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Spain
d Department of Nephrology, Fundación Puigvert, Universitat Autònoma de Barcelona (Department of Medicine), Barcelona, Spain
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A B S T R A C T

Introduction: Tuberous Sclerosis Complex (TSC) is a neurocutaneous disorder associated with epilepsy (70–90% 
of cases) and neuropsychiatric symptoms (NPS). However, the influence of epilepsy on NPS remains unclear.
Objectives: This study aimed to describe the presence of NPS in our cohort and to establish their relationship with 
epilepsy severity and other clinical characteristics (genetic, neuroimaging, and EEG findings).
Patients and methods: Descriptive, cross-sectional, single-centre study of adults (18–65 years) with TSC, without 
significant intellectual disability. Patients underwent comprehensive neurological and neuropsychological 
assessment, which included cognitive, depression, and quality of life evaluations, alongside the TAND-checklist 
for NPS.
Results: Twenty-eight patients with TSC were included (19 women, 44.7 ± 14.4 years). Seven patients had TSC1 
variants and 11 had TSC2 variants. Nineteen (67.86 %) patients had epilepsy, 7(36.84 %) of them exhibiting 
drug-resistant epilepsy. Five (17.86 %) presented Infantile Spasms in the past. Regarding TAND-L, the most 
frequent NPS were: mood swings (80 %), excessive shyness (70 %), sleep/attention disorders (60 %) and low self- 
esteem (50 %). A longer duration of epilepsy and a higher number of anti-seizure medications (ASM) trials 
correlated with poorer total IQ − Intelligence Quotient- (Pearson correlation = -0.53, significant at 0.007 and 
− 0.45, significant at 0.03, respectively). Patients carrying a TSC2 variant or with a history of Infantile Spasms 
had higher intellectual disability and worse TAND scores (p < 0.05). Despite the high prevalence of NPS, only 4 
(14.28 %) patients had received specific psychiatric care.
Conclusion: Patients with TSC and severe epilepsy showed worse neuropsychiatric outcomes. The high prevalence 
of NPS underscores the need for specific protocols for early detection and intervention.

1. Introduction

Tuberous Sclerosis Complex (TSC) is a rare disease, with an 
approximate incidence of 1 in 6000/10000 live births [1], standing out 
as one of the most disabling multisystemic disorders. The underlying 
mechanism involves a pathogenic variant in the TSC1 gene 

(chromosome 9q34) or in the TSC2 gene (chromosome 16p13.3), 
encoding the hamartin and tuberin proteins respectively, in approxi
mately 75–85 % of cases, with clinical features sufficient for the diag
nosis [2]. Both proteins are part of a complex that leads to 
overactivation of the mTOR (mammalian target of rapamycin) pathway, 
resulting in uncontrolled cell growth, disturbances in differentiation, 
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metabolism, and autophagy, and ultimately leading to the formation of 
hamartomatous dysplasia in multiple organs, including the brain [1,2]. 
However, there is significant clinical heterogeneity in terms of severity 
and phenotypic expression, as well as an age-dependent evolution of 
symptoms [3].

Around 80–90 % of TSC patients have epilepsy [1,4,5], with infantile 
spasms in 45 % (especially in TSC2) [4] and other types of seizures, such 
as focal or secondarily generalized seizures, also being common [6]. 
Although the onset of epilepsy typically occurs within the first two years 
(0.4 years for infantile spasms) [4], adults are not exempt, with > 12 % 
experiencing new-onset epilepsy [7]. Epilepsy is often drug-resistant [8] 
with only 30–40 % of patients achieving good seizure control [7,9].

Beyond epilepsy, most individuals with TSC experience neuropsy
chiatric symptoms (NPS) at some point in their lives (up to 90 %) [10]. 
In 2012, NPS were collectively termed “TAND; TSC-associated neuro
psychiatric disorders” [3]. Consequently, the “TAND-checklist” was 
developed to assess NPS, comprising six distinct domains (Behavioural, 
Intellectual, Developmental, Academic, Neuropsychological, and Psy
chosocial) [11]. Current guidelines recommend an annual screening of 
NPS. However, NPS remain underexplored in clinical practice, with 
fewer than 20 % of patients receiving the support they require [12].

Moreover, identifying risk factors or biomarkers for the development 
of NPS is essential. Some studies have shown that early onset and the 
severity of epilepsy are linked to these symptoms, while others have 
demonstrated that treating tumours and epilepsy can improve NPS 
[4,12–14]. Nevertheless, this research is limited and does not system
atically investigate the complete NPS dimensions.

This work focuses on two main objectives: first, to offer a more 
detailed description of NPS in adult patients with TSC; and second, to 
better understand the relationship between epilepsy and NPS as well as 
other clinical characteristics, such as epilepsy severity, genotype, tuber 
localisation and EEG abnormalities.

2. Methods

2.1. Study population

We undertook a descriptive, prospective, cross-sectional and single- 
centre study of adult patients with TSC followed at Hospital de la Santa 
Creu i Sant Pau (HSCiSP) from February 2023 to July 2024. Patients 
were included according to the following criteria: 1) Clinical and/or 
molecular diagnosis of TSC; 2) Aged 18–65 years; 3) If epilepsy was 
present, it had to meet the ILAE criteria[15]; 4) MRI performed within 
the last three years; 5) EEG performed within the past year. We excluded 
patients with moderate-severe intellectual disability, defined as an In
telligence quotient (IQ) < 50 due to their inability to read and under
stand the informed consent and to complete the required 
neuropsychological tests.

The study was approved by the Ethics Committee of HSCiSP.
We recorded the following variables: age; genetic testing; history of 

Infantile Spasms; current seizure status (active if seizures occurred 
within the last year); types of seizures; drug-resistance criteria; epilepsy 
duration (years); number of total antiseizure medications (ASM) pre
scribed to date; number of current ASM; localisation of cortical tubers 
(frontal/parietal/temporal/occipital lobes) on the latest brain MRI; and 
EEG findings in the most recent EEG (epileptiform versus non- 
epileptiform abnormalities, such as slow background activity or focal 
or diffuse slowing).

A structured interview was conducted using the TAND Checklist 
(TAND-L) [11], alongside the following scales: Montreal Cognitive 
Assessment (MoCA) for cognitive screening, with an impairment cutoff 
of < 26; Hospital Anxiety Scale (HADS-A) and Hospital Depression Scale 
(HADS-D), with a cutoff of ≥11; EuroQol 5-Dimensions 3-Levels (EQ-5D- 
3L) [16] for health-related quality of life, with each dimension evaluated 
at three levels: no problems, some problems, extreme problems; Quality 
of Life in Epilepsy Inventory-10 (QOLIE-10) [17], where each item 

assesses an aspect of quality of life, with responses ranging from 1 (least 
affected) to 5 (most affected); Thermometer Test (TERMO) for subjec
tive health assessment, with responses ranging from 0 (worst imagin
able) and 10 (best possible); and Wechsler Adult Intelligence Scale- 
Fourth Edition (WAIS-IV) for cognitive ability evaluation, with subtest 
scores expressed as scaled values (10 ± 3) and indices with coefficient 
scores (100 ± 15).

2.2. Statistical analysis

Means and standard deviations (±SD) were used to compare quan
titative variables between patients with and without epilepsy; the mean 
values allowed us to assess the magnitude of the difference and its sig
nificance. For variables with a non-normal distribution, the Mann- 
Whitney U test was applied. The Chi-Square test was used for categor
ical variables, like TAND-L, allowing us to obtain the percentage sepa
rately for both groups and assess its potential significance. To study the 
correlation between two quantitative variables, such as duration of ep
ilepsy and IQ, the Pearson test was employed.

Statistical significance was established at a p-value of 0.05 (two- 
sided). Statistical analysis was conducted using IBM SPSS (Statistical 
Package for the Social Sciences) software, version 29.0.

3. Results

A total of 34 patients with TSC were identified. Six patients were 
excluded due to moderate-severe intellectual disability (IQ < 50). Thus, 
28 patients were included (mean age: 44.68 ± 14.42 years). Baseline 
characteristics are detailed in Table 1.

Regarding cognitive performance, 18/28 patients were evaluated 

Table 1 
Baseline characteristics of the patients (n = 28). Descriptive statistics are pre
sented with means and standard deviations for continuous variables, and fre
quencies and percentages for categorical variables.

Age (years), mean (SD) 44.68 (14.42)

Sex (female), n (%) 19 (67.86)
West syndrome history, n (%) 5 (17.86)
Epilepsy, n (%) 19 (67.96)
Active epilepsy, n (%)* 10 (52.63)
Epilepsy time of evolution (years), mean (SD)* 20.95 (16.45)
Current ASM (n◦), mean (SD)* 1.58 (1.22)
History of ASM (n◦), mean (SD)* 2.79 (1.87)
Drug-resistant epilepsy, n (%)* 7 (36.84)
Most frequent types of epileptic seizure, n (%)* 
- Focal without impaired awareness
- Focal with impaired awareness
- Bilateral tonic-clonic or other generalized

3 (15.79) 
12 (63.16) 
8 (42.11)

Available genetic testing, n (%) 
- TSC1**
- TSC2**

18 (64.29) 
- 7 (38.89)
- 11 (61.11)

Number of tubers, n (%) ​
- <3 - 6 (21.43)
- 3–6 - 8 (28.57)
- 6–10 - 5 (17.86)
- >10 - 9 (32.14)
Tubers location, n (%) ​
- Frontal - 23 (82.14)
- Temporal - 16 (57.14)
- Parietal - 19 (67.86)
- Occipital - 11 (39.29)
EEG abnormalities (availability of EEG < 1 year), n (%)*** ​
- Normal - 17 (68)
- Pathologic but non-epileptiform activity - 4 (16)
- Epileptiform activity - 4 (16)
*Excludes 9 patients without epilepsy 

**Excludes 10 patients without available genetic test 
***Excludes 3 patients without a recent EEG (within the last year)

Abbreviations
SD, standard deviation; ASM, antiseizure medications; TSC, Tuberous Sclerosis 
Complex; EEG, electroencephalogram.
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using the WAIS-IV and MoCA (4/28 declined further evaluations and 6/ 
28 were excluded because they exhibited mild intellectual disability- IQ 
50–70; mean IQ:59 ± 6.44). Among this group, the mean IQ was 92.29 
± 16.23, and their cognitive index profile was as follows: Verbal 
Comprehension Index (VCI): 98.83 ± 14.52; Perceptual Reasoning 
Index (PRI): 92 ± 17.38; Working Memory Index (WMI): 84.33 ± 12.91; 
and Processing Speed Index (PSI): 94.89 ± 14.37. As shown in Fig. 1, all 
cognitive indices demonstrated lower scores in patients with epilepsy 
(active or not) compared to those with no epilepsy.

The scaled scores for the WAIS-IV subtests yielded the following 
results: Block design: 8.22 ± 2.75; Similarities: 9.17 ± 2.74; Digit span: 
7.44 ± 2.06; Matrix reasoning: 9.67 ± 4.00; Vocabulary: 10.72 ± 2.78; 
Arithmetic: 7.50 ± 2.7; Visual puzzles: 8.56 ± 3.20; Symbol Search: 
9.39 ± 2.63; Information: 9.56 ± 3.07; and Coding: 8.67 ± 2.91. The 
MoCA score was 24.89 ± 3.87, with half of the patients scoring < 26, 
suggesting cognitive impairment. Patients with epilepsy had lower 
scores in the MOCA test (p = 0.01).

Anxiety and depression were assessed in all 28 participants. The 
scores on HADS were as follows: HADS-A: 7.22 ± 4.88; HADS-D: 4.87 ±
4.11. Five patients exceeded the score cutoff of 11 in the anxiety sub
scale, and three in the depression subscale.

Concerning the TAND-L checklist, the most frequent symptoms were 
mood swings (80 %), excessive shyness (70 %), sleep and attention 
disorders (60 %), and tantrums (50 %). Half of the patients reported low 
self-esteem.

In terms of quality of life, patients scored 6.70 ± 1.43 on the EQ-5D- 
3L, indicating mild impairment. In contrast, the score on the QOLIE-10 
was 20.74 ± 8.08, with higher scores observed in patients with active 
epilepsy (23.85 ± 4.00) compared to those without active epilepsy 
(19.07 ± 8.38). However, these differences were not statistically 
significant.

Patients evaluated their overall health perception using TERMO, 
with an average score of 6.81 ± 1.78, suggesting an acceptable 
perception of their health status.

Comparing patients with and without epilepsy, a significant associ
ation was found between the presence of epilepsy and lower IQ (p =
0.027). Notably, a history of Infantile Spasms was related with both 
intellectual disability and higher TAND-L scores (p = 0.047), specifically 
in TAND-3 (behavioural problems) and TAND-6 (difficulties in school- 
related skills).

Furthermore, a longer duration of epilepsy and a higher number of 
ASM trials correlated with poorer total IQ (Pearson correlation = − 0.53, 
significant at 0.007 and − 0.45, significant at 0.03, respectively).

Regarding genetics, when comparing the 11 patients with TSC2 
variants to the 7 patients with TSC1 variants, the TSC2 group showed a 
higher prevalence of psychiatric disorders included in TAND-4 (p =
0.002). Additionally, the TSC2 group performed worse in several sub
tests of the WAIS-IV, including digit span, arithmetic, block design, 
puzzles, coding, PRI, PSI, and total IQ. The mean total IQ was 83 (SD =
29.61) in the TSC2 group, compared to 86.57 (SD = 13.40) in the TSC1 
group (p = 0.002).

As for the location of the tubers in the MRI, tubers in the frontal lobe 
(82.14 % of patients) and parietal lobe (67.86 % of patients) were 
significantly associated with TAND-6 (school-related skills) (p = 0.043 
and 0.022 respectively). Parietal lesions were also related to TAND-3 
(behavioural problems) and TAND-7 (difficulties in some specific 
brain skills) (p = 0.030 and 0.020 respectively). No significant differ
ences were observed between TAND subcategories and lesions in the 
temporal and occipital lobes.

Lastly, regarding the EEG, 4/28 patients exhibited non-epileptiform 
abnormalities and 4/28 showed interictal epileptiform activity. There 
were no significant differences between EEG findings and intellectual 
disability or other NPS.

4. Discussion

This study suggest that adult patients with TSC exhibit a high prev
alence of NPS, significantly affecting their quality of life, especially 
those with epilepsy. Overall, the results indicate that cognitive perfor
mance varied among patients (mean IQ of 92.29 ± 16.23), with 
particular deficits in working memory and processing speed. Behav
ioural symptoms were prevalent, underscoring the interplay between 
cognitive and emotional health in this cohort. Our findings reveal a 
notable association between epilepsy severity and lower IQ, empha
sizing the impact of recurrent seizures on cognition. Remarkably, a 
history of Infantile Spasms seems to be linked with intellectual 
disability, behavioural issues, and genetic factors (TSC2 mutations 
correlated with poorer cognitive performance).

Our cohort had relatively mild epilepsy, with lower rates of Infantile 
Spasms (17.86 %) and drug-resistant epilepsy (36.84 %) compared to 
previous studies. This may suggest a reporting bias in diagnosing In
fantile Spasms in adults, as well as a better control of epilepsy in later 
stages of the disease, compared to paediatric population. The acceptable 
quality of life reported by patients, could be attributed to this effective 
seizure control and a degree of anosognosia concerning their cognitive 
deficits.

Frontal and parietal lesions on MRI impacted on school-related skills 
and behavioural problems. A previous study correlated parietal and 
temporal lesions with higher occurrences of learning difficulties, mood 
disorders, anxiety, and extreme shyness [18]. The involvement of frontal 
and parietal regions may contribute to poorer outcomes given their 
critical roles in cognitive functions and spatial awareness, crucial for 
academic performance and social interactions. On the other hand, in our 
cohort, EEG findings were not related with NPS, possibly due to less 
specific alterations in adults with TSC compared to those with infantile 
TSC. In a retrospective study involving 103 participants aged 3 to 55 
years [19], epileptiform activity was more prevalent in patients with 
autism spectrum disorders.

So far, most studies have focused on the paediatric or combined 
paediatric-adult populations. A recent Polish study assessed the TAND- 
checklist in 100 adults with TSC [20], revealing high frequency of 
NPS primarily in the behavioural domain, including extreme shyness, 
inflexibility, and sustained attention deficits, consistent with our results. 
The study also highlighted an association between epilepsy and 
increased NPS and disability, which also aligns with our observations. 
To our knowledge, the present study is the first to analyse the cognitive 
profile of adult patients using a complete neuropsychological battery. 
These results confirm the complexity of NPS in TSC and the need for 
further research across different age groups.

Fig. 1. Comparison of Cognitive Indices and associated p-values between Epi
lepsy and Non-Epilepsy patients. Abbreviations: VCP, Verbal Comprehension 
Index; PRI, Perceptual Reasoning Index; WMI, Working Memory Index; PSI, 
Processing Speed Index; IQ, Intelligence Quotient.
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Our study has several limitations. First, the cross-sectional design 
restricts our ability to establish causality between NPS and epilepsy and 
it may limit the generalizability of our findings. Secondly, the small 
sample size of 28 patients reduces statistical power, potentially limiting 
the precision and robustness of our results. Future studies with larger 
cohorts and longitudinal designs are recommended to validate and 
expand upon these observations. Finally, there are limitations related to 
the TAND-checklist questionnaire. Its interpretation may be subjective, 
affecting the comparability across studies. It also does not specify when 
symptoms began or whether they persist, making it difficult to deter
mine if NPS are temporally linked to active epilepsy or follow any age- 
related patterns.

In conclusion, in patients living with TSC, neurological care should 
transcend the mere management of epileptic seizures and it seems 
mandatory to adopt an integral strategy that incorporates the assess
ment of NPS.
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[1] Henske EP, Jóźwiak S, Kingswood JC, Sampson JR, Thiele EA. Tuberous sclerosis 
complex. Nat Rev Dis Primers 2016;2(1):16035. https://doi.org/10.1038/ 
nrdp.2016.35.

[2] Feliciano DM. The Neurodevelopmental Pathogenesis of Tuberous Sclerosis 
Complex (TSC). Front Neuroanat 2020;14. https://doi.org/10.3389/ 
fnana.2020.00039.

[3] Northrup H, Krueger DA, Northrup H, et al. Tuberous Sclerosis Complex Diagnostic 
Criteria Update: Recommendations of the 2012 International Tuberous Sclerosis 

Complex Consensus Conference. Pediatr Neurol 2013;49(4):243–54. https://doi. 
org/10.1016/j.pediatrneurol.2013.08.001.

[4] Nabbout R, Belousova E, Benedik MP, et al. Epilepsy in tuberous sclerosis complex: 
Findings from the <scp>TOSCA</scp> Study. Epilepsia Open 2019;4(1):73–84. 
https://doi.org/10.1002/epi4.12286.

[5] Jansen FE, Vincken KL, Algra A, et al. Cognitive impairment in tuberous sclerosis 
complex is a multifactorial condition. Neurology 2008;70(12):916–23. https://doi. 
org/10.1212/01.wnl.0000280579.04974.c0.

[6] Jeong A, Nakagawa JA, Wong M. Predictors of Drug-Resistant Epilepsy in Tuberous 
Sclerosis Complex. J Child Neurol 2017;32(14):1092–8. https://doi.org/10.1177/ 
0883073817737446.

[7] Chu-Shore CJ, Major P, Camposano S, Muzykewicz D, Thiele EA. The natural 
history of epilepsy in tuberous sclerosis complex. Epilepsia 2010;51(7):1236–41. 
https://doi.org/10.1111/j.1528-1167.2009.02474.x.

[8] Bachour K, House AA, Andrade DM, et al. Adults with tuberous sclerosis complex: 
A distinct patient population. Epilepsia 2022;63(3):663–71. https://doi.org/ 
10.1111/epi.17159.

[9] Vignoli A, La Briola F, Turner K, et al. Epilepsy in adult patients with tuberous 
sclerosis complex. Acta Neurol Scand 2021;144(1):29–40. https://doi.org/10.1111/ 
ane.13416.

[10] Vanclooster S, Bissell S, van Eeghen AM, et al. The research landscape of tuberous 
sclerosis complex–associated neuropsychiatric disorders (TAND)—a 
comprehensive scoping review. J Neurodev Disord 2022;14(1):13. https://doi.org/ 
10.1186/s11689-022-09423-3.

[11] de Vries PJ, Whittemore VH, Leclezio L, et al. Tuberous Sclerosis Associated 
Neuropsychiatric Disorders (TAND) and the TAND Checklist. Pediatr Neurol 2015; 
52(1):25–35. https://doi.org/10.1016/j.pediatrneurol.2014.10.004.

[12] Leclezio L, de Vries PJ. Advances in the treatment of tuberous sclerosis complex. 
Curr Opin Psychiatry 2015;28(2):113–20. https://doi.org/10.1097/ 
YCO.0000000000000136.

[13] Waltereit R, Feucht M, de Vries MC, Huemer J, Roessner V, de Vries PJ. 
Neuropsychiatrische Manifestationen bei Tuberöser Sklerose (TSC): Diagnostische 
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