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Abstract

Background Infertility is a medical condition affecting an estimated 186 million people worldwide. Medically assisted fertil-
ity treatments allow many of these individuals to have a baby. Insights about preferences of patients who have experienced
fertility treatment should be used to inform funding policies and treatment configurations that best reflect the patients’ voice
and the value of fertility treatment to patients.

Objective To explore the preferences for fertility treatment attributes of infertile women who had previously undergone or
were undergoing fertility treatments—ex post perspective.

Methods We used data from a stated-preference discrete choice experiment (DCE) among 376 Australian women who had
undergone or were undergoing fertility treatment. Respondents chose their preferred treatment choices in 12 hypothetical
treatment choice scenarios described by seven attributes (success rates, side effects, counselling/peer support, treatment
journey, continuity of care, availability of experimental treatment and out-of-pocket cost). We estimated random parameter
logit (RPL) and latent class (LC) models that accounted for preference heterogeneity. The results were used to derive price
elasticities of demand and marginal willingness-to-pay (WTP) values for the treatment attributes explored within the DCE
survey.

Results Income level did not have a significant effect on marginal WTP for fertility treatment attributes. The demand for
fertility treatment from an ex post perspective was found to be highly inelastic (treatment cost changes had almost no impact
on demand). Success rates and out-of-pocket costs were significant and important predictors of individuals’ treatment choices
conditional on the attributes and levels included in the study. These were followed by counselling/peer support, side effects,
treatment journey, continuity of care, and availability of experimental treatment, in that order. Respondents were willing
to pay $383-$524 per one percentage point increase in the treatment success rate and over $2000 and over $3500 to avoid
moderate and significant side effects, respectively (values are reported in AUS). Latent class models revealed that the major-
ity of respondents (51%) were risk-averse success-rate seekers.

Conclusion Infertile women who had previously undergone or were undergoing fertility treatment valued fertility treat-
ment highly as reflected by highly price-inelastic demand. Success rate of treatment and out-of-pocket costs were the most
important attributes and largely determined patients’ WTP for fertility treatment relative to the attributes and levels used
in the study. While further research should investigate the price sensitivity of women who have not experienced fertility
treatment, these results might explain why women continue fertility treatment once they have commenced despite their
financial capacity to pay. Future research should also determine patients’ price elasticities for a fertility treatment program
with multiple treatment cycles.
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Key Points for Decision Makers

Infertile women who had been or were undergoing fertil-
ity treatment valued fertility treatment highly, with the
treatment success rate and out-of-pocket cost attributes
having the highest conditional relative importance
among the attributes included in the study.

Treatment demand was found to be highly inelastic to
changes in cost, and marginal willingness-to-pay for
treatment attributes did not change significantly with
patients’ income level.

While further research should investigate how price-sen-
sitive women are to entering the fertility market, these
results might explain why women continue fertility treat-
ment once they have commenced despite their financial
capacity to pay.

1 Introduction

Infertility is recognized by the World Health Organization as
a medical disease [1] causing significant suffering to an esti-
mated 186 million people worldwide [2]. Infertility affects
approximately 15% of couples during their lifetime and is
equally prevalent across high- and low-income countries [3,
4]. The number of individuals affected by infertility con-
tinues to increase globally [4], largely due to the trend to
delayed childbearing, which increases the risk of age-related
infertility, increasing rates of obesity and sexually transmit-
ted infections, and a global decrease in sperm counts [5—7].

However, fertility treatments, including assisted reproduc-
tive technologies (ARTSs) such as in vitro fertilization (IVF),
allow many women to conceive. An ART treatment cycle
involves a series of steps performed in a fertility clinic over
4-6 weeks, involving hormonal stimulation to mature multi-
ple eggs in the ovaries, retrieval of these eggs under general
anaesthetic, fertilization in the laboratory with partner or
donor sperm, and transfer of the resulting embryo(s) into the
uterus in the hope of achieving a pregnancy. The success rate
of each cycle depends largely on female age, with the chance
of a live birth around 40% per cycle in women aged under 35
years to less than 10% in women aged > 40 years [8]. There-
fore, women often have to undergo multiple ART cycles to
achieve a birth (if at all) and many will discontinue treatment
due to psychological, financial or relationship stress [9]. The
number of ART cycles undertaken globally has increased by
around 5% per annum over the last decade, with an estimated
3.4 million cycles performed each year [10]. In Australia,
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approximately 80,000 ART cycles are undertaken annually,
resulting in the birth of one in 20 babies born [11].

1.1 Funding for Fertility Treatment

Funding for fertility treatments varies substantially around
the world [12—-15]. Australia has a supportive funding envi-
ronment with its universal health insurance scheme reim-
bursing around two-thirds of the costs of each ART cycle,
without restrictions based on age or number of previous
attempts [16]. Arguably the reason for the wide variation in
funding arrangements for fertility treatments globally is that
current evaluation frameworks used by health-technology-
assessment bodies are not fit-for-purpose for assessing the
relative value/benefits associated with fertility treatments.
This is fundamentally because most healthcare interventions
aim to improve, extend or save the life of an existing indi-
vidual, while fertility treatments are judged by their ability
to create a new life.

Traditional health economic outcome measures, including
quality-adjusted life-years (QALYs), are designed to value
existing life and, therefore, do not adequately quantify health
gains of a life that has not yet been created, and QALYs
arguably cannot be improved by creating them [17, 18].
Furthermore, preference-based utility weights are designed
to value health-related quality of life and much of the (dis)
utility (harms and benefit) associated with having children
are not health-related (e.g., carer burden, purpose/meaning
in life). The variation in funding is also partly due to fertil-
ity treatment being considered as a somewhat discretionary
good, despite infertility being a medical disease and repro-
duction being the most fundamental of human functions.

1.2 Discrete Choice Experiments (DCEs)
in the Context of Fertility Treatment

Several stated-preference DCEs that assessed preferences
for fertility treatments have been published [19-30], of
which some elicited marginal willingness-to-pay (WTP)
values for different attributes of fertility treatment [21,
23, 27-30] and, notably, one study comparing preferences
across countries [29]. We are aware of only one applica-
tion of DCE:s to a fertility treatment context in Australia
[28], which elicited taxpayer/societal preferences for fertility
treatment and derived marginal WTP values for treatment
attributes explored. A similar DCE survey has been adminis-
tered to an ex post sample (i.e., women who have undergone
or were undergoing fertility treatment), which is the focus
of this study, providing the unique opportunity to compare
preferences from a societal and ex post patient perspective.
Understanding preferences of patients for fertility treat-
ment and the impact of changes in treatment costs on their
demand is important because most women undergo multiple
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ART treatment cycles, particularly if previous cycles have
been unsuccessful. Therefore, insights about preferences of
patients who have experienced fertility treatment can help
inform funding policies and the treatment configuration that
best captures and reflects the patients’ voice and the ex post
value of fertility treatment to patients (rather than to those
who have never experienced treatment or the general public).
The importance of incorporating patient experiences and
preferences (co-design) in health policy and reimbursement
decisions are key principles of contemporary health technol-
ogy assessment [31].

1.3 Price Elasticities of Demand

Price elasticities indicate the percentage change in the
quantity demanded for every 1% change in price. Goods
and services with an elasticity of demand less than — 1 are
classified as having elastic demand, whereas elasticities of
demand between — 1 and O indicate inelastic demand [32].
For policymakers, insurance companies and fertility treat-
ment providers it is important to understand how strongly
patients react to changes in treatment cost, with price elas-
ticities being critical for understanding the change in con-
sumer demand. Price elasticities are used by health insurers
and providers for resource planning, informing the quantity
of displaced treatment under constrained budgets, and regu-
lating demand through pricing.

There is limited literature on price elasticities for fertility
treatments which are based on either survey data from WTP
studies [33] or empirical market data including changes in
the quantity demanded due to the introduction of a policy
intervention [34-38].

1.4 Objectives

This study aimed to derive price elasticities of demand for
fertility treatment and marginal WTP values for its key
characteristics, by applying the results of a DCE conducted
with women who had undergone or were undergoing fertility
treatment (i.e., ex post perspective).

2 Methods
2.1 Design of the DCE

A DCE conducted in Australia in 2018 asked women to
choose their preferred treatment in 12 hypothetical choice
scenarios describing two fertility treatments. The unla-
belled treatments related to a single fertility treatment cycle
and were defined by seven attributes: success rates, side
effects, counselling/peer support, treatment journey, con-
tinuity of care, availability of experimental treatment, and

out-of-pocket cost (Online Supplemental Material (OSM)
Table A). Fertility treatment attributes used in the DCE
were identified through qualitative work [39—42], includ-
ing reviewing relevant literature and conducting three focus
group discussions (two with members of the general popula-
tion and one with patients at a large fertility clinic in Sydney,
Australia). This qualitative work has been described in more
detail previously [28, 43]. Briefly, three broad categories of
attributes have been identified from the literature: (1) out-
come attributes (e.g., treatment effectiveness), (2) process
attributes (e.g., continuity of care), and (3) cost attribute.
These findings were supported by information provided in
focus group discussions and expert consultations (including
two fertility doctors, one fertility nurse and one women’s
health academic).

An online pilot study has been conducted with 31 par-
ticipants to validate the appropriateness of the seven fertil-
ity treatment attributes and their levels identified through
qualitative work, and these were iteratively revised for clar-
ity until consensus was reached on their framing and word-
ing among the researchers performing the study. Women
participating in the pilot study were recruited from a mar-
ket research company’s (Survey Sampling International)
general population panel who had previously undergone or
were undergoing fertility treatments to conceive (i.e., ex post
perspective). A questionnaire similar to the one used for the
main study, including 12 choice tasks, was administered to
participants in the pilot study. Results from the pilot study
provided prior information on preferences, which informed
the fractional experimental design of the final survey for the
main study. Furthermore, theoretical validity was explored
by confirming that the cost attribute had the expected nega-
tive sign, and an additional consistency check was performed
confirming that participants did not choose a dominated
option (30 participants chose the dominant treatment and
one participant chose neither treatment in the choice task
used for the consistency check).

2.2 Data

The DCE used a D-efficient Bayesian fractional experimen-
tal design and was administered to a sample of 376 women
who had previously undergone or were undergoing fertility
treatments to conceive (i.e., ex post perspective), recruited
from the same market research general population panel as
used for the pilot. The questionnaire consisted of a consent
form, instructions (including an explanation of the context
of the survey, the attributes and their levels, as well as an
example choice task), 12 choice tasks, and additional fol-
low-up questions about the difficulty of the choice tasks and
respondents’ socio-demographic characteristics. An exam-
ple choice task is displayed in Fig. 1 and OSM section B
includes a sample questionnaire.
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Choice task 1

Treatment A Treatment B
Moderate, causing some  Moderate, causing some
problems performing usual problems performing usual
activities activities
No information on Onsite clinic counsellors and
counselling or peer-support peer-support groups
groups provided provided
Success rate per 20% chance of having a 20% chance of having a
treatment cycle baby baby
Some level of personalised Some level of personalised
treatment based on upfront treatment based on upfront
tests tests
Patients are seen by Patients are seen by the same
different doctors and team of fertility doctors and

Characteristics

Side-effects

Counselling and
peer-support

Treatment journey

Continuity of care of

clinic staff nurses each visit nurses each at visit
Availability of

‘alternative’ ‘Alternative’, treatments No ‘alternative’, treatments
experimental offered to all patients available

treatments

Cost of treatment $4,000 $600

Which fertility treatment program would you prefer you had access to?
(Choose one option only)

O Treatment A O TreatmentB O Neither

Fig. 1 Example choice task in discrete choice experiment survey

The cost attribute had five levels, $40, $600, $4,000,
$8,000 or $10,000 in out-of-pocket (OOP) costs (in AUS),
respectively, which reflect the range of OOP costs for dif-
ferent types of fertility treatment in Australia (e.g., approxi-
mately $40 for a medical prescription for ovulation induction
medication to $10,000 for a non-subsidized ART treatment
cycle). This cost of treatment variation allowed the calcula-
tion of price elasticities of demand for fertility treatment. In
addition, information on socio-demographic characteristics
was collected, including annual family income before any
tax deductions, which was used to control for the impact
of income on treatment demand. Ethics approval was
obtained from the University of New South Wales, Sydney
(HC17255).

2.3 Regression Analysis

According to random utility theory, the utility of an indi-
vidual i derived from choosing alternative j (Treatment A,
B or neither) in choice set ¢ is given by:

Uj =XpB+ez5i=1,2,...,n51=1,2,....0,

where Uy, is the utility, X;; is a vector of variables repre-
senting attributes of alternative j, and f is a vector of coef-
ficients. X;; § is the deterministic component, & ;, the random
component, 7' the number of respondents, and 7’ is the num-
ber of choice scenarios. We assumed a linear and additive
deterministic component as follows:
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Xib = ASC, + ASC,, + p, (side effects) + f,(success rate)
+ f;(counselling, peer support) + f,(treatment journey)

+ fs(continuity of care) + f(alternative treatment) + f,(costs),

where f,(side effects) to f;(costs) are marginal utilities
showing individuals’ preferences for fertility treatment
attributes and levels. In each of the 12 hypothetical choice
scenarios of the DCE participants had to choose their pre-
ferred treatment —treatment A, treatment B, or neither. We
regressed participants’ choices in each choice task on the
levels of each fertility treatment attribute. All attributes were
included as categorical variables except for the success rate
and treatment costs, which were included as continuous vari-
ables. To determine an appropriate regression model, we
tested for non-linearity of the cost and success rate attributes
(results of these tests are shown in OSM Figs. Al and A2).
Effects coding was used for categorical variables [44]. Given
that the DCE was unlabelled, we included alternative-spe-
cific constants (ASCs) for choosing treatment A (ASC,) as
well as the “Neither” option (ASC,) in our model specifica-
tions to capture whether individuals derive (dis)utility from
systematically choosing treatment A or neither treatment,
respectively.

We first used a main-effects multinomial logit (MNL)
model to analyze DCE responses and progressed from there
to a main-effects random parameter logit (RPL) model and,
finally, to an RPL model also including interaction effects
between family income and the treatment cost attribute to
control for income effects. Coefficients for attribute levels
were assumed to follow a normal distribution except for
the cost attribute where we assumed a log-normal distribu-
tion. Income was measured as a categorical variable and we
assumed a linear shift in the cost coefficient depending on
the income category. The models were compared based on
goodness-of-fit measures, including log-likelihood, Akaike
information criterion (AIC), Bayesian information crite-
rion (BIC), and adjusted Rho-square. The most preferred
model was used to derive relative preference weights and
the conditional relative importance of each attribute. Prefer-
ence weights are reflective of respondents’ relative strength
of preferences for attribute levels, with higher preference
weights associated with more preferred attribute levels. To
derive the conditional relative importance of each attrib-
ute we first calculated the difference between the prefer-
ence weights on the most influential attribute level and the
least influential attribute level. These differences were then
summed across attributes and the sum scaled to 100. Finally,
the conditional relative importance of each attribute was cal-
culated as a percentage of this total. Variables were consid-
ered to have a significant effect on the preferred treatment
choice if the p-value was less than 0.05.
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The RPL regression model results were also used to deter-
mine marginal WTP for the fertility treatment attributes and
levels explored within the DCE (reported in AU$). Based on
the RPL model, price elasticities of demand were derived to
predict the change in demand after an increase in treatment
costs. More specifically, price elasticities of demand were
derived based on predictions for our data before and after
increasing the price (i.e., cost attribute) for treatment A or
treatment B by 1% in all choice sets (e.g., if the cost attribute
was equal to $600 in OOP costs, it was increased to $606)
where the alternatives in each choice set were treatment A,
treatment B or neither. The predictions indicate the prob-
ability that an alternative is chosen in each choice scenario
(i.e., observation) at the model estimates, and these can be
summed across observations to derive the aggregated pre-
dicted demand [45]. By comparing the aggregated predicted
demand before and after increasing the price, we were able
to compute price elasticity estimates according to the fol-
lowing equation:

Equation 1 Price elasticity of demand formula

Price elasticity of demand
_ Percentage change in aggregated predicted demand

Percentage change in price

Marginal WTP values to accept an attribute level were
derived based on the marginal rate of substitution with the
payment vehicle (cost) attribute according to Equation 2
[46]. Due to the use of effects coding, we were able to derive
marginal WTP values for all levels of each attribute included
in the model as categorical variable. Therefore, the values
reflect the marginal WTP to accept an attribute level. The
marginal WTP for a change in attribute levels can be derived
by determining the difference in marginal WTP values of the
attribute levels to be compared.

Equation 2 Marginal rate of substitution with the payment
vehicle (cost) attribute to derive marginal WTP values

_ ﬁaltribule level
attribute level — ﬂ .
cost

WTP

In addition to the RPL regression model, we explored
latent class (LC) analysis to identify whether treatment pref-
erences vary across classes where class membership was
based on family income and respondent age. The ideal num-
ber of classes is theoretically unknown [47], therefore, we
explored models with up to six classes and an iterative pro-
cedure was used to retain four classes based on comparisons
of the log-likelihood, AIC and BIC, after which an addi-
tional class did not significantly improve the model fit [48].
All analyses were conducted with the statistical software R,
version 4.0.3 [49], and the Apollo package for choice model
estimation [45, 50].

3 Results
3.1 Survey Respondents

A total of 376 female participants who underwent fertility
treatment completed the DCE survey in September 2018,
resulting in 4512 observations (376 participants X 12 hypo-
thetical choice scenarios). On average, participants took 9
min to complete the survey. In 15.14% of choice scenarios
the “Neither” option was chosen, 2.39% (n = 9) of partici-
pants chose the “Neither” option across all choice scenarios,
and 56.12% of participants chose one of the two treatments
across all choice scenarios. Most participants (80.85%) indi-
cated that it was very easy, easy or OK to complete the DCE
survey. OSM Table A2 presents the socio-demographic char-
acteristics of participants.

Internal validity tests showed that respondents did not
have a dominant preference, meaning that no respondent
consistently chose the alternative that maximized or mini-
mized the level of a particular attribute without considering
the level of other attributes. Furthermore, 40 respondents
were presented with a choice scenario where one treatment
was dominant (i.e., given the objective ordering of attribute
levels, the treatment was superior to the dominated treat-
ment) and 37 (92.50%) respondents chose the dominant
treatment, consistent with the theory of rational decision-
making, while one respondent chose neither treatment and
two respondents chose the dominated treatment.

3.2 Random Parameter Logit Model

Three models were compared: Main-effects MNL and RPL
models (models 1 and 2), and RPL model with interac-
tion effects between family income and the cost attribute
(model 3). Model 3 was preferred based on goodness-of-fit
measures.

The RPL regression results (Table 1) indicate that indi-
viduals derived utility from choosing a fertility treatment
compared to not choosing a treatment (i.e., choosing the
“Neither” option).

Figure 2 shows respondents’ relative strength of prefer-
ences for attributes and levels, and Fig. 3 shows the condi-
tional relative importance of attributes used in the study.
Respondents had strong preferences for a high treatment
success rate and low OOP costs, with the success rate and
cost attributes being the most preferred. These were fol-
lowed by counselling/peer support, side effects, treatment
journey, continuity of care, and availability of experimen-
tal treatment, in that order. Patients were willing to pay
$383-$524 (range of point estimates across income cat-
egories) for one percentage point increase in the treatment
success rate. Assuming OOP costs of approximately $7,000
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Table 1 Results of a random parameter logit regression model
Model (3)
Coefficient (robust Standard devia-  Marginal WTP ~ Marginal WTP if Marginal WTP if Marginal WTP  Marginal WTP
standard error) tion (robust stand- if income income $25,000— income $50,000— if income if income

ard error) < $25,000 (robust $49,999 (robust  $99,999 (robust ~ $100,000— > $150,000 (robust
standard error) standard error) standard error) $150,000 (robust standard error)
standard error)
Asc, 0.027716 —0.091000
(0.036459) (0.068691)
Asc, —2.248463%** 3.135957%%#*
(0.342150) (0.244748)
Outcome attrib-
utes
Side effects
Negligible 0.38527%** 0.3315%* $2594.49 $1893.42 $2126.64 $1,988.38 $2286.61 (496.49)
(0.0675) (0.1081) (858.67) (396.47) (367.36) (371.12)
Moderate -0.053121 0.009057 —$357.83 —-$261.14 —$293.31 —$274.24 —$315.37 (324.86)
(0.053947) (0.071639) (386.00) (269.63) (302.25) (282.74)
Significant —0.332037%** —0.340584*%*%* - $2236.65 - $1632.28 —$1833.33 -$1714.14 -$1971.24
(0.072947) (0.073739) (769.91) (392.76) (377.13) (375.32) (492.92)
Success rate per  0.077860%*%*%* 0.054693*%#%* $524.48 (161.69) $382.76 (62.56) $429.90 (52.49) $401.95 (55.00) $462.24 (78.83)
treatment cycle (0.006964) (0.003971)
(%)
Process attrib-
utes
Counselling and
peer support
groups
No informa- 0.13897%* —0.0009 $935.49 (449.91) $682.71 (262.64) $766.80 (296.09) $716.95 $824.48 (328.98)
tion (0.0461) (0.0700) (278.83)
Brochures —0.453414%%* 0.037835 —$3054.27 —$2228.96 —$2503.51 —$2340.75 —$2691.83
(0.055201) (0.070413) (1021.76) (454.26) (459.97) (434.95) (573.59)
On-site 0.314538%3#* —0.036939 $2118.78 $1546.25 $1,736.71 $1623.80 $1867.35 (380.17)
(0.043354) (0.058689) (688.18) (312.40) (296.37) (277.87)
Treatment
journey
Same treat- —0.2658%*%* 0.2815* (0.1280) - $1790.73 - $1306.85 —$1467.82 - $1372.39 -$1578.23
ment pathway  (0.0750) (712.43) (403.98) (403.36) (398.08) (484.27)
Some level of  0.417739%** -0.222181 $2813.96 $2053.59 $2306.53 $2156.58 $2480.04 (801.22)
personalized (0.120470) (0.129426) (1166.30) (664.66) (676.25) (662.06)
treatment
High level of —0.151901* —0.059320 -$1023.23 —$746.74 —$838.71 - $784.19 —$901.80 (399.83)
personalized  (0.061458) (0.042300) (531.44) (329.89) (354.41) (338.44)
treatment
Continuity of
care
Patients are —-0.0537 —0.2815* - $361.66 —$263.93 —$296.44 - $277.17 —$318.74 (364.47)
seen by dif- (0.0614) (0.1154) (414.06) (299.75) (331.97) (310.87)
ferent doctors
and nurses
Patients are —0.302422%* -0.074604 —-$2037.16 —$1486.69 - $1669.81 - $1561.25 -$1795.42
seen by the (0.110292) (0.095703) (1038.06) (622.99) (690.54) (653.07) (748.97)
same doctor
but different

nurses
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Table 1 (continued)

Model (3)

Coefficient (robust Standard devia-

standard error)

if income
> $150,000 (robust

$150,000 (robust standard error)

Patients are
seen by the
same team of
doctors and
nurses
Availability of
"alternative"
experimental
treatments

Not available

"Alternative"
treatments
may be
considered if
requested
"Alternative"
treatments
offered
Cost attribute
Cost of treatment
(AUS$)
Interaction
effects *

Cost X family
income (base
level: income
< $25,000)

$25,000-
$49,999

$50,000—
$99,999
$100,000—
$150,000

>$150,000

Income not
reported

No. of observa-
tions

Log-likelihood
AIC
BIC

Adjusted Rho-
square

0.356110%**
(0.058888)

0.1382* (0.0692)

—0.383243%**
(0.103273)

0.245093 %
(0.057207)

~0.00014845%*
(0.00004585)

—0.00005497
(0.00005524)

—0.00003266
(0.00005026)

—0.00004525
(0.00005215)

—0.00001999
(0.00005363)

—0.00005104
(0.00006013)

4512

—3383.35
6830.69
7035.96
0.311

$2114.16 (525.89)

Marginal WTP ~ Marginal WTP if Marginal WTP if Marginal WTP  Marginal WTP
tion (robust stand- if income income $25,000— income $50,000— if income
ard error) < $25,000 (robust $49,999 (robust  $99,999 (robust ~ $100,000—
standard error) standard error) standard error)
standard error)
—0.099395* $2398.82 $1750.62 $1966.25 $1838.42
(0.048750) (881.67) (430.77) (445.22) (431.97)

0.3127 (0.2061)  $930.60 (580.15) $679.14 (372.42) $762.79 (420.05) $713.20

(389.37)
~0.276422 — $2581.59 ~ $1884.01 ~$2116.07 ~$1978.49
(0.150695) (1121.70) (614.03) (672.76) (622.46)
~0.036292 $1650.99 $1204.87 $1353.27 $1265.29

(0.232231) (656.98) (338.23) (356.34) (332.32)

$820.17 (459.48)

- $2275.24
(766.44)

$1455.07 (418.53)

AIC Akaike information criterion, BIC Bayesian information criterion, WTP willingness-to-pay

“p-value < 0.05; **p-value < 0.01; ***p-value < 0.001

“Interaction effects between family income and the treatment cost attribute
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support experimental

—@—All income groups ==e==Income <$25,000 =#==Income $25,000-$49,999

Fig.2 Preference weights of fertility treatment attributes based on
random parameter logit (RPL) model with interaction effects between
treatment costs and patient family income (vertical bars indicate the
95% confidence interval (CI)). For categorical variables, the param-
eter estimates are the preference weights corresponding to the effects-
coded attribute levels ranging from — 1 to 1. For continuous variables

40%
35% T

30%

25% 1 -
20%
15%
10%

5%

Conditional relative attribute importance

0%

Side effects Success rate Counselling & peer

support

Income <§$25,000 Income $25,000-$49,999

Fig.3 Conditional relative importance of fertility treatment attrib-
utes based on random parameter logit (RPL) model with interaction
effects between treatment costs and patient family income. The con-
ditional relative importance is the difference between the preference
weights on the most influential attribute level and the least influential

for one IVF cycle in Australia, this means that women were
prepared to pay 5—7% more in OOP costs for a one percent-
age point increase in the success rate. The utility derived
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treatments

Attribute

-Income $50,000-$99,999

Treatment journey

Income $100,000-$150,000 ==#=Income >$150,000

(success rate and out-of-pocket costs), the preference weights are the
parameter estimates centered around the mean of parameter estimates
for the attribute levels. The preference weights are log odds, which
are distributed symmetrically around zero. The vertical bars sur-
rounding each mean preference weight denote the 95% CI about the
point estimate.

Continuity of care Availability of
experimental

treatments

Out-of-pocket costs

Attribute

Income $50,000-$99,999

Income $100,000-$150,000 Income >$150,000

attribute level. These differences are summed across attributes and
the sum is scaled to 100. The conditional importance of each attribute
is a percentage of this total. The vertical bars surrounding each rela-
tive importance weight estimate denote the 95% confidence interval
around the point estimate.

from a change in the success rate from 10% to 40% was over
three times the utility derived from a change from signifi-
cant to negligible side effects. Patients were willing to pay
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Table 2 Price elasticities of
demand for fertility treatment
based on random parameter

Price elasticity of demand (95% CI)

Treatment A Treatment B

logit (RPL) and latent class
(LC) regression models Random parameter logit model
Latent class model with 4 classes

Class 1

Class 2

Class 3

Class 4

—0.0040 (- 0.0039, — 0.0042) —0.0042 (- 0.0040, — 0.0043)
—0.01305 (- 0.01276, - 0.01333)
—0.00153 (- 0.00148, — 0.00158)
—0.00667 (- 0.00651, — 0.00684)
—-0.02321 (- 0.02246, - 0.02396)

—0.01345 (- 0.01315, - 0.01376)
—0.00159 (- 0.00155, - 0.00164)
—0.00680 (- 0.00664, — 0.00697)
—-0.02461 (- 0.02390, - 0.02532)

$2,155-$2,952 and $3,526-$4,831 in order to avoid moder-
ate and significant side effects from treatment, respectively.

OSM Table A3 provides comparisons of preference
weights for all levels of each attribute to provide more
insights about changes in attribute levels. Individuals signifi-
cantly preferred a treatment with counselling options on-site
or without information on counselling options at all over a
treatment providing information via brochures as well as a
treatment with some level of personalization over a highly
personalized treatment. In contrast, there was no significant
difference between a treatment with continuity of care of
doctors only compared with one without continuity of care
of doctors and nurses. Patients either strongly preferred
experimental treatments being offered or not being offered
compared with them being considered if requested.

Price elasticities Our results suggest a price elastic-
ity of — 0.0040 (95% confidence interval (CI): — 0.0039,
— 0.0042), which is a point estimate across the whole range
of prices explored within the DCE ($40-$10,000 in OOP
costs). Similar price elasticity estimates were found when
prices where increased for treatment B by 1%, indicat-
ing no choice bias in the DCE between treatments A and
B (Table 2). These results suggest that fertility treatment
demand was found to be highly inelastic to changes in cost
of treatment.

Impact of income The coefficients for interactions
between income and the cost attribute were not significant,
indicating that income did not have a significant impact on
fertility treatment demand.

3.3 Latent Class Model

Table 3 and Figs. 4 and 5 present the results of a LC model
with four classes. Class membership was not evenly distrib-
uted, with 6.56%, 51.32%, 26.34% and 15.79% of individu-
als belonging to classes 1-4, respectively.

None of the regression coefficients, except for signifi-
cant side effects, were significant for individuals in class 1
(6.56%), and the level of side effects had a high conditional
relative importance of 28.98% (95% CI 0.74, 57.22). Indi-
viduals in this class had a strong aversion for a treatment
with significant side effects compared with moderate side

effects, with a marginal WTP of $9,876 (95% CI $250.96,
$19,501.61) to avoid significant side effects, and they did not
differentiate between moderate and negligible side effects.

Class 2 individuals (51.32%) were risk-averse success-
rate seekers. This class was characterized as having a strong
preference for treatment with a high success rate and indi-
viduals were willing to pay $1,019.49 (95% CI $674.82,
$1,364.16) per one percentage point increase in the suc-
cess rate. The counselling and peer support attribute were
less than half as important as the success rate attribute
conditional on the attributes explored in the study. Class 2
individuals were indifferent to changes in the attributes for
treatment journey, continuity of care, and the availability
of alternative experimental treatments. Individuals in this
class also derived utility from a treatment with lower costs.
Compared with other classes, the price elasticity was low,
indicating almost no decrease in the treatment demand if
treatment costs increased by 1%.

Individuals in class 3 (26.34%) cared about all attributes
explored in this study, with the cost and success rate attrib-
utes having the highest conditional relative importance.
Attribute levels for the treatment journey and availability of
experimental treatments were disordered, with some level
of personalization and experimental treatments not being
available significantly preferred over a high level of person-
alization and experimental treatments being considered on
request, respectively (OSM Table A4). Individuals signifi-
cantly preferred a treatment with lower costs.

Class 4 respondents (15.79%) seemed to be willing to
sacrifice some treatment quality in exchange for lower costs.
The continuity of care and cost attributes had the highest
conditional relative importance. Respondents in this class
significantly preferred a treatment with some level of per-
sonalization over a highly personalized treatment and were
willing to pay an additional $6,724.12 (95% CI $1,812.44,
$11,635.82) for some personalization. Patients in this class
derived utility if the continuity of care attribute changed
from patients being seen by the same doctor but different
nurses to being seen by different doctors and nurses or same
team of doctors and nurses at each visit. Patients either
strongly preferred experimental treatments being offered
or not being offered compared with them being considered
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Side effects Success rate Counselling & peer  Treatment journey Continuity of care Availability of Out-of-pocket costs
support experimental
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Attribute
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Fig.4 Preference weights of fertility treatment attributes based on
latent class (LC) model with 4 classes (vertical bars indicate the 95%
confidence interval (CI)). For categorical variables, the parameter
estimates are the preference weights corresponding to the effects-
coded attribute levels ranging from — 1 to 1. For continuous variables
(success rate and out-of-pocket costs), the preference weights are the

if requested. The side effects, counselling and success rate
attributes had the lowest conditional relative importance.

Table 3 presents the WTP results from the LC analysis
in more detail. Furthermore, OSM Figs. A3 and A4 present
class membership by family income category and respondent
age. These figures indicate that 40% of class 2 individuals
(risk-averse success-rate seekers) had an income >$100,000
and 55% of respondents were < 40 years old. Interestingly,
35% of individuals in class 4, who seemed to be willing
to sacrifice some treatment quality for lower costs, had an
annual family income of at least $100,000 and respondents
in this class tended to be younger, with 44% being aged
18-34 years and a further 20% being aged 35-40 years.

Price elasticities Elasticity estimates based on the LC
model results ranged from — 0.00153 in class 2 to — 0.02321
in class 4 (Table 2). This indicates highly inelastic demand
for fertility treatment with almost no impact on treatment
demand when treatment costs increase by 1%.

A\ Adis

parameter estimates centered around the mean of parameter estimates
for the attribute levels. The preference weights are log odds, which
are distributed symmetrically around zero. The vertical bars sur-
rounding each mean preference weight denote the 95% CI about the
point estimate.

4 Discussion

Based on the RPL and LC models, we derived price elastic-
ity estimates for fertility treatment ranging from — 0.00153
to — 0.02461, which suggests highly inelastic demand. This
suggests that changes in cost of fertility treatment had almost
no impact on the demand for fertility treatment. This sug-
gests that women value fertility treatment and having a baby
highly. Compared with published estimates, the elasticity
estimates from this study are mostly lower in magnitude,
suggesting less elastic demand than most other studies, pos-
sibly due to different settings (countries) or using different
methodologies and perspectives (ex ante or ex post) among
other things. Among the publications reporting price elas-
ticity estimates for fertility treatment summarized in OSM
Table A5, only one study is based on stated-preference
methods using contingent valuation. Unlike our results,
elasticity estimates of the contingent valuation study sug-
gest elastic demand for IVF and intrauterine insemination
with the quantity demanded decreasing by 1.32—1.48% for
every 1% increase in treatment costs [33]. Studies based
on market data report more varied estimates: While some
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Fig.5 Class distribution (left) and conditional relative importance of
fertility treatment attributes (right) based on latent class model with
four classes. The conditional relative importance is the difference
between the preference weights on the most influential attribute level
and the least influential attribute level. These differences are summed

suggest elastic demand [34, 37], others report inelastic
demand [35, 36] with positive price elasticities for some
countries including Australia [36]. Similar to published price
elasticity estimates for an Australian context, we also found
inelastic demand for fertility treatment. However, in contrast
to the positive estimates reported in the literature for Aus-
tralia, our estimates seem to be more in line with economic
theory assuming fertility treatments are ordinary goods
(i.e., goods for which the quantity demanded decreases
when price increases). We were not able to derive income
elasticities for fertility treatment because income was not
explicitly explored within the DCE and because it was meas-
ured on a categorical, instead of continuous, scale. However,
our RPL regression model suggests no significant impact
of income on treatment demand. In contrast, published lit-
erature reports a positive relationship between income or
socio-economic status and treatment demand [37, 51-53],
which is in line with economic theory that for most goods
the quantity demanded increases with income.

In summary, our results suggest women are willing to pay
high amounts for fertility treatment in the hope of having
children regardless of their income level or ability to pay.
This finding demonstrates the high value women place on
their fertility and desire for a child. It also has implications
for equity of access to fertility care with financial barriers
likely to be a significant reason for women not being able to
access much desired treatment if they cannot afford it.

Success rate

Class1 nClass2 =Class3 ' Class4

L |

Counselling & peer Treptment journey  Coptinuity of care Availability of
support experimental
treatment;

Out-of-pocket costs

Attribute

across attributes and the sum is scaled to 100. The conditional impor-
tance of each attribute is a percentage of this total. The vertical bars
surrounding each relative importance weight estimate denote the 95%
confidence interval around the point estimate.

Our study only included women who have undergone or
were going through fertility treatment (ex post perspective),
meaning they have been able to afford to undertake at least
one treatment cycle, thus the initial financial barrier to com-
mencing treatment was not experienced or was overcome.
Furthermore, it is well recognized that many patients find
it difficult to discontinue ART treatment because it signals
they are giving up on their goal or dream of having a child
[54, 55]. While further research should investigate how
price-sensitive women are to entering the fertility market,
these results might explain why women continue fertility
treatment once they have commenced regardless of their
financial capacity to pay.

Although participants were asked to make their choices
as they would in real life, they were not asked to consider
undergoing multiple cycles, which are often required to
achieve a live birth (if at all). In reality, patients also make
a decision about the number of treatment cycles to undergo,
particularly if previous treatment attempts have been unsuc-
cessful. It is likely that treatment costs and patient income
are restrictive factors in this decision: An analysis of changes
in public funding for IVF treatment in Australia suggested
that a substantial proportion of patients were not able to
afford the number of cycles they desire after a reduction in
funding [56]. Therefore, future research should explore price
elasticities for a likely treatment program of multiple cycles.
Another limitation of our study is that the results might be
affected by hypothetical bias, thereby limiting our ability to
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draw conclusions. Hypothetical bias could also be a reason
why we were unable to find a significant effect of income
on preferences if respondents under-stated the importance
of the cost attribute. In this context, a recent systematic lit-
erature review and meta-analysis of DCEs in the healthcare
sector found only moderate accuracy of DCEs for predicting
health-related choices [57].

Perhaps unsurprisingly, our results show that infertile
women who accessed or were going through fertility treat-
ment generally derived utility from a treatment with high
success rates, low costs, on-site counselling, negligible
side effects, some personalization of the treatment journey,
continuity of care of fertility doctors and nurses, and avail-
ability of experimental treatments, in that order conditional
on the attributes and levels included in the study. This is
mostly in line with the results of a recently published analy-
sis of a similar DCE exploring preferences and marginal
WTP for fertility treatment attributes from a societal/tax-
payer perspective in Australia [28]. While taxpayers were
willing to pay more for a treatment that considers or offers
experimental add-on treatments compared with one where
experimental treatments are not available, the patient per-
spective presented in this study indicates an aversion for a
treatment considering experimental treatments if requested
compared with a treatment where experimental treatments
are either offered or not available. Furthermore, patients
cared about the treatment journey and being offered some
level of treatment personalization, whereas this attribute
was not important for taxpayers. Latent class model results
further suggest that approximately one-sixth of patients pre-
fer not having continuity of care of doctors and nurses over
continuity of care of doctors only. Given that price elasticity
estimates for patients in this class were highest in magnitude,
it might indicate a preference for low-cost fertility treatment.
Patients would be willing to compromise on the treatment
process in exchange for lower costs. Comparing our results
to the broader literature suggests that marginal WTP values
for some attributes of fertility treatment are similar across
countries. For instance, our study indicated a marginal WTP
value of $383-$524 across income categories for a one per-
centage point increase in the treatment success rate, which
is comparable to values reported for European countries [23,
29, 58]. Given that other studies used different fertility treat-
ment attributes, a direct comparison of the marginal WTP
values is often not possible. However, the literature gener-
ally suggests a high marginal WTP for reducing the level of
side effects or complications [21, 23], which is in line with
our findings.

Interestingly, the preference weights for some attributes
are often v-shaped, indicating disordering of attribute lev-
els, which means that an objectively worse attribute was
preferred. This suggests that patients had a strong prefer-
ence for certain characteristics of treatment. For instance,
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patients either strongly preferred experimental treat-
ments being offered or not being offered compared with
them being considered if requested. This disordering might
reflect that some patients actively seek experimental treat-
ments hoping to increase their chances of having a baby
even though their benefits are not supported by scientific
evidence [59], whereas others prefer purely evidence-based
treatment [60].

Similarly, disordering in the counselling attribute might
have been due to a general disinterest in brochures, which
is in line with evidence showing that patients rarely browse
through or take home brochures [61]. Finally, some level of
personalization was preferred over no or highly personal-
ized treatment in our analysis, which could have been due
to patients wanting to benefit from treatment personalization
[62] without being overwhelmed by too many options [60,
63].

Knowing the responsiveness of demand for fertility treat-
ments to changes in treatment cost is valuable information
for policymakers, insurers and providers who regularly
make decisions about treatment funding and pricing. Price
increases deter women or couples from undergoing effective
fertility treatment and price elasticity estimates can provide
an indication of the quantity of treatments displaced due to
policy interventions affecting funding.

5 Conclusion

Our study shows that infertile women who had previously
undergone or were undergoing fertility treatment valued fer-
tility treatment highly as reflected by highly price-inelastic
demand. Success rate of treatment and out-of-pocket costs
were the most important attributes, and largely determined
patients’ WTP for fertility treatment relative to the attributes
and levels used in the study. Income level had no significant
effect on WTP for fertility treatment. While further research
should investigate how price-sensitive women are to entering
the fertility market, these results might explain why women
continue fertility treatment once they have commenced
despite their financial capacity to pay. Future research should
also determine price elasticities for those who have not expe-
rienced fertility treatment for a fertility treatment program
with multiple treatment cycles.
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