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Abstract
Background A third of people with epilepsy are drug resistant. People with drug-resistant epilepsy (DRE) have a higher risk 
of mortality and physical injuries than those who respond to anti-seizure medication (ASM). This study describes patient 
characteristics, comorbidities, and mortality in people with DRE in the UK.
Methods The Clinical Practice Research Datalink was utilised to select people with DRE prescribed a third ASM between 
1 January 2011 and 31 March 2021. Annual incidence and prevalence of DRE, patient characteristics, comorbidities, and 
mortality rates were analysed. Subgroup analysis was performed by age, sex, presence of intellectual disabilities and time 
from epilepsy diagnosis to DRE.
Results A total of 34,647 people with DRE were included (mean ± SD age 42.68 ± 23.59 years, 52.6% females). During the 
study period, annual DRE incidence ranged from 1.99% to 3.12%. As of 31 March 2021, DRE prevalence was 26.6% (95% 
confidence interval [CI] 26.3%–26.8%). A greater proportion of people with DRE resided in the most deprived regions, with 
21.1% and 16.7% in the top two quintiles of the Index of Multiple Deprivation respectively, compared to < 15% in the three 
less deprived regions. All-cause mortality ranged from 3,687 to 4,802 per 100,000 persons with DRE, four times higher than 
that in the general population in the UK. Variations existed across subgroups.
Conclusions Considerable disease burden was observed in people with DRE in the UK. The findings emphasise the impor-
tance of early DRE diagnosis and appropriate disease management in people who develop DRE.

Keywords Real-world evidence · Refractory epilepsy · Epidemiology · Anti-seizure medications · Disease burden · 
Intellectual disabilities
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Introduction

People with epilepsy can experience recurrent epileptic sei-
zures without any immediately identifiable cause [1]. Cur-
rently, anti-seizure medications (ASMs) are the mainstay of 
treatment. However, approximately a third of people with 
epilepsy have drug-resistant epilepsy (DRE) [2, 3]. The defi-
nition of DRE proposed by the International League against 
Epilepsy (ILAE) in 2010 has been internationally accepted: 
people with epilepsy experiencing a “failure of adequate tri-
als of two well-tolerated and appropriately chosen and used 
ASM schedules (whether as monotherapies or in combina-
tion) to achieve sustained seizure freedom [4].”

People with DRE may achieve control of their symptoms 
with the third drug or remain uncontrolled and continue to 
experience seizures which can severely affect their qual-
ity of life and increase caregivers’ burden [4]. People with 
DRE have been shown to experience a higher risk of mor-
tality and physical injuries compared to people with con-
trolled epilepsy [5]. People with DRE also incur increased 
resource utilisation and pose a greater burden to healthcare 
systems [6, 7]. It has been reported that the healthcare needs 
of people with DRE differ depending on age, sex, disease 
duration, and presence of intellectual disabilities [8, 9]. 
However, most studies regarding DRE and patient profiles 
have been performed in the United States (US), and there 
is limited information on the current burden of DRE in the 
United Kingdom (UK) and the characteristics of this patient 
population.

An understanding of people with DRE and the associated 
impact on mortality and morbidity would be useful to better 
characterise the unmet need of this patient population and 
to improve the management of care for those people within 
the National Health Service (NHS). The current study was 
conducted to quantify DRE as defined by the ILAE criteria 
in the UK and to describe the patient characteristics [4], 
comorbidities, and mortality of this patient population. The 
goal of the study was to provide up-to-date epidemiologi-
cal evidence on people with DRE in the UK. The findings 
of the study may be used by clinicians, researchers, and 

policymakers to better characterise the unmet need of this 
patient population and help plan patient pathways and ser-
vices for people with epilepsy and their carers.

Methods

This is a retrospective, non-interventional cohort study using 
data from the Clinical Practice Research Datalink (CPRD) 
databases from 1 January 2011 to 31 March 2021.

Data source

CPRD is a real-world research UK-based service support-
ing retrospective and prospective public health and clinical 
studies. CPRD is jointly sponsored by the Medicines and 
Healthcare Products Regulatory Agency (MHRA) and the 
National Institute for Health and Care Research (NIHR), as 
part of the Department of Health and Social Care. CPRD 
collects de-identified primary care data from a network of 
general practices across the UK to provide a longitudinal, 
representative UK population health dataset [10]. The proto-
col of the current study (Protocol Reference ID: 22_002201) 
was approved by the data governance framework for CPRD, 
underpinned by the Research Data Governance (RDG) 
process.

Data on patient demographics, such as age, sex, and geo-
graphical location; comorbid conditions; and prescriptions 
are available from CPRD. Linked data from the Office for 
National Statistics (ONS) were used to provide information 
on patient death status and cause of death.

Study design and study sample

Figure 1 depicts the study design. The 2010 ILAE criteria 
were used as a proxy to define the DRE population because 
no DRE-specific clinical codes are available [4]. Based on 
the ILAE criteria [4], DRE was defined if a person with 
epilepsy had a third ASM prescribed as a monotherapy or 
in combination. Read codes and Systematized Nomencla-
ture of Medicine (SNOMED) codes recorded in the CPRD 
databases were used to search epilepsy diagnosis (see Online 
Resource 1 for diagnosis codes) from patients’ date of first 
registration plus one year until the earliest of 31 March 2021, 
date of deregistration in CPRD (e.g., due to relocation), or 
date of death. Then, prescription data from 1 January 2011 
through 31 March 2021 in CPRD were extracted amongst 
people with epilepsy to define people with DRE who had a 
third ASM prescribed (see Online Resource 2 for prescrip-
tion codes).

The index date was defined as the date of DRE diagno-
sis, which was the earliest date within the observational 
period (1 January 2011 through 31 March 2021) that the 
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third unique ASM was prescribed for a person with epilepsy. 
The baseline period started at a patient’s first registration 
into CPRD plus one year and ended on the day prior to the 
index date. A minimum of one year of data in CPRD during 
the baseline period was required for a patient to be included 
in the study sample to observe baseline characteristics and 
comorbidities. The follow-up period started on the index 
date and ended on the earliest of 31 March 2021, date of 
deregistration in CPRD, or date of death.

Study objectives and variables

The study has the following objectives:

1. To quantify DRE as defined by the ILAE criteria in the 
UK.

2. To describe patient characteristics and comorbidities for 
people with DRE in the UK.

3. To assess all-cause mortality and epilepsy-related mor-
tality among people with DRE in the UK.

Patient characteristics and comorbidities were assessed 
at the time of the index date and during the baseline period. 
Mortality occurring any time after the index date was 
reported. Summaries of the study variables and the opera-
tional definitions can be found in Online Resource 3. The 
Wirrell et al. (2022) approach was adopted to define the 
type of epilepsy using a coded entry in CPRD from the first 
epilepsy diagnosis up to the day prior to the index date [11]. 
Four different types of epilepsy were defined according 
to Wirrell et al. [11]: generalised epilepsy, focal epilepsy, 
developmental and epileptic encephalopathy (DEE), and 
unclassifiable epilepsy (see Online Resource 1 for categori-
sation). A person may have multiple diagnoses of epilepsy 
recorded in CPRD from the first epilepsy diagnosis up to 
the day prior to the index date. Each of these diagnoses 
may meet the definition of one of the four types of epilepsy. 
Therefore, a person could have more than one type of epi-
lepsy recorded in CPRD. The following types of epilepsy 

and combinations of records were reported: generalised epi-
lepsy, focal epilepsy, DEE, focal and generalised epilepsy, 
generalised epilepsy and DEE, focal epilepsy and DEE, focal 
/ generalised epilepsy and DEE, and unclassifiable epilepsy.

Statistical analysis

All analyses in this study were descriptive. Summary sta-
tistics were presented as frequencies and percentages for 
categorical variables and as means, standard deviations 
(SDs), medians, interquartile ranges (IQRs), minimum, 
and maximum for continuous variables. Subgroup analy-
sis was conducted by sex (males vs. females); age (children 
aged < 18 years old vs. adults aged ≥ 18 years old at index); 
intellectual disabilities (people with vs. without a diagnosis 
of intellectual disabilities; see Online Resource 4 for code 
list); time from epilepsy diagnosis (patients with time from 
the first epilepsy diagnosis on record to the index DRE diag-
nosis < median vs. ≥ median). No statistical comparisons 
were performed between subgroups.

Patients with missing data on the Index of Multiple Dep-
rivation (IMD) were categorised as “unknown”; no other 
study variables had missing data. Small-number suppression 
was performed in line with CPRD guidance [12]. To prevent 
the risk of unintentional disclosure of patients, all numbers 
with < 5 events or patients were suppressed in figures, tables, 
and text. All analyses were performed using R Statistical 
Software (version 4.2.2) and Microsoft SQL.

Results

Study sample

A total of 305,115 people had at least one diagnosis of epi-
lepsy recorded in CPRD. Of these patients, 34,647 people 
with DRE were eligible for analysis. Figure 2 shows the flow 
chart of the patient selection process.

Fig. 1  Schematic Diagram. 
Abbreviations: ASM anti-seizure 
medication, CPRD Clinical 
Practice Research Datalink, 
DRE drug-resistant epilepsy 1st 

ASM
2nd 
ASM

3rd 
ASM

Epilepsy 
Diagnosis

Pre-index baseline
≥ 1 year of data in CPRD

Post-index follow-up

Study Objec�ves
1. DRE incidence, prevalence
2. Pa�ent characteris�cs and comorbidi�es
3. Mortality

Index
DRE Diagnosis

(1 Jan 2011 to 31 Mar 2021)

Follow-up starts from index DRE diagnosis to the 
earliest date of 31 Mar 2021, deregistra�on in 

CPRD, or death

Baseline starts from the first registra�on in 
CPRD + 1 year to 1 day prior to index DRE 

diagnosis
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DRE incidence and prevalence in the United 
Kingdom

The annual incidence of DRE ranged from 1.99% in 2011 
to 3.12% in 2021 among individuals with epilepsy (Fig. 3). 
The accumulated prevalence of DRE increased from 10.0% 
in 2011 to 26.6% in 2021 among individuals with epilepsy 
(Fig. 3).

Characteristics of people with DRE

Patient demographics

The average age at the time of DRE diagnosis was 
42.68 ± 23.59 years (mean ± SD) in the study population, 
with 17.7% being children (< 18 years) and 82.3% being 
adults. Adult patients were evenly distributed across differ-
ent age groups (Table 1). Females accounted for 52.6% of 
all people with DRE. A disproportionate number of people 
with DRE were seen in the most deprived regions that were 
in the top two quintiles (21.1% and 16.7% in quintile 1 and 
quintile 2, respectively) of the IMD compared to regions that 

Fig. 2  Flowchart of Patient 
Selection. Abbreviations: ASM 
anti-seizure medication, CPRD 
Clinical Practice Research 
Database, DRE drug-resistant 
epilepsy

People with a diagnosis of epilepsy recorded in CPRD
N = 305,115

People with epilepsy who had a third ASM recorded in CPRD 
(i.e., DRE)

N = 74,525

People with epilepsy who had a third ASM recorded on CPRD 
between 1 January 2011 and 31 March 2021

N = 44,300

People with DRE eligible for study
N = 34,647

Exclude 
people without a third ASM 

recorded in CPRD 
N = 230,590

Exclude 
people with a third ASM that was 

not within the observa�onal 
period 

N = 30,225

Exclude 
people without at least 1 year of 

data before the index DRE 
diagnosis
N = 9,653

Fig. 3  Annual DRE Incidence 
and Prevalence in People with 
Epilepsy, 2011 – 2021. Abbre-
viations: DRE drug-resistant 
epilepsy. Note: A linear fitted 
trendline is shown in the dashed 
line for incidence and preva-
lence, respectively. For the last 
year when only partial data of 
the year were available (i.e., 
through March 2021), the inci-
dence of the year was annual-
ised by multiplying the number 
of DRE cases in the first three 
months of 2021 by four; the 
prevalence of the year was 
measured on 31 March 2021. 
For all other years, incidence 
was measured using the actual 
number of cases and prevalence 
was measured on 31 December 
of the year
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were in the three less deprived quintiles (14.8%, 13.8%, and 
12.3% for quintile 3, 4, and 5, respectively).

Figure 4 depicts the geographical distribution of people 
with DRE across the UK. Northwest England (17.5%), the 
South Central (16.8%), West Midlands (13.0%), Southwest 
(12.4%) and greater London (10.8%) accounted for the most 
patients with DRE in the UK, while the East Midlands, Scot-
land, Yorkshire and the Humber, Northeast England, and 
East of England each accounted for a small proportion of 
people with DRE (ranging from 1.7% to 3.3%).

Comorbidities and epilepsy for people with DRE

The average (mean ± SD) Charlson Comorbidity Index 
(CCI) score was 1.14 ± 1.62 in people with DRE, ranging 
from 0 to 14 (Table 2). Approximately half of the study 
cohort (49.7%) scored zero for the CCI. One-third (34.4%) 
scored 1–2, while the rest 16.0% scored greater than 2. 
Among people with DRE, acute bronchitis and bronchioli-
tis (11.5%) were the most common comorbidity within one 
year prior to the index date. Other common comorbidities 
included soft tissue disorders (e.g., shoulder pain and leg 
pain related to rheumatism, 11.2%), back problems (7.4%), 
and other acute upper respiratory infections (6.6%).

Among people with DRE, two-thirds (67.0%) had unclas-
sifiable epilepsy. In the remaining one-third of the DRE 
cohort, around half had generalised epilepsy (14.5%) and 
another half had focal epilepsy (15.8%). People with DEE 

or mixed epilepsy accounted for an insignificant proportion 
(Table 2). The median time between an epilepsy diagnosis 
to a DRE diagnosis was 6.7 years.

Mortality in people with DRE

The crude all-cause mortality ranged from 3,417 to 4,439 
per 100,000 persons with DRE during the period from 2011 
to 2021. The age- and sex-standardised mortality during the 
study period ranged from 3,687 to 4,802 per 100,000 per-
sons with DRE (Fig. 5). Epilepsy-related crude mortality 
(i.e., people who were deceased with epilepsy as the primary 
cause of death as recorded in the ONS death registry) ranged 
from 102 to 207 per 100,000 persons with DRE between 
2011 and 2021. When adjusted by age and sex, epilepsy-
related standardised mortality ranged from 100 to 223 per 
100,000 persons with DRE between 2011 and 2021 (Fig. 5). 
Overall, 2%-6% of people with DRE died of epilepsy-related 
causes every year.

Subgroup analysis

Subgroup analysis was conducted by age (adults vs. chil-
dren), sex (male vs. female), time from epilepsy to DRE 
diagnosis (≥ vs. < median), and history of intellectual dis-
abilities (with vs. without intellectual disabilities). The 
average (mean ± SD) age among children with DRE was 
8.98 ± 4.98 years and 49.93 ± 19.34 years among adults. 

Table 1  Characteristics of 
People with DRE

95% CI 95% confidence interval, ASM anti-seizure medication, DRE drug-resistant epilepsy, Median (Q1, 
Q3) median (first, third quartile), NA not applicable, Q1 to Q5 in Index of Multiple Deprivation quintile 1 
to quintile 5, N number, SD standard deviation

Variable Statistic All patients N = 34,647

Age at index (time of the initiation of the third 
recorded ASM prescription), year

Mean (SD) 42.68 (23.59)

Median (Q1, Q3) 43.00 (23.00, 61.00)
Min, Max 1.00, 105.00

Age at index, N (%)  < 18 years 6135 (17.7%)
18 to 30 years 5584 (16.1%)
31 to 40 years 4450 (12.8%)
41 to 50 years 5044 (14.6%)
51 to 60 years 4720 (13.6%)
61 to 70 years 3748 (10.8%)
71 years and above 4966 (14.3%)

Sex, N (%) Female 18,239 (52.6%)
Male 16,408 (47.4%)

Index of multiple deprivation, N (%) Q1 Most deprived 7308 (21.1%)
Q2 5798 (16.7%)
Q3 5137 (14.8%)
Q4 4793 (13.8%)
Q5 Least deprived 4247 (12.3%)
Unknown 7364 (21.3%)
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Females with DRE were slightly older than males (43.65 
vs. 41.61 years). People with a longer time between epi-
lepsy and DRE diagnosis (≥ 6.7 years) were older (47.95 vs. 
37.41 years) than those with a shorter time between epilepsy 
and DRE diagnosis (< 6.7 years).

People with intellectual disabilities were younger than 
those without (29.53 vs. 44.55 years). While most subgroups 
had more females than males, the proportion of males with 
DRE was higher in children (51.5%) and in those with intel-
lectual disabilities (57.9%). The distribution of geographical 
location and socialeconomic status as measured by the IMD 
for people with DRE was similar across different subgroups.

As shown in Table 2, children (mean ± SD: 0.40 ± 0.79) 
and people with intellectual disabilities (0.61 ± 1.06) 
scored lower on the CCI compared to the overall DRE 
cohort (1.14 ± 1.62) and other subgroups (adults 
1.30 ± 1.70; without intellectual disabilities 1.21 ± 1.67). 
Generalised epilepsy was more common in children 
(21.1% vs. 14.5% overall), people with intellectual dis-
abilities (16.7%), and people with a longer time between 
epilepsy and the DRE diagnosis (16.1%), whereas focal 

epilepsy was more common among those with a shorter 
time between epilepsy and the DRE diagnosis (18.3% vs. 
15.8% overall) and those without intellectual disabilities 
(16.6%). Females had a higher proportion of both gener-
alised (15.4% vs. 13.6%) and focal epilepsy (16.6% vs. 
14.9%) compared to their male counterparts. The propor-
tion of DEE was higher in children (0.7% vs. 0.1% overall).

Incidence and prevalence were both higher among chil-
dren, females, people with a longer time between epilepsy 
and the DRE diagnosis, and people with intellectual dis-
abilities compared to their counterparts. All-cause mor-
tality (both crude and standardised) was higher in males 
and adults. All-cause crude mortality was higher in peo-
ple without intellectual disabilities, whereas standardised 
all-cause mortality was higher in those with intellectual 
disabilities. No consistent difference in all-cause mortal-
ity (both crude and standardised) was observed between 
subgroups by time from epilepsy to DRE. The differences 
in epilepsy-related mortality rates were similar across 
subgroups.

Fig. 4  Geographical distribu-
tion of people with DRE in 
the United Kingdom. Abbre-
viations: DRE drug-resistant 
epilepsy, N number. Notes: 
aResults reflect the population 
coverage of Clinical Practice 
Research Datalink practices, 
which do not necessarily align 
with the real geographical 
distribution of DRE in the UK. 
Results should be interpreted 
with caution. bData from Wales 
are included in the Clinical 
Practice Research Datalink 
but under-represented. No 
Welsh patients with DRE were 
included in the study sample

Scotland
2.7%

North 
West
17.5%

Northern 
Ireland
9.8%

North 
East
3.1%

Yorkshire and 
The Humber

2.9%

Wales

South
West
12.4%

South
East Coast

6.0%

East of 
England

3.3%
London
10.8%

South 
Central
16.8%

West 
Midlands

13.0%

East 
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1.7%

Geographical Region
North West 6,063 17.50%

South Central 5,825 16.80%
West Midlands 4,519 13.00%

South West 4,295 12.40%
London 3,730 10.80%

Northern Ireland 3,410 9.80%
South East Coast 2,067 6.00%

East of England 1,157 3.30%
North East 1,079 3.10%

Yorkshire And The Humber 989 2.90%
Scotland 931 2.70%

East Midlands 582 1.70%

England Total 30,306 87.47%
UK Total (excl. Walesb) 34,647 100.00%

N (%)a
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Table 2  Comorbidities and Epilepsy in People with DRE

DRE drug-resistant epilepsy, Median (Q1, Q3) median (first, third quartile), N number, SD standard deviation
Note: aComorbidities were defined using data within 1 year prior to the index date based on the leading 3 digits of Read codes. bA person may 
have multiple diagnoses of epilepsy recorded in the database. The combinations of types of epilepsy (e.g., focal and generalised epilepsy) indi-

Variable Statistic/Category All patients N = 34,647 Adults 
(Age ≥ 18 years) 
N = 28,512

Children 
(Age < 18 years) 
N = 6135

Charlson Comorbidity Index (CCI)
Mean (SD) 1.14 (1.62) 1.30 (1.70) 0.40 (0.79)
Median (Q1, Q3) 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.00 (0.00, 1.00)
Min, Max 0.00, 14.00 0.00, 14.00 0.00, 6.00

Charlson Comorbidity Index (CCI) category, N (%)
0 17,203 (49.7%) 12,633 (44.3%) 4,570 (74.5%)
1–2 11,916 (34.4%) 10,539 (37.0%) 1,377 (22.4%)
 > 2 5,528 (16.0%) 5,340 (18.7%) 188 (3.1%)

The top 10 most frequently recorded diagnoses, N (%)a

Acute bronchitis and bronchiolitis 1 3,971 (11.5%) – –
Other soft tissue disorders 2 3,888 (11.2%) – –
Back problem 3 2,564 (7.4%) – –
Other acute upper respiratory infections 4 2,280 (6.6%) – –
Neurotic disorder 5 1,863 (5.4%) – –
Other urethral and urinary tract disorders 6 1,789 (5.2%) – –
Disorder of external ear 7 1,483 (4.3%) – –
Asthma 8 1,441 (4.2%) – –
Diabetes mellitus 9 1,382 (4.0%) – –
Joint disorder 10 1,340 (3.9%) – –
History of intellectual disabilities N (%) 4313 (12.4%) 2870 (10.1%) 1443 (23.5%)
Type of epilepsyb

Generalised epilepsy N (%) 5033 (14.5%) 3740 (13.1%) 1293 (21.1%)
Focal epilepsy N (%) 5483 (15.8%) 4650 (16.3%) 833 (13.6%)
Developmental and epileptic encephalopathy (DEE) N (%) 51 (0.1%) 8 (0.0%) 43 (0.7%)
Focal and generalised epilepsy N (%) 842 (2.4%) 684 (2.4%) 158 (2.6%)
Generalised epilepsy and DEE N (%) 9 (0.0%) 5 (0.0%)  < 5
Focal epilepsy and DEE N (%) 7 (0.0%)  < 5 7 (0.1%)
Focal epilepsy, generalised epilepsy, and DEE N (%)  < 5  < 5  < 5
Unclassifiable epilepsy N (%) 23,220 (67.0%) 19,424 (68.1%) 3796 (61.9%)
Time from epilepsy diagnosis to DRE diagnosis, years Mean (SD) 12.43 (14.60) 14.34 (15.34) 3.55 (3.74)

Median (Q1, Q3) 6.70 (1.55, 18.20) 9.21 (2.11, 21.58) 2.13 (0.80, 5.07)
Min, Max 0.00, 86.02 0.00, 86.02 0.00, 17.98

Time from epilepsy diagnosis to DRE diagnosis, years  < 1 year 1,959 (5.7%) 1,611 (5.7%) 348 (5.7%)
1 4923 (14.2%) 3461 (12.1%) 1462 (23.8%)
2 3023 (8.7%) 1889 (6.6%) 1134 (18.5%)
3 2251 (6.5%) 1523 (5.3%) 728 (11.9%)
4 1738 (5.0%) 1230 (4.3%) 508 (8.3%)
5 1487 (4.3%) 1093 (3.8%) 394 (6.4%)
6 1199 (3.5%) 908 (3.2%) 291 (4.7%)
7 1086 (3.1%) 844 (3.0%) 242 (3.9%)
8 1019 (2.9%) 806 (2.8%) 213 (3.5%)
9 928 (2.7%) 763 (2.7%) 165 (2.7%)
10 811 (2.3%) 689 (2.4%) 122 (2.0%)
11 828 (2.4%) 697 (2.4%) 131 (2.1%)
12 781 (2.3%) 688 (2.4%) 93 (1.5%)
13 788 (2.3%) 704 (2.5%) 84 (1.4%)
14 673 (1.9%) 593 (2.1%) 80 (1.3%)
15 649 (1.9%) 604 (2.1%) 45 (0.7%)
 > 15 years 10,504 (30.3%) 10,409 (36.5%) 95 (1.5%)
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Discussions

The results of this study contribute to the knowledge of the 
disease burden of DRE and patient characteristics in the UK. 
As of 31 March 2021, the observed prevalence of DRE in the 
study (26.6%, 95% CI 26.3%–26.8%) was slightly lower than 
previously reported [2, 3]. In two previous meta-analysis 
studies, Kalilani et al. reported an overall prevalence of 30% 
(95% CI 19%–42%) [2], while Sultana reported a prevalence 
of 13.7% (95% CI 9.2%–19.0%) in population / community-
based populations and 36.3% (95% CI 30.4%–42.4%) in 
clinic-based cohorts [3]. The annual incidence was also 
lower in the current study (< 5%) compared to the literature 
(Kalilani 15%, 95% CI 11%–19%; Sultana 19.6%, 95% CI 
14.4%–25.4%) [2, 3].

Variations in the reported incidence and prevalence 
estimates could be attributed to the approach to define 
DRE, patient inclusion criteria, patient characteristics, 
study period, and data sources. For example, Kalilani et al. 
reported that the definition of DRE varied widely across 
studies, with only 12% meeting the ILAE criteria [2]. 
Sultana initially excluded studies using the ILAE criteria 
because it was a newer definition and large-scale population-
based studies were not expected to adopt it [3]. Sultana et al. 
reported that clinic-based studies (vs. population / commu-
nity-based) and focal epilepsy studies (vs. mixed or gener-
alised epilepsy) were associated with higher prevalence [3].

The point prevalence of epilepsy in the UK was approx-
imately 0.5% in our study using the CPRD database 
(= 305,115 people with epilepsy divided by the UK popula-
tion 67,736,802), while the prevalence of epilepsy in Eng-
land is estimated at 0.9% [14]. Thus, the study captures more 
than half of the population living with epilepsy in England. 
It is expected that this comprehensive sample is representa-
tive of the full population of epilepsy in England. Further, 
CPRD is well recognized as a national representative data 
source for real-world evidence research and tends to draw 
its data from across the country thus minimising sampling 
bias [15].

The average age at diagnosis reported in the study (mean 
42.68 years) which, although may be perceived as high, is 
in line with other recent UK studies. For example, Benoist 
et al. (2023)[16] report the mean age of 49 years for indi-
viduals with focal DRE in the UK. Other European countries 
reported similar findings: 51.4 years in Belgium, 50.7 years 
in Spain, 54.4 years in Italy, and 53.3 years in Germany, 
respectively [16]. For the overall study population, the 
mean age at focal DRE (F-DRE) diagnosis was 52.5 years 

cate that a person had a record of different types of epilepsy at different time points from the first record of epilepsy up to the day prior to the 
index DRE diagnosis

Table 2  (continued)
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Fig. 5  All-cause and Epilepsy-Related Mortality in People with 
DRE Compared to the All-Cause Mortality in the General Popula-
tion in the United Kingdom. Abbreviations: DRE drug-resistant 
epilepsy. Notes: aAll-cause crude mortality in people with DRE 
was estimated by dividing the number of all deaths recorded in the 
Office for National Statistics death registry in a given calendar year 
by the total number of alive people with DRE on 31 December of 
the year. bFor the last year when only partial data of the year were 
available (i.e., through March 2021), mortality was estimated on 31 
March 2021. cData on UK crude mortality and standardised mortal-
ity were obtained from the Office for National Statistics death regis-
try [13]. dStandardised mortality rate was estimated by dividing the 
age- and sex-adjusted observed mortality by the age- and sex-adjusted 
expected mortality in a reference European population. eEpilepsy-
related crude mortality was estimated by dividing the number of peo-
ple with DRE who were deceased with epilepsy as the primary cause 
of death as recorded in the ONS death registry in a given calendar 
year by the total number of alive people with DRE on 31 December 
of the year
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as reported by Benoist et al. [16]. The authors also report 
that “similar demographics were seen across the six par-
ticipating countries. In the overall study cohort, the mean 
age at F-DRE diagnosis aligned with previously available 
evidence. In particular, a study of US veterans with DRE 
reported a mean age of 58.3. At the same time, a retrospec-
tive analysis of an Italian population found a mean age of 
53 years for people with F-DRE [16].” The Benoist et al. 
study reports on focal epilepsy, whereas the current study 
was all-inclusive. The differences in the study population 
may explain that the average age at diagnosis was lower due 
to other epilepsy syndromes, for example. Another study by 
Hill et al. (2021) [17] also reports the mean age of patients 
on the date of validated diagnosis being 44.9 years. The 
authors postulate that this finding could be reflective of the 
protracted “treatment journeys” that people with epilepsy 
follow, including diagnosis and treatment delays which 
could lead to delays in diagnosis, and some patients could 
also have late-onset epilepsy [17].

In the study sample, 12.4% of people with epilepsy had 
intellectual disabilities. The figure was noticeably higher 
among children (23.5%). A greater proportion of younger 
patients in the subgroup of people with intellectual dis-
abilities could contribute to the lower burden of comorbid 
conditions as measured by CCI and lower all-cause crude 
mortality compared to those without intellectual disabilities.

Of note is that the average CCI of 1.14 quoted with a large 
standard deviation (1.62) and a wide range (0–14) in our 
study, which is not compared to the other populations. It is to 
highlight that the current study is descriptive in nature, and 
not intended to therefore make any comparisons. However, 
a recent publication by Evans et al. (2023) [18] reported a 
mean CCI score of 1.0 with an SD of 1.5 due to disparities 
among people living with epilepsy in the UK. One reason for 
the wide deviation in the current study is due to the fact that 
we included both children and adults, as children typically 
have low CCI score.

In the current study, we found that the incidence and prev-
alence of DRE varied widely across different subgroups. 
People from socially deprived areas were over-represented in 
the study sample, which suggests that an enhanced targeted 
intervention for this population is needed. Consistent with 
the literature [19, 20], the incidence and prevalence of DRE 
were higher in people with epilepsy who had intellectual dis-
abilities compared to those without intellectual disabilities. 
Females and children were also found to have a higher inci-
dence and prevalence of DRE. Type of epilepsy also varied 
across subgroups. Further research is warranted to examine 
the relationship between type of epilepsy and DRE burden 
as well as clinical outcomes (e.g., mortality).

The findings showed that both the crude and standard-
ised all-cause mortality rates were approximately four 
times higher in people with DRE compared to the general 

population in the UK during the same period. The trend was 
consistent over the study period. This finding highlights the 
need for early diagnosis and appropriate disease manage-
ment for people with epilepsy who have an increased risk 
of DRE.

Limitations and areas for further research

This study is not designed or scoped to compare between 
DRE, well-controlled people with epilepsy, and people 
without epilepsy. This study is based on the secondary use 
of electronic healthcare data in the CPRD databases, with 
data initially collected by clinicians in primary care settings. 
Therefore, the interpretation of data collected retrospectively 
is dependent on the completeness and quality of the medical 
records and the reliability of the abstraction of data from 
CPRD. Second, as a retrospective observational study, the 
current study is descriptive in nature and cannot establish 
causality between the baseline characteristics of people 
with DRE and post-index mortality. Given the descriptive 
nature of the study, relevant to all areas of the UK, covered 
by CRPD, it is also a limitation that further analysis was 
not undertaken on, for example, regional DRE prevalence 
or prevalence adjusted by age categories. This additional 
analysis is therefore an area for further research, which could 
include broadening the scope from a descriptive study to one 
that is more comparative in nature.

Third, the coding algorithms to define the study variables 
(e.g., DRE, intellectual disabilities) are yet to be validated 
using primary clinical records, which could affect the study 
results. The supplementary codes lists provided could be 
used in future studies to define these variables in CPRD and 
to assess the validity of the coding algorithms.

Fourth, although data from Wales are included in the 
CPRD datasets, such data are underrepresented [21, 22]. As 
a result, no patients from Wales were included in the study 
sample. Patient characteristics and treatment options might 
be different in Wales. Therefore, findings from the current 
study should be interpreted with caution when generalising 
results. In addition, the analysis of geographical distribution 
of DRE reflects the population coverage of CPRD practices, 
which does not necessarily align with the geographical dis-
tribution of DRE in the UK. Future studies with well-rep-
resented data are warranted to generate knowledge of DRE 
that can be generalised to all four countries in the UK.

Fifth, the follow-up period in the current study covered up 
to 10 years. However, the real-world patient journey may be 
much longer and complicated in the DRE population. Such 
patient journeys may include—but not be limited to—epi-
lepsy diagnosis, ASM regimen change, DRE diagnosis, and 
additional diagnostic examinations such as electroencepha-
logram. As such, the study follow-up period may not capture 
the entire patient journey for those with DRE. Therefore, the 
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incidence and prevalence of DRE may be underestimated in 
the current study.

Lastly, there was no minimum follow-up length required 
in the study. As such, people who died shortly after the index 
DRE diagnosis were included for analysis. However, patients 
with an index DRE date close to the end of the study may 
have a short follow-up that was insufficient for capturing 
disease outcomes.

Conclusion

This study estimated the incidence and prevalence of DRE, 
characteristics, and mortality in a cohort of people with 
epilepsy from 2011 to 2021 based on data from CPRD in 
the UK and demonstrated considerable disease burden in 
people with DRE. Further research is warranted to examine 
the effect of patient characteristics on treatment pathway 
and clinical outcomes. The findings of the study may be 
generalised to people with epilepsy in the UK and thus may 
improve the understanding of disease burden associated with 
DRE and emphasise the importance of early diagnosis and 
appropriate disease management.

Key message

– All-cause mortality was 4-fold higher among people with 
DRE compared to the general population in the UK.

– -Great variations in DRE prevalence were observed 
across geographic locations and deprivation levels in the 
UK, which may have implication on quality of life and 
the need for resource allocation.

– -Increased disease burden was observed in people with 
intellectual disabilities, indicating the need for personal-
ised care in this population with DRE

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 023- 12165-4.

Acknowledgements Craig Currie from Human Data Sciences (HDS) 
is the Principal Investigator (PI) on the study and was involved in the 
study design.

Author contributions RS, VD, BDR, RL, and OW contributed to the 
study conception. All authors contributed to the design and conduct of 
the study. Data analysis was performed by XLM. All authors contrib-
uted to the interpretation of the results. The first draft of the manuscript 
was written by XLM and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding The study was sponsored by LivaNova PLC, which develops 
devices used for treating people with epilepsy.

Data availability This study is based in part on data from the Clini-
cal Practice Research Datalink obtained under licence from the UK 

Medicines and Healthcare Products Regulatory Agency. The data is 
provided by patients and collected by the NHS as part of their care 
and support. The interpretation and conclusions contained in this study 
are those of the author/s alone.  Copyright© 2023, re-used with the 
permission of The Health & Social Care Information Centre. All rights 
reserved.

Declarations 

Conflict of interest RS has received institutional and research support 
from LivaNova, UCB, Eisai, Veriton Pharma, Bial, Angelini, UnEEG 
and Jazz/GW pharma outside the submitted work. He holds grants 
from NIHR AI, SBRI and other funding bodies all outside this work. 
VD, BDR, RL, and OW were employees of LivaNova at the time of 
the study and manuscript submission. XLM and LG were employees 
of OPEN Health at the time of the study and manuscript submission, 
who received consulting fees from LivaNova.

Ethical approval The study is a retrospective observational study. Only 
de-identified secondary data were used for the study. Approval of the 
study was obtained from the data governance framework for the Clini-
cal Practice Research Datalink, underpinned by the Research Data Gov-
ernance process (Protocol Reference ID: 22_002201).

Consent to participate/publish Not applicable for a retrospective 
observational study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Hauser WA, Annegers JF, Rocca WA (1996) Descriptive epidemi-
ology of epilepsy: contributions of population-based studies from 
Rochester. Minnesota Mayo Clinic Proceedings 71(6):576–586. 
https:// doi. org/ 10. 4065/ 71.6. 576

 2. Kalilani L, Sun X, Pelgrims B, Noack-Rink M, Villanueva V 
(2018) The epidemiology of drug-resistant epilepsy: a systematic 
review and meta-analysis. Epilepsia 59(12):2179–2193. https:// 
doi. org/ 10. 1111/ epi. 14596

 3. Sultana B, Panzini M-A, Carpentier AV, Comtois J, Rioux B, Gore 
G et al (2021) Incidence and prevalence of drug-resistant epilepsy: 
a systematic review and meta-analysis. Neurology 96(17):805–
817. https:// doi. org/ 10. 1212/ wnl. 00000 00000 011839

 4. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser 
W, Mathern G et al (2010) Definition of drug resistant epilepsy: 
consensus proposal by the ad hoc Task Force of the ILAE Com-
mission on Therapeutic Strategies. Epilepsia 51(6):1069–1077. 
https:// doi. org/ 10. 1111/j. 1528- 1167. 2009. 02397.x

 5. Laxer KD, Trinka E, Hirsch LJ, Cendes F, Langfitt J, Delanty N 
et al (2014) The consequences of refractory epilepsy and its treat-
ment. Epilepsy Behav 37:59–70. https:// doi. org/ 10. 1016/j. yebeh. 
2014. 05. 031

https://doi.org/10.1007/s00415-023-12165-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4065/71.6.576
https://doi.org/10.1111/epi.14596
https://doi.org/10.1111/epi.14596
https://doi.org/10.1212/wnl.0000000000011839
https://doi.org/10.1111/j.1528-1167.2009.02397.x
https://doi.org/10.1016/j.yebeh.2014.05.031
https://doi.org/10.1016/j.yebeh.2014.05.031


Journal of Neurology 

 6. Myland M, Buysse B, Tsong W, Power GS, Nordli D, Chin RF 
(2019) Seizure frequency, healthcare resource utilisation and mor-
tality in childhood epilepsy: a retrospective cohort study using the 
THIN database. Arch Dis Child 104(11):1070–1076. https:// doi. 
org/ 10. 1136/ archd ischi ld- 2019- 316910

 7. Strzelczyk A, Griebel C, Lux W, Rosenow F, Reese J-P (2017) 
The burden of severely drug-refractory epilepsy: a comparative 
longitudinal evaluation of mortality, morbidity, resource use, and 
cost using German health insurance data. Front Neurol 22(8):712. 
https:// doi. org/ 10. 3389/ fneur. 2017. 00712

 8. Watkins LV, Linehan C, Brandt C, Snoeijen-Schouwenaars F, 
McGowan P, Shankar R (2022) Epilepsy in adults with neurode-
velopmental disability - what every neurologist should know. Epi-
leptic Disord 24(1):9–25. https:// doi. org/ 10. 1684/ epd. 2021. 1366

 9. Xue-Ping W, Hai-Jiao W, Li-Na Z, Xu D, Ling L (2019) Risk 
factors for drug-resistant epilepsy: A systematic review and meta-
analysis. Medicine (Baltimore) 98(30):e16402. https:// doi. org/ 10. 
1097/ md. 00000 00000 016402

 10. Clinical Practice Research Datalink (CPRD). https:// www. cprd. 
com/. Accessed 21 October 2021

 11. Wirrell EC, Nabbout R, Scheffer IE, Alsaadi T, Bogacz A, French 
JA et al (2022) Methodology for classification and definition of 
epilepsy syndromes with list of syndromes: report of the ILAE 
Task Force on Nosology and Definitions. Epilepsia 63(6):1333–
1348. https:// doi. org/ 10. 1111/ epi. 17237

 12. Guidance on completion of a CPRD Research Data Governance 
(RDG) Application Medicines & Healthcare products Regulatory 
Agency (MHRA) 14 April 2022 https:// cprd. com/ guida nce- compl 
etion- cprd- resea rch- data- gover nance- rdg- appli cation. Accessed 
12 December 2022

 13. Deaths registered by area of usual residence, UK. Office for 
National Statistics (ONS) 01 December 2021. https:// www. ons. 
gov. uk/ peopl epopu latio nandc ommun ity/ birth sdeat hsand marri 
ages/ deaths/ datas ets/ death sregi stere dbyar eaofu sualr eside nceen 
gland andwa les. Accessed 27 July 2023

 14. Wigglesworth S, Neligan A, Dickson JM, Pullen A, Yelland E, 
Anjuman T et al (2023) The incidence and prevalence of epilepsy 

in the United Kingdom 2013–2018: a retrospective cohort study 
of UK primary care data. Seizure 105:37–42. https:// doi. org/ 10. 
1016/j. seizu re. 2023. 01. 003

 15. Mahadevan P, Harley M, Fordyce S, Hodgson S, Ghosh R, Myles 
P et al (2022) Completeness and representativeness of small area 
socioeconomic data linked with the UK Clinical Practice Research 
Datalink (CPRD). J Epidemiol Community Health 76(10):880–
886. https:// doi. org/ 10. 1212/ WNL. 00000 00000 012514

 16. Benoist C, Boccaletti S, Leach JP, Cattaneo A, Chaplin A, 
Antunes L et al (2023) Characterising people with focal drug-
resistant epilepsy: a retrospective cohort study. Epilepsy Behav 
149:109540. https:// doi. org/ 10. 1016/j. yebeh. 2023. 109540

 17. Hill CE, Lin CC, Terman SW, Rath S, Parent JM, Skolarus LE 
et al (2021) Definitions of drug-resistant epilepsy for administra-
tive claims data research. Neurology 97(13):e1343–e1350. https:// 
doi. org/ 10. 1212/ wnl. 00000 00000 012514

 18. Evans K, Stamas N, Li Q, Vincent T, Zhang L, Danielson V et al 
(2023) Patterns of utilization and cost of healthcare services and 
pharmacotherapy among patients with drug-resistant epilepsy dur-
ing the two-year period before neurostimulation: A descriptive 
analysis of the journey to implantation based on analyses of a 
large United States healthcare claims database. Epilepsy Behav 
145:109288. https:// doi. org/ 10. 1016/j. yebeh. 2023. 109288

 19. Sillanpää M (2004) Learning disability: occurrence and long-
term consequences in childhood-onset epilepsy. Epilepsy Behav 
5(6):937–944. https:// doi. org/ 10. 1016/j. yebeh. 2004. 08. 008

 20. Karaoğlu P, Yaş U, Polat A, Ayanoğlu M, Hız S (2021) Clinical 
predictors of drug-resistant epilepsy in children. Turk J Med Sci 
51(3):1249–1252. https:// doi. org/ 10. 3906/ sag- 2010- 27

 21. Release Notes: CPRD GOLD December 2022. https:// cprd. com/ 
sites/ defau lt/ files/ 2022- 12/ 2022- 12% 20CPRD% 20GOLD% 20Rel 
ease% 20Not es. pdf. Accessed 27 July 2023

 22. Release Notes: CPRD Aurum May 2022. https:// cprd. com/ sites/ 
defau lt/ files/ 2022- 05/ 2022- 05% 20CPRD% 20Aur um% 20Rel ease% 
20Not es. pdf. Accessed 27 July 2023

https://doi.org/10.1136/archdischild-2019-316910
https://doi.org/10.1136/archdischild-2019-316910
https://doi.org/10.3389/fneur.2017.00712
https://doi.org/10.1684/epd.2021.1366
https://doi.org/10.1097/md.0000000000016402
https://doi.org/10.1097/md.0000000000016402
https://www.cprd.com/
https://www.cprd.com/
https://doi.org/10.1111/epi.17237
https://cprd.com/guidance-completion-cprd-research-data-governance-rdg-application
https://cprd.com/guidance-completion-cprd-research-data-governance-rdg-application
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsregisteredbyareaofusualresidenceenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsregisteredbyareaofusualresidenceenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsregisteredbyareaofusualresidenceenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsregisteredbyareaofusualresidenceenglandandwales
https://doi.org/10.1016/j.seizure.2023.01.003
https://doi.org/10.1016/j.seizure.2023.01.003
https://doi.org/10.1212/WNL.0000000000012514
https://doi.org/10.1016/j.yebeh.2023.109540
https://doi.org/10.1212/wnl.0000000000012514
https://doi.org/10.1212/wnl.0000000000012514
https://doi.org/10.1016/j.yebeh.2023.109288
https://doi.org/10.1016/j.yebeh.2004.08.008
https://doi.org/10.3906/sag-2010-27
https://cprd.com/sites/default/files/2022-12/2022-12%20CPRD%20GOLD%20Release%20Notes.pdf
https://cprd.com/sites/default/files/2022-12/2022-12%20CPRD%20GOLD%20Release%20Notes.pdf
https://cprd.com/sites/default/files/2022-12/2022-12%20CPRD%20GOLD%20Release%20Notes.pdf
https://cprd.com/sites/default/files/2022-05/2022-05%20CPRD%20Aurum%20Release%20Notes.pdf
https://cprd.com/sites/default/files/2022-05/2022-05%20CPRD%20Aurum%20Release%20Notes.pdf
https://cprd.com/sites/default/files/2022-05/2022-05%20CPRD%20Aurum%20Release%20Notes.pdf

	Real-world evidence of epidemiology, patient characteristics, and mortality in people with drug-resistant epilepsy in the United Kingdom, 2011–2021
	Recommended Citation
	Authors

	tmp.1730151916.pdf.M0Nl3

