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Abstract
Background  Depending on the underlying etiology and epilepsy type, the burden of disease for patients with 
seizures can vary significantly. This analysis aimed to compare direct and indirect costs and quality of life (QoL) among 
adults with tuberous sclerosis complex (TSC) related with epilepsy, idiopathic generalized epilepsy (IGE), and focal 
epilepsy (FE) in Germany.

Methods  Questionnaire responses from 92 patients with TSC and epilepsy were matched by age and gender, with 
responses from 92 patients with IGE and 92 patients with FE collected in independent studies. Comparisons were 
made across the main QoL components, direct costs (patient visits, medication usage, medical equipment, diagnostic 
procedures, ancillary treatments, and transport costs), indirect costs (employment, reduced working hours, missed 
days), and care level costs.

Results  Across all three cohorts, mean total direct costs (TSC: €7602 [median €2620]; IGE: €1919 [median €446], 
P < 0.001; FE: €2598 [median €892], P < 0.001) and mean total indirect costs due to lost productivity over 3 months 
(TSC: €7185 [median €11,925]; IGE: €3599 [median €0], P < 0.001; FE: €5082 [median €2981], P = 0.03) were highest 
among patients with TSC. The proportion of patients with TSC who were unemployed (60%) was significantly larger 
than the proportions of patients with IGE (23%, P < 0.001) or FE (34%, P = P < 0.001) who were unemployed. Index 
scores for the EuroQuol Scale with 5 dimensions and 3 levels were significantly lower for patients with TSC (time-
trade-off [TTO]: 0.705, visual analog scale [VAS]: 0.577) than for patients with IGE (TTO: 0.897, VAS: 0.813; P < 0.001) or 
FE (TTO: 0.879, VAS: 0.769; P < 0.001). Revised Epilepsy Stigma Scale scores were also significantly higher for patients 
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Background
Tuberous sclerosis complex (TSC) is a rare genetic disor-
der with a widely variable and multiorgan expression pat-
tern and an estimated incidence of 1:6760 to 1:13,520 live 
births in Germany [1]; however, the true incidence may 
be higher, as substantial phenotypic variability may result 
in undetected cases [2]. Loss-of-function mutations in 
one of two tumor suppressor genes, TSC1 and TSC2, lead 
to the overactivation of the mechanistic target of rapamy-
cin (mTOR) pathway, dysregulation of cell proliferation, 
and the formation of benign tumors in multiple organ 
systems, including the brain [3, 4]. Numerous individuals 
with TSC suffer from structural epilepsy caused by the 
formation of cortical tubers or other cortical malforma-
tions. Early onset epilepsy often initially presents as focal 
seizures, accompanied by infantile spasms. However, 
patients with TSC can present with almost all seizure 
types, including tonic, atonic, and tonic-clonic seizures 
[5–8].

Studies evaluating the direct and indirect economic 
burden borne by patients with epilepsy have reported 
different costs associated with resource consumption for 
different seizure types or epilepsy syndromes [9]. Past 
studies reported higher resource consumption among 
patients with focal epilepsy (FE), whereas individuals 
with idiopathic generalized epilepsy (IGE), which has a 
better prognosis than FE, reported lower costs [10–12]. 
Multiple studies have evaluated the direct and indirect 
economic and quality of life (QoL) burdens experienced 
by patients with TSC [13–17]. However, the economic 
and QoL impacts experienced in Germany by patients 
with TSC related epilepsy have not previously been 

compared with patients experiencing other epilepsy syn-
dromes, such as IGE and FE.

This study was conducted to compare the direct and 
indirect costs and QoL impacts among patients with TSC 
and epilepsy, IGE and FE. Patients with TSC related epi-
lepsy were age- and gender-matched with patients with 
IGE and FE in Germany, using datasets derived from 
similar questionnaires based studies featuring common 
components and data collection instruments.

Methods
Disease cohort datasets and matching
Studies used for this analysis have explored the cost of 
illness and QoL among patients with TSC [16, 17] and 
epilepsy syndromes [10, 11] in Germany using similarly 
structured retrospective questionnaires to evaluate direct 
and indirect costs, QoL, and psychometric impacts.

The German multicenter cohort TSC study was com-
pleted in 2019, enrolling 192 adults with TSC treated by 
14 centers throughout Germany and through the Ger-
man TSC patient advocacy group (Tuberöse Sklerose 
Deutschland e.V., Wiesbaden, Germany). The TSC study 
included patients with different organ manifestations, 
such as epilepsy, structural brain defects, and heart and 
circulatory system disorders [16, 17]. The present analy-
sis included only those patients with an identified epi-
lepsy independent of additional organ manifestations.

The Epi2020 study was completed in 2020, enrolling 
486 adult patients with epilepsy treated by four different 
epilepsy centers: Frankfurt am Main, Greifswald, Mar-
burg, and Münster. The study included patients irrespec-
tive of seizure severity, duration of illness, or epilepsy 

with TSC (3.97) than for patients with IGE (1.48, P < 0.001) or FE (2.45, P < 0.001). Overall Quality of Life in Epilepsy 
Inventory-31 items scores was significantly lower among patients with TSC (57.7) and FE (57.6) than among patients 
with IGE (66.6, P = 0.004 in both comparisons). Significant differences between patients with TSC and IGE were also 
determined for Neurological Disorder Depression Inventory for Epilepsy (TSC: 13.1; IGE: 11.2, P = 0.009) and Liverpool 
Adverse Events Profile scores (TSC: 42.7; IGE: 37.5, P = 0.017) with higher score and worse results for TSC patients in 
both questionnaires.

Conclusions  This study is the first to compare patients with TSC, IGE, and FE in Germany and underlines the excessive 
QoL burden and both direct and indirect cost burdens experienced by patients with TSC.

Key points
• This is the first analysis to compare QoL and direct/indirect cost burden among patients with TSC, IGE, and FE in 
Germany.
• Generic QoL for patients with TSC was significantly lower than for patients with IGE and FE.
• Care grade and disability cards were more frequently obtained by patients with TSC than by patients in the other 
cohorts.
• Drug treatment costs were the highest direct cost component for patients with TSC.
• More patients with TSC than with IGE or FE were unemployed, and the mean indirect productivity costs were 
highest for the TSC cohort.

Keywords  Seizure, Anti-seizure medication, Anticonvulsants, Everolimus, Costs, Direct costs, Indirects costs, Quality of 
life, Depression, Stigma
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syndrome [10, 11, 18–22]. In the present analysis, only 
epilepsy patients diagnosed with either IGE or FE were 
included.

Each patient with TSC related epilepsy was matched 
with one patient with IGE and one patient with FE based 
on age and sex, with a tolerated range of ± 5 years. Each 
cohort (TSC, IGE, and FE) generated for the comparative 
analysis included 92 patients.

Both studies received ethics approval and were regis-
tered at the German Clinical Trials Register (TSC study: 
DRKS00016045; Epi2020 study: DRKS00022024). All 
patients provided informed consent, meaning that indi-
viduals under legal guardianship due to intellectual dis-
ability were not included. The classification of seizure 
types and epilepsy syndromes was based on definitions 
proposed by the International League Against Epilepsy 
(ILAE) [23, 24]. The diagnostic criteria for TSC were 
based on the latest recommendations established by the 
2012 International TSC Consensus Conference [25]. The 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines were followed [26].

Cost calculations
Cost analysis was conducted to calculate and compare 
both direct and indirect costs experienced by patients 
with TSC who suffer from epilepsy with those experi-
enced by patients with IGE or FE. A bottom-up approach 
was applied to evaluate the overall economic burden 
associated with each disease from a societal perspective 
of the statutory health insurer “Gesetzliche Krankenver-
sicherung” (GKV).

Direct costs included healthcare resource use, such as 
inpatient and outpatient hospital visits, rehabilitation, 
drug treatment (anti-seizure medication [ASMs], other 
prescribed drugs, and mTOR inhibitors), healthcare pro-
fessional visits, ancillary treatments, diagnostic costs, 
emergency transportation, and medical aids. Costs for 
inpatient and outpatient visits, health care professional 
visits, ancillary therapies, and diagnostic tests were cal-
culated and standardized as described by Bock et al. [27] 
using physician fee scales (Einheitlicher Bewertungs-
maßstab) [28], whereas drug treatment costs were com-
puted based on the Drug Prescription Report 2020 [29]. 
The quantification of ASM drug load was presented 
through both the mean and median values of the num-
ber of ASMs and mean and median Defined Daily Dose 
(DDD). The DDD serves as a proxy for the assumed aver-
age maintenance dose per day [30].

Additionally, care grade costs associated with care 
levels 1–5 were compared. To ensure comparability, 
the reported costs for patients with TSC in 2019 were 
adjusted for inflation to reflect the expected costs in 2020 
using the consumer price index for Germany in 2020.

Indirect (productivity) costs were calculated for indi-
viduals who reported an inability to work, unemploy-
ment, working part-time work or reduced hours, days 
off, early retirement, homemaker, and receiving a pension 
for disability workshops. Indirect costs were computed 
using the human capital approach for patients of work-
ing age (< 67 years) [10] using a mean annual gross wage 
of €47,700 (€3975 per month; €131 per calendar day) in 
2020.

Questionnaires and instruments
Data for this comparative analysis were retrieved from 
retrospective questions spanning the previous 3 months. 
Questionnaires included six instruments: EuroQol-5 
dimensions-3 levels inventory (EQ-5D-3L), including the 
EuroQol self-rated Visual Analog Scale (EQ-VAS); the 
Quality of Life in Epilepsy Inventory-31 items (QOLIE-
31); the Neurological Disorder Depression Inventory for 
Epilepsy (NDDI-E); the Liverpool Adverse Events Profile 
(LAEP); the revised Epilepsy Stigma Scale (rESS); and the 
Seizure Worry Scale.

The EQ-5D-3L measures generic QoL, including 
mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression, using a 3-level Likert scale (1 indi-
cates no problems, 2 indicates mild problems, 3 indicates 
massive problems). The responses are transformed into 
continuous summary indexes, according to the German 
value set, such that each combination is weighted with 
prespecified values using both the time-trade-off (TTO) 
and VAS methods. A summary index score of 1 indi-
cates perfect health, 0 indicates health status equivalent 
to death, and negative values indicate health status worse 
than death [31]. Raw, self-rated VAS scores were reported 
alongside the EQ-5D summary index score, ranging from 
0 (worst health imaginable) to 100 (best health imagin-
able) [31].

The QOLIE-31 measures health-related QoL across the 
seven dimensions: overall QoL, seizure worry, emotional 
well-being, energy/fatigue, cognitive function, medica-
tion effects, and social function [32]. A separate VAS, 
analogous to the raw VAS for EQ-5D, is available for the 
QOLI-31. QOLIE-31 scores were calculated using the 
manual, ranging from 0 (worst disease-related health) to 
100 (best disease-related health) [32].

The NDDI-E assesses depression among patients with 
epilepsy using six 4-level Likert items regarding the fre-
quency of common depressive symptoms, such as feel-
ing guilty, frustrated, or weary of life. An aggregated 
value ≥ 14 points (range 6–24 points) suggests depressive 
mood [33, 34].

Therapy-related adverse events were measured using 
the LAEP, which includes twenty 4-level Likert (1–4) 
items; a cutoff score of 35 points (range 19–76) indicates 
relevant therapy-related adverse events [35].
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The rESS compromises three questions regarding epi-
lepsy-related stigmatization [36] (‘I feel that some people 
are uncomfortable with me,’ ‘I feel some people treat me 
like an inferior person,’ and ‘I feel some people would 
prefer to avoid me’) using a 4-level-Likert scale (0–3), 
with a range from 0 to 9 points. A total score of 0 indi-
cates no stigma, scores of 1–6 indicate mild or moder-
ate stigma, and scores of 7–9 indicate high stigma [37]. 
The Seizure Worry Scale, a two-item instrument using a 
4-level-Likert-scale (0–3) as well, with a range from 0 to 6 
points, indicates patients’ worries associated with epilep-
tic seizures [38].

Statistical analysis
Statistical analyses were performed using IBM SPSS Sta-
tistics version 28.0.1.1 (SPSS Inc., Chicago, IL, U.S.A). 
For continuous variables, the means, medians, standard 
deviations (SDs), minima, maxima, and ranges were cal-
culated for each cohort. Because most cost variables 
are highly skewed, a 95% confidence interval was calcu-
lated using the bootstrap method, according to the bias-
corrected accelerated approach [39, 40]. Differences in 
continuous variables between three cohorts were tested 
for significance using a parametric analysis of variance 
for normally distributed data and a non-parametric 
Kruskal–Wallis test for data that were not normally dis-
tributed. The null hypothesis was that no significant 
differences existed between groups. For categorical vari-
ables, frequencies and percentages were calculated for 
each cohort. Differences in the distribution of categori-
cal variables between cohorts were tested for significance 
using a two-tailed Pearson’s Chi-square test, followed by 
hypothesis-based, pairwise, Pearson’s Chi-square tests 
separately comparing the TSC cohort with both the IGE 
and FE cohorts. The null hypothesis was that no signifi-
cant differences existed between cohorts. Differences 
between the TSC, IGE, and FE cohorts were considered 
significant at P < 0.05. A Bonferroni correction for mul-
tiple tests was applied.

Results
Demographic factors and clinical characteristics
The cohorts were well-matched for age and sex, with no 
statistical differences across cohorts (Additional File 1). 
The mean ages for the TSC, IGE, and FE cohorts were 
32.0 years, 31.8 years, and 32.0 years, respectively. The 
sex distribution was consistent across all cohorts, with 60 
female patients and 32 male patients in each group.

Among patients with TSC, the first seizure was 
reported at a mean age of 1.9 years (median: 0 years, SD: 
4.6 years), which was significantly earlier than the age of 
first seizure reported for patients with IGE (mean: 16.9 
years, median: 16.0 years, SD: 8.9 years; P < 0.001) and 
FE (mean: 15.9 years, median: 14.0 years, SD: 10.9 years, 

P < 0.001). Among those with FE, 46 had temporal lobe 
epilepsy, 10 had frontal lobe epilepsy, and 36 epilepsy 
from other or multiple lobes. Among those with IGE, 35 
had Juvenile Myoclonic Epilepsy, 8 Childhood or Juvenile 
Absence Epilepsy and 49 Generalized Tonic–Clonic Sei-
zures Alone or undetermined IGE syndrome. TSC was 
diagnosed at a mean age of 8.0 years (median: 1.0 years, 
SD: 13.2 years). In addition to epilepsy, the majority of 
patients with TSC in our cohort suffered from multiple 
organ manifestations, including 87 (95%) reporting skin 
manifestations, 76 (83%) reporting neurological disorders 
other than epilepsy, 68 (74%) reporting kidney and uri-
nary tract manifestations, and 45 (49%) reporting heart 
and circulatory system disorders.

Patients with TSC (51/85, 60%) more frequently 
reported unemployment (with employment defined as 
working full-time, part-time, or reduced hours or par-
ticipating in vocational training) than patients with IGE 
(21/92, 23%) or FE (31/90, 34%; P < 0.001 in both com-
parisons; Fig. 1A). A higher proportion of patients with 
IGE (50/92, 54%) reported full-time employment than 
patients with TSC (21/85, 25%; P < 0.001).

The proportion of patients with TSC with a disability 
card (degree of disability ≥ 50) was significantly higher 
(n = 84, 91%) than the proportions of patients with IGE 
(n = 34, 37.0%; P < 0.001) or FE (n = 53, 58%; P < 0.001; 
Fig. 1C).

In addition, patients with TSC were significantly more 
likely to have a care grade than patients with IGE or FE 
(P < 0.001 for both comparisons), and the TSC cohort 
had higher care grades overall, especially care levels 3–5 
(Fig. 1B).

Seizure frequency
In the TSC cohort, 35 patients (38%) had experienced no 
seizures in the past year compared with 42 patients (46%) 
in the IGE cohort and 29 patients (32%) in the FE cohort. 
Patients in all three cohorts reported experiencing sei-
zures on a yearly, half-yearly, monthly, weekly, or daily 
basis (Additional File 2). More patients in the TSC cohort 
reported daily, weekly or monthly seizures (46/92) than 
patients in the IGE cohort (21/92, P > 0.001), whereas 
more patients in the IGE cohort (63/92) reported sei-
zures every 6 months or less frequently. No significant 
differences in seizure frequency were identified between 
the TSC and FE (39/92) cohorts (Additional File 2).

Direct healthcare resource costs and care grade costs
Comparing direct costs across cohorts revealed total 
mean direct costs of €7602 (median: €2620, SD: €10,090) 
for the TSC cohort, €1919 (median: €446, SD: €3564) for 
the IGE cohort, and €2598 (median: €892, SD: €5229) per 
three months for the FE cohort. Patients with TSC had 
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significantly higher total direct costs than patients with 
IGE or FE (P < 0.001 for both comparisons; Table 1).

The highest direct costs for patients with TSC resulted 
from drug treatments. Total drug treatment costs, includ-
ing ASMs, other prescribed drugs, and mTOR inhibi-
tors, were significantly higher for the TSC cohort (mean: 
€5188, median: €584, SD: €7815) than for the IGE cohort 
(mean: €448, median: €192, SD: €966; P < 0.001). Total 
drug treatment costs for the TSC cohort were also higher 
than for the FE cohort (mean: €696, median: €440, SD: 
€812), but this difference was not significant (P = 0.34).

ASM treatment costs were nearly equal between 
patients with TSC (mean: €658.3, median: €145.9) and 
FE (mean: €661.7, median: €384.5), whereas patients with 
IGE had significantly lower ASM treatment costs (mean: 
€416, median: €161) than patients with FE (P = 0.001).

No significant differences in the mean numbers of 
ASMs used were observed between the three cohorts 
(TSC: 1.73; IGE 1.54; FE: 1.86). We observed significant 
differences in the ASM drug load measured by DDD with 
the highest mean DDD of 3.09 (median: 3.0, SD: 1.82) in 
the FE cohort as compared to TSC 2.37 (median: 1.73, 
SD: 1.62; P = 0.034) and IGE 1.92 (median: 1.75, SD: 1.3; 
P < 0.001), with a no difference between TSC and IGE.

The most frequently prescribed ASM for all three 
cohorts was lamotrigine (TSC: n = 35, 38%; IGE: n = 37, 
40%; FE: n = 42, 46%). The next most frequently pre-
scribed ASMs in the TSC group were valproate (n = 28, 
30%), levetiracetam and oxcarbazepine (both n = 19, 
21%), and lacosamide (n = 9, 10%; Fig.  2A). At least 2 
ASMs were reported by 58% of patients with TSC, 43% of 
patients with IGE, and 63% of patients with FE, with no 
significant difference between cohorts (Fig. 2C).

Patients with TSC were associated with the highest 
costs for other prescribed drugs (mean: €144, median: 
€34, SD: €388) over the 3-month study period com-
pared with patients with IGE (mean: €31, median: €0, 
SD: €105; P < 0.001) and FE (mean: €34, median: €0 SD: 
€77; P < 0.001), particularly drugs for the cardiovascular 
system and antithrombosis (e.g., antihypertensive drugs, 
lipid-modifying agents, platelet aggregation inhibi-
tors), psycholeptics, and drugs for the alimentary tract 
and metabolism (e.g., diabetes, enzyme substitution). 
Details on the use of other prescribed drugs according 
to the Anatomical Therapeutic Chemical (ATC) clas-
sification system which indicate the organ or system 
on which they act and their therapeutic, pharmacologi-
cal and chemical properties is presented in Additional 

Fig. 1  A. The proportions of patients reporting employment (full-time, part-time/hour reduction, vocational training) in the tuberous sclerosis complex 
(TSC; missing n = 7), idiopathic generalized epilepsy (IGE), and focal epilepsy (FE, missing n = 2) cohorts and general German population
*P < 0.05, **P < 0.01, and ***P < 0.001 between the TSC and IGE cohorts; †P < 0.05, ††P < 0.01, and †††P < 0.001 between the TSC and FE cohorts
B. Percentage of patients in each cohort (n = 92) receiving the indicated care level. Using the Chi-square test, significant differences were identified 
between the proportion of patients with TSC with a care grade and the proportions of patients with IGE (missing n = 1; P < 0.001) and FE (missing n = 3; 
P < 0.001) with a care grade
C. Percentage of patients in each cohort (n = 92) with some degree of disability. Using the Chi-square test, significant differences were identified between 
the proportion of patients with TSC with a disability card (degree of disability ≥ 50) and the proportions of patients with IGE (P < 0.001) and FE (P < 0.001) 
with a disability card
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File 3. A significantly higher proportion of patients with 
TSC reported at least one prescribed cardiovascular 
or antithrombotic drug (23/92, 25%) than patients with 
IGE (7/92, 8%; P = < 0.001). A significantly higher pro-
portion of patients with TSC reported psycholeptic use 
(21/92, 23%) than both other cohorts (IGE: 2/92, 2%; FE: 
4/92, 4%; P < 0.001 for both comparisons). A significantly 
higher proportion of patients with TSC reported alimen-
tary tract and metabolism drugs than the other cohorts 
(TSC: 14/92, 15%; IGE: 2/92, 2%; FE 3/92, 3%; TSC vs. 
IGE: P = 0.01; TSC vs. FE: P = 0.03; Fig. 2B).

Because TSC results in mTOR pathway overactivation, 
patients with TSC experienced additional drug treatment 
costs due to mTOR inhibitor use (mean: €4386, median: 
€0, SD: €7452) during the 3-month study period, whereas 
patients with IGE and FE did not use mTOR inhibitors. 
mTOR inhibitors were reported by 31 patients with TSC 
(everolimus, n = 30; sirolimus n = 1), primarily to treat 
multiple organ manifestations, including 21 patients 
using mTOR inhibitors for angiomyolipoma, 17 patients 
for epilepsy, 15 patients for subependymal giant cell 

astrocytoma, and 6 patients for skin manifestation (mul-
tiple treatment targets possible).

No significant differences in mean overall hospitaliza-
tion costs or costs due to epilepsy-related hospital stays 
were observed between cohorts. Eighteen patients with 
TSC reported a total of 23 inpatient hospital admissions 
with a mean duration of 2.2 days during the 3-month 
period, 21 of which were TSC-related and 8 of which 
were epilepsy-related. No significant differences in the 
mean duration of overall inpatient hospital admissions 
(TSC, 2.2 days; IGE, 1.8 days; FE, 2.6 days) or the mean 
duration of epilepsy-related hospital admissions (TSC, 
0.4 days; IGE, 1.7 days; FE, 1.6 days) were observed 
among cohorts. Of the 20 hospital stays in the IGE 
cohort, 18 were epilepsy-related, and of the 28 hospital 
stays in the FE cohort, 20 were epilepsy-related. The most 
common reasons for epilepsy-related hospitalization 
were diagnostic procedures (TSC, n = 3; IGE, n = 4; FE, 
n = 8), seizures (TSC, n = 2; IGE, n = 3; FE, n = 5), and ASM 
changes (TSC, n = 0; IGE, n = 8; FE, n = 1). In addition, two 
patients with TSC and two patients with FE reported vis-
iting an inpatient rehabilitation center.

Fig. 2  (A) Proportion of patients taking the indicated anti-seizure medications (ASM) by disease cohort (n = 92 per cohort). * drugs intended only for 
patients with TSC
(B) Proportion of patients from each cohort (n = 92) taking at least one medication belonging to the indicated groups of prescribed drugs. Using the 
Chi-square test, significant differences were identified between the proportions of patients with tuberous sclerosis complex (TSC) and the proportions of 
patients with idiopathic generalized epilepsy (IGE; P = 0.006) taking cardiovascular and antithrombotic drugs, between the proportions of patients with 
TSC and the proportions of patients with IGE (P < 0.001) and focal epilepsy (FE; P < 0.001) taking psycholeptics, and between the proportions of patients 
with TSC and the proportions of patients with IGE (P = 0.01) and FE (P = 0.03) taking drugs for the alimentary tract and metabolism
(C) The proportions of patients from each cohort (n = 92) taking the indicated number of daily anti-seizure medications (ASM)
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Patients with TSC generated significantly higher out-
patient costs (mean: €494, median: €309, SD: €570) than 
patients with IGE (mean: €194, median: €49, SD: €315; 
P < 0.001) or FE (mean: €244, median: €70, SD: €383; 
P < 0.001). Outpatient hospital stays were the high-
est outpatient costs, followed by consultations with 
neurologists. At least one outpatient consultation was 
reported by 85 patients with TSC (92%), 61 patients with 
IGE (66%), and 72 patients with FE (78%)  in the past 3 
months.

Costs related to ancillary treatments, such as phys-
iotherapy, occupational therapy, and speech therapy, 
were significantly higher in the TSC cohort (mean: 
€165, median: €0, SD: €326) than in the IGE (mean: €13, 
median: €0, SD: €67; P < 0.001) or FE cohorts (mean: €37, 
median: €0, SD: €140; P < 0.001). At least one ancillary 
treatment was reported by 34 patients with TSC (37%), 
5 patients with IGE (5%), and 10 patients with FE (11%), 
with physiotherapy and occupational therapy being the 
most frequent (Table 2).

Patients with TSC (mean: €169, median: €62, SD: 
€270) had significantly higher costs for diagnostic tests, 
such as magnetic resonance imaging, computed tomog-
raphy, or X-ray imaging, than patients with IGE (mean: 
€67, median: €23, SD: €132; P = 0.001) and patients with 
FE (mean: €79, median: €32, SD: €118; P = 0.014). The 
highest diagnostic costs were associated with magnetic 
resonance imaging, electroencephalography, and blood 
sampling.

Additional costs for medical aids were significantly 
higher for patients with TSC (mean: €63, median: €0, SD: 
€254) than for patients with IGE (mean: €0.90, median: 
€0, SD: €6; P = 0.009) and FE (mean: €5, median: €0, SD: 
€45; P = 0.009). Among patients with TSC, 12% reported 
costs for medical aids, including compression hosiery 
(4%), helmets (3%), orthopedic aids (2%), and others. 
Only 2% of patients with IGE and FE reported costs for 
medical aids.

Care grade costs, which were not included in total 
direct costs, were significantly higher for patients with 
TSC (mean: €1257, median: €1635, SD: €1081) than for 
patients with IGE (mean: €21, median: €0, SD: €139; 
P < 0.001) and FE (mean: €184, median: €0, SD: €529; 
P < 0.001).

Indirect (productivity) costs
Total indirect costs among working-age patients with 
TSC during the 3-month study period (mean: €7185, 
median: €11,925, SD: €5643) were significantly higher 
than among patients with IGE (mean: €3599, median: 
€0, SD: €5062; P < 0.001) and FE (mean: €5082, median: 
€2981, SD: €5284; P = 0.03).

The main contributor to indirect costs in the TSC 
cohort was the inability to work (n = 27; 29%), resulting Ta
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in a mean cost of €3500 (median: €0, SD: €5460), which 
was significantly higher than the costs for patients with 
IGE (mean: €389, median: €0, SD: €2130; P < 0.001) and 
FE (mean: €648, median: €0, SD: €2718; P < 0.001). The 
largest contributor to indirect costs for the IGE cohort 
was early retirement (mean: €1037, median: €0, SD: 
€3379), whereas, in the FE cohort, the largest contribu-
tor was unemployment (mean: €1555, median: €0, SD: 
€4038), with no significant differences in these contribu-
tors among cohorts.

More patients with TSC were in disability workshops 
and caused significantly higher costs (mean: €1296, 
median: €0, SD: €3732) than patients with IGE (mean: 
€259, median: €0, SD €1749; P = 0.02) and FE (mean: 
€259, median: €0, SD: €1749; P = 0.02). The details of indi-
rect costs can be found in Table 3.

Quality of life
Generic and health-related QoL were analyzed using 
the summary index scores from the EQ-5D-3L (TTO 
and VAS scores for Germany) and QOLIE-31 question-
naires. Patients with TSC had significantly lower EQ-
5D-3L summary index scores (TTO, mean: 0.705, SD: 
0.314; VAS, mean: 0.577, SD: 0.318) than patients with 
IGE (TTO, mean: 0.897, SD: 0.184; VAS, mean: 0.813, SD: 
0.199; P < 0.001) or FE (TTO, mean: 0.879, SD 0.194; VAS 
mean 0.769, SD 0.227; P < 0.001; Table  4). Additionally 
self-rated mean VAS scores were statistically significantly 
lower in patients with TSC (61.8) than in patients with 
IGE (70.7; P = 0.004) and FE (68.8; P = 0.045). Mean self-
rated VAS scores by age-groups are presented in Fig. 3B. 
Patients with TSC most frequently reported difficulties 
for ‘usual activities’ (67%, mean component score: 2.05), 
‘self-care’ (54%, mean component score: 1.91), and ‘pain/
discomfort’ (49%, mean component score: 1.58), whereas 
patients with IGE and FE most frequently reported dif-
ficulties with ‘anxiety and depression’ (IGE: 74%, mean 
component score: 1.80; FE: 66%, mean component score: 
1.79; Fig. 3A).

The QOLIE-31 overall scores were significantly lower 
for the TSC (57.7) and FE (57.6) cohorts than for the IGE 
cohort (66.6; P = 0.004 for both comparisons). Patients 
with TSC and FE had lower subscale scores for ‘cognitive 
function’ (P = 0.003 and P = 0.007, respectively) and ‘social 
function’ (P < 0.001 for both comparisons) than patients 
with IGE. Patients with TSC had significantly lower 
subscale scores for ‘overall QoL’ than patients with IGE 
(P = 0.046), while there was no significantly difference 
between FE patients and both other cohorts (Table 4).

Depressive symptoms were analyzed using data col-
lected from the NDDI-E, revealing a significant differ-
ence (P = 0.009) between patients with TSC (mean: 13.1, 
SD: 4.28) and patients with IGE (mean: 11.15, SD: 4.07). 
No differences in the proportions of patients reaching 

the cutoff score of 14 (indicating depressive mood) were 
observed among the three cohorts.

To assess epilepsy-related stigma, we examined rESS 
responses. Higher rESS scores were observed in the TSC 
cohort (mean: 3.97, SD: 2.69) than in the other cohorts 
(IGE, mean: 1.48, SD: 2.12; P < 0.001; FE, mean: 2.45, 
SD: 2.57; P < 0.001). A higher proportion of patients 
with TSC (67/92) experienced moderate or high stigma 
than patients with IGE (42/92) or FE (57/92; P < 0.001, 
Table 4).

Seizure Worry Scale scores were similar across the 
three cohorts, with mean scores of 3.28 (SD 1.90) among 
patients with TSC, 3.17 (SD 1.91) among patients with 
IGE, and 3.75 (SD 1.80) among patients with FE.

To analyze therapy-related adverse events, LAEP scores 
were obtained. Patients with TSC had significantly higher 
LAEP scores (mean: 42.74, SD: 10.60) than patients with 
IGE (mean: 37.47, SD: 11.35; P = 0.017), while patients 
with FE (mean: 40.21, SD: 12.46) showed no signifi-
cantly difference. When we dichotomized LAEP scores 
(LAEP scores ≥ 35 vs. <35), no significant differences 
were observed in the proportions of each cohort with 
and without therapy-related adverse events. In all three 
cohorts, fatigue and problems with concentration were 
the most frequently reported therapy-related adverse 
events, followed by restlessness and memory problems.

Discussion
Previous studies have compared the economic burden 
of disease and QoL between patients with TSC suffer-
ing from various organ manifestations (e.g., epilepsy) and 
epilepsy patients without TSC. However, to our knowl-
edge, no comparative studies in Germany have specifi-
cally examined the costs of illness and QoL in patients 
with TSC related epilepsy and patients with explicit epi-
lepsy types, such as IGE and FE.

Our analysis indicates that more patients with TSC 
are in possession of disability ID and that these patients 
receive higher care levels and incur significantly higher 
care level costs than patients with IGE and FE. This fact 
suggests that TSC results in marked limitations on the 
daily lives of patients with TSC compared to patients 
with IGE and FE, which is consistent with previous stud-
ies on costs and burden on caregivers [7, 41–44].

Our analysis showed higher total direct costs for 
patients with TSC than for patients with IGE and FE. 
Mean direct costs for patients with TSC were twice as 
high as those for patients with IGE and FE due to dif-
ferent components, such as the use of mTOR inhibitors 
[45]. Zöllner et al. [17] identified the use of expensive 
mTOR inhibitors as an independent cost-driving fac-
tor for patients with TSC. Betts et al. [46] reported that 
mTOR inhibitors were a key cost component for patients 
with TSC in the US compared with patients with other 
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epilepsy syndromes. However, mTOR inhibitor prices 
are likely to decrease as generic formulations become 
available, which may result in a convergence of the drug 
treatment costs borne by the TSC cohort and the other 
cohorts [47, 48].

In this analysis, no significant differences in the num-
ber of ASMs or associated costs were identified among 
the three cohorts, patients with FE have a higher ASM 
drug load measured by DDD. Patients with TSC used a 
mean of 1.7 ASMs compared with 1.5 for patients with 
IGE and 1.9 for patients with FE. In the comparative 
study reported by Betts et al., patients with TSC used a 
mean of 2.1 ASMs, which was significantly higher than 
the mean of 1.3 ASMs reported for the epilepsy cohort 
without TSC [46]. However, 58% of patients with TSC 
in our study received at least 2 ASMs, which is consis-
tent with results from Shepherd et al., in which 60% of 
patients with TSC diagnosed with epilepsy used at least 
2 ASMs [49].

A significant difference in direct costs due to other pre-
scribed drugs was observed in this analysis, as patients 
with TSC reported costs of €144 compared with €31 for 
patients with IGE and €34 for patients with FE. Despite 
ensuring that the cohorts were matched for age and 
sex, patients with TSC report significantly higher costs 
for cardiovascular/antithrombotic agents and alimen-
tary tract/metabolic drugs than patients with IGE and 
FE, particularly drugs associated with lipid and glucose 
metabolism and blood pressure regulation. Previous 
studies, such as the Dutch study reported by Mulder et 
al. [50], identified hypercholesterolemia as a frequent 
side effect of mTOR inhibitors. In the present analysis, 
11 of 31 patients with TSC using mTOR inhibitors also 
reported at least one metabolic or cardiovascular drug 
associated with a mean cost of €41.

Major contributors to direct costs included outpatient 
visits with healthcare professionals, outpatient hospital 
visits, diagnostic procedures, and ancillary treatments. 
For most of these categories, the costs for patients with 
TSC were at least twice as high as those for patients 
with IGE and FE, which may be related to the multisys-
tem nature of TSC. Multiple organ manifestations likely 
require continuous monitoring and additional diagnostic 
procedures and treatments, increasing the overall eco-
nomic burden [49] compared with IGE and FE.

In the present study, indirect costs due to a loss of pro-
ductivity were significantly higher for patients with TSC 
(mean €7185) than for patients with IGE (€3599) and FE 
(€5082). Only 40% of patients with TSC were employed 
(full-time, part-time, reduced hours, or vocational 
training), whereas 77% of patients with IGE and 66% of 
patients with FE were employed. A comparison between 
the general German population and patients with 
IGE shows an equal number of employed individuals, Ta
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whereas patients with TSC are almost half as likely to 
be employed than individuals from the general German 
population [51] (Fig. 1A). In a US-based study, Skalicky 
et al. [52] reported that 70% of participating patients 
with TSC were employed; however, 58% rated their work 
time as impaired due to TSC. The different social systems 
between Germany and the US might explain the higher 
number of patients with TSC who reported employment 
in the US compared with our study. Among patients 
with FE in our study, 34% were not employed. Ioannou 
et al. [53] reported that 46% of patients with FE were not 
employed, which differs from our results; however, the 
patients in the study by Ioannou et al. were all defined as 
drug refractory, which was not the case in our study.

Based on generic QoL scores obtained from the EQ-
5D-3L questionnaire, patients with TSC showed signifi-
cantly lower index scores with TTO and VAS methods 
than the other cohorts in the present study. With a mean 
TTO score of 0.705 and a VAS score of 0.577, patients 
with TSC experienced statistically significantly consider-
ably worse generic QoL than the overall German popu-
lation (P < 0.001). Janssen et al. [54] reported a pooled 

mean population-weighted TTO value of 0.915 and VAS 
value of 0.890 for the five largest European economies, 
including Germany, indicating a mean reduction in TTO 
of 0.210 and in VAS of 0.313 for patients with TSC in our 
study relative to the general German population, indicat-
ing reduced generic QoL. EQ-5D-3L values for patients 
with IGE (TTO, 0.897; VAS, 0.813) and FE (TTO, 0.879; 
VAS, 0.769) were also lower than those for the general 
German population; however only the reductions of 
VAS values were statistically significant (P < 0.001 in both 
comparisons). Additionally self-rated overall mean VAS 
scores were significantly lower in all cohorts (TSC:61.8; 
IGE:70.7; FE:68.8) compared to the German population 
(78.3). When dividing the cohort in different age-groups, 
all 3 cohorts presented statistically significantly lower 
self-rated VAS scores than the general German popula-
tion except of age-group 55–64 (Fig. 3B).

The EQ-5D-3L subscores revealed that patients with 
TSC frequently reported difficulties with usual activities 
(67%), self-care (54%), and pain/discomfort (49%). In the 
TOSCA study, Jansen et al. [41] found that patients with 
TSC reported difficulties with pain/discomfort (37%) 

Fig. 3  A. Mean EuroQuol-5-Dimension (EQ-5D) component scores by cohort
B. Average self-rated EuroQuol Visual Analog Scale (EQ-VAS) score by age group in each disease cohort and general German population
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and anxiety/depression (47%). However, the TOSCA 
study allowed caregivers to complete the EQ-5D-3L 
for patients who could not complete the questionnaire 
independently, resulting in increased overall impair-
ment, which likely had direct consequences on generic 
QoL outcomes. Our results were limited to self-reported 
information, which may indicate that the overall effects 
of TSC on general QoL and EQ-5D-3L subscores may be 
underestimated by our study.

Differences in QOLIE-31 overall scores were identified 
between patients with TSC and IGE, whereas patients 
with FE reported similar overall scores as patients with 
TSC. The mean social and cognitive function subscores 
were significantly lower for patients with TSC (social, 
56.95; cognitive, 51.16) than for patients with IGE (social, 
76.77; cognitive, 66.24). The TOSCA study used the 
modified QOLIE-31-P questionnaire [41], which includes 
an additional question regarding distress and wor-
ries related to epilepsy. The overall QOLIE-31-P scores 
in the TOSCA study were comparable to our results, 
although the mean cognition scores of the TOSCA study 
were more than 10 points higher (mean score 63.6) [41] 
for patients with TSC than in our study. However, only 
24 individuals from the TOSCA study completed the 
questionnaire.

The rESS scores revealed that patients with TSC expe-
rienced significantly increased epilepsy-related stigma 
(3.97) than patients with IGE (1.48) and FE (2.45). A 
larger proportion of patients with TSC reported mod-
erate or severe stigma than those with IGE and FE. In 
a Croatian study by Bielen et al. [37], 53% of 298 inves-
tigated epilepsy patients reported feelings of stigma, 
with 45% experiencing mild to moderate stigma and 8% 
reporting severe stigma. These results were consistent for 
patients with IGE and FE in our study, but our study had 
slightly higher proportions for patients with TSC (59% 
mild to moderate stigma and 14% high stigma). Zöllner 
et al. [16] identified an association between the range of 
clinical TSC manifestations and severe stigma, as mea-
sured by the Epilepsy Stigma Scale.

Limitations
Although our comparative analysis was based on stud-
ies that used similar questionnaires, with question-by-
question matching, slight wording differences could have 
affected how each question was perceived by respon-
dents. In addition, the studies were performed in two 
consecutive years (2019 and 2020), and in the interven-
ing time, healthcare and treatment guidelines may have 
changed. However, we attempted to adjust both direct 
and indirect costs to improve comparability.

Because we limited our study to patients able to pro-
vide independent informed consent, our study excluded 
the most severely affected patients, which likely resulted 

in the underestimation of the burden of illness and true 
QoL. Patients with TSC also tended not to respond to all 
components of the QoL questionnaires, which further 
limits our assessment.

Although the present study highlights the costs and 
QoL burden associated with TSC, IGE, and FE, this was 
not an interventional study; therefore, we are unable to 
draw any conclusions regarding how to ease the disease 
burden experienced by patients and caregivers.

To facilitate a more comprehensive comparison of 
the three groups, additional information on the specific 
comorbidities present in each group, the cognitive levels 
of the patients, and the underlying pathologies of focal 
epilepsies would have been beneficial. Moreover, con-
sidering the variable severity of TSC, it would have been 
insightful to explore whether epilepsy or comorbidities 
predominantly influenced the degree of disability and 
associated burden. However, this information was not 
surveyed in detail, which represents a limitation.

Conclusions
The high QoL and monetary burdens associated with 
TSC are apparent, reinforcing existing research into pre-
ventive treatments [55, 56]. Patients with TSC and epi-
lepsy generally experience higher burdens than patients 
with IGE and FE. This study supports the observation 
that TSC is a multisystem disorder with epilepsy that 
severely limits the daily lives of patients, resulting in high 
economic costs. Further research and efforts should focus 
on identifying the drivers of high healthcare resource use 
and opportunities to decrease monetary impacts and 
improve QoL among patients with TSC.
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