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Abstract

Background: There have been several calls for estimations of costs and consequences of headache interventions
to inform European public-health policies. In a previous paper, in the absence of universally accepted methodology,
we developed headache-type-specific analytical models to be applied to implementation of structured headache
services in Europe as the health-care solution to headache. Here we apply this methodology and present the
findings.

Methods: Data sources were published evidence and expert opinions, including those from an earlier economic
evaluation framework using the WHO-CHOICE model. We used three headache-type-specific analytical models, for
migraine, tension-type-headache (TTH) and medication-overuse-headache (MOH). We considered three European
Region case studies, from Luxembourg, Russia and Spain to include a range of health-care systems, comparing
current (suboptimal) care versus target care (structured services implemented, with provider-training and consumer-
education). We made annual and 5-year cost estimates from health-care provider and societal perspectives (2020
figures, euros). We expressed effectiveness as healthy life years (HLYs) gained, and cost-effectiveness as incremental
cost-effectiveness-ratios (ICERs; cost to be invested/HLY gained). We applied WHO thresholds for cost-effectiveness.

Results: The models demonstrated increased effectiveness, and cost-effectiveness (migraine) or cost saving (TTH,
MOH) from the provider perspective over one and 5 years and consistently across the health-care systems and
settings. From the societal perspective, we found structured headache services would be economically successful,
not only delivering increased effectiveness but also cost saving across headache types and over time. The predicted
magnitude of cost saving correlated positively with country wage levels. Lost productivity had a major impact on
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these estimates, but sensitivity analyses showed the intervention remained cost-effective across all models when
we assumed that remedying disability would recover only 20% of lost productivity.

Conclusions: This is the first study to propose a health-care solution for headache, in the form of structured
headache services, and evaluate it economically in multiple settings. Despite numerous challenges, we
demonstrated that economic evaluation of headache services, in terms of outcomes and costs, is feasible as well as
necessary. Furthermore, it is strongly supportive of the proposed intervention, while its framework is general
enough to be easily adapted and implemented across Europe.

Keywords: Headache, Migraine, Tension-type-headache (TTH), Medication-overuse-headache (MOH), Structured
headache services, Health economics, Cost-effectiveness, Quality improvement, Healthy-life-years (HLYs), Global
campaign against headache

Introduction
Many studies, in Europe and elsewhere, have shown that
headache disorders are under-diagnosed and under-
treated (eg, [1]). Despite the existence of a range of ef-
fective therapies [2], these do not reach large numbers
of people who might benefit, or do so inefficiently, deliv-
ered by health-care providers without the requisite un-
derstanding of these disorders [3]. The solution –
structured headache services based in primary care and
supported by training and education [3, 4], in a model
that is readily adaptable across settings and health-care
systems – was described in the first paper in this series
[5]. In a later paper, in the absence of universally ac-
cepted methodology, we developed headache-type-
specific analytical models to be applied to economic
evaluation of the model, implemented in three countries
in the European Region [6]. Here we apply that method-
ology, and present the findings.
Indirect costs are a key issue in economic evaluation.

Because headache disorders are disabling [7–9], lost
productivity is an important consequence, at demon-
strably high cost [10–13]. Later papers in this series as-
sess the complex relationship between headache-
attributed disability and lost productivity, and consider
whether, and to what degree, alleviating the former will
lead to recovery of the latter [14, 15]. Our evaluation
here allows for the possibility that headache-attributed
disability explains only part of lost productivity.

Methods
The methods are described in detail in the earlier paper
[6]. We modelled cost-effectiveness of structured head-
ache services delivering treatments, with efficacies
known from randomised controlled trials, for each of
migraine, tension-type headache (TTH) and medication-
overuse headache (MOH). We did this in the settings of
three European Region countries, Russia, Spain and
Luxembourg, with differing health-care systems but for
which we had population-based data [16–18]. For the
two alternatives of current (suboptimal) care and target

care (structured services implemented, with provider-
training and consumer-education), economic modelling
incorporated patient outcomes and cost estimates over
two separate timeframes: one and 5 years.
Outcomes were measured in healthy life years (HLYs),

and effectiveness as HLYs gained by change from
current to target care. We assumed that target care
would partially but not entirely close treatment gaps [5]:
provider-training within the structured services model
would increase coverage and consumer-education would
enhance adherence, each, conservatively, by 50% of the
gap between current and target care.
Costs included health-care costs (medicines, GP and

specialist visits, and examinations) from the provider
perspective; additionally, lost productivity (days lost
from work) was included in estimates made from the so-
cietal perspective. Methodological details are provided
elsewhere on the decision-analytical models, on epi-
demiological data (including disability), estimations of
intervention effectiveness, economic outcomes (includ-
ing use of resources and lost productivity), treatment
management plans and selection of interventions for mi-
graine, TTH and MOH within the alternatives under
comparison [6].
Economic and effectiveness outcomes were brought

together to evaluate cost-effectiveness in terms of costs
to be invested per HLY gained (incremental cost-
effectiveness ratio [ICER]), with the three health-care
systems of Russia, Luxemburg and Spain bringing differ-
ent systems of health-care service delivery and financing
into the model.
Limited evidence supports opportunity-cost–based

cost-effectiveness thresholds applicable across diverse
countries, including those of interest here. We applied
WHO’s thresholds against gross domestic product
(GDP) for this purpose: interventions costing < 3*GDP
per capita per HLY gained were cost-effective, those
costing < 1*GDP per capita per HLY gained were highly
cost-effective [19]. Although these lack specificity for
any country’s particular contexts, they are the thresholds
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used by policy makers, who do so in the light of these
contexts. Since the overall balance of evidence suggests
that WHO’s thresholds may be too high [20], we per-
formed sensitivity analyses to calculate how much we
should inflate the costs (or deflate the gains) to meet
such thresholds.
The principal analyses were conducted from the

health-care provider perspective, with robustness tested
in a series of sensitivity analyses inflating health-care
costs and deflating HLYs gains while keeping to the
same cost-effectiveness thresholds. In a series of second-
ary analyses, we considered the larger societal perspec-
tive. For the baseline societal analysis, we assumed all
lost productivity was explained by disease-attributed dis-
ability, whereas, in a conservative alternative, we as-
sumed that this disability accounted for only 20% of lost
productivity (so that only this proportion might be
recovered).

Results
Summaries of the economic and effectiveness outcomes
for the treatments of each headache type are presented
in Tables 1 (Luxembourg), 2 (Russia) and 3 (Spain).
Analytical models according to headache type are re-
ported in Fig. 1.
In short-term modelling (1-year time frame) from the

health-care provider perspective, the intervention was
found to be cost-effective for migraine (Fig. 2) – well
below WHO thresholds [19] – and cost saving for TTH
and MOH (see Tables 1, 2 and 3). Over 5 years the inter-
vention appeared even more cost-effective for migraine
(Fig. 2) and cost-saving for TTH and MOH (the
amounts of costs saved are reported in Tables 1, 2 and
3). Sensitivity analyses showed the robustness of these
findings (Additional file 1: Appendices 1–3). For ex-
ample, for Russia and migraine, the intervention was still
cost-effective after inflating health-care costs – or deflat-
ing effectiveness gains – by factors of 100 (Additional
file 1: Appendix 2).

From the health-care provider perspective, the hypo-
thetical shift to target care would bring gains in HLYs
(the longer the time frame the greater the gain). For mi-
graine, resources must be invested to secure these bene-
fits (the longer the time frame, the lower, relatively, the
investment). For TTH and MOH, the benefits would be
accompanied by cost savings (the longer the time frame
the greater the economic gain). Findings were consistent
across the health-care systems of the three countries.
From the societal perspective (Additional file 1:

Appendices 4–9), the intervention was not only more ef-
fective than current care, but also cost saving – for all
headache types, across health-care systems and in both
1-year and 5-year time frames. In the conservative sce-
nario, where remedying disability would recover only
20% of lost productivity, the intervention remained cost-
effective across all models.
Finally, we considered cost and effectiveness outcomes

for 1000 patients with migraine, 1000 with TTH and
1000 with MOH patients in each country setting, allow-
ing comparisons of the impact of introducing target care
across country-specific populations (Additional file 1:
Appendices 7–9). The greater the country’s wage levels,
the greater were the economic savings for society (ie,
Luxembourg > Spain > Russia).

Discussion
For the first time, effectiveness and cost-effectiveness of
introducing structured headache services have been eval-
uated. Our results show, across three diverse health-care
systems in European Region, that structured headache
services based in primary care and supported by
consumer-education and provider-training [5] are an ef-
fective and economically viable solution to headache dis-
orders and the disability they cause. From the health-
care provider perspective, TTH services are not only
cost-effective, but also cost-saving (ICERs negative). Al-
though this disorder is associated with much lower esti-
mates of health loss [7–9] than migraine or MOH,
structured headache services will not discriminate: they

Table 1 Luxembourg: economic consequences of changing from current to target care (population estimates)

Numbers of patients 124,713 127,501 14,378

1-YEAR TIME FRAME MIGRAINE TTH MOH

Health-care provider perspective Additional costs (euros) 2,468,610 (−58,977,322)
(cost saved)

(− 304,638)
(cost saved)

HLYs gained 1126 51 776

ICER (euros spent for each HLY gained) 2192 n/a n/a

5-YEAR TIME FRAME MIGRAINE TTH MOH

Health-care provider perspective Additional costs (euros) 8,148,427 (−59,712,128)
(cost saved)

(−1,423,598)
(cost saved)

HLYs gained 5265 239 3625

ICER (euros spent for each HLY gained) 1548 n/a n/a

Tinelli et al. The Journal of Headache and Pain           (2021) 22:90 Page 3 of 7



are not selective, and must manage all headache types.
In practice, people with TTH are least likely to require
these services, while the consumer-education component
of structured services would be expected to reduce doc-
tor visits for TTH and save health-care resources.
Lost productivity weighs heavily in economic esti-

mates. The savings in work productivity modelled in our
study were greater than the investments in health care
estimated to meet these savings (a finding predicted long
ago by WHO [3]). For TTH, the saving was more evi-
dent in Luxembourg, because of its higher wage-levels
[10].
Of course, these findings assumed that lost productiv-

ity reported as a consequence of headache would, there-
fore, be recovered commensurately as headache was
alleviated. There was reason to doubt this assumption,
since many extraneous factors influence the relationship
between headache-attributed disability and lost product-
ivity [14, 15]. It is arguable that these factors are much
more constant at individual level [15], so that the as-
sumption might hold, but this is untestable. Instead, we
relied on sensitivity analyses, in which the intervention
remained cost-effective across all models even with the
alternative conservative assumption that alleviating
headache would recover only 20% of the lost productiv-
ity attributed to it.

There have been repeated calls for better modelling of
costs and outcomes of headache interventions to inform
public-health policies, given the very high prevalence of
headache disorders [7, 21–23]. There is no widely ac-
cepted framework to help European (or other) countries
undertake economic evaluation of headache interven-
tions in order to establish which alternative(s) provides
the best value for money. Indeed, this topic seems per-
versely under-researched given the much-increased
awareness of the global burden of headache [2, 3, 7–9].
To the best of our knowledge, ours is the first study to
provide such a framework, and, crucially, it has not con-
fined itself to specific individual treatments but evalu-
ated a health-care delivery package offering a range of
treatments. Our work is still incomplete: much remains
to be done, particularly in pilot implementations of
structured headache services to gather empirical evi-
dence to support our currently hypothetical findings. In
the meantime, we have demonstrated that systematic
evaluation of headache-type-specific outputs and costs
of headache services is feasible (as well as necessary),
while work progresses on service quality evaluation [24–
28], also of high importance if services are to be
implemented.
The principal limitations of this study were those

inherent in economic modelling. We were dependent

Table 2 Russia: economic consequences of changing from current to target care (population estimates)

Numbers of patients 18,122,512 26,679,239 7,193,081

1-YEAR TIME FRAME MIGRAINE TTH MOH

Health-care provider perspective Additional costs (euros) 215,273,678 (−80,743,387)
(cost saved)

(−81,939,062)
(cost saved)

HLYs gained 163,709 10,695 388,112

ICER (euros spent for each HLY gained) 1315 n/a n/a

5-YEAR TIME FRAME MIGRAINE TTH MOH

Health-care provider perspective Additional costs (euros) 1,066,657,492 (− 153,433,010)
(cost saved)

(− 382,907,727)
(cost saved)

HLYs gained 765,026 49,964 1,813,677

ICER (euros spent for each HLY gained) 1394 n/a n/a

Table 3 Spain: economic consequences of changing from current to target care (population estimates)

Numbers of patients 10,772,263 7,850,265 2,128,185

1-YEAR TIME FRAME MIGRAINE TTH MOH

Health-care provider perspective Additional costs (euros) 216,491,177 (−63,402,506)
(cost saved)

(− 49,026,722)
(cost saved)

HLYs gained 97,311 3146 114,829

ICER (euros spent for each HLY gained) 2225 n/a n/a

5-YEAR TIME FRAME MIGRAINE TTH MOH

Health-care provider perspective Additional costs (euros) 688,382,902 (−122,434,131)
(cost saved)

(− 229,105,755)
(cost saved)

HLYs gained 454,741 14,702 536,604

ICER (euros spent for each HLY gained) 1514 n/a n/a
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on the type and quality of the data sourced in order
to calculate the economic outcomes, the latter being
imperfect in Eurolight [29]. Similar limitations ap-
plied to the effectiveness outcomes. We made many
assumptions in the costing model [6], and could an-
ticipate that our findings would be sensitive to

variations in these, but countered this by conducting
sensitivity analyses. Although cost-effectiveness
thresholds used routinely by WHO (and applied in
our analysis) have been criticized for being too high
[20], our results appear robust and generally under-
cut these thresholds.

Fig. 1 Analytical models according to headache type

Fig. 2 Economic analysis: Incremental cost-effectiveness ratio (euros spent for each HLY gained) at one year and 5 years, from health-provider
perspective (migraine). Note: For tension-type headache and medication-overuse headache, the intervention is not only more cost-effective than
current care but also cost saving over 1 and 5 years (see Tables 1, 2 and 3)
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Conclusions
Even with very conservative assumptions, highly inflating
costings (or deflating expected gains), we could conclude
that structured headache services would be cost-effective
according to WHO thresholds [19] – and this held true
for all headache types and across all settings.
The framework of the proposed intervention is general

enough to be easily adapted and implemented [5]. Thus,
structured headache services offer an efficient, equitable,
effective and cost-effective solution to headache, a cause
of much population ill health [12, 13, 16] and heavy eco-
nomic burden [23].
Structured headache services – offering care efficiently

and equitably to the widest number of people [5] and,
according to our findings here, an economically viable
solution to headache as a cause of public ill health – are
in accord with WHO’s vision of universal health cover-
age (UHC) [30]. The concept of UHC is that all people
should have access to the health services they need,
when and where they need them, without financial hard-
ship. UHC is based on strong, people-centred primary
health care, while good health systems are rooted in the
communities they serve. Care models like structured
headache services that define a clear primary-care role
[5] and allow economic evaluation promote the goal of
UHC worldwide.
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