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Focused review

Sarcoidosis and smoking: An unlikely duo

Jonathan Kopel BS

Abstract

Sarcoidosis is a granulomatous pulmonary disorder in middle-age adults characterized 
by systemic proliferation of helper T cells. Fewer than 10% of sarcoidosis patients have a 
family history, and many cases develop from interactions between environmental exposure 
and genetic polymorphisms. Several epidemiological studies suggest cigarette smoke with 
nicotine may prevent sarcoidosis. Given the many studies linking smoking to several diseases 
and long-term complications, recommending smoking or nicotine therapy for granulomatous 
lung diseases, such as sarcoidosis, remains a difficult proposition. More research is needed to 
isolate the chemical component(s) in cigarette smoke that might reduce the risk of sarcoidosis 
and determine efficacy and potential adverse effects. In addition, more investigation is needed 
to determine whether cigarette smoking actually lowers the risk of developing sarcoidosis. 
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Introduction

Sarcoidosis is a granulomatous pulmonary disor-
der in middle-age adults characterized by systemic 
proliferation of helper T cells.1 Specifically, antigen 
activated macrophages and helper T cells release 
inflammatory cytokines producing epithelioid gran-
ulomas, which can involve several organ systems, 
especially in the thorax.1 The diagnosis of sarcoidosis 
is confirmed with a biopsy showing epithelioid granu-
lomas without caseating necrosis in a patient with a 
consistent clinical presentation.1 Sarcoidosis patients 
classically present with dry cough, dyspnea, and bilat-
eral hilar lymphadenopathy and lung infiltrates on x-ray 
imaging.1 Depending on the study method, the prev-
alence of sarcoidosis varies between 0.03–640 per 
100,000 with a mortality rate of 1–6%.2 More than 30% 
of sarcoidosis patients may never have symptoms or 

will have spontaneous remissions; 10–30% have sig-
nificant lung impairment.2 According to A Case-Control 
Etiologic Study of Sarcoidosis (ACCESS), female  
sarcoidosis patients had more ophthalmic, neurlogical, 
and dermatological complications, and male sarcoido-
sis patients had more hypercalcemia.3 Furthermore, 
the ACCESS found agricultural employment, auto-
motive manufacturing, raising birds, pesticides, and 
microbial bioaerosols exposure were positively asso-
ciated with the development of sarcoidosis.3 The major 
factors negatively associated with the development of 
sarcoidosis included a smoking history and pet own-
ership.2 Fewer than 10% of sarcoidosis patients have 
a family history; most cases result from interactions 
between environmental exposures and genetic poly-
morphisms in HLA antigens.1,4

Cigarette smoking is a major environmental risk 
factor for many pulmonary and systemic diseases, 
including, for example, rheumatoid arthritis, Crohn’s 
disease, and multiple sclerosis.3,5,6 However, cigarette 
smoking has also shown to reduce the incidence and 
progression of ulcerative colitis.3,5,6 In recent years, sev-
eral epidemiological studies have suggested that ciga-
rette smoke with nicotine may prevent sarcoidosis.3,5,6
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Sarcoidosis and Smoking

As shown in Table 1, an important study of 277,777 
Swedish construction workers from 1978–1993 iden-
tified 342 patients with sarcoidosis using laboratory 
data and chest x-rays. This study reported a nega-
tive association between smoking history and sar-
coidosis.5 Furthermore, the study suggested that the 
non-nicotinic components of cigarette smoke are likely 
important in the relationship between smoking and 
sarcoidosis. Case control studies of smokers, most 
importantly ACCESS, have reported a decreased risk 
for developing sarcoidosis in smokers compared to 
non-smokers.3,7–11 The ACCESS was designed to test 
the hypotheses that environmental and occupational 
exposures are associated with sarcoidosis.3 The study 
included ten medical centers which recruited 706 
newly diagnosed sarcoidosis patients with age-, race-, 
and sex-matched control subjects.3 The patients were 
subsequently questioned regarding occupational and 
nonoccupational exposures.3 The study discovered 
that smokers had a reduced odds (odds ratio 0.62; 
95% confidence interval 0.50–0.77) of developing sar-
coidosis compared to non-smokers.3,7–11 A similar study 
conducted in Olmsted County, Minnesota, examined 
332 patients with sarcoidosis also reported a reduced 
odds ratio of sarcoidosis comparing current smokers 
with never smokers adjusted for age and sex (odds 
ratio 0.34; 95% confidence interval, 0.23–0.50).7

A recent case-control study from India examining 
100 newly diagnosed sarcoidosis patients reported 
that 12 had a smoking history while 30 of the 196 
healthy control subjects reported a smoking history.12 
The study showed no change in the clinical presenta-
tion or severity of disease in sarcoidosis patients with 
a history of smoking.12 Specifically, a logistical regres-
sion analysis comparing newly diagnosed sarcoidosis 

patients and healthy controls showed no correlation 
between sarcoidosis and smoking. Furthermore, the 
odds ratio between smoking and sarcoidosis was 
estimated at 0.75 (95% confidence interval, 0.35–
1.56).3,7,12 It is uncertain whether nicotine or other 
components of cigarette smoke alone or in combina-
tion change the clinical presentation of sarcoidosis.13

A clinical report examining nicotine treatment 
in active pulmonary sarcoidosis patients showed 
reduced lung inflammation and immune hyperac-
tivity with nicotine.14 Specifically, nicotine treatment 
suppressed regulatory T-cell function and restored 
Toll-like receptor responsiveness to physiological 
levels.14 A similar response to nicotine treatment was 
found in patients with interstitial pneumonitis, which 
also occurs in the early stages of sarcoidosis.6,15–19 
Specifically, in-vivo and in-vitro studies on interstitial 
pneumonitis showed a similar immunosuppressive 
response with nicotine as those seen in sarcoidosis 
patients.20 Patients with sarcoidosis who smoked had 
reduced bronchovesicular bundle thickening, which 
appears as branching lines with a peri-bronchovas-
cular distribution on computed tomography scans.21 
Previous studies in sarcoidosis patients have corre-
lated the severity of bronchovesicular bundle thicken-
ing with the pathologic and symptomatic progression 
of the disease.21 Although the exact mechanism is 
unclear, recent experiments suggest smoking sup-
presses T-lymphocyte and macrophage phagocytic 
activity, which might interfere with granuloma forma-
tion observed in patients with sarcoidosis.7,22,23

Evaluation of Smoking and Sarcoidosis 
using the Bradford-Hill Criteria

However, the negative correlation between sar-
coidosis and smoking does not prove a causative 

Table 1.  Studies Examining the Association between Sarcoidosis and Smoking

Author Year Country
Number of 

Patients
Odds 
Ratio

95% Confidence 
Interval

Association 
with Smoking

Gupta12 2010 India 196 0.75 0.35–1.56 No 

Ungprasert7 2016 USA 332 0.34 0.23–0.50 Yes

Newman6 2004 USA 706 0.62 0.50–0.77 Yes
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link until further investigation.24–26 Causality is a mul-
tifaceted concept with specific guidelines analyzing 
statistical and epidemiological data to support causal 
inference.25,26 Many risk-related claims or correlations 
are often based on subjective judgments rather than 
an objective analysis of the study populations and 
models.27 In many cases the risk claims and asso-
ciations were unsupported on further investigation 
and meta-analysis.27 In response, the scientific and 
medical community has sought strong and consistent 
criteria for determining biologically plausible causal 
claims.27 As the English statistician Sir Austin Bradford 
Hill explained, “Our observations reveal an associ-
ation between two variables, perfectly clear-cut and 
beyond what we would care to attribute to the play of 
chance. [However] What aspects of that association 
should we especially consider before deciding that the 
most likely interpretation of it is causation? In what cir-
cumstances can [one] pass from [an] observed asso-
ciation to a verdict of causation.”24–26 In pursuit of this 
question, Hill developed a set of nine criteria, known 
as the Bradford Hill Criteria, to determine whether a 
causative link exists between two variables.24–26 As 
shown in Table 2, the criteria include: strength, con-
sistency, specificity, temporality, biological gradient, 
plausibility, coherence, experiment, and analogy.24,26 
In each criteria, the negative association between 
sarcoidosis and smoking requires additional large, 
randomized clinical trials to satisfy the Bradford Hill 
Criteria. 

The strength of the association between sarcoido-
sis and smoking is reported using the odds ratio, 
which represents the probability of an event occurring 
divided by the probability of the event not occurring.28 
The odds ratio is applied in case-control studies to 
increase statistical power and reduce confounding in 
epidemiological studies.28 Although the odds ratio is a 
valid measure of association, it is not a substitute for 
other statistical measures and should only be applied 
to case-control studies and logistical regressions.28 
The odds ratio reported in studies on sarcoidosis 
measured between sarcoidosis and smoking has a 
range of 0.32 to 0.75, which represents a modest 
negative association.3,7,12 Furthermore, only two of 
the three studies showed a significant negative asso-
ciation between smoking and sarcoidosis. Therefore, 
the strength between smoking and sarcoidosis is 
weak.3,7,12

With respect to consistency and specificity, the 
association between sarcoidosis and smoking remains 
uncertain. Two studies conducted in the United States 
(U.S.) showed a negative association while the case- 
control study in India showed no association.3,7,12 The 
differences may result from differences in awareness, 
diagnostic methods, and demographics between the 
U.S. and India.3,7,12 With respect to temporality, there 
is weak evidence supporting the causal link of smok-
ing and the subsequent decrease in sarcoidosis.3,7,12 
One study showed that the odds ratio was no different 

Table 2.  Bradford–Hill Criteria26

Criteria Description

Strength Is there a large difference in outcome between the exposed group and control?

Consistency Have several researchers in different locations, circumstances, and times observed the same effect?

Specificity Are there specific persons or locations associated with the outcome?

Temporality Does the cause always precede the effect?

Biological Gradient Does the effect show a dose-response curve?

Plausibility Does the observed causation fit with our current understanding of biological phenomena?

Coherence Does the observed causation conflict with our understanding of other biological phenomena or 
the natural history of the disease?

Experiment Does the observed association allow for predictions in an outcome?

Analogy Is there an analogous exposure and outcome?
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between former smokers and never smokers (odds 
ratio 0.68; 95% CI: 0.45–1.01).7 However, none of the 
studies investigated whether other confounding envi-
ronmental variables which may impact the association 
between smoking and sarcoidosis.3,7,12 Large scale, 
prospective studies are needed to determine and elim-
inate potential confounding variables underlying any 
possible association.3,7,12 Despite non-nicotinic com-
ponents showing a potential role in preventing sar-
coidosis, no study has investigated whether increase 
amounts of non-nicotinic or nicotinic cigarette com-
ponents from different sources, such as e-cigarettes, 
influence the association between sarcoidosis and 
smoking.5

Furthermore, the plausibility, coherence, and 
experiment aspects of the sarcoidosis case-studies 
recommending smoking or nicotine therapy for granu-
lomatous lung diseases, such as sarcoidosis, remains 
a difficult proposition.13 Specifically, smoking does not 
benefit current sarcoidosis patients who may have 
a worse clinical outcome compared with nonsmok-
ers with sarcoidosis.5 A study examining sarcoidosis 
patients who smoked had an increased prevalence 
of obstructive lung disease and decreased diffusion 
capacities compared to non-smokers.29 Furthermore, 
clinicians who manage patients with cigarette-related 
diseases may be reluctant to believe that tobacco 
could reduce the risk of granulomatous lung disease.13 
Finally, only a few clinical studies have examined 
potential link between smoking and sarcoidosis, and 
information available is probably inadequate to reach 
a conclusion.29 No study has investigated whether 
administering nicotinic or non-nicotinic components of 
smoking in a randomized clinical trial prevents develop-
ing sarcoidosis, and a study like this will never happen. 
Further research is also needed to determine whether 
analogous exposures produce a similar association or 
reverses when smoking is discontinued. Overall, the 
association and causal link between smoking and sar-
coidosis is weak and requires further investigation.

Conclusion

This focus of this article was evaluating the neg-
ative association between sarcoidosis and smoking. 

However, there is a growing interest in the develop-
ment of novel treatments for sarcoidosis and other 
hypersensitivity reactions. Despite the widespread 
use corticosteroid therapy, no targeted pharmacologi-
cal treatments have been approved for sarcoidosis in 
the United States.30 Furthermore, no prospective study 
has determined the proper dose, duration, or taper-
ing of corticosteroids in chronic sarcoidosis patients.30 
More investigation is needed to determine whether cig-
arette smoking lowers the risk of developing sarcoido-
sis and could provide a novel approach to investigate 
new treatments for chronic sarcoidosis patients. At 
present, the epidemiological data suggesting cigarette 
smoke may prevent and reduce sarcoidosis symptoms 
remain unclear. With the numerous studies document-
ing the long-term effects of smoking, current smokers 
with sarcoidosis should be encouraged to discontinue 
smoking and other tobacco-related products.
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