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Abstract
The cause of rheumatoid arthritis, which is the most frequent inflammatory rheumatic disease, affecting between 
0.5 and 1% of the general population, still remains unknown. However, as with all autoimmune disorders, it is 
assumed that rheumatoid arthritis is the consequence of the influence of environmental factors on a genetically 
predisposed host. Regional variations in disease prevalence support the environmental influence theory: geo-
graphical and climatic conditions, industrialization and pollution, socioeconomic status or lifestyle. For the time 
being, with a few exceptions, such as smoking, the vast majority of factors that can influence the onset of the 
disease remain unclear, although their contribution is most probably significant.
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INTRODUCTION
The presence of the disease in approximately 

only 15% of genetically identical twins outlines the 
influence of infectious or non-infectious factors on 
the development of rheumatoid arthritis (RA).

Epidemiological studies have shown differences 
in what regards the prevalence of the disease amongst 
the same type of population, according to rural or 
urban environment, geo-climactic conditions, expo-
sure to ultraviolet radiation, industrialisation and 
pollution, endemic infectious and lifestyle, such as 
diet and smoking. The analysis of RA epidemiology 
can contribute to the identification of environmental 
factors involved in the onset of the disease in a re-
stricted genetic context. 

Smoking

Smoking is the best studied environmental risk 
factor involved in the development of RA. In a meta-
analysis which identified 16 studies published in 
Medline and EMBASE (between 1996 and December 
2006) that evaluated the association between smoking 
and disease onset risk, smoking was proven as a risk 
factor in heavy smokers (more than 20 pack years) 
and for seropositive disease (RF+) in men (1). The 

study of genetic and environmental factors shows that 
the influence of the environment, lifestyle habits – 
such as smoking – or other randomly intervening fac-
tors, also plays an essential role in the appearance of 
antiCCP antibodies and RA with positive antiCCP (2). 
Smoking and current smoking status has been proven 
as an independent risk factor for the radiological pro-
gression in all cases of early RA (3).

Smokers, and in particular heavy smokers, have 
an increased risk of developing RA even twenty 
years after smoking cessation (4). The association 
between smoking status and shared epitope contain-
ing HLA genes (HLA-DRB1 alleles) significantly 
increases the risk for antiCCP-positive disease both 
in Caucasians (OR between 20-25 for the associa-
tion HLA-DRB1 and smoking) (5) and in Asians (6).

Other environmental factors

Numerous other risk factors apart from smoking, 
such as socio-economic status and level of educa-
tion, exposure to silica dust, polluted atmosphere, 
exogenous hormone administration, infections, peri-
odontitis, exposure to ultraviolet radiation, vitamin 
D plasmatic levels, and alcohol consumption can 
modify the risk for disease development (7). How-
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ever, for the time being, with the exception of smok-
ing, the vast majority of risk factors remain unidenti-
fied or lacking sufficient data, even though their 
contribution to disease onset is probably significant. 

Occupational environmental factors

Exposure to silica dust, mineral oils or organic sol-
vents represent types of professional exposure with a 
proven influence on the risk of developing RA.

The relationship between silica dust exposure and 
RA has been intensively studied. A meta-analysis 
published in 2002 (8) presents the results of 10 epide-
miological studies between 1986 and 2001, which to-
talled 242 cases of RA associated with silica expo-
sure. Nine of the ten studies included in this 
meta-analysis outline the increased risk for disease 
development after exposure to silica dust from vari-
ous sources; in particular for men, a threefold increase 
in the global relative risk (3.43, 95% Cl 2.25-5.22) 
compared to patients for RA control lots. The results 
of the first part of the EIRA study (“epidemiological 
investigation of rheumatoid arthritis”), a populational 
case-control study which included over 900 RA pa-
tients, ages 18 to 70, residing in a geographical areas 
in central and southern Sweden, outline a threefold 
increase in disease onset risk (OR: 1.2 to 7.6) in male 
patients with significant professional exposure to sili-
ca dust (9). The second part of the EIRA study reports 
that male patients, active smokers and exposed to sil-
ica, have a 7.4 times higher risk of developing RA 
with positive antiCCP compared to non-smokers 
without exposure to silica (10). 

Professional exposure to mineral oils and the risk 
of developing RA represents another objective of the 
EIRA study: men with either respiratory or cutaneous 
professional exposure to mineral oils have an in-
creased risk of developing seropositive RA: RR = 1.4 
for RA (RF+) and 1.6 for RA antiCCP (+) (11).

An increased risk for developing RA has also been 
reported in professions that involved significant inha-
lation of organic solvents (upholsterer, hairdresser 
and blacksmith-bender) (12). Hairdressers, for exam-
ple, have a threefold increased risk for developing RA 
(OR 3.0; 95% Cl 1.0-9.4) compared to non-exposed 
women (13).

Mediterranean diet

The Cretan diet, with fruit, vegetables, cereal, 
fish, olive oil, less red meat and alcohol in moderate 
quantities (≤ 8 g/day) is the prototype of the Medi-
terranean diet, considered as being the healthiest 

type of diet. Several case-control studies have prov-
en the beneficial effect of the Mediterranean diet on 
RA disease risk and evolution. A prospective study 
conducted in a certain geographic area of Sweden, 
between 1996 and 2005, which included 1889 inci-
dent cases of RA and 2145 control cases, outlined a 
moderate decrease of disease development risk in 
those who consumed fish (1-7 days/week) and fish 
oil (1-3 times/month) (14).

The most recent data regarding the association 
between RA incident cases and the Mediterranean 
diet come from the analysis of the NHS I (Nurses’ 
Health Study) and NHS II studies. The studies were 
conducted between 1980 and 2008 and 1991 and 
2009 respectively, and they prospectively followed 
83.245 participants for NHS I and 91.393 for NHS 
II. The analysis, adjusted according to other risk fac-
tors, did not evidence a decrease in disease risk for 
those who adopted the Mediterranean diet (15). 
However, the multivariate analysis of RA incident 
case from these two studies did outline an increase in 
the risk of seropositive RA in association with regu-
lar consumption of carbonated drinks (including 
regular coca-cola, decaf coca-cola and other sweet 
carbonated drinks): consumption of ≥ 1 carbonated 
drink determined a 63% increase (HR: 1.63; 95 Cl: 
1.15, 2.30, P-trend = 0.004) in the risk of seroposi-
tive RA onset compared to those who drank none or 
one sweet carbonated drink at most per month. The 
analysis of a sub-sample of NHS patients with late 
onset-RA (age at onset > 55 years) showed a stron-
ger association with carbonated drink consumption 
(HR: 2.64; 95% Cl: 1.56, 4.46; P-trend <0.0001) (16).

 Alcohol consumption

In literature on the matter, several clinical case-
control studies show a decreased risk for RA in peo-
ple who consume alcohol. Data from two case-con-
tol studies conducted in the Nordic countries in 
Europe – the Swedish EIRA study and the Danish 
CACORA study – outline a 5% risk reduction 
(EIRA) and 2% respectively (CACORA) with the 
consumption of 16 g of alcohol (one drink), an in-
versely proportional relationship for disease risk 
with dose of consumed alcohol and a attenuation of 
the effect of the two established risk factors (shared 
epitope HLA-DRB1 alleles and smoking) (17).

The protective effect of alcohol consumption and 
the inversely proportional relationship between the 
amount of consumed alcohol and disease risk are 
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also supported by a case-control study which includ-
ed 873 RA patients and 1004 healthy individuals in 
the control group. All patients, recruited from the 
rheumatology department of a Sheffield hospital 
(Royal Halamshire Hospital) between 1999 and 
2006, with RA according to the 1987 ACR criteria, 
disease duration of at least 3 years and at least one 
erosion on hands or feet X-ray. Regular alcohol con-
sumption (more than 10 days a month) decreases the 
risk for RA 4.17 times (3.01-5.77) compared to non-
drinkers (18). 

Results of a recent metaanalysis support the pro-
tective effect of low and moderate alcohol doses. 
This effect begins to lose its significance if daily 
consumed doses exceed 15 g/day (19). Analysis of 
the data from two other prospective studies regard-
ing RA risk factors, NSH I and NHS II, show a mod-
est association between moderate alcohol consump-
tion and the risk of RA development: consumption 
of 5.0-9.9 g/day (the equivalent for 3-5 standard 
drinks per week) leads to a 22% decrease in the risk 
for RA development and 31% decrease in the risk for 
seropositive RA development compared to women 
who do not consume alcohol. The analysis of the 
type of drink shows that beer consumption and not 
wine or hard drinks is associated with risk reduction 
(20).

Exposure to ultraviolet radiation

Recent data regarding the risk of developing RA 
and exposure to ultraviolet radiation comes from the 
analysis of the two large prospective studies, NHS I 
and NHS II, which followed risk factors associated 
with new cases of RA amongst a large population 
sample of women (106.368 women in NHS I and 
115.561 women in NHS II) with ages between 30 
and 55 years old in 1976 and 25-42 years old in 1989 
respectively, which were followed until 2008 (NSH I) 
and 2009 (NHS II). Cumulative exposure to UV-B 
flux (low, average, high) represents a composite ap-
preciation of ambient exposure to UV according to 
latitude, altitude, and degree of cloudiness of the 
state of residence. In NHS I, high exposure to UV-B 
was correlated with a decreased risk of RA of up to 
21%, but this correlation was not registered in NHS, 
probably due to the use of sunscreen cream by the 
younger generation (21). 

Vitamin D

Data regarding the relationship between vitamin 
and the risk of RA development are contradictory. 

While the Iowa Women’s Health Study, which pro-
spectively followed a sample population of 29.368 
women aged 55 to 69 years old for 11 years, showed 
a decrease disease risk in women who ingested high 
doses of vitamin D (22), other studies do not observe 
a significant correlation between serum levels of 25-
OH vitamin D and the risk of developing RA (23,24).

Atmospheric pollution

In recent years, atmospheric pollution has been 
considered as a potential risk factor for RA. Traffic 
is considered a surrogate for atmospheric pollution, 
even though numerous other air pollution sources 
exist: fuel burning industry, forest fires, as well as 
solid fuel burning. 

The association between atmospheric pollution 
and RA has been investigated in three major studies: 
Nurses’ Health Study (NHS) in the SUA (it included 
90.927 women) (25,26), British Colombian (BC) 
Study in Canada (640.041 subjects were included) 
(27) and the Swedish Epidemiological Investigation 
of Rheumatoid Arthritis (EIRA) (1.497 new cases of 
RA and 2536 control cases) (28), with rather differ-
ent results. 

Two out of the three studies, NSH and EIRA, 
have calculated the risk for RA through exposure to 
atmospheric pollution, adjusting results after exclu-
sion of other risk factors, such as smoking and socio-
economic status. In NHS, RA incidence according to 
the distance from the residence to the highway was 
studied. Multivariate analysis, which excluded other 
potential risk factors (age, race, smoking, BMI, and 
so on), outlined the fact that women who lived 50 
meters at most from the roadways had a higher risk 
of developing RA compared to those who lived at 
least 200 meters away (HR=1.31; 95% Cl 0.98 – 
1.74). Differences were more evident in the case of 
non-smoking women (HR=1.62; 95% Cl, 1.04-2.52) 
(25).

The EIRA study followed the risk of RA onset in 
relation to atmospheric pollution by measuring the 
degree of pollution caused by traffic and home heat-
ing sources 5, 10 and 20 years before the first symp-
toms of the disease. An increase in global RA risk 
was registered in relation to exposure to pollutant 
gases (NO2 and SO2) 10 years before onset, but after 
adjusting results according to smoking and educa-
tion level, the significance of the results was reduced 
(OR= 1.18, 95%, Cl0.97-1.43 and OR = 1.09, 95%, 
Cl: 0.99-1.19 for SO2 and NO2 respectively). This 
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stratified analysis outlined a maintained level of risk 
for antiCCP-negative RA even after smoking and 
education adjustments (OR = 1.48, 95% Cl 1.13-
1.95 and OR = 1.22, 95% Cl 1.07-1.40 for SO2 and 
NO2 respectively) (28). 

Atmospheric pollution was not associated with 
antibody positivity or RA signs neither in popula-
tions with high risk (first degree relatives of RA pa-
tients), followed in a prospective study began in 
2002 up till 2012, which included 1.767 participants 
from Colorado (39%), California (29%), Nebraska 
(13%), Washington (11%), and New York (8%). RA 
risk in relation to pollution was calculated after ad-
justments made for age, ethnicity, gender, active 
smoking, and level of education (29). 

Socio-economic environment

The EIRA study, which included newly diag-
nosed cases of RA between 1996 and 2001 from a 
given geographic area of Sweden, also analysed so-
cio-economic status (level of education, occupation-
al class – both in accordance with Swedish classify-
ing systems) as a risk factor for the disease. In this 
study, 930 cases of RA were included (654 women 
and 276 men, with a mean disease duration of 10 
months) and 1.357 control-cases. The lowest disease 
risk was registered amongst subjects with higher 
education and the lowest degree of manual activity. 
The effect of socio-economic status was more evi-
dent in seropositive RA cases (30).  

Postmenopausal hormonal therapy

RA is an autoimmune disease with a evident pref-
erence for the female gender, regardless of age, but 
the highest incidence is registered for women ages 
55 to 64 years old, in peri- and postmenopausal peri-
ods (31), possibly due to the influence of hormonal 
factors, such as oestrogen (32).  

The relationship between hormone in use in post-
menopause and the risk for RA was explored in nu-
merous studies that offered contradictory data. In 

2015, the results of the EIRA study were published, 
which, for the first, investigated the association be-
tween the use of postmenopausal hormone therapy 
and the risk for developing antiCCP seropositive RA 
compared to antiCCP-negative RA, concluding that 
hormonal therapy in postmenopause can reduce the 
risk of seropositive RA in women over > 50 years 
old, who were actively using hormonal therapy at 
disease onset, but that there is no correlation in what 
regards seronegative RA (33).

Other potential risk factors

Studies published in the last years have shown 
correlations with other potential risk factors, such as:

• A diet high in sodium increases the risk of se-
ropositive RA in smokers (34) (there is recent 
data offered by studies performed on animals 
regarding the importance of sodium in the de-
velopment of autoimmune diseases through 
Th17 cells) (35);

• Gastrointestinal and urogenital infections are 
associated with a decreases risk of RA, hypo-
thetically through alterations of intestinal mi-
crobial flora (36).

• Physical activity can be a protective factor in 
RA aetiology (37).

A more profound analysis of RA epidemiology 
may contribute to identification of environmental 
factors that influence the onset of the disease in a 
restricted genetic context. For the time being, with a 
few exceptions, such as smoking, the role of other 
environmental factors, although significant, remains 
a good investigation subject. The relation between 
genetic predisposition and environment influence is 
unclear, one of the modalities of intervention in the 
onset of the disease might be the epigenetic changes, 
influencing both its course and the response to spe-
cific treatment. Thus, epigenetic changes induced by 
environmental factors represent one of the future re-
search topics regarding etiopathogeny of rheumatoid 
arthritis (38).
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