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Lifestyle and the risk of rheumatoid arthritis:
cigarette smoking and alcohol consumption
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Abstract
In a search for aspects of behaviour related to
oral contraceptive use which might explain
the favourable effect of oral contraception on
the onset of rheumatoid arthritis (RA),
cigarette smoking and alcohol consumption
were studied as possible risk factors. Infor-
mation on cigarette smoking and alcohol
consumption was obtained by interview at the
first visit to the outpatient clinic of 135 young
women with confirmed definite or classical
RA of recent onset and 378 control patients
with soft tissue rheumatism or osteoarthritis.
The diagnosis in all patients was confirmed by
at least two years of follow up.
Of the patients with RA, 44/135 (33%) were

current cigarette smokers compared with
181/378 (48%) of the controls. The percentage
of smokers among the controls was similar to
that of women smokers in the general popula-
tion. The adjusted risk of RA in women who
smoked at least one cigarette a day was 0-61
(95% confidence interval (CI) 0-42 to 0.89).
Thirty one (23%) patients with RA and 137
(36%) controls were alcohol drinkers. The risk
of RA in women who consumed alcohol at
least once a day was 0.52 (95% CI 0*33 to
0.84). The low relative risk estimates for
cigarette smoking and alcohol consumption
were mutually independent and also indepen-
dent of oral contraceptive use, the presence of
the HLA-DR4 antigen, or a positive family
history of RA.
The low incidence of alcohol consumption

in the patients with RA might be due to the
discontinuation of alcohol consumption after
disease onset. The low incidence of cigarette
smoking in the patients might reflect a protec-
tive effect of cigarette smoking on RA onset,
possibly induced by changes in the immune
system.

Conflicts in published reports about a possible
protective effect of oral contraception on the
onset of rheumatoid arthritis (RA) suggested
that certain aspects of behaviour related to oral
contraceptive use might be responsible for the
reduction of RA.' In some studies of oral
contraception and the risk of RA smoking
habits were found to be different in the patients
with RA and their controls.2 3Cigarette smoking
is known to influence oestrogen related con-
ditions such as osteoporosis, onset of meno-
pause, and oestrogen dependent malignancies.46
It seems also to affect immune regulation.7 8
As RA is an immune mediated disease, probably
modified by sex hormones,9 -cigarette smoking

might be a risk factor. Data of a case-control
study, originally started to investigate the
association between oral contraception and RA,
were used to explore the relation between
cigarette smoking and RA. Because we were
interested in aspects of behaviour related to oral
contraception we also looked at alcohol con-
sumption.

Patients and methods
Details of the ascertainment of patients and
controls are described in the original report.'0
Patients and controls were drawn from all
women attending the outpatient clinic for
rheumatological disorders of the University
Hospital in Leiden for the first time during the
period 1982-1986. The age at first visit had to
be between 20 and 50 years and onset of
symptoms had to be within five years before the
first visit. Patients were women with definite or
classical RA according to the 1958 American
Rheumatism Association criteria. The control
group comprised women with soft tissue rheu-
matism or osteoarthritis. Detailed information
was obtained by interview from 135 patients
(response rate 98%) and 378 controls (response
rate 94%). We obtained information on the
number of cigarettes smoked daily and the daily
number of alcohol consumptions at the time of
the first visit. Further, we had information on
the family history of RA, pregnancies, oral
contraceptive use, menopause, and drug use.
There was a complete follow up of 96% of all

patients and controls until 1987, which sup-
ported the consistency of the diagnosis.

Ninety nine per cent of the patients and 96%
of the controls had been tissue typed for the
HLA-DR4 antigen.

ANALYSIS
For the analysis we used exposure to cigarette
smoking and alcohol consumption at the time of
the first visit to the outpatient clinic. Crude
odds ratios with 95% confidence limits were
estimated according to Woolf. " In case-control
studies of diseases with a low incidence the odds
ratio can be considered as a relative risk
estimate. Simple stratification was performed
for the variables year of birth, age at onset of
symptoms, use of oral contraceptives before
onset of symptoms, HLA-DR4, family history
of RA, and-if not the exposure variable-
cigarette smoking or alcohol consumption. If
there was an indication for effect modification
the respective interaction term was entered in a
logistic regression model and tested for signifi-
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cance with maximum likelihood ratio test statis-
tics. The logistic regression model was also used
to control simultaneously for confounders. The
following variables we considered a priori to be
of interest as potential confounders: year of
birth, age at onset of symptoms, marital status,
menopause, use of oral contraceptives before
onset of symptoms, and-if not the exposure
variable-cigarette smoking or alcohol con-
sumption. All variables were entered in the
model as continuous variables except oral con-
traceptive use and marital status, which were
entered as categorical variables. Tests for linear
trend were performed with the Mantel-Haenszel
test. 12

Results
Table 1 shows the basic characteristics of
patients and controls. The main differences
between patients and controls were their smok-
ing and drinking habits and their previous use
of oral contraceptives. Patients less often used
oral contraceptives before onset of symptoms
and abstained more often from smoking and
alcohol than controls. Some variation was found
in the rest of the basic variables. Of the patients
with RA, 44 (33%) were current cigarette
smokers compared with 181 (48%) of the

Table I Characteristics of patients and controls. Number
(%) of patients is given

Chracteristic Patients Controls
(n= 135) (n=378)

Year of birth
1932-1939 37 (27) 91 (24)
19401944 29 (21) 79 (21)
1945-1952 38 (28) 107 (28)
1953-1966 31 (23) 101 (27)

Age at symptom onset (years)
16-20 3 (2) 11 (3)
21-30 31 (23) 92 (24)
31-40 47 (35) 147 (39)
41-50 54 (40) 128 (34)

Marital status
Married 107 (79) 294 (78)
Unmarried 21 (16) 66 (17)
Widowed or divorced 7 (5) 18 (5)

Number of pregnancies
0 39 (29) 86 (23)
1-2 53 (39) 153 (40)
2-_3 43 (32) 139 (37)

Menopausal status
Premenopausal 120 (89) 312 (83)
Postmenopausal 15 (11) 66 (17)

Smokers 44 (33) 181 (48)
Alcohol drinkers 31 (23) 137 (36)
Oral contraception use

before symptom onset 94 (70) 323 (85)

Table 2 Relative risk of rheumatoid arthritis estimated
for cigarette smoking at time of first visit to the outpatient
clinic versus no smoking

Crude odds Adjusted
ratio odds ratio*
(95% CI) (95% CI)

31 Cigarette/day v 0-53 0-61
no smoking (0-35 to 0-80) (0-42 to 0-89)

1-10 Cigarettes/day v 0-56 0-60
*no smoking (0-28 to 1-15) (0-33 to 1-08)

11-20 Cigarettes/day v 0-45 0 53
no smoking (0-26 to 0 86) (0-32 to 0 89)

321 Cigarettes/day v 0-57 0-82
no smoking (0-28 to 1-18) (0-44 to 1-50)

*Odds ratio calculated with a logistic regression model adjusted
for year of birth, age at onset of symptoms, parity, alcohol
consumptions (entered as continuous variables) and oral contra-
ceptive use, marital status, menopause (entered as categorical
variables).

control women. The risk of RA in women who
smoked at least one cigarette a day was con-
siderably lower than in women who did not
smoke-the relative risk estimate being about
one half. Table 2 shows the crude and adjusted
odds ratios. The odds ratio for >,1 cigarette a
day changed only marginally from 053 (95%
confidence interval (CI) 035 to 080) to 0-61
(95% CI 0-42 to 089) after adjusting for the
potential confounders. Thus the effect of
cigarette smoking on the development of RA
was independent of the effect of oral contracep-
tive use. No trend was found for the number of
cigarettes smoked daily (table 2).

Thirty one (23%) patients and 137 (36%)
controls were alcohol drinkers. The relative risk
of RA in women who had one or more alcohol
consumptions a day was also close to one half
(odds ratio 052, 95% CI 033 to 084). The
odds ratios adjusted for all potential confounders
were almost the same as the crude odds ratios
(table 3), indicating that the effect of alcohol
consumption was independent of oral contra-
ceptive use or cigarette smoking. Although the
relative risk of RA was lower for high alcohol
consumption than for moderate alcohol con-
sumption, this trend was not significant
(p=O0 1). No interaction between cigarette
smoking or alcohol consumption and all sug-
gested effect modifiers (see 'Patients and
methods') was found.
The percentages of current cigarette smokers

among patients and controls were compared
with the expected percentages in the general
population (table 4). The percentages ofcigarette
smoking controls stratified by age group corres-
ponded with the percentages of female smokers
in the general population. Alcohol consumption
could not be compared accurately because
different ways of determining alcohol consump-
tion have been used.

Table 3 Relative risk of rheumatoid arthritis estimated
for akohol consumption at time offirst visit to the outpatient
clinic versus no akohol consumpion

Crude odds Adjusted
ratio odds ratio*
(95% CI) (95% CI)

>1 Alcohol
consumption/day 0-52 0 54
v none (0-33 to 0 84) (0 35 to 0 82)

1-2 Alcohol
consumptions/day 0-63 0-62
v none (0-38 to 1-07) (0 40 to 0 98)

¢3 Alcohol
consumptions/day 0-28 0-31t
v none (0-11 to 0 72) (0-13 to 0 74)

*Odds ratio calculated with a logistic regression model adjusted
for year of birth, age at onset of symptoms, parity, number of
cigarettes (entered as continuous variables) and oral contra-
ceptive use, marital status, menopause (entered as categorical
variables).
tp=0 1 for linear trend.

Table 4 Percentages of patients and controls smoking in
the years 1982-1986 compared with the percentages in the
general population in 1984*

Age group Patents Controls General
(years) population
19-24 31 52 52
25-34 34 57 55
35-49 31 46 42

*Percentages based on survey data from the Central Bureau
of Statistics.
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Discussion
The original presumption that certain aspects of
behaviour related to oral contraception might be
responsible for a risk reduction of RA resulted
in the surprising finding that cigarette smoking
and alcohol consumption had a protective effect
on the development of RA which was inde-
pendent of oral contraceptive use. These risk
factors were also mutually independent. The
protective effect of cigarette smoking contradicts
previous reports, in which an increased risk of
RA among current smokers was suggested.2 3
Studies on alcohol consumption as a risk factor
for RA have not been carried out as far as we
know.
Our study was not primarily started with the

intention of investigating cigarette smoking and
alcohol consumption as possible risk factors.
Therefore, we only obtained information about
cigarette smoking and alcohol consumption at
time of first visit and exact data on smoking and
alcohol use at the time of the onset of symptoms
were not recorded. The time interval between
onset of symptoms and the first visit to the
outpatient clinic was quite short (mean 1[5
years), however, and similar for patients and
controls. Furthermore, patients and controls
were women with comparable symptoms and
most of them were only diagnosed during or
after their first visit to the outpatient clinic.
Although we had no information about discon-
tinuation of smoking and drinking between the
onset of symptoms and the first visit one would
expect it to be similar in patients and controls in
view of their comparability otherwise. Cigarette
smoking was apparently not discontinued
among the controls as shown by the fact that the
percentage of smokers among the controls was
similar to that of current smokers in the general
population (table 4). The possibility cannot be
excluded, however, that patients diagnosed by
the family doctor as probable RA felt that
smoking might contribute to their deterioration
in health and therefore were more inclined to
stop smoking than patients diagnosed as
probably having soft tissue rheumatism or a
degenerative condition. Although accurate
comparison of alcohol consumption was not
possible, we had the impression that the patients
with RA and the controls used less alcohol than
women in the general population. It is likely
that alcohol consumption diminished or was
stopped when treatment with drugs was started.
At least 200/o of the controls and up to 66% of
the patients with RA were using pain killers
regularly. Abstemiousness from alcohol in
(male) patients with RA compared with osteo-
arthritic controls has been reported previously. 13
This disparity in alcohol consumption seemed
to be due to a striking increase in joint pain after
drinking alcohol, fear of adverse drug reactions
with alcohol, and a belief that 'alcohol and
arthritis do not mix'.
The differences in smoking habits between

patients and controls and therefore the possible
protective effect of cigarette smoking on RA
development seems a more acceptable finding in
our study. The two studies which contradict our

results for smoking also disagreed about the
protective effect of oral contraceptive use in
RA.2 3 Cigarette smoking is known to have
antioestrogenic effects4 14 and therefore should
counteract the immunomodulating activities of
female hormones. Higher concentrations of the
androgens dehydroepiandrosterone sulphate
and androstenedione have been found in
cigarette smokers than in non-smokers.'5
Androgens can also suppress immune res-
ponses,'6 17 which might explain the reduction
of RA in smokers. Cigarette smoking may
induce diverse changes in the immune system
independent of hormonal pathways.7 8 In
analogy with the smoking induced decrease of
Langerhans' cells in the cervix with subsequent
increase of cervical neoplasia,8 Spector and
Blake suggested that reduction of the dendritic
cells in the synovial membrane might lower the
risk of RA.'8
Although this study was not primarily started

to investigate the association between cigarette
smoking, alcohol consumption, and the onset of
RA, the results seem to be sufficiently curious
to warrant new studies on this subject.
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