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Objective: No national epilepsy program currently exists in India, where an estimated 6–
10 million live with active epilepsy and only 47% of them are treated. The literature on
epilepsy interventions in India and in South Asia focuses on cost-effectiveness analysis of
1st-line anti-epilepsy drugs (AEDs) and does not consider the economic effects of
policies to increase treatment. We analyze the health and economic benefits (including
from the health consumers’ perspectives) of increasing effective coverage to 80% and
publicly financing 1) 1st-line AEDs, 2) 1st- and 2nd-line AEDs, and 3) and 1st- and 2ndline AEDs and surgery.
Methods: We use IndiaSim, an agent-based model, and incorporate an epilepsy disease
model. Agents are in one of four states: disease free, untreated with seizures, treated with
seizures, and treated without seizures. We analyze the benefits from policy intervention
over a 35-year period, until the model population reaches a new equilibrium state. To
evaluate the health benefits and cost-effectiveness we calculate the percent of the
population that is epileptic and untreated, the disability-adjusted life years (DALYs)
averted, direct medical costs paid by the government and dollars per DALY averted. To
analyze the economic benefits we estimate the out-of-pocket (OOP) expenditure averted,
and money-metric value of insurance.
Results: Over 35 years the sequential incremental (to the baseline) DALYs averted and
dollars per DALY averted are: 788 (774–802) DALYs per 100,000 persons and $9.22
($9.05–$9.39) per DALY averted in intervention 1; 107 (94–120) DALYs per 100,000
and $982 ($568–$1,397) per DALY in intervention 2; and 66 (53–80) per 100,000 and
$2,221 (-$4,530–8,973) per DALY in intervention 3. The population averts $19,627
($18,315–$20,940) OOP expenditure per 100,000 in intervention 1, an additional $88,325
($86,619–$90,031) per 100,000 in intervention 2, and $31,394 ($29,399–$33,390) in
intervention 3. The money-metric value of insurance follows a similar trend between
interventions and typically decreases with wealth. Poorer states that avert a high OOP
have the highest money-metric value of insurance. Protection is above $25,000 per
100,000 persons in Bihar, West Bengal, Jammu and Kashmir, and the eastern states of
Minpur and Tripura.
Significance: Expanding and publicly financing epilepsy treatment in India averts
substantial disease and financial burden across wealth quintiles and in all states in India.
All three interventions considered are cost-effective in India.
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Introduction
An estimated 50 million people globally suffer from epilepsy, 80% of whom live in the
developing world (1). Epilepsy can be effectively treated in the majority of cases (2), and
first-line drugs are cost-effective in the developing world (3), but the high treatment gap
in low- and mid-income countries means that people with the disease often do not receive
and benefit from the available treatments (4). This under-treatment leads to a high disease
burden associated with epilepsy; the disease caused approximately 17.4 million
disability-adjusted life years (DALYs) in 2010. This comprises approximately 0.7% of
the total disease burden in 2010 (5); epilepsy was the 20th leading cause of years lived
with disability (6).

An estimated 6–10 million individuals live with active epilepsy in India (7–9), but less
than half receive any epilepsy treatment (4). To overcome the treatment gap and improve
care for people with epilepsy, the Ministry of Health has hosted meetings to discuss the
creation of a national epilepsy program that would potentially increase public awareness
about epilepsy, train healthcare workers to better identify the disease, and provide firstand second-line anti-epilepsy drugs (AEDs) (7), but no national epilepsy program
currently exists. Other experts have noted the need for an expanded epilepsy surgery
program in India (10–12). Increasing access to and financing epilepsy treatment in India
has a potentially great impact: in addition to the high disease burden, epilepsy also causes
a high financial burden in India. Analysis by Thomas et al. found that in 1998 epilepsy
treatment in India cost patients 88.2% of the country’s per capita GNP, and total epilepsy
spending in India amounted to over $1.7 billion (1998 USD) (13).
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This paper evaluates both the cost-effectiveness and financial benefits of a national
program that publicly finances and expands coverage of epilepsy treatment in India.
Using IndiaSim (14), an agent-based model (ABM) that simulates India’s population and
health system, we examine the impact, relative to the current baseline, of incrementally
implementing three policy intervention scenarios. In Intervention 1 the government
provides first-line AEDs and coverage of the first-line therapy increases to 80%. In
Intervention 2 the government provides both first- and second-line AEDs, and coverage
of both first- and second-line therapy is 80%. Finally, in Intervention 3, first-line AEDs,
second-line AEDs, and epilepsy surgery are all publicly financed and coverage of all
three treatments is 80%. For each scenario we estimate the policy intervention’s impact
on five measures: DALYs averted, incremental direct government expenditure, dollars
per DALY averted, out-of-pocket (OOP) expenditure averted, and the money-metric
value of insurance.

Methods
Population data
India’s third District Level Household Survey (DLHS-3), conducted 2007–2008, forms
the basis of IndiaSim. DLHS-3 includes data from 720,000 Indian households, covering
3.4 million individuals from 601 districts (15). The survey contains information on
household demographics, socioeconomic status, and health-seeking behavior. IndiaSim’s
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population is based on a randomly selected subset of DLHS-3 that includes
approximately 1 million individuals who compose 135,000 households.

Disease data

Incidence, spontaneous remission, and excess mortality rates used in our epilepsy model
(Table 1) are by age and gender, obtained from the World Health Organization’s (WHO)
DISMOD II and data from the Global Burden of Disease 2010 for the South Asian region
(16,17). Table 2 lists the treatment-related input data used in the model. In the baseline
scenario we assume a treatment gap of 53% (4), indicating that 47% of individuals with
epilepsy receive treatment. Although the treatment gap includes both individuals who do
not seek treatment (the treatment demand gap) and individuals who seek treatment but do
not receive it (the treatment supply gap), we assume that this gap comes solely from
individuals not seeking treatment. In the model, everyone who seeks epilepsy treatment
receives it, meaning we do not include treatment seeking and consultation costs for those
who are not being treated.

The model includes three treatment options for patients with epilepsy: first-line
antiepileptic drugs (AEDs), lamotrigine, and surgery. Unlike some analyses of epilepsy
treatment in low- and mid-income countries (18,19), we do not limit first-line AEDs to
phenobarbital, but instead assume first-line drugs are prescribed according to the
frequency distribution in Table 2, reflecting the clinician’s choice of treatment (2). We
assume patient adherence to a given treatment regimen is 70%, the median value used in
a past cost-effectiveness analysis of epilepsy drugs in the developing world (3). We
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assume seventy percent of patients respond to first-line AEDs, based on the efficacy of
the older first-line drugs (20). Our model includes two options for second-line treatment
for individuals who do not respond to first-line AEDs: a second-line AED (lamotrigine)
or surgery. We assume one-third of patients are eligible for surgery, and use Engel et al.’s
finding that 64% of patients who receive surgery will be seizure-free following the
procedure (21), as India-based studies have similar results (10). The remaining two-thirds
of patients who do not respond to first-line AEDs will be treated with a second-line AED,
assumed to be lamotrigine, and 42% of patients taking lamotrigine will become seizurefree (22).

We calculated median retail prices for AEDs from CIMS India data (23). The
government prices were reduced based on available price information from the National
Pharmaceutical Pricing Authority (24). The average annual medical and travel costs
related to epilepsy were taken from an India-specific analysis of epilepsy patient costs
from 2001 (13). The medical cost of surgery was taken from a 2000 study of patient costs
at an epilepsy facility in India (10), adjusted for costs included elsewhere in our model.
We assume patient travel costs for surgery are twice those for regular epilepsy treatment,
as the procedure is only available in tertiary care facilities.

Income data
We use in our analysis data on the gross domestic product (GDP) per capita from the
World Bank (25). The wealth quintile GDP per capita distribution is from expenditure
data in the National Sample Survey (NSS) 60th round schedule 25 (26), and the state
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GDP per-capita distribution is from the Indian government Press Information Bureau
(27).

Model

The ABM is a patch model representative of the population at the state level. A patch
represents 1 of 34 states (data on Nagaland is unavailable in DLHS-3). In each patch sets
of individuals are grouped into households representing families.

The model is iterative (timestep of one day), with stochastic disease events and household
reactions to them occurring each day. The disease model is presented in Figure 1. Each
day healthy individuals acquire epilepsy at the rate Λi,j, for age group i of gender j, and
move into the “epileptic without treatment” state. Individuals naturally clear the disease
at the remission rate σN,i,j. Those who seek and receive treatment (at the rate c1) move
into the “epileptic with 1st-line therapy” category. Patients adhere to the treatment at the
rate α. Those taking 1st-line therapy that continue to experience epileptic seizures after
two months switch to 2nd-line treatment — one third are eligible for surgery and the rest
take lamotragine — if they are covered (c2) and move into “epileptic with 2nd-line
therapy” state. We assume that wealth quintiles I-III only choose to undergo surgery if it
is provided for free; otherwise they too take lamotragine. Patients who adhere to
treatment and stop experiencing seizures naturally or due to treatment at rates σt1 (1st-line
therapy) and σt2 (2nd-line therapy) continue taking AEDs for five years. They move into
the “seizure-free with 1st/2nd line therapy” state.
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Newborns enter the “healthy seizure-free” state according to a household child birth
function (see Megiddo et al. (14) for more detail) tied to the state specific birth rates.
Individuals die naturally at rates from WHO life tables (28). Those in epileptic states also
die at the rate of excess mortality (Table 1).

The model was programmed in C++.

Analysis

We run a 50-year burn period, at our baseline assumptions, until the model reaches an
equilibrium state. Following the burn period we run each scenario 100 times for 35 years,
until we reach a new equilibrium state (in the policy intervention scenarios). Analysis
was done in R.

We analyze the effects of the policy interventions on health outcomes and on economics
outcomes. Specifically, we estimate the health burden alleviated by calculating the
DALYs averted and present the dollars per DALY averted to measure the costeffectiveness of interventions. We apply 3 disability weights to calculate DALYs: 0.072
for seizure-free patients; 0.319 for patients with seizures; and 0.42 for untreated epileptic
individuals (29). The DALYs and the policy intervention costs are discounted at 3% and
summed up over the 35-year period. We measure the dollars per DALY from the
government’s perspective, and do not include the OOP expenditure. We compare
interventions to the baseline status quo (not to a null case).
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We estimate the economic impact of the interventions by calculating the (epilepsy
specific) out-of-pocket expenditure averted and the money-metric value of insurance —
the price individuals are willing to pay to avoid expenditure due to a shock events —
following Vergeut et al. (30,31). The outcomes are presented in present day US$. OOP
expenditure, and expected income (given spending on treatment) are discounted at 3%.

Results
The prevalence across the 35 simulation years three groups (treated and seizure-free,
treated with seizures, and untreated epileptics) is presented in Figure 2. In the baseline
scenario prevalence remains relatively constant, although fluctuations persist as our
population demographics change with time. Approximately 0.091% of the population is
treated and seizure-free, 0.030% is treated with seizures, and 0.456% is untreated with
epilepsy in the baseline.

Health benefits

In the intervention scenarios the treated and seizure-free portion of the population
increases significantly in the first 5 years of simulation and then show a small increasing
trend over the remaining 30 years. After 5 (35) years 0.0125% (0.0128%) of the
population is treated and seizure-free in intervention 1, 0.0133% (0.0153%) in
intervention 2, and 0.0135% (0.0157%) in intervention 3. The prevalence of treated with
seizures in intervention 1 mimics the baseline scenario prevalence but is slightly higher
(approximately 0.031% of the population). The group’s prevalence in interventions 2 and
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3 rises up to 0.056% and 0.074% respectively, after 35 years. The portion of untreated
individuals with epilepsy in the population decreases significantly over the duration of
simulation. After 35 years 0.350% of the population is epileptic and untreated in
intervention 1, 0.313% in intervention 2, and 0.286% in intervention 3.

Table 3 includes the incremental present day DALYs averted (across wealth quintiles).
The results represent the present day value for 35 years of policy implementation.
Intervention 1 averts 788 (774–802) DALYs per 100,000 persons. Intervention 2 averts
an additional 107 (94–120) DALYs per 100,000 and intervention 3 averts 66 (53–80)
DALYs incremental to intervention 2. The DALYs averted in intervention 1 are similar
across wealth quintiles, but slightly lower in quintile V. Intervention 2 averts the most
DALYs in wealth quintiles IV and V and intervention 3 only averts DALYs in quintiles
I-III.

Row 1 of figure 3 shows maps of DALYs averted incremental to the baseline per 100,000
in each state. In intervention 1 Delhi and the east coast states stretching from West
Bengal to Tamil Nadu avert the most DALYs; they all avert over 850 DALYs per
100,000 persons over a 35-year period. Punjab, Arunachal Pradesh, Uttarakhand, and
Gujarat gain the most from intervention 2 (relative to intervention 1), each averting over
150 additional DALYs per 100,000. In a few states we cannot discern a significant
difference between interventions 1 and 2; these include states that benefited the most
from intervention 1 (except Tamil Nadu) and Assam, and Jammu and Kashmir.
Intervention 3 does not have a significant impact on DALYs averted in most states. A
few exceptions are Uttar Pradesh (an additional 76 DALYs averted per 100,00 persons;
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CI 51–101), Bihar (90 CI 45–135), Assam (107 CI 41–172), and Karnataka (89 CI 16–
163).

Costs and cost-effectiveness

The sequential incremental present day government expenditure on interventions over 35
years (Table 3) is: $7,219 ($7,175–$7,242) per 100,000 persons in intervention 1;
$82,907 ($81,599–82,595) per 100,000 in intervention 2; and $70,433 ($69,619–$71,247)
in intervention 3. Government expenditure is highest on quintiles I-III in intervention 2
and on quintiles IV and V in intervention 3. Government expenditure in intervention one
is lowest in Puducherry ($3,342 per 100,000; CI $2,702–$3,981) and Goa ($4,416 per
100,000; CI $3,209–$5,624) and is highest in West Bengal and Tripura, which spend
over $11,000 per 100,000 persons (Figure 3; row 2). Both latter states increase
expenditure the most from intervention 1 to intervention 2 (over $120,000 increase on
average). Though they continue to spend the most in intervention 3, their increase in
spending from intervention 2 to intervention 3 is low.

The sequential incremental dollars-per-DALY are presented in Figure 4: $9.22 ($9.05–
$9.39) per DALY averted in intervention 1; $982 ($568–$1,397) in intervention 2; and
$2,221 (-$4,530–8,973) in intervention 3. The dollars per DALY averted with respect to
the baseline for interventions 2 and 3 are $101 ($99–$103) and $167 ($164–$170)
respectively. All three policy interventions are “very cost-effective” under current
conditions according to WHO guideline definitions (32).
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Economic benefits

The population averts $19,627 ($18,315–$20,940) OOP expenditure per 100,000 over 35
years in intervention 1 (Table 3). The OOP expenditure averted seems to decrease with
wealth, but the trend is not significant. Intervention 2 averts an additional $88,325
($86,619–$90,031) per 100,000, and intervention 3 averts $31,394 ($29,399–$33,390) on
top of that. Intervention 2 averts significantly more OOP expenditure for wealth quintiles
I-III than quintiles IV and V. Quintiles I-III do not avert any additional OOP expenditure
in intervention 3, while quintiles IV and V each avert over $13,500 per 100,000 over the
35-year period. The OOP expenditure averted distribution across states (Figure 3; row 3)
is distributed similarly to the government expenditure.

The sequential incremental money-metric value of insurance of intervention over the 35
year period, presented in Table 3, is $4,792 ($4,624–$4,961) per 100,000 in intervention
1, $6,214 ($5,992–$6,436) per 100,000 in intervention 2, and $616 ($351–$881) in
intervention 3. The sequential incremental insurance value decreases with wealth in the
first 2 interventions, but does not provide any additional insurance coverage for wealth
quintiles I-III in intervention 3.

Poorer states and states with high OOP expenditure averted tend to value intervention the
most. In intervention 1, the money metric value of insurance is higher than $9,000 per
100,00 persons in 7 states (Figure 3; row 4). These include the eastern states of Bihar and
West Bengal, northeastern states of Tripura, Manipur, and Meghalaya, Uttar Pradesh, and
Jammu and Kashmir.. In richer states in which OOP expenditure averted is relatively low
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the money-metric is similarly low; the money-metric value of insurance in Tamil Nadu
and Maharashtra is below $3,000 per 100,000. In interventions 2 and 3 the money-metric
value of insurance is above $4,500 and $6,500 respectively, but the trend across states is
similar to intervention 1.

Discussion
In this paper we analyze the health and financial benefits of expanding coverage and
publicly financing epilepsy treatment in India. Although past analyses find epilepsy
treatment is cost-effective in low- and mid-income countries (3,18,33), severe undertreatment of epilepsy persists. We evaluate a hypothetical national epilepsy program that
increases coverage from the current level of 47% of people with epilepsy receiving
treatment to 80%. We demonstrate the incremental benefits to various Indian
subpopulations achieved through government financing of first-line AEDs (intervention
1), first- and second-line AEDs (intervention 2), and first-line AEDs, second-line AEDs,
and surgery (intervention 3).

We find the health benefits accrued under intervention 1 to be relatively equal across
wealth quintiles because we assume an equal treatment gap across wealth quintiles.
Variations in DALYs averted across states in intervention 1 primarily reflect the
underlying demographic differences of the states. Intervention 2, however, provides
greater incremental health benefits to the higher income quintiles and the generally
wealthier western states, such as Gujarat, because surgery has a higher efficacy than
lamotrigine, and we assume that income quintiles I–III will not seek surgery when it is
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financed out-of-pocket. Quintiles IV and V do pay out-of-pocket for surgery in
intervention 2, and thus they benefit from its higher efficacy. Intervention 3, in contrast,
only provides health benefits incremental to intervention 2 to individuals in income
quintiles I–III, as they are the only people who receive surgery in intervention 3 who
were not receiving it previously.

Government costs and OOP averted typically reflect each other in our analysis; as
government costs increase for a given subpopulation, so does the OOP averted for that
group. The exception is the incremental OOP averted for income quintiles Q1–Q3 when
moving from Intervention 2 to Intervention 3. Again, because of the assumption that
individuals in Q1–Q3 do not seek surgery when required to pay for it out-of-pocket,
transitioning to publicly financed surgery increases the government’s costs for the policy
intervention but has an insignificant impact on OOP averted.

Financial risk protection (money-metric value of insurance) is typically highest in poor
subpopulations that avert the most OOP expenditure. In the interventions in our analysis,
that includes the eastern states of Bihar and West Bengal, northeastern states of Tripura,
Manipur, and Meghalaya, Uttar Pradesh, and Jammu and Kashmir. If financial limitations
prevent the government from fully implementing an epilepsy program, identifying these
states—and potentially others—where the intervention has a high impact can improve the
focus of policy interventions.

Our intervention 2 (increasing coverage of first- and second-line treatments to 80% and
government financing of first- and second-line AEDs but not surgery) is very similar to
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the program described by Tripathi et al. as the national epilepsy program currently under
consideration in India (7). Our analysis shows that such a program would be cost saving
for India, though we do not include the program costs necessary to increase coverage,
such as healthcare worker training or public outreach campaigns to increase knowledge
about epilepsy. Higher income quintiles would gain slightly more health benefits than
lower income quintiles under a program that increases the coverage of treatment
(including surgery) and provides AEDs but does not finance surgery.

Although this paper adds to the discussion on expanding coverage of epilepsy treatment
in India, it does suffer from several limitations. We assume that both income and
treatment costs will be constant over the 35-year period of analysis. Further, the costs
included in the analysis are not an exhaustive list of costs associated with the policy
interventions described. We do not include the costs to the government to distribute
AEDs or the program and infrastructure costs needed to achieve 80% coverage of
epilepsy treatment. As recently as 2009 less than 200 epilepsy surgeries were conducted
in India annually (12). In intervention 3 of the model, however, approximately 45,000
patients receive epilepsy surgery in a given year. We do not include the costs needed to
achieve this increase in capacity. Including these costs would increase the government
expenditure required to implement the intervention scenarios.

We find epilepsy treatment in India to be more cost-effective than previous analyses
found for India (18), South Asia (19), and the developing world at large (3). All three
studies use disability weights of 0.15 based on past Global Burden of Disease (GBD)
studies, despite belief that the weight was too low. GBD 2010 updated the disability
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weights for epilepsy to 0.42 for untreated epilepsy, 0.319 for treated epilepsy with
seizures, and 0.072 for treated epilepsy without seizures. Using higher disability weights
increases the cost-effectiveness of a given intervention, as it results in the interventions
averting a higher number of DALYs than if a lower disability weight were used. Our
cost-effectiveness results for intervention 1, which covers first-line AEDs, are also not
directly comparable to Chisholm’s results for first-line drugs because we look at the
impact of increasing from 47% to 80% coverage and he studies a scenario of going from
0% coverage to 50% and then increasing from 50% to 80%.

Evaluating prospective national epilepsy policies with an agent-based model allows for
exploring the distribution of impact across different population subgroups, but the
accuracy and level of detail possible in such an analysis is restricted by the quality of the
input parameters. Here, we extrapolate impact across states and income quintiles based
on the underlying population distribution of those groups, but we do not capture all
potentially relevant covariates. Improving the model parameters would improve the
model output.

We find that increasing coverage of epilepsy treatment and providing publicly financed
first- and second-line epilepsy therapy is cost-effective in India. These results enable
policy makers to consider the health and financial benefits potential programs accrue to
different Indian subpopulations and can help guide future decision-making about a
national epilepsy program in India.
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Table 1. Disease input parameters
Male
Age Group
(years)
<1
1-4
5-9
10-14
15-19
20-24
25-34
35-44
45-54
55-64
65-74
75-84
85+

Incidence Remission
0.0014
0.0012
0.0009
0.0007
0.0007
0.0006
0.0004
0.0004
0.0005
0.0006
0.0009
0.0012
0.0014

0.2111
0.1714
0.1023
0.0606
0.0686
0.0691
0.0544
0.0459
0.0545
0.0683
0.1022
0.1398
0.1711

Female
Excess
mortality
0.0067
0.0053
0.0028
0.0021
0.0042
0.0058
0.0072
0.0089
0.0084
0.0078
0.0104
0.0139
0.0189

Incidence Remission
0.0013
0.0011
0.0009
0.0007
0.0006
0.0006
0.0004
0.0004
0.0004
0.0005
0.0008
0.0012
0.0014

0.0013
0.0011
0.0009
0.0007
0.0006
0.0006
0.0004
0.0004
0.0004
0.0005
0.0008
0.0012
0.0014

Excess
mortality
0.0054
0.0043
0.0022
0.0016
0.0032
0.0045
0.0055
0.0068
0.0064
0.0059
0.0079
0.0106
0.0145
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Table 2. Treatment input parameters
Variable
Treatment parameters
Treatment gap
Adherence
1st-line AED distribution
Phenobarbital (30mg)
Carbemazepine (200mg)
Phenytoin (100mg)
Valproate (200mg)
2nd-line treatment distribution
2nd-line AED (lamotrigine)
Surgery
% respond to treatment
1st-line AED
2nd-line AED
Surgery
Cost paramters
Drugs: retail price
1st-line AED
2nd-line AED
Drugs: government purchase price

1st-line AED
2nd-line AED
Average annual costs
Non-surgical medical costs*
Travel cost
Surgery costs (one-time)

Value

Source

53%
70%

Meyer et al. 2010
Chisholm (2005)

50%
30%
10%
10%

Authors' assumption

67%
33%

Authors' assumption

70%
42%
64%

Annegers et al. (1979)
Schiller & Najjar (2008)
Engel et al. (2003)

$34.19
$211.37

$11.91
$102.81
$22.90
$16.46

http://www.cimsasia.com/India/
Median of brands in India; weighted
by 1st-line distribution
Median of brands in India
Calculated from retail prices and
government purchase prices India
and Tamil Nadu

Thomas et al. (2001)
Thomas et al. (2001)

Calculated from Rao &
Radhakrishnan (2000), excluding
Surgery-related medical costs
$1,093.53
AEDs and non-surgical medical costs
Authors' assumption, based on
Travel cost
$32.92
Thomas et al. (2001)
* Includes outpatient consultation, diagnostic investigation, and hospitalization.
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Table 3. Incremental health and economic outcomes per 100,000 persons (20,000 in each wealth quintile)
Quintile

DALYs averted
Government expenditure
OOP expenditure averted
Money-metric value of insurance

I – poorest

156
(150–162)
$1,499
($1,478–$1,520)
$4,507
($3,824–$5,190)
$1,926
($1,785–$2,067)

II

III

IV

Policy intervention 1 (incremental to baseline)
161
159
160
(155–166)
(152–166)
(155–166)
$1,394
$1,544
$1,414
($1,373–$1,415)
($1,525–$1,563)
($1,395–$1,432)
$4,064
$3,947
$3,326
($3,516–$4,613)
($3,421–$4,473)
($2,755–$3,897)
$1,024
$886
$657
($959–$1,089)
($834–$938)
($614–$700)

V – richest

Total

151
(144–158)
$1,369
($1,348–$1,389)
$3,783
($3,155–$4,412)
$299
($278–$319)

788
(774–802)
$7,219
($7,175–$7,242)
$19,627
($18,315–$20,940)
$4,792
($4,624–$4,961)

Policy intervention 2 (incremental to policy intervention 1)
20
15
16
25
31
107
(14–26)
(9–20)
(10–22)
(20–30)
(25–38)
(94–120)
Government expenditure
$18,285
$17,451
$18,468
$14,540
$13,353
$82,097
($18,049–$18,520) ($17,219–$17,683) ($18,231–$18,706) ($14,343–$14,737) ($13,130–$13,577) ($81,599–$82,595)
OOP expenditure averted
$22,996
$21,086
$23,857
$12,333
$8,054
$88,325
($22,167–$23,825) ($20,415–$21,756) ($23,161–$24,552) ($11,593–$13,074) ($7,192–$8,916) ($86,619–$90,031)
Money-metric value of insurance
$2,495
$1,361
$1,320
$778
$259
$6,214
($2,312–$2,679)
($1,278–$1,445)
($1,250–$1,390)
($722–$834)
($231–$288)
($5,992–$6,436)
DALYs averted

Policy intervention 3 (incremental to policy intervention 2)
20
23
22
1
0
66
(14–26)
(18–29)
(16–28)
(-4–7)
(-7–6)
(53–80)
Government expenditure
$12,690
$12,941
$12,867
$15,949
$15,986
$70,433
($12,274–$13,106) ($12,603–$13,279) ($12,491–$13,243) ($15,607–$16,292) ($15,621–$16,350) ($69,619–$71,247)
OOP expenditure averted
$125.75
$62.65
$4.73
$13,748.08
$17,453.15
$31,394
(-$839–$1,090)
(-$718–$843)
(-$827–$836)
($12,883–$14,613) ($16,452–$18,454) ($29,399–$33,390)
Money-metric value of insurance
$7.45
$4.42
$2.62
$360.23
$241.52
$616
(-$211–$226)
(-$95–$104)
(-$81–$87)
($293–$427)
($208–$275)
($351–$881)
DALYs averted
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Results are over 100 simulations and 35 years; they are presented in present day values.
Baseline effective coverage for 1st-line and 2nd-line therapy is 47% and treatment is paid
out-of-pocket; intervention 1 effective coverage for 1st-line therapy is 80% and for 2ndline therapy 47% and treatment for the latter is paid out-of-pocket; intervention 2
effective coverage for 1st-line and 2nd-line therapy is 80% and treatment is paid out-ofpocket only for surgery; and intervention 3 effective coverage for 1st-line and 2nd-line
therapy is 80% and neither is paid for out-of-pocket. Wealth quintiles I-III only choose to
undergo surgery when there is no out-of-pocket charge. OOP – out of pocket; DALYs –
disability-adjusted life years
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Figures
Figure 1. Epilepsy model

Λi,j
Healthy
seizure-free

Epileptic without
treatment

σN,i,j
τ
(1-α)(σN,i,j+σt2)

1-α +α(1-c2)(1- σN,i,j-σt1)
σN,i,j+σt1
Seizure-free with
1st/2nd-line
therapy

α(σN,i,j+σt2)
Epileptic with
2nd-line therapy

c1

α(σN,i,j+σt1)

αc2

Epileptic with
1st-line therapy

(1-α)(1- σN,i,j-σt2)
Λi,j is the incidence rate for age group i of sex j; c1 and c2 are the effective coverage of 1st(1st-line AEDs) and 2nd-line (Lamotragine or surgery along with 1st-line AED) therapy;
α is the treatment dropout rate due to adherence; σN,i,j is the natural clearance rate for age
group i of gender j, and σt1 and σt2 are the clearance rates with therapy; and τ is the rate of
stopping treatment when not having seizures. Individuals are born into the healthy and
seizure-free category, and individuals die (exogenous deaths or epilepsy deaths in the
epileptic states) and leave the model from all states.
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Figure 2. Epileptic prevalence groups over time

Results are over 100 simulations. Baseline effective coverage for 1st-line and 2nd-line
therapy is 47% and treatment is paid out-of-pocket; intervention 1 effective coverage for
1st-line therapy is 80% and for 2nd-line therapy 47% and treatment for the latter is paid
out-of-pocket; intervention 2 effective coverage for 1st-line and 2nd-line therapy is 80%
and treatment is paid out-of-pocket only for surgery; and intervention 3 effective
coverage for 1st-line and 2nd-line therapy is 80% and neither is paid for out-of-pocket.
Wealth quintiles I-III only choose to undergo surgery when there are no out-of-pocket
charges.

Figure 3. Health and economic outcomes per 100,000 persons in each state
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Results are over 100 simulations and 35 years; they are presented in present day values.
Baseline effective coverage for 1st-line and 2nd-line therapy is 47% and treatment is paid
out-of-pocket; intervention 1 effective coverage for 1st-line therapy is 80% and for 2ndWorking papers are in draft form. This working paper is distributed for purposes of comment and
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line therapy 47% and treatment for the latter is paid out-of-pocket; intervention 2
effective coverage for 1st-line and 2nd-line therapy is 80% and treatment is paid out-ofpocket only for surgery; and intervention 3 effective coverage for 1st-line and 2nd-line
therapy is 80% and neither is paid for out-of-pocket. Wealth quintiles I-III only choose to
undergo surgery when there are no out-of-pocket charges. States in which the standard
error is large and we cannot differentiate the results from no effect are greyed out. OOP –
out of pocket; DALYs – disability-adjusted life years.
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Figure 4. Sequential incremental dollars per disability-adjust life year (DALY)
averted

Results are over 100 simulations. Costs and health benefits are discounted at 3% and
aggregated over 35 years. Baseline effective coverage for 1st-line and 2nd-line therapy is
47% and treatment is paid out-of-pocket; intervention 1 effective coverage for 1st-line
therapy is 80% and for 2nd-line therapy 47% and treatment for the latter is paid out-ofpocket; intervention 2 effective coverage for 1st-line and 2nd-line therapy is 80% and
treatment is paid out-of-pocket only for surgery; and intervention 3 effective coverage for
1st-line and 2nd-line therapy is 80% and neither is paid for out-of-pocket. Wealth
quintiles I-III do not choose to undergo surgery unless it is free of charge.
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