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abstract | The accumulative global burden of autoimmune and inflammatory rheumatic diseases is substantial. 
Studying the distribution of these conditions across various global regions and ethnic groups by means of 
geoepidemiology might readily provide epidemiological data and also advance our understanding of their genetic 
and environmental underpinnings. In order to depict the geoepidemiology of autoimmune and inflammatory 
rheumatic diseases, namely rheumatoid arthritis, juvenile rheumatoid arthritis, systemic lupus erythematosus, 
systemic sclerosis, ankylosing spondylitis and Sjögren’s syndrome, we present a comprehensive collection of 
epidemiological reports from various world regions, including the prevalence of each of these conditions. The 
accumulated data show that the reviewed rheumatic diseases are global phenomena, and, with some variance, 
seem to be relatively evenly distributed. This finding is in contrast with the obviously uneven distribution of some 
major nonrheumatic autoimmune conditions. In addition, geoepidemiology demonstrates that ethnogenetic 
susceptibility interacts with lifestyle and environmental factors, which include socioeconomic status, infectious 
agents (triggering or protective agents), environmental pollutants, and vitamin D (dependent on sunlight 
exposure), in determining the risk of developing rheumatic autoimmunity.

Shapira, Y. et al. Nat. Rev. Rheumatol. advance online publication 22 June 2010; doi:10.1038/nrrheum.2010.86 

Introduction
Geoepidemiology of autoimmune and inflammatory 
diseases means the study of the distribution of these 
conditions and the determinants of disease gradients 
across multiple regions and populations.1 autoimmune 
diseases as a group are among the leading causes of 
death and morbidity in the industrial world, and pose an 
immense socioeconomic burden.2–5 Despite the consider­
able accumula tive burden of these diseases, only a small 
number of multinational registries for a few selected 
autoimmune diseases have been devised.5 additionally, 
large, international epidemiological investigations were 
conducted for only three autoimmune conditions (that is, 
type 1 dia betes mellitus, multiple sclerosis, and rheuma­
toid arthritis [ra]).6–8 thus, depicting the distribution of 
most of these conditions, particularly of certain rheumatic 
conditions, requires a rigorous compilation of numerous 
scattered epidemiological reports. such studies, however, 
should prove a worthy undertaking, as discerning the 
number of individuals with an auto immune or inflam­
matory disease (prevalence rates) and the number of new 
cases per year (incidence rates), might help determine 
regional and global effects of these illnesses.

the first comprehensive effort to compile worldwide 
incidence and prevalence data across multi ple auto­
immune diseases was made towards the end of the pre­
vious century.9 nevertheless, such comprehensive data 
have not been presented to date with a geo epidemiological 
emphasis, which means that rates of such diseases across 

different world regions and populations have not been 
compared. the importance of geo epidemiology does 
not lie solely in geo graphically portraying the burden of 
each disease, but also in advancing our under standing 
of its etiologic and trigger ing under pinnings, which 
might ultimately enhance our ability to make predictions 
and intervene.

For a certain autoimmune disease, geoepidemiology 
might uncover ethnogenetic risk factors, for example, 
by observing a gradient of disease rates corresponding 
to the geographical distribution of particular HLa­types 
or other disease­associated genes.10–13 Genetic risk might 
also come to focus when identifying disease ‘hot spots’, 
that is, salient clusters of autoimmunity cases in specific 
populations with a genetic composition that is distinct 
from that of the neighboring communities.14 Hot spots 
might also bring forth environmental precipitants, for 
instance, when identifying clusters of autoimmune cases 
in particular geographical areas that are known to contain 
a potential environmental trigger (such as environ­
mental pollutants).15,16 additionally, geoepidemiology 
might underscore the intricate combination of genes 
and environ ment that is entailed in the patho genesis of 
autoimmunity,17–19 by comparing ethnic migrant popula­
tions (for example west african migrants) with the native 
populations (for example european populations), and 
with the same ethnic group in their region of origin (for 
example west africa). thus, geoepidemiology can help 
to identify ethnogenetic differences in disease risk on one 
hand, and the modulating effects of social, cultural and 
physical environments on the other hand.20,21
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we have previously published a comprehensive com­
pilation of geoepidemiological findings regarding major, 
organ­specific autoimmune conditions, namely type 1 
diabetes mellitus, multiple sclerosis, autoimmune thyroid 
disease and inflammatory bowel disease.1 in the present 
review, we focus on several of the major autoimmune 
and inflammatory rheumatic diseases (airDs), namely 
ra, juvenile ra (Jra), systemic lupus erythematosus 
(sLe), systemic sclerosis (ssc), ankylosing spondylitis 
(as) and sjögren’s syndrome (ss). For these six rheu­
matic conditions, proven and potential causes that might 
explain the depicted geographies are thoroughly dis­
cussed. Challenging methodological issues are presented 
as well,22–24 as part of the discussion for each disease.

Rheumatoid arthritis
the prevalence of ra in adult populations from various 
world regions seems to be relatively uniform, with the 
prominent exceptions of australia and Jamaica, where 
the prevalence is high, and sub­saharan africa, where 
this disease is rare (table 1 and Figure 1). none theless, 
epidemio logical patterns demonstrate influences of ethno­
genetic, socioeconomic, rural–urban, and in fectious 
factors on disease risk.

within several regions around the globe, the risk of 
ra differs between distinct ethnic groups that reside  
in the same country, which might indicate differences in 
the genetic predisposition to this disease. For instance, 
compared with white people in the usa, several native 
american tribes (such as Pima north­american indians) 
show a markedly higher risk for the development of ra. 
Conversely, australian aboriginals are much more resis­
tant to the disease than australian white populations.8,25,26 
these differences might reflect ethnic variability in the 
prevalence of disease susceptibility genes (for example, 
the PTPN22 risk allele, which is common in european 
populations, is rarely found in asian populations).13

in addition to genetic variance, socioeconomic dif­
ferences clearly affect disease occurrence, as disease 
rates seem to be generally low in some regions of the 
develop ing world. the typical age structure (that is, a 
high proportion of children and a low proportion of 
elderly people) of popula tions that live in deprived con­
ditions and the decreased life expectancy might partly 
explain the decreased rates of ra reported in these 
regions.27 Further more, under diagnosis of airDs in such 

Key points

Geoepidemiology provides a comprehensible picture of the burden of  ■
autoimmune and inflammatory rheumatic diseases across various regions  
and ethnicities, and helps to unravel potential causative factors

The global distribution of rheumatic autoimmune diseases, with some variance,  ■
seems to be ubiquitous, although prominent gradients are present in the 
distribution of some major nonrheumatic autoimmune conditions

Our knowledge of the genetics of rheumatic autoimmunity is supported   ■
and advanced by geoepidemiology

The risk of developing these illnesses is also affected by environmental factors,  ■
such as socioeconomic status and exposure to infectious agents (protective or 
pathogenic), ultraviolet radiation and pollution

regions—owing to diminished access to medical care, low 
local medical expertise, and unavailability of new diag­
nostic  procedures—might cause an erroneous reflection 
of disease occurrence rates, and thus bias comparisons 
with populations in developed countries (Box 1). in 
fact, studies in various developing countries, including 
indonesia, China, south africa and iraq, and among 
afro­europeans, disclose urban–rural gradients (namely 
higher prevalences of ra in urban compared with rural 
regions), to such an extent that the rate of ra among 
urban residents of these populations are nearing or even 
surpassing those reported in developed countries with 
predominantly white populations (Figure 1).27–31

the association between urban living and the risk of 
ra might also suggest an environmental influence, which 
could be related to western lifestyle and industrializa­
tion. For instance, smoking has been associated with ra 
in genetically susceptible individuals (that is, those who 
carry the HLa­DrB1 shared epitope).32

according to the hygiene hypothesis, the rarity of ra 
in tropical, rural areas could be explained by protec­
tive mechanisms that are induced by endemic parasitic 
infections (for example, nitric­oxide­mediated immuno­
modulation).21 By contrast, on the basis of evidence of 
cyclical changes in the incidence of ra in the usa over 
a 40­year period, some experts have speculated that 
these unique temporal trends could be attributable to 
variations in the epidemicity of some infections, which 
supports the hypothesis of an infectious etiology.33 this 
seeming contradiction, namely that some infections in 
certain populations exert protective effects against auto­
immune diseases whereas others trigger auto immunity, 
is a further manifesta tion of the complex mosaic of auto­
immunity. indeed, epidemiological studies have impli­
cated the involvement of various infectious agents in 
the protection against as well as in the pathogenesis of 
di fferent autoimmune diseases.34–38

studies of juvenile idiopathic arthritis (Jia), a recently 
devised term that includes both juvenile chronic arth­
ritis (JCa) and Jra, have shown a marked variability in 
the incidence and prevalence of these conditions. this 
variability might in part be explained by methodo logical 
factors, particularly the differing classification cri teria 
used in clinical studies for the various subgroups of 
childhood juvenile arthritis.22

nevertheless, a study of a multiethnic Canadian cohort, 
in which a single set of criteria was used across all groups, 
revealed that european descent was associated with a 
markedly increased risk of developing Jia compared with 
african, asian or indian origin. the distribution of Jia 
subtypes also differed substantially across these ethnic 
groups.39 some studies have raised the possi bility that Jra 
is not rare in sub­saharan africa,40 unlike adult ra and 
several other autoimmune conditions.1 On the other hand, 
similarly to adult ra, the highest rates of Jra in the world 
have been documented in australia (table 1), which raises 
the question whether the people of this subcontinent are 
especially susceptible to this disease. another similarity 
between Jra and adult ra is the cyclic incidence pattern 
of Jra reported in a Canadian province, which suggests 
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an infectious trigger. in fact, the peaks of Jra outbreaks 
remarkably correlated with the increases in the number 
of Mycoplasma pneumoniae infections detected in the 
province during the same years.41

secular trends in the incidence of adult and juvenile­
onset ra reveal progressively declining rates over the past 
four decades in various populations.33,42–44 interestingly, 

the data on several other autoimmune diseases (such 
as type 1 diabetes mellitus and sLe) disclose inverse 
patterns, namely increasing rates over the past few 
decades.1,7 nonetheless, any relatively rapid change in 
disease rates indicates an environmental effect, as genetic 
determinants are unlikely to alter disease rates within 
such short intervals. taken together, both genetic and 

Table 1 | Geographical distribution of autoimmune and inflammatory rheumatic diseases

Disease Prevalence (annual incidence) per 100,000 in various regions

North am. Central 
am.

South 
am.

Northern eur.* Southern 
eur.*

western 
eur.*

eastern 
eur.*

middle 
east

asia Sub-
Sah. 
africa

austr.  
& NZ

Adult rA8,27,28, 

30,33,45,82–89 
600–1,000 (40) 400–

2,000‡

100–500 400–900 
(20–40)

200–700 
(<20)

500–900 
(10–50)

700 200–500
Iraq 
1,500§

100–800 
(40–90)

rare|| 
900§

2,000

Juvenile rA  
and chronic 
arthritis8,42,45, 

90–98

2–80 (5–14) 32 (7) N/A 60–80 (7–21) 50 (4) 2–20 
(<7)

10–140 
(<13)

65 N/A N/A Austr. 400 
(NZ 3)

SLe28,45,50,52, 

61,99–107

20–50 (1–2)¶

50–130 (2–7)# 
Gainesville, GA 
1,000** 

50–60 
(5)‡

(Brazil 9) 20–70¶ (2–7)
Afro-Caribb. 
100–200#

30–70 
(2)

40 (5) N/A N/A 20–70 
(3)

rare 20¶;  
Abor. 80 
(11)#

SSc45,63,108–113 13–28 (2)¶

Afr. Am. 32# 
Choctaw Ind. 66#

N/A N/A <10 (<1) 10–30 
(<2)

15¶

21# 

N/A N/A <10 N/A 23 (2)

AS28,45,72,74,76, 

78,80,114–118

130 (7)¶

Afr. Am. 50#

Am. Ind. 4,500# 

N/A N/A 150–400 (7–9)
Troms, Norway
1,100–
1,400**

30 (<2) 100–850 N/A 500 10–240 
(Japan 
<1)

rare N/A

SS23,28,45, 

119–125

320 (4) N/A N/A 200–3,000 200–600 
(4–5)

N/A N/A N/A India rare
China 
330–700

N/A N/A

*european regions are divided according to the United Nation’s geoscheme created by the United Nation’s Statistics Division. ‡values for the Caribbean. §Urban population. ||rural population. 
¶white people. #Non-white people. **Hot spot’. Abbreviations: Abor., Aboriginals; Afr., African; Am., America; AS, ankylosing spondylitis; Austr., Australia; Caribb., Caribbean; eur., europe; Ind., 
Indian; N/A, not available; NZ, New Zealand; rA, rheumatoid arthritis; SS, Sjögren’s syndrome; SSc, systemic sclerosis; SLe, systemic lupus erythematosus; Sub-Sah., Sub-Saharan.

Adult RA prevalence
per 100,000 population

>1,000
500–1,000
<500
*Urban: 500–1,000
  Rural: <500
Data unavailable

Figure 1 | Prevalence of rheumatoid arthritis in the adult population of various world regions. Abbreviation: rA, 
rheumatoid arthritis.
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environ mental factors should be considered in order to 
understand the geoepidemiology of ra.

Systemic lupus erythematosus
the global distribution of sLe is relatively homogenous, 
with the exceptions of some regions of africa where its 
rate is low, and Brazil, where its rate is relatively high 
(table 1). nevertheless, the geoepidemiology of this 
disease demonstrates ethnic variance, which might be 
explained by genetic susceptibility as well as environ­
mental factors, including exposure to infectious agents 
(protective or pathogenic), ultraviolet radiation and 
environmental pollution.

ethnogenetic variation in the risk of sLe can be observed 
between distinct ethnic groups that live in the same geo­
graphical region. Compared with white people, people of 
Chinese descent seem to be at a slightly higher risk, and 
north american indians and australian aboriginals are 
exceptionally susceptible to sLe.20,45–50 ethnic back ground 
determines not only the risk of develop ing sLe, but also 
the clinical course and outcome of the disease. Find­
ings from the ongoing LuMina (Lupus in Minorities:  
nature versus nurture) study,5 which is conducted by 
the niH, reveal that african american and Hispanic 
american patients with sLe tend to develop the disease 
earlier in life, present with more­severe symptoms at the 
time of diagnosis, and have more­severe disease overall 
than white patients. african american and white women 
dif fer in terms of their ages at menarche, menstrual cycle 
pa tterns, birth rates, and patterns of oral contraceptive and 
meno pausal hormone use,51 all of which exert differen­
tial exposure to estrogens. thus, exposure to estrogens 
might be one of the  ethnicity­dependant factors that affect  
sLe manifestations.

although sLe is considered to be rare in west africa, 
people of west african and afro­Caribbean descent 
(these populations are considered to be genetically 

related) who live in europe or the usa have a markedly 
higher disease risk when compared with european or 
american white people.20,40,52,53 an elevated risk was also 
documented in west africans who have only recently 
migrated from their homeland,52 which might demon­
strate that this population’s predisposition to sLe has 
been dormant until the introduction of a new physical 
environment or cultural setting.

as in the case of ra, the existence of an environmental 
selective pressure against sLe in africa has been postu­
lated. according to this hypothesis, exposure to malaria 
and numerous other parasitic infections renders africans 
who live in endemic conditions more resistant to certain 
autoimmune diseases than other populations.21,53 Plau­
sibly, when africans migrate to a nonendemic environ­
ment and abandon their native, protective conditions, 
they might not only lose this selective advantage, but 
in fact manifest an innate disadvantage compared with 
white people who have adapted to live in relatively 
‘parasite­free’ conditions.21 according to an alterna­
tive hypothesis, antimalarial drugs that are commonly 
used in africa (such as chloroquine) are also efficient 
for treating and delaying sLe, and cessation of the use 
of such drugs upon migration to nonendemic regions 
might materialize the predisposition of this population 
to this disease.54

another environmental factor that might explain the 
reduced resistance of people from africa who live in 
europe or the usa is their reduced exposure to sunlight 
compared with those who live closer to the equator. 
the decreased penetration of ultraviolet rays through 
the skin in these individuals could result in critically 
reduced levels of vitamin D, a hormone that is known to 
have an important immunomodulatory role.55–57

smoking, which has been associated with an increased 
risk of sLe as well as of ra in genetically susceptible 
individuals, offers another possibility of a risk factor 
related to western culture.58 taken together, africans 
who migrate far away from their native environ mental 
and cultural conditions seem to have an increased 
suscepti bility to sLe, which might be attributable to 
gene–environment interactions.

the role of the environment in determining the epi­
demiology of sLe is further attested by the observation 
that lack of access to piped water during childhood is a 
risk factor for this disease in some ethnic groups.59 this 
observation suggests that poor hygiene and possibly 
the exposure to certain infectious agents (particularly 
viruses and bacteria) in early life could lead to suscep­
tibility to, rather than protection against, sLe, as was 
suggested in the case of parasitic infections in african 
populations.34,38 the contrasting roles of infections 
revealed by geo epidemiological studies of sLe is also 
supported by clinical findings.60

industrial pollution was also associated with sLe in two 
us hot spots, namely nogales, aZ, and Gainesville, Ga, 
where the highest disease prevalences (up to 1,000 per 
100,000 people) have ever been documented.15,61 the 
results of both studies, however, should be interpreted 
with caution. the Gainesville study’s extraordinary 

Box 1 | Methodological limitations entailed in geoepidemiology

The task of comparing epidemiological data across diverse world regions brings 
about methodological challenges.

temporal considerations
Diagnostic advances, modifications to disease criteria, changing methodological 
standards, improved standard of living and health care resources, and actual 
trends in disease rates are examples of temporal bias that can arise when 
comparing regions in which epidemiological data has been collected at disparate 
times. This discrepancy is especially critical in cases where there is a lack of 
up-to-date data in particular regions. 

Socioeconomic factors
Access to medical care, medical expertise, availability of new diagnostic 
procedures, degree of public awareness, and investigators’ resources can vary 
between developed and developing world regions, and can bias comparisons of 
data from these areas. 

epidemiological methodology
Comparing data derived from community-based studies versus hospital-based 
or clinical case studies (with inherent differences in case ascertainment), and 
comparing data derived from large versus small epidemiological investigations 
(which might be subject to chance fluctuation), constitute major biases when 
comparing different studies.
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prevalence rates were based on a modest­sized survey 
(that is, data from 300 individuals), and in nogales, an 
investigation led by the Centers for Disease Control and 
Prevention failed to detect a difference in the presence 
of environmental pollutants in patients with sLe com­
pared with control individuals who resided in the same 
community. nonetheless, findings of animal and in vitro 
studies, and several reports that linked occupational 
exposures, such as silica dust, mercury, pesticides and 
solvents metals, to an increased risk of sLe, also indicate 
industrial pollution as a potential risk factor.62

in conclusion, whereas the global distribution of sLe 
seems to be relatively homogenous, an intricate inter­
play of various genetic and environmental factors might 
influence the risk of this disease.

Systemic sclerosis
Geoepidemiological studies of ssc reveal a higher fre­
quency of this condition in the usa and australia than 
in continental europe, the uK, and some regions of asia 
(table 1). within europe, a general north–south gradient 
is evident: rates are lower in northern europe (Figure 2).63 
interestingly, an inverse gradient can be observed in the 
distribution of other autoimmune conditions, such as 
type 1 diabetes mellitus, multiple sclerosis, and inflam­
matory bowel disease: the rates of these diseases seem 
to increase with distance from the equator.1,6,7,57,64 How­
ever, the relatively high rates of ssc in north america 
and australia are comparable to the gradients observed 
in the distribution of the above men tioned conditions 
and are not compatible with the inverse pattern suggested  
for europe. thus, the suggested north–south gradient 
within europe should be further investigated in order 
to establish whether this pattern is simply attributable to 
chance variability.

in the case of ssc, various sources indicate ethnic 
variability in disease risk. in general, higher incidence, 
preva lence and mortality rates have been reported in 
african american populations compared with white 
populations. Furthermore, african americans have an 
increased risk of having anti sCL­70 autoantibodies, 
and an increased predisposition to the diffuse form of 
ssc.65,66 Other ethnic groups, such as Choctaw indians in 
Oklahoma, usa, seem to have an exceptionally high risk 
of developing ssc.45 in fact, potential susceptibility genes 
for this condition were mapped on the basis of the obser­
vation that Choctaw indians exhibit considerable linkage 
disequilibr ia in a number of regions of the genome.14,67,68

Discoveries of two ssc hot spots have yielded interest­
ing hypotheses pertaining to causal factors; one of these 
hypotheses suggests genetic predisposition whereas the 
other discloses environmental hazards. in a rural pro­
vince near rome, a 1,000­fold increase was found in the 
preva lence of ssc compared with other regions of italy.69 
in the population of this province, high frequencies of 
specific HLa haplotypes were observed compared with 
healthy individuals from other villages. this finding sug­
gests a relatively homogenous genetic background of 
these inhabitants that might confer disease susceptibi­
lity, although these haplotypes are not known to be 

 disease­associated.69 spatial clustering of ssc cases has 
also been recorded in three areas of London, uK. Of note, 
all three hot spots are in close proximity to major air­
ports, which has been suggested to be an environmental 
trigger.16 indeed, certain environmental pollutants (such 
as trichloroethylene and silica) have been implicated in 
the pathogenesis of ssc.5

Overall, geoepidemiological studies of ssc under score 
ethno genetic determinants of disease risk on one hand, 
and possible unique environmental triggers on the  
other hand.

Ankylosing spondylitis
the geographic distribution of as clearly demonstrates 
the existence of a genetic predisposition to airDs. the 
prevalence of HLa­B27, a well­known disease­ associated 
haplotype, parallels the global gradients of as rates 
(table 1, Figure 3). Populations with a high percen tage 
of HLa­B27 carriers, such as north american Pima 
indians, alaskan eskimos and northern norway Laps, 
have the highest disease frequencies. similar rates of as 
were reported among americans, europeans and other 
ethnic groups (for example Han Chinese) that have 
similar HLa­B27 status. Populations with a low frequency 
of HLa­B27 (for example Japanese people) demonstrate 
the lowest frequencies of as.28,45,70–75

as is less frequent among african americans compared 
with white people in the usa and is also considered to be 
rare in sub­saharan africa (Figure 3), suggested to reflect 
the low prevalence of HLa­B27 in african populations.76–78 
However, this hypothesis has been partly challenged by 
data concerning a particular west african population 

3.1–8.2

15.8

14.9

7.1

3.1

10.6–33.9

15.4

9.3

Figure 2 | Prevalence rates of systemic sclerosis per 100,000 people in various 
european countries. Note the general increase in the prevalence moving from 
Northern to Southern european regions.
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where as was rare but the frequency of HLa­B27 was 
found to be similar to that in most white populations.79 
this observation joins pre vious evidence from the usa, 
where it was shown that, among HLa­B27­positive indivi­
duals, the relative risk of develop ing as was markedly 
lower in african americans than in white people.80

taken together, three possible explanations exist 
for the relative lack of association between HLa­B27 
and as among west africans and african americans. 
First, additional genetic susceptibility factors (other 
than HLa­B27), which are not present in these african 
populations, might also confer a risk for this condi­
tion. second, ethnic variability could be explained by 
en vironmental modulators. Finally, an interaction of 
environmental and genetic factors might have a protec­
tive effect against as in african populations. the hypo­
thesis that malaria infection affects gene selection offers a 
unique mechanism that demonstrates a fascinating inter­
play between genetic and environmental factors, and its 
influence on the risk of airDs. this hypothesis is based 
on the observation that several allelic poly morphisms of 
HLa­B27 that are not associated with disease risk (for 
example HLa­B*2703) are found in areas where malaria 
is endemic (such as west africa). according to this 
hypothesis, the genetic subtypes associated with a low 
risk of as were positively selected over high­risk sub­
types owing to their protective effect against Plasmodium 
falciparum, the pathogen that causes malaria, which is 
endemic to these regions.12 Hence, the geo epidemiology 
of as might demonstrate a reciprocal relationship 
between genes and exposure to certain infections that 
confer protection against autoimmunity.

in conclusion, as might be the airD that most clearly 
demonstrates the ethnogenetic determinants of the 
gradients of these conditions. Moreover, studies of this 
disease put forward a unique mechanism of the re ciprocal 
mo dulating effects of genetic and en vironmental factors.

Sjögren’s syndrome
wide variability has been reported in the prevalence of 
ss in different countries and in various regions of certain 
countries, which might result from several methodo­
logical issues. in the studies from which these data were 
derived, five different sets of criteria were used for disease 
classification, which resulted in up to 10­fold differences 
between the inclusion rates used in various studies, and 
the methods used for the objective testing of lacrymal 
and salivary gland function were also inconsistent.23,24,81

the geoepidemiology of this disease is difficult to deci­
pher, mostly because of the paucity of epidemiological 
data from regions outside of europe and north america. 
nevertheless, the existing data (table 1) suggest that the 
highest rates of ss are reported in northern europe,  
the rates in north america and mainland europe seem 
to be comparable, and the lowest rates are observed in 
some parts of asia.

Conclusions
a thorough analysis of the epidemiological reports that 
are summarized in this review clearly shows a general 
paucity of reliable and up­to­date data on the incidence 
and prevalence of airDs. Most available data are derived 
from small, scattered epidemiological investigations with 
various methodological discrepancies (Box 1). Data are 
especially scarce for ss, ssc and as, particularly for 
regions outside of the usa and europe. nonetheless, the 
strength of this review is most probably ‘in numbers’. 
the overview of numerous reports from as many geo­
graphical regions as possible provides a relatively lucid 
overall picture of the distribution of airDs (table 1). 
unlike the data available for nonrheumatic auto immune 
diseases, which clearly show that the highest rates for 
such conditions are found in predominantly white, 
industrial populations,1 airDs seem to be relatively 
ubiquitous. africa seems to be a remarkable exception, 

AS prevalence per
100,000 population

>500
200–500
100–200
<100
Data unavailable

Figure 3 | Prevalence of ankylosing spondylitis in various world regions. Abbreviation: AS, ankylosing spondylitis.
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as the rheumatic conditions for which solid data exist 
(namely, ra, sLe and as) are all reported to be rare 
in sub­saharan africa. the epidemiological evidence 
strongly supports the genetic underpinning of airDs. 
in fact, in case of some conditions (such as ssc), geo­
epidemiology spurred clinical and laboratory research, 
which subsequently led to advances in our knowledge 
of the genetic factors underlying rheumatic conditions. 
Finally, evidence from studies of migrant populations, 
recognitions of rheumatic disease hot spots, and record­
ings of temporal phenomena and secular trends under­
score the modulating role of lifestyle and environmental 
factors in determining the risk of airDs.

although most environmental risk factors have been 
identified in associational (observational) studies, the 
accumulated data imply that the associations between 
airDs and lifestyle and environmental factors, such 
as exposure to environmental pollutants, certain infec­
tions, ultraviolet radiation and living in hygienic con­
ditions, should be seriously considered. as most of the 
hypo theses presented here regarding the specific roles 

of genetic and environmental factors are yet to be estab­
lished in terms of causal relationships, multinational, 
epidemiological collaborations, with a special emphasis 
on guidelines for judging causality, are warranted.
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“infection” and “environment”, in combination with 
the names of specific world regions and countries. 
Bibliographies of reviewed articles and databases of major 
health organizations (such as wHO and NIH) were also 
searched. rates chosen for presentation in this review 
were the most recent available for each geographical 
region. However, under specific circumstances, studies 
from previous years were incorporated.
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