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a Department of Neurology, School of Medicine, University of Mostar, Bosnia and Herzegovina
b Department of Biology and Medical Genetics, School of Medicine, University of Rijeka,
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bstract

bjectives: To determine epidemiological rates of multiple sclerosis (MS) in western Herzegovina.
atients and methods: We analysed data from 81 MS patients (49 females, 32 males) on the prevalence day, 31 December 2003.
atient information was obtained from a search of all available medical records from the period 1994–2003 in the investigated
rea.
esults: Crude prevalence of MS was 27/100,000 (95% confidence interval (CI) 20–34). Prevalence was highest in the mountainous
unicipality of Posušje (56/100,000) and lowest in the coastal municipality of Neum (0 incidence). The annual incidence of MS was

.6/100,000 (95% CI 0–3.3). The female/male ratio of MS was 1.5. The mean age of the patients on prevalence day was 40.0 ± 11.6
ears, and the mean age at disease onset was 31.0 ± 7.1 years. Eight (10%) of the patients had a first-degree relative with MS. The pri-
ary progressive (PP) disease course was observed only in females. Visual symptoms were the initial symptom of MS in 6 (7%) of the
atients.
onclusions: Western Herzegovina is an area of moderate risk for MS, and the distribution of MS in western Herzegovina is heterogeneous.
P-MS occurred only in females, and involvement of the visual pathways as the initial symptom of MS was low.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Recent epidemiological reports of multiple sclerosis (MS)
n Europe include all of the former Yugoslavian republics,
ith the exception of Bosnia and Herzegovina (BH) [1,2].
ere, we present descriptive epidemiological data regarding

S in western Herzegovina.

∗ Corresponding author. Tel.: +385 51 651181.
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. Methods

.1. Study area

The study area, Herzegovinian-Neretvan and western
erzegovina counties, occupies the southwestern part of BH,
2◦53′–43◦39′ latitude and 17◦19–17◦58′ longitude (Fig. 1).
he 5763 km2 area is divided into a high-karst zone, up
o 1000 m above sea level; a moderate continental climate
one, with abundant precipitation; and a Mediterranean zone.
lora is subtropical. Fauna are comprised of Mediterranean
nd karst species. In mountainous areas, cattle farming is

mailto:ristics@medri.hr
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Fig. 1. Location

dominant economic feature, while tobacco-, grape- and
egetable-farming predominates in coastal regions. Signifi-
ant deposits of bauxite have fostered the aluminium industry.

Low birth-rate and emigration hinder population growth
n western Herzegovina. Primary health care is organized in
ll municipalities, and neurological services are provided by
he university hospital and regional medical centre in Mostar
nd by the general hospital in Konjic. The population is Illyr-
an, with a presence of ancient Italic in settlements along the

ain roads. During Turkish rule (1463–1878), the area was
nown as Herzegovinian Sandžak and was renamed Herze-
ovina during the Austrian–Hungarian Empire (1878–1918).
erzegovina is the name used by all subsequent regimes of

he South Slavs. On 31 December 2003, 300,746 persons
ere living in the study area (162,057 females and 138,689
ales), including Croats (64%), Bosnians (34%), and Serbs

2%) [3–5].

.2. Patients

The restrospective study included patient information col-
ected from 1 January 1994 to 31 December 2003. MS
atients were identified from the archives of the Depart-
ent of Neurology of the university hospital, the Department

f Neurology and Psychiatry of the regional medical centre
n Mostar, the Department of Neurology and the neurolog-
cal outpatient services of the general hospital in Konjic,
nd the medical records of the neurological outpatient ser-
ices in Jablanica, Čapljina, Čitluk, Ljubuški, Široki Brijeg,

rude, Posušje, Prozor-Rama, Neum, and Stolac. Diagno-

is was confirmed with magnetic resonance (MR) images of
he brain and cervical spine of all patients. In 75 (92%) of
he cases MR imaging (MRI) was performed two or more

w
E

rn Herzegovina.

imes. Cerebrospinal fluid (CSF) was obtained by lumbar
uncture in 72 (89%) patients for comparison with matched
erum. Each CSF sample was analysed for cell counts, glu-
ose, albumin, immunoglobulin G (IgG), and oligoclonal
gG banding. Evoked potentials were tested in 42 (51%)
atients. Additional examinations and analyses were per-
ormed as necessary, including cardiologic examination with
chocardiography and assessment of antinuclear antibodies;
oagulation; syphilitic serology; B. burgdorferi-specific anti-
ody index; neurotropic virus serology, including human
mmunodeficiency virus (HIV), human herpes virus-6 (HHV-
), herpes simplex virus (HSV), Epstein-Barr virus (EBV);
nd brucellosis serology. In four female primary progres-
ive (PP)-MS patients, plasma with very long chain fatty
cids was analysed. The research was perfomed with the
pproval of the Croatian Medical Association Ethical Com-
ittee. Data for each patient were collected and stored in

he EDMUS data base (version 3.4) [6]. MS cases were
onsidered prevalent according to McDonald et al. [7]. The
ate of MS onset, defined as the time of the first neuro-
ogical symptom attributable to the disease, was provided
y patients or medical records [8]. MS was categorised as
elapsing-remitting (RR)-MS, PP-MS, or secondary progres-
ive (SP)-MS [9]. Patients were deemed prevalent if they were
iving in the study area on the prevalence day, 31 December
003. The incidence of MS within families was considered
nly in first-degree relatives (i.e., parents, children, siblings).

.3. Statistical analysis
Statistical analysis was performed using Statistica soft-
are package version 7.0 and Computer Programs for
pidemiologic Analyses PEPI version 4.0. Quantitative vari-
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Table 1
Selection of 81 western Herzegovina multiple sclerosis study patients from
122 potential cases on 31 December 2003

Potential cases Present on prevalence day 102
Emigrated 4
Died 6

Excluded cases Other neurological diseases 8
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cases was 40 ± 12 years (range 17–67; 40 ± 12 years, range
17–67 for males; 41 ± 12 years, range 21–65 for females).
Did not satisfy criteria 3

ccepted patients 81

bles were characterised as means and standard deviations.
ominal variables were characterised as absolute and relative

requencies. Crude prevalence and incidence rates were cal-
ulated. Rate standardisation was performed with the direct
tandardisation method applied to the study area population
o allow international comparison with a “new” European
opulation [10,11]. Statistical differences were tested with
hi-square tests. P-values <0.05 were considered to be sta-

istically significant. Ninety-five percent confidence intervals
95% CIs) were based on an assumed Poisson distribution.
etween-group differences were tested with t-tests.

. Results

Data for 102 potential MS patients identified between
January 1994 and 31 December 2003 were combined

Table 1). Eighty-one MS patients, including 49 (60%)
emales and 32 (40%) males, were considered to be preva-
ent cases, according to the diagnostic criteria of McDonald
t al. [7]. For eight patients, a previous diagnosis of MS was
ejected. Three of those patients had cerebrovascular disease,
wo had a dissociated movement and sensation disorder, one
ad viral encephalomyelitis, one had a spinal tumour, and
ne had familiar spastic paraplegia.

Crude prevalence of MS in western Herzegovina on 31
ecember 2003 was 27/100,000 (95% CI 20–34) (Table 2).
he crude prevalence of MS was 30/100,000 (95% CI 20–40)
or females and 23/100,000 (95% CI 14–33) for males.
S prevalence did not differ between males and females

P = 0.23). None of the patients was younger than 15 years.

able 2
revalencea of multiple sclerosis in western Herzegovina, by age and sex on
1 December 2003

ge (years) Males Females Total 95% confidence
interval

N Rate N Rate N Rate

15 – – – – – – –
6–64 30 31.6 48 42.2 78 37.4
65 2 12.2 1 4.4 3 7.7

32 49 81 26.9 19.9–33.9

ge adjustedb 26.09
a Per 100,000.
b According to European population standard.

T

F
1

ig. 2. Prevalence of multiple sclerosis (per 100,000 inhabitants) in western
erzegovina municipalities on 31 December 2003.

The distribution of MS in western Herzegovina was het-
rogeneous (Fig. 2). The prevalence of MS was highest in the
unicipalities of Posušje (56/100,000; 95% CI 13–99) and
tolac (46/100,000; 95% CI 0–94). None of the patients were

iving in the municipalities of Neum or Ravno on prevalence
ay.

The average annual incidence of MS between 1 Jan-
ary 1994 and 31 December 2003 was 1.6/100,000 (95%
I 0–3.3) (Fig. 3). The incidence rate in 1994–1998
as 1.6/100,000/year (95% CI 0–3.3), which did not dif-

er significantly from the incidence rate in 1999–2003
1.7/100,000/year; 95% CI 0–3.4). The highest incidence was
.7/100,000 in 1998, which represents a 5-fold increase over
he 1994 incidence of 0.6/100,000. The mean age of prevalent
he mean age at onset was 31 ± 7 years (range 17–47 years;

ig. 3. Annual incidence of multiple sclerosis in western Herzegovina from
994 to 2003.
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0 ± 7 years for males and 31 ± 7 years for females). The
verage duration of the disease from onset to prevalence day
as 9 ± 9 years (range 1–34 years; 10 ± 7 years for males

nd 9 ± 8 years for females).
The disease was categorised as RR-MS in 45 (56%)

atients, SP-MS in 29 (36%) patients, PP-MS in 6 (7%)
atients, and PR-MS in 1 (1%) patient. The PP-MS and
R-MS patients were female. The frequency of RR-MS and
P-MS was not significantly different in males and females
P = 0.82).

Eight patients (10%) had a history of MS among first-
egree relatives. In one family monozygotic twin sisters
ontracted the disease within 2 years of each other (one at
ge 27 and one at age 29) during puerperium.

Initial symptoms were established in all patients. Thirty-
wo percent of the patients had initial motor symptoms, 41%
ad sensory symptoms, 11% had brainstem symptoms, 10%
ad vestibulocerebellar symptoms, and 7% had visual symp-
oms. Twenty-seven (33%) patients had more than one initial
ymptom.

. Discussion

Zec [12] was the first to attempt to characterise the distri-
ution of MS in BH. Based on analysis of the medical records
f 202 inpatients, he concluded that “0.5–1‰ of inhabitants
f the Sarajevo region have MS, and the disease is more fre-
uent in the north-western than in the south-eastern areas of
he country.” He goes on to explain the geographical distribu-
ion: “MS is more frequent in areas which were the pathways
f invasions through the centuries. “Following this pioneer-
ng research, there were other scarce and methodologically
awed investigations. Sulejmanović et al. [13] analysed med-

cal records from 1982 to 1987 and reported that the annual
ncidence of MS was 2.3/100,000 in the Tuzla municipality
nd 1.3/100,000 in the Tuzla district. The prevalence of MS
n the Tuzla region (i.e., northeastern Bosnia) on 31 March
981 was 8/100,000.

Ðelilović-Vranić et al. [14] recently confirmed a greater
requency of MS in post-war Sarajevo, with 107 patients
64% female, 36% male) in 1996–2000 compared to 72
atients (36% female, 64% male) in 1986–1995. The inver-
ion of MS incidence in males and females illustrates the
henomenon that females are more sensitive to MS during
evere environmental (i.e., wartime) conditions. On the basis
f information from the Association of MS Patients in the
epublic of Srpska, the prevalence of MS was assessed at
7/100,000 (S. Grgić, MD, oral communication, February
007). The small investigated area, with branched neurolog-
cal service; the possibility of clinical treatment of patients
n loco and abroad; and a carefully planned epidemiological

tudy of MS in a population that was sensitised by a pre-
iminary study [15] enabled evaluation of a nearly complete
ample of MS patients. An MS diagnosis was incorrect in 8%
f cases evaluated.
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a

d Neurosurgery 109 (2007) 779–783

A crude prevalence of 27/100,000 and an average annual
ncidence of 1.6/100,000 places western Herzegovina in a
one of moderate MS risk. This prevalence rate is higher
han the estimated 16/100,000 for the same area in 2002
15]. The bordering regions of Croatia, which were inves-
igated using the same methodology but applying Poser’s
iagnostic criteria for clinically definite MS [16] show similar
arameters. Dubrovnik-Neretva county has an MS prevalence
f 24/100,000 and an annual incidence of 2.2/100,000. The
revalence rate for Šibenik-Knin county is 30/100,000, and
he prevalence rate for Zadar county is 31/100,000. Zadar
ounty has an annual incidence of 2.8/100,000 [17]. Con-
inental, mountainous municipalities (i.e., Posušje, Stolac),
hich have a cold climate and greater amounts of winter
recipitation, have a higher prevalence of MS than coastal
unicipalities (i.e., Neum, Ravno), which have warm cli-
ates and a high number of sunny days. There were no

ocumented cases of MS in Neum and Ravno municipalities
uring the study period. Variations in the MS distribution
n small geographical areas have been observed elsewhere
n southeastern Europe [18,19]. The heterogeneous distribu-
ion of MS in western Herzegovina is a consequence of the
ecent war (April 1992–November 1995). The entire area,
specially the municipalities of Mostar, Čapljina, and Sto-
ac, were the scenes of turbulent events. In our opinion, the
ower incidence of MS in the investigated area during the war
as due to increased emigration, the collapse of health ser-
ices, and the primary concern of residents regarding their
ealth. The incidence of MS increased during the post-war
eriod. The introduction of MRI for the diagnosis of MS is
ot likely to be the only factor responsible for the increase,
s neuroimaging techniques have been used in the investi-
ated area since the 1990s. The higher prevalence of MS
n females and the average age at MS onset obtained in the
resent study are consistent with similar studies across the
orld [20,21].
Compared to other European studies, our results indicated

lower average age of MS patients and a shorter average
uration of the disease on prevalence day. This is indicative
f adverse living conditions in the study area, particularly
uring the last decade. In western Herzegovina, MS patients
arely live beyond 60 years of age. Some clinical character-
stics of MS patients included in the present study deserve
omment. For instance, optical neuritis was less frequently
n initial symptom of MS in our patients compared to those
valuated in classic studies [20,22]. Furthermore, contrary to
bservations by Cottrell et al. [23], PP-MS was diagnosed
nly in females in the present study. The prevalence of MS in
emales, the shorter duration of life for males in the investi-
ated area, and the small sample of MS patients may partially
xplain this finding. The frequency of first-degree relatives
ith MS in the present study is lower than reported for most

opulations [24,25].

In conclusion, our retrospective, epidemiological study
s the first to be conducted in BH, based on generally
ccepted methodological principles and present-day MS
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iagnostic criteria. Our results indicate that within south-
ast Europe, western Herzegovina is an area of moderate risk
or MS.
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L, et al. Region with persistent high frequency of multiple sclerosis in
Croatia and Slovenia. J Neurol Sci 2006;247:169–72.

19] Tienari P, Bonetti A, Pihlaja H, Saastamoinen KP, Rantamaki T. Mul-
tiple sclerosis in G: genes and geography. Clin Neurol Neurosurg
2006;108(3):223–6.

20] Confavreux C, Compston A. The natural history of multiple sclero-
sis. The onset of multiple sclerosis. In: Compston A, Confavreux C,
Lassmann H, McDonald I, Miller D, Noseworthy J, Smith K, Weckerle
H, editors. McAlpine’s Multiple Sclerosis. 4th ed. London: Churchill
Livingstone Elsevier; 2006. p. 197–202.

21] El-Salem K, Khader Y. Comparison of the natural history and prognos-
tic features of early onset and adult onset multiple sclerosis in Jordanian
population. Clin Neurol Neurosurg 2007;109(1):32–7.

22] Cordova J, Vargas S, Sotelo J. Western and Asian features of
multiple sclerosis in Mexican Mestizos. Clin Neurol Neurosurg
2007;109(2):146–51.

23] Cottrell DA, Kremenchutzhy M, Rice GP, Koopman WJ, Hader W,
Baskerville J, et al. The natural history of multiple sclerosis: a geo-
graphically based study. 5. The clinical features and natural history of
primary progressive multiple sclerosis. Brain 1999;122:625–39.
24] Compston A. The genetic epidemiology of multiple sclerosis. Phil
Trans R Soc Lond B 1999;354:1623–34.

25] Ebers GC, Koopman WJ, Hader W, Sadovnick AD, Kremenchutzhy M,
Mandalfin P, et al. The natural history of multiple sclerosis: a geographi-
cally based study. 8. Familial multiple sclerosis. Brain 2000;123:641–9.


	Epidemiology of multiple sclerosis in western Herzegovina
	Introduction
	Methods
	Study area
	Patients
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


