might be in their interests to do so. Particularly if 
the economic rewards of growth are shared amongst all members of society. 
This suggests there might be a need to take resources away from some 
health programs and allocate them to programs that off er better economic 
prospects. But, if all members can share from the economic benefi ts then it 
is still possible to maximise societal welfare in doing so. Conversely, to ignore 
opportunities for achieving growth by using the health service seems equally 
objectionable. 
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SUMMARY

Demand for reproductive treatments such as IVF and ICSI have increased 
steadily over the past decade. This is attributed to a range of fact ors such as 
increasing public awareness and acceptance of fertility treatments, improved 
rates of diagnosis, and potentially an increased rate of infertility caused by 
rising rates of obesity and sexually transmitted diseases which are known to 
infl uence fecundity. As a result an increasing numbers of children are born 
every year from reproductive treatments, reaching up to 6% of national births 
in some countries.

The increasing proportion of national births in many countries has stimulated 
debate regarding the role of fertility treatments and their ability to mitigate 
the eff ects of population ageing. While fertility treatments aren’t the sole 
solution to population ageing, it is felt that policies that infl uence reproductive 
technology, and specifi cally reimbursement, should be considered as part of a 
range of policies for infl uencing national fertility rates. 

Fertility treatments are labour intensive and require a range of advanced 
technologies. As a result they are often expensive and consequently attract 
limited public funding. Because there is often limited funding for reproductive 
treatments, patients are often concerned about aff ordable treatments 
(Chapter 2). As the costs of fertility treatments faced by consumers increase, 
the ability to access treatment can be dramatically infl uenced, often resulting 
in decreased demand (Chapter 3). Because of the high costs of treatment and 
limited public subsidy in many countries, the inability of many people to 
aff ord treatment can infl uence the numbers of children born every year were 
the technology more widely available to people in medical need. 

The often contradiction between positioning fertility treatments into a broader 
‘population policy’ context and limited public subsidy for treatments suggests 
few people understand the opportunity cost of failing to funding reproductive 
treatments. To address this point we developed a health investment model 
for estimating the return on investment for governments in the UK, US, and 
Sweden from investing in reproductive treatments (Chapters 4 – 6). The 
lifetime net tax model that was described in these chapters that based on the 
average treatment costs to obtain a live birth, that there is a substantial return 
on investment for government from investing in reproductive technology. 
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In the model based on IVF treatment costs and taxes paid in the UK the lifetime 
discounted value of net taxes from an IVF-conceived child with mother aged 35 
is £109,939 compared with £122,127 for a naturally conceived child (Chapter 4). 
The lifetime undiscounted net tax contribution for the IVF-conceived child and 
naturally conceived child are £603,000 and £616,000, respectively. Based on an 
average investment of £12,931 to achieve an IVF singleton, the lifetime return on 
investment for the British government is worth 8.5-times this amount to the UK 
Treasury in discounted future tax revenue.

The analysis based on US treatment costs a similar conclusion was reached 
where the projected net lifetime tax contribution is US $606,200. Taking into 
consideration IVF costs and all direct fi nancial interactions, the net present 
value is US $155,870 representing 7-times IVF costs required to achieve a live 
birth (Chapter 5).

In Sweden the evaluation suggests that based on average life-expectancy an 
individual born in 2005 will pay an undiscounted 32.5 million SEK in taxes 
to the Swedish government and receive 20.9 million SEK in direct fi nancial 
transfers over their lifetime (Chapter 6). When these fi gures are discounted 
and IVF costs are included in the analysis we obtain a lifetime NPV of 254,000 
SEK with a break-even point at age 41. 

Considering that funding is often limited for fertility treatments it is important 
to defi ne cost-eff ective care to ensure as many people are treated with the 
limited funding available. We have shown in a series of economic evaluations 
that HP-hMG can improve the effi  ciency of delivering IVF compared with 
recombinant FSH technology. This is based on an economic evaluation 
calculating the average cost per live birth for both HP-hMG and rFSH. The 
same result was obtained when the results from a single randomised controlled 
trial were evaluated comparing the two treatments (Chapter 7). Furthermore, 
the results were validated by conducting an economic evaluation based on a 
combined data set with two randomised controlled trials (Chapter 8). Both of 
these studies were based on costs and treatment practices in the UK. A third 
economic evaluation was conducted following the publication of a meta-
analysis that compared the costs from all published studies comparing HP-
hMG and rFSH. Based on IVF costs and treatment practices in Belgium we 
demonstrated that HP-hMG to be the more cost-eff ective treatment option 
(Chapter 9). 

The health investment that estimates the lifetime net taxes that will arise 
for government from investing in reproductive treatments is a useful and 
straightforward tool for evaluating fertility treatments because live births 
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achieved ultimately lead to an increase in the supply of labour. However, for 
the methodology to be relevant to healthcare decision-makers it needs to 
be more broadly applicable to other medical interventions. While it is true 
that fertility treatments do infl uence the supply of labour, the same could be 
said for any medical intervention that saves a life or enables a person to work 
longer or more effi  ciently. In economic terms, investing healthcare resources 
to create a life using IVF or investing resources to save a life or improve the 
productivity of an individual are analysed using the same methodological 
framework for valuing human life using labour wage rates. Whether you 
save a life or create a life by investing healthcare resources, the end result is 
the same because there is one additional person alive who would not have 
been alive if decisive medical care to save or to create life had not been taken. 
With these points in mind we believe that the health investment model that 
estimates future taxes described in this work can be more broadly applied to a 
range of medical interventions. It is likely that how resources are allocated and 
the infl uence of health on the economy will increasingly become important 
as populations age and the proportion of people working to retired persons 
starts to increase. 
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The health investment model described here represented a novel approach 
for valuing fertility treatment outcomes compared with past research in this 
area. Because of this unique approach it attracted considerable academic, 
media, and political attention. The results were fi rst released as an abstract 
at the Annual Meeting of the European Society for Human Reproduction and 
Embryology (ESHRE) in 2006 with the following citation. 

Ledger W, Gallo F, Hoorens S, Ziebe S, Connolly M. Present discounted value of 
children born using IVF compared with naturally conceived children: A simplifi ed 
UK tax calculation. Human Reproduction 2006; 21(Suppl 1); i74. Human Reproduction 2006; 21(Suppl 1); i74. Human Reproduction

We briefl y catalogue some of the attention that the fi rst abstract attracted: 

• BBC News, IVF ‘good for British economy’ 19 June 2006.
•  Telegraph, Higher spending on IVF ‘would boost economy’ 20 June 

2006 
•  Times Online, Junk medicine: IVF treatment 24 June 2006
•  Guardian, Free IVF for all would ease pensions crisis, say researchers 

20 June 2006
• New York Times, Freakonomics Blog 20 June 2006 
•  Journal of Medical Ethics•  Journal of Medical Ethics•  , State-funded IVF will make us rich... or will 

it? Commentary by Anna Smajdor. 
•  Medical News Today, Test-Tube Babies Profi table Business For The 

State, Europe 02 December 2008 (Article refers to publication by 
Svensson et al published in SJPH). et al published in SJPH). et al
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