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What is already known?

 ► Epilepsy is a serious neurological disorder which 
is prevalent in the paediatric population.

 ► Treatment with anti-epileptic drugs aims to 
reduce seizure frequency but not all patients 
may respond to initial treatment.

 ► The relationship between seizure frequency, 
healthcare resource utilisation and mortality 
has not been well-studied in children with 
epilepsy (CWE).

What this study adds?

 ► Substantial decreases in primary and secondary 
care resource utilisation are associated with 
decreases in seizure frequency in CWE.

 ► Greater seizure frequency is associated with an 
increased mortality in CWE.

AbsTrACT
Objective To understand the association of seizure 
frequency with healthcare resource utilisation (HCRU) 
and mortality in UK children with epilepsy (CWE).
Design Retrospective cohort study.
setting Routinely collected data in primary care from 
The Health Improvement Network UK database.
Patients CWE ≥1 and<18 years of age with a record of 
seizure frequency were included in mortality analyses from 
2005 to 2015 and HCRU analyses from 2010 to 2015.
Main outcome measures Frequency of HCRU 
contacts during the year following latest seizure 
frequency and mortality (descriptive and Cox 
proportional hazards regression) from first record of 
seizure frequency.
results Higher seizure frequency was related to 
increased HCRU utilisation and mortality. In negative 
binomial regression, each category increase in seizure 
frequency related to 11% more visits to general 
practitioners, 35% more inpatient admissions, 15% more 
outpatient visits and increased direct HCRU costs (24%). 
11 patients died during 12 490 patient-years follow-up. 
The unadjusted HR of mortality per higher category of 
seizure frequency was 2.56 (95% CI: 1.52 to 4.31). 
Adjustment for age and number of prescribed anti-
epileptic drugs at index attenuated this estimate to 2.11 
(95% CI: 1.24 to 3.60).
Conclusion Higher seizure frequency is associated 
with greater HCRU and mortality in CWE in the UK. 
Improvement in seizure control may potentially lead to 
better patient outcomes and reduced healthcare use.

bACkgrOunD
Epilepsy is one of the most common serious neuro-
logical disorders and is prevalent in 0.5% of UK 
children.1 2 Up to 70% of people with epilepsy will 
become seizure-free3 by using anti-epileptic drugs 
(AEDs).4 AED regimens are individualised according 
to seizure type, epilepsy syndrome, concurrent medi-
cations, comorbidities and patient preferences.5

Non-adherence to AEDs often results in increased 
seizure frequency, hospital admissions, status epilep-
ticus and premature death.6 Improved seizure control 
through optimisation of the use of AEDs may influence 
healthcare resource utilisation (HCRU) (including 
general practitioner (GP) visits, secondary care refer-
rals and hospitalisations) and mortality. An American 
hospital-based study suggested that increased seizure 
frequency is associated with greater HCRU.7 Since 
then, there have been changes in the recommended 

management of epilepsy and availability of newer 
AEDs in the UK.5 However, little is known about the 
relationship between seizure frequency, mortality and 
HCRU in the paediatric epilepsy population.

This study used routine primary care from UK elec-
tronic medical records (EMRs) captured within The 
Health Improvement Network (THIN) Database. 
The aim of the study was to investigate the associa-
tion between seizure frequency, HCRU and mortality 
in children with epilepsy (CWE).8 Specifically, our 
objectives were as follows: (1) to characterise CWE in 
terms of seizure frequency and HCRU, (2) to quantify 
the relationship between seizure frequency and HCRU 
and (3) to assess the relationship between seizure 
frequency and all-cause mortality.

MeThODs
This retrospective cohort study aimed to describe 
HCRU and mortality according to seizure frequency 
in CWE using anonymised EMR data from the THIN 
database. THIN is a large primary care database9 10 
which captures EMR data on prescriptions, diagnoses 
and symptoms in patients seen in GP practices. THIN 
has data from over 15 million patients, of which over 
2.9 million are currently active, representing nearly 
6% of the UK population. UK-based GPs provide care 
for free at the point of delivery, electronically prescribe 
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Figure 1 Overview of population attrition.

medications, provide referrals to secondary care and provide joint 
care of chronic patients seen in secondary care.11

For the HCRU analysis, the study time period was from 01 
January 2010 to 31 December 2015 with the index date being the 
most recent record of seizure frequency. The study time period was 
from 1 January 2005 to 31 December 2015 for mortality analysis 
with the index date being the first record of seizure frequency. The 
time period for the mortality analysis was longer to capture more 
deaths, a rarer outcome in the paediatric population. Additionally, 
the most relevant and recent HCRU costs were of interest to under-
stand the impact of newer AEDs and national guidelines for epilepsy 
management.5

Patients were included in the study if they were ≥1 and <18 years 
old at index date with ≥1 record of seizure frequency, with a diag-
nosis of epilepsy at any point before or after index date. Epilepsy 
was identified based on Read diagnosis codes used in a previous vali-
dation study8 and were reviewed by a clinician (RC)(online supple-
mentary appendix). Another previous Wales-based study indicated 
that epilepsy diagnosis codes had a sensitivity of 86% and speci-
ficity of 97%.12 Seizure frequency was characterised by the presence 
of Additional Health Data or Read codes, whichever was present. 
Codes were aligned to categories of at least daily, weekly, monthly, 
quarterly, yearly and less frequent according to text descriptions.

statistical analysis
Clinical and sociodemographic details were assessed at base-
line.13 HCRU included GP encounters (telephone calls, face-to-
face visits, nurse visits), outpatient visits (day visits to a specialist), 
inpatient hospital admissions, accident and emergency (A&E) 
visits resulting in inpatient admissions to hospital (A&E admis-
sions) and number of AEDs. As THIN contains no information 
on unit costs, averaged National Health Service tariffs were used 
to estimate HCRU costs in models.14 15

The association between seizure frequency and HCRU was 
evaluated in the year following index date using a negative 
binomial regression model using incidence rate ratios. To retain 
patients with <1 year HCRU data, HCRU was standardised to 
‘number of health service encounters per year’ and reported as 
means (SD).

Cox proportional hazards regression was used to analyse the 
association between seizure frequency and all-cause mortality 
with the proportional hazards assumption satisfied via assess-
ment using Schoenfeld and cumulative residuals. The depen-
dent variable was the interval between earliest record of seizure 
frequency (from 2005) to date of death. When death was not 
recorded, patients were censored at the earliest transfer out of 
practice, age 18 years or 31 December 2015.

The ‘change in estimate’ approach16 was used to deter-
mine whether factors altered the crude regression coeffi-
cient of seizure frequency (coded 1–5) by more than 10%; 
if this criterion was satisfied, the covariate was added into 
the final multiple adjusted regression model. Covariates for 
assessment included: age at index, gender, calendar year at 
index, Townsend score as marker of socioeconomic status 
(quintiles), epilepsy diagnosis prior to versus following index 
date, number of AEDs prescribed at index and comorbidities 
recorded ever.17 In all, 22 variables were assessed for effect 
modification. A Bonferroni correction was applied to the 
significance level, changing it from 0.05 to 0.0023.

SAS V.9.4 (Cary, NC, USA) was used to conduct the analysis.

resulTs
baseline characteristics
After applying inclusion and exclusion criteria, 1273 patients 
were included for assessment of the association of seizure 
frequency and HCRU and 3324 for seizure frequency and 
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Table 1 Baseline characteristics of the population included in analyses

Characteristic

Patients with ≥1 record of seizure 
frequency after 1st January 2010
(hCru population)

Patients with ≥1 record of seizure 
frequency after 1st January 2005
(mortality population)

Patients with no record of seizure 
frequency after 1st January 
2010 (sensitivity analysis population)

Number of patients 1273 3324 3180

Gender, n (%)

  Female 621 (49.1) 1565 (47.1) 1442 (45.3)

  Male 645 (50.9) 1759 (52.9) 1738 (54.7)

  Missing 0 (0.0) 0 (0.0) 0 (0.0)

Age at index* (years)

  Median (Q1, Q3 †) 14.6 (10.1, 17.4) 12.7 (8.5, 16.1) 9.2 (5.1, 13.6)

Age category at index*, n (%)

  1–3 47 (3.7) 228 (6.9) 553 (17.4)

  4–11 400 (31.4) 1246 (37.5) 1579 (49.7)

  12–17 826 (64.9) 1850 (55.7) 1048 (33.0)

Townsend score, quintiles, n (%)

  First quintile (least deprived) 180 (14.1) 383 (11.5) 497 (15.6)

  Second quintile 183 (14.4) 365 (11.0) 463 (14.6)

  Third quintile 205 (16.1) 407 (12.2) 532 (16.7)

  Fourth quintile 243 (19.1) 476 (14.3) 606 (19.1)

  Fifth quintile (most deprived) 217 (17.0) 441 (13.3) 540 (17.0)

  Missing‡ 245 (19.2) 1252 (37.7) 542 (17.0)

Timing of epilepsy diagnosis relative to most index record of seizure frequency, n (%)

  Epilepsy diagnosis prior 1227 (96.4) 3079 (92.6) N/A

  Epilepsy diagnosis post 46 (3.6) 245 (7.4) N/A

  Missing 0 (0.0) 0 (0.0) N/A

Seizure frequency at index, n (%)

  At least daily 130 (10.2) 354 (10.6) N/A

  At least weekly 146 (11.5) 392 (11.8) N/A

  At least monthly 160 (12.6) 424 (12.8) N/A

  At least once a year 291 (22.9) 862 (25.9) N/A

  Less than once a year 546 (42.9) 1292 (38.9) N/A

Record of AED prescription at index, n (%)

  Yes 963 (75.6) 2582 (77.7) N/A

  No 310 (24.4) 742 (22.3) N/A

AEDs prescribed to at least 5% of the population at index, n (%)

  Sodium valproate 409 (32.1) 1253 (37.7) N/A

  Lamotrigine 233 (18.3) 605 (18.2) N/A

  Carbamazepine 195 (15.3) 622 (18.7) N/A

  Levetiracetam 167 (13.1) 220 (6.6) N/A

  Topiramate 71 (5.6) 173 (5.2) N/A

Total number of AEDs prescribed at index, n (%)

  None 310 (24.4) 742 (22.3) N/A

  1–2 885 (69.5) 2431 (73.1) N/A

  3–4 § § N/A

  5–6 § § N/A

Selected recorded comorbidities (ever), most frequent (n, %)¶

  Any of the below comorbidities 495 (38.9) 1039 (31.3) 722 (22.7)

  Asthma 233 (18.3) 532 (16.0) 354 (11.1)

  Learning disabilities 115 (9.1) 233 (7.0) 93 (2.9)

  Autism 75 (5.9) 116 (3.5) 118 (3.7)

  Migraine 41 (3.2) 73 (2.2) 46 (1.4)

  ADHD 42 (3.3) 67 (2.0) 46 (1.4)

  Cerebral palsy 37 (2.9) 85 (2.6) 67 (2.1)

  Diabetes 21 (1.6) 31 (0.9) 32 (1.0)

  Depression 20 (1.6) 26 (0.8) 43 (1.4)

  Anxiety disorders 17 (1.3) 30 (0.9) 18 (0.6)

  Hemiplegia and paraplegia 14 (1.1) 30 (0.9) 32 (1.0)

  Mental retardation 13 (1.0) 17 (0.5) §

Continued



1073Myland M, et al. Arch Dis Child 2019;104:1070–1076. doi:10.1136/archdischild-2019-316910

Original article

Characteristic

Patients with ≥1 record of seizure 
frequency after 1st January 2010
(hCru population)

Patients with ≥1 record of seizure 
frequency after 1st January 2005
(mortality population)

Patients with no record of seizure 
frequency after 1st January 
2010 (sensitivity analysis population)

  Sleep apnoea § 14 (0.4) 15 (0.5)

  Cerebrovascular disease (including stroke) § 11 (0.3) 7 (0.2)

  Brain surgery § 9 (0.3) §

  Chronic lung/pulmonary disease** § 6 (0.2) 6 (0.2)

  Pain disorders 6 (0.5) ‡§ 7 (0.2)

Note that seven patients in both populations (0.5% HCRU; 0.2% mortality) did not have any records in THIN’s Medical File and were considered to have missing data with 
regards to comorbidities. Seizure frequency is pulled out of a separate file (Additional Health Data); therefore, patients were still eligible for inclusion.
The sensitivity analysis population had a different index date (date of first epilepsy diagnosis during the study time period).
*Index date is defined as:
-date of most recent seizure frequency record (HCRU population);
-date of first seizure frequency record (mortality population);
†Q1 and Q3 refer to the lower and upper quartiles.
‡Townsend score will be missing for patients who do not have a valid postcode entered into the correct field within THIN or who have moved into a recently built housing 
development which does not yet have an assigned Townsend score.
§Patient counts <6 or results enabling the calculation of counts <6 cannot be disclosed due to restrictions imposed by the UK government to protect patient privacy.
¶History of comorbidities was assessed from the inception of THIN.
¶**Including bronchitis and lung disease.
††Including active symptomatic HIV infection.
ADHD, attention deficit hyperactivity disorder; AEDs, anti-epileptic drugs; HCRU, healthcare resource utilisation.

Table 1 Continued

Table 2 Unadjusted HCRU during the 12-month post-index

All patients

seizure frequency

At least daily At least weekly At least monthly
At least once a 
year

less than once 
a year

n=1273 n=130 n=146 n=160 n=291 n=546

hCru during 12-month post-index

GP visits: overall, any cause

  Mean (SD) 3.39 (4.37) 5.25 (7.16) 4.56 (5.56) 3.88 (4.97) 3.31 (3.48) 2.54 (2.93)

  Median (Q1, Q3) 2 (1, 4) 3 (1, 7) 3 (1, 5) 2.5 (1, 5) 2 (1, 5) 2 (1, 3.8)

Inpatient admissions

  Mean (SD) 0.22 (0.77) 0.55 (1.54) 0.34 (1.01) 0.26 (0.63) 0.17 (0.56) 0.13 (0.46)

  Median (Q1, Q3) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)

Accident & emergency admissions

  Mean (SD) 0.31 (0.79) 0.51 (1.04) 0.4 (0.83) 0.38 (0.81) 0.32 (0.77) 0.21 (0.7)

  Median (Q1, Q3) 0 (0, 0) 0 (0, 1) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)

Hospitalisations: outpatient visits

  Mean (SD) 0.72 (1.36) 1.24 (2.76) 0.85 (1.19) 0.84 (1.14) 0.71 (1.08) 0.52 (1)

  Median (Q1, Q3) 0 (0, 1) 0 (0, 2) 0 (0, 1) 0 (0, 1.1) 0 (0, 1) 0 (0, 1)

AEDs prescribed

  Mean (SD) 1.8 (3.1) 3.2 (5.06) 2.76 (6.32) 1.87 (1.77) 1.68 (1.62) 1.27 (1.56)

  Median (Q1, Q3) 1 (1, 2) 2 (1, 3) 2 (1, 3) 1 (1, 2.1) 1 (1, 2) 1 (1, 1.1)

AEDs, anti-epileptic drugs; HCRU, healthcare resource utilisation. 

mortality (figure 1). Period prevalence of epilepsy was 0.8% 
(95% CI: 0.80% to 0.82%).

The HCRU population was 51% men with a mean age of 
13.2 years, while the mortality population was 53% men 
with a mean age of 12.0 years (table 1). The Townsend social 
deprivation quintiles were similar to that of the overall THIN 
patient population.9

The largest proportion of patients (43% HCRU, 39% 
mortality) recorded a seizure frequency of less than once per 
year at index date. The majority (over 92%) of patients had a 
record of epilepsy prior to a seizure frequency record. Over 
three-quarters of patients (76% of HCRU population, 78% 
of mortality population) were prescribed AED at index date. 
Most patients (>69%) recorded 1–2 AEDs, the most common 

of which were sodium valproate (>32% of population) and 
lamotrigine (18% of both populations).

The most common comorbidity in both populations was 
asthma (18% HCRU; 16% mortality). Learning disability (9% 
HCRU; 7% mortality) and autism (6% HCRU; 4% mortality) 
were also prevalent in the population.

A sensitivity analysis was performed for patients without a 
record of seizure frequency (index date: epilepsy diagnosis) 
to explore potential biases towards severe patients. The sensi-
tivity analysis population had a lower prevalence of learning 
disabilities compared with HCRU and mortality populations. 
The population was slightly younger at index date compared 
with the HCRU and mortality populations due to the nature 



1074 Myland M, et al. Arch Dis Child 2019;104:1070–1076. doi:10.1136/archdischild-2019-316910

Original article

Table 3 IRR of HCRU encounters

gP encounters
Inpatient 
admissions A&e admissions Outpatient visits AeDs prescribed Total costs

n (%) of patient with≥1 use 1036 (81.4) 171 (13.4) 255 (20.0) 499 (39.2) 1087 (85.4) -

Mean (SD) 3.39 (4.37) 0.22 (0.77) 0.31 (0.79) 0.72 (1.36) 1.8 (3.1) -

Unadjusted IRR per higher category of 
seizure frequency (95% CI)

1.20
(1.15 to 1.26)

1.44
(1.27 to 1.62)

1.26
(1.14 to 1.38)

1.23
(1.15 to 1.31)

1.26
(1.22 to 1.31)

1.36
(1.28 to 1.44)

Adjusted IRR per higher category of 
seizure frequency (95% CI)

1.11
(1.05 to 1.16)*

1.35†
(1.20 to 1.52)

1.20‡
(1.08 to 1.33)

1.15§
(1.07 to 1.23)

-¶ 1.24**
(1.17 to 1.32)

P value (adjusted) <0.0001 <0.0001 0.0008 <0.0001 <0.0001 <0.0001

Personal Social Services Research Unit (PSSRU)/National Health Service tariffs were applied as follows: £37 for a face-to-face GP visit, £6.45 for general practice visit with 
someone other than a GP, £14.90 for a telephone encounter, £2708 for epilepsy-related inpatient admissions, £244 for outpatient visits (average) and £184 for A&E admission 
(average).
*Adjusted for age, Townsend score and number of AEDs.
†Adjusted for age.
‡Adjusted for age, Townsend score and number of AEDs.
§Adjusted for age and Townsend score.
¶No factors were found to confound the association between seizure frequency and number of AEDs prescribed.
**Adjusted for age and number of AEDs.
AEDs, anti-epileptic drugs; HCRU, healthcare resource utilisation; IRR: incidence rate ratio. 

Table 4 Mortality rates for all patients and according to patients’ earliest record of seizure frequency

n, % number of deaths
Patient-time of follow-up 
(years)

Mortality rate per 1 00 000 patient-
years (95% CI)

Overall 3324 11 12 490 88.1 (44.0 to 157.6)

Seizure frequency

At least daily 354 (10.6) 7 1435 487.8 (196.1 to 1005.1)

At least weekly 392 (11.8) * * 63.5 (1.6 to 354.0)

At least monthly 424 (12.8) * * 59.4 (1.5,331.1)

At least once a year 862 (25.9) * * 61.4 (7.4 to 222.0)

Less than once a year 1292 (38.9) 0 4544 0.0 (0 to 81.2)

*Patient counts <6 or results enabling the calculation of counts <6 cannot be disclosed due to restrictions imposed by the UK government to protect patient privacy.

of index date, with epilepsy likely to be recorded prior to a 
seizure frequency record (table 1).

hCru analysis
HCRU was analysed in the year following index date for 1273 
patients. The majority of patients (81%) recorded ≥1 GP 
encounter. Patients recorded 3.4 GP encounters on average. 
Outpatient visits were the most frequently recorded use of 
secondary care (39% of patients); inpatient admissions were the 
least common (13% of patients). Patients recorded a mean of 1.8 
AED prescriptions over the year of follow-up (table 1).

All HCRU decrease monotonically with decreasing seizure 
frequency (table 2). Between the highest and lowest seizure 
frequency categories, inpatient admissions decreased the most 
with a 76% decrease (0.55 vs 0.13 per year). Decreases were 
lower for the number of different AEDs prescribed (60%; 3.2 
vs 1.27 per year), A&E admissions (59%; 0.51 vs 0.21 per 
year) and hospital outpatient visits (58%; 1.24 vs 0.52 per year) 
between the highest and lowest seizure frequency categories. 
The lowest decrease occurred in the HCRU category with the 
highest absolute frequency of occurrence; GP visits decreased 
52% (5.25 vs 2.54 per year).

The relationship between seizure frequency and HCRU was 
determined separately for each component of resource use, 
where all components increased with seizure frequency in both 
unadjusted and adjusted analyses (table 3). Adjusted values 
included the following covariates: age, Townsend score and the 
number of AEDs. No variables were significant effect modifiers.

Mortality analysis
In all, 11 patients died during 12 490 patient-years of follow-up 
(mortality rate: 88.1 per 1 00 000 patient-years; 95% CI: 44 to 
158). Higher seizure frequency was related to greater mortality 
rates (table 4). No deaths were recorded in the lowest cate-
gory of <1 seizure per year, whereas 7/354 patients died in the 
highest category. There was little difference in mortality rate for 
patients with seizure frequencies in between these two categories 
(table 4).

When modelling seizure frequency as a five-level ordinal 
variable, the unadjusted mortality rate ratio (95% CI) 
suggested an increased rate of 2.56 (1.52 to 4.31) for each 
category increase in seizure frequency. Only age and number 
of AEDs at index were confounders: adjustment for increasing 
age attenuated the mortality rate ratio (95% CI) to 2.31 (1.37 
to 3.89), whereas number of AEDs attenuated the estimate 
to 2.28 (1.33 to 3.91), and simultaneous adjustment to 2.11 
(1.24 to 3.60).

After combining ‘at least weekly’, ‘at least monthly’ and ‘at 
least once a year’ categories and modelling seizure frequency as 
a three-level ordinal variable, the unadjusted mortality rate ratio 
was 9.41 (95% CI: 3.07 to 28.8). Adjustment for age altered 
this estimate to 7.52 (2.44 to 23.2), adjustment for number of 
AEDs to 7.28 (2.32 to 22.8) and simultaneous adjustment to 
6.18 (1.99 to 19.2). Results were similar in sensitivity analyses in 
which latest recorded seizure frequency was analysed (see online 
supplementary appendix).

https://dx.doi.org/10.1136/archdischild-2019-316910
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DIsCussIOn
This UK population-based study using real-world data suggests 
that CWE with more frequent seizures are associated with 
greater HCRU, relatively higher healthcare costs and have an 
increased risk of mortality. Particularly, patients with seizures 
increasing to at least daily have a substantially increased risk of 
mortality, inpatient admissions and greater costs.

In the current study, the mortality rate ratio suggested a twofold 
greater risk of mortality with increasing seizure frequency. The 
overall mortality rate of 88 (95% CI: 44 to 158)/100 000 person-
years was substantially lower than the pooled estimate of 228 
(95% CI: 174 to 282)/100 000 person-years from four CWE 
incidence cohorts.18 One possibility for the observed results is 
that our study was more recently conducted and lower mortality 
may reflect improvement in epilepsy management. In support 
of this, a recent audit of epilepsy deaths in the UK reported low 
mortality in CWE and delivery of a high-quality service.19 Cause 
of death was not available in THIN, so deaths may or may not 
have been epilepsy related. In the pooled studies, most excess 
death in CWE were not seizure related.18 Thus, lower mortality 
may be a reflection of overall decreased all-cause mortality in UK 
children over time.19

Costs and inpatient admissions were shown to increase most 
substantially with higher seizure frequency. A previous study in 
the UK indicated that inpatient admissions accounted for the 
largest proportion of costs in treating epilepsy,20 which aligns 
with our findings that increased seizures can result in greater 
inpatient admissions and HCRU costs. Costs have been shown 
to increase substantially in uncontrolled CWE compared with 
those who have controlled epilepsy, where seizure control 
by AEDs can lead to a significant reduction in costs.21 These 
findings suggest that effective management with AEDs could 
improve seizure control and reduce HCRU.

The point prevalence of CWE (0.8%) and gender composition 
is similar to that previously reported in population-based studies 
in the UK and in Norway.8 17 Our results are likely to reflect 
the general UK CWE population, although we were unable to 
conduct subgroup analyses for specific epilepsy types in CWE.

study limitations
Although THIN is representative of the UK population and 
quality and outcomes framework,9 10 care outside the GP setting 
may not have been captured. THIN does not routinely capture 
data on seizure type nor aetiology so these factors could not be 
included in analyses. In addition, there is no absolute require-
ment for GPs to record seizure frequency which is reflected in 
the high number of CWE which were excluded due to lack of 
data. Our sensitivity analyses would indicate that CWE included 
in the study may have more severe epilepsy based on the group 
having a higher proportion of learning problems17(9.1% vs 
2.9%) compared with the population that had no seizure 
frequency recorded. Consequently, our results may be slightly 
overestimated.

The use of earliest seizure frequency rather than latest seizure 
frequency was explored using a sensitivity analysis to deter-
mine whether a time-varying approach would be suitable. The 
recorded and available seizure frequency values did not change 
from index in 86% of CWE; consequently, little additional 
information would have been added to analyses by including 
additional records of seizure frequency when few changes were 
observed.

The proportion of CWE with recorded comorbidities in 
our study is lower than the up to 80% reported in other 

population-based studies that have used both primary and 
secondary care data, or detailed in-person assessments.17 22 This 
may reflect low coding of cognitive and or behavioural comor-
bidities in THIN since diagnostic codes of conditions are only 
included if GPs consider them as significant events.8 With this 
restriction, we were unable to stratify CWE into subgroups of 
complicated versus uncomplicated epilepsy,23 but results are 
likely to reflect CWE in general.

COnClusIOn
Increased healthcare resource use and mortality risk are associ-
ated with increased seizure frequency. Improvement in seizure 
control may potentially lead to better patient outcomes and 
reduced healthcare use. At least 50% reduction of seizures is 
often the primary efficacy outcome targeted in AED trials, 
and there are a number of newer AEDs that have successfully 
attained that target in 30%–45% of the study populations of 
children with drug-resistant epilepsy, with a smaller propor-
tion of study participants attaining seizure freedom.24 25 
Thus, although around 30% of patients with epilepsy do not 
currently have seizure freedom with existing treatments, even 
such patients could still have improvement in seizure control. 
We thus encourage the continued development and use of AEDs 
with careful, regular consideration of the benefits, adverse side 
effects and quality of life of patients.
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