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INTRODUCTION 

India and other developing countries are undergoing a phase of epidemiological 

transition where in the burden of non-communicable diseases (NCD) is increasing. This 

transition is probably due to transformation of scenario with improving health care services 

in preventive and promotive domains. Among various NCDs, Neurological disorders 

contribute to significant proportion of global burden. (1)  

Two principal documents which have been published by World Health 

Organization (WHO) and World federation of Neurology bring attention to the public 

health challenges posed in management of Neurological disorders, especially in the 

developing countries with limited resources.(2) In this context, it is of prime importance to 

determine the magnitude and pattern of Neurological disorders in India through 

neuroepidemiological approach to facilitate planning and prioritizing health needs at local, 

regional and national levels of health care delivery system.  

 Epilepsy is a chronic non-communicable disease of the brain that affects people of 

all ages. The cardinal manifestations of epilepsy are epileptic seizures: that is, recurrent 

paroxysmal events characterized by stereotyped behavioral alterations reflecting the neural 

mechanisms involved in the epileptic process. Around 70 million people worldwide have 

epilepsy, making it one of the most common neurological diseases globally. (3) Nearly 80% 

of people with epilepsy live in low- and middle-income countries. It is estimated that up to 

70% of people living with epilepsy could live seizure- free if properly diagnosed and 

treated. The risk of premature death in people with epilepsy is up to three times higher than 

for the general population. Three quarters of people with epilepsy living in low-income 

countries do not get the treatment they need. In many parts of the world, people with 

epilepsy and their families suffer from stigma and discrimination. (3) 
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REVIEW OF LITERATURE 

Epilepsy: Global Scenario: 

 The GBD collaboration gives a detailed, comparable, systematic method of 

quantifying health loss by age, sex, disease, year, location, and socio-demographic status. 

In the recent GBD report on the burden of neurological diseases, idiopathic epilepsy – 

defined as epilepsy of genetic origin or without a definite infective, metabolic, immune or 

structural cause; accounted for 5·0% of total neurological DALYs and 1·3% of all 

deaths.(4) Globally, idiopathic epilepsy ranked fifth among neurological disorders after 

stroke, migraine, dementia, and meningitis.  Epilepsy accounted for more than 13 million 

DALYs, that is 0·56% of total DALYs globally as per GBD 2016 study. There was a 

significant decrease in DALY rates (19·4%) and mortality (24·5%) with respect to idiopathic 

epilepsy, comparing the trends from 1990 to 2016. However, the age standardized 

prevalence rate remained stable globally.(5) This probably is due to increased access to 

treatment leading to lesser severity of the disease with lower risk of death. In middle and 

low Socio-Demographic Index (SDI) countries, still, there is a substantial treatment gap 

which might be due to stigma, misconceptions , and insufficient financial resources which 

explains the larger proportion of severe epilepsies and higher case fatality.(6) 

Within the south Asia region (India, Nepal, Pakistan, Bangladesh, Bhutan), more 

than half of the total DALYs due to epilepsy (as estimated from GBD 2016) were accounted 

from India. (5) Huge burden from India can be explained by large population, lower income 

and education, competing infectious and non-communicable diseases, inadequate 

resources, sociocultural prejudices, and the low importance given for public health aspects 

of epilepsy. However, there is a significant decline in mortality (31.4%) and DALY rate 

(31.7%), comparing trends from 1990 – 2016. (5) 
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Epidemiology of Epilepsy in India: 

Prevalence of Epilepsy 

India, during 1960s and 1970s Epilepsy was included in mental morbidity surveys 

which were conducted by Psychiatrists with research grant from ICMR. The crude 

prevalence rate of Epilepsy ranged from 2.2 – 10.4 per 1000 population. Limitations being 

small sample size in most but one and that definition of Epilepsy was not included. The 

other concern was it is not clear whether the questionnaire was designed to differentiate 

generalized, focal seizures with or without dyscognitive features. [Table 1] Later in 1969, 

“Collaborative epidemiological study of Epilepsy in India”, a hospital based study was 

initiated in New Delhi, Bombay, Kolkata, Bangalore and Chennai. This study provides 

valuable data on clinical, electrical parameters and psychosocial aspects with follow up 

over 4 years. From 1968 to 2014, fifteen prevalence surveys have been done in different 

parts of the country. [Table 2] 

Table 1: Prevalence rate of epilepsy based on Mental morbidity surveys 1962 - 1976 

Author Place Population Size Crude rate 

Surya, 1962(7) Ponndicherry Urban 2730 2.2 

Dube, 1962(8) Agra Urban/Rural 29468 2.24 

Sethi, 1962(9) Lucknow Rural 2691 2.2 

Nandi, 

1975(10) 

West Bengal Rural 3718 4.6 
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Table 2:  

Prevalence rate of epilepsy based on Neuroepidemiological surveys, 1968-2008 

Author Place Population Size Crude rate 

Mathai, 1968-69(11) Tamil Nadu Urban/Rural 45778 9.0 

Gourie- Devi, 1982-83(12) Karnataka Urban/Rural 57660 4.6 

Bharucha, 1985(13) Maharashtra Urban 14010 4.7 

Koul, 1986(14) Kashmir Rural 63645 2.5 

Kapoor, 1986(15) Haryana Rural 48798 4.0 

Das, 1989-1990(16) West Bengal Rural 37286 3.0 

Mani, 1990-91(17) Karnataka Rural 64963 7.6 

Saha, 1992-93(18) 
South 

parganas 

Rural 20842 3.6 

Kokkat, 1993(19) Haryana Rural 8595 5.6 

Gourie- Devi, 1994-95(20) Karnataka Urban/Rural 102557 8.8 

Radhakrishnan,  

1996-97(21) 

Kerala Semiurban 238102 4.9 

Das, 2003-04(22) Kolkata Urban 52377 5.6 

Rajsekhar, 2003-04(23) Tamil Nadu Urban/Rural 50617 3.8 

Goel, 2007-08(24) Dehradun Rural 14086 6.5 

Pandey, 2014(25) Chandigarh Urban/Rural 3684 6.2 
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 The interpretation and extrapolation of data in vast country like India, amidst these 

different rates, caution must be exercised in the presence of few well-designed, population 

based, multicentric studies conducted with standardized protocols. It is important to 

recognize that the prevalence rates of India were comparable as in other developing 

countries. The crude prevalence rate of Epilepsy has wide variation – China 4.4 – 4.6, (26) 

Turkey 7.0, (27) Sri Lanka 9.0, (28) Pakistan 9.9 per 1000 population. (29) The prevalence 

rate was much higher in rural population compared to Urban in Pakistan and Turkey 

(Pakistan – 14.8 rural, 7.4 urban; Turkey – 8.8 rural, 4.5 urban). (27, 29) 

Etiology of Epilepsy in India: 

 The etiology of epilepsy has direct link with the type of seizure. Most of the 

population-based studies in India have recorded higher frequency for generalized epilepsy 

ranging from 54.5-79%.(13, 14, 17) While most of the hospital-based studies have shown 

higher frequency for focal epilepsy, ranging from 57-80%.(30, 31) The fact that 

bystanders/respondents look for most striking part of semiology, misclassification of focal 

seizure with secondary generalization as generalized seizure in population-based studies 

might be the reason for differences between hospital- and population-based studies. 

 Inspite of the major advances in control and prevention of communicable diseases 

in India, Neuroinfections still contribute to significant proportion of seizures and 

remain a challenge to government.(32) The most common mechanism causing 

epilepsy in neuroinfections is proinflammatory cytokine induced neuronal 

hyperexcitability. Acute symptomatic seizures can be manifestation of bacterial 

meningoencephalitis, viral encephalitis, CNS TB, malaria, Neurocysticercosis 

(NCC), and other emerging/ re-emerging infections.(32) 
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 The relation between epilepsy and NCC has been explored for long. Among various 

Indian studies, the prevalence of active epilepsy related to NCC varied from 1.3-4.5 

per 1000.(33, 34) Despite the fact that NCC was reported in nearly third of all cases 

of acute epilepsy in both urban and rural areas of Vellore, in Kerala among people 

living with epilepsy (PWE) low seroprevalence of systemic cysticercosis was 

noted.(35) 

 There has been rising trend for Post Traumatic Seizures (PTSs) with increasing 

motorization resulting from RTA, violence, industrial accidents. Majority of PTSs 

were noted between 5-44 years age, as they are more vulnerable to injuries. Early 

PTSs are common in children, while late PTSs are common in traumatic brain injury 

with early PTSs, brain contusion, subdural hematoma.(36) 

 In elderly, stroke in most common cause for epilepsy followed by metabolic 

derangement.(37) However, only few studies from India are available addressing 

the metabolic etiology such as fluid-electrolyte disturbances and Inborn errors of 

metabolism.(38, 39) 

 Most frequent causes for secondary epilepsy in developing countries are 

Neuroinfections, NCC and neurotrauma which are potentially preventable with 

appropriate community interventions. 

Refractory Epilepsy in India: 

Seizures which respond poorly to medications are referred to as refractory or 

intractable. Epidemiology and burden of medically intractable epilepsy in India is largely 

unknown.(40) Neuroinfections were found to be major cause for intractable epilepsy in 

children as per study form Chandigarh.(41) Another study done from North Indian 

attempted to identified predictors of refractory epilepsy and noted age of onset before 14 

years, delayed mile stones, high initial seizure frequency, partial seizure type, febrile 
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seizures, structural cerebral abnormality, non-response to first AED as significant 

predictors.(42) It is prudent to recognize these patients with risk of refractory epilepsy early 

in clinical course so as to evaluate for a possible surgical treatable cause which would also 

minimize polypharmacy and its related adverse effects. 

Education: 

 Having epilepsy in early years of life has an adverse impact on development of 

children. Children with epilepsy, more so in the rural regions often do not get into schools, 

experience decreased attention, have difficulties in coping abilities, exhibit behavioral 

problems, and have poor academic performance.(43, 44) As a result, they experience 

discrimination in school and might discontinue education.  

 Tandon PN et al., in a multicentric, hospital-based study showed adverse outcome 

of education because of epilepsy in 26.1% of urban patients and 38.3% of rural patients. 

(45) Another study from Bengal reported social deficits - limited peer group activities 

among children with epilepsy.(46) Lack of adequate knowledge among teachers and peer 

groups in addition to parental attitudes worsens the condition. This would result in poor 

academic achievements and higher school dropouts. 

Employment: 

 People with epilepsy (PWE) do not usually obtain a sustainable job and are less 

likely to retain an existing job. Difficulties faced include non-availability of jobs, increased 

stress, discrimination, frequent absenteeism, poor performance, and finally loss of job. The 

situation become much worse if a PWE had seizures while in the workplace. This would 

result in social stigma and most of the time leads to job termination. 
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 Varma et al., in Kerala observed that 58% of PWE were unemployed, compared 

with 19% of the general population. This is due to AED-induced fatigue, seizure-

related falls in workplace, inadequate education.(47) 

 Das et al., reported 20.6% of patients on AEDs were unemployed and also 5.7% 

had lost their job with higher proportion being those who discontinued 

medications.(48)  

 A recent review supports patients with controlled seizures to drive at least personal 

vehicles once adequate seizure control is achieved as the risk is not significantly 

higher than other chronic diseases like cardiac ailments, diabetes, or even for those 

who consume alcohol.(49) 

 

 

Marriage: 

 The stigma of epilepsy is more pronounced, especially during marriage. For 

females, it is the issue of child-bearing and child-rearing while for males, it is the issue of 

employment and income. PWE, usually do not disclose their disease status at time of 

proposal fearing failure of negotiations, increased dowry or cancellation of engagements 

upon disclosure. 
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Table 3: Studies on adverse impact of epilepsy on marriage 

Study Observation 

Agarwal et al.(50) 

Delayed marriage, lower marriage rate, suspended marriage, and 

higher divorce rate in PWE as compared to general population 

Santosh et al.(51) 

~55% of people with epilepsy have concealed their disease 

status at the time of marriage. Among those who concealed their 

epilepsy status at the time of marriage; 18% were divorced, 20% 

were separated, and 45% were disturbed 

Das et al.(48) 

Adverse treatment outcome due to marital disharmony among 

PWE 

 

 

 

Economic impact: 

 Epilepsy forces a substantial economic burden to PWE and their family.  

1. Direct cost includes medical costs related to diagnosis, treatment and rehabilitation, 

prevention, and non-medical cost related to travelling, housekeeping, etc. 

2. Indirect costs include loss of time, productivity, and wages incurred by PWE.  

3. Intangible costs include the psychosocial pain, stigma, and suffering. 
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Table 4: Economic impact of epilepsy in India 

Study Place Remark 

Haroon et al.(52) New Delhi 

Direct costs varied from INR 5942.7 with one 

AED to INR 10,683.4 with four AED. Higher 

monthly cost for the newer AEDs as compared 

with older drugs. Among the newer drugs, 

clobazam had the lowest cost 

Murthy et al. (53) 
Hyderabad 

 

Direct costs exceed the indirect cost because of 

the higher investigation cost involved. 

Thomas et al.(54) Trivandrum 

Cost of drug decreased for monotherapy and 

increased for polytherapy at the last followup. 

Monotherapy accounted for 8.8% and 

polytherapy accounted for 22.8% of per capita 

gross national income 

Thomas et al.(55) 

Multicenter 

study 

The annual economic burden of epilepsy was 

estimated as 88.2% of GNP per capita and 0.5% 

of the GNP which was equivalent to INR 68.75 

billion (US$1.7 billion) 

 

Stigma and Quality of life (QOL): 

 PWE are vulnerable to numerous pervasive stigmas in India and other developing 

countries. These act as significant barrier for utilization of available services and delivery 

of effective epilepsy care. Stigma interferes with adherence to treatment, timely access to 

health care and lifestyle changes. Overall, stigma results in poor quality of life for 
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individual as well as their family. The family response to PWE ranges from overprotection, 

anxiety, confusion, depression, guilt to even avoidance which results in major 

psychological consequences in the form of isolation, loss of self-esteem, suicide. Being 

dependent on medications, is also another factor which affects QOL. 

 

Table 5: Stigma in epilepsy: 

Study Place Remark 

Nehra et al.(56) 

New 

Delhi 

High prevalence of stigma, and its role in decreasing 

QOL and causing disability in PWEs.  

Frequent discrimination of PWE in occupational, 

social, emotional, and married life 

Kumari et al.(57) Ranchi 

Stigma was higher, while quality of life was poorer 

for new cases when compared to old cases 

Varma et al.(47) Kerala 

15.8% of unemployed were denied job because of 

epilepsy. Of the 38 who disclosed their status to their 

employer, 8 (11.1%) had been dismissed from their job 

and 8 (11.1%) had to repeatedly change jobs. 

Pandian et al.(58) Kerala 

13% of the students were found reluctant to 

sit adjacent to or play alongside a child with 

epilepsy in the classroom.  
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Table 6: QOL among PWE: 

Study Place Remark 

Arya et al.(59) Haryana 

Overall QOL was more affected in terms of low 

self-esteem and physical restrictions, whereas 

cognitive functions and social activities were less 

affected. Parental education, socioeconomic 

status, and frequency/type of seizure did not 

significantly affect the QOL 

Ashwin et al.(60) Karnataka 

The QOL was lower in the psychological 

domain. Age >30 years, female, and being 

married were associated with poor QOL scores 

Rakesh et al.(61) Tamil Nadu 

The presence of anxiety, lack of primary 

education, being single, separated or widowed, 

increasing age, low per capita income, and 

having a seizure episode in the past year are 

associated with lower QOL among people with 

epilepsy 

Shetty et al.(62) Karnataka 

Older patients, female patients, and married 

people had poor quality of life 

Thomas et al.(54) Kerala 

Frequent seizures and use of polytherapy were 

associated with poor QOL 
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Mortality: 

There is awareness recently that people can die prematurely from epilepsy. The risk 

of death in people with epilepsy is more as compared to the general population. People with 

epilepsy may lose their lives from accidents, suicide, or the underlying cause of their 

condition, such as brain tumours or infections. Yet, the leading cause of epilepsy-related 

death is believed to be sudden unexpected death in epilepsy, also known as SUDEP. The 

distinction between deaths related to epilepsy vs. death unrelated to epilepsy may be 

difficult to ascertain. (63) Deaths related to epilepsy may be secondary to treatment or 

seizure related. Seizure- related deaths, most probably, will relate to status epilepticus, 

suicide, and sudden unexplained death in epilepsy or can happen secondary to 

injuries/accidents. 

Causes of death in epilepsy (64) 

1. Epilepsy -related deaths: Suicides, Status epilepticus, Trauma, burns, drowning, 

Sudden unexpected death in epilepsy, Aspiration pneumonia, Medication side 

effects/Idiosyncratic drug reactions 

2. Related to underlying disease: Brain tumours, Cerebrovascular disease, Cerebral 

infection -  abscess and encephalitis, Inherited disorders - Battens disease 

3. Unrelated deaths: Neoplasms outside central nervous system, Ischemic heart 

disease, Pneumonia and Others 

 

Determinants of mortality 

Various determinants of mortality have been studied, including age, sex, duration of 

epilepsy, type of epilepsy, etiology and has been well documented 
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Mortality by etiology 

Most of the studies have classified as idiopathic-(without a known cause), acute 

symptomatic (seizures within 7 days of insult) or remote symptomatic (seizures after 7 days 

of insult) and congenital neurological deficit. (65, 66) Certain studies included brain tumour 

and degenerative disease in the remote symptomatic group. Among the etiology studied 

SMR for idiopathic epilepsy was almost similar to the general population in the range of 

1.5- 1.84. SMR was 7 or higher for patients with symptomatic (67) or patients with 

congenital neurological deficit. (65, 67, 68) Population studies have found increased SMR 

for cerebrovascular disease, pneumonia and neoplasms. (64, 67, 68) 

Mortality by seizure type 

Type of epilepsy, including absence seizures did not have an increased risk, whereas GTCS 

(67, 68) have found to have an increased role in epilepsy mortality. Patients with myoclonic 

seizures were also found to have increased mortality. (67) 

Mortality by gender and age 

SMR was higher among males in certain studies,(66-68) but this was not evident in other 

study.(64) Compared to age specific mortality rate in general population, patients with 

epilepsy have increased risk of mortality. Mortality was highest in very elderly and 

children. Studies have found an SMR of 5.3-7.2 in children with epilepsy. This is 

predominantly related to deaths secondary to congenital neurological deficits. However, in 

children with idiopathic and cryptogenic epilepsy, there has no increased risk. (69) 

Duration of epilepsy 

A study found that early years after onset of epilepsy have premature mortality when 

compared to epilepsy with long duration. (64) Study by Hauser found. A duration of 
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epilepsy less than 10 years and more than 25 years has been associated with mortality 

risk.(67) Epilepsy secondary to life threatening conditions may be underrepresented studies 

with chronic epilepsy, hence early mortality in such study may not be highlighted. Certain 

studies, however find an increased risk of death in patients with established epilepsy when 

compared with population based studies. (64, 67, 68) This increase in risk of death may be 

related to seizure frequency, uncontrolled epilepsy and underlying condition resulting in 

epilepsy. 

 

Table 7: Studies of mortality in epilepsy 

Author Method Person years SMR 

Hauser et al(67) Population based study 8233 2.3 

Olafsson(68) Population based study 6308 1.6 

Lhatoo et al(64) Population based study 114000 2.1 

Mohanraj(70) 

Newly diagnosed epilepsy 6480 1.42 

Chronic epilepsy 22931 2.04 

Klenerman(71) Epilepsy centre 3392 1.9 

Camfield(66) Children with epilepsy N/A 5.3 
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Sudden unexpected death in epilepsy 

Unified definition of SUDEP – Nashef et al. (72) 
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Predictors of SUDEP: 

 SUDEP incidence has been slightly found to have increased risk among men and 

especially when found to have GTCS. (73, 74) 

 Studies have found that young onset epilepsy, especially with epilepsy onset before 

10 years of age were more prone for SUDEP. (75, 76) 

 Mental retardation, dementia and psychiatric illness, alcohol and other substance 

abuse have not found to be increased in SUDEP patients. (75, 76) 

 The presence of 3 AED’s had a 10 times increased risk of AED.(77)  

 Duration of epilepsy was longer among the SUDEP group than controls.(75, 78) 

 Patients suffering from GTCS are found to have an increased risk of SUDEP, (79) 

when compared to patients with complex partial seizures and absences. Prolonged 

tonic phase has been found to correlate with post-ictal immobility and has a role in 

the mechanism of SUDEP.(79)  

 Idiopathic /cryptogenic epilepsy was at a lower risk of SUDEP compared to 

symptomatic epilepsy and females with idiopathic generalized epilepsy were lesser 

prone to epilepsy compared to male with idiopathic generalized epilepsy.(75) 
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AIMS AND OBJECTIVES 

AIMS – 

1. To estimate the burden of epilepsy using disability adjusted life years (DALY) as 

a measure among people with epilepsy (PWE) residing in Kerala 

OBJECTIVES –  

1. To estimate real life time disability with disability weightage as described in 

WHO-GBD DALY methods 2010 and 2016. 

2. To estimate the effect of epilepsy surgery and seizure remission on DALY. 

3. To estimate the effect of seizure type, age of onset and gender on DALY. 
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STUDY MATERIAL AND METHODS 

Place of study:  R. Madhavan Nayar Center for Comprehensive Epilepsy Care (RMNC), 

Sree Chitra Thirunal Institute of Medical Sciences and Technology (SCTIMST), Kerala 

Duration of study: June 2017 to June 2019 

Type of study: Retrospective-Prospective observational study 

Inclusion criteria: 

1. All PWE residing in Kerala and admitted to epilepsy monitoring unit (EMU) of our 

institute between 01/01/2005 to 31/12/2015. 

Exclusion criteria: 

1. PWE with domicile outside Kerala 

2. PWE with non-epileptic events 

Study setting 

The R. Madhavan Nayar Centre for Comprehensive Epilepsy Care (RMNC) is the 

largest centre in India and South Asia catering to the diagnosis, treatment, awareness and 

overall welfare of people with epilepsy. Our centre facilitates epilepsy care through a 

comprehensive care approach i.e. medical, surgical, psychosocial and occupational 

management. Being a tertiary care referral facility, people who get admitted in our centre 

have refractory epilepsy and would require either a syndromic classification or pre-surgical 

evaluation. Nearly half of admission to our EMU are residents outside Kerala. Around 150 

patients are being operated every year including people residing from outside Kerala. An 

organised pattern of communication with PWE exists such that all our patients are under 

regular follow up. 
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Study design: We identified all patients admitted to EMU who fulfilled selection criteria. 

We selected 31/12/2016 as the cut-off date for survival status. We ascertained survival 

status of person by one of the 2 methods. First, if the person has attended clinic after cut-

off date (Clinic based survival). Second, those who have had last visit prior to cut-off date 

were contacted through reply paid letters to verify their survival status (letter based survival 

status). We selected 10% of the total survival pool (clinic based survival + letter based 

survival) for detailed examination. We applied age and sex stratified computerised 

randomization to identify the 10% out of the total survival pool. Those reply letters that 

communicated the demise of person were used to identify the “deaths” during study period. 

Those who did not respond to letter were treated as “Lost to follow up.” The demographic 

characteristics, seizure classification, seizure burden at entry and last visit, surgery for 

epilepsy (if any), remission status were obtained from the medical records of the included 

survivors and expired patients. Details regarding death including age at death, situations 

leading to death, compliance with treatment, seizure burden prior to death were enquired 

telephonically with relatives. 

Definitions: 

1. We have classified seizures as per ILAE New Seizure Classification, May 2017 into 

focal seizures (focal aware vs. focal impaired awareness) and generalised seizures 

(motor vs. non-motor). 

2. According to ILAE classification, 2017, we classified epilepsies as focal epilepsy 

and generalised epilepsy. The term Localisation related epilepsy (LRE) was earlier 

used to describe focal epilepsy. We sub-classified focal epilepsy into Extra-

temporal epilepsy and Temporal lobe epilepsy (TLE).  

3. We considered “remission” as minimum of 1 year of seizure freedom. 
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Figure 1: Flow chart for recruitment of study population. 

Total admissions from 
Kerala in EMU 2005 - 2015

[n=3506]

Patients who attended clinic 
after 31.12.2016  

(Clinic based survivors)

[n=1448]

Patients with 

last visit before 31.12.2016 

[n=1043]

Patients whose date of 

last visit is not known 

[n=1015]

Total letters sent 

[n=2058] 

Letters with replies 

[n=562] 

Letter bounced back 

[n=128] 

Letters without 

reply 

[n=1368] 

Patient’s status:  

survival  
(Letter based survivors) 

[n=522] 

Total Expired 

[40] 

Total Survivors 

[n=1970] 

 

10% survivors [n=200] 

Lost to follow-up 

 [1496] 

Patient’s status: 

expired 

[n=40] 
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Study methods: 

We have calculated DALYs for each individual in the cohort, based on years lost to 

disability (YLD) and years of life lost (YLL). The important parameters for calculation of 

YLD and YLL are as follows: 

1. Disability weight (DW) of epilepsy – DW for epilepsy has been extracted from 

WHO methods and data sources for global burden of disease 2010 and also from 

global burden of disease 2016. 

2. Epilepsy duration, which was calculated in years as the duration from onset of 

epilepsy to remission (for those with no active seizures), to end of expected life 

expectancy (for those with ongoing seizures) or death (for those who were expired). 

3. Life expectancy – Sex stratified life expectancy at birth for people in Kerala was 

extracted from the recent published data.(80) 

4. Age at death – Identified from telephonic interview with relatives of the demised 

PWE. 

 

 

 

 

 

 

Figure 2: Time line for calculating DALY for expired PWE. 

Birth
Epilepsy 

onset

Study 
entry Death

End of 
follow up

Life 
expectancy

Years lost to disability Years of life lost 
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Figure 3: Time line for calculating DALY for surviving PWE in remission. 

 

 

 

 

Figure 4:  Time line for calculating DALY for surviving PWE with ongoing seizures. 

 

Years Lost due to Disability (YLD): 

YLD are the number of years lived with a disability multiplied with a disability weight 

reflecting the severity of the disability. These weights were extracted from WHO methods 

and data sources for global burden of disease 2010 and also from global burden of disease 

2016. Accordingly, YLD as per DW 2010 and DW 2016 have been calculated separately. 

WHO estimates of DALY in GBD 2010 described epilepsy under 4 health states, however 
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the descriptions include only convulsive seizures. Similarly GBD 2016 description of 

health states include only convulsive seizures. However, GBD 2016 has described epilepsy 

under only 2 health states.  

The definitions and DW for each health state has been mentioned as follows. 

 

Table 8: Definition and Disability weight of epilepsy as per WHO-GBD 2010 

Health state Lay description DW 

Epilepsy: treated, 

seizure free 

Had sudden seizures in the past, but they have 

stopped now with medicines. The person has some 

drowsiness, difficulty concentrating and some 

anxiety about future episodes 

0.072 

 

Epilepsy: treated, 

with recent 

seizures 

Has sudden seizures once a month, with violent 

muscle contractions and stiffness and loss of 

consciousness. Between seizures the person has 

some drowsiness, difficulty concentrating and 

anxiety about future episodes. 

0.319 

 

Epilepsy: 

untreated 

Has sudden seizures twice a month, with violent 

muscle contractions and stiffness, loss of 

consciousness, and loss of urine or stool control. 

Between seizures the person has anxiety about 

future episodes 

0.42 

Epilepsy: severe 

Has sudden, prolonged seizures once a week, with 

violent muscle contractions and stiffness, loss of 

consciousness, and loss of urine or stool control. 

Between seizures the person has drowsiness, 

memory loss, difficulty concentrating and anxiety. 

0.657 
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Table 9: Definition and Disability weight of epilepsy as per WHO-GBD 2016 

Health state Lay description DW 

Epilepsy: less 

severe 

Has sudden seizures less than once each month, 

with violent muscle contractions and stiffness, loss 

of consciousness and loss of urine or bowel content 

0.263 

 

Epilepsy: severe 

Has sudden seizures once or more times each 

month, with violent muscle contractions and 

stiffness, loss of consciousness and loss of urine or 

bowel content. Between seizures the person has 

memory loss and difficulty concentrating 

0.552 

 

 

As WHO-GBD methods described DW for only convulsive seizures, we have 

analysed DALY only for generalised seizures, primary as well as secondary generalised. 

However, recent studies have shown that disability remains the same for all seizures, 

irrespective of whether it is generalised, focal, convulsive or non-convulsive. So, we did a 

separate analysis considering both focal and generalised seizures. In our study, disability 

weight for individual has been allotted based on mean seizure frequency starting from time 

of onset to remission, last visit or death.  

 

Years of Life Lost (YLL): 

Years of Life Lost (YLL) YLL are defined as the number of years that death occurred 

earlier than the age the person was expected to die if he/she had not suffered from the 

disorder causing death. In our study, Life expectancy is estimated at the calendar year of 

birth. As the life expectancy of Kerala people has changed over past few decades, we have 

used the mean life expectancy at birth for the calendar year range from oldest to youngest 

recruited subject. 
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Life expectancy 
at birth 1971-80 1981-90 1991-00 2001-10 2011-19 

Mean Life 
expectancy 

Male 62 66.5 69.2 70.7 72 68.1 

Female 64.7 72.3 75.1 77.1 77.8 73.4 

Table 10: Change in life expectancy of Kerala over past few decades 

 

Disability Adjusted Life Years (DALY): 

DALY is a summary measure which combines time lost through premature death and time 

lived in states of less than optimal health. DALY is calculated by the sum of YLL and YLD. 

 

 

 

Statistical methods: 

Continuous variables were expressed in terms of Mean + SD, while categorical variables 

were expressed in terms of frequency, proportion. Comparison of continuous variables 

between 2 groups was done using “Independent sample t-test” while comparison between 

more than 2 groups was done using “ANNOVA”. Independent variables which were 

significantly associated with dependent variable in univariate analysis were subjected to 

multiple linear regression, to find out their independent association. “p” value of <0.05 was 

considered significant. Data was analysed using SPSS software version 16. 

 

 

 

DALY = YLD + YLL 
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Data was described and analysed as follows: 

Analysis 1: Calculating mean DALY as per WHO-GBD 2010 definitions 

1A) Considering both focal + GTCS 

- Age of onset and sex stratified mean DALY 

- Mean DALY as per diagnosis, surgical and survival status 

1B) Considering GTCS alone – Age of onset and sex stratified mean DALY 

Analysis 2: Calculating mean DALY as per WHO-GBD 2016 definitions 

2A) Considering both focal + GTCS 

- Age of onset and sex stratified mean DALY 

- Mean DALY as per diagnosis, surgical and survival status 

2B) Considering GTCS alone – Age of onset and sex stratified mean DALY 

Univariate and multivariate analysis 
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RESULTS 

Study sample: 

 Total of 3506 PWE residing in Kerala were admitted in our epilepsy monitoring 

unit (EMU) during the study period, of which 1970 PWE were identified as survivors either 

by clinical visit or via letter replies, 40 were identified as expired via letter replies and rest 

1496 PWE (who neither had clinical visit nor replied to letter) were considered as lost to 

follow up. The study sample consisted of 10% of survivors (n=200) obtained via computer 

based age at recruitment and sex stratified randomization and all the expired PWE (n=40). 

 Among the study sample, majority were males (n=133, 55%), had onset of epilepsy 

at age <20 years (n=220, 91.6%) and had extra-temporal epilepsy (n=147, 61.25%). Total 

of 58 PWE (24.16%) had clinical-radiological-electrical concordant data for focal onset of 

epilepsy and had undergone epilepsy surgeries, while the rest (n=182, 75.84%) were 

managed with best medical management. The medical management is based on a 

standardised protocol and was decided by the treating neurologist. By the end of study, i.e. 

last visit/death, 120 PWE (50%) had achieved complete seizure freedom, i.e. remission for 

a period of at least 1 year.   

       

Male

55%

Female

45%

Figure 5: Sex distribution 
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Figure 6: Distribution as per age at onset 

 

 

Figure 7: Distribution as per age at recruitment 
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Figure 8: Distribution according to diagnosis 

 

Figure 9: Frequency of remission as per age of onset and gender 
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Figure 10: Survival status 

 

Figure 11: Frequency of Surgical intervention 
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ANALYSIS 

 

Table 11: Mean DALY, for all age and sex groups 

 Mean Std. Deviation 

DALY as per WHO - GBD 2010, focal + GTCS 21.914 22.432 

DALY as per WHO - GBD 2010, GTCS alone 12.402 20.609 

DALY as per WHO - GBD 2016, focal + GTCS 23.115 20.398 

DALY as per WHO - GBD 2016, GTCS alone 17.627 19.549 

 

 

Figure12 
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ANALYSIS 1A: Focal + GTCS, WHO-GBD 2010 definitions 

Table12: Age of onset and sex stratified mean YLD and mean YLL, considering focal + GTCS 

Age 

group 
Sex (n) 

Mean YLD as per GBD2010 

Mean YLL Epilepsy: 

Treated 

Epilepsy: 

Treated with recent seizures 

Epilepsy: 

Untreated 

Epilepsy: 

Severe 

Epilepsy: 

Overall 

<20 

Male (119) 1.687 8.071 14.028 21.709 13.533 9.636 

Female (101) 1.361 9.560 16.338 27.616 15.024 7.095 

Total (220) 1.505 8.715 14.713 24.383 14.218 8.470 

20-39 

Male (11) 1.656 14.387 18.627 10.841 10.655 1.555 

Female (5) 1.800 1.914 2.520 29.039 12.863 9.760 

Total (16) 1.685 8.150 15.406 19.940 11.345 4.119 

>=40 

Male (3) 0.688 0.000 0.000 5.256 2.210 2.033 

Female (1) 0.000 8.103 0.000 0.000 8.103 0.000 

Total (4) 0.688 8.103 0.000 5.256 3.683 1.525 

All ages 

Male (133) 1.622 8.358 14.828 21.015 13.040 8.796 

Female (107) 1.374 9.054 14.803 27.680 14.859 7.153 

Total (240) 1.494 8.671 14.821 24.014 13.851 8.064 
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Table13: Age of onset and sex stratified mean and total DALY, considering focal + GTCS. 

Age 

group 
Sex (n) 

Mean DALY as per GBD2010 
Total DALY 

(Sum) Epilepsy: 

Treated 

Epilepsy: 

Treated with recent seizures 

Epilepsy: 

Untreated 

Epilepsy: 

Severe 

Epilepsy: 

Overall 

<20 

Male (119) 1.687 9.314 23.892 39.655 23.169 2757.136 

Female (101) 2.873 9.560 25.688 41.347 22.119 2234.056 

Total (220) 2.348 9.42 24.424 40.421 22.687 4991.192 

20-39 

Male (11) 1.656 14.387 18.627 19.390 12.209 134.3 

Female (5) 1.800 1.914 40.920 34.239 22.623 113.113 

Total (16) 1.685 8.15 23.086 26.815 15.463 247.413 

>=40 

Male (3) 0.688 0.000 0.000 11.356 4.244 12.731 

Female (1) 0.000 8.103 0.000 0.000 8.103 8.103 

Total (4) 0.688 8.103 0.000 11.356 5.208 20.834 

All ages 

Male (133) 1.622 9.544 22.976 38.404 21.836 2904.167 

Female (107) 2.842 9.054 27.38 41.031 22.012 2355.271 

Total (240) 2.25 9.324 24.215 39.586 21.914 5259.438 
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Figure 13
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Table14: DALY according to diagnosis, surgical and survival status,  

considering focal + GTCS 

Parameter Variable (n) 
DALY as per GBD 2010 

Mean Total 

Diagnosis 

Extra Temporal epilepsy (147) 27.319 4015.896 

Temporal Lobe Epilepsy (82) 13.948 1143.765 

Generalised Epilepsy (11) 9.071 99.777 

Status 
Survivors (200) 14.906 2981.158 

Expired (40) 56.957 2278.281 

Surgery 
No (182) 24.371 4435.498 

Yes (58) 14.206 823.941 

 

 

Figure 14:  
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ANALYSIS 1B: GTCS ONLY, WHO-GBD 2010 definitions 

Table 15: Age and sex stratified mean YLD and mean YLL, considering GTCS only. 

Age 

group 
Sex (n) 

Mean YLD as per GBD2010 

Mean YLL 
Epilepsy: 

Treated 

Epilepsy: 

Treated with recent seizures 

Epilepsy: 

Untreated 

Epilepsy: 

Severe 

Epilepsy: 

Overall 

<20 

Male (119) 2.129 14.646 11.193 14.103 4.172 9.636 

Female (101) 2.250 8.975 27.468 21.615 4.749 7.095 

Total (220) 2.185 11.243 18.168 16.754 4.437 8.470 

20-39 

Male (11) 2.275 0.000 0.000 0.000 2.275 1.555 

Female (5) 2.026 0.000 2.520 22.995 6.318 9.760 

Total (16) 2.221 0.000 2.520 22.995 3.538 4.119 

>=40 

Male (3) 0.688 0.000 0.000 5.256 2.210 2.033 

Female (1) 1.829 0.000 0.000 0.000 1.829 0.000 

Total (4) 1.068 0.000 0.000 5.256 2.115 1.525 

All 

ages 

Male (133) 2.118 14.646 11.193 13.366 3.971 8.796 

Female (107) 2.238 8.975 21.231 21.812 4.795 7.153 

Total (240) 2.171 11.243 16.212 16.478 4.338 8.064 
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Table 16: Age and sex stratified mean and total DALY, considering GTCS only. 

Age 

group 
Sex (n) 

Mean DALY as per GBD2010 
Total DALY 

(Sum) Epilepsy: 

Treated 

Epilepsy: 

Treated with recent seizures 

Epilepsy: 

Untreated 

Epilepsy: 

Severe 

Epilepsy: 

Overall 

<20 

Male (119) 7.226 23.663 37.993 58.276 13.808 1643.169 

Female (101) 6.838 21.508 27.468 58.782 11.844 1196.249 

Total (220) 7.048 22.370 33.482 58.454 12.906 2839.418 

20-39 

Male (11) 3.829 0.000 0.000 0.000 3.829 42.120 

Female (5) 2.026 0.000 40.920 33.395 16.078 80.392 

Total (16) 3.443 0.000 40.920 33.395 7.657 122.512 

>=40 

Male (3) 0.688 0.000 0.000 11.356 4.244 12.731 

Female (1) 1.829 0.000 0.000 0.000 1.829 1.829 

Total (4) 1.068 0.000 0.000 11.356 3.640 14.560 

All ages 

Male (133) 6.772 23.663 37.993 54.366 12.767 1698.020 

Female (107) 6.615 21.508 30.831 55.155 11.948 1278.470 

Total (240) 6.703 22.370 34.412 54.657 12.402 2976.489 
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Figure 15: 
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ANALYSIS 2A: Focal + GTCS, WHO-GBD 2016 definitions 

Table 17: Age of onset and sex stratified mean YLD and mean YLL, considering both focal + GTCS 

Age group Sex (n) 

Mean YLD as per GBD2016 

Mean YLL 
Epilepsy: Less severe Epilepsy: Severe Epilepsy: Overall 

<20 

Male (119) 6.161 17.305 14.776 9.636 

Female (101) 4.972 21.406 15.874 7.095 

Total (220) 5.499 19.033 15.28 8.470 

20-39 

Male (11) 6.049 20.148 15.021 1.555 

Female (5) 6.575 13.855 12.399 9.760 

Total (16) 6.154 17.86 14.202 4.119 

>=40 

Male (3) 2.512 4.416 3.146 2.033 

Female (1) 0.000 14.021 14.021 0.000 

Total (4) 2.512 9.218 5.865 1.525 

All ages 

Male (133) 5.926 17.375 14.534 8.796 

Female (107) 5.018 20.884 15.694 7.153 

Total (240) 5.459 18.844 15.051 8.064 
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Table 18: Age of onset and sex stratified mean and total DALY, considering both focal + GTCS 

Age group Sex (n) 

Mean DALY as per GBD2016 
Total 

DALY Epilepsy: Less severe Epilepsy: Severe Epilepsy: Overall 

<20 

Male (119) 6.161 29.769 24.413 2905.093 

Female (101) 6.484 31.334 22.969 2319.854 

Total (220) 6.341 30.429 23.75 5224.947 

20-39 

Male (11) 6.049 22.591 16.576 182.332 

Female (5) 6.575 26.055 22.159 110.796 

Total (16) 6.154 23.851 18.32 293.128 

>=40 

Male (3) 2.512 10.516 5.18 15.539 

Female (1) 0.000 14.021 14.021 14.021 

Total (4) 2.512 12.268 7.39 29.56 

All ages 

Male (133) 5.926 29.074 23.331 3102.964 

Female (107) 6.487 30.8 22.847 2444.671 

Total (240) 6.215 29.797 23.115 5547.635 
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Figure 16: 

 

0

5

10

15

20

25

<20yrs 20-39yrs >=40yrs All ages

Male 24.413 16.576 5.18 23.331

Female 22.969 22.159 14.021 22.847

Total 23.75 18.32 7.39 23.115

Mean DALY as per WHO-GBD 2016 definitions, considering  both focal and GTCS 



Page | 43  
 

 

Table 19: DALY according to diagnosis, surgical and survival status,  

considering focal + GTCS 

Parameter Variable (n) 
DALY as per WHO - GBD 2016 

Mean Total 

Diagnosis 

Extra Temporal epilepsy (147) 27.689 4070.296 

Temporal Lobe Epilepsy (82) 16.57 1358.722 

Generalised Epilepsy (11) 10.783 118.617 

Status 
Survivors (200) 16.436 3287.272 

Expired (40) 56.509 2260.363 

Surgery 
No (182) 25.54 4648.368 

Yes (58) 15.505 899.267 

 

 

Figure 17: 
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ANALYSIS 2B: GTCS ONLY, WHO-GBD 2016 definitions 

Table 20: Age of onset and sex stratified mean YLD and mean YLL, considering GTCS alone 

Age group Sex (n) 

Mean YLD as per GBD2016 

Mean YLL 
Epilepsy: Less severe Epilepsy: Severe Epilepsy: Overall 

<20 

Male (119) 7.778 16.25 9.273 9.636 

Female (101) 8.22 19.835 10.29 7.095 

Total (220) 7.981 17.905 9.74 8.470 

20-39 

Male (11) 8.308 0 8.308 1.555 

Female (5) 7.399 11.316 8.966 9.760 

Total (16) 8.114 11.316 8.514 4.119 

>=40 

Male (3) 2.512 4.416 3.146 2.033 

Female (1) 6.68 0 6.68 0.000 

Total (4) 3.901 4.416 4.03 1.525 

All ages 

Male (133) 7.736 15.712 9.055 8.796 

Female (107) 8.174 18.983 10.195 7.153 

Total (240) 7.929 17.27 9.563 8.064 
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Table 21: Age of onset and sex stratified mean and total DALY, considering GTCS alone 

Age group Sex (n) 

Mean DALY as per GBD2016 

Mean YLL 
Epilepsy: Less severe Epilepsy: Severe Epilepsy: Overall 

<20 

Male (119) 12.875 47.069 18.91 2250.236 

Female (101) 12.808 38.491 17.385 1755.908 

Total (220) 12.845 43.11 18.21 4006.144 

20-39 

Male (11) 9.863 0 9.863 108.492 

Female (5) 7.399 35.716 18.726 93.629 

Total (16) 9.335 35.716 12.633 202.121 

>=40 

Male (3) 2.512 10.516 5.18 15.539 

Female (1) 6.68 0 6.68 6.68 

Total (4) 3.901 10.516 5.555 22.219 

All ages 

Male (133) 12.39 45.407 17.852 2374.268 

Female (107) 12.551 38.213 17.348 1856.218 

Total (240) 12.461 41.982 17.627 4230.486 
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Figure 18: 
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UNIVARIATE ANALYSIS 

Considering diagnosis, age of onset, gender, surgical intervention and survival status as 

independent variables, ANNOVA was used to analyse their association with DALY 

Table 22: Independent variable – Diagnosis   

Dependent variable 

Extra Temporal 

Epilepsy 

(n=147) 

Temporal Lobe 

Epilepsy  

(n=82) 

Generalsied 

Epilepsy  

(n=11) p 

Mean SD Mean SD Mean SD 

DALY as per WHO-GBD 2010, focal + GTCS 27.32 24.00 13.95 16.45 9.07 17.19 <0.001 

DALY as per WHO-GBD2016, focal + GTCS 27.69 22.04 16.57 15.01 10.78 14.27 <0.001 

DALY as per WHO - GBD2010, GTCS alone 16.17 23.61 6.39 12.73 6.89 12.72 0.002 

DALY as per WHO - GBD2016, GTCS alone 21.59 21.97 11.45 12.70 10.76 13.54 <0.001 

 

 

Table 23: Independent variable – Age of Onset 

Dependent variable 
<10 years (n=150) 

≥10 years 

(n=90) p 

Mean SD Mean SD 

DALY as per WHO - GBD 2010, focal + GTCS 27.05 24.20 13.35 15.88 <0.001 

DALY as per WHO - GBD2016, focal + GTCS 27.60 22.08 15.65 14.52 <0.001 

DALY as per WHO - GBD2010, GTCS alone 15.84 23.65 6.68 12.31 0.001 

DALY as per WHO - GBD2016, GTCS alone 21.33 21.99 11.45 12.44 <0.001 
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Table 24: Independent variable – Gender 

 

Dependent variable 

Male (n=133) Female (n=107) 

p 
Mean SD Mean SD 

DALY as per WHO - GBD 2010, focal + GTCS 21.84 21.91 22.01 23.16 0.952 

DALY as per WHO - GBD2016, focal + GTCS 23.33 19.97 22.85 21.01 0.856 

DALY as per WHO - GBD2010, GTCS alone 12.77 20.95 11.95 20.27 0.760 

DALY as per WHO - GBD2016, GTCS alone 17.85 19.65 17.35 19.51 0.843 

Table 25: Independent variable – Surgical status 

Dependent variable 

No (n=182) Yes (n=58) 

p 
Mean SD Mean SD 

DALY as per WHO - GBD 2010, focal + GTCS 24.37 23.18 14.21 18.00 0.002 

DALY as per WHO - GBD2016, focal + GTCS 25.54 20.99 15.50 16.37 0.001 

DALY as per WHO - GBD2010, GTCS alone 14.24 22.08 6.64 13.69 0.014 

DALY as per WHO - GBD2016, GTCS alone 19.75 20.56 10.96 14.14 0.003 

 

Table 26: Independent variable – Survival status 

 

Dependent variable 

Survivor (n=200) Expired (n=40) 

p 

Mean SD Mean SD 

DALY as per WHO - GBD 2010, focal + GTCS 14.91 16.51 56.96 13.45 <0.001 

DALY as per WHO - GBD2016, focal + GTCS 16.44 14.00 56.51 13.32 <0.001 

DALY as per WHO - GBD2010, GTCS alone 4.08 7.09 54.02 14.66 <0.001 

DALY as per WHO - GBD2016, GTCS alone 10.19 9.31 54.80 14.09 <0.001 



Page | 49  
 

Table 27: Independent variable: Remission 

 

Remission 

(n=119) 

Ongoing (n=121) 

p 

Mean SD Mean SD 

DALY as per WHO - GBD 2010, focal + GTCS 4.05 4.76 39.47 18.78 <0.001 

DALY as per WHO - GBD 2016, focal + GTCS 6.21 5.27 39.73 15.48 <0.001 

DALY as per WHO - GBD 2010, GTCS alone 1.18 0.93 23.43 24.44 <0.001 

DALY as per WHO - GBD 2016, GTCS alone 3.98 19.70 31.04 2.68 <0.001 

 

 

Figure 19: Univariate analysis of DALY as per WHO-GBD 2016, focal +GTCS 
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MULTIVARIATE ANALYSIS 

For the variables which have been found to be significantly associated with the 

dependent variable i.e., DALY in the univariate analysis; multiple linear regression 

analysis was performed to identify their independent association. Multivariate analysis is 

illustrated in the following tables, as –  

 

Table 28: Dependent variable: DALY as per WHO – GBD 2016, focal + GTCS 

Table 29: Dependent variable: DALY as per WHO – GBD 2016, GTCS alone 

Table 30: Dependent variable: DALY as per WHO – GBD 2010, focal + GTCS 

Table 31: Dependent variable: DALY as per WHO – GBD 2010, GTCS 
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Table 28: Dependent Variable: DALY as per WHO – GBD 2016, focal + GTCS 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 26.588 2.366  11.236 <0.001 

Onset Age -.453 .096 -.197 -4.722 <0.001 

Surgery -5.591 2.002 -.118 -2.793 .006 

Survival 37.614 2.266 .689 16.600 <0.001 

Diagnosis -3.087 1.527 -.088 -2.022 .044 

 

Table 29: Dependent Variable: DALY as per WHO – GBD 2016, GTCS alone 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 16.504 1.723  9.581 <0.001 

Onset Age -.408 .070 -.185 -5.840 <0.001 

Surgery -4.660 1.457 -.102 -3.199 .002 

Survival 42.952 1.649 .821 26.042 <0.001 

Diagnosis -.935 1.111 -.028 -.841 .401 
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Table 30: Dependent Variable: DALY as per WHO – GBD 2010, focal + GTCS 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 27.409 2.738  10.011 <0.001 

Onset Age -.519 .111 -.206 -4.676 <0.001 

Surgery -5.127 2.316 -.098 -2.214 .028 

Survival 39.147 2.622 .652 14.932 <0.001 

Diagnosis -4.351 1.766 -.113 -2.464 .014 

 

Table 31: Dependent Variable: DALY as per WHO – GBD 2010, GTCS alone 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 
8.501 1.484  5.730 <0.001 

Onset Age 
-.374 .060 -.161 -6.223 <0.001 

Surgery 
-3.286 1.255 -.068 -2.618 .009 

Survival 
48.739 1.421 .883 34.306 <0.001 

Diagnosis 
-.106 .957 -.003 -.111 .912 
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 Overall Mean DALY as per WHO-GBD 2016 definitions, considering both focal 

and generalised seizures was noted to be 23.115. Both males and females were noted to 

have similar mean DALY, 23.33 ± 19.97 and 22.85 ± 21.01 respectively. PWE with early 

age of onset i.e. <10 years had higher DALY, 27.60 ± 22.08. Also, we observed that PWE 

with extra temporal epilepsy had higher disability (27.69 ± 22.04) than temporal lobe 

epilepsy and generalised epilepsy. Similarly, those who underwent surgery (15.50 ± 16.37) 

and those who achieved remission (6.22 ± 5.28) had lower disability. PWE who expired 

has higher DALY than surviving PWE, 56.51 ± 13.32 and 16.44 ± 14.00 respectively. 

Subsequently, upon univariate analysis, seizure type, age of onset, surgical 

intervention and survival status were noted to be significantly associated with disability, 

irrespective of the definitions used to describe epilepsy i.e. WHO – GBD 2010 or WHO – 

GBD 2016.  

Multiple linear regression among these variables showed that each one of these 

variables is independently significant. By analysing these variables in various combinations 

i.e. definitions as per WHO – GBD 2010 and 2016; considering generalised with/without 

focal seizures, in multiple regression, the model explained variance ranging from 67.7% to 

90%. This would mean, disability is also being influenced by certain other factors.  
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DISCUSSION 

Despite epilepsy being one the important cause of disability among the neurological 

disease, literature regarding global burden of epilepsy from India has been scarce. All the 

DALY estimates available for epilepsy are population based. Till date there is no study 

measuring disability of epilepsy using DALY as measure in real life scenario. Estimates of 

real life DALY helps us to quantify the years of disability adjusted life that an individual 

loses because of the disease. Ours is the prime study to calculate DALY of epilepsy using 

real-life data for every individual. Real life time data indicate the cumulative DALY for a 

person with epilepsy.  

 Calculating DALY is a very difficult task and there exists a lot of dilemma on which 

method to follow. DALY estimates are influenced by both the methods applied and 

population parameters used in the calculation. (81) Population based DALY studies are 

helpful in comparing the burden of disease between different countries/places but fail to 

identify the absolute disease burden on individual perspective. It is in this context that real-

life DALY is important as it estimates cumulative disability for a person. Our study 

provides a basis for understanding the method for calculating DALY on individual basis 

using real-life data. In our study, we observed that occurrence of epilepsy can reduce the 

disability adjusted life span of person by 23.115 years.  

In our study, we have noted that proportion of both male and female PWE was 

similar. However in earlier population based prevalence studies, male predominance was 

noted; which was because women with epilepsy felt to be unmarriageable and consequently 

had active concealment of symptoms or diagnosis among women.(82) While, the recent 

studies, showed reported that the absolute difference in gender specific difference is only 
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minimal.(83) This indicates increasing awareness of epilepsy among females along 

reduction in social prejudice and stigma leading to utilization of medical resources.  

An earlier population based study from South India, Kerala reported seizures based 

prevalence and have noted prevalence of generalised epilepsy to be 58.8%, localization 

related epilepsy to be 30.6% and rest 10.6% being undetermined.(21) But most of hospital 

based studies reported higher rates of focal epilepsies.(30) Our study is on par with other 

hospital based studies in the fact that we noted lower proportion of primary generalised 

epilepsy (PGE) viz. 4.5%, which is far lower than other studies. This is because PGE are 

known to have lower seizure frequency and higher remission rates with optimal medical 

management. Only those with refractory PGE, where there is need for verification of 

syndromic diagnosis, would need admission. Unlike PGE, Localization related epilepsies 

have higher seizure frequencies and are frequently refractory to initial anti-epileptic drugs, 

resulting in higher rate of admission to EMU. 

About 62.5% of our study population had epilepsy onset <10 years. With respect to 

prevalence according to age of onset, Nandi et al., reported a higher prevalence of epilepsy 

in the 1st decade of life as early as 1970s.(84) Whilst the recent studies reported bimodal 

incidence with peaks during early childhood and during 70s and 80s of life.(21, 22). This 

pattern of changes in the age-specific occurrence of epilepsy is likely due to demographic 

transition, changing living conditions, increasing awareness, better help-seeking 

behaviours and improved healthcare services.  
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Table 32: Studies in last decade estimating DALY of epilepsy 

Study 
Place, 

Study period 
Type Remark 

Ding D  

et al.(85) 

Rural China, 

2000 

Population based, 

prevalence-based 

DALY estimation 

YLL – 1 .41/1000 population 

YLD – 0.67 YLD/1,000 population 

DALY – 2.08/1,000 population 

Mortality – 6/1,00,000 extracted 

from literature 

TK 

Banerjee 

et al.(86) 

Kolkata, 

2003-08 

Population based, 

prevalence-based 

DALY estimation 

for 2007-08 

YLL – 755/1 lakh population 

YLD – 14.45 to 31.0/ 1 lakh 

population 

DALY – 846.96/1 lakh population 

Mortality – 26 in the study period 

Wagner 

et al.(81) 

Rural South 

Africa, 2008-

12 

Population based, 

prevalence-based 

DALY estimation 

for 2008-12 

YLL – 3.0/1000 individuals 

YLD – 1.1/1000 individuals 

DALY - 4.1/1,000 individuals 

Mortality - 18.7/1000 person years 

observed 

Current 

study 

Kerala, 

2005-2015 

Hospital based, 

Real-life DALY 

YLL – 8.064/ individual 

YLD – 15.051/individual 

DALY – 23.115/individual 

Mortality – 40 during study period 
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Overall mean DALY per individual estimated in our study, considering both focal 

and generalised seizures, with disability weight as per latest WHO-GBD 2016 was 23.115. 

This implies that a person with epilepsy shall be losing 23.115 years of healthy life due to 

epilepsy. Also we had observed people with epilepsy onset at age < 10 years have 

significantly higher disability that those with later age of onset (27.60 vs. 15.65, p<0.001). 

We also noted that per unit increase in age of onset, there is reduction in DALY by 0.453 

years, which would mean that younger the age of onset, higher is the disability due to 

epilepsy.  

Further we have also noted that focal epilepsy have significantly higher disability 

than PGE. This is because, PGE have low frequency of seizures than that of LRE, and have 

higher remission rates.  In addition, among focal epilepsies, extra temporal epilepsies had 

significantly higher disability than temporal lobe epilepsy (27.69 vs. 16.57, p<0.001). This 

is probably due to the fact that extra temporal epilepsy have more propensity to clustering, 

falls, secondary generalisation.  

 24.16% of study population have underwent epilepsy surgery with successful 

outcome. We have observed the absolute reduction in DALY by 5.591 years when epilepsy 

surgery is timely planned. Rathore C. et al. reported that, approximately 7143 epilepsy 

surgeries have been performed in India, till July 31st, 2016. Presently, 734 epilepsy 

surgeries are carried out in India every year which represents approximately 58% increase 

over the last three and a half years as compared to the previous years. Still, only 2 in 1000 

eligible patients In India undergo epilepsy surgery, and the enormous surgical treatment 

gap continues to persist.(87) Amudhan et al. reviewed treatment gap in India and have noted 

a gap ranging between 22% and 95% with much higher gap in rural population and among 

women. Tribal population of Jharkhand were noted to have very high treatment gap of 95%, 

while a low gap of 22% was reported in the affluent Parsi population in Mumbai. (45) 
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 Our study results also indicate that achieving seizure freedom i.e. remission, is a 

significant factor in reducing the overall burden of epilepsy (6.21 vs. 39.73, p<0.001). We 

observed a reduction in mean DALY by 33.516 upon successful control of seizures, either 

by medical management or by surgical intervention. None of the currently available studies 

in epidemiology of epilepsy have objectively observed the reduction in burden upon 

achieving remission. 

In the current scenario, GDP per capita of India is USD 2,199. Our results indicate 

that effective treatment saves a GDP per capita equivalent of USD 73,701.68. Earlier study 

in Kerala, 1995 by Thomas et al. showed direct and indirect cost of epilepsy was USD 

11,352. (55) Considering 6% inflation rate/year, the estimated current cost of epilepsy 

would be USD 43,361.80 per capita, which implies an economic profit of USD 30,339.88 

per capita. This indicates a huge benefit for the individual in terms of healthy life and a 

significant economic benefit for the country. So, it is an economically beneficial step to 

invest more money in epilepsy care. 

 Furthermore, we also calculated DALY of epilepsy under various permutations. We 

noted that irrespective of differences in health state classification between WHO – GBD 

2010 and WHO – GBD 2016 DALY methods, there is no significant change in mean 

DALY. But when DALY was calculated considering generalised seizures alone, the mean 

DALY showed trend for lower value. This indicates that focal seizure contribute to fairly 

good proportion of the overall burden of epilepsy. A large proportional of PWE have only 

focal epilepsy. Their burden of disease is not accounted for, if we restrict DALY calculation 

to only generalised convulsions. People with focal epilepsy (without generalised 

convulsions) also have significant disability such as difficulty to get driving licence, 

employment and successful social life. So, focal/ non-convulsive seizures are also to be 

given due consideration while planning national health schemes.  



Page | 59  
 

 

STRENGHTS OF STUDY 

1. Ours is a prospectively collected data. 

2. We have a well evaluated study with good follow up details. 

3. Our study provides accurate information pertaining to various aspects the seizure 

burden, severity, age at onset and death 

 

 

 

 

LIMITATIONS OF STUDY 

1. While interpreting our results, it has to be considered that ours is a tertiary care 

facility based study. Consequently, only minor group of generalised epilepsies 

could be studied. 

2. About 42.67% of total PWE residing in Kerala and admitted in our EMU during the 

study period have lost to follow up and attempts to contact them via letters or via 

telephone which was registered as per medical records were in vain. 
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CONCLUSIONS 

1. Real life DALY, rather than prevalence based DALY, is the appropriate measure in 

order to estimate the cumulative disability of a person with disease.  

 

2. Epilepsy leads to loss of 23 years of disability adjusted life for affected person. 

 

3. Epilepsy onset at age < 10 years has significantly higher DALY. 

 

4. Gender difference does not appear to influence the DALY of epilepsy.  

 

5. Focal epilepsy has significantly higher DALY than generalised epilepsy. Within 

focal epilepsy, Extra-temporal epilepsy has higher DALY than temporal lobe 

epilepsy. 

 

6. Premature mortality is the most important contributor to DALY as per our data. 

 

7. Optimal and timely surgical intervention, significantly reduces the DALY and has 

the potential to increase mean seizure free life of individual by 5 years. 

 

8. Achieving seizure remission, either with optimal medical management or 

appropriate surgical intervention, has a significant potential to decrease the life lost. 

This can be extrapolated to economic benefit of USD 30,339.88 per affected person. 
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ANNEXURE – 1 

ABBREVIATIONS 

NCD Non-communicable disease 

WHO World Health Organisation 

GBD Global burden of disease 

DALY Disability adjusted life years 

YLD Years lost to disability 

YLL Years of life lost 

EMU Epilepsy Monitoring Unit 

GTCS Generalised tonic clonic seizures 

GE Generalised epilepsy 

TLE Temporal lobe epilepsy 

ET Extra temporal epilepsy 

PWE People with epilepsy 

AED Anti-epileptic drugs 

SUDEP Sudden unexplained death in epilepsy 

SMR Standardized mortality ratio 

QOL Quality of life 

NCC Neurocysticercosis 

ICMR Indian Council of Medical Research 

SDI Socio-demographic index 

GDP Gross domestic product 
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ANNEXURE – 2 

PROFORMA FOR ABSTRACTING INFORMATION FROM CASES 

 

Study Title: “Disability Adjusted Life Years as measure of Burden of epilepsy in 

persons who undergo seizure monitoring” 
 

Serial Number:  

Date of abstracting the case sheet: 

 

 

SECTION 1 – BASIC INFORMATION ABOUT PATIENT 

 

Hospital No. / MRD No.  

Age, Sex  

Address  

 

SECTION 2 – INFORMATION REGARDING SEIZURES 

 

Epilepsy Syndrome  

Age of onset  

Details at date of admission 

 Type of Seizures 

 Frequency  

 

Details at Latest follow up 

 Type of Seizures 

 Frequency 

 

Whether he was Evaluated for epilepsy surgery?  

Did he undergo epilepsy surgery? 

 If so, date of surgery? 
 

Epilepsy duration  

Follow up duration  
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ANNEXURE – 3 

PROFORMA FOR ABSTRACTING INFORMATION FROM RESPONDENTS 

(IN CASE OF DECEASED PERSON) 

 

Study Title: “Disability Adjusted Life Years as measure of Burden of epilepsy in 

persons who undergo seizure monitoring” 
 

Serial Number:  

Date of abstracting the case sheet: 

 

 

SECTION 1a – BASIC INFORMATION ABOUT THE DECEASED 

 

Hospital No. / MRD No.  

Age, Sex  

Address  

 

SECTION 1b – BASIC INFORMATION ABOUT THE RESPONDENT  

 

Name of respondent  

What is your relationship to the deceased?  

Did you live with the deceased in the period leading 

to her/his death? 

YES              NO  

 

 

SECTION 2a – INFORMATION REGARDING SEIZURES 

 

Epilepsy Syndrome  

Age of onset  

Details at date of onset 

 Type of Seizures 

 Frequency 

 

Whether he was Evaluated for epilepsy surgery?  

Did he undergo epilepsy surgery 

 If so, date of surgery 
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SECTION 3.  

RESPONDENT'S ACCOUNT OF ILLNESS/EVENTS LEADING TO 

DEATH  

 

Age at death: ____ years ____months 

 

Activity at time of death 

 

Asleep ; awake ; Unknown 

Was a seizure witnessed around the time of death? YES              NO 

If not witnessed, was there evidence of a recent 

seizure? 
YES              NO 

If yes, specify 
Incontinence ___  

Tongue bite ___   

Was death witnessed? YES              NO 

Details regarding seizure frequency 

 Type of Seizure 

 Frequency 

 Last seizure 

 

Could you tell me about the illness/events that led 

to her/his death? 
 

CAUSE OF DEATH 

(ACCORDING TO RESPONDENT) 
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ANNEXURE – 4 

POSTAL QUESTIONNAIRE 

To 

Dear , 

We are undertaking a research to estimate the disability of persons with epilepsy. As a 

part of that we are contacting all patients who were admitted to this hospital; between 

01/01/2005 -31/12/2015, to find out their present condition. It appears that you have not 

come to hospital after  --/--/----. 

We would very much like to know about your present health condition. Kindly answer the 

following questions by ticking/ answering the appropriate box and return this paper by 

post. 

1) Are you getting any seizures now?  Yes No 

2) Are you now taking the medication prescribed for epilepsy? Yes No 

3) Are you presently consulting other hospital/doctors for your 

epilepsy treatment? 

Yes No 

4) Current status of the patient 

A)Healthy 

B)Expired  

If Expired, Date of death 

 

Yes 

Yes 

 

No 

No 

 

Kindly return this form in the accompanying postal envelope. 

 Your contact telephone number……………………......................... (If you have no 

objection) 

Please do not hesitate to call us on phone number 9686176343, if you require any 

clarification or assistance for follow up this hospital. 

                                               Thanking you. 

 

                                                                                                                            

Yours sincerely, 

Dr Mohan V. Sumedha Maturu,     Dr Sanjeev V. Thomas, 

Senior resident      Professor of Neurology 
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