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This is 2- to 3-fold higher than in other Italian or Cauca-
sian populations and contrary to the latitude gradient the-
ory  [2] . The prevalence trend has increased in the past 3 
decades  [3–5] . The aim of this population-based study was 
to analyze the MS incidence trend in northern Sardinia 
by gender, initial clinical course, age of onset and areas of 
the province as identifi ed in linguistic studies  [6] . 

 Material and Methods 

 Study Area 
 The study population is the province of Sassari, northern Sar-

dinia     ( fi g. 1 ),     an     area     of     7,520     km 2      between     the    latitudes    of   

 40°30 �  N and 41° N and encompassing 90 municipalities. The total 
population in 2001 was 453,628  [7] . The population of the province 
of Sassari increased during the past 30 years from 381,191 to 
453,628. Migration fl ow has been modest: in 1995, 1.7% of the to-
tal population was registered as having migrated from other prov-
inces or countries, whereas 1.6% had moved away from the study 
area  [8] . The proportion of residents born outside the province of 
Sassari is negligible and the migration to the study area is mostly 
from other provinces of Sardinia. The ethnic composition of the 
study population is therefore assumed to be fairly homogeneous, as 
it almost completely consists of native born individuals. Low im-
migration has led to the differentiation and, to a certain extent, to 
the isolation of geographical areas with specifi c historical, linguistic 
and cultural patterns, with in-breeding playing a role in most inland 
communities  [9] . Specifi cally, seven ethnically homogeneous areas 
have been characterized for the province of Sassari ( fi g. 1 ): Sassa-
rese (1), Gallurese (2), Northern Logudorese (3), Eastern Logudo-
rese (4), Southern Logudorese (5), Goceano (6) and Algherese 
 (Catalan) (22)  [6] . 
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 Abstract 
 Sardinia is a high-risk area for multiple sclerosis (MS), 
with prevalence rates of 150 per 100,000 population. The 
study included 689 MS patients (female-male ratio 2.6) 
with disease onset between 1965 and 1999 in the prov-
ince of Sassari. The mean annual incidence rate in-
creased signifi cantly from 1.1 per 100,000 population in 
1965–1969 to 5.8 in 1995–1999, with no signifi cant differ-
ence for gender and province sub-areas. The mean age 
at onset increased signifi cantly during the same period 
from 25.7 to 30.6 years, while the proportion of patients 
with progressive initial course declined over time. The 
marked increase of MS incidence and the change of MS 
clinical phenotype over time cannot be explained by as-
certainment bias only, thus pointing to a corresponding 
change in the distribution of exogenous risk factors in 
this highly genetically stable population. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Previous population-based prevalence studies have 
shown that Sardinia is a high-risk area for multiple scle-
rosis (MS), with prevalence rates of 150 per 100,000  [1] . 
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 Patients 
 Cases were identifi ed using the MS case registry established at 

the Institute of Clinical Neurology, University Hospital of Sassari, 
the primary referral center for MS patients in the province. A ‘spi-
der’ kind of population based survey was used for case ascertain-
ment and registry enrollment  [2] . Because of the organization of 
neurological health facilities in the province territory, MS patients 
are caught in a network of peripheral health operators who refer to 
the Sassari MS center, where the registry is periodically updated 
and the access to medical records easy over time  [1, 10] . The pa-
tients were diagnosed according to the Poser et al.  [11]  criteria, and 
other autoimmune and/or immune-mediated diseases and infec-
tious diseases of the central nervous system were excluded by means 
of neurological history and examination and by laboratory tests and 
neuroimaging. If they had been diagnosed in another health system, 
MS patients underwent examination by trained institute neurolo-
gists, and their medical history was collected with the contribution 
of their closest relatives after informed consent. Information on 
patients’ birth date and place, residence at clinical onset of disease, 
date and symptoms of clinical onset  [12] , date of diagnosis and 
disease classifi cation were registered. All symptoms experienced 
within 3 months after the fi rst symptom were regarded as symptoms 
at onset. 

 Incidence was studied from January 1, 1965 to December 31, 
1999. An incident case was defi ned as any individual who fi rst ex-

perienced symptoms later related to MS  [12]  while residing in the 
province of Sassari. The initial clinical course was retrospectively 
categorized into relapsing remitting (RR) course at onset or progres-
sive course at onset. 

 Statistical Analysis 
 The incidence rates were calculated using data from the census 

in 1971, 1981, 1991 and 2001. Age standardization was computed 
by adjusting for the general population of Italy as of the 2001 cen-
sus  [12] . The time period of onset 1965–1999 was divided into 
seven 5-year intervals in this analysis. A  �  2  test was applied to test 
any difference in incidence over time between gender, initial clini-
cal course, onset symptoms and areas of onset, again using the 
seven 5-year intervals. Eastern Logudorese (4), Southern Logudo-
rese (5), and Goceano (6) were aggregated to achieve suffi cient pop-
ulation sizes ( fi g. 1 ). 

 Results 

 A total of 689 patients with onset of disease from 1965 
to 1999 within the province of Sassari were included in 
the analyses: 496 women and 193 men, giving a female–
male ratio of 2.6. The mean annual crude incidence rate 
for the whole province was 4.6 per 100,000 population: 
6.5 for women and 2.6 for men. The overall age-adjusted 
incidence rate was 4.4. The age-adjusted incidence rate 
increased markedly and signifi cantly from the beginning 
of the study period, from 1.1 per 100,000 population in 
1965–1969 and 2.2 in 1970–1974 to a rather stable rate 
of about 6   for the last three 5-year periods, 1985–1999 
( table 1 ). The trend did not differ signifi cantly between 
genders during the study period ( �  2  test,  table 2 ). 

 The crude incidence rate differed signifi cantly between 
the linguistic areas during the whole study period (p = 

  Fig. 1.   Map showing the linguistic areas in 
the province of Sassari, northern Sardinia 
[6]: Sassarese (1), Gallurese (2), Northern 
Logudorese (3), Eastern Logudorese (4), 
Southern Logudorese (5), Goceano (6) and 
Algherese (Catalan) (22). 

  Table 1.  Crude (95% CI) and age-standardized average annual in-
cidence rates per 100,000 population for MS for both sexes in the 
province of Sassari in 5-year intervals from 1965 to 1999 

Period n Crude
rate per 
100,000

95% 
 confi dence
interval

Age-standard-
ized rate per 
100,000

1965–1969 23 1.2 0.8–1.8 1.1
1970–1974 46 2.3 1.6–3.1 2.2
1975–1979 83 4.0 3.1–4.9 3.8
1980–1984 107 4.9 4.0–6.0 4.6
1985–1989 144 6.5 5.4–7.6 6.0
1990–1994 147 6.5 5.4–7.6 6.1
1995–1999 139 6.1 5.1–7.2 5.8
1965–1999 689 4.6 4.2–4.9 4.4
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0.02,  �  2  test), with Sassarese showing the highest rate of 
5.4 and the Eastern and Southern Logudorese and 
Goceano areas with the lowest rate of 3.8 ( table 3 ). The 
incidence increased over time in all areas, and this time 
trend did not differ signifi cantly ( fi g. 2 ). 

 The clinical course at onset, evaluated retrospectively, 
was known for 635 cases, with 512 patients (81%) with 
RR and 123 patients with a progressive course at onset. 
There was a signifi cantly higher increasing trend among 
the group with RR course at onset than among those with 
progressive one (p  !  0.001,  �  2  test) ( fi g. 3 ). In fact, the 
proportion of patients with RR onset increased from 61% 
during 1965–1979, to 90% during 1985–1999. 

  Table 4  presents the distribution of clinical manifesta-
tions at onset for the whole study period. The most fre-
quent symptoms at onset were sensory (40% of the pa-
tients), pyramidal (22%) and visual manifestations (22%). 
The distribution of manifestations at onset did not differ 
signifi cantly between 1965–1979, 1980–1989 and 1990–
1999 ( �  2  test, data not shown). 

 The mean age at onset for the whole study period was 
28.6 years (95% confi dence interval (CI): 27.9–29.2). The 
mean age at onset did not differ signifi cantly (t test) be-
tween men (29.4 years) and women (28.2 years). Patients 
with RR course at onset had no signifi cant difference in 
age at onset from patients with progressive course at onset 

  Table 2.  Gender-specifi c age-standardized average annual inci-
dence rates per 100,000 population for MS in the province of Sas-
sari, Italy in 5-year intervals from 1965 to 1999 

Men Women Female/
male ratio

n age-
adjusted 
rate

n age-
adjusted 
rate

1965–1969 9 0.9 14 1.3 1.6
1970–1974 17 1.8 29 2.7 1.7
1975–1979 20 2.0 63 5.4 3.2
1980–1984 29 2.6 78 6.5 2.7
1985–1989 35 3.2 109 8.7 3.1
1990–1994 39 3.4 108 8.7 2.8
1995–1999 44 3.8 95 7.6 2.2
1965–1999 193 2.6 496 6.1 2.6

Linguistic area Average 
 population
for 1965–1999

n Crude
rate

95% CI

Sassarese (1) 157,456 295 5.4 4.8–6.0
Gallurese (2) 71,854 108 4.3 3.5–5.2
Northern Logudorese (3) 62,980 100 4.5 3.7–5.5
Eastern Logudorese (4), Southern 

 Logudorese (5) and Goceano (6) 96,786 130 3.8 3.2–4.5
Algherese (Catalan) (22) 35,376 56 4.5 3.4–5.9

Total area 425,442 689 4.6 4.3–5.0

  Table 3.  Mean crude incidence rate of MS 
for the whole period according to linguis-
tic areas per 100,000 population for MS 
for 1965–1999 

  Fig. 2.  Incidence rates according to areas through three time peri-
ods. 
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(t   test): 28.0 vs. 29.3 years. The percentage of patients 
with late onset (45 years and older) was 4.8 for the whole 
study population. 

 The mean age at onset increased steadily and signifi -
cantly from 25.7 years in 1965–1969 to 30.6 years in 
1995–1999 ( fi g. 4 ). Since age at onset and clinical course 
are related and since the distribution of both these clinical 
variables changed over time, we performed an analysis of 
variance with age at onset as the dependent variable and 
time period (using the seven 5-year intervals) and course 
of disease as fi xed factors. Since the shift towards more 
cases with initial relapsing course during the last periods 
is expected to be associated with a lower age at onset, the 
estimated increase in age at onset over time was even more 
marked in this model. Likewise, the effect of initial course 
on age at onset was statistically signifi cant in this model, 
with an estimated difference of 2.6 years as compared with 
the observed difference of 1.3 years between patients with 
progressive onset and patients with relapsing onset. 

 The time lag between clinical onset and diagnosis de-
creased signifi cantly from 13.0 years in 1965–1969 to 0.9 
years in 1995–1999. 

 Discussion 

 The results of the present study show that the increased 
temporal trend in MS prevalence previously observed for 
the province of Sassari  [1]  was caused by a corresponding 
rise in incidence. The incidence rate is not infl uenced by 
any improved survival. Further, even if the reduced time 
lag between clinical onset and diagnosis indicates an in-

  Table 4.  Distribution of MS symptoms at 
onset for the whole study period 

Type of symptom n %

Pyramidal 77 22
Cerebellar 25 7
Brainstem 59 17
Bowel and bladder 6 2
Visual 76 22
Sensory 138 40
Other 18 5

  3  

  Fig. 3.  Distribution of number of patients according to type of ini-
tial clinical course through the seven 5-year periods. 
  Fig. 4.  Distribution of mean age at onset (95% CI) over the seven 
5-year time periods. 

  4  
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tensifi ed case-fi nding over time, the patients diagnosed in 
more recent periods due to this, still have been assigned 
their true year of clinical onset. The improved case-ascer-
tainment can only infl uence the incidence if patients in 
the early periods have died before being diagnosed. This 
is unlikely to have occurred with this chronic disease over 
the relatively short time period and the survey design with 
multiple assessments. Also, although improvement of di-
agnostic accuracy could have been responsible for an ear-
lier diagnosis and subsequent report of a greater number 
of cases, when comparing our data with those from a 
northern Italian health district with better technological 
diagnostic facilities, such as MRI, no differences were 
detected in the temporal trend of the time lag elapsing 
from clinical onset to diagnosis  [1, 14] . The increase of 
MS in northern Sardinia therefore most likely refl ects a 
corresponding change in underlying risk factors for the 
disease. 

 The incidence rates were stable during the last three 
5-year periods. Nevertheless, because incidence studies 
are conducted on patients who have received a diagnosis, 
true incidence rates from the more recent period are like-
ly to be underestimated given that patients have not yet 
been registered  [15] . 

 Clinical characteristics at disease onset deviated in 
two ways from an evenly distributed increase of incidence 
rates. Firstly, the increase mainly applied to patients with 
a RR course at onset. This has also been found in other 
studies showing an increased incidence of MS and is 
sometimes ascribed to recall bias because patients fail to 
report their fi rst episode(s) in the most remote years of 
the study period. In fact, some of these patients defi ned 
as having had a progressive onset in the early years may 
have instead been misclassifi ed. Had this bias occurred, 
age at onset would also have been affected towards high-
er estimates for these cases. 

 Due to the retrospective nature of the survey, a bias 
toward identifying vague symptoms as attributable to MS 
might have been induced. Should vague symptoms at on-
set be missed for the patients with onset in the earliest 
part of the study period, then the estimated date of onset 
would have been later than the real one. The lower age at 
onset for these cases does not argue for such a bias. 

 Nevertheless, the other signifi cant fi nding was, in fact, 
a younger age at disease onset for the fi rst time intervals. 
The age at onset increased over the whole study period. 
This argues against the change of course over time due to 
recall bias and shows that the MS clinical phenotype must 
have changed over time. This might indicate a change in 
the exposure to one or more exogenous causative factors 

for MS over time, since the population of Sardinia is ge-
netically stable. 

 A higher age at onset for the patients with initial pro-
gressive course is often reported  [16–19] . The analysis of 
variance model that took into consideration this relation-
ship showed that if the distribution of type of initial 
course had been stable over time, there would have been 
an even stronger increasing age at onset. 

 An anticipation of age at onset in MS among Sardin-
ians with a mean age at onset of 41 years for patients born 
between 1913 and 1939, to 22 years for those born after 
1970 has been recently reported by Cocco et al.  [20] . This 
is in clear contrast with our observations. The previous 
study was not population-based since it included con-
secutive patients referred to the clinic from an undefi ned 
area of the island. It is therefore likely that a selection bias 
was introduced by excluding patients with very benign or 
very severe MS. 

 Furthermore, in the absence of a long maintained reg-
istry system, the date of onset was estimated retrospec-
tively at time of the study, thus challenging the validity of 
these estimates for the oldest cohorts. By failing to report 
the fi rst episode, biased estimates towards older age at on-
set for these cohorts are likely to have been reported. Last-
ly, the analysis was performed by decade of birth ( ! 1940, 
1940–1949, to  1 1970) leading to an obvious underestima-
tion of age at onset for the youngest cohorts in which late 
onset MS may not have occurred yet. The authors made 
some kind of adjustment for this, but failed to present 
more reliable data, e.g. by analyzing the data according to 
time-periods rather than birth cohorts. In our opinion, the 
methodological approaches used in this study have lead 
to a biased estimate of the trend of age at onset. This prob-
ably accounts for the different result between the study of 
Cocco et al.  [20]  and the present study. 

 The incidence rates differed signifi cantly between the 
linguistic areas. The westernmost areas (Sassarese, North-
ern Logudorese and Algherese) had higher mean rates 
than the easternmost ones. This is in agreement with that 
reported from a cluster analysis of the distribution of 
prevalence rates in the same study area, which revealed 
spatial clustering of MS in the western areas of the prov-
ince  [10] . Because of the methodology adopted for the 
current study, we feel reasonably confi dent in ruling out 
that different rates in urban and rural areas, as well as in 
areas bordering with the Sassarese domain, might be due 
to biased case ascertainment from the different parts of 
the province. 

 Nevertheless, as a parallel increase in the incidence 
rate was reported for all areas over time, differences in 
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genetic factors or in gene-environment interaction effects 
can be suggested to account for the geographical varia-
tion. In fact, evidence demonstrates that the distribution 
of some gene frequencies  [21]  in northern Sardinia clear-
ly differentiates the easternmost area (Gallurese) from the 
Sassarese and Northern Logudorese. 

 Interestingly, an evenly distributed increase in inci-
dence among Sardinians over comparable periods of time 
has also been reported for other immune-mediated dis-
orders sharing specifi c immunogenetic features with 
 Sardinian MS, such as HLA-DR-DQ haplotypes 
(DRB1*0301-DQA1*0501-DQB1*0201) in juvenile dia-
betes  [22–24] . Improved survival rates, reduced stillbirth, 
perinatal and fi rst-year mortality rate, a more accurate 
case ascertainment and emigration could not explain ju-
venile diabetes incremental trends  [22] . The rather ho-
mogeneous geographical variation in the risk of IDDM 
throughout the island coupled with the marked general 

increase in incidence was pointing to an environmental 
factor relatively uniformly distributed in the territory 
that has rather recently changed its exertion  [23] . This 
interpretation appears to be the most reasonable in also 
explaining the steady increasing of MS incidence over 
time. Moreover, the change in the MS clinical phenotype 
with an increasing age at onset and a decreasing propor-
tion of patients with progressive initial course argues fur-
ther for a corresponding change in an environmental eti-
ological factor in this genetically stable population. 

 Acknowledgements 

 We are grateful to Fondazione Italiana Sclerosi Multipla (FISM), 
Regione Autonoma della Sardegna (Assessorato dell’Igiene, Sanità 
e Assistenza Sociale) and European Neurological Society for their 
support. 

 References 

  1 Pugliatti M, Sotgiu S, Solinas G, Castiglia P, 
Pirastru MI, Murgia B, Mannu L, Sanna G, 
Rosati G: Multiple sclerosis epidemiology in 
Sardinia: evidence for a true increasing risk. 
Acta Neurol Scand 2001;   103:   20–26. 

  2 Kurtzke JF: The epidemiology of multiple scle-
rosis; in Raine CS, McFarland HF, Tourtel-
lotte WW (eds): Multiple Sclerosis: Clinical 
and Pathogenetic Basis. London, Chapman & 
Hall Medical, 1997, pp 91–139. 

  3 Rosati G, Aiello I, Pirastru MI, Mannu L, De-
montis G, Becciu S, Sau G, Zoccheddu A: Sar-
dinia, a high risk area for multiple sclerosis: a 
prevalence and incidence study in the district 
of Alghero. Ann Neurol 1987;   21:   190–194. 

  4 Rosati G, Aiello I, Mannu L, Pirastru MI, 
Agnetti V, Sau G, Garau M, Gioia R, Sanna G: 
Incidence of multiple sclerosis in the town of 
Sassari, Sardinia, 1965 to 1985: evidence for 
increasing occurrence of the disease. Neurolo-
gy 1988;   38:   384–388. 

  5 Rosati G, Aiello I, Pirastru MI, Mannu L, San-
na G, Sau GF, Sotgiu S: Epidemiology of mul-
tiple sclerosis in northwestern Sardinia: further 
evidence for higher frequency in Sardinians 
compared to other Italians. Neuroepidemiol-
ogy 1996;   15:   10–19. 

  6 Contini M: Classifi cation phonologique des 
langages sardes. Bull Inst Phonetique Grenoble 
1979;   8:   57–96. 

  7 ISTAT (Istituto Nazionale di Statistica): Popo-
lazione residente per sesso e classe di età. Pro-
vincia di Sassari. Censimento, 2001 [online]. 
Available at: www.istat.it. Accessed May 20, 
2004. 

  8 ISTAT (Istituto Nazionale di Statistica): Popo-
lazione e movimento anagrafi co dei Comuni. 
Rome, ISTAT, 1995. 

  9 Moroni A, Anelli A, Anghiretti W, Lucchetti E, 
Rossi O, Siri E: La consanguineità umana 
nell’isola di Sardegna dal secolo XVII al secolo 
XX. Ateneo Parmense 1972;   8:   69–82. 

 10 Pugliatti M, Solinas G, Sotgiu S, Castiglia P, 
Rosati G: Multiple sclerosis distribution in 
northern Sardinia: spatial cluster analysis of 
prevalence. Neurology 2002;   58:   277–282. 

 11 Poser CM, Paty DW, Scheinberg L, McDonald 
WI, Davis FA, Ebers GC, Johnson KP, Sibley 
WA, Silberberg DH, Tourtellotte WW: New 
diagnostic criteria for multiple sclerosis: guide-
lines for research protocols. Ann Neurol 1983;  
 13:   227–231. 

 12 Poser CM: Onset symptoms of multiple sclero-
sis. J Neurol Neurosurg Psychiatry 1995;   58:  
 253–264. 

 13 ISTAT (Istituto Nazionale di Statistica): Popo-
lazione residente per sesso e classe di età. Italia. 
Censimento 2001 [online]. Available at: www.
istat.it. Accessed May 20, 2004. 

 14 Granieri E, Malagu S, Casetta I, Tola MR, Go-
voni V, Paolino E, Monetti VC: Multiple scle-
rosis in Italy. A reappraisal of incidence and 
prevalence in Ferrara. Arch Neurol 1996;   53:  
 793–798. 

 15 Esbjerg S, Keiding N, Koch-Henriksen N: Re-
porting delay and corrected incidence of mul-
tiple sclerosis. Stat Med 1999;   18:   1691–1706. 

 16 Riise T, Grønning M, Aarli JA, Nyland H, 
Larsen JP, Edland A: Prognostic factors for life 
expectancy in multiple sclerosis analyzed by 
Cox-models. J Clin Epidemiol 1988;   41:   1031–
1036. 

 17 Weinshenker BG, Rice GPS, Noseworthy JH, 
Carriere W, Baskerville J, Ebers GC: The natu-
ral history of multiple sclerosis: a geographi-
cally based study. III. Multivariate analysis of 

predictive factors and models of outcome. 
Brain 1991;   114:   1045–1056. 

 18 Runmarker B, Andersson C, Odén A, Ander-
sen O: Prediction of outcome in multiple scle-
rosis based on multivariate models. J Neurol 
1994;   241:   597–604. 

 19 Ramsaransing G, Maurits N, Zwanikken C, De 
Keyser J: Early prediction of a benign course 
of multiple sclerosis on clinical grounds: a sys-
tematic review. Multiple Sclerosis 2001;   7:  
 345–347. 

 20 Cocco E, Sardu C, Lai M, Spinicci G, Contu P, 
Marrosu MG: Anticipation of age at onset in 
multiple sclerosis: a Sardinian cohort study. 
Neurology 2004;   62:   1794–1798. 

 21 Cappello N, Rendine S, Griffo R, Mameli GE, 
Succa V, Vona G, Piazza A: Genetic analysis 
of Sardinia. I. Data on 12 polymorphisms in 
21 linguistic domains. Ann Hum Genet 1996;  
 60:   125–141. 

 22 Songini M, Loche M, Muntoni SA, Stabilini M, 
Coppola A, Dessi G, Green A, Bottazzo GF, 
Muntoni S: Increasing prevalence of juvenile 
onset type I (insulin-dependent) diabetes mel-
litus in Sardinia: the military service approach. 
Diabetologia 1993;   36:   547–552. 

 23 Songini M, Bernardinelli L, Clayton D, Mon-
tomoli C, Pascutto C, Ghislandi M, Fadda D, 
Bottazzo GF, and the Sardinian IDDM Study 
Groups: The Sardinian IDDM Study. 1. Epi-
demiology and geographical distribution of 
IDDM in Sardinia during 1989 to 1994. Dia-
betologia 1998;   41:   221–227. 

 24 Marrosu MG, Cocco E, Lai M, Spinicci G, 
Pischedda MP, Contu P: Patients with multi-
ple sclerosis and risk of type 1 diabetes mellitus 
in Sardinia, Italy: a cohort study. Lancet 2002;  
 359:   1461–1465. 


	Cit p_15: 
	Cit p_1: 
	Cit p_19: 
	Cit p_23: 
	Cit p_5: 
	Cit p_12: 
	Cit p_16: 
	Cit p_20: 
	Cit p_24: 
	Cit p_17: 
	Cit p_21: 
	Cit p_3: 
	Cit p_10: 
	Cit p_14: 
	Cit p_18: 
	Cit p_22: 
	Cit p_4: 
	Cit p_11: 


