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Sarcoidosis: a disorder commoner in non-smokers?
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ABSTRACT The smoking habits of 202 patients presenting with sarcoidosis, as recorded in the
clinical case records, were compared with figures from the General Household Surveys (GHS) to
determine whether there was any association between smoking habit and sarcoidosis. In 19 there
was no record of smoking habit. Of the remaining 183 patients, 40 (21 9%) were smokers, which was
significantly less than expected from the GHS figures (p < 0 001). This association between non-
smoking and sarcoidosis persisted despite further analysis by sex and age distribution and socio-
economic grouping. Statistical likelihood models showed that ex-smokers were similar to current
smokers with respect to the association between smoking and sarcoidosis. This association was
greatest in those patients with stage I sarcoidosis and less for those with other stages of the disease.

Cigarette smoking has been implicated in the patho-
genesis of many respiratory disorders, including
bronchial carcinoma and chronic airflow obstruction.
In contrast, non-smoking is associated with extrinsic
allergic alveolitis' and ulcerative colitis,2 disorders
which may have an immunological basis. We discov-
ered that of 11 patients with sarcoidosis only one
smoked and we therefore carried out a survey to see if
smoking habit was associated in any way with
sarcoidosis.

Methods

We reviewed the case notes of patients presenting
with sarcoidosis to the Northern General Hospital,
Edinburgh; Victoria Hospital, Kirkcaldy; Milesmark
Hospital, Dunfermline; Bangour General Hospital,
West Lothian; and Peel Hospital, Galashiels; from
1971 to 1982. All patients were seen by consultant
physicians with an interest in respiratory medicine
and all had either bilateral hilar lymphadenopathy
and erythema nodosum or a positive Kveim test reac-
tion or typical histological appearances on biopsy.
Staging of sarcoidosis was obtained from the reports
of chest radiographs and cross checked with consul-
tants' letters. Details of smoking habit at the time of
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presentation were usually found in the referral or con-
sultant's letter, and wherever possible was cross
checked by reviewing the pulmonary function labora-
tory records and nursing Kardex notes. For the pur-
pose of this study, patients who were reported to
smoke "occasionally" or who smoked a pipe or cigars
were classified as being smokers. Ex-smokers were
defined as those who were recorded as having stopped
smoking at least six months before presentation.
Smoking habits at diagnosis were compared with

information obtained from the General Household
Surveys (GHS) for 1972-82.3 These give the propor-
tion in four smoking categories (never smoked, ex-
smoker, light smoker, and heavy smoker) within 12
age/sex groups at two yearly intervals. Thus for each
patient in the study an estimate of the proportion of
smokers among age and sex matched controls at the
time of diagnosis could be obtained. These figures
were the basis for determining the "expected" num-
bers of smokers in our sample of patients with sar-
coidosis and the variance of the number of smokers
was calculated by summing the individual variances
obtained from the binomial distribution. As well as
significance tests based on a comparison of the
observed and expected numbers of smokers, like-
lihood models were used to estimate the relative risk
of sarcoidosis in smokers and non-smokers and to
determine the effect of variables on these risks. These
models were extended to consider the relative risks
within the four subcategories of smoking habit. In the
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application of the likelihood models likelihood ratio
(LR) tests were used to determine the statistical
significance of terms in the model (appendix).

Results

We reviewed the case notes of 202 patients with
sarcoidosis. In 19 there was no record of smoking
habit and these patients were excluded from the anal-
ysis. Of the remaining 183 patients, 40 (21-9%) were

smokers, compared with the expected number of 78 7
(43 0%) calculated from the cumulative GHS figures
for 1972-82. There were therefore significantly fewer
smokers in our group of patients than would be
expected in the general population (p < 0.001). The
estimated relative risk for smokers of developing
sarcoidosis was 0 36, with 95% confidence limits of
0 25 and 0 52. Twenty-three (12.6%) patients were ex-

smokers, which is significantly less than the expected
number of 33 (p < 0 05).
The observed and expected numbers of smokers in

the 183 patients with sarcoidosis are shown in table 1.
In all but one of the hospitals the number of patients
presenting with sarcoidosis who smoked was

significantly less than would be expected from the
GHS figures. The exception was Milesmark Hospital,
Dunfermline, from which only 10 case notes were

obtained. The number of smokers in our group of
patients with sarcoidosis was significantly less than
expected in every two year period during this survey

except for 1971-2, when only seven patients
presented. Ninety three of the 183 patients were

women and there were significantly fewer smokers in
both sexes than would be expected from the GHS
figures. Most of the patients were aged 20-49 years at
the time of presentation and in these age groups there
were significantly fewer smokers than would be
expected. In the remaining 26 patients aged 50 years

or more the number of smokers was not significantly
different from the census figures, though the trend
was the same as in the younger patients. Details of
socioeconomic grouping were obtained from 135
(73 8%) case notes. The smokers did not predominate
in any of the socioeconomic groups, but the slightly
higher relative numbers in the manual groups was as

expected. Analysis showed there to be fewer smokers
in the patients with sarcoidosis than would be
expected in both the non-manual and the manual

Table 1 Details ofobserved and expected number ofsmokers in 183 patients with sarcoidosis

No of Observed No Expected No
patients ofsmokers (0) ofsmokers (E) SEM OIE p

Hospital
Northern General,

Edinburgh 72 19 32-0 4-2 0-59 0 003
Victoria, Kirkcaldy 44 8 193 33 0-41 < 0001
Milesmark, Dunfermline 10 3 4 5 2-4 0 67 NS
Bangour General,
West Lothian 34 7 138 2 8 0351 003

Peel, Borders 23 3 92 23 033 001
Year of diagnosis
1971-2 7 4 35 13 114 NS
1973-4 24 6 117 24 051 003
1975-6 32 8 14 5 2 8 0.55 0-03
1977-8 21 4 9 3 2 3 0 43 0-03
1979-80 44 6 188 33 032 < 0001
1981-2 55 12 210 36 057 002
Sex
Male 90 24 41 5 4-7 0-58 < 0001
Female 93 16 37-2 4-7 0 43 < 0 001
Age (y)

4804 -020-34 96 21 428 48 049 < 0001
35-49 61 14 269 3.9 052 < 0001
) 50 26 5 9 1 2 4 0.55 NS

Social class
1-lll non-manual 69 13 30 7 4-1 0-42 < 0-001
III manual-V 66 19 27 5 4 0 0-69 0-04
Not recorded 48 8 20 5 3-4 0(39 < 0-001
StageStage 94 13 415 4-8 031 < 0001
11 48 17 206 34 083 NS
Other 41 10 166 3-1 060 005
Erythema nodosum
Present 67 5 289 40 017 <0001
Absent 116 35 49.9 5-3 0 70 0-007

Allpatients 183 40 787 66 051 < 0001
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social groups.
Ninety four (51-4%) patients had stage I sarcoid-

osis at presentation and 13 of these were smokers,
compared with an expected number of 41-5 (table 2).
Forty eight (26.2%) patients had stage II and 34
(18-6%) stage III sarcoidosis and in neither of these
groups was there a significant difference between the
number of smokers observed and that anticipated
from the GHS figures, though when the stages were
combined there were fewer smokers than expected
(p = 0-03). Sixty seven (36-6%) patients had been
reported to have erythema nodosum around the time
of presentation, 52 of these having stage I disease.
Five of these patients with erythema nodosum were
smokers, compared with an expected number of 28-9.
Of the variables considered, only the stage of sar-

coidosis and the presence or absence of erythema
nodosum appeared to exert any influence on the mag-
nitude of the association with non-smoking. Like-
lihood models were applied to test whether the appar-
ent differences in the relative risks in the various
subgroups were significant. Both stage (stage I v other
stages) and erythema nodosum (present or absent)
considered in isolation were shown to have a
significant effect on the magnitude of the relative risk
from smoking (LR tests-stage: x2 = 8-9, p = 0-003;
erythema nodosum: x2 = 14-7, p < 0-001). When
both variables were allowed simultaneously into a
multiplicative model, the effect of erythema nodosum
was still statistically significant at the 1% level but the
statistical significance of stage was lost. The use of a
more detailed model incorporating the four smoking
categories gave a rather different picture. With a
different relative risk of sarcoidosis allowed for within
each smoking category, both stage (LR test:
X = 16-9, p < 0-0001) and erythema nodosum (LR
test: x2 = 8-3, p = 0-004) were again shown to modify
these risks. This time, however, when the effect of
both variables was considered simultaneously;

Table 2 Distribution ofsmoking habit in the different stages
ofsarcoidosis

Observed Expected SEM OIE

Non-smokers 120 7040 64 1 70
Ex-smokers 23 33 87 5.1 068
Light smokers 25 41 38 56 0-60
Heavy smokers 15 37-35 5-4 0-40
Stage I (n = 94)
Non-smokers 74 35 28 4.6 2.10
Ex-smokers 7 17-17 37 0-41
Light smokers 8 21 32 40 0-38
Heavy smokers 5 2023 39 025
Other stages (n = 89)
Non-smokers 46 35 12 4 5 1-31
Ex-smokers 16 16-70 3-6 0-96
Light smokers 17 20 06 3-9 0 85
Heavy smokers 10 17 12 3-7 0 58
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Table 3 Estimated relative risks and 95% confidence
intervals by stage and smoking categories

Smoking category Stage I Other stages

Non-smokers 100 1-00
Ex-smokers 0-18 (0-10, 0-33) 0 72 (0-43, 1.20)
Light smokers 0 17 (0 10, 0 30) 0-68 (0 40, 1.15)
Heavy smokers 0 11 (0-06, 0-21) 0 44 (0 24, 0 81)

erythema nodosum was found not to be of statistical
significance while stage maintained significance at
almost the 0-1% level. Using likelihood models
revealed no evidence of interaction between stage and
erythema nodosum. The coefficients showing the
relative risk in the ex-smokers, light smokers, and
heavy smokers indicated the order that would have
been expected from a "dose-response" relationship
(table 3), though the difference between them was not
significant (LR test: x2 = 2-5, p = 0-28).
The paradox in the above analysis arises from the

contribution of the ex-smokers and in particular the
anomalous results in a small group of patients with
erythema nodosum and more advanced stages of sar-
coidosis. This group has five ex-smokers, compared
with an expected number of 2-1, and their effect is
critical. In the first analysis presented, where ex-
smokers and non-smokers were grouped together, the
association between smoking and a lower incidence of
sarcoidosis was stronger in patients with erythema
nodosum, with differences between stage I and other
stages possibly incidental (p = 0-11). With ex-
smokers either considered separately, as in the second
analysis, or grouped with smokers, the association
appeared to be affected only by whether or not the
patient had stage I disease. Comparison of the like-
lihood according to the alternative models showed a
much better fit when ex-smokers were considered
separately or included with smokers than when only
current smoking was considered. The most simple
model that describes the data adequately suggests
that regular smoking at any time is associated with a
lower incidence of sarcoidosis. Furthermore, this
association is stronger in stage I disease, where the
estimated relative risk compared with non-smokers is
0-15 (95% confidence limits 0-09-0-24) than in other
stages, where the relative risk is 0-59 (0-39-0-89).

Discussion

In this survey smoking was uncommon in patients
with sarcoidosis. This was because a high proportion
of patients had never smoked and also because there
were fewer ex-smokers than expected. It could be
argued that the recording of smoking habit in patients
referred to hospital is different from a survey of the
general population and that many of those patients
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recorded as non-smokers in this study were actually
ex-smokers. There was, however, a difference in dis-
tribution of smoking habit between the different
stages of sarcoidosis (table 2), implying that there was
no consistent bias against the recording of ex-
smokers. Although retrospective analysis of clinical
case records has many inherent shortcomings, our
findings are consistent in different hospitals and
throughout the period of study. In 19 patients there
was no record of smoking habit, but even if all these
patients had been smokers there would still have been
significantly fewer patients smoking than would be
expected. Sarcoidosis is frequently asymptomatic and
intrathoracic disease is often discovered on a chest
radiograph performed as a screening procedure. Non-
smoking habit, however, seems unlikely to have
influenced referral for radiography in symptomless
patients. This association between non-smoking and
sarcoidosis persisted despite further analysis of sex
and age distribution and socioeconomic grouping,
factors known to influence smoking prevalence. We
therefore believe that these results show that non-
smoking is more common in patients with sarcoidosis
than in the general population.
The association between sarcoidosis and non-

smoking was greatest in patients with stage I and
much less for those with the other stages of the dis-
ease. A further study would be required to see
whether smoking alters the progression of sarcoidosis
from stage I to more extensive pulmonary disease.
Erythema nodosum also initially appeared to exert an
influence on the magnitude of the association but this
did not persist after further statistical analysis. A
study of patients with erythema nodosum with or
without sarcoidosis would be necessary to discover
whether non-smoking is also associated with this con-
dition.
The results of our survey contrast with those

reported from Canada by Warren,' who found that
the smoking habits of 75 patients with sarcoidosis
were similar to those expected from the general popu-
lation figures for the Prairie Region for 1973, 31
(41 %) being current smokers. The mean age of these
Canadian patients was, however, higher (42 years)
and all 75 had been diagnosed as having sarcoidosis
with compatible histological appearances in lymph
node or liver biopsy specimens. Many patients with
stage I disease may therefore have been excluded,
which could have increased the percentage of smokers
in this group of patients. A case controlled study of
141 patients with sarcoidosis in the State of Georgia
in the United States, which included those found to
have hilar adenopathy on routine chest radiography,
showed a highly significant negative association
among white patients between sarcoidosis and ciga-
rette smoking, but this was not found in the black

population.4 Similarly, a study from New York City
reported that, of 240 patients with sarcoidosis
confirmed by either Kveim test or other typical histo-
logical appearances, 113 (47%) had never smoked
cigarettes, compared with only 62 (26%) of 240 con-
trol patients with tuberculosis matched for age, sex,
race, and area of residence.5
The reasons why non-smoking is associated with

sarcoidosis are unknown. Smoking has been shown to
hasten the clearance of inhaled particles from the
lung6 and, in vitro, alveolar macrophages from smok-
ers are more active than those from non-smokers.7
Hence the lungs of smokers may be able to remove
the antigen or other stimulus that might otherwise go
on to produce the histological changes of sarcoidosis.
Alternatively, cigarette smoke may suppress T lym-
phocyte function8 and therefore prevent T cell activa-
tion, which is thought to precede the formation of a
granuloma. These hypotheses, however, do not
explain why those who have stopped smoking for at
least six months have a reduced risk of developing
sarcoidosis. Whatever the mechanism, our survey
suggests that non-smoking is commoner in patients
with sarcoidosis than in the general population and
that further studies are needed to see whether smok-
ing habit has any influence on the progression or
severity of this disorder.

We wish to thank Miss A Hunter for typing the
manuscript.

Appendix: Model for estimation of relative risk
Let the probability that a non-smoker has sarcoidosis
be denoted by )O (which will remain unknown), and
let the relative risk in ex-smokers, light smokers and
heavy smokers be denoted rE, rL and rH respectively.
Then the corresponding probabilities of having sar-
coidosis in these three categories will be AorE, )orL,
and AorH.
We will let PN, PE, PL, and PH denote the proba-

bilities that an individual is a non-smoker, ex-smoker,
light smoker, and heavy smoker. These terms will in
fact depend on the age and sex of the subject and the
year to which we are referring and will be obtained
from the General Household Survey.

Prob (non-smoker and diseased) = PNA)O
Prob (ex-smoker and diseased) = PEiOrE
Prob (light smoker and diseased) = PL)OrL
Prob (heavy smoker and diseased) = PH)OrH

Hence, given that a patient has sarcoidosis, we can
write down the conditional probability for each of the
smoking categories for example, conditional proba-
bility of being an ex-smoker = PE rE/d, where d = PN
+ PE rE + PL rL + PH rH.
Consequently, by using the usual maximum like-
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lihood approach we can obtain estimates and stan-
dard errors for the relative risk terms in the above
expression. Thus we choose estimates for rE, rL, and
rH to maximise
L = Z log(pN/d) + Z log(pErE/d) +

non- ex-
smokers smokers

+ Z log(pLrL/d) + Z log(pHrH/d)
light heavy
smokers smokers

and obtain standard errors for these estimates from
the matrix of second partial derivatives of L with
respect to rE, rL, and rH.

This model can readily be extended to test whether
these relative risks differ significantly for various sub-
groups (for example, men versus women), and
whether they differ according to the stage of disease.
To illustrate the approach let us consider whether

the relative risks are the same in stage I disease as in
other stages. If we define a dummy variable s to take
the value I when a patient has stage I disease, and to
take the value 0 otherwise, then we could simply fol-
low the approach described above but replace rE
throughout by rE mE, rL by rL mL, and rH by rH mH .
In this model rE, rL, and rH denote the relative risks in
stages II onwards, while m indicates the extent to
which these relative risks are multiplied in stage I dis-
ease. A particularly interesting model in practice has
been this model with the restriction

mE = mL = mH-
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The statistical significance of terms in the model is
obtained by using likelihood ratio tests. Confidence
limits for the relative risks are obtained via a loga-
rithmic transformation: that is, the logarithms of the
relative risks and the associated standard errors are
estimated and used to obtain confidence limits in the
logarithmic scale. These are then transformed back to
confidence limits for relative risk.
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