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Cardiorespiratory fitness (CRF) is a modifiable risk factor for mental and physical chronic conditions and prema-
ture mortality. Cardiorespiratory fitness levels and moderators among people living with epilepsy are unknown.
The aim of the current meta-analysis was to (1) determine mean CRF in people living with epilepsy and compare
levels with age- and gender-matched healthy controls (HCs), and (2) explore moderators of CRF. Major elec-
tronic databases were searched systematically for articles reporting CRF expressed as maximum or peak oxygen
uptake (ml/min/kg). A random effects meta-analysis calculating the pooled mean CRF including subgroup- and

ﬁ‘;’:ﬂdgmss meta-regression analyses was undertaken. Across 4 studies, the CRF level was 31.4 ml/kg/min (95% confidence
Physical activity interval [CI] = 27.3t035.5) (n = 121; mean age = 29-43 years). Compared with age- and gender-matched con-
Exercise trols (n = 39), in people with epilepsy (n = 39), CRF levels were 4.9 ml/kg/min (95%Cl = —5.9 to —3.9) lower
Epilepsy (P<0.001). Cardiorespiratory fitness levels obtained via maximal tests were significantly (P < 0.001) lower than
obtained via submaximal tests. Future research should explore underlying mechanisms for the observed impair-

ment in CRF in people with epilepsy.
© 2019 Elsevier Inc. All rights reserved.
1. Introduction 1.92; P<0.001) [4]. Improving CRF via physical activity is a key compo-

People living with epilepsy die prematurely compared with people
from the general population [1]. Recently, it has become clear that
part of this premature mortality might be attributable to a higher car-
diovascular disease (CVD) risk [2]. Current hypotheses link the in-
creased incidence of these cardiovascular comorbidities to (a) altered
autonomic function, (b) accelerated fibrosis and myofibrillar degenera-
tion due to repeated hypoxemia, (c) cardiotoxic effects of excess cate-
cholamines during and following seizures, and/or (d) adverse effects
of antiepileptic drugs [3]. In the general population, there is robust evi-
dence demonstrating that low cardiorespiratory fitness (CRF, the ability
of the circulatory and respiratory systems to supply oxygen to working
muscles during sustained physical activity) is a strong predictor for
CVDs [relative risk (RR) = 1.56; 95% confidence interval (CI) = 1.39-
1.75; P < 0.001] and all-cause mortality (RR = 1.70; 95%Cl = 1.51-
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nent of preventing and treating CVD and reducing associated mortality
[5]. People with epilepsy are known to be less physically active than
age- and gender-matched controls [6-10]. While in the past, patients
were often advised against participating in physical activity, mostly be-
cause of fear, overprotection, and ignorance, there is now a strong con-
sensus that all people living with epilepsy, irrespective of their age,
should be advised to augment their physical activity levels [11]. It re-
mains, however, unclear whether people with epilepsy have lower
CRF levels than matched controls from the general population. It is
also unclear whether treatment-related (e.g., antiepileptic exposure)
and clinical variables (e.g., epilepsy subtype) moderate CRF levels in
this population. Pooled analyses exploring subgroup differences in CRF
among people with epilepsy are highly relevant as they enable risk
stratification. Pooling data also allows for more thorough investigation
of the effect of assessment variables (e.g., maximal versus submaximal
and running versus cycling) on CRF levels. In order to address the cur-
rent gaps in the literature, we conducted a meta-analysis with the fol-
lowing aims: (a) investigate the mean pooled CRF level in people with
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Fig. 1. Flow diagram.

epilepsy and compare CRF levels where possible with age- and gender-
matched healthy controls, and (b) explore moderators of CRF levels in
people living with epilepsy.

2. Methods

This systematic review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [12]. Two
researchers searched PubMed, Embase, PsycARTICLES, and CINAHL
from database inception to 01/03/2019. Keywords used were “cardiore-
spiratory” or “aerobic” and “epilepsy” in the title, abstract, or index term
fields. Manual searches were also conducted using the reference lists
from recovered articles. Inclusion criteria were as follows: (1) inclusion
of adult participants with a diagnosis of epilepsy and (2) measurement
of CRF (mean 4 standard deviation) expressed as maximal oxygen up-
take, VO, max, or VO, peak (ml/kg/min) and assessed with a maximal
exercise test or estimated with a submaximal exercise test. No additional
exclusion criteria were applied. After the removal of duplicates, two re-
viewers screened titles and abstracts of all potentially eligible articles.
Both authors applied eligibility criteria, and a list of full-text articles
was reached through consensus. In case of study overlap, the most recent
study was included. Data extracted for exploring moderators of CRF in-
cluded assessment variables (maximal versus submaximal and running
versus cycling), participants' characteristics including mean age
(years), % male, mean body mass index, and clinical variables including
mean illness duration (years), and type of epilepsy. If age- and gender-
matched healthy control data were available, in addition to the primary

outcome, age and % male in the healthy control groups were extracted.
Random effects meta-analyses were conducted using Comprehensive
Meta-Analysis software (Version 3, Biostat, Englewood, New Jersey).
First, we pooled the mean CRF level among people with epilepsy and
where possible compared this to healthy controls. Second, we compared
baseline CRF levels between assessment variables (maximal versus sub-
maximal and running versus cycling) and type of epilepsy (temporal
lobe versus other epilepsy). Statistical heterogeneity was assessed
using the I2 statistic. Publication bias was assessed with the Begg and
Mazumdar test [13]. For all analyses, we calculated the trim and fill ad-
justed analysis [14] to remove the most extreme small studies from the
positive side of the funnel plot, and recalculated the effect size at each it-
eration, until the funnel plot was symmetric about the (new) effect size.

3. Results
3.1. Search results

A total of 243 unique records were identified. After screening titles
and application of the eligibility criteria, five studies including six anal-
yses were eligible for inclusion in the meta-analysis. Fig. 1 presents the
flow of studies through the review process.

3.2. Characteristics of included studies

There were four cross-sectional studies [7,15-17] including five CRF
values and one intervention study [18]. Participants in the intervention
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Table 1
Characteristics of the included studies.

Author VO, peak/max Design Assessment method Cycling/running Sample size Age % male Type epilepsy
Volpato [7] 275+ 46 1 1 1 38 43.0 0.37 1
Vancini [15] 28.8 £ 6.7 1 1 2 20 341 0.45 1
Vancini [16] 285+ 1.6 1 1 2 19 35.6 0.42 1
Bjorholt [17] (men) 38 1 2 2 21 293 1 2
Bjorholt [17] (women) 34 1 2 2 23 293 0 2
Nakken [18]* 323 2 2 2 21 29 0.48 2

VO, peak/max = peak/maximal oxygen uptake expressed as ml/min/kg (mean =+ standard deviation); assessment method: 1 = a maximal exercise test, 2 = a submaximal exercise test;
cycling/running: 1 = exercise test on a treadmill, 2 = exercise test on a cycle ergometer; design: 1 = cross-sectional study, 2 = one-arm pretest posttest study; type of epilepsy: 1 =

temporal lobe epilepsy, 2 = mixed subtypes.

¢ Overlap with Bjorholt [17]: this study is only included in the narrative review and not in the meta-analysis.

study of Nakken and colleagues [18] overlapped with the cross-
sectional study of Bjorholt and colleagues [17] and were, therefore, ex-
cluded from the meta-analysis. Across the four cross-sectional studies,
the final dataset included 121 people with epilepsy. Three CRF values
were assessed with maximal and two with submaximal exercise tests.
Four CRF values were assessed on a cycle ergometer and one on a tread-
mill. Among available studies, the mean age ranged from 29 to 43 years,
the percentage of male participants from 37% to 47%. Three studies fo-
cused on patients with temporal lobe epilepsy while one study was in
patients with different epileptic subtypes. Details for all studies are pro-
vided in Table 1.

In the study of Nakken et al. [ 18], CRF improved significantly from an
average value of 32.3 ml/kg/min to 39.6 ml/kg/min following four
weeks of aerobic exercise, three times per week for 45 min at moderate
intensity, i.e., 60% of the VO, max.

3.3. Cardiorespiratory fitness in people living with epilepsy

Across the four studies (including five CRF values), the pooled mean
predicted VO, max or VO, peak was 31.4 ml/kg/min (95%CI = 27.3 to
35.5; I = 98.1%; Kendall's tau = 0.20, P = 0.31; Egger = 4.6, = 0.32).

3.4. Cardiorespiratory fitness in people living with epilepsy versus matched
controls

Two studies [15,16] compared the CRF levels of people with epilepsy
(n = 39) with age- and gender-matched controls (n = 39). The mean
difference was —4.9 ml/kg/min (95%Cl = —5.9 to —3.9) (P < 0.001;
> =0).

3.5. Moderators of cardiorespiratory fitness in people living with epilepsy

Full details of the subgroup analyses of CRF levels are summarized in
Table 2. Lower CRF levels were found in maximal versus submaximal
exercise tests (P < 0.001). There was a trend for higher CRF values in
cycle ergometer versus treadmill tests (P = 0.06). Studies in people

with temporal lobe epilepsy showed a higher CRF than CRF values in
studies with mixed subtypes (P < 0.001).

4. Discussion

This is the first meta-analysis investigating mean CRF levels in peo-
ple with epilepsy. The trim and fill adjusted pooled mean CRF was
31.4 ml/kg/min (95%Cl = 27.3 to 35.5) (N studies = 4; n participants
= 121). The current study demonstrates that people with epilepsy
have on average, a 4.9 ml/kg/min (95%Cl = —5.9 to —3.9) lower VO,
max than age- and gender-matched controls from the general popula-
tion. This finding should, however, be considered with caution as it
was based on two studies (39 people with epilepsy and 39 controls).
However, this difference is clinically relevant as in the general popula-
tion, every 3.5 ml/kg/min reduction in VO, peak is associated with
13% and 15% increases in risk of all-cause mortality and CVD, respec-
tively [4]. Also of clinical relevance is that CRF levels can improve signif-
icantly (+ 7.3 ml/kg/min) after 4 weeks of aerobic exercise, three times
per week for 45 min at moderate intensity, very likely also reducing the
CVD morbidity risk [18]. Our meta-analysis is also the first to demon-
strate that maximal testing protocols predicted lower CRF levels than
submaximal protocols. Future research should explore underlying
mechanisms for these differences. Although exhaustive exercise is not
a seizure-inducing factor [16], it cannot be excluded that some people
with epilepsy stopped their maximal exercise test prematurely, i.e., be-
fore their maximal threshold had been reached. Therefore, future re-
search should explore whether lower CRF in people with epilepsy
observed in this meta-analysis is associated with the avoidance of po-
tentially anxiogenic activities. However, when looking more in detail
at the people with epilepsy who were tested in the different studies,
we found that in the studies using maximal tests, only patients with
temporal epilepsy were included while in the studies using submaximal
test, people with a wide range of epilepsy subtypes were tested. To date,
the CRF levels between people with different subtypes of epilepsy have
not been investigated. While the results are novel, some caution should
be attached to these findings because of small number of studies in-
cluded in some subanalyses and limitations in reporting of other

Table 2
Subgroup analyses of cardiorespiratory fitness (expressed as ml/min/kg) in people living with epilepsy.
Analysis N studies N participants Meta-analysis 2 P
Point estimate 95%Cl
« Maximal versus submaximal testing 98.0 0.001"
- Maximal 3 77 283 27.7 29.0
- Submaximal 2 44 36.0 35.0 36.7
« Treadmill versus cycle ergometer test 984 0.06
- Treadmill 1 38 275 26.0 29.0
- Cycle ergometer 4 83 324 275 373

* Significant when P < 0.05.
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important variables such as specific antiepileptic treatments, type of ep-
ilepsy, and relevant lifestyle factors (physical activity, smoking).

Funding

This research received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors. BS is supported by the
Health Education England and the National Institute for Health Research
HEE/NIHR ICA Programme Clinical Lectureship (ICA-CL-2017-03-001).
The views expressed in this publication are those of the author(s) and
not necessarily those of the NHS, the National Institute for Health Re-
search, or the Department of Health and Social Care.

Declaration of Competing Interest
None.

Acknowledgments
None.

References

[1] Farahani M, Mulinder H, Farahani A, Marlink R. Prevalence and distribution of non-
AIDS causes of death among HIV-infected individuals receiving antiretroviral ther-
apy: a systematic review and meta-analysis. AIDS;Int ] STD AIDS 2016;28:636-50
[0956462416632428].

[2] Zack M, Luncheon CJE. Behavior. Adults with an epilepsy history, notably those
45-64 years old or at the lowest income levels, more often report heart disease
than adults without an epilepsy history. Behavior;Epilepsy Behav 2018;86:208-10.

[3] Verrier RL, Schachter SCJE. Behavior. Is heart disease in chronic epilepsy a conse-
quence of seizures or a fellow traveler? Behavior;Epilepsy Behav 2018;86:211-3.

[4] Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al. Cardiorespiratory fit-
ness as a quantitative predictor of all-cause mortality and cardiovascular events in
healthy men and women: a meta-analysis. JAMA 2009;301:2024-35.

[5] Barry VW, Baruth M, Beets MW, Durstine JL, Liu J, Blair SN. Fitness vs. fatness on all-
cause mortality: a meta-analysis. Prog Cardiovasc Dis 2014;56:382-90.

[6] Tedrus GMAS, Sterca GS, Pereira RB. Physical activity, stigma, and quality of life in
patients with epilepsy. Behavior;Epilepsy Behav 2017;77:96-8.

[7] Volpato N, Kobashigawa ], Yasuda CL, Kishimoto ST, Fernandes PT, Cendes FJ. Level of
physical activity and aerobic capacity associate with quality of life in patients with
temporal lobe epilepsy. PLoS One 2017;12:e0181505.

[8] Cui W, Zack MM, Kobau R, Helmers SL. Health behaviors among people with epi-
lepsy—results from the 2010 National Health Interview Survey. Behavior;Epilepsy
Behav 2015;44:121-6.

[9] Chong ], Kudrimoti HS, Lopez DC, Labiner DM. Behavioral risk factors among
Arizonans with epilepsy: behavioral Risk Factor Surveillance System 2005/2006. Be-
havior;Epilepsy Behav 2010;17:511-9.

[10] Ferguson PL, Chiprich ], Smith G, Dong B, Wannamaker BB, Kobau R, et al. Prevalence
of self-reported epilepsy, health care access, and health behaviors among adults in
South Carolina. Behavior;Epilepsy Behav 2008;13:529-34.

[11] Capovilla G, Kaufman KR, Perucca E, Moshé SL, Arida RM. Epilepsy, seizures, physical
exercise, and sports: a report from the ILAE Task Force on Sports and Epilepsy. ] Ep-
ilepsy 2016;57:6-12.

[12] Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.

[13] Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publi-
cation bias. Biometrics 1994:1088-101.

[14] Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and
adjusting for publication bias in meta-analysis. Biometrics 2000;56:455-63.

[15] Vancini RL, Lira CABd, Andrade MdS, Lima Cd, Arida R. Low levels of maximal aerobic
power impair the profile of mood state in individuals with temporal lobe epilepsy.
Arq Neuropsiquiatr 2015;73:7-11.

[16] Vancini RL, de Lira CAB, Scorza FA, de Albuquerque M, Sousa BS, de Lima C,
et al. Cardiorespiratory and electroencephalographic responses to exhaustive
acute physical exercise in people with temporal lobe epilepsy. Behavior;Epi-
lepsy Behav 2010;19:504-8.

[17] Bjerholt P, Nakken K, Rehme K, Hansen H. Leisure time habits and physical fitness in
adults with epilepsy. Epilepsia 1990;31:83-7.

[18] Nakken K, Bjarholt P, Johannessen S, LoSyning T, Lind E. Effect of physical training on
aerobic capacity, seizure occurrence, and serum level of antiepileptic drugs in adults
with epilepsy. Epilepsia 1990;31:88-94.


http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0005
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0005
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0005
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0005
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0010
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0010
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0010
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0015
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0015
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0020
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0020
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0020
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0025
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0025
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0030
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0030
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0035
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0035
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0035
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0040
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0040
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0040
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0045
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0045
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0045
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0050
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0050
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0050
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0055
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0055
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0055
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0060
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0060
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0065
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0065
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0070
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0070
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0075
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0075
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0075
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0080
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0080
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0080
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0080
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0085
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0085
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0090
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0090
http://refhub.elsevier.com/S1525-5050(19)30337-3/rf0090

	Physical fitness levels and moderators in people with epilepsy: A systematic review and meta-�analysis
	1. Introduction
	2. Methods
	3. Results
	3.1. Search results
	3.2. Characteristics of included studies
	3.3. Cardiorespiratory fitness in people living with epilepsy
	3.4. Cardiorespiratory fitness in people living with epilepsy versus matched controls
	3.5. Moderators of cardiorespiratory fitness in people living with epilepsy

	4. Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


