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Abstract

Objective: Rheumatoid arthritis (RA) is a multifactorial disease; it leads to disabling and painful chron-
ic inflammatory arthritis. Its onset may be delayed or even prevented by modifying the risk factors
involved. Many genetic, epigenetic, and environmental factors are implicated in the pathogenesis of
RA. The objectives of this case-control study were to assess various risk factors in our population and
to compare the same with age- and sex-matched controls.

Methods: We studied 118 cases with RA diagnosed using the EULAR criteria. In total, 581 age- and sex-
matched controls were selected. Each individual was administered a separate questionnaire regard-
ing their risk factors (known risk factors were studied). The implicated dietary factors were incorporat-
ed in a food frequency questionnaire (FFQ) and administered to both cases and controls. Comparison
was made between those who consume an item at a particular frequency, who consume less, and
who consume nothing at all. Among those who consume, each group was re-compared. Statistical
analysis was conducted using Statistical Package for Social Sciences (IBM Corp.; Armonk, NY, USA).
Results: There was significant relationship for family history, periodontitis, history of chikungunya, and
sun exposure (p<0.05). Association with various food items was studied using the FFQ, but the relation-
ship was inconsistent, probably due to consumption of modified diet by the persons with RA. Also, a
majority of cases were females and nonsmokers for assessing an association with smoking habits.
Conclusion: In our population, previous infections (e.g., chikungunya and poor oral hygiene with peri-
odontitis) were the prominently observed risk factors. Also, smoking was less common among wom-
en, and probably contributed less, as majority of cases were females. For dietary pattern association,
a prospective cohort study may be needed.
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Introduction

Rheumatoid arthritis (RA) is a disabling and painful chronic inflammatory arthritis that can lead to extreme
functional disability if not adequately treated; it is also the second commonest disease after to osteoarthri-
tis. It is @ multisystem inflammatory disease primarily affecting synovial joints. There are several genetic,
epigenetic, and environmental factors implicated in the pathogenesis of RA. These factors vary in different
populations, and there are several studies from different populations relating these pathogenic factors,
both negative and positive. This suggests that RA is a multifactorial disease, the onset of which may be
delayed or even prevented by modifying the risk factors involved. Also, several risk factors, such as genetic
factors, may not be modifiable. Many newer risk factors with variable effects are being proposed.

Autoantibodies and cytokines can develop many years prior to the diagnosis of RA. Thus, clinical RA devel-
ops in phases. There is an asymptomatic phase of genetic risk over which environmental exposures occur,
followed by an immune activation phase, which can be asymptomatic. Autoantibodies and inflammatory
markers are found in the serum. This phase may be followed by a phase of active disease, which starts as
minor articular symptoms and later results in frank arthritis. Initially, arthritis in many cases is unclassifiable
according to the 2010 ACR/European League against Rheumatism (EULAR) criteria. With time, the disease
evolves and can then be classified as RA by established criteria (1). Evolution of disease from undifferen-
tiated inflammatory polyarthritis to classical RA may take up to 5 years (2). Thus, a genetically suscepti-
ble individual when exposed to environmental risk factors, it triggers autoimmunity with autoantibody
production, and further exposures can cause further immune dysregulation and ultimately symptomatic
inflammatory arthritis. Many have a long preclinical phase during which autoantibodies develop, and this
is the time where we can modify the risk factors and further delay progression. Many environmental and
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dietary factors influence the disease onset.
The environmental factors implicated include
smoking habits, vitamin D levels, periodontitis,
and previous infection such as chikungun-
ya. Dietary factors include W3 fatty acids, salt
intake, fruits and vegetables, coffee and tea,
some with predisposition and others with pro-
tection. The objective of the present study was
to assess different etiologic factors and their as-
sociation with RA in our population in Calicut,
Kerala, India.

Genetic factors

Having a first-degree relative with RA increas-
es the RA risk by 3- to 9-folds compared with
that of the general population. It may be due
to the influence of shared genetic and/or en-
vironmental factors (3). More than 30 novel risk
loci are identified by genome association stud-
ies in addition to well-established associations
with the HLA-DRBIT “shared epitope” (HLA-SE)
alleles (4). Interactions between HLA-SE and
potentially other risk alleles and environmental
factors may contribute to RA pathogenesis (5-
7). Models that incorporate genetic, serologic,
and lifestyle/environmental factors can predict
the risk of developing RA more precisely than
any of these factors alone (6, 8).

Environmental factors

Smoking

Smoking is the most studied and implicated
preventable risk factor for RA, as proven by
many twin, case-control, and cohort studies
(9-25). This association was consistent for RF*
RA for male and female smokers, as observed
in a meta-analysis (26). A dose-dependent ef-
fect of pack-years of smoking was suggested
by some studies with a population-attributable
risk of 18%-25% (22, 23). Risk for RA exponen-
tially increases among smokers as it interacts
with all alleles of the SE (26). There may be geo-
graphical variations in the association between
smoking, ACPA, and RA, as some studies are
against specificity for ACPA* RA (27-29). Passive
smoking and smokeless tobacco do not seem
to increase the risk of RA (22, 30).

Periodontitis

Periodontitis is implicated as a risk factor for
the development of many immune-related
chronic inflammatory diseases. Oral bacteria,
such as Porphyromonas gingivalis, are strong
markers of disease status. Many studies have
shown the association of RA with periodon-
titis. The role of citrullination and subsequent
autoantibody responses as well as the role of
mediators released as a result of bacterial colo-
nization have been proposed in the pathogen-
esis of RA (31, 32). Influx of oxygen-consuming
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inflammatory cells and the overproduction of
reactive oxygen species leads to posttransla-
tional modification (33, 34). There is also enzy-
matic posttranslational modification (cleavage
of extracellular proteins by matrix metallopro-
teases, bacterial proteases, or citrullination by
PAD enzymes (35-37). P gingivalis expresses
both arginine-specific proteases and PAD and
may be linked to the inflammatory process in
RA (33, 38).

There appears an increased prevalence of peri-
odontitis and a higher rate of tooth loss in pa-
tients with RA in comparison with that in the
general population, as suggested by several
studies (39-45). RA may also be more preva-
lent among patients with periodontitis (42, 46).
Higher antibody titers against P gingivalis and
positive correlation with ACPA have been re-
ported in patients with RA (46, 47).

Vitamin D

Vitamin D deficiency is implicated in the patho-
genesis of several autoimmune conditions. It's
role as an immunoregulatory hormone also is
documented. Many dietary intake-based pro-
spective studies have failed to show any asso-
ciation between vitamin D and RA, except for
the lowa WHS (48-51). Dietary intake is not the
sole determinant of vitamin D status, because
it may also be affected by latitude and sunlight
exposure. Even with serum vitamin D3 levels,
some studies have failed to show any associ-
ation (52).

Infections and RA

Many infections, particularly those with artic-
ular manifestations, such as Epstein Barr virus,
Parvo virus B19, chikungunya virus, and some
bacteria, have been implicated as risk factors
for RA. Mechanisms by which this predisposi-
tion is different in different situations. For ex-
ample, in case of Epstein Barr virus, it is proba-
bly gp110 molecular mimicry; in case of Parvo
virus B19, it is alteration of function of FLS; and
in certain bacterial infections, it is the cell wall
mediated TLR 2 activation which is implicated.

Frequent outbreaks of chikungunya fever with
polyarthralgia have been observed, which is
also proposed as a risk factor for the future de-
velopment of RA, as suggested by human as
well as animal studies (53-55).

Meat

A diet high in protein is considered an etiolo-
gy of RA (56). However, many studies are also
in the favor of a low-protein diet leading to
the improvement of RA symptoms (57-60). The
prevalence of RA is higher in countries with
greater consumption of red meat (61). Pattison

et al. (62) reported the first prospective inves-
tigation of red meat and risk for inflammatory
polyarthritis and showed that higher intakes of
both red meat and total protein increased the
risk for IP, whereas meat iron showed no associ-
ation. However, there are also some studies that
have failed to show any association. For exam-
ple, a large prospective cohort study conduct-
ed among subjects of the Nurses'Health Study
failed to demonstrate any association (63).

High-salt diet

Studies in animal models and on human cells
have shown an effect of sodium chloride
(NaCl) on T,17 cells in promoting inflamma-
tion, which may be the reason for its proposed
association with RA. However, this association
was seen in some studies that were conducted
only among smokers with RA (64).

Fruits and vegetables

Consumption of fruits and vegetables has sever-
al health benefits, which may be largely related
to their antioxidant properties. Vitamins C and E,
lycopene, carotenoids, flavonoids, and possibly
fructose-mediated urate production are proba-
bly important in this regard (65). There are also
some studies that suggest that vitamin C and
B-kryptoxanthin (a carotenoid) have protective
roles, and some studies concerning dietary zinc
supplements also exist (66-69). Some studies
found no benefit of antioxidants, despite test-
ing multiple parameters of antioxidant content
(70, 71). Some observational studies examined
whole foods, showing a protective role (72).

Omega-3 fatty acids and fish

Several of studies have shown that omega-3
fatty acids decrease the severity of RA or have a
preventive role (73-82). Olive oil consumption
is one among the best studied omega-3 fatty
acids, and fish oil has proven benefits (83). The
prospective Danish Diet, Cancer, and Health
population-based cohort study of RA failed to
confirm a protective effect of olive oil; how-
ever, the consumption of oily fish did, show a
trend toward a protective effect (70).

Methods

The present study was a case-control study. Pa-
tients who were diagnosed with RA and who
satisfied the diagnostic criteria when they vis-
ited our OPD were included, whereas age- and
sex-matched individuals without RA, irrespec-
tive of other parameters and comorbidities,
were used as controls.

Informed consent was obtained from all partic-
ipants. The study was approved by the Institu-
tional Ethics Committee of the KMCT Medical
College.
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A total of 118 cases and 581 controls were in-
cluded. Of the 118 cases, 28% were older than
60y, 57% were aged between 40 and 59 y, and
15% were younger than 40 y. Also, 87% were
females and the remaining 13% were males. Al-
most 29% of the cases had a disease duration
of more than 10y, 33% between 5 and 10y,
and 38% less than 5 y. All patients were under
standard treatment for RA with drugs, such as
methotrexate, steroids, leflunomide, hydroxy-
chloroquine, and NSAIDs; other comorbidities,
such as diabetes, were less common among
the cases than the controls. Each individual was
administered a separate questionnaire regard-
ing their risk factors (known risk factors were
studied). The implicated dietary factors were
incorporated in a food frequency questionnaire
(FFQ) and were administered to both cases and
controls. Comparison was made between those
who consume an item at a particular frequency,
those who consume less, and those who con-
sume nothing at all. Among those who con-
sume, each group was re-compared. Statistical
analysis was conducted using SPSS.

Results

Genetic factors

In the present study, among the 118 cases, 15
(13%) had first-degree relatives with RA, two
(0.02%) had second-degree relatives, and only
1 (0.01%) had a third-degree relative with RA.
Among the controls, 15 (0.03%) had first-de-
gree relatives, none had second-degree rela-
tives, and two had third-degree relatives (Ta-
ble 1). The p value was significant, showing a
strong positive association, with an OR of 7.64.

Smoking

In our study group, majority of the cases were
women and all were nonsmokers. Hence, the
association could not be established.

Periodontitis

We compared the incidence of periodontitis
among those with RA and an age- and sex-
matched general population. The presence of
periodontitis was assessed by personal interview
and dental examination using probing pocket
depth and clinical attachment loss. The extent
of periodontitis was not graded. A total of 118
patients with RA and 581 age- and sex-matched
controls were observed. Among these cases, 46
had periodontitis (39%); however, among the
581 controls, only 61 (11.73%), with p<0.05 and
an OR of 5.84, showed a strong positive associa-
tion between RA and periodontitis (Table 2).

Sun exposure
We assessed the average sun exposure for at
least 1 hour per day in the open sun and the

usage of covered clothes in the sun. We com-
pared these results with those of controls (Ta-
bles 3 and 4).

Sun exposure and RA were negatively associ-
ated, which was statistically significant with
(p<0.05). The comparison was based on sun ex-
posure as well as the usage of covered clothes
on a routine basis (OR=1.13). This association
may be related to vitamin D, compounded by
other factors like exercise.

History of chikungunya

We compared the clinical history of chikungun-
ya in patients with RA and in controls. History
of chikungunya was assessed by IgM positivity
and typical symptoms during the epidemic of
chikungunya as per hospital records. There was
a significant association between the history of
chikungunya and RA. Among all cases, there
were 32.2% individuals with a history of chiku-
ngunya, whereas among controls, there were
only 4.48% with a positive history, the p value
being significant (Table 5) and OR of 8.73.

Meat consumption

We administered separate questionnaires for
cases and controls regarding meat consump-
tion, as frequency of servings taken. In our
study, we could not find any positive associ-
ation between meat consumption and RA.
Actually, there was a negative correlation (Fig.
1), with an OR<1. The probable reason was
that many of our patients with RA were long-
term RA patients and were advised to take less
amount of meat and a majority of patients
were even following this. Thus, this negative
association could not be taken as a real one,
although the p value was significant.

Salt intake

The assessment of salt intake was difficult in
our form of dietary practice, and we assessed
it using the questionnaire related to excess
salt intake in the form of specific food items:
salted fish and meat, papads (a food item with
high salt content), and pickles, according to
number of servings per day/week/month.
The comparison did not show any predispo-
sition with salt intake; however, RA was less
common in this group with a significant p
value (Figs. 2-4). OR also showed a negative
correlation. This may not be the real scenario
as many of the patients with RA were under
strict diet restrictions and low salt intake. To
assess this association, a prospective cohort
study is probably needed.

Vegetables and fruits
By personal interview, the average intake of
fruits and vegetables was separately assessed.
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Table 1. Family history

Cases  Controls p
Nil 100 564
First degree 15 15
Second degree 2 0.000
Third degree 1 2
Table 2. Periodontitis

p

Cases 39% 0.000
controls 11.73%
Table 3. Sun exposure

Cases  Controls p
No 20 93
Occasionally 86 264 0.000
Rarely 12 224

Table 4. Wearing covered clothes

Cases  Controls p
No 78 347
Usually 26 117 0.000
occasionally 14 103
Rarely 0 14
Table 5. h/o Chikungunya

Present  Absent p
Cases 32.2% 67.8%

0.000

controls 04.48%  95.52%

Table 6. Vegetable intake

Daily 102/118 482/581  0.353
Weekly thrice 51118 93/581 0.000
Weekly twice 6/118 3/581 0.455
Weekly once 21118 3/581
Occasionally 1118

Consumption among cases and controls was
grouped as number of servings per day/week/
month. Each group was then compared with
the rest of the population and also with the ex-
posed group (Figure 5).

The association was inconsistent through the
group. There appears to be a protective role
for vegetables, because the consumption in-
creases with a significant p value; however, this
association was not consistent for green leafy
vegetables (Table 6).
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Figure 3. Data on use of papads (plotted as
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Figure 4. Data on salted dry fish (plotted as
percentage)

There also appears a trend toward protective
roles for fruit; however, the association was not
statistically significant (Table 7).

Fish consumption
We studied fish consumption among the pa-
tients with RA and age-matched controls as
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Table 7. Fruit intake

p (comparison with p (comparison

Cases % Controls % less/non exposed) among exposed)
D3 0 1 0.318 0.020
D2 0 4 0.011
D1 22 22 0.992
w3 25 28 0.278 0.270
W2 25 12 0.001 0.001
w1 6 4 0.176 0.581
M3 0 4 0.027 0.009
M2 3 5 0.362 0.135
M1 2 1 0.397 0.426
0 13 10 0.042 0.277
N 4 9 0.049 0.037

D3: thrice daily; D2: twice daily; D1: once daily; W3: thrice weekly; W2: twice weekly; W1: once weekly; M3: thrice monthly; M2:

twice monthly; M1: once monthly; O: occasional; N: never (all in terms of at least one serving)

Table 8. Fish consumption

p (comparison with p (comparison

Cases % Controls % less/non exposed) among exposed)
D3 0 1 0.318 0.020
D2 0 4 0.011
D1 22 22 0.992
w3 25 28 0.278 0.270
W2 25 12 0.001 0.001
w1 6 4 0.176 0.581
M3 0 4 0.027 0.009
M2 3 5 0.362 0.135
M1 2 1 0.397 0.426
0 13 10 0.042 0.277
N 4 9 0.049 0.037

D3: thrice daily; D2: twice daily; D1: once daily; W3: thrice weekly; W2: twice weekly; W1: once weekly; M3: thrice monthly; M2:

twice monthly; M1 once monthly; O: occasional; N: never (all in terms of at least one serving)

the number of servings per day/month/week.
Regarding fish, there was a stronger associa-
tion throughout the group, with a more signif-
icant p value (Table 8). Comparison was made
on the basis of daily consumption as well as
whether consuming or not. Either way, a pos-
itive relationship was observed (OR=1.4 and
143, respectively).

Oily food and fried items

Consumption of oily food and fried bakery
items was also studied in the same manner.
Majority of the population used vegetable oil
for cooking, which also included coconut oil
(Tables 9 and 10). In fact, there was a negative
association with OR<1. This may be due to

modified long-term dietary habits followed by
patients on the physician’s advice.

In conclusion, omega-3/PUFAs have an incon-
sistent association as obtained from daily oil us-
age; however, fish intake, particularly on a daily
basis, has shown a protective effect against RA.
Other parameters investigated were tea, cof-
fee, alcohol, pan chewing, egg, milk, etc. These
variables did not show any association with RA.

Discussion

There is a positive association with a family
history of RA among close relatives as seen in
other studies. Regarding the environmental
factors studied, there is a definite correlation
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Table 9. Consumption of bakery items

p (comparison with p (comparison

Cases % Controls % less/non exposed) among exposed)
D3 0.5 0.277 0.536
D2 0.9 0.353
D1 4.3 5.7 0.361
w3 0.9 24.6 0.000 0.000
W2 34 8.6 0.000 0.032
W1 6.9 4.6 0.937 0.035
M3 3.6 0.003 0.012
M2 1.7 2.8 0.136 0.400
M1 0.9 9.5 0.000 0.001
0 62.9 11 0.000 0.000
N 19 28 0.039 0.032

D3: thrice daily; D2: twice daily; D1: once daily; W3: thrice weekly; W2: twice weekly; W1: once weekly; M3: thrice monthly; M2:

twice monthly; M1 once monthly; O: occasional; N: never (all in terms of at least one serving)

Table 10. Oily food/fried item intake

p (comparison with p (comparison
Cases % Controls % less/non exposed) among exposed)
D3 0.2 0.000 0.000
D2 11.2 0.000
D1 17.9 36.8 0.000
W3 5.1 22.5 0.000 0.211
W2 5.1 9.3 0.000 0.193
w1 34 1.9 0.164 0.713
M3 0.3 0.321 0.077
M2 2.6 0.000 0.080
M1 2.6 0.7 0.553 0.000
0 47.9 5 0.000 0.008
N 17.9 9.5 0.007 0.000

D3: thrice daily; D2: twice daily; D1: once daily; W3: thrice weekly; W2: twice weekly; W1: once weekly; M3: thrice monthly; M2:

twice monthly; M1 once monthly; O: occasional; N: never (all in terms of at least one serving)

100.00
80.00
60.00
40.00
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20.00
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Y 3 @ < &
S & ¢ &S
SN S
\$z® & & S

Figure 5. Data on use of vegetables (plotted
as percentage)

with the history of chikungunya. Another asso-
ciation was obtained with sun exposure, which
is negative. Vitamin D levels were not assessed.

Periodontitis was another factor found to be
significantly associated with RA.

Regarding the food items studied, the con-
sumption of vegetables and fruits seems to
have a protective role; however, the signifi-
cance is inconsistent. Another factor with a
protective effect was fish intake.

This study was not supported by any financial
aid. The authors report no conflicts of interest.

Study limitations

Genetic and environmental factors were easi-
ly comparable between the groups; however,
many of the patients were long-term RA pa-
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tients and it was difficult to obtain their dietary
habits prior to disease development. Rather,
many of them were advised by the treating cli-
nician regarding the dietary modifications and
the need to maintain an ideal body weight.
Thus, many reported modified sorts of dietary
habits. This was probably the reason for the
lack of association with many dietary elements.
For obtaining such details, a prospective co-
hort study is needed.
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