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Summary: Purpose: To evaluate the association between
epilepsy and multiple sclerosis (MS), we analyzed the incidence
of epilepsy in a population-based incidence cohort of MS in
Catania, Sicily.

Methods: According to Poser’s diagnostic criteria, 170 inci-
dent cases of MS have been identified from 1975 to 1994 in the
city of Catania. All these subjects underwent a complete neu-
rological examination to confirm the diagnosis of MS and to
identify those patients with a history of seizures. Diagnosis of
epilepsy was based on the criteria proposed by the International
League Against Epilepsy (ILAE) in 1993, and seizures were
classified according to the classification of the ILAE, 1981.

Results: From 1975 to 1994, 170 subjects with MS had the
clinical onset of the disease. The mean annual incidence of MS

was 2.3/100,000 (95% CI, 2.0–2.6). Of the 170 defined MS pa-
tients, four developed epilepsy after the onset and also diagnosis
of MS, giving an incidence rate of epilepsy of 285/100,000 per-
son years at risk (95% CI, 119–684) and 147.8/100,000 when
age adjusted to the world standard population. The cumulative
risk of developing epilepsy after the onset of MS, evaluated by
using the life-table methods, was zero at 1 year and 1.76% at
5 years. Of these four patients, three were classified as hav-
ing partial seizures with secondary generalization and one with
tonic–clonic seizures.

Conclusions: Our data are consistent with those reported in
literature suggesting that the risk of developing epilepsy is three-
fold higher among MS patients than in the general population.
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The prevalence of epilepsy in industrialized countries
ranges from 3 to 9 per 1,000, whereas age-adjusted inci-
dence ranges from 28.9 to 53.1 per 100,000 (1). Multiple
sclerosis (MS) is a chronic neurologic disease with a wide
spectrum of symptoms and signs. According to previous
reports, the prevalence of seizures in MS patients seems
substantially higher than that in the general population. In
most publications, the prevalence of epilepsy varies from
1 to 4%, but figures ≤10% have been presented (2). Un-
fortunately these data may not be accurate because they
are based on series of clinical patients, and the majority
of published studies do not mention the diagnostic criteria
used to classify the patients. A prevalence of 3.5% was
reported in a survey carried out in Finland in which the
authors studied a prevalent cohort of MS patients.

To our knowledge, the only data available concern-
ing the risk of epilepsy among MS patients are those re-
ported by Olafsson et al. in 1999 (3). The authors studied
a population-based incidence cohort of MS patients, re-
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porting a threefold increase in risk for developing epilepsy
compared with the general population.

In an attempt to add further evidence of a causal rela-
tion between MS and epilepsy, we evaluated the risk of
epilepsy in a population-based incidence cohort of MS
identified in the city of Catania from 1975 to 1994.

MATERIALS AND METHODS

At the end of the 1990s, we carried out an epidemi-
ologic survey to determine prevalence and incidence of
MS in the city of Catania (4). Catania is the capital of the
province in the eastern Sicily that covers some 181 km2

at a mean altitude of ∼30 m above sea level. Its official
population in 1991, the date of the last census, is 333,075
inhabitants with 174,267 women and 158,808 men (5).
Considering the overall study period, according to census
data, the population decreased from 400,048 in 1971 to
382,692 in 1981 and 333,075 in 1991, remaining stable
from 1991 to 1995 (337,332 inhabitants). During the study
period, 1975–1994, no significant changes were seen in
sex and age structure of the population. In particular dur-
ing the study period, an internal migration flow from the
city of Catania to the surrounding areas was found, but
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always in the province of Catania. The province of Cata-
nia covers 3,552 km2 and, although the whole population
of the province was stable over the period, ∼1,000,000 in-
habitants, considering only the surrounding areas, <15 km
from the city, there was an increase from 84,200 inhabi-
tants in 1971 to 146,882 in 1981 and to 185,140 in 1991.

Immigration flow from other countries was low and
stable over the period and in particular in the last census of
1991, there were only 4,036 foreign residents, 1.2% of the
population, the most coming from Africa and Europe. On
the basis of these data, the population could be considered
ethnically stable in the city.

The primary sources for the MS case ascertainment
were the neurologic and motor-rehabilitation departments,
the Multiple Sclerosis Center, the Italian Multiple Sclero-
sis Association, private neurologists, and family doctors.
All surviving potential MS patients identified from these
sources, except the MS patients followed up in our neuro-
logical department and MS center, were called to undergo
neurologic examination performed by trained neurologists
of our team to confirm the diagnosis. For deceased patients
or in case of cognitive impairment, information was col-
lected by trained physicians from close relatives (4).

We considered as prevalent and incident cases all pa-
tients who satisfied the Poser’s criteria for clinically defi-
nite multiple sclerosis (CDMS), laboratory-supported def-
inite multiple sclerosis (LSDMS), clinically probable mul-
tiple sclerosis (CPMS), and laboratory-supported proba-
ble multiple sclerosis (LSPMS) (6).

We calculated the prevalence rate of MS as point preva-
lence at January 1, 1995, and incidence during 1975–1994,
considering all patients who had the onset of disease dur-
ing this study period. All patients were followed up at least
at 5 years after the onset of disease.

We also determined prevalence and incidence of
epilepsy in our cohort of MS patients identified dur-
ing the study period. All patients with a suspected his-
tory of seizures underwent an extensive evaluation per-
formed by an expert epileptologist and also a standard
electroencephalographic (EEG) recording by using 20-
channel equipment. For deceased patients or in case of
cognitive impairment, information about seizures was col-
lected by trained physicians from close relatives; when
possible also clinical papers were revised. We accepted the
definition of epilepsy proposed by ILAE 1993: “Epilepsy
is a condition characterized by recurrent (two or more)
epileptic seizures, unprovoked by any immediate identi-
fied cause. Multiple seizures occurring in a 24-h period
are considered a single event” (7). Seizures at the time of
an MS exacerbation were considered acute symptomatic
seizures and then excluded from the analysis. Seizure
types were identified on the basis of the classification
proposed by ILAE 1981 (8).

The prevalence of epilepsy was determined as a point
prevalence defined as the proportion of patients with

epilepsy in the MS population at a specified time [preva-
lence day (P.D.), January 1, 1995]. We compared the
prevalence of epilepsy among the MS patients with the
prevalence of epilepsy found in Sicily in a door-to-door
survey carried out in 1987 (9). To allow comparison, both
crude rates were age adjusted to the World Standard pop-
ulation, using the direct method of standardization (10).

Cumulative risk of epilepsy at 1 and 5 years was ob-
tained by using the life-table methods. We evaluated the
incidence rate of epilepsy, estimating the total person time
at risk; 95% confidence interval (CI) of rates also was cal-
culated.

Few population-based studies have been carried out in
Italy to determine the incidence of epilepsy. To compare
the incidence of epilepsy among the MS population with
that in the general population, we used the population-
based study carried out in Copparo by Granieri et al., pub-
lished in 1983 (11), in which the authors used similar di-
agnostic criteria for epilepsy (Hauser and Kurland, 1975)
(12). To allow comparison, both rates were age adjusted to
the World Standard population, by using the direct method
of standardization. Analysis was carried out by using the
EPI-INFO 6 (13).

RESULTS

We detected 195 patients with MS who had had the on-
set of disease on prevalent day, at January 1, 1995 (PD),
in a population of 333,075 inhabitants. The prevalence of
MS (onset-adjusted prevalence rate) in the city of Catania
was 58.5/100,000 (95% CI, 50.7–67.5). The age-specific
prevalence showed a peak in the group aged 35–44 years
(145.1/100,000). From 1975 to 1994, 170 subjects with
MS had the clinical onset of the disease. The mean an-
nual incidence was 2.3/100,000 (95% CI, 2.0–2.6). Age-
specific incidence shows a peak in the group aged 25–
34 years (6.32/100,000) (4).

Totally we identified five patients (four men and one
woman) who had a diagnosis of epilepsy fulfilling the
ILAE diagnostic criteria. In one patient (number 1 in
Table 1) with partial seizures with secondary generaliza-
tion, the onset and diagnosis of epilepsy was before the
onset of MS, but this patient had also other predisposing

TABLE 1. Clinical features of defined epileptic patients
identified among the incidence cohort of MS patients

Age at onset Age at diagnosis Age at onset Type of
Patient of MS (yr) of MS (yr) of epilepsy (yr) seizure

1 19 21 11 PSSG
2 18 32 34 PSSG
3 40 41 44 TC
4 27 27 30 PSSG
5 31 33 33 PSSG

PSSG, partial seizures with secondary generalization; TC, tonic–
clonic seizures.
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factors for epilepsy (dystocic delivery and perinatal as-
phyxia). For the other four patients, the onset of epilepsy
was subsequent to the onset and also diagnosis of MS.
Concerning the type of seizures, three of them had partial
seizures with secondary generalization, and one case was
classified as tonic–clonic seizures (Table 1). None of these
patients had other known risk factors for epilepsy other
than MS. No patients had single unprovoked seizures. All
patients were classified with active epilepsy according to
the definition of ILAE 1993 (7) and were treated with
antiepileptic drugs (AEDs).

To estimate the point prevalence of epilepsy among the
MS patients (195 prevalent cases at the PD), we excluded
two patients who had the onset of MS during the inci-
dence study period (1975–1994), but died before the PD.
The crude prevalence of defined epilepsy, at January 1,
1995, among the MS patients, was 15,4/1,000 (95% CI,
3.9–41.2) when we included also the patient who had the
onset of epilepsy before the onset of MS, and 10.2/1,000
(95%CI, 1.7–33.5) when this patient was excluded from
the analysis. To compare the prevalence of epilepsy found
in our cohort of MS patients with the prevalence found in
a previous survey carried out in Sicily (3.3/1.000) (9), we
age adjusted both rates to the World Standard population
by using the direct method of standardization. The age-
adjusted prevalence of epilepsy in Sicily was (3.7/1.000),
whereas the age-adjusted prevalence rate among the MS
population was 7.7/1,000, when the case that had the on-
set of epilepsy before the onset of MS was included, and
5.1/1.000 when this case was excluded from the analysis.

To evaluate the incidence of epilepsy, we considered
only the 170 MS incident cases identified who had the
onset on MS during 1975–1994. All five epilepsy patients
identified were incident cases of MS. To estimate the risk
of epilepsy after the onset of MS, the patient who had the
onset of seizures before the onset of MS was excluded
from this analysis, whereas we included the other four
cases for whom the diagnosis of epilepsy was subsequent
to the onset and also diagnosis of MS. Regarding the time
from the onset of MS to the first seizure, these patients
developed seizures 2, 3, 4, and 16 years after the first
manifestation of MS. The cumulative risk for develop-
ing epilepsy in this cohort of MS patients was zero at
1 year and 1.76% (95% CI, 0–4.72%) at 5 years.

To calculate the incidence rate over the 20-year follow-
up, we estimated the total person-years at risk from the
clinical onset of MS. The total person-time at risk was
1,402.45 years, and the incidence rate over the 20-year
period was 285 per 100,000 person-year at risk (95% CI,
119–684). Age-specific incidence rate is shown in Ta-
ble 2. Age-adjusted incidence risk directly standardized
to the World Standard population was 147.8/100,000. The
crude incidence risk of epilepsy found in Copparo in 1983
was 33.1 per 100,000 per year (11). To allow comparison,
we age-adjusted the incidence risk found in Copparo to

TABLE 2. Age-specific incidence rate of epilepsy in the
incidence cohort of MS patients

Age at onset Number of Total person- Rate per 1,000
(MS) (yr) cases (epilepsy) years at risk person-year

0–14 — 66.61 —
15–24 — 535.19 —
25–34 3 486.07 6.17
35–44 1 194.11 5.15
45–54 — 102.08 —
55+ — 18.39 —
Total 4 1,402.45 2.85

the same World Standard population, obtaining an age-
adjusted incidence risk of 44.7 per 100,000; the relative
risk was 3.29 (95% CI, 2.36–4.59).

On the basis of these data, we can conclude that the risk
of epilepsy after the onset of MS is threefold higher when
compared with the risk in the general population.

DISCUSSION

Several articles concerning the relation between
epilepsy and MS have suggested an increased risk of
epilepsy among MS patients. Unfortunately the majority
of these data come from clinical series and are conse-
quently prone to selection bias (14). Often studies do not
use a standard definition of epilepsy, do not take into ac-
count the distinction between epilepsy starting before and
after the onset of MS, or the occurrence of symptomatic
or single seizure. For all these reasons, interpretation and
comparison of results is often difficult.

Epilepsy is a common condition, and coincidental asso-
ciation can occur, so a causative link is difficult to estab-
lish, even if magnetic resonance imaging studies have sug-
gested the possible correlation between seizures and the
presence of corticosubcortical MS lesions (15). Our data
on the prevalence and incidence of epilepsy among the MS
patients come from a well-defined cohort of MS patients
and are based on well-defined diagnostic criteria for both
disorders. For these reasons, an appropriate comparison
is possible only with other population-based surveys with
similar design and diagnostic criteria adopted.

The crude prevalence of epilepsy (15.4/1,000) found in
our cohort of MS patients is lower than the crude rate re-
ported in the prevalence cohort of MS patients in Finland
(35/1,000), but it is close to the rate for active epilepsy
(20/1,000) reported in the same survey (2). Nevertheless,
both crude and age-adjusted prevalence rates are signif-
icantly higher when compared with the crude and age-
adjusted prevalence rate of epilepsy found in the Sicilian
population (9).

It is important to underline that several factors (age
and sex distribution of our MS prevalent population, life
expectancy, and disease duration, etc.) should affect the
comparison of these prevalence data, and they should be
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taken into consideration in interpreting these results. We
are also aware that the prevalence of epilepsy found in the
Sicilian population (3.3/1,000), which we used for com-
parison, is lower than rates reported from other Italian
surveys; in any case, the prevalence rate found in our MS
population is close to those reported from other MS co-
horts (2) and is generally higher than crude rates reported
from industrialized countries.

The incidence of epilepsy is significantly higher in our
cohort of incidence cases of MS than in general popula-
tion, confirming a threefold higher risk of epilepsy after
the onset of MS, as reported also in Iceland (3), where
a very similar study design and diagnostic criteria were
adopted.

Even if several factors can affect our data (the small
denominators of our MS cohort with a total follow-up time
of 1,402 person-years at risk, the use of age-adjusted rates
for comparison, the retrospective nature of the survey), our
results are close to those reported from other population-
based surveys.

REFERENCES

1. Senanayake N, Román GC. Epidemiology of epilepsy in developing
countries. Bull WHO 1993;71:247–58.

2. Kinnunen K, Kikström J. Prevalence and prognosis of epilepsy in
patients with multiple sclerosis. Epilepsia 1986;27:729–33.

3. Olafsson E, Benedikz J, Hauser AW. Risk of epilepsy in patients with
multiple sclerosis: a population based study in Iceland. Epilepsia
1999;40:745–7.

4. Nicoletti A, Lo Bartolo ML, Lo Fermo S, et al. Prevalence
and incidence of multiple sclerosis in Catania, Sicily. Neurology
2001;56:62–6.

5. Istituto Centrale di Statistica. 13◦ Censimento generale della popo-
lazione. 20, Oct. 1991.

6. Poser CM, Paty DW, Scheinberg L, et al. New diagnostic criteria
for multiple sclerosis: guidelines for research protocols. Ann Neurol
1983;13:227–31.

7. Commission on Epidemiology and Prognosis, International League
Against Epilepsy. Guidelines for epidemiologic studies on epilepsy.
Epilepsia 1993;34:592–6.

8. Commission on Classification and Terminology of the International
League Against Epilepsy. Proposal for revised clinical and elec-
troencephalographic classification of epileptic seizures. Epilepsia
1981;22:489–501.

9. Rocca WA, Savettieri G, Anderson DW, et al. Door-to-door preva-
lence survey of epilepsy in three Sicilian municipalities. Neuroepi-
demiology 2001;20:237–41.

10. Muir C, Waterhouse J, Mack T, et al., eds. Cancer incidence in five
continents. Lyon: IARC (WHO), 1987.

11. Granieri E, Rosato G, Tola R, et al. A descriptive study of epilepsy
in the district of Copparo, Italy, 1964-1978. Epilepsia 1983;24:502–
14.

12. Hauser WA, Kurland LT. Epidemiology of epilepsy in Rochester,
Minnesota, 1935-1967. Epilepsia 1975;16:1–66.

13. “Epi Info 6” package, WHO. Geneva, Switzerland: Centers for Dis-
ease Control & Prevention (CDC), 1994.

14. Spatt J, Chaix R, Mamoli B. Epileptic and nonepileptic seizures in
multiple sclerosis. J Neurol 2001;248:2–9.

15. Sokic DV, Stojsavljevic N, Drulovic J, et al. Seizures in multiple
sclerosis. Epilepsia 2001;42:72–9.

Epilepsia, Vol. 44, No. 11, 2003


