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Abstract
Objective: to assess the occurrence of overweight/obesity in patient with epilepsy (PWEs) and to relate it to cognitive aspects and clinical variables.

Methodology: the measurements ​​of waist circumference, calf circumference, arm circumference, and the body mass index were related to 
the scores of the Mini-Mental State Examination and the Brief Cognitive Battery-Edu, as well as to the clinical variables of 164 PWEs, with a 
significance level of p < 0.05. Data were compared to a similar control group (CG) comprising 71 cases. Linear and multiple logistic regression 
models were used to assess factors related to cognitive aspects.

Results: the mean age of the PWEs was 49.8 ± 16.6 years with a mean length of epilepsy of 22 ± 15.9 years. Overweight/obesity occurred in 
106 (64.6 %) PWEs and in 42 (59.1 %) CG subjects. The PWEs had a worse performance in several cognitive functions when compared to CG 
subjects. In the PWEs, overweight/obesity was associated with lower educational level, older age, and cognitive impairment. Greater waist circum-
ference, overweight, age at the first seizure, and use of polytherapy with antiseizure medications were predictive factors of memory impairment 
in multiple linear regression. Greater arm and calf circumference values were associated with better performance in several cognitive areas.

Conclusion: the occurrence of overweight/obesity in PWEs and CG subjects was high. Cognitive impairment occurred in a high number of PWEs 
and was associated with overweight, greater waist circumference values, ​​and clinical aspects of epilepsy. Better cognitive performance was 
associated with greater arm and calf circumference.
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Resumen
Objetivo: evaluar la ocurrencia de sobrepeso/obesidad en pacientes con epilepsia y relacionarla con aspectos cognitivos y variables clínicas.

Metodología: las medidas de circunferencia de cintura, circunferencia de pantorrilla, circunferencia de brazo e índice de masa corporal se 
relacionaron con los puntajes del Mini-Mental State Exam y de la Batería Cognitiva Breve-Edu, así como con las variables clínicas de 164 pacientes 
con epilepsia, con un nivel de significación de p < 0,05. Los datos se compararon con un grupo de control similar (GC) compuesto por 71 casos. 
Se utilizaron modelos de regresión logística lineal y múltiple para evaluar factores relacionados con aspectos cognitivos.

Resultados: la edad media de las pacientes con epilepsia fue de 49,8 ± 16,6 años con una duración media de la epilepsia de 22 ± 15,9 años. 
Presentaron sobrepeso/obesidad 106 (64,6 %) pacientes con epilepsia y 42 (59,1 %) sujetos del GC. Los pacientes con epilepsia tuvieron un 
peor desempeño en varias funciones cognitivas en comparación con los sujetos del GC. En las pacientes con epilepsia, el sobrepeso/obesidad 
se asoció con menor nivel educativo, mayor edad y deterioro cognitivo. La mayor circunferencia de la cintura, el sobrepeso, la edad de la primera 
convulsión y el uso de politerapia con medicamentos anticonvulsivos fueron factores predictivos del deterioro de la memoria en la regresión 
lineal múltiple. Los valores mayores de circunferencia del brazo y la pantorrilla se asociaron con un mejor rendimiento en varias áreas cognitivas.

Conclusión: la incidencia de sobrepeso/obesidad en sujetos pacientes con epilepsia y GC fue alta. El deterioro cognitivo ocurrió en un alto 
número de pacientes con epilepsia y se asoció con sobrepeso, mayores valores de circunferencia de la cintura y aspectos clínicos de la epilepsia. 
Un mejor rendimiento cognitivo se asoció con una mayor circunferencia del brazo y la pantorrilla.

Palabras clave: 
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INTRODUCTION

The occurrence of overweight/obesity in people with epilepsy 
is higher when compared to the general population (1-3) and 
is associated with clinical variables of epilepsy, neuroendocrine 
factors, and less regular physical activity (4,5). However, other 
studies describe different results (4).

Overweight/obesity is a chronic inflammatory state of multifac-
torial etiology and affects multiple systems and organs, being a 
risk factor for cognitive impairment. Population studies describe 
a higher risk of cognitive decline and the development of demen-
tia in elderly people with central obesity and worse performance 
on tests of memory and executive function in obese adults (6-8).

In epilepsy, the impact of obesity on cognitive function has 
been poorly described. Baxendale et al. described a small but 
significant variation in intellectual function and memory in  
81 obese individuals with epilepsy (9). In a previous study in 
which 30 elderly people with recent-onset epilepsy were as-
sessed, it was observed that the worst cognitive performance 
was associated with the presence of central obesity and the best 
performance in memory was related to lower adiposity (10).

Epilepsy is a disorder of neural networks that can affect cog-
nition, and cognitive impairments may be present at the begin-
ning of the disease or appear in the course of chronic epilepsy 
(11,12). However, there are still gaps in the knowledge of the 
possible relationships between the impairment of cognitive func-
tions and the occurrence of obesity in epilepsy. Thus, the study 
hypothesis is that overweight/obesity in chronic epilepsy is asso-
ciated with clinical and cognitive variables.

The aim of this study was to assess the occurrence of over-
weight/obesity in adults with epilepsy and to relate it to cognitive 
aspects and clinical variables. 

METHODOLOGY

This cross-sectional study involved adults diagnosed with ep-
ilepsy treated at the clinical neurology outpatient clinic of Uni-
versity Hospital of the Pontifical Catholic University of Campinas, 
in the city of Campinas, Brazil. Data were collected between 
December 2019 and December 2021. Epilepsy was diagnosed 
according to the International Classification of Epilepsies and 
Epileptic Syndromes (ILAE) (13) criteria. The sample consisted 
of individuals of both genders, aged over 18 years, and having 
received treatment with antiseizure medications (ASMs) for at 
least two years.

Cases with severe cardiovascular and psychiatric disorders, 
those with progressive neurological diseases and malignant neo-
plasms, patients who had previously undergone bariatric surgery, 
and women who were pregnant or lactating at the time of the 
study were excluded.

A control group was composed of individuals of the same age 
group and without neurological or psychiatric diseases, prefera-
bly among people accompanying patients at the hospital’s out-
patient clinics.

The Human research ethics committee of the PUC-Campinas 
approved the research (CAAE: 22510773249517300005481; nº 
300005481; 31/08/2017). The individuals were informed of the 
research protocol and those who agreed to participate signed the 
free and informed consent form. All assessments were performed 
individually in a room at the neurological clinic of a hospital.

The participants underwent the following neuropsychological 
tests:

	− Questionnaire with demographic data (age, educational le-
vel, and gender) and clinical variables (age at the first seizu-
re, type and frequency of seizures, and antiseizure medica-
tions (ASMs) in use). Imaging and EEG data were obtained 
from hospital charts. Uncontrolled seizures in the last year 
and the use of an appropriate therapeutic regimen in the last 
two years were used as criteria for drug-resistant epilepsy.

	− Assessment of anthropometric indicators: measurements 
of waist circumference, right calf circumference, and right 
arm circumference using a 2-meter tape measure (Sanny 
Medical SN-4011). Body mass index (BMI) was assessed by 
dividing weight (in kilograms) by height (in square meters). 
Overweight was defined as a BMI > 25 to 29.9 kg/m2 and 
obesity as a BMI ≥ 30 kg/m2 (14).

	− Mini-Mental State Examination (MMSE) (15,16); Brief 
Cognitive Battery-Edu (BCB-Edu): battery consisting of  
10 pictures that assesses identification, naming, incidental, 
immediate, delay recall and recognition. The BCB-Edu also 
includes the semantic (animal pictures) verbal fluency test 
(SVF) and the clock drawing test (17).

DATA ANALYSIS

Anthropometric measurements were related to clinical vari-
ables and cognitive assessment data (MMSE and BCB-Edu) of 
adults with epilepsy. Cognitive and anthropometric data from 
these adults with epilepsy were compared with those obtained 
from individuals in the control group.

With the data from the cognitive assessment, two groups were 
formed: a group of adults with epilepsy without or minimally com-
promised cognitive impairment and another group composed of 
adults with epilepsy who presented impairment in multiple do-
mains (memory, language, and attention).

Categorical variables were presented as frequencies and per-
centages, while continuous variables were expressed as means 
and standard deviations. The chi-square test was used to assess 
associations between categorical variables, while Student’s t-test 
was used to compare group means. As the cognitive assessment 
variables did not show a normal distribution, they were trans-
formed into ranks for the nonparametric assessment in the linear 
regression model.

To assess factors related to cognitive aspects, linear logistic 
regression and multiple logistic models were used, with stepwise 
variable selection criteria according to the Akaike Information 
Criterion (AIC). In linear regression, cognitive aspects were trans-
formed into ranks.
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The Statistical Packages for Social Sciences, version 22 was 
used for statistical analysis. Statistical significance was set to a 
p-value lower than 0.05.

RESULTS

In this study, 164 adults with epilepsy and 71 subjects were 
included for the composition of the control group. There was no 

significant difference in age, educational level, occupation, and 
gender between the groups.

Adults with epilepsy performed worse in several cognitive 
areas when compared to control-group subjects. Compromise 
in multiple cognitive domains was observed only in adults with 
epilepsy (n = 42; 25.6 %).

Overweight/obesity was observed in 106 (64.6 %) adults with 
epilepsy and in 42 (59.1 %) control-group subjects. Demograph-
ic and clinical data are shown in table I.

Table I. Clinical and cognitive data, and anthropometric measurements of adults  
with epilepsy and control group subjects

PWEs (n = 164) CG (n = 71) p

Age (years) 49.8 (± 16.7) 45.7 (± 12.0) 0.067a

Female gender 69 (43.2 %) 31 (43.6 %) 0.958b

Educational level (years) 6.8 (± 3.9) 7.3 (± 2.8) 0.309a

Occupation: employed/unemployed 60/49 43/20 0.089b

Age at the first seizure (years) 27.8 (± 20.4)

Length of epilepsy (years) 21.9 (± 15.9)

Frequency of seizures: Monthly/other 55/109

Type of seizure: Focal/generalized 119/45

Number of ASMs: 1/≥ 2 101/63

Epileptic syndrome

Genetic 15 (9.1 %)

Focal unknown etiology 38 (23.2 %)

Structural 111 (67.7 %)

Drug-resistant epilepsy 55 (33.5 %)

Anthropometric measurements

Waist circumference (cm) 92.1 (± 14.3) 90.8 (± 14.4) 0.508a

Calf circumference (cm) 37.0 (± 4.3) 35.2 (± 4.3) 0.004a*

Arm circumference (cm) 29.9 (± 4.1) 30.0 (± 5.1) 0.887a

Weight (kg) 74.1 (± 16.1) 73.7 (± 14.4) 0.843a

Height (meters) 1.6 (± 0.9) 1.6 (± 1.1) 0.075a

BMI 27.5 (± 5.5) 26.6 (± 5.1) 0.219a

≤ 25 58 29
0.424b

> 25  106 42

MMSE (total score) 22.9 (± 3.8) 25.6 (± 2.5) < 0.001a*

BCB-Edu

Identification 8.8 (± 2.0) 9.9 (± 0.1) < 0.001a*

Naming 9.7 (± 1.1) 9.9 (± 0.1) 0.009a*

Incidental memory 5.6 (± 1.6) 6.0 (± 1.3) 0.064a

Immediate memory 7.7 (± 1.8) 8.7 (± 1.5) 0.001a*

Immediate memory 2 7.3 (± 1.8) 8.0 (± 1.5) < 0.001a*

Delay recall 6.3 (± 1.3) 7.7 (± 1.1) 0.001a*

Recognition 9.3 (± 1.2) 9.9 (± 0.2) 0.005a*

Verbal fluency test 10,8 (± 4.5) 13.1 (± 4.9) 0.001a*

Clock drawing test 6.4 (± 2.9) 7.9 (± 2.1) 0.001a*

PWEs: people with epilepsy; CG: control group; ASMs: antiseizure medications; BMI: body mass index; MMSE: Mini-Mental State Examination; BCB-Edu: Brief Cognitive 
Battery-Edu; at-test; bchi-square test; *p < 0.05.  
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CONTROL GROUP: ANTHROPOMETRIC 
INDICATORS AND CLINICAL VARIABLES

There was a significant correlation between weight and age 
(Pearson’s correlation, -0.288; p = 0.015). There was no cor-
relation between weight and educational level.

In the multiple linear regression to assess the factors associ-
ated with cognition outcomes in individuals in the control group, 
it was observed that younger age was related to better perfor-
mance in the MMSE and in immediate memory. Greater arm 
circumference measurements ​​were associated with better per-
formance in immediate and delayed memories, and in the verbal 
fluency test and clock drawing test (Table II).

ADULTS WITH EPILEPSY: CLINICAL AND 
COGNITIVE DATA AND ANTHROPOMETRIC 
INDICATORS

Younger patients had lower body weight (Pearson’s correlation; 
-0.259; p = 0.001), were taller (-0.486; p < 0.001), had great-
er calf circumference measurements ​​(-0.159; p = 0.041), and 
lower waist circumference measurements ​​(0.157; p = 0.044).

Overweight/obesity was associated with lower educational 
level, older age, and worse performance in some cognitive func-
tions (Table III). There was no significant difference in overweight/
obesity rates according to the type and length of epilepsy and the 
type and frequency of seizure.

Table II. Multiple linear regression to assess factors associated with cognition outcomes  
in control group subjects

Cognitive function Predictor Predictive value p-value

MMSE Age - < 0.001*

Immediate memory Age - 0.038*

Immediate memory 2 Arm circumference + 0.006*

Verbal fluency test Arm circumference + 0.039*

Delay recall Arm circumference + 0.029*

Clock drawing test Arm circumference + 0.016*

MMSE: Mini-Mental State Examination; *p < 0.05.  

Table III. Demographic, clinical, and cognitive aspects according to the BMI classification  
of adults with epilepsy

BMI ≤ 25
 (n = 58)

BMI > 25
 (n = 106)

p

Age (years) 45.9 (± 16.6) 51.9 (± 16.4) 0.029a*

Age at the first seizure (years) 23.8 (± 17.3) 30.0 (± 21.6) 0.050a

Educational level (years) 7.6 (± 3.8) 6.3 (± 3.9) 0.045a*

Length of epilepsy (years) 22.0 (± 14.1) 21.9 (± 16.9) 0.951a

Gender

Female 24 45
0.894b

Male 34 61

Frequency of seizures

Monthly 20 35
0.849b

Other 38 71

Number of ASMs taken

1 30 71
0.055b

≥ 2 28 35

Epileptic syndrome

Genetic 4 11

0.191bFocal unknown etiology 18 20

Focal structural 36 75

MMSE (total score) 23.8 (± 3.5) 22.2 (± 4.0) 0.011a*

(Continues on next page)

G. M. A. S. Tedrus et al.
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At the time of the assessment, the ASMs used in mono-
therapy or in association were: levetiracetam or lamotrigine in  
12 cases each, carbamazepine in 95 cases, phenytoin in  
15 cases, valproic acid in 49 cases, phenobarbital in 29 cases, 
topiramate in 5 cases, and clobazam in 48 cases. There was a 
higher occurrence of overweight in patients using valproic acid 
(monotherapy or polytherapy) when compared to those using 
other ASMs (chi-square; 26 (53 %) vs 31 (26.9 %); p = 0.013).

In the multiple linear regression model with stepwise variable 
selection with the AIC for each cognition parameter, it was ob-
served that age, age at the first seizure, and the number of ASMs 
are predictors for the performance of memory, verbal fluency, 
and aspects of executive and visuospatial function (Table IV).

Greater waist circumference measurements ​​were predictive 
of worse cognitive performance in the multiple linear regression 
analysis. Greater arm and calf circumference measurements 
were associated with better performance in several areas of 
cognitive functions. The presence of overweight was a predictor 
of worse performance in the tests of immediate, delayed, and 
recognition memories (Table IV).

A multiple logistic regression with stepwise selection of vari-
ables was performed using the AIC to assess the predictive fac-
tors between clinical and anthropometric data. The model se-
lected overweight, older age at the first seizure, and the use of 
polytherapy with ASMs as the variables with the greatest chance 
of impaired cognition (Table V). 

Table III (Cont.). Demographic, clinical, and cognitive aspects according to the BMI 
classification of adults with epilepsy

BMI ≤ 25
 (n = 58)

BMI > 25
 (n = 106)

p

BCB-Edu

Identification 9.2 (± 1.7) 8.5 (± 2.1) 0.035a*

Naming 9.9 (± 0.3) 9.6 (± 1.4) 0.074a

Incidental memory 5.7 (± 1.4) 5.6 (± 1.6) 0.670a

Immediate memory 7.9 (± 1.9) 7.6 (± 1.7) 0.167a

Immediate memory 2 7.6 (± 1.7) 7.9 (± 1.7) 0.368a

Delay recall 7.1 (± 1.7) 6.1 (± 1.2) 0.038a*

Recognition 9.4 (± 1.0) 9.2 (± 1.3) 0.127a

Verbal fluency test 11.0 (± 4.3) 10.7 (± 4.6) 0.675a

Clock drawing test 7.1 (± 2.8) 6.1 (± 2.9) 0.037a*

BMI: body mass index; MMSE: Mini-mental state examination; BCB-Edu: Brief Cognitive Battery-Edu; ASMs: antiseizure medications; at-test; bchi-square test; *p < 0.05.  

Table IV. Multiple linear regression to assess factors associated  
with cognition outcomes in adults with epilepsy

Cognitive aspect Predictor Predictive value° p-value

MMSE

Waist circumference - 0.037*

Age - 0.004*

Age at the first seizure + 0.008*

Perception Age - 0.003*

Naming
Arm circumference + 0.033*

Calf circumference - 0.010*

Incidental
Waist circumference - 0.038*

Age - < 0.001*

Immediate

Overweight - 0.041*

Waist circumference - 0.011*

Arm circumference + 0.001*

Age - 0.010*

ASMs ≥ 2 - < 0.001*

(Continues on next page)
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Table IV (Cont.). Multiple linear regression to assess factors associated  
with cognition outcomes in adults with epilepsy

Cognitive aspect Predictor Predictive value° p-value

Immediate 2

Waist circumference - < 0.001*

Arm circumference + 0.001*

Age - 0.011*

ASMs ≥ 2 - 0.041*

Verbal fluency test

Age - 0.002*

Age at the first seizure + 0.047*

ASMs ≥ 2 - 0.004

Delay recall

Overweight - 0.037*

Waist circumference - 0.043*

Arm circumference + 0.012*

Age - 0.039*

Recognition

Overweight - 0.011*

Waist circumference - 0.023*

Arm circumference + < 0.001*

Clock drawing test Age - 0.001*

MMSE: Mini-mental state examination; ASMs: antiseizure medications; °the regression coefficient was not included because it has no interpretation other than its 
direction, since the outcomes were transformed into ranks.

Table V. Multiple logistic regression to assess factors associated with impairment  
in multiple cognitive domains in 42 adults with epilepsy

Predictor OR IC95 % OR p-value

Overweight 2.45 0.98 6.35 0.049*

Obesity 0.99 0.37 2.63 0.988

Age at the first seizure 1.02 1.00 1.04 0.015*

Antiseizure medications ≥ 2 3.00 1.32 7.16 0.010*

DISCUSSION

This study showed a high occurrence of overweight/obesity in 
adults with epilepsy and in CG subjects, similar in terms of age, 
gender, and socioeconomic status. Obesity is a problem with se-
rious repercussions on the health of the individual, being consid-
ered a worldwide epidemic and with an increase in prevalence in 
recent decades in developed and developing countries. Studies 
have described the occurrence of overweight/obesity and meta-
bolic syndrome in adults with epilepsy using ASMs in 66.7 % of 
cases and in one third of all patients under 50 years old (18,19).

Epilepsy variables such as syndrome type, length of epilepsy, 
and seizure refractoriness do not seem to affect obesity, like the 
findings of Fernandes et al. and Ladino et al. (5,18). Differently, 
other studies describe an association between drug-resistant ep-
ilepsy and overweight/obesity (4,20,21). Regarding the pharma-
cological treatment of epilepsy, there are studies showing some 
effects of the treatment of neurological patients that can cause 
changes in the metabolic and nutritional status, including some 

micronutrient deficiencies such as zinc, folic acid, and vitamins 
C, D, E, B6, and B12, in addition to reducing energy consumption 
and changes in energy expenditure (22). There are also reports 
of weight gain caused by pharmacological treatment with some 
antiepileptic drugs in individuals with epilepsy (23). The use of 
valproic acid in monotherapy or polytherapy was associated with 
higher rates of obesity than those observed with the use of other 
ASMs, which corroborates the finding that significant weight gain 
is one of the most frequent problems experienced by individuals 
who use valproic acid and some modern ASMs (19,24).

COGNITION AND ANTHROPOMETRIC 
INDICATORS 

There was a high occurrence of cognitive impairment in cas-
es with different types of epilepsy with a mean length of 22 ±  
15.9 years. Impairment in multiple cognitive domains was ob-
served in a quarter of the cases. Cognitive deficits, particularly 

G. M. A. S. Tedrus et al.
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memory impairment, are described in several epilepsies and 
are associated with clinical features, epileptiform discharges, 
biological factors inherent to epilepsy or a combination of these 
factors (11,12,25). However, the findings on the relationship 
between cognition and anthropometric indicators are still con-
flicting and inflammatory and metabolic markers may be in-
volved (26). Other studies suggest a possible common genetic 
pathway in the association between obesity, epilepsy, and a 
family history of epilepsy (5).

Overweight/obesity and greater waist circumference were 
associated with worse cognitive performance, including execu-
tive function and memory. Similarly, other studies describe that 
multiple metabolic, inflammatory, and vascular abnormalities are 
associated with poor cognitive performance in elderly people 
with chronic epilepsy (27). The relationship between obesity and 
adiposity with worse cognitive prognosis and dementia is biolog-
ically plausible. However, the pathophysiological evidence is still 
inconsistent, and the causes remain unclear.

In the regression test, the abdominal obesity was the stron-
ger factor associated of cognitive impairment than whole-body 
adiposity. In obese individuals, executive dysfunction is possibly 
mediated by a low concentration of brain-derived neurotrophic 
factor, which is one of the factors responsible for neurogenesis, 
neuronal regeneration, and synaptic and axonal remodeling (28). 
In obese individuals, chronic neuroinflammation is related to an 
increase in inflammatory markers such as interleukin-6, tumor 
necrosis factor-α, and Toll-like receptors, which can promote 
changes in structures in cortical brain regions, in areas of the 
hippocampus, cerebellum and amygdala. In individuals with BMI 
> 30, cranial resonance studies describe exacerbated microglial 
activation and disruption of the blood-brain barrier, which may 
suggest that multiple neuroendocrine and immunometabolic as-
pects and alterations in brain structure and function are directly 
involved in the relationship between cognition and overweight/
obesity (29-31).

In patients with impairment in multiple cognitive domains, the 
associated clinical variables were overweight, older age at the 
first seizure, and the use of more than one ASM (polytherapy), 
which suggests that several clinical factors of epilepsy, ASMs, 
and overweight play a role in the function cognitive in epilepsy.

Arm and calf circumference, which are measures of lean 
mass, were significantly associated with better performance in 
assessments of memories, aspects of executive function such 
as verbal fluency and the clock drawing test in adults with epi-
lepsy and control group subjects. These data confirm the study 
of the American Health and Nutrition Examination Database in 
which the researchers observed that participants without lean 
mass depletion had better cognitive performance on the Digit 
Symbol Substitution Test (32). It is known that there is an associ-
ation between the presence of lean mass preservation and less 
central fat, with the prevention of cognitive impairment in several 
samples. 

Other investigations in patients with epilepsy with multidisci-
plinary approaches, from the nutritional point of view, have been 
conducted in different studies, relating anthropometric profile 

and food consumption (18), clinical and cognitive aspects with 
anthropometry (33), advances and perspectives of the ketogenic 
diet in refractory epilepsy (10), and food and its effects on neu-
rological diseases (34).

This study has its limitations. An important one was the inclu-
sion of a small sample from a single regional epilepsy treatment 
facility, which may overestimate the frequency of more severe 
cases and of difficult-to-control epilepsy in comparison with pop-
ulation samples. However, the data are robust on the occurrence 
of obesity/overweight and cognitive impairment in different types 
of epilepsy.

Thus, it is concluded that the occurrence of overweight/obesity 
and cognitive impairment was high in the adults with epilepsy. 
Impairment in several cognitive functions was associated with 
overweight, the use of polytherapy with ASMs, and greater waist 
circumference measurements. Greater arm and calf circumfer-
ence were related to better cognitive performance.
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