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Abstract

Epilepsy is more than seizures and includes a high risk of comorbidities and psychological

disorders, leading to poor quality of life (QOL). Earlier studies have showed a sedentary life-

style in people with epilepsy (PWE), which could contribute to poorer health and psychologi-

cal problems. The purpose of the present study was to compare habits of physical activity

(PA), aerobic capacity, and QOL between PWE and healthy controls in order to identify the

necessity of intervention of habits and information on physical exercise (PE) and to better

understand the importance of PE for PWE. The study included 38 patients with temporal lobe

epilepsy and 20 normal controls. Both groups answered the WHOQOL-Bref, which assesses

the level of QOL, and IPAQ to evaluate the level of PA. In addition, they were submitted to a

treadmill maximal cardiopulmonary effort test to identify physical capacity. The continuous

variables were compared between groups by t-test and a general linear model, and the fre-

quencies were compared by Chi-Square test through SPSS software. There was no differ-

ence in the level of PA between groups by questionnaire evaluation. However, there were

significant differences in overall QOL, physical health, and level of PA in relation to work and

physical capacity between groups; controls demonstrated better scores than PWE. Controls

presented better physical capacity than PWE by cardiopulmonary effort test. According to

intra-group analyses, PWE who were physically active had better QOL than inactive PWE.

The study concluded that questionnaires about PE may not be the best instrument of evalua-

tion, as demonstrated by the discrepancy of results compared to the validated objective car-

diopulmonary evaluation of level of PA and physical capacity in this study.

1. Introduction

Epilepsy is a chronic disease with repercussions extending beyond the negative impact of

recurrent seizures. Patients usually present cognitive dysfunction [1], in addition to side effects

from anti-epileptic drugs (AEDs) [2].
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Overall, epilepsy has been strongly associated with psychosocial impairment, including

high rates of anxiety and depression [3–5]. It is therefore not surprising that there is a subopti-

mal quality of life (QOL) in some of these subjects, given the complex interaction among sei-

zures, AED effects, comorbidities, and stigma. Efforts to improve QOL in epilepsy should not

focus merely on seizure control but rather approach different aspects of life, including both

physical and psychosocial well-being [6].

Unfortunately, despite the well-known beneficial effects of physical activity (PA) for

humans in general [7], the effects of PA in subjects with epilepsy (more specifically, subjects

with pharmacoresistant epilepsy) have not been extensively studied and explored. Controver-

sies exist about the risks of seizures during exercises, which have not proved entirely true [8–

10]; on the contrary, interventional human studies have showed benefits of physical exercise

(PE) for subjects with epilepsy after an exercise-training program. They showed improvement

of physical capacity, general health, and psychological state [11–13].

PA is understood as any movement produced by muscular contraction, which increases the

energy expenditure of the body. PA includes activities of daily life, such as walking to places

for transportation, housework activities, and work. When PA is performed regularly at an

ideal intensity and frequency, it is defined as PE and promotes adaptation of the organism

through morphological, biochemical, and physiological changes that can lead to the develop-

ment of physical performance and health benefits [7].

A significant decrease of seizure frequency was observed by Eriksen et al. [12] in 15 women

with various types of epilepsy after a dancing program. Other studies have showed improve-

ment of physical capacity and emotional status after PE interventions [12–14]. None of these

studies observed increased frequency of seizures nor alteration in the metabolism of AEDs

during the exercise programs.

There is scarce evidence for PE acting as a precipitating factor of seizures, as most studies

are case reports [9, 14]. Unfortunately, given the nature of such studies, this topic has not yet

been well clarified. Due to these controversies, earlier studies have showed that subjects with

epilepsy lead an inactive lifestyle. The low level of exercises has been associated with a combi-

nation of factors, such as fear of seizures during exercise (resulting in injuries), problems with

transportation, low motivation, and side effects of medication [14–17].

Temporal lobe epilepsy (TLE) is the most common and refractory epileptic syndrome in

adults [18]. The impact of PE for this specific population is not clear and has not been exten-

sively studied [14, 19]. To understand the effects of PA in TLE, we investigated physical daily

activities, physical capacity, and QOL comparing with subjects without epilepsy. We hypothe-

sized that more active subjects should present better QOL and good physical capacity, without,

however, worsening seizure frequency.

The novelty of our work was the quantitative cardiopulmonary evaluation, in addition to

validated questionnaires, to investigate differences and relationships among physical capacity,

physical health, and QOL in a group of patients with the same form of epilepsy (TLE) com-

pared to controls. A homogeneous group of patients removes potential differences related to

the etiology of epilepsy in the variables investigated here.

2. Material and methods

2.1 Subjects

We recruited 38 patients with TLE and 20 normal controls at the epilepsy clinic of the Univer-

sity of Campinas. All patients with TLE had the diagnosis based on comprehensive clinical

evaluation, including detailed history, general and neurological exams, serial EEGs, and MRI
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analysis. Patients had either MRI signs of hippocampal sclerosis (n = 32) or normal MRI

(n = 6). Patients with other types of lesions were not included.

MRI signs of hippocampal sclerosis were defined as hippocampal atrophy on T1-weighted

and hyperintense hippocampal signal on T2-weighted or fluid attenuated inversion recovery

(FLAIR) high resolution images acquired on a 3T scanner [20].

All subjects were free from any other acute and chronic illness (including neurological dis-

orders other than epilepsy), did not present any injury, and did not use other medications that

would contraindicate or compromise the performance of intense PA. Additional exclusion cri-

teria were previous surgery, use of pacemakers, and pregnancy.

After selection, subjects were interviewed with questionnaires and scheduled to perform a

maximum-effort cardiopulmonary exam.

All individuals were required to sign a consent form approved by the Ethics Committee of

the UNICAMP Medical School.

2.2 Study design

We evaluated both TLE and controls, investigating their history of PA, QOL (with WHO-

QOL-BREF) [21], level of PA (with a second questionnaire [IPAQ]) [22], and physical capacity

(by testing the maximal cardiopulmonary effort).

2.3 Clinical outcome measures

Quality of life was evaluated by the WHOQOL-BREF questionnaire. The questionnaire com-

prises 26 questions, which are divided into four domains: physical health, psychological health,

social relationships, and environment. The answers are based on a Likert scale (1 to 5, with

higher scores representing better QOL) [21].

Level of physical activity was evaluated with the IPAQ (International Physical Activity

Questionnaire), which evaluates total physical activities performed during daily life. It is

divided into five sections: PA at work, PA as means of transportation, leisure and recreational

PA, and the time spent sitting [22]. The questionnaire provides four levels of PA: very active,

active, irregularly active, inactive. However, given the reduced number of subjects, we com-

bined some levels into two categories: active (from the combination of very active and active)

and inactive (irregularly active and inactive). Therefore, patients and controls were subdivided

into physically active and inactive.

Maximal effort cardiopulmonary exam on treadmill. A graded protocol on a treadmill

(T2100, General Electric, Waukesha, WI, USA) was used to determine the maximum oxygen

consumption (VO2max). The initial speed for all volunteers was 4 km/h for two minutes; it was

increased by 0.5Km/h every 30 seconds with a constant slope at 1%. The test was interrupted

when the subject failed to keep walking or running. We therefore initiated the calm-down

step, comprising two minutes at 3.5Km/h and two minutes sitting. During the process, subjects

were monitored with both an electrocardiogram and a gas analyzer (Oxycon Pro, Erich Jaeger

GmbH, Hoechberg, Germany), which evaluates oxygen consumption as well as production of

CO2. The cardiopulmonary effort test was performed in the same period of the day (early after-

noon) after a light snack for all individuals, therefore controlling for the last meal intake.

Aerobic power was expressed as the VO2max, considering the average of values obtained the

last 30 seconds of the cardiorespiratory evaluation. To confirm the VO2max, at least two of the

following three criteria must be observed: (1) plateau in VO2 (no variation or little variation in

VO2 (<2.1 mL.kg-1.min-1) despite the increase of the exercise intensity); (2) Ratio of respira-

tory changes greater than 1.10; (3) Heart rate (HR) greater than 90% of the maximum pre-

dicted for age [23].
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Anthropometric data were assessed with body mass index (BMI). Individual classification

was determined according to the World Health Organization (WHO) [24] anthropometric

classification.

Seizure frequency was computed based on patient’s diaries over six months prior to the

evaluation. Since all patients were pharmacoresistant, except two, we divided them into two

groups according to seizure frequency: (1) below and (2) above three seizures per month. We

evaluate the difference between these two extremes of seizure frequency in relation to the

QOL, level of physical activity, physical capacity, and BMI.

2.4 Statistical analyses

All clinical variables, anthropometric data, and demographic data were analyzed with SPSS sta-

tistic software (SPSS, Chicago, IL, USA).

Normal distribution was examined with the Kolmogorov–Smirnov test. Differences

between groups (as well as patient subgroups) were evaluated with t-test. Distribution of cate-

gorical variables was analyzed by Chi-Square test or Fisher’s exact test. We used a general lin-

ear model (GLM) to analyze QOL and cardiopulmonary test results, covarying for the level of

PA, using patients and controls as contrast groups. The level of significance adopted was a p

value equal to or less than 0.05.

3. Results

The 38 TLE patients had a mean age of 43 years (standard deviation [SD] ± 10.16 years, rang-

ing from 23 to 59 years, 14 men and 24 women), and the 20 controls had a mean age of 46

years (SD ± 8.43 years, ranging from 27 to 58 years, 7 men and 13 women). Controls and

patients were balanced for age (p = 0.44) and gender (p = 0.3), and they all shared the same

social condition (Table 1).

According to the IPAQ scores, 27 TLE patients were considered physically active and had a

mean age of 44 years (± 8.01 years, 11 men and 16 women), and 11 patients were inactive and

had a mean age of 40 years (± 14.08 years, 3 men and 8 women). There was no difference in

seizure frequency and no difference in AED load between active and inactive patients

(Table 2).

There were 16 physically active controls, who had a mean age of 47 years (± 8.54 years; 5

men and 11 women), and four inactive controls, who had a mean age of 42 years (± 7.67, two

men and two women) (Table 2).

3.1 Quality of life data

We observed a difference in QOL between groups when we covariate these data with the level

of PA. Therefore, we could observe the influence of PA on QOL (p = 0.02) and physical health

(p = 0.01), with higher scores in controls. In addition, in the subsequent analysis of QOL

within sub-groups, TLE-Active presented better QOL than TLE-Inactive (p = 0.04) (Fig 1).

Table 1. Characteristics of sample.

TLEG (n = 38) CG (n = 20) p value

Age (range) 43 ± 10.16(23 to 59 years) 46 ± 8.43(27 to 58 years) 0.44

Gender 14 males 7 males 0.3

TLE: temporal lobe epilepsy group

Controls: normal control group. p<0.05

https://doi.org/10.1371/journal.pone.0181505.t001
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We found no significant differences between controls and TLE regarding average QOL and

their domains (physical health, psychological health, social relationships, and environment)

(S1 File). There were no differences between males and females in QOL scores, neither rela-

tionship with clinical data such as epilepsy onset, side of TLE and seizures frequency, AED

(Table 2 and S1 File).

3.2 Daily physical activity profile

Comparing the PA habits profile, we did not observe differences in the level of PA between

controls and TLE (p = 0.54). However, controls were more often employed (85%) than TLE

(42%) (p = 0.002) (Fig 2), which probably explains why the TLE group had more people per-

forming leisure PA (23% versus 5% in controls; p = 0.14).

3.3 Physical capacity data

We observed significant differences in physical capacity, measured by percent to age of O2 val-

ues reached in maximal cardiopulmonary effort (VO2 maxpercent) and values of O2 in the

threshold between aerobic and anaerobic metabolism (VO2threshold) between controls and

TLE. The control group presented better physical capacity than TLE (VO2maxpercent p = 0.05;

VO2threshold p = 0.001 and percent to age of O2 reached in the threshold between aerobic and

anaerobic metabolism [VO2thresholdpercent], p = 0.001) (Fig 3 and Fig 4).

There were no differences between males and females in physical capacity (S1 File) neither

significant relationships between clinical data such as epilepsy onset, side of TLE and seizures

frequency and physical activity and physical capacity (S1 File).

Considering all recruited subjects (patients and controls), we did not identify a single per-

son with excellent or good physical capacity. All subjects were classified with regular or poor

aerobic capacity. Not a single person with TLE presented seizures during or after the cardio-

pulmonary effort exam.

There was no significant difference in anthropometric data among groups (S1 File).

3.4 Seizure frequency

There was no difference in the QOL, level of physical activity and BMI scores among the two

seizure frequency groups as described above (S1 File). Physical capacity, however, was better

in the group with lower seizure frequency (less than three seizures per month) (Fig 5).

Table 2. Characteristics of TLE-Active and TLE-Inactive.

TLE-Active (n = 27) TLE-Inactive (n = 11) p values

Mean Age ± SD (range) 44 ± 8,1 (23 to 59) 40 ± 14,08 (23 to 59) 0.38

Gender 11 males, 16 females 3 males, 8 females 0.48

Lesional or MRI negative 21 lesional, 6 MRI Negative 11 lesional 0.15

Side of TLE 13 lTLE, 7 rTLE, 1 BilTLE, 6 NegTLE 4 lTLE, 5 rTLE, 2 BilTLE 0.12

Mean age at seizure onset ± SD (range) 13.34 ± 9.5 (6 months to 40 years) 10.22 ± 9.35 (6 months to 30 years) 0.36

Seizure frequency * 2.56 per month 4.36 per month 0.16

AEDS Monotherapy (n = 8) Monotherapy (n = 4) 0.7

TLE-Active: temporal lobe epilepsy group that is considered active; TLE-Inactive: group of patients who are considered inactive; lELT: left ELT; rELT: right

ELT; BilELT: Bilateral ELT; NegELT: negative MRI ELTAEDS: anti-epileptic drugs.

* All patients were pharmacoresistant, except two (one in each group).

https://doi.org/10.1371/journal.pone.0181505.t002

Physical activity and quality of life in temporal lobe epilepsy

PLOS ONE | https://doi.org/10.1371/journal.pone.0181505 July 19, 2017 5 / 13

https://doi.org/10.1371/journal.pone.0181505.t002
https://doi.org/10.1371/journal.pone.0181505


4. Discussion

Different from most studies in people with epilepsy (PWE) about PA that used only question-

naires, we included additional quantitative state-of-the-art cardiopulmonary evaluation to

compare TLE patients and controls from the same social environment. Our results showed

that the level of PA between our controls and patients did not differ per questionnaires; how-

ever, controls had better physical capacity than PWE according to the quantitative cardiopul-

monary evaluation. In addition, TLE patients who were physically active had better QOL than

those considered inactive.

4.1 Physical activity habit data

In contrast to previous studies [15, 16, 25], we observed no significant difference in the overall

level of PA between groups. This corroborates with population-based studies that found an

equivalent level of PA and leisure PA between PWE and the general population [26, 27]. How-

ever, both groups did not present good or great capacity, just regular or poor, showing that

both groups need to be encouraged to practice PE.

However, most our patients reported being unemployed, thus not practicing PA related to

work. On the other hand, most of the controls were employed. These data confirm previous

Fig 1. Comparison of QOL within TLE, between TLE-Active and TLE-Inactive. Active presented higher values for

QOL. QOL: quality of life; TLE-Active: temporal lobe epilepsy group that is considered active; TLE-Inactive: group of

patients who are considered inactive; p = statistically significant value.

https://doi.org/10.1371/journal.pone.0181505.g001
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studies that showed higher levels of unemployment for PWE compared to the general popula-

tion [15, 28]. This fact may explain why the groups did not present a significant difference in

the level of overall daily PA; while TLE patients practiced more leisure physical activity, con-

trols presented more activity related to work.

4.2 Quality of life data

Our initial analyses showed equivalent QOL for both groups. However, when co-variating for

level of PA in a GLM, we found that PWE had poorer QOL than controls.

Previous studies have showed that PWE usually have a lower level of QOL (mainly due to

the frequency of seizures, the stigma at work, and the comorbidities related to the disease) [29,

30]; however, no previous study has controlled QOL for PA.

Interestingly, we demonstrated a better level of QOL for TLE-Active compared to TLE-I-

nactive patients. So far, no previous studies have evaluated the interaction between PA and

QOL specifically in TLE; however, it is well known that QOL in individuals with epilepsy is

affected by mood disorders, rather than only AED treatment and social factors [5].

This finding is consistent with data obtained by Roth et al. [31], who observed that the level

of depression is lower among PWE who exercise regularly. Intervention and population stud-

ies [11–13] have showed that PE can be a complementary treatment strategy to improve the

mood state of PWE; thus, our data corroborate with these studies and highlight the importance

of PE to improve QOL, which is affected in this population [5, 31].

Fig 2. Comparison of employment frequencies between control and TLE. TLE: temporal lobe epilepsy group; Controls:

normal control group.

https://doi.org/10.1371/journal.pone.0181505.g002
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4.3 Physical capacity data

Previous studies using questionnaires showed a lower level of PA in PWE [15, 16]. We con-

firmed this finding using a quantitative cardiopulmonary test, showing that controls had better

physical capacity than PWE.

It is interesting that, even though patients have a higher level of leisure PA, they have worse

overall physical capacity than controls. This can be explained partly by significant differences

in employability. This suggests that work has a great influence on individuals’ physical capac-

ity, and patients who practice leisure PA are not practicing at an ideal exercise intensity to pro-

mote adequate physical health adaptations. According to these data, we can infer that PWE

need to practice more leisure PA at an ideal intensity to reach the physical capacity, ideally

under professional supervision.

The VO2 value achieved in the cardiopulmonary effort exam is a determinant factor of aer-

obic capacity. This value is used to evaluate the risk of cardiovascular and pulmonary comor-

bidities, and it is a predictor of general health [32]. Our study found that PWE who were active

had better QOL, physical health, and VO2 values (physical capacity) compared to patients who

did not practice exercises.

Experimental animal models of epilepsy have showed PE mechanisms that can promote the

improvement of several aspects related to epilepsy, such as delayed kindling model development,

Fig 3. Comparison of physical capacity data between TLE and controls. Controls presented higher value of

VO2threshold than TLE. TLE: temporal lobe epilepsy group; Controls: control group (without epilepsy); VO2threshold: value

of O2 in the threshold between aerobic and anaerobic metabolism; p = statistically significant value.

https://doi.org/10.1371/journal.pone.0181505.g003
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improvement of spatial memory, increased brain-derived neurotrophic factor and hilo fibers of

dentate gyrus in the hippocampus, and decreased frequency and intensity of seizures and spikes

in the EEG during PA and after a PE training program [33–37]. This explains some neurological

PE adaptations that can lead to clinical improvements in animals, which need to be better under-

stood in humans. Our data showed that patients with better physical capacity had less seizure fre-

quency, thus, indicating a relationship that need to be explore in further studies, since we cannot

define a causal relationship due to the cross-sectional design of the present study.

5. Conclusion

Our study showed no overall difference in the level of PA between controls and the general

population using validated questionnaires; however, we found that PWE had poorer physical

capacity using a state-of-the-art cardiopulmonary effort exam. The objectively measured phys-

ical capacity seems to be better discriminating variable than IPAQ score.

There were differences in QOL and physical health between groups, with better scores in

controls. In addition, patients who were active had better QOL than patients who were physi-

cally inactive.

Fig 4. Comparison of physical capacity data between TLE and controls. Controls presented higher value of

VO2maxpercent and VO2thresholdpercent than TLE. TLE: temporal lobe epilepsy group; Controls: control group (without

epilepsy); VO2maxpercent: percent to age of max value of O2 reached in maximal cardiopulmonary effort; VO2thresholdpercent:

percent to age of O2 reached in the threshold between aerobic and anaerobic metabolism.

https://doi.org/10.1371/journal.pone.0181505.g004
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There are probable benefits in performing cardiopulmonary evaluation to prescribe the

adequate intensity of a PE program for PWE. Whether this will improve QOL and seizure con-

trol needs to be investigated in future trials.
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de Atividade Fı́sica & Saúde 2001; 6(2): 5–18. https://periodicos.ufpel.edu.br/ojs2/index.php/RBAFS/

article/view/931/1222

23. Wasserman K, Hansen J, Sue D, Stringer W, Whipp B. Principles of Exercise Testing and Interpreta-

tion, 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2004

24. WHO Expert Committee on Physical Status: the Use and Interpretation of Anthropometry (1993:

Geneva S. Physical status: the use of and interpretation of anthropometry, report of a WHO expert com-

mittee. Geneva: World Health Organization: 1995.

25. Arida RM, Scorza FA, de Albuquerque M, Cysneiros RM, de Oliveira RJ, Cavalheiro EA. Evaluation of

physical exercise habits in Brazilian patients with epilepsy. Epilepsy Behav. 2003; 4(5):507–10. PMID:

14527492.

26. Gordon KE, Dooley JM, Brna PM. Epilepsy and activity—a population-based study. Epilepsia. 2010; 51

(11):2254–9. Epub 2010/12/24. https://doi.org/10.1111/j.1528-1167.2010.02709.x PMID: 21175601.

27. Elliott JO, Lu B, Moore JL, McAuley JW, Long L. Exercise, diet, health behaviors, and risk factors

among persons with epilepsy based on the California Health Interview Survey, 2005. Epilepsy Behav.

13. United States2008. p. 307–15.

28. Clarke BM, Upton AR, Castellanos C. Work beliefs and work status in epilepsy. Epilepsy Behav. 2006;

9(1):119–25. https://doi.org/10.1016/j.yebeh.2006.04.008 PMID: 16730234.

29. Hermann BP. Quality of life in epilepsy. Journal of Epilepsy. 1992; 5(3): 153–65. http://dx.doi.org/10.

1016/S0896-6974(05)80134-3.

30. Liou HH, Chen RC, Chen CC, Chiu MJ, Chang YY, Wang JD. Health related quality of life in adult

patients with epilepsy compared with a general reference population in Taiwan. Epilepsy Res. 2005; 64

(3):151–9. https://doi.org/10.1016/j.eplepsyres.2005.03.006 PMID: 15935621.

31. Roth DL, Goode KT, Williams VL, Faught E. Physical exercise, stressful life experience, and depression

in adults with epilepsy. Epilepsia. 1994; 35(6):1248–55. PMID: 7988518.

32. Fletcher GF, Froelicher VF, Hartley LH, Haskell WL, Pollock ML. Exercise standards. A statement for

health professionals from the American Heart Association. Circulation. 1990; 82(6):2286–322. PMID:

2242557.

33. Arida RM, Scorza CA, Scorza FA, Gomes da Silva S, da Graça Naffah-Mazzacoratti M, Cavalheiro EA.

Effects of different types of physical exercise on the staining of parvalbumin-positive neurons in the hip-

pocampal formation of rats with epilepsy. Prog Neuropsychopharmacol Biol Psychiatry. 2007; 31

(4):814–22. PMID: 17331634. https://doi.org/10.1016/j.pnpbp.2007.01.021

34. Arida RM, Scorza CA, Scorza FA, Gomes da Silva S, da Graca Naffah-Mazzacoratti M, Cavalheiro EA.

Effects of different types of physical exercise on the staining of parvalbumin-positive neurons in the hip-

pocampal formation of rats with epilepsy. Prog Neuropsychopharmacol Biol Psychiatry. 31.

England2007. p. 814–22. https://doi.org/10.1016/j.pnpbp.2007.01.021 PMID: 17331634

35. Arida RM, Sanabria ER, da Silva AC, Faria LC, Scorza FA, Cavalheiro EA. Physical training reverts hip-

pocampal electrophysiological changes in rats submitted to the pilocarpine model of epilepsy. Physiol

Behav. 2004; 83(1):165–71. https://doi.org/10.1016/j.physbeh.2004.08.008 PMID: 15501504.

36. Arida RM, Scorza FA, Terra VC, Cysneiros RM, Cavalheiro EA. Physical exercise in rats with epilepsy

is protective against seizures: evidence of animal studies. Arq Neuropsiquiatr. 2009; 67(4):1013–6.

Epub 2010/01/14. PMID: 20069211.

Physical activity and quality of life in temporal lobe epilepsy

PLOS ONE | https://doi.org/10.1371/journal.pone.0181505 July 19, 2017 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/8956856
https://doi.org/10.1016/j.yebeh.2013.03.016
http://www.ncbi.nlm.nih.gov/pubmed/23657213
https://doi.org/10.1097/WCO.0b013e3282f36ccd
http://www.ncbi.nlm.nih.gov/pubmed/18317276
http://www.ncbi.nlm.nih.gov/pubmed/20069210
https://doi.org/10.1007/s00401-014-1292-0
http://www.ncbi.nlm.nih.gov/pubmed/24823761
http://www.ncbi.nlm.nih.gov/pubmed/9626712
https://periodicos.ufpel.edu.br/ojs2/index.php/RBAFS/article/view/931/1222
https://periodicos.ufpel.edu.br/ojs2/index.php/RBAFS/article/view/931/1222
http://www.ncbi.nlm.nih.gov/pubmed/14527492
https://doi.org/10.1111/j.1528-1167.2010.02709.x
http://www.ncbi.nlm.nih.gov/pubmed/21175601
https://doi.org/10.1016/j.yebeh.2006.04.008
http://www.ncbi.nlm.nih.gov/pubmed/16730234
https://doi.org/10.1016/S0896-6974(05)80134-3
https://doi.org/10.1016/S0896-6974(05)80134-3
https://doi.org/10.1016/j.eplepsyres.2005.03.006
http://www.ncbi.nlm.nih.gov/pubmed/15935621
http://www.ncbi.nlm.nih.gov/pubmed/7988518
http://www.ncbi.nlm.nih.gov/pubmed/2242557
http://www.ncbi.nlm.nih.gov/pubmed/17331634
https://doi.org/10.1016/j.pnpbp.2007.01.021
https://doi.org/10.1016/j.pnpbp.2007.01.021
http://www.ncbi.nlm.nih.gov/pubmed/17331634
https://doi.org/10.1016/j.physbeh.2004.08.008
http://www.ncbi.nlm.nih.gov/pubmed/15501504
http://www.ncbi.nlm.nih.gov/pubmed/20069211
https://doi.org/10.1371/journal.pone.0181505


37. Gobbo OL, O’Mara SM. Exercise, but not environmental enrichment, improves learning after kainic

acid-induced hippocampal neurodegeneration in association with an increase in brain-derived neuro-

trophic factor. Behav Brain Res. 2005; 159(1):21–6. https://doi.org/10.1016/j.bbr.2004.09.021 PMID:

15794993.

Physical activity and quality of life in temporal lobe epilepsy

PLOS ONE | https://doi.org/10.1371/journal.pone.0181505 July 19, 2017 13 / 13

https://doi.org/10.1016/j.bbr.2004.09.021
http://www.ncbi.nlm.nih.gov/pubmed/15794993
https://doi.org/10.1371/journal.pone.0181505

