
Balance, coordination or gait 
Understanding spoken language

Attention
Dual-tasking/multi-taskingb

Memoryb

Visuospatial tasks
Executive skillsb

Being disorientated
Processing speed/slower thinkingb

Reading
Writing
Spelling

Mathematics

Anxiety
Depressed mood
Extreme shyness

Mood swings
Aggressive outbursts

Temper tantrums
Self-injury

Repeating words or phrases
Poor eye contact

Getting on with people of a similar age
Repetitive behaviours

Very rigid or inflexible behaviour
Sensory sensitivities
Over-/hyper-activity

Paying attention or concentrating
Restlessness or fidgetiness

Impulsivity
Eating and/or drinking

Sleep
Relationship difficulties

Objectives
• To describe non-seizure related outcomes, such as cognitive 

function, behaviour, and communication, among patients with 
TSC receiving CBD, as reported by their caregivers

• To explore short-term non-seizure effects of CBD, defined as 
occurring between 3 to 6 months from start of treatment

CBD, cannabidiol.

Methods

Study participants 
• Caregivers (informal, unpaid), ≥18 years old, self-reported as the 

main or one of the main caregivers of a patient ≥2 years old with 
TSC receiving CBD for ≥12 weeks prior to Survey 1, in France, 
Germany, Israel, Italy, Spain, the UK, or the US

– Participants had to provide written informed consent, and 
understand, read, and speak the local language to complete 
the questionnaires and interview discussion

– Data reported here are from Survey 1 of Group 1 
(caregivers of individuals who were already receiving CBD 
for 3–6 months prior to completing Survey 1) (Figure 1) 

Survey 1
• A ~45-minute, quantitative survey was completed upon study entry
• Questions related to demographics, symptoms, and health-related 

QoL impact of TSC experienced by the person being cared for
– Questions about TSC impacts were repeated to cover the 

month prior to initiating CBD treatment, and the past month
– Level of functioning aspects were measured on 2- to 5-point 

categorical scales with response choices varying by question
– Behavioural issues, academic skills, and neuropsychologic 

problems were rated on a Numeric Rating Scale from 0 
(not at all) to 10 (very much)

– Intellectual ability (IA) was assessed based on caregiver 
responses to the question “how would you describe their IA?” 
(normal IA: “above-average” or “normal” IA; impaired IA: 
“mild-moderate” or “severe-profound” intellectual disability)
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Demographic description of the survey population

Results
• Of 88 caregivers recruited to the study overall, 32 were in Group 1 (caring for someone who had received 3–6 months CBD treatment)

– The mean age of the patients cared for (n=32) was 20.7 years, 50% were male, and 56% had impaired IA 

– Among caregivers, 69% were female and 44% were full-time homemakers
• Detailed characteristics of patients and caregivers can be viewed in the Supplementary Material via the QR code (Tables S1 and S2)

Scan this code to access 
this poster and 

supplementary material 
online. This code is not 

for promotional purposes.

Conclusions
• These initial findings, reported by caregivers looking after individuals who were already receiving CBD for 3 to 6 months, are encouraging

– Non-seizure outcomes did not worsen with CBD, and there is an indication that treatment with CBD may positively impact some of 
them, including level of functioning in patients with impaired intellectual ability, as well as anxiety and sleep in patients irrespective 
of intellectual ability

• These preliminary results are based on a small sample size and should be interpreted with caution
– The findings accord with early reports from another ongoing study of caregivers of patients with TSC, suggesting non-seizure 

benefits of CBD8

• Analyses of longer-term quantitative data (Group 1, Survey 2; Group 2, Surveys 1 and 2) and qualitative assessments are ongoing

Impacts on levels of functioning, normal activities, skills, and behavioural issues

Figure 1. Overall study design

Introduction
• Tuberous sclerosis complex (TSC) is a rare genetic disorder; 

epilepsy impacts 80–90% of patients with TSC, which often 
manifests in the first year of life1 

• Highly purified cannabidiol (CBD; Epidyolex® [EU]/Epidiolex® 
[US], 100 mg/mL oral solution) is approved as an adjunctive 
treatment for patients with seizures associated with TSC2–4

• TSC is also linked to a range of neurodevelopmental and 
neuropsychiatric conditions, such as learning difficulties, anxiety, 
and depression, termed TSC-associated neuropsychiatric 
disorders (TAND)5–7

• TAND can have a profound impact on the quality of life (QoL) 
of both patients and their caregivers; it is important to assess 
non-seizure outcomes to fully understand treatment effects5–7

• This international, longitudinal, observational, mixed methods 
study aimed to assess the non-seizure impact of CBD, as 
reported by caregivers, in patients with TSC-associated seizures

In this poster

Quantitative assessments

Group 1 Group 2

1-month period
(recall of time 
before CBD)

Random selection
Qualitative 1-on-1 interviews

Caregivers of individuals who 
have received 

6+ months CBD treatment
(before Survey 1)

3–6 months

1-month period
(past month)

+3 months

≥6 months

1-month period
(past month)

Caregivers of individuals who 
have received 

3–6 months CBD treatment 
(before Survey 1)

Demographic description of the survey population

Data pending

Data pending
Survey 1

Survey 2

Data pending

Green = this may be an increase or decrease in the number of caregivers reporting a change, green signifies the change is considered positive beneficial for the 
patient. Only values where the change (categorical domains) or both the mean and SD (numerical domains) were wholly above/below neutral have been marked 
in green; Black = neutral, that is score or number of reports unchanged i.e. 0; Red = change is not considered beneficial for the patient
Changes are all between answers given with respect to the past month compared with respect to the month before treatment began. Changes for categoric domains are in the number of caregivers endorsing an item. 
Changes for numeric domains are in mean score, including SD. Details of changes can be viewed in the Supplementary Material via the QR code.
aIncludes going to school or work, playing, seeing friends and relatives, and doing chores; bReported for caregivers of individuals aged ≥5 years at the time of taking Survey 1 (Overall, N=29; Normal IA, N=14; Impaired IA, N=15). 
Caregivers of those aged <5 years were not shown this question. CBD, cannabidiol; IA, intellectual ability; SD, standard deviation.

Figure 2. Summarised changes in reports from caregivers of patients receiving CBD for 3–6 months, as assessed for the past 
month (on treatment) and compared with their recall of the month before treatment began

Categorical domains: Change in number of caregivers pre- and post-CBD

Level of mobility

Able to walk independently (without assistance or walking aids) (no change)
Able to walk only with assistance or the use of walking aids (no change)

Not able to walk but able to stand (no change)
Not able to walk or stand (no change)

Use of complete sentences (increase)
Use of only 2- or 3-word phrases (decrease)

Use of only single words and no phrases (no change)
Unable to use recognisable words but may make some sounds (no change)

Level of ability to talk

Has age-appropriate speech (increase) 
Does not have age-appropriate speech (decrease)

Statements best describing speech

Able to use their hands without difficulty (increase)
Able to use their hands but has difficulty with tasks such as using a fork, spoon, 

or pencil (no change)
Unable to use their hands for tasks such as using a fork, spoon, or pencil (decrease)

Level of motor skills

Able to dress and undress without assistance (no change)
Able to dress and undress with some assistance (no change)
Able to dress and undress with a lot of assistance (increase)

Unable to dress or undress themselves with or without assistance (decrease)

Level of ability for independent care Prevented from taking part in normal activitiesa

Neuropsychologic skills Academic skillsb Behavioural issues and psychosocial functioning

Numerical domains: How much were the following a problem for the person you care for pre- and post-CBD?
Items scored by caregivers from 0 (not at all) to 10 (very much) 

• Caregivers’ responses indicated that some individuals with TSC had better functioning for the month prior to Survey 1 (following 3–6 months 
of CBD treatment) compared with the month before they had started taking CBD (Figure 2; details in Table S3 via the QR code)

– Improvements were all reported for patients with impaired IA (most of those with normal IA did not have functional difficulties prior to 
treatment), and included +2 reports of being able to dress and undress with a lot of assistance (previously unable to do so), 
+2 reports of using complete sentences, and +3 reports of never being prevented from taking part in normal activities

• Among numeric domains, neuropsychologic and academic skills remained largely unchanged in this 3–6-month timeframe (Figure 2, details in 
Figure S1 and Table S4 via the QR code), although there was a potential signal of improvement in attention (Figure S1) 

• For behavioural issues, improvements were noted in anxiety and sleep, in both the normal IA and impaired IA groups (Figure S2 via the QR code)

Always (no change)
Often (decrease)

Sometimes/rarely (decrease)
Never (increase)
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Table S2. Demographics and characteristics of caregivers

Total Group 1 (N=32) Adult (N=14) Paediatric (N=18) Normal IA (N=14) Impaired IA (N=18)

Age of Individual with TSC at baseline, mean (SD) 20.7 (14.40) 32.2 (14.47) 11.7 (4.87) 30.4 (16.12) 13.2 (6.53)
Sex of Individual with TSC, n (%)a

Male 16 (50.0%) 9 (64.3%) 7 (38.9%) 9 (64.3%) 7 (38.9%)
Female 15 (46.9%) 4 (28.6%) 11 (61.1%) 4 (28.6%) 11 (61.1%)

Age when first had signs/symptoms of TSC, Mean (SD)b 1.4 (2.04) 1.7 (1.88) 1.3 (2.13) 2.2 (2.09) 1.0 (1.97)
Age when first diagnosed with TSC, mean (SD)b 2.1 (2.30) 2.7 (2.53) 1.9 (2.26) 3.4 (2.17) 1.5 (2.17)
Age when first experienced epileptic seizures, mean (SD)c 2.8 (4.66) 4.3 (7.82) 2.1 (2.31) 7.5 (8.50) 1.5 (2.07)
Co-occurring neuropsychiatric diagnoses, n (%)

ASD, including autism and Asperger’s 11 (34.4%) 2 (14.3%) 9 (50.0%) 0 (0.0%) 11 (61.1%)
ADHD 8 (25.0%) 3 (21.4%) 5 (27.8%) 3 (21.4%) 5 (27.8%)
Anxiety disorderd 10 (31.3%) 7 (50.0%) 3 (16.7%) 7 (50.0%) 3 (16.7%)
Depressive Disorder 5 (15.6%) 5 (35.7%) 0 (0.0%) 3 (21.4%) 2 (11.1%)
OCD 5 (15.6%) 2 (14.3%) 3 (16.7%) 3 (21.4%) 2 (11.1%)
Psychotic disorder, including schizophrenia 1 (3.1%) 1 (7.1%) 0 (0.0%) 0 (0.0%) 1 (5.6%)
Other psychiatric disorder(s) 2 (6.3%) 1 (7.1%) 1 (5.6%) 0 (0.0%) 2 (11.1%)
Do not have any of the diagnoses 4 (12.5%) 1 (7.1%) 3 (16.7%) 1 (7.1%) 3 (16.7%)

Perceived intellectual ability, n (%)
Above-average intellectual ability 2 (6.3%) 2 (14.3%) 0 (0.0%) 2 (14.3%) 0 (0.0%)
Normal intellectual ability 12 (37.5%) 7 (50.0%) 5 (27.8%) 12 (85.7%) 0 (0.0%)
Mild-moderate intellectual disability 13 (40.6%) 4 (28.6%) 9 (50.0%) 0 (0.0%) 13 (72.2%)
Severe-profound intellectual disability 5 (15.6%) 1 (7.1%) 4 (22.2%) 0 (0.0%) 5 (27.8%)

Total Group 1 (N=32) Adult (n=14) Paediatric (n=18) Normal  IAa (n=14) Impaired  IA (n=18)a

Sex of caregiver, n (%) 
Male 7 (21.9%) 3 (21.4%) 4 (22.2%) 1 (7.1%) 6 (33.3%)
Female 22 (68.8%) 10 (71.4%) 12 (66.7%) 10 (71.4%) 12 (66.7%)
Prefer not to answer 3 (9.4%) 1 (7.1%) 2 (11.1%) 3 (21.4%) 0 (0.0%)

Employment statusb, n (%)
Self-employed full-time 8 (25.0%) 5 (35.7%) 3 (16.7%) 2 (14.3%) 6 (33.3%)
Self-employed part-time 4 (12.5%) 1 (7.1%) 3 (16.7%) 0 (0.0%) 4 (22.2%)
Full-time homemaker/caregiver 14 (43.8%) 6 (42.9%) 8 (44.4%) 8 (57.1%) 6 (33.3%)
Retired 2 (6.3%) 1 (7.1%) 1 (5.6%) 1 (7.1%) 1 (5.6%)
Other 1 (3.1%) 0 (0.0%) 1 (5.6%) 0 (0.0%) 1 (5.6%)
Prefer not to answer 3 (9.4%) 1 (7.1%) 2 (11.1%) 3 (21.4%) 0 (0.0%)

Caregiver household compositionc, n (%)
Lives with partner/spouse 27 (84.4%) 13 (92.9%) 14 (77.8%) 11 (78.6%) 16 (88.9%)
Lives with children 26 (81.3%) 11 (78.6%) 15 (83.3%) 10 (71.4%) 16 (88.9%)
Lives with other relatives 1 (3.1%) 0 (0.0%) 1 (5.6%) 0 (0.0%) 1 (5.6%)
Other 1 (3.1%) 1 (7.1%) 0 (0.0%) 0 (0.0%) 1 (5.6%)
Preferred not to answer 3 (9.4%) 1 (7.1%) 2 (11.1%) 3 (21.4%) 0 (0.0%)

aIntellectual ability assessed by questionnaire ‘how would you describe their intellectual ability?’ (normal IA: response options “above-average intellectual ability” or “normal Intellectual ability”; impaired IA: response options “mild-moderate intellectual disability” or “severe-profound intellectual disability”); 
bNo caregiver answered seeking work/unemployed, on long-term sick leave, or in education or training; cNo caregiver lives with parents or siblings.
IA, intellectual ability.

aPreferred not to answer: caregiver of 1 adult with normal IA; bNine caregivers (caring for 8 adults, 1 paediatric patient; 7 with normal IA, 2 with impaired IA) answered “don’t know/can’t remember”; c13 caregivers (caring for 13 adults, 8 paediatric patients; 10 with normal IA, 3 with impaired IA) answered “don’t know/can’t remember”; 
dIncludes panic, phobia, and separation anxiety disorder; 1 caregiver (of an adult with impaired IA) answered “I don’t know”.
ADHD, attention deficit hyperactivity disorder; ADS, autism spectrum disorder; IA, intellectual ability; OCD, obsessive compulsive disorder; SD, standard deviation; TSC, tuberous sclerosis complex.

Table S1. Demographics and characteristics of patients

Change in number of caregivers pre- and post-CBD Change from pre-treatment to past month, +/- N (%) change
Overall (N=32) Normal IA  (N=14) Impaired IA (N=18)

Level of mobility
They were able to walk independently, without assistance or the use of walking aids 0 (0.0%) 0 (0.0%) 0 (0.0%)
They were able to walk only with assistance or the use of walking aids 0 (0.0%) 0 (0.0%) 0 (0.0%)
They could not walk with or without assistance or walking aids, but they could stand 0 (0.0%) 0 (0.0%) 0 (0.0%)
They could not walk with or without assistance and could not stand 0 (0.0%) 0 (0.0%) 0 (0.0%)

Level of motor skills
They were able to use their hands without difficulty +1 (+3.1%) 0 (0.0%) +1 (+5.5%)
They were able to use their hands but had difficulty with tasks such as using a fork, spoon, or pencil 0 (0.0%) 0 (0.0%) 0 (0.0%)
They were unable to use their hands for tasks such as using a fork, spoon, or pencil -1 (-3.2%) 0 (0.0%) -1 (-5.5%)

Level of ability to care for self independently
They were able to dress and undress themselves without assistance 0 (0.0%) 0 (0.0%) 0 (0.0%)
They were able to dress and undress themselves with some assistance 0 (0.0%) 0 (0.0%) 0 (0.0%)
They were able to dress and undress themselves with a lot of assistance +2 (+6.2%) 0 (0.0%) +2 (+11.1%)
They were unable to dress or undress themselves with or without assistance -2 (-6.2%) 0 (0.0%) -2 (-11.1%)

Level of ability to talk
They had age-appropriate speech +1 (+3.1%) 0 (0.0%) +1 (+5.6%)
They did not have age-appropriate speech -1 (-3.1%) 0 (0.0%) -1 (-5.6%)

Which of the following statements best describes their speech?
They used complete sentences +2 (+6.2%) 0 (0.0%) +2 (+11.1%)
They used only 2- or 3-word phrases -2 (-6.2%) 0 (0.0%) -2 (-11.1%)
They used only single words and no phrases 0 (0.0%) 0 (0.0%) 0 (0.0%)
They were unable to use recognisable words but may make some sounds 0 (0.0%) 0 (0.0%) 0 (0.0%)

Prevented from taking part in normal activities
Always 0 (0.0%) 0 (0.0%) 0 (0.0%)
Often -2 (-6.3%) 0 (0.0%) -2 (-11.1%)
Sometimes/rarely -1 (-3.1%) 0 (0.0%) -1 (-5.5%)
Never +3 (+9.3%) 0 (0.0%) +3 (+16.6%)
I don’t know 0 (0.0%) 0 (0.0%) 0 (0.0%)

Table S3. Level of functioning and impact on normal activities

Level of functioning was measured on 2- to 5-point categorical scales with response choices varying by question. Change is in number (%) of caregivers endorsing an item. Green text denotes a positive signal versus neutral (black) where no change is observed.
IA, intellectual ability.

Mean change (SD)
Overall  (N=29) Normal IA (N=14) Impaired IA (N=15a)

How much was reading a problem? -0.2 (1.00) 0.0 (0.00) -0.5 (1.51)
How much was writing a problem? -0.1 (0.60) 0.0 (0.00) -0.3 (0.90)
How much was spelling a problem? -0.1 (0.83) 0.0 (0.00) -0.3 (1.27)
How much was mathematics a problem? -0.4 (1.32) -0.2 (0.80) -0.5 (1.81)

Table S4. Change in academic skills from the month before starting CBD to the month prior to Survey 1 (after 3–6 months of CBD treatment)

Caregivers reported scores using a Numeric Rating Scale, from 0 (not at all) to 10 (very much); mean changes between scores for the month before the patient started taking CBD and the past month (prior to survey 1) are shown. Only caregivers of individuals aged ≥5 years (N=29) were shown these questions. Green text denotes a positive 
signal versus neutral (black) where no change is observed. aFour caregivers of individuals with impaired IA answered “not able to observe” and their answers were excluded from the calculation.
CBD, cannabidiol; IA, intellectual ability; SD, standard deviation; TSC, tuberous sclerosis complex.
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Overall (N=32) Normal IA (N=14) Impaired IA (N=18)

Attention Dual-tasking/
multi-taskinga

Memorya Visuospatial 
tasks

Executive 
skillsa

Being 
disoriented

Processing speed/ slower thinking 
when completing tasksa

Caregivers scored each problem on a Numeric Rating Scale from 0 (not at all) to 10 (very much), first recalling the month before the patient began taking CBD, and then the past month (after 3–6 months treatment), mean changes between the periods are shown. Questions shown are slightly abbreviated compared 
with the questionnaire used, which included some examples of the problems being assessed.
aReported for caregivers of individuals aged ≥5 years at the time of taking Survey 1 (Overall, N=29; Normal IA, N=14; Impaired IA, N=15); caregivers of individuals aged <5 years were not shown this question. 
CBD, cannabidiol; IA, intellectual ability; SD, standard deviation.
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Figure S1. How much were the following a problem for the person you care for during the month before they started taking CBD and in the past month (following 3–6 months of CBD treatment)? 
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Figure S2. How much were the following a problem for the person you care for during the month before they started taking CBD and in the past month (following 3–6 months of CBD treatment)? 

Caregivers scored each problem on a Numeric Rating Scale from 0 (not at all) to 10 (very much), first recalling the month before the patient began taking CBD, and then the past month (after 3–6 months treatment), mean changes between the periods are shown. Questions shown are slightly abbreviated compared 
with the questionnaire used, which included some examples of the problems being assessed.
CBD, cannabidiol; IA, intellectual ability; SD, standard deviation.
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