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Abstract

Background: The limited availability of prevalence data based on a representative sample of the general population, and
the limited number of diseases considered in studies about co-morbidity are the critical factors in study of autoimmune
diseases. This paper describes the prevalence of 12 autoimmune diseases in a representative sample of the general
population in the South of Sardinia, Italy, and tests the hypothesis of an overall association among these diseases.

Methods: Data were obtained from 21 GPs. The sample included 25,885 people. Prevalence data were expressed with 95%
Poisson C.I. The hypothesis of an overall association between autoimmune diseases was tested by evaluating the co-
occurrence within individuals.

Results: Prevalence per 100,000 are: 552 rheumatoid arthritis, 124 ulcerative colitis, 15 Crohn’s disease, 464 type 1 diabetes,
81 systemic lupus erythematosus, 124 celiac disease, 35 myasthenia gravis, 939 psoriasis/psoriatic arthritis, 35 systemic
sclerosis, 224 multiple sclerosis, 31 Sjogren’s syndrome, and 2,619 autoimmune thyroiditis . An overall association between
autoimmune disorders was highlighted.

Conclusions: The comparisons with prevalence reported in current literature do not show outlier values, except possibly for
a few diseases like celiac disease and myasthenia gravis. People already affected by a first autoimmune disease have a
higher probability of being affected by a second autoimmune disorder. In the present study, the sample size, together with
the low overall prevalence of autoimmune diseases in the population, did not allow us to examine which diseases are most
frequently associated with other autoimmune diseases. However, this paper makes available an adequate control
population for future clinical studies aimed at exploring the co-morbidity of specific pairs of autoimmune diseases.
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Introduction on self reported data. However, in the case of autoimmune
diseases, which include rare diseases and diseases with consider-

The continued surveillance of autoimmune diseases contributes able clinical heterogeneity and complex case definitions, the

greatly to the study of their actiology and temporal trends, and to
the understanding of the relationship among these disorders. Such
[1]. Several studies on the epidemiology of autoimmune diseases
performed within the past several decades are discussed in a recent
review that highlights the importance of future studies that could
address limitations identified in the current literature [1].

The critical factor in studying the prevalence of autoimmune
diseases is the availability of a systematic and unbiased source of
data that are representative of the general population [1]. Routine
registration systems, like death statistics and hospital admission
and discharges, provide only a partial picture of the prevalence of
autoimmune diseases, because these diseases are characterized by
a low fatality and hospitality [1]. Collection of data through
population-based studies is the most suitable method for obtaining
prevalence data without ascertainment problems, though these
studies require considerable resources, in fact they are often based

@ PLoS ONE | www.plosone.org

collection of data through self reporting involves a high probability
of referral bias [1-3]. The few studies performed on the general
population are based on laboratory screening and consequently
focus only on autoimmune diseases detectable through laboratory
tests [11,17,18]. Additionally, their results include asymptomatic
forms of disease.

The limited availability of prevalence data based on a
representative sample of the general population is a possible
reason for the lack of definite evidence on the co-morbidity of
autoimmune disorders [1,2,3,4]. Several studies support the
hypothesis that there is a common aetiology for autoimmune
diseases. These studies usually assess the prevalence of a second
autoimmune disease in samples of patients already suffering from a
first one and compare these prevalence data with those of the
patients’ spouses or first degree relatives. A higher susceptibility to
a second autoimmune disease is regarded as an indication of
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potential common pathogenic mechanisms among autoimmune
diseases. The main limitation of these studies is the lack of an
adequate control population [3]. The prevalence obtained in
spousal or familial controls is based on self reported data that may
be affected by several biases (e.g. gender, age, educational level,
and confusion between diseases with similar names). In addition,
the design of these studies allows the evaluation of the co-
morbidity of three or four diseases at most. This limit is due to the
limited number of patients who already have an autoimmune
disorder and the low frequency of concomitant autoimmune
diseases. The limited number of diseases considered in studies
about co-morbidity makes it difficult to evaluate the hypothesis
that there is an overall association between autoimmune diseases
[1,4].

This paper aims to contribute to the study of autoimmune
diseases through three specific objectives. First, we describe the
prevalence of the main autoimmune diseases in a representative
sample of the general population in the South of Sardinia, Italy.
Next, we assess gender differences in prevalence of autoimmune
diseases. Last, we test the hypothesis of an overall association
among the main autoimmune diseases.

Methods

Study design

The design of this study is based on the Italian National Health
System (INHS), which makes the General practitioners (GPs) a
potential source of data for epidemiological studies.

The INHS covers the entire resident population, irrespective of
social status or pre-existing health conditions, and provides each
citizen with the service of a GP free of charge. Each citizen is
required by law to choose one GP from a list of at the Local
Health Agency. The choice of GP is mainly influenced by the
proximity of the GP’s office to the citizen’s place of residence
rather than by the citizen’s health status. GPs provide primary
care, prescribe pharmaceuticals and diagnostic procedures, and
refer patients to specialists and hospitals. Drugs for chronic
diseases are given free of charge by the INHS, provided that they
are prescribed by the GP. According to Italian law, a GP can
prescribe a drug “ free of charge” for a chronic disease only if the
diagnosis is performed and certified by INHS specialist. As a result
of this system, GPs are the main source of healthcare in Italy.

This study was carried out by the Department of Public Health
of the University of Cagliari-Italy, in collaboration with 21 GPs
who are members of the “Italian Society of General Medicine”
(SIMG).

Each GP involved in the research had recorded patient data for
at least one decade using the software “Millewin”. There is no
reasonable reason to suppose that people followed by these GPs
have health status different from that of the people followed by
GPs who do not register data with millewin. The diagnoses of
autoimmune diseases were performed by INHS specialists with
residency in different specific medical fields, and then entered
into the database by the GPs. entered into the database only after
the confirmation of the diagnosis by an INHS specialist. The
validity of diagnosis is guaranteed by specialists’ daily clinical
practice in public health system, adherence to National Pro-
grammes on Clinical Guidelines and Continuing Medical Educa-
tion programmes.

The Millewin software aims to make easily available to the GP
the main clinical data crucial for the care management, and offers
the following features as recording data (e.g. demographics
characteristics, ICD-IX diagnosis codes, ongoing therapy, pre-
scribed medications, adverse reactions, diagnostics, requests of
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various kinds), management of drugs prescription, and an update
version of the Regional Therapeutic Formulary. This study
focused on a selected group of 12 diseases with chronic course
and a certain autoimmune component and that, also for
unanimous consensus among researchers and GPs, could be
characterized by well defined shared diagnostic criteria.

The syntax for extracting data from software Millewin, set up
by researchers and GPs, included demographic data and data
on the following diseases: rheumatoid arthritis (ICD-9: 714.0/00),
ulcerative colitis (ICD-9: 556.9/00), Crohn’s disease (ICD-9:
555.9/00), type 1 diabetes (ICD-9: 250.01/00), systemic lupus
erythematosus (ICD-9: 710.0/00), celiac disease (ICD-9: 579.0/
00), myasthenia gravis (ICD-9: 358.0/00), psoriasis/psoriatic
arthritis (ICD-9: 696.1/00, 696.0/00), systemic sclerosis (ICD-9:
710.1/00), multiple sclerosis (ICD-9: 340.0/00), Sjogren’s syn-
drome (ICD-9: 710.2/00), and autoimmune thyroiditis (ICD-9:
245.2/00).

Sample

The survey was performed in 2009 in Sardinia, Italy, which
is a Mediterranean island with a population of 1,671,000
inhabitants.

Data collection covered a representative sample of the southern
part of the regional territory, provinces of Cagliari and Carbonia-
Iglesias with 700,000 inhabitants, and included the metropolitan
area of Cagliari, the 2 urban towns of Carbonia and Iglesias, and
the 3 semi-urban villages of Narcao, Masainas, and Sant’Anna
Arresi. The metropolitan area of Cagliari accounts for half of the
population, the urban towns accounts for 30% of the population,
and the small villages for the 20%. The considered sample covers
proportionally the three different settlements of the southern part
of the region, thus preventing the possibility of a systematic error
regarding to the characteristics of the people included in the
sample. In fact 10 out of 21 GPs are from the metropolitan area, 7
are from the urban towns, and 4 from the semi-urban villages. The
research focused on those individuals who were between 15 and 89
years old. Children under 15 years of age were excluded because
they are normally treated by paediatricians. The data were
extracted, in July 2009, by each GP from his or her personal
database, cleared of identifying information (that were substitute
with a code created taking into account the first letter of name and
surname, the place and date of birth, the sex, the place of
residence), and provided to the researchers.

The sample included 25,885 people, 14, 167 of whom were
women and 11,718 of whom were men.

Statistical analysis

Prevalence data were expressed as cases per 100,000 popula-
tion, and 95% confidence intervals were calculated according to
the Poisson distribution. The total number of people between 15
and 89 years of age registered with GPs involved in this study was
used as denominator for prevalence.

Gender differences in the prevalence of autoimmune diseases
are examined using Fisher Chi square test.

The hypothesis that there is an overall association between the
autoimmune diseases was tested by evaluating the co-occurrence
of autoimmune diseases within individuals. The observed and
expected numbers of people with zero, one, or more than one co-
occurring autoimmune diseases were compared using Chi square
test.

The number of expected cases was calculated, on the basis of
the prevalence values of each disease according to the formulae
described below.
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— The probability of not having any autoimmune disease, (Py),
has been defined as the product of the probabilities of not
having each examined disease. It is calculated as:

Po=TI(1—-p;)
where p; is the prevalence of each examined disease.

The probability of having only one autoimmune disease, (Py),
has been defined as the sum of the products of the probability
of having each specific disease and the probabilities of not
having the other diseases. It is calculated as:

Pr=3 (piey* (1 -pis) /(1-Dy))

where p; = x 1s the prevalence of a specific disease, whereas pj«, 1s
the prevalence of the other diseases.

— The probability of having more than one autoimmune disease,
(P~), is estimated as:

P.i=1-Py—P,

Results

Table 1 shows the population distribution according to the
presence or the absence of autoimmune diseases. Overall, the
prevalence of autoimmune diseases was 5.0% with a 95%
confidence interval of 4.7%-5.3%. More specifically, among the
1,300 people with autoimmune diseases, 95.6% were affected by
one autoimmune disorder while the remaining 4.4% were affected
by two autoimmune disorders. Among women the prevalence of
people with autoimmune disorder was 6,9% . Among the 981
females with autoimmune diseases 95.2% were affected by one
autoimmune disorder, whereas the remaining 4.8% were affected
by two autoimmune disorders. Among men the prevalence of
people with autoimmune disorder was slightly higher than it was
among women (2,8%). Among men with autoimmune diseases,
96.9% were affected by one autoimmune disorder, whereas the
remaining 3.1% were affected by two autoimmune disorders.

The prevalence of each autoimmune disease is shown in
Table 2. The highest prevalence was observed for autoimmune
thyroiditis. Myasthenia gravis, systemic sclerosis, Sjogren’s syn-

Table 1. Absolute frequencies of people with zero, one, or
more than one autoimmune diseases.

Number of autoimmune diseases

o 1 >1
TOTAL SAMPLE (N =25885) 24,585 1,243 57
WOMEN (N=14167) 13,186 934 47
MEN (N=11718) 11,399 309 10

doi:10.1371/journal.pone.0032487.t001
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Table 2. Prevalence of each autoimmune disease per 100000
people.

Prevalence per 10° 95% C.I.
Autoimmune thyroiditis 2,619 2426-2824
Psoriasis/psoriatic arthritis 939 824-1065
Rheumatoid arthritis 552 466-651
Type 1 diabetes 464 384-554
Multiple sclerosis 224 170-290
Ulcerative colitis 124 85-175
Celiac disease 124 85-175
Systemic lupus erythematosus 81 50-124
Myasthenia gravis 35 16-66
Systemic sclerosis 35 16-66
Sjogren’s syndrome 31 13-61
Crohn’s disease 15 4-40
doi:10.1371/journal.pone.0032487.t002

drome and Crohn’s disease were the least frequent diseases. The
prevalence of autoimmune disease according to gender is reported
in Table 3. Among women, the highest prevalence value was
observed for autoimmune thyroiditis, followed by psoriasis/
psoriatic arthritis, rheumatoid arthritis, type 1 diabetes and
multiple sclerosis. Among men, the highest prevalence was
observed for psoriasis/psoriatic arthritis, followed by type 1
diabetes, autoimmune thyroiditis and rheumatoid arthritis.

The prevalence values of autoimmune thyroiditis, rheumatoid
arthritis, multiple sclerosis, celiac disease and systemic lupus
erythematosus were significantly higher among women than
among men. The prevalence of psoriasis/psoriatic arthritis was
significantly higher among men than among women. The
prevalence of the other autoimmune diseases was not significantly
different between men and women.

Data about the co-morbidity of autoimmune diseases are shown
in Table 4. The statistical analysis of the co-morbidity of
autoimmune diseases highlights the fact that the number of
people with more than one autoimmune diseases was significantly
higher than the number expected under the null hypothesis that
there is no association between autoimmune disorders. This
finding was confirmed both in women and men. In order to verify
whether the higher than expected number of people with more
than one autoimmune diseases was only due to the high frequency
of autoimmune thyroiditis in the sample under investigation, the
analysis of co-morbidity was repeated excluding from the sample
those people who were affected by this disorder. This analysis still
indicated a significantly higher than expected number of people
with more than one autoimmune disorder (p<<0.001).

Discussion

This paper contributes to the study of autoimmune diseases by
defining the prevalence of the most common autoimmune diseases
in a representative sample of the general population in South
Sardinia, Italy, and investigating the co-morbidity between
autoimmune disorders that affect different organs. To our
knowledge, this is the first population-based study that investigates
a consistent number of autoimmune diseases in a sample of the
general population [l]. Autoimmune diseases are complex
disorders caused by a combination of genetic susceptibility and
environmental factors [3,4,5]. The island of Sardinia provides an
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ideal setting to investigate autoimmune diseases because of the
genetic background of its inhabitants, who appear to be prone to
these disorders [5,6].

The unbiased source of data is the main strength of this
research. Data were obtained from a database of 21 GPs who
systematically recorded their patient data for at least one decade,
and the appropriateness of each diagnosis was confirmed by a
specialist. Furthermore, the reliability of the data presented in this
paper can be confirmed by a comparison between the prevalence
of type 1 diabetes and multiple sclerosis as determined on the basis
of the data under investigation and the prevalences of these
diseases obtained in previous population based studies performed
in Sardinia [5,7,8]. According to the present research, the
prevalence of type 1 diabetes is 464 cases per 100,000 people
with a 95% C.I. ranging from 384 to 554. This estimate agrees
with that obtained in a previous study, which found a prevalence
of 459 cases per 100,000 people with a 95% C.I. ranging from 407
to 517 [5,8]. Similarly, the present data on the prevalence of
multiple sclerosis overlap with those estimated in a recent study,

Table 4. Co-morbidity of autoimmune diseases: number of
observed and expected people with zero, one and more than
one autoimmune disease.

Number of

Autoimmune Number Number

Diseases Observed Expected p value
TOTAL SAMPLE 0 24,585 24,553 <0.001
(N=25885) 1 1,243 1,308

>1 57 24
WOMEN 0 13,186 13,161 <0.001
(N=14167) 1 934 983

>1 47 22
MEN o 11,399 11,392 0.001
(N=11718) 1 309 322

>1 10 3
doi:10.1371/journal.pone.0032487.t004
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Table 3. Prevalence of autoimmune diseases according to gender.

WOMEN MEN p value

Prevalence per 10° 95% C.lI. Prevalence per 10° 95% C.lI.
Autoimmune thyroiditis 4376 4039-4735 495 376-640 <0.001
Psoriasis/psoriatic arthritis 776 638-936 1135 950-1345 0.003
rheumatoid arthritis 741 606-897 324 229-445 <0.001
Type 1 diabetes 424 323-545 512 391-659 0.31
Multiple sclerosis 296 214-401 137 78-222 0.008
Ulcerative colitis 127 75-201 119 65-200 >0.99
Celiac disease 212 143-302 17 22678 <0.001
Systemic lupus erythematosus 148 92-227 0 0-31 <0.005
Myasthenia gravis 42 16-92 26 5-75 0.53
Systemic sclerosis 56 24-111 9 0-48 0.05
Sjogren’s syndrome 42 16-92 17 22-62 0.31
Crohn’s disease 14 2-51 17 2-62 >0.99
doi:10.1371/journal.pone.0032487.t003

performed in the south-western part of the regional territory,
which indicate a prevalence of 210 cases per 100,000 people with a
95% C.I. ranging from 168 to 234 [7].

This study showed that 5% of the general population is affected
by one or more autoimmune diseases. These results agree with the
data in the current literature that indicate an overall prevalence of
autoimmune diseases in the range of 4%-5% [9,10].

Opverall, the prevalence was higher in women (7%) than in men
(3%), confirming the existing evidence [10,11].

According to our data, the autoimmune thyroiditis is the most
widespread autoimmune disease with a prevalence value that is a
reliable estimate of the symptomatic forms of disease, but it does
not cover all of the asymptomatic cases, because GPs usually only
mvestigate the presence of antithyroid-antibodies in people with
clinical symptoms or with a family background of this disease. This
prevalence is higher than what has been reported in hospital-based
study, and it is similar only to prevalence values obtained in the
United Kingdom [1,9,12].

Psoriasis/psoriatic arthritis and rheumatoid arthritis are the
next most common autoimmune disorders, and their prevalence
rates appear to be consistent with those reported in the current
literature [1,13,14].

The prevalence values for type 1 diabetes, and multiple sclerosis
confirm that Sardinia is among those regions with the highest
prevalence of these disorders [5,15].

The prevalence of ulcerative colitis, is lower than that observed
in a Danish hospital-based study, whereas it appears to agree with
the prevalence observed in Hungary [1,9,10,16]. The rate of celiac
disease is lower than the 7% prevalence observed in Italy through
a screening program, but is similar to the values observed in the
Danish hospital-based study and in a Greek study [9,10,17,18,19].

The prevalence of systemic lupus erythematosus is in line with
prevalence data reported for Italy [16]. The prevalence of
Myasthenia Gravis appears to be slightly higher than values
observed in other population based surveys, but in contrast to the
published literature, it is not different between men and women
[9,10,20,21,22,23]. The prevalence of systemic sclerosis similar to
values reported in the current literature for European countries
[9,10,24,25]. Similarly prevalence of Crohn’s disease, 15 cases per
100,000, is comparable to values observed in Bosnia and Hungary
[16,26]. The prevalence of Sjogren’s syndrome, 31 cases per
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100,000 people, is similar to that obtained in a Danish hospital-
based study, but is lower than the value obtained in other
population based studies [9,10,27].

These data on the prevalence of each autoimmune disease are
valuable for the public health system, because they may allow an
accurate evaluation of the burden of the diseases. The particular
genetic background of the population under investigation suggests
caution in generalizing these results to a world-wide level. In any
case, these data provide a picture of the relative burden of the
studied diseases.

With regard to the co-occurrence of autoimmune diseases
within individuals, the present study highlights an overall
association between autoimmune disorders, both in women and
in men. According to our results, people already affected by a first
autoimmune disease have a higher probability of being affected
by a second autoimmune disorder. Our results agree with the
hypothesis that there is a potential common pathogenic mecha-
nism among autoimmune diseases [1,28]. In the present study, the
sample size, together with the low overall prevalence of
autoimmune diseases in the population, did not allow us to
examine which diseases are most frequently associated with other
autoimmune diseases. However, this paper indirectly contributes
to the achievement of this goal, because the data on the prevalence
of each autoimmune disease make available an adequate control
population for future clinical studies aimed at exploring the co-
morbidity of specific pairs of autoimmune diseases.
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Finally, this survey confirms the potential role of GPs in disease
surveillance, offering an example of how a GPs’ databases can be
used for prevalence studies. To avoid the potential information
bias of this source of data, the full involvement of GPs from the
planning phase is the essential prerequisite because it guarantees
the accuracy and completeness of the diagnosis. In Italy, as in
several other countries, GPs are the main health care providers for
citizens, and therefore they could be a valuable source of data that
should be further explored [29,30,31].

Acknowledgments

The authors wish to thank for their precious contribution the SIMG group:
Dr Nicola De Muro, Dr Guido Porcu, Dr Salvatore Puddu, Dr Teresa
Zedda, Dr Rosalba Murgia, Dr Urru Cesare, Dr Antonio Muglia, Dr
Mario Piso, Dr Clara Puzzoni, Dr Paolo Valle, Dr Anna Rita Serra, Dr
Marco Martinetti, Dr Alberto Puddu, Dr Meloni Massimo, Dr Gianfranco
Olianas, Dr Bachisio Putzolu, Dr Giuseppina Russo, Dr Giuseppe Vincis,
Dr Domenico Salvago, Dr Maria Rosaria Montisci, and Dr Anna Maria
Ferrara.

Author Contributions

Conceived and designed the experiments: CS EC AM MGM PC.
Performed the experiments: CS RM AC PC. Analyzed the data: CS AM
RM AC PC. Wrote the paper: CS EC AM MGM PC.

17. Mustalahti K, Catassi C, Reunanen A, Fabiani E, Heier M, et al. (2010) The
prevalence of celiac disease in Europe: Results of a centralized, international
mass screening project. Ann Med 42: 587-95.

18. Menardo G, Brizzolara R, Bonassi S, Marchetti A, Dante GL, et al. (2006)
Population screening for coeliac disease in a low prevalence area in Italy.
Scand J Gastroenterol 41: 1414-20.

19. Roka V, Potamianos SP, Kapsoritakis AN, Yiannaki EE, Koukolis GN, et al.
(2007) Prevalence of cocliac disease in the adult population of central Greece.
Eur J Gastroenterol Hepatol 2007;19: 982-7.

20. Kalb B, Matell G, Pirskanen R, Lambe M (2002) Epidemiology of myasthenia
gravis: a population-based study in Stockholm, Sweden. Neuroepidemiology 21:
221-5.

21. Zivadinov R, Jurjevic A, Willheim K, Cazzato G, Zorzon M (1998) Incidence
and prevalence of myasthenia gravis in the county of the coast and Gorski kotar,
Croatia, 1976 through 1996. Neuroepidemiology 17: 265-72.

22. Oc¢pik M, Kaasik AE, Jakobsen J (2003) A population based epidemiological
study on myasthenia gravis in Estonia. J Neurol Neurosurg Psychiatry 74:
1638-43.

23. Poulas K, Tsibri E, Kokla A, Papanastasiou D, Tsouloufis T, et al. (2001)
Epidemiology of seropositive myasthenia gravis in Greece. J Neurol Neurosurg
Psychiatry 71: 352-6.

24. Chifflot H, Fautrel B, Sordet C, Chatelus E, Sibilia J (2008) Incidence and
prevalence of systemic sclerosis: a systematic literature review. Semin Arthritis
Rheum 37: 223-35.

25. Le Guern V, Mahr A, Mouthon L, Jeanneret D, Carzon M, et al. (2004)
Prevalence of systemic sclerosis in a French multi-ethnic county. Rheumatology
43: 1129-37.

26. Pavlovic-Calic N, Salkic NN, Gegic A, Smajic M, Alibegovic E (2008) Crohn’s
disease in Tuzla region of Bosnia and Herzegovina: a 12-year study (1995
2006). Int J Colorectal Dis 23: 957-64.

27. Trontzas PI, Andrianakos AA (2005) Sjogren’s syndrome: a population based
study of prevalence in Greece. The ESORDIG study. Ann Rheum Dis 64:
1240-1.

28. Waterfield M, Anderson MS (2010) Clues to immune tolerance: the monogenic
autoimmune syndromes. Ann N Y Acad Sci 1214: 138-55.

29. Khan Nf, Harrison SE, Rose PV (2010) Validity of diagnostic coding within the
General Practice Research Database: a systematic review. Br J Gen Pract 60:
128-36.

30. Becher H, Kostev K, Schréder-Bernhardi D (2009) Validity and representa-
tiveness of the “Disease Analyzer” patient database for use in pharmacoepide-
miological and pharmacoeconomic studies. Int J Clin Pharmacol Ther 47:
617-26.

31. Dietein G, Schréder-Bernhardi D (2002) Use of the mediplus patient database
in healthcare research. Int J Clin Pharmacol Ther 40: 130-3.

March 2012 | Volume 7 | Issue 3 | e32487



