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Abstract

Epidemiological studies on multiple sclerosis (MS) carried out in Southern Europe in the last years have shown a significant
increase in the disease frequency. Previous surveys conducted in the Republic of San Marino, Northern Italian peninsula,
identified that the population is at high risk for MS, with a prevalence of 51.6 per 100,000 population in 1982 and of 166.7 in
2005 and with a mean annual incidence of 7.9 per 100,000 for the period 1990-2005. The present work is a community-based
intensive prevalence and incidence survey, by a complete enumeration approach, to update the prevalence and incidence of MS in
the Republic of San Marino. The mean annual incidence for the period 2005-14 was 7.7 (95% CI 4.9-11.4) per 100,000, 3.3
(95% CI1.1-7.6) for men and 11.9 (95% CI 7.2—-18.6) for women. On 31 December 2014, 67 patients (19 men and 48 women),
suffering from definite or probable MS and living in the Republic of San Marino, yielded a crude prevalence of 204.3 (95% CI
158.4-259.5) per 100,000, 117.8 (95% CI 70.9—-183.7) for men and 288.2 (95% CI 212.4-383.3) for women. Our study has
confirmed San Marino is an area at high risk for MS, in line with epidemiological data from continental Italy. The marked
increase in MS prevalence over time in this population can be ascribable to increased survival and improved ascertainment, in the
presence of a substantially stable, yet high, incidence rate.
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Introduction

Epidemiological studies of multiple sclerosis (MS) carried out
in Europe over the last few decades, including those conduct-
ed in Italy, have shown significant increase of the disease
prevalence and incidence [1-7]. The rather heterogeneous dis-
tribution of MS, especially in Southern Europe, has led to
surmount the gradient-by-latitude theory of MS geographic
distribution proposed by Kurtzke [8].

In the most recent studies, the estimated incidence rate of
MS in Italy varied from 4 to 6 per 100,000/year, with an
incremental trend in several geographical areas [9, 10], while
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the disease prevalence is on average higher than 100 per
100,000 population, with high prevalence outbreaks in
Sardinia and Sicily [6, 11—14]. Previous epidemiological stud-
ies carried out in the Republic of San Marino between 1982
and 2007 [15, 16] showed that this is a high prevalence area
for MS. In particular, Granieri et al. reported a prevalence rate
of 166.7 per 100,000 (95% CI 123.7-220.0) and an incidence
rate of 7.9 per 100,000/year (95% CI 5.3—11.1) in the period
1990 to 2005 [16]. This study aimed to update incidence and
prevalence of MS in the Republic of San Marino.

Methods

Area of investigation

The Republic of San Marino is a little state in Southern Europe
located within the northern Italian peninsula, lying near the

Adriatic coast and completely surrounded by the Italian terri-
tory, i.e., Emilia-Romagna and Marche regions. San Marino is
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one of the smallest nations in the world, with a territorial
extension of 61.2 km?, a population of 32,876 inhabitants,
16,176 men and 16,700 women as of 31 August 2015 [17],
and a population density of 537.3 inhabitants/km”. During the
study period, the population increased from 29,999 inhabi-
tants in 2005 to 32,789 in 2014. The population is predomi-
nantly Caucasian, almost exclusively composed by natives in
San Marino (85%) and Italians (10%) (Fig. 1).

The geographical, political, and socio-economical charac-
teristics of the Republic of San Marino have been described in
detail in previous epidemiological studies [15, 16]. Health
care is free for all residents, whether citizens or not.
San Marino has agreements with foreign hospitals and health
care structures for the public health services which cannot be
delivered within the territory. The public health system allows
a wide availability of data, from both paper and computerized
administrative records. San Marino State Hospital provides
first- and second-level medical and surgical care, comprises
a neurological unit with day-hospital, outpatient services, and
relies on neuroimaging (MRI) and laboratory facilities for
cerebrospinal fluid (CSF) analyses, in collaboration with the
neurological units of nearby cities such as Rimini, Bologna,
and Ferrara.

Case ascertainment and diagnostic criteria

The present study builds on 43 cases of definite or probable
MS identified in previous studies carried out in the same area
in 1984 [15] and in 2007 [16]. The main sources for case
ascertainment were represented by medical records of the
State Hospital Neurological Unit and administrative data
based on hospitalization discharge codes (ICD9-CM 340),
and files at the units of neuroradiology and neuropsychology
and of laboratory tests. Data from public or private hospitals in
neighboring areas were also scrutinized as well as death cer-
tificates. All diagnoses were validated by a team of neurolo-
gists at the State Hospital Neurological Unit. Demographic
information was obtained by consulting the Civil Status ap-
propriate registers.

All paper records of patients diagnosed with MS, demye-
linating disease, optic neuritis, neuraxitis, encephalomyelitis,
myelitis, myelopathy, paraparesis, and ataxia were scrutinized,
and other clinical conditions ruled out. Only subjects with a
definition of definite or probable MS according to Poser et al.
criteria [18] were included in the study. Patients’ disability
was assessed by using the Expanded Disability Status Scale
(EDSS) [19].

Statistical analysis
An incidence case was defined as any individual with clinical

presentation and diagnosis of clinically definite or probable
MS [18] in the period 2005—14. Sex- and age-specific
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incidence rate was calculated based on the number of new
cases for the incidence period (numerator) over the general
population for the period (denominator) according to latest
census (November 2010).

A prevalence case was defined as any individual residing in
the study area who, on prevalence day 31 December 2014,
showed signs or symptoms later classified as MS (onset-
adjusted prevalence) or as any individual with a diagnosis of
MS [18]. Sex- and age-specific crude prevalence was comput-
ed as the ratio between MS cases (numerator) and the general
population in San Marino on 31 December 2014
(denominator) obtained from country official statistics.
Prevalence was standardized to the 2011 Italian population
[20] and to the standard European population [21] by the
direct method.

95% confidence intervals (95% CI) were calculated around
prevalence and incidence estimates using the Poisson distri-
bution [22]. Students’ t test was used to compare means.
Probability was calculated on two tails and the established
significance was p < 0.05. The statistic significance of tempo-
ral incidence trends was estimated with the Armitage test for
linear trends [23].

Results
Incidence

In the period 1 January 2005 to 31 December 2014, 24 pa-
tients were identified (5 men and 19 women) living in the
Republic of San Marino, who had showed the first symptoms
of MS, later diagnosed as definite or probable. In the same
period, the general population increased from 29,999 to
32,789 inhabitants, with a mean of 31,269 (15,343 men and
15,926 women). The annual crude incidence rate was there-
fore 7.7 per 100,000 (95% C14.9-11.4),3.3 (95% CI 1.1-7.6)
for men and 11.9 (95% CI 7.2-18.6) for women, with a sta-
tistically significant difference between genders (p <0.01).
The female/male ratio was 3.8.

Sex- and age-specific crude mean annual incidence rates
are reported in Table 1. The highest rates were observed for
the age groups 20-29 years (19.8/100,000/year) and 40—
49 years (12.6). Among men and among women, the highest
rates were for the age groups 40-49 years (15.0) and 20—
29 years (32.7), respectively.

The incidence rates adjusted to the Italian population were
7.5 per 100,000 (95% CI1 4.8-11.2), 3.2 (95% CI 1.0-7.5) for
men and 11.4 (95% CI 6.9-17.8) for women, respectively.

The incidence rates adjusted to the European popula-
tion were 8.2 per 100,000 (95% CI 5.3-12.2), 3.0 (95%
CI 1.0-7.1) for men and 13.2 (95% CI 8.0-20.6) for
women, respectively.
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Fig. 1 Republic of San Marino

San Marino

The mean annual incidence during the period 2005 to 2009 The mean age (SD) of onset was 33.2 (10.8) years for the
was 9.2 per 100,000 (95% CI15.0-15.5),2.7 (95% C10.3-9.6)  total population, 30.8 (11.0) years for men and 34.0 (10.7) for
for men and 15.3 (95% CI 7.9-26.8) for women; it was 6.2 women, respectively, with no statistically significant differ-
(95% CI 2.3-11.4), 3.8 (95% CI 0.8-11.1) for men and 8.5 ence between the two genders. The mean (SD) age at onset
(95% CI 3.4-17.6) for women, respectively, in the period  was 30.5 (9.0) years in the relapsing-remitting form and 41.6
from 2010 to 2014. (12.0) years in the primary-progressive form (p < 0.05).

Table 1 Crude age- and sex-specific MS incidence rates (per 100,000) in the Republic of San Marino, in the period 2005-2014

Age groups Men Women Total
(years)

Pop. N. cases Rate Pop. N. cases Rate Pop. N. cases Rate
0-9 1834 0 0 1655 0 0 3489 0 0
10-19 1518 0 0 1409 2 14.2 2927 2 6.8
20-29 1505 1 6.6 1528 5 32.7 3033 6 19.8
30-39 2379 0 0 2598 5 19.2 4977 5 10.1
40-49 2668 4 15.0 2890 3 10.4 5558 7 12.6
50-59 1907 0 0 2090 4 19.1 3997 4 10.0
60+ 2977 0 0 3647 0 0 6624 0 0
Total 14,791 5 33 15,818 19 11.9 30,652 24 7.7
95% C1 (1.1-7.6) (7.2-18.6) (4.9-11.4)
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The clinical onset was a monosymptomatic way in 79.2%
and a plurisymptomatic way in 20.8% patients. The most fre-
quent symptom at onset was retrobulbar optic neuritis
representing 29.2% of the monosymptomatic onsets.

The mean (SD) time period between the clinical onset and
diagnosis for the patients with onset between 2005 and 2014
was 14.3 (23) months (range 4.2-39.3 months). The mean
(SD) lag time between clinical onset and diagnosis was 8.7
(15.7) months for the relapsing-remitting form and 31.3 (33.5)
months in the progressive forms.

Prevalence

On prevalence day 31 December 2014, 67 patients (19 men
and 48 women) with definite or probable MS resided in
San Marino, with a total population of 32,789 inhabitants
(16,133 men and 16,656 women). The estimated total crude
prevalence was 204.3 per 100,000 (95% CI 158.4-259.5),
117.8 (95% CI 70.9-183.7) for men and 288.2 (95% CI
212.4-383.3) for women, (p=0.02). The female/male ratio
was 2.5. The adjusted estimates for the Italian population were
203.0 per 100,000 (95% CI 157.3-257.8), 112.1 (95% CI
67.5-174.8) for men and 281.4 (95% CI 207.4-377.3) for
women. The standardized estimates for the European popula-
tion were 181.6 (95% CI 140.8-230.7), 101.5 (95% CI 61.1—
158.3) for men and 259.5 (95% CI 191.3-344.5) for women.
Crude age- and sex-specific prevalence estimates are reported
in Table 2.

The highest estimates were reported for the age group 60—
69 years in the total population (361.0 per 100,000) and
among women (491.3) and for the age group 40-49 years
among men (241.6). The mean (SD) age of study participants
was 49.6 (13.0) years (range 1782 years), 50.3 (10.2) years
for men and 49.3 (14.0) for women (p = ns).

Fifty (74.6%) prevalent cases showed an EDSS score be-
tween 0 and 3; 8 (12%) cases had an EDSS score between 3.5
and 5.5, 4 (6%) had a score between 6 and 6.5, and 5 (7.5%)
between 7 and 8.5.

The mean (SD) duration of the disease was 16.5 (10.1)
years (range 1-45 years) for the total population, 20.3 (11.4)
among men and 15 (9.5) among women (p =ns). The distri-
bution of the clinical course [24] by prevalent cases was
relapsing-remitting in 65.5%, primary-progressive in 15%,
progressive-relapsing in 1.5%, and secondary-progressive in
18% of the cases. The most frequent symptoms among prev-
alence MS patients in 2014 were pyramidal disorders (38.8%)
and sensitive disorders (52.0%). Familial occurrence consid-
ered up to relatives of third biological relationship was report-
ed for a couple of brothers, a couple of sisters, one mother-
daughter, and four patients with a family history of MS.

Discussion

By means of complete enumeration approach of a defined area
[9], we report a mean annual MS incidence rate of 7.7 per
100,000 for the period 2005—-14 and a prevalence of 204.3
per 100,000 in 2014 in the Republic of San Marino. These
figures are among the highest reported in Italy and in Southern
Europe [3, 7], by means of similar methodology. A prevalence
of 121 per 100,000 was reported for the Republic of
San Marino in 2005 [16], and an incidence of 4.4 per
100,000/year for the province of Ferrara in the Emilia-
Romagna Region, lying ca. 200 km north-west of the current
study site [4]. Between 2005 and 2014, no statistically signif-
icant difference in the incidence distribution was observed in
San Marino, as well as for the previously studied period 1990~
2005 (Table 3) [16].

Table 2 Crude age- and sex-specific MS prevalence (per 100,000) in the Republic of San Marino, on prevalence day 31 December 2014
Age groups (years) Men Women Total

Pop. N. Prev. Pop. N. Prev. Pop. N. Prev.
0-9 1721 0 0 1584 0 0 3305 0 0
10-19 1734 0 0 1554 1 64.4 3288 1 30.4
20-29 1494 1 66.9 1467 3 204.5 2961 4 135.1
30-39 2125 1 471 2255 8 354.8 4380 9 205.5
40-49 2898 7 241.6 3013 13 431.5 5911 20 338.4
50-59 2488 6 2412 2451 11 448.8 4939 17 3442
60-69 1769 4 226.2 1832 9 4913 3601 13 361.0
70-79 1230 0 0 1362 146.8 2592 2 77.2
80-89 578 0 0 895 111.7 1473 67.9
90+ 96 0 0 242 0 0 339 0 0
Total 16,133 19 117.8 16,656 48 288.2 32,789 67 204.3
95% C1 (70.9-183.7) (212.4-383.3) (158.4-259.5)
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Table 3 Temporal trend

of mean annual MS Time Rate 95% CI

incidence (per 100,000)

and 95% CI, in the 19901994 11 5.9-18.9

Republic of San Marino,  1995-1999 6.4 2.8-12.6

1990-2014 [13, 14] 2000-2004 6.4 32114
2005-2009 9.2 5.0-15.5
2010-2014 6.2 23-114

As compared to those obtained from other areas in
previous years, these higher estimates could be ascribed
to the small size of the study population (wide 95% CI)
and to more accurate case ascertainment. Epidemiological
studies in smaller populations offer the advantage of min-
imizing the risk of failing the identification of all patients,
facilitating the assessment of individual cases and their
follow-up over time.

On the other hand, quite high prevalence and inci-
dence were observed in studies carried out in neighbor-
ing areas such as in the province of Ferrara [4] benefit-
ting from multiple ascertainments of MS over a long
time period.

The current MS prevalence estimate of 204.3 per 100,000
(95% CI 158.4-259.5) in San Marino is significantly higher
than that of 51.6 (95% CI 25.7-92.3) reported for 1984 [15]
and, although not significantly, than that of 166.7 (95% CI
123.7-220.0) reported for 2005 [16].

The high MS prevalence burden identified in this study is
consistent with most recent observations showing a sustained
increase of MS prevalence in Italy [1, 5, 25], in Scotland [26,
27], in Northern Ireland [28], and in Norway [29]. Such in-
creased burden of MS can be ascribed to increased raised life
expectancy [30] both in the general population and among
people with MS patients. Indeed, in the present study, the
highest prevalence estimate was found in the age group 60
to 69 years, as compared to 50-54 years in previous study
[16], with a mean age of MS patients at study time of
49.6 years as compared to 45.7 years. The mean disease du-
ration has increased from 14.7 to 16.5 years. Increased prev-
alence can also be related to a detection of benign forms or
cases at an early stage of the disease due to improved diag-
nostic procedures and awareness.

The proportion of patients identified without any or with a
mild disability (i.e., EDSS of 0 to 3.5) is 74.6% and is higher
than that in previously reported (53% in [16]), in line with a
compared earlier detection of the disease in the general
population.

With regard to the distribution of prevalent cases for dis-
ease course, 65.5% of the study subjects feature a relapsing-
remitting disorder. Compared to the previous study, the
secondary-progressive forms increased from 10 to 18% of
prevalent cases, a possible expression of the increased life
expectancy of people with MS.

A decreasing trend of diagnostic delay has been observed
over time from 18 months in 1990 to 14 months in the present
study. Similar trends have been observed in Iceland [31],
Netherlands [32], Sardinia, insular Italy [12], and Ferrara,
northern Italy [4].

High prevalence estimates can be explained by increased
disease incidence. In the previous San Marino study [16], an
increasing incidence was assumed although such distribution
did not reach statistical significance and no previous data was
available for comparison. A recent study carried out in the
Hordaland county in Norway [29] showed similar epidemio-
logical evidences, with a high and increasing prevalence of
MS (211 per 100,000) and a high, but stable, annual incidence
rate (8.5 per 100,000).

Finally, a key feature which may have strongly influenced
the present results is that only patients with a definite or prob-
able MS (according to Poser’s criteria) [18] were included in
the study. Had current diagnoses of clinically isolated syn-
drome (CIS) been also included; the mean annual incidence
rate would have risen to 10.2 per 100,000.

In this study, the female/male ratio was 2.5 for prevalence
and 3.8 for incidence, in line with the ratios observed in Italian
and European studies in recent years [3, 7] and with the evi-
dence that not only MS is more frequent among women, but
that such disparity is increasing. The role of environmental
risk factors behind this gender-specific trend should not be
overlooked [33].

Conclusions

Epidemiological descriptive studies of MS conducted in
the Republic of San Marino over the past 35 years con-
firm this a high-risk area for the disease. Improvement of
diagnostic facilities and awareness for the disease both
among health operators and in the general population
may account for such trends. However, the literature on
incidence studies emphasizes the action of differently
distributed exogenous, infectious, and/or lifestyle factors
on the fluctuations of disease incidence over a relatively
short time span [34-37].
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