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Abstract

We examine the cost-effectiveness of treating epilepsy with anti-epileptic medicines in autistic children, looking at impacts
on healthcare providers (in England, Ireland, Italy and Spain) and children’s families (in Ireland). We find carbamazepine
to be the most cost-effective drug to try first in children with newly diagnosed focal seizures. For England and Spain,
oxcarbazepine is the most cost-effective treatment when taken as additional treatment for those children whose response
to monotherapy is suboptimal. In Ireland and Italy, gabapentin is the most cost-effective option. Our additional scenario
analysis presents the aggregate cost to families with autistic children who are being treated for epilepsy: this cost is con-

siderably higher than healthcare provider expenditure.
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The prevalence of epilepsy amongst autistic children is
around 7%, rising to 26% in adolescents, in comparison
to 1% prevalence in the general population (El Achkar &
Spence, 2015; Liu et al., 2022; Zack & Kobau, 2017). Epi-
lepsy has been identified as a leading cause of premature
mortality for autistic people (Hirvikoski et al., 2016). Co-
occurring epilepsy and autism present greater challenges
for clinicians in identifying and treating epilepsy, particu-
larly if someone also has intellectual disabilities (Besag,
2017). Recommended treatments for medical conditions
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which co-occur with autism (such as epilepsy) are largely
similar for both autistic and non-autistic people (National
Clinical Guideline Centre, 2012), but the effectiveness and
cost-effectiveness of treatment may be different for autis-
tic people compared to the neurotypical population. This is
potentially the case for epilepsy, since childhood and ado-
lescent onset are associated with above-average use of long-
term healthcare resources, and there may also be long-term
negative impacts on education level, employment status,
and earned income (Hunter et al., 2015; Jennum et al., 2016;
Knapp et al., 2015; Snell et al., 2013).

The National Institute for Health and Care Excellence
(NICE) was established in England in 1999 to review
available clinical, economic and other evidence to develop
guidelines for the (tax-funded) National Health Service
(NHS). NICE is a non-departmental public body funded by
the government, but independent in its role of developing
guidelines. In 2021, NICE updated guidance on the diagno-
sis and management of epilepsies (NICE, 2021). This guid-
ance applies to the overall population of people living with
epilepsy, and not specifically to autistic individuals. The
purpose of the study described in this paper is to examine
whether recommended treatments have different effects and
costs for autistic people with epilepsy. We also aim to exam-
ine a wider set of impacts on society (family out-of-pocket
expenses, work productivity and informal/unpaid care),
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since although NICE does not look beyond the health and
social care system, autism often has wide-ranging impacts.

We explore the cost-effectiveness of antiepileptic drugs
in treating autistic children in four countries with different
healthcare systems and practices — England, Ireland, Italy
and Spain. An important consideration is that, unlike for
a neurotypical population, family impacts (and associated
costs) can be sizeable (Buescher et al., 2014). It is therefore
important to examine the widest range of costs and effects
(if data allow). Our study is part of the [name deleted to
maintain the integrity of the review process] project (refer-
ence deleted to maintain the integrity of the review process).

Methods

We first carried out simulation modelling by adapting the
approach used by NICE (2021) to estimate the economic
impact of anti-epileptic medicines specifically for autistic
children with epilepsy. This was done for each of the four
study countries from the healthcare system perspective.
We then conducted a scenario analysis for the Irish setting
(the only country for which suitable data are available) to
explore a wider set of impacts: out-of-pocket expenditure,
lost earnings and informal (unpaid) care costs.

Modelling: Impact on Healthcare Providers

The analysis focuses on the cost-effectiveness of antiepi-
leptic drugs (AEDs) for healthcare providers when treating
focal seizures (an epileptic seizure starting in one side of
the brain). Although no specific type of seizure is associated
with autism, focal seizures were chosen as the focus as they
are the most common seizure type in children and adults
(NICE, 2021). We build on the NICE (2021) model on the
cost-effectiveness of pharmacological treatments for a focal
seizure and adapt it to reflect the four case study settings.
We assume, after consultation with experts, that the NICE
model could be applicable to an autistic population of chil-
dren with focal epilepsy.

Model Review

The analysis evaluates the comparative costs and effec-
tiveness of different AEDs used as monotherapy in treat-
ment of focal seizures. The model describes health effects
in terms of quality-adjusted life years (QALYs). A QALY
measures the state of health of a person or group in which
the benefits, in terms of length of life, are adjusted to reflect
the quality of life (NICE, 2023). One QALY is equal to
1 year of life in perfect health, compared to death, which
is ascribed the value 0 (Whitehead, S. J., & Ali, S. 2010).
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Costs are described from healthcare providers’ perspec-
tive and expressed in 2020 values (in Euros, €). Healthcare
provider costs (hospitalization, accident and emergency
visits, specialist visits and GP visits) are those associated
with starting and switching therapies, additional healthcare
support required for the treatment of seizure-free and not
seizure-free epilepsy patients and costs of specific anti-epi-
leptic medicines. Given the lack of data for autistic children
with epilepsy, we used NICE’s measures of service use and
applied these to different country settings. The unit costs
were sourced from published sources and expert opinion.
Unit costs, health service use, recommended doses, mean
6-month cost for individual AEDs and total costs for start-
ing and switching AED therapy are provided in Appendices
1 and 2.

Treatment effectiveness is reported as: response or
non-response (proportions who are seizure-free or not) to
monotherapy as well as adjunctive therapy (where we have
typically monotherapy first and the addition of adjunctive
treatments in those whose response is suboptimal), with-
drawal (due to adverse events; AEs) and -QALY gains
(often called ‘utility’ in health economic evaluations). The
performance of different treatment sequences is estimated
using a cost-consequence approach in alignment. We calcu-
lated incremental cost-effectiveness ratios (ICER) as used
in NICE appraisals: these measure the difference in cost
between two alternative treatments divided by the differ-
ence in QALY gains.

Costs and utilities for different treatment strategies are
calculated over a 15-year time horizon for a hypothetical
cohort of 6-year-old children with newly diagnosed focal
seizures. The value of costs and benefits were adjusted for
the time they occurred using a health economic technique
called discounting (Drummond et al., 2005). According to
normal practice, we applied a rate of 3.5%.

Comparators

Based on the indications listed in the British National For-
mulary (BNF), drugs licensed as monotherapy for focal
seizures in children are carbamazepine, lamotrigine, leve-
tiracetam, oxcarbazepine, sodium valproate and topira-
mate. Oxcarbazepine and topiramate are only licensed as
monotherapy in children over 6 years of age, lamotrigine
in children over 12 years and levetiracetam in children over
16 years. Gabapentin and oxcarbazepine are licensed for
children over 6 years and levetiracetam and tiagabine are
only licensed as adjunctive therapy for children aged over
12. The specific drugs included in the evaluation of mono-
therapy AEDs are determined by the availability of clinical
trial data on outcomes (efficacy and tolerability). On that
basis, only carbamazepine, lamotrigine and oxcarbazepine
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are included in the evaluation for monotherapy; and gaba-
pentin, lamotrigine, levetiracetam, oxcarbazepine and topi-
ramate are included in the evaluation of adjunctive therapy.

Model Structure

The structure of our decision-analytic model is adapted
from that developed by Hawkins et al. (2005). It assumes
that all hypothetical patients entering the model are newly
diagnosed, treatment-naive children with focal seizures. All
hypothetical patients start monotherapy and experience one
of three outcomes: achieve seizure-freedom; do not achieve
seizure-freedom (no response); or withdraw due to adverse
events. The model includes two separate states or condi-
tions. Patients who achieve seizure-freedom are assumed to
continue the drug treatment for subsequent cycles. Patients
who do not achieve seizure-freedom (non-responders and
those withdrawing due to adverse events) are assumed to
move on to adjunctive therapy to address uncontrolled sei-
zures. The model and how patients move through the path-
way is illustrated in Fig. 1.

Mortality

Children who achieve seizure-freedom with treatment face
the age-dependent death rate associated with experienc-
ing no seizures. Children who experience a reduction or
no response to treatment face age-dependent death rates
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Fig. 1 Impact on healthcare providers: Decision-analytic model of
treatment with different antiepileptic medicines. (adapted from NICE,
2021)

Note AE =adverse event.

associated with experiencing seizures. These rates and how
they were derived are detailed elsewhere (NICE, 2021).

Utilities

The QALY gained for patients in each health state are cal-
culated based on utility estimates associated with being sei-
zure-free, having a 50-99% reduction in seizure frequency
or not responding to therapy (i.e., continuing to have uncon-
trolled seizures). The utility weights used in the model are
based on responses from paediatric neurology experts and
the literature (Frew et al., 2007). Details are reported else-
where (NICE, 2021).

Sensitivity Analysis

We perform several sensitivity analyses to test the robust-
ness of our cost-effectiveness model (Andronis et al., 2009).
In one-way deterministic sensitivity analyses, we vary unit
costs and QALY estimates in the model by given amounts
and examine the impact on the model results. We also per-
form probabilistic sensitivity analysis by randomly vary-
ing data inputs in our model simultaneously. We therefore
examine the effect of joint uncertainty in the variables of
the model. We visually inspect the confidence ellipse on the
cost-effectiveness plane to identify the region containing
95% of the uncertainty. We also determine the probability
that a particular treatment modality is cost-effective com-
pared with placebo, using cost-effectiveness acceptability
curves.

Modelling: Impacts on Families
Data

Due to a lack of data for other countries, our analysis of
the impacts on families is limited to Ireland. Irish data used
to calculate the economic impact of autism and epilepsy
on families was previously collected as part of a mixed-
methods study on the economic impact and unmet needs of
autistic children in 2015 (reference deleted to maintain the
integrity of the review process).

Estimation of Costs

Irish unit costs for service utilization are based on Health
Services Executive (HSE) (2021) data. If Irish unit costs are
not available, UK unit costs are applied (Curtis & Burns,
2015). Medication costs are priced using MIMS Ireland
(2019). Out-of-pocket expenditure, lost earnings and infor-
mal care costs per child based on data collected in Ireland in
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2015 are adjusted to 2020 costs (reference deleted to main-
tain the integrity of the review process).

Analysis

Estimates of the association between autistic children with
epilepsy on medication and out-of-pocket expenditure
are obtained by implementing generalized linear mod-
els (GLMs). Out-of-pocket expenditure, lost earnings and
informal care costs per child are calculated for all autistic
children with epilepsy on medication and autistic children
without epilepsy for two age categories: 6 to 10 years and
11 to 13 years. Scenario analyses for the economic impact
for families with an autistic child on epilepsy medication
compared to an autistic child without epilepsy are based on
7-year, 10-year and 15-year timeframes. This entails using
annual cost data for children aged 610 years up to year 4 of
the model. Cost data for year 5 onwards are based on chil-
dren aged 11-13 years. We again apply a 3.5% discount rate
to costs beyond the base year. No family cost data are avail-
able for England, Italy or Spain, and so total family cost for
Ireland over 15 years (scenario 3) is used to calculate a ratio
of total family costs to healthcare providers’ costs for all
four countries.

Sensitivity Analysis

Two separate sets of sensitivity analyses are conducted for
the family impact costs. First, home adaptations are added
to the GLM estimates for out-of-pocket expenditure, result-
ing in new estimates for total family impacts costs and sce-
nario analysis for 7-year, 10-year and 15-year timeframes.
Second, a 4% discount rate is applied to the original results
following guidelines for economic evaluations in Ire-
land (HIQA, 2020) to recalculate the scenario analysis for
7-year, 10-year and 15-year timeframes instead of the 3.5%
discount rate recommended in the UK (as used in the main
analysis).

Results
Modelling: Impact on the Health Care Provider
Base Case Analysis

As an example, for England, the total cost per child is €1,990
when starting AED therapy and €2,455 when switching to
AED therapy. More information on health service use and
total costs for starting and switching AED therapy (for the
four nations) is reported in Appendix 3.

The breakdown of costs shows that differences in the
cost of individual AEDs are likely to be a determining fac-
tor in the total costs of each treatment option (Appendix
4). For example, in England, based on the breakdown of
costs, the largest single component of total costs for mono-
therapy AEDs across the different treatment strategies is
the cost of outpatient attendances (61-66%), followed by
medicines (21-25%), inpatient costs (9—10%) and other pri-
mary care/A&E costs (about 2%). If we consider the costs
for adjunctive AEDs, the largest single component of total
costs (across the different treatment strategies) is the cost
of outpatient attendances (69—73%), followed by medicines
(18-25%), A&E costs (6—7%), and other healthcare costs
(about 2%).

Analyses for England, Ireland, Italy and Spain demon-
strate the effectiveness and cost-effectiveness of carbam-
azepine as the optimal medicine to try first in children with
newly diagnosed focal seizures (Table 1; monotherapy).
Summary results per child receiving adjunctive therapy
AEDs are presented in Table 2 and vary by country. For Eng-
land, continued monotherapy (comparator for our economic
model) has the lowest total cost and worst outcomes com-
pared with any adjunctive therapy. Levetiracetam generates
the greatest gain in QALY's; the ICER is just €23,452, which
is just above the willingness-to-pay threshold of £20,000
per QALY which NICE uses to guide whether it will recom-
mend a treatment for use across the NHS. Oxcarbazepine
is potentially the most cost-effective adjunctive AED with
an ICER of €15,377 (for Spain it is both cost-effective and
cost-saving; ICER is - €20,732). By contrast, in Ireland and
Italy, gabapentin is the most cost-effective option.

Table 1 Impact on healthcare providers: summary results per child receiving monotherapy (15 years)

England Ireland Italy Spain
Total Total Costs Total Costs Total Total
QALYs (€; 2020) (€; 2020) Costs (€; Costs (€;
2020) 2020)
Carbamazepine 10.18 27,627 Preferred* 9,658 Preferred* 6,690 Preferred* 7,377 Preferred*
Lamotrigine 10.09 27,686 Dominated 14,552 Dominated 12,385 Dominated 11,013 Dominated
Oxcarbazepine 10.02 30,694 Dominated 12,750 Dominated 8,045 Dominated 9,358 Dominated

*More effective and cost-saving than other alternatives
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Table 2 Impact on healthcare providers: summary results per child receiving adjunctive therapy (15 years)

England Ireland Italy Spain
Total Total ICER Total ICER Total ICER Total ICER
QALYs  Costs (€; 2020) Costs (€; 2020) Costs (€;2020) Costs (€; 2020)
(& (€& (€ (€&
2020) 2020) 2020) 2020)
(Continued 9.41 23,495  (comparator) 9,647 (comparator) 8,057  (comparator) 10,208 -
monotherapy)$
Gabapentin 9.46 24,100 12,083* 7,128  Preferred* 5,381 Preferred* 9,599  Dominated
Lamotrigine 9.47 24,290  Dominated 13,694  Dominated 10,692  Dominated 9,944  Dominated
Topiramate 9.51 25,376  Dominated 12,838  Dominated 7,757  Dominated 8,456  Dominated
Levetiracetam 9.52 26,169  Dominated 8,426  Dominated 10,496  Dominated 7,886  Dominated
Oxcarbazepine 9.52 25,218 15,657* 8,806 Dominated 6,084  Dominated 6,721  Preferred*

$ comparator; * More cost-effective than comparator; ¥*More effective and cost-saving than comparator

ICER (incremental cost effectiveness ratio) = cost per additional QALY gained

Table 3 Discounted total family costs per child in Ireland across three
scenarios for children aged 6 years onwards

Ireland
Autistic child  Autistic
with epilepsy  child with-
on medication  out epilepsy
(€; 2020) (€; 2020)

Total annual family cost per child 30,437 20,867

(6 to 13 years)

Total annual family cost per child 37,724 21,149

(6 to 10 years)

Total annual family cost per child 33,796 16,966

(11 to 13 years)

Scenario 1 258,800 140,254

7-year time frame

Scenario 2 333,220 177,613

10-year time frame

Scenario 3 441,505 231,917

15-year time frame

Sensitivity Analysis

In one-way deterministic sensitivity analyses, we evalu-
ate the impact of uncertainty on cost and outcome data.
Based on the information available, one-way sensitivity
analyses indicate that carbamazepine is the preferred option
for monotherapy across all case studies. For example, in
England deterministic sensitivity analysis for adjunctive
therapy confirms that gabapentin, the lowest cost and least
effective AED, is very cost-effective compared to contin-
ued monotherapy; and oxcarbazepine is potentially the
most cost-effective option across scenarios (apart from
when increasing costs or decreasing QALYs by 25% or
more, which is a substantial adjustment to assume in these
analyses).

Probabilistic sensitivity analyses yield results consis-
tent with the base-case analyses. For example, in England,
oxcarbazepine has a 100% probability of being cost-effec-
tive (regardless of willingness-to-pay thresholds) to gain an
additional QALY (compared with monotherapy).

Modelling: Impacts on Families
Base Case Analysis

Table 3 presents differences in total Irish annual family
costs per child: €30,437 for autistic children with epilepsy
on medication and €20,867 for autistic children without epi-
lepsy. The breakdown of total annual family costs for the
two age groups is as it follows: €37,724 vs. €21,149 (age
group 6 to 10 years) and €33,796 vs. €16,966 (age group:
11 to 13 years). The Irish sample estimates for the age 6 to
13 years age category are based on a sample of six children
who are autistic, have epilepsy and were on epilepsy medi-
cation. Five of the six children were male. There were eight
autistic children with epilepsy within the Irish sample, but
two children were excluded from the analysis due to not
being on medication and not falling within the 6—13 years
age category.

Results of scenario costs between the two groups in Ire-
land over three timeframes were: scenario 1 (7-year time
frame) €258,800 vs. €140,254, scenario 2 (10-year time
frame) €333,220 vs. €177,613 and scenario 3 (15-year time
frame) €441,505 vs. €231,917. The ratio of Irish long-term
family costs to healthcare providers’ costs in England, Ire-
land, Italy and Spain is presented in Table 4. Due to the
lack of family costs data for the other countries, a ratio of
long-term family costs based on scenario 3 for Ireland to
healthcare providers’ costs in all the case study countries is
employed. Italy has the highest difference, with family costs
being 66 times more than monotherapy with carbamazepine
and 82 times more than adjunctive therapy-gabapentin.

Sensitivity Analysis
Two separate sets of sensitivity analyses are conducted for

the family impact costs and ratios presented in Appendix 5.
Including home adaptations in the out-of-pocket dependent
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Table 4 Ratio of long-term family costs to healthcare providers
costs for England, Ireland, Italy and Spain

Ratio of long-term family costs to healthcare providers costs (€;
2020)

England Almost 16 times more 18 times more than
than monotherapy with adjunctive therapy - Gab-
carbamazepine (27,627) apentin (24,100) Almost 18
times more than adjunc-
tive therapy -Oxcarbaze-
pine (25,218) (potentially
the most cost-effective)
Ireland Almost 46 times more Almost 62 times more
than monotherapy with than adjunctive therapy -
carbamazepine (9,658)  Gabapentin (7,128)
Italy Almost 66 times more 82 times more than
than monotherapy with adjunctive therapy -
carbamazepine (6,690)  Gabapentin (5,381)
Spain Almost 60 times more Almost 66 times more

than monotherapy with than adjunctive therapy

carbamazepine (7,377)  -Oxcarbazepine (6,721)
Note: Ratio of long-term family costs to healthcare providers costs
based on scenario 3 (15-year-time frame =€441,505).

variable for GLM estimates results in an increase in overall
total family costs from €30,437 to €36,839 for autistic chil-
dren on epilepsy medication. Scenario 3 total family costs
increase from €441,505 to €564,561 resulting in higher ratio
results. Changing the discount rate from 3.5% (as used in
the UK) to 4% (following Irish guidelines) results in lower
ratio results in comparison to the original results.

Discussion

Our study provides evidence of the cost-effectiveness of
antiepileptic drugs in treating autistic children in four coun-
tries with different healthcare systems and practices (Eng-
land, Ireland, Italy and Spain). A clear finding, based on the
effectiveness and cost-effectiveness calculations, is that car-
bamazepine is the optimal drug to try first in children with
newly diagnosed focal seizures. For England and Spain,
oxcarbazepine is potentially the most cost-effective adjunc-
tive AED. In Ireland and Italy, gabapentin is the preferred
option. Our analysis highlights the substantial economic
impact on families with an autistic child who has epilepsy,
which is considerably higher than healthcare expenditure.
Our study has both strengths and weaknesses. The cost-
effectiveness analysis was based on a robust model devel-
oped by NICE for England and adapted, with the support
of experts, to measure the impact on healthcare providers
across different country settings. Due to the paucity of data
available for autistic children with epilepsy, we assumed that
the economic model of pharmacological treatments for chil-
dren with focal epilepsy used by NICE would apply to autis-
tic children with focal epilepsy. The modelling describes
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the treatment pathway for focal seizures. Although focal
types are the most common in children with epilepsy, this
may limit the model’s relevance for autistic children with
other types of epilepsy. Also, the parameters for the health-
care model rely heavily on the NICE model. Demographic
characteristics such as family income, parental education,
comorbidity, or degree of autism are possible influences
on QALYs, but the NICE model is based on randomised
controlled trials and the methodology of randomisation
would have wiped out their effects. Importantly, this is the
first study to estimate the extra economic impact on fami-
lies where there is an autistic child on epilepsy medication
in comparison to autistic children without epilepsy. Our
findings highlight the extra costs and challenges (related to
out-of-pocket expenditure, lost earnings and informal care
costs) faced by these families in comparison to the neuro-
typical population. (The NICE model did not look at family
costs when considering the cost-effectiveness of anti-epi-
leptic medication.) It should be noted, however, that the
only relevant data set available to us included only seven
autistic children with epilepsy on medication. There is only
one female within this subgroup in the sample, therefore it
was not possible to do an analysis based on gender and we
acknowledge this is a limitation of the paper. While Samba
Reddy (2017) acknowledges there are gender differences in
the susceptibility to seizures, Perucca et al. (2014) found
that there is not sufficient evidence to support considerable
changes in the efficacy of AEDs due to gender. In relation
to potential sample bias, the Irish survey cost data may not
be representative of all families with an autistic child in
Ireland. However, we are unable to determine whether this
leads to any bias in the results.

Previous literature on the cost-effectiveness of epilepsy
medication has focused entirely on the neurotypical adult
population (Allers et al., 2015; Wijnen et al., 2017; NICE,
2021). Even then, the number of economic evaluations
focused on children is very limited (Lee et al., 2013, 2014;
Widjajaetal.,2021; NICE, 2021) and none of them looked at
implications for autistic people. Healthcare costs vary along
the care pathway for epilepsy and are mainly driven by hos-
pitalization costs, followed by specialist (outpatient) visits
and medications (Widjaja et al., 2021). Following the litera-
ture, hospitalisations accounted for the largest proportion of
costs for pre-diagnosis, initial intervention and final care.
For ongoing care (described in our model), previous studies
and our own analyses show that costs related to specialist
(outpatient) visits are one of the main cost-drivers as well
as medication costs. Remote consultations with healthcare
professionals could secure efficiency gains for the health-
care provider by reducing waiting times and unnecessary
appointments for patients who are seeking access to special-
ist outpatient services (Almathami et al., 2020). They could
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also secure better outcomes for children, avoid the stress
of travel and the busy and noisy environment of a clinic as
children could have the consultation in their own safe space
(Autistica, 2022). This would bring additional economic
savings for their families, cutting down time spent travel-
ling and away from their employment.

The wider literature shows that families with autistic
children often experience considerable extra costs, lost
earnings and increased caring demands due to their child’s
additional needs (Barrett et al., 2012; Buescher et al., 2014;
Dillenburger et al., 2015; Hussain et al., 2020; Jéarbrink et
al., 2000; additional reference deleted to maintain the integ-
rity of the review process). A national survey conducted in
Ireland found that the average annual cost per autistic child
for families was €28,465 because of out-of-pocket expen-
diture on private autism services, lost income and infor-
mal care (reference deleted to maintain the integrity of the
review process).

Age is a major influence on family costs for children with
epilepsy — costs are higher for older children — but less so for
those with no epilepsy (Argumosa et al., 2004). Epilepsy is
a chronic neurological disorder that not only has economic
impacts but also may have major effects on individual social
competence and family relationships (Jennum et al., 2016).
This may be even more pronounced in older children and
young adults (compared with younger children) for whom
the disorder influences self-perception (Hirfanoglu et al.,
2009), stigma (Jacoby et al., 2007), education (Fleming et
al., 2019) employment (Jennum et al., 2011), social progno-
sis, and income. Also, there is evidence that children with
epilepsy have higher welfare costs compared with people
without epilepsy (regardless of comorbid disorders; Jennum
etal., 2016).

Our findings have implications for policy and practice.
Treating autistic children with epilepsy with medication is
cost-effective for the healthcare provider. Carbamazepine,
which is widely recommended as a first-line antiepileptic
drug for new-onset partial seizures with or without gen-
eralization (NICE, 2021), was the preferred monotherapy
option for all countries. It presented the lowest proportion of
medicine costs (varying between 2% and 20%) across coun-
tries. However, different strategies may be needed in differ-
ent countries for adjunctive therapy. The preferred options
(oxcarbazepine for England and Spain and gabapentin for
Ireland and Italy, respectively) presented a lower proportion
of medicines costs (between 16% and 22%) compared with
other options (where the costs of the medicines reached up
to 59% of the total costs, as reported by lamotrigine and
oxcarbazepine for Italy).

In Ireland, long-term family costs for autistic children
treated for their focal epilepsy (€441,505 for 15 years) are
likely to be 46 times more than costs borne by healthcare

providers: either €9,658 for children on monotherapy with
carbamazepine or €7,128 for those on adjunctive therapy
with gabapentin. From a family perspective, it is important
to understand the lived experience and complexity of the
needs involved in caring for an autistic child or adolescent
with epilepsy, linked to the unpredictability and frequency
of seizures. These needs and uncertainties create extra car-
ing demands which may directly affect the ability of parents
to sustain employment if they need to take time off to sup-
port and monitor their child and accompany them to medi-
cal appointments. We also found that families with autistic
children on epilepsy medication had high out-of-pocket
expenditures perhaps because of hospital visits or payment
for privately paid neurologists and other appointments (due
to long waiting lists). Taking family costs into account when
considering the economic case for treatment can sometimes
alter the recommended decision (Lavelle et al., 2019).

Acknowledgements Funding for this work was supported by the
European Brain Council as part of the Value of Treatment Project. Dr.
Arango has received support by the Spanish Ministry of Science and
Innovation. Instituto de Salud Carlos 111, co-financed by ERDF Funds
from the European Commission, “A way of making Europe”, CIBER-
SAM. Madrid Regional Government (B2017/BMD-3740 AGES-
CM-2), European Union Structural Funds and European Union H2020
Program under the Innovative Medicines Initiative 2 Joint Undertak-
ing (grant agreement No 115916, Project PRISM, and grant agreement
No 777394, Project AIMS-2-TRIALS), Fundacion Familia Alonso
and Fundacion Alicia Koplowitz. Dr Oakley received funding from
the Innovative Medicines Initiative 2 Joint Undertaking under grant
agreement No 777394 (for AIMS-2-TRIALS). This Joint Undertaking
receives support from the European Union’s Horizon 2020 research
and innovation programme and EFPIA and AUTISM SPEAKS, Autis-
tica, SFARI. Any views expressed are those of the author(s) and not
necessarily those of the funders.

Declarations

Conflict of Interest The author(s) declared no potential conflicts of in-
terest with respect to the research, authorship, and/or publication of
this article. Dr. Arango has been a consultant to or has received hono-
raria or grants from Acadia, Angelini, Biogen, Boehringer, Gedeon
Richter, Janssen Cilag, Lundbeck, Medscape, Minerva, Otsuka, Pfizer,
Roche, Sage, Servier, Shire, Schering Plough, Sumitomo Dainippon
Pharma, Sunovion and Takeda. Prof Murphy has been a consultant to
or has received honoraria or grants from Servier, Roche, Clinical Re-
search Associates, and Jaguar Theraputics. He has also received fund-
ing from the European Union H2020 Program under the Innovative
Medicines Initiative 2 Joint Undertaking (grant agreement No 777394,
Project AIMS-2-TRIALS).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended

@ Springer



Journal of Autism and Developmental Disorders

use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Allers, K., Essue, B. M., Hackett, M. L., Muhunthan, J., Anderson,
C. S., Pickles, K., Scheibe, F., & Jan, S. (2015). The economic
impact of epilepsy: a systematic review. BMC neurology, 15, 245.
https://doi.org/10.1186/s12883-015-0494-y

Almathami, H., Win, K. T., & Vlahu-Gjorgievska, E. (2020). Barriers
and facilitators that influence Telemedicine-Based, Real-Time,
Online Consultation at Patients” Homes: systematic literature
review. Journal of medical Internet research, 22(2), e¢16407.
https://doi.org/10.2196/16407

Andronis, L., Barton, P., & Bryan, S. (2009). Sensitivity analysis in
economic evaluation: an audit of NICE current practice and a
review of its use and value in decision-making. Health technol-
ogy assessment (Winchester England), 13(29), 1ii—61. https://doi.
org/10.3310/hta13290

Argumosa, A., & Herranz, J. L. (2004). Childhood epilepsy: a criti-
cal review of cost-of-illness studies. Epileptic disorders: interna-
tional epilepsy journal with videotape, 6(1), 31-40.

Autistica (2022). Make the most of a telephone health appoint-
ment. Retrieved October 15 h 2021 from https://
www.autistica.org.uk/what-is-autism/coronavirus/
make-the-most-of-a-telephone-appointment

Barrett, B., Byford, S., Sharac, J., Hudry, K., Leadbitter, K., Temple, K.,
Aldred, C., Slonims, V., Green, J., & PACT Consortium. (2012).
Service and wider societal costs of very young children with
autism in the UK. Journal of autism and developmental disor-
ders, 42(5), 797-804. https://doi.org/10.1007/s10803-011-1306-x

Besag, F. M. (2017). Epilepsy in patients with autism: Links, risks and
treatment challenges. Neuropsychiatric Disease and Treatment,
14, 1-10. https://doi.org/10.2147/NDT.S120509

Buescher, A. V., Cidav, Z., Knapp, M., & Mandell, D. S. (2014). Costs
of autism spectrum disorders in the United Kingdom and the
United States. JAMA pediatrics, 168(8), 721-728. https://doi.
org/10.1001/jamapediatrics.2014.210

Curtis, L., & Burns, A. (2015). Unit costs of health and social care.
Canterbury: Personal Social Services Research Unit. Retrieved
October 15 h 2021, from https://www.pssru.ac.uk/project-pages/
unit-costs/unit-costs-2015/

Dillenburger, K., Jordan, J. A., McKerr, L., & Keenan, M. (2015). The
Millennium child with autism: early childhood trajectories for
health, education and economic wellbeing. Developmental neu-
rorehabilitation, 18(1), 37-46. https://doi.org/10.3109/17518423
.2014.964378

Drummond, M. F.; Sculpher, M. J., Claxton, K., Stoddart, G. L., &
Torrance, G. W. (2005). Methods for the economic evaluation of
Health Care Programmes. Oxford: Oxford University Press.

El Achkar, C. M., & Spence, S. J. (2015). Clinical characteristics of
children and young adults with co-occurring autism spectrum
disorder and epilepsy. Epilepsy & behavior: E&B, 47, 183—190.
https://doi.org/10.1016/j.yebeh.2014.12.022

Fleming, M., Fitton, C. A., Steiner, M. F. C., McLay, J. S., Clark, D.,
King, A., Mackay, D. F., & Pell, J. P. (2019). Educational and
health outcomes of children and adolescents receiving antiepi-
leptic medication: Scotland-wide record linkage study of 766
244 schoolchildren. BMC Public Health, 19(1), 595. https://doi.
org/10.1186/s12889-019-6888-9

Frew, E. J., Sandercock, J., Whitehouse, W. P., & Bryan, S. (2007).
The cost-effectiveness of newer drugs as add-on therapy for

@ Springer

children with focal epilepsies. Seizure, 16(2), 99-112. https://doi.
org/10.1016/j.seizure.2006.10.017

Hawkins, N., Epstein, D., Drummond, M., Wilby, J., Kainth, A., Chad-
wick, D., & Sculpher, M. (2005). Assessing the cost-effective-
ness of new pharmaceuticals in epilepsy in adults: the results
of a probabilistic decision model. Medical decision making: an
international journal of the Society for Medical Decision Mak-
ing, 25(5), 493-510. https://doi.org/10.1177/0272989X 05280559

Health Information and Quality Authority (HIQA). Guide-
lines for the economic evaluation of health tech-
nologies in Ireland 2020. https://www.hiqa.ie/

reports-and-publications/health-technology-assessment/
guidelines-economic-evaluation-health

Health Services Executive (HSE). (2021). Hospital charges. Retrieved
October 15, 2021, from https://www.hse.ie/eng/about/who/
acute-hospitals-division/patient-care/hospital-charges/

Hirfanoglu, T., Serdaroglu, A., Cansu, A., Soysal, A. S., Derle, E., &
Gucuyener, K. (2009). Do knowledge of, perception of, and atti-
tudes toward epilepsy affect the quality of life of Turkish chil-
dren with epilepsy and their parents? Epilepsy & Behavior: E&B,
14(1), 71-77. https://doi.org/10.1016/j.yebeh.2008.08.011

Hirvikoski, T., Mittendorfer-Rutz, E., Boman, M., Larsson, H., Lich-
tenstein, P., & Bolte, S. (2016). Premature mortality in autism
spectrum disorder. The British journal of psychiatry: the journal
of mental science, 208(3), 232-238. https://doi.org/10.1192/bjp.
bp.114.160192.

Hunter, R. M., Reilly, C., Atkinson, P., Das, K. B., Gillberg, C., Chin,
R. F, Scott, R. C., Neville, B. G., & Morris, S. (2015). The
health, education, and social care costs of school-aged children
with active epilepsy: a population-based study. Epilepsia, 56(7),
1056-1064. https://doi.org/10.1111/epi.13015

Hussain, S. A., Ortendahl, J. D., Bentley, T., Harmon, A. L., Gupta,
S., Begley, C. E., Khilfeh, 1., & Knoth, R. L. (2020). The eco-
nomic burden of caregiving in epilepsy: an estimate based on a
survey of US caregivers. Epilepsia, 61(2), 319-329. https://doi.
org/10.1111/epi.16429

Jacoby, A., & Austin, J. K. (2007). Social stigma for adults and chil-
dren with epilepsy. Epilepsia, 48(Suppl 9), 6-9. https://doi.
org/10.1111/5.1528-1167.2007.01391.x

Jarbrink, K., McCrone, P., Fombonne, E., Zandén, H., & Knapp, M.
(2000) Cost-impact of young adults with high-functioning autis-
tic spectrum disorder. Research in Developmental Disabilities
28(1), 94-104.

Jennum, P., Gyllenborg, J., & Kjellberg, J. (2011). The social
and economic consequences of epilepsy: a controlled
national study. Epilepsia, 52(5), 949-956. https:/doi.
org/10.1111/5.1528-1167.2010.02946.x

Jennum, P., Pickering, L., Christensen, J., Ibsen, R., & Kjellberg, J.
(2016). Welfare cost of childhood- and adolescent-onset epi-
lepsy: a controlled national study. Epilepsy & behavior: E&B, 61,
72-77. https://doi.org/10.1016/j.yebeh.2016.04.044

Jennum, P., Christensen, J., Ibsen, R., & Kjellberg, J. (2016). Long-
term socioeconomic consequences and health care costs of child-
hood and adolescent-onset epilepsy. Epilepsia, 57(7), 1078—1085.
https://doi.org/10.1111/epi.13421.

Knapp, M., Snell, T., Healey, A., Guglani, S., Evans-Lacko, S., Fer-
nandez, J. L., Meltzer, H., & Ford, T. (2015). How do child and
adolescent mental health problems influence public sector costs?
Interindividual variations in a nationally representative British
sample. Journal of Child Psychology and Psychiatry, and Allied
Disciplines, 56(6), 667-676. https://doi.org/10.1111/jcpp.12327

Lavelle, T. A., D’Cruz, B. N., Mohit, B., Ungar, W. J., Prosser, L.
A., Tsiplova, K., Vera-Llonch, M., & Lin, P. J. (2019). Fam-
ily Spillover Effects in Pediatric cost-utility analyses. Applied
health economics and health policy, 17(2), 163—174. https://doi.
org/10.1007/540258-018-0436-0


http://dx.doi.org/10.1016/j.seizure.2006.10.017
http://dx.doi.org/10.1016/j.seizure.2006.10.017
http://dx.doi.org/10.1177/0272989X05280559
https://www.hiqa.ie/reports-and-publications/health-technology-assessment/guidelines-economic-evaluation-health
https://www.hiqa.ie/reports-and-publications/health-technology-assessment/guidelines-economic-evaluation-health
https://www.hiqa.ie/reports-and-publications/health-technology-assessment/guidelines-economic-evaluation-health
https://www.hse.ie/eng/about/who/acute-hospitals-division/patient-care/hospital-charges/
https://www.hse.ie/eng/about/who/acute-hospitals-division/patient-care/hospital-charges/
http://dx.doi.org/10.1016/j.yebeh.2008.08.011
http://dx.doi.org/10.1192/bjp.bp.114.160192
http://dx.doi.org/10.1192/bjp.bp.114.160192
http://dx.doi.org/10.1111/epi.13015
http://dx.doi.org/10.1111/epi.16429
http://dx.doi.org/10.1111/epi.16429
http://dx.doi.org/10.1111/j.1528-1167.2007.01391.x
http://dx.doi.org/10.1111/j.1528-1167.2007.01391.x
http://dx.doi.org/10.1111/j.1528-1167.2010.02946.x
http://dx.doi.org/10.1111/j.1528-1167.2010.02946.x
http://dx.doi.org/10.1016/j.yebeh.2016.04.044
http://dx.doi.org/10.1111/epi.13421
http://dx.doi.org/10.1111/jcpp.12327
http://dx.doi.org/10.1007/s40258-018-0436-0
http://dx.doi.org/10.1007/s40258-018-0436-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1186/s12883-015-0494-y
http://dx.doi.org/10.2196/16407
http://dx.doi.org/10.3310/hta13290
http://dx.doi.org/10.3310/hta13290
https://www.autistica.org.uk/what-is-autism/coronavirus/make-the-most-of-a-telephone-appointment
https://www.autistica.org.uk/what-is-autism/coronavirus/make-the-most-of-a-telephone-appointment
https://www.autistica.org.uk/what-is-autism/coronavirus/make-the-most-of-a-telephone-appointment
http://dx.doi.org/10.1007/s10803-011-1306-x
http://dx.doi.org/10.2147/NDT.S120509
http://dx.doi.org/10.1001/jamapediatrics.2014.210
http://dx.doi.org/10.1001/jamapediatrics.2014.210
https://www.pssru.ac.uk/project-pages/unit-costs/unit-costs-2015/
https://www.pssru.ac.uk/project-pages/unit-costs/unit-costs-2015/
http://dx.doi.org/10.3109/17518423.2014.964378
http://dx.doi.org/10.3109/17518423.2014.964378
http://dx.doi.org/10.1016/j.yebeh.2014.12.022
http://dx.doi.org/10.1186/s12889-019-6888-9
http://dx.doi.org/10.1186/s12889-019-6888-9

Journal of Autism and Developmental Disorders

Lee, D., Gladwell, D., Batty, A. J., Brereton, N., & Tate, E. (2013).
The cost effectiveness of licensed oromucosal midazolam (Buc-
colam(®)) for the treatment of children experiencing acute
epileptic seizures: an approach when trial evidence is limited.
Paediatric  drugs, 15(2), 151-162. https://doi.org/10.1007/
$40272-013-0009-5

Lee, D. C., Gladwell, D., Hatswell, A. J., Porter, J., Brereton, N., Tate,
E., & Saunders, A. L. (2014). A comparison of the cost-effective-
ness of treatment of prolonged acute convulsive epileptic seizures
in children across Europe. Health economics review, 4, 6. https://
doi.org/10.1186/s13561-014-0006-6

Liu, X., Sun, X., Sun, C., Zou, M., Chen, Y., Huang, J., Wu, L., &
Chen, W. X. (2022). Prevalence of epilepsy in autism spectrum
disorders: a systematic review and meta-analysis. Autism, 26(1),
33-50.

MIMS Ireland (2019). MPI Media Ltd., Dublin, Ireland. Retrieved
October 15 h 2021 from https://www.mims.ie/

National Clinical Guideline Centre (UK). (2012). The epilepsies: The
diagnosis and management of the epilepsies in adults and chil-
dren in primary and secondary care. Royal College of Physicians
(UK).

NICE (2021). Epilepsies: diagnosis and management. Retrieved Octo-
ber 15 h 2021 from https://www.nice.org.uk/guidance/cg137

NICE (2023). Glossary. https://www.nice.org.uk/glossary

Perucca, E., Battino, D., & Tomson, T. (2014). Gender issues in antiep-
ileptic drug treatment. Neurobiology of disease 72 Pt B, 217-223.
https://doi.org/10.1016/j.nbd.2014.05.011

Samba Reddy, D. (2017). Sex differences in the anticonvulsant activ-
ity of neurosteroids. Journal of neuroscience research, 95(1-2),
661-670. https://doi.org/10.1002/jnr.23853

Snell, T., Knapp, M., Healey, A., Guglani, S., Evans-Lacko, S., Fer-
nandez, J. L., Meltzer, H., & Ford, T. (2013). Economic impact of

childhood psychiatric disorder on public sector services in Brit-
ain: estimates from national survey data. Journal of child psy-
chology and psychiatry, and allied disciplines, 54(9), 977-985.
https://doi.org/10.1111/jcpp.12055

Whitehead, S. J., & Ali, S. (2010). Health outcomes in economic eval-
uation: the QALY and utilities. British medical bulletin, 96, 5-21.

Widjaja, E., Guttmann, A., Tomlinson, G., Snead, O. C. 3rd, & Sander,
B. (2021). Economic burden of epilepsy in children: a popula-
tion-based matched cohort study in Canada. Epilepsia, 62(1),
152—162. https://doi.org/10.1111/epi.16775

Wijnen, B., van Mastrigt, G., Evers, S., Gershuni, O., Lambrechts,
D., Majoie, M., Postulart, D., Aldenkamp, B., & de Kinderen,
R. (2017). A systematic review of economic evaluations of treat-
ments for patients with epilepsy. Epilepsia, 58(5), 706-726.
https://doi.org/10.1111/epi.13655

Zack, M. M., & Kobau, R. (2017). National and state estimates of
the numbers of adults and children with active epilepsy - United
States, 2015. MMWR. Morbidity and Mortality Weekly Report,
66(31), 821-825. https://doi.org/10.15585/mmwr.mm663 1al

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


http://dx.doi.org/10.1111/jcpp.12055
http://dx.doi.org/10.1111/epi.16775
http://dx.doi.org/10.1111/epi.13655
http://dx.doi.org/10.15585/mmwr.mm6631a1
http://dx.doi.org/10.1007/s40272-013-0009-5
http://dx.doi.org/10.1007/s40272-013-0009-5
http://dx.doi.org/10.1186/s13561-014-0006-6
http://dx.doi.org/10.1186/s13561-014-0006-6
https://www.mims.ie/
https://www.nice.org.uk/guidance/cg137
https://www.nice.org.uk/glossary
http://dx.doi.org/10.1016/j.nbd.2014.05.011
http://dx.doi.org/10.1002/jnr.23853

	﻿Economic Evaluation of anti-epileptic Medicines for Autistic Children with Epilepsy
	﻿Abstract
	﻿Methods
	﻿Modelling: Impact on Healthcare Providers
	﻿Model Review
	﻿Comparators
	﻿Model Structure
	﻿Mortality
	﻿Utilities
	﻿Sensitivity Analysis


	﻿Modelling: Impacts on Families
	﻿Data
	﻿Estimation of Costs
	﻿Analysis

	﻿Results
	﻿Modelling: Impact on the Health Care Provider
	﻿Base Case Analysis


	﻿Discussion
	﻿References


