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Abstract
Objective: The degree to which sarcoidosis patients are affected by autoimmune diseases is poorly understood. Prior studies of autoimmune
co-morbidities in sarcoidosis have focused on populations outside the USA or have been impeded by small sample sizes and limited scope. This
case–control study evaluated the association between sarcoidosis and autoimmune diseases in a large, diverse cohort based in the USA.

Methods: We used data from the All of Us research programme to conduct a case–control study involving patients �18 years old, from 2018 to
the present, diagnosed with sarcoidosis. Sarcoidosis cases and age-, sex- and race-matched controls were identified in a 1:4 ratio. Autoimmune
co-morbidities were compared between sarcoidosis patients and controls in univariable and multivariable analyses using logistic regression. The
degree of association was measured using the odds ratio (OR).

Results: A total of 1408 sarcoidosis cases and 5632 controls were included in this study. Seven of 24 examined autoimmune diseases were sig-
nificantly associated with sarcoidosis in our multivariable analysis (P<0.05). The composite variable of any autoimmune disease was also signifi-
cantly associated with sarcoidosis (OR ¼ 2.29, P<0.001).

Conclusion: We demonstrate an association between sarcoidosis and multiple autoimmune diseases in a large and diverse cohort based in the
USA. These results underscore the need for careful screening of sarcoidosis patients for concomitant autoimmune disease.

Lay summary
What does this mean for patients?
Sarcoidosis is a condition that causes the immune system to become active in the body’s organs, most commonly the lungs and lymph nodes.
Past studies have found that some autoimmune diseases can be more common in people who have sarcoidosis than in those who do not.
However, those studies focused on people who lived outside the USA and who had limited racial and ethnic diversity. Because genetics and ge-
ography can be important in sarcoidosis, the findings of these other studies might not necessarily apply to people in the USA. Therefore, we
compared the rates of 24 autoimmune diseases in people with and without sarcoidosis in a large and racially diverse group of people in the USA.
We found that 7 of 24 autoimmune diseases were more common in people with sarcoidosis than in those without, including two skin diseases
and one musculoskeletal disease that have not been linked to sarcoidosis before. These results teach us more about autoimmune diseases in
people with sarcoidosis and highlight the need for physicians to look for these diseases in patients with sarcoidosis.
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Key messages

• We found that >40% of sarcoidosis patients had at least one co-morbid autoimmune disease.

• The odds of having a co-morbid autoimmune disease were 2.3-fold higher in sarcoidosis cases than in controls.

• Associated autoimmune diseases spanned multiple organ systems, including skin, cardiovascular, endocrine, nervous and

musculoskeletal/rheumatological conditions.
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Introduction

Sarcoidosis is a multisystem inflammatory condition characterized
by the formation of granulomas in one or more tissues. It most
commonly involves the lungs and intrathoracic lymph nodes;
however, any organ can be affected. The clinical course is vari-
able, with some patients experiencing spontaneous remission or
remaining asymptomatic, whereas others develop chronic pro-
gressive and debilitating multisystemic disease. The prevalence
and incidence of sarcoidosis vary markedly by geography, ethnic-
ity and race. Internationally, the highest incidence rates have been
observed in Nordic countries [1], while in the USA, Black or
African American individuals experience substantially higher inci-
dence rates compared with white Americans.

Histologically, the inflammation in sarcoidosis is character-
ized by non-caseating granulomas composed of epithelioid
macrophages surrounded by a CD4þ T-cell-predominant lym-
phocytic infiltrate. However, the immunological cues that
lead to this pattern of inflammation are incompletely under-
stood. Prior studies have implicated a predominantly
Th1-polarized immune response involving cytokines such as
IFN-c, IL-2, IL-12, IL-15 and TNF-a [2]. Yet other studies have
suggested that Th17- and even Th2-polarized responses might
be at play [3, 4]. These inflammatory programmes, or cytokine
hubs, are at the core of several autoimmune diseases [5].

Sarcoidosis demonstrates several features consistent with
an autoimmune aetiology. Sarcoidosis is thought to develop
in genetically predisposed individuals after exposure to an en-
vironmental or infectious trigger that leads to loss of immune
tolerance. However, the root cause(s) and initial trigger(s) of
the inflammatory response are unknown, as is also true in
other autoimmune diseases. Development of sarcoidosis has
been linked to immunological genetic factors, including spe-
cific HLA alleles [6] and TNF (and other) gene polymor-
phisms [7]. Other observations supporting T-cell dependence
and potential autoimmune aetiology of sarcoidosis include
the potential unmasking or triggering of sarcoidosis by T-cell-
activating cancer immunotherapies [8] and expansion of
CD4þ T-cell subclones in lesions of sarcoidosis [9].
Furthermore, other studies performed outside the USA have
demonstrated an association between sarcoidosis and certain
autoimmune diseases [10].

Despite evidence of overlapping features between sarcoido-
sis and classical autoimmune diseases, the role of autoimmu-
nity in the development of sarcoidosis and the degree to
which patients with sarcoidosis are affected by more classical
autoimmune diseases are poorly understood. Prior studies
evaluating the association between sarcoidosis and autoim-
mune diseases have been impeded by the limited scope of
other autoimmune diseases examined and small sample
sizes [10]. Furthermore, the larger studies have focused on in-
ternational populations rather than cohorts based in the USA
[11–13]. Here, we perform a nested, matched, case–control
study evaluating the associations between 24 autoimmune
diseases and sarcoidosis in the All of Us research programme,
a large cohort based in the USA that aims to enrol >1 million
participants, with a focus on populations that are historically
underrepresented in research.

Methods

A total of 214 206 patients in the All of Us database had elec-
tronic health records data available for analysis; this cohort

includes adults �18 years of age from 2018 to the present.
Data are available at www.allofus.nih.gov. The Yale
University Institutional Review Board determined that this
study does not involve human subjects and therefore
Institutional Review Board review and approval were not re-
quired. Sarcoidosis cases were identified using International
Classification of Diseases (ICD)-10-CM-D86, ICD-9-CM-135
or Systemized Nomenclature of Medicine (SNOMED)
9014002/156369008. Autoimmune diseases of interest
(n¼24; Table 1) were chosen based on their generally ac-
cepted autoimmune pathogenesis and inclusion in prior stud-
ies evaluating their association with sarcoidosis in small
cohorts or in cohorts not based in the USA. Autoimmune dis-
eases were detected using the presence of at least one ICD-9,
ICD-10 or SNOMED code for the diagnosis. We used
nearest-neighbour propensity matching without replacement
to select age-, sex- and race-matched controls for each case of
sarcoidosis in a 4:1 ratio. Covariate balance between sarcoid-
osis patients and controls was compared using the standard-
ized mean difference (SMD). Multivariable models were

Table 1. Features of sarcoidosis cases compared with age-, sex- and

race-matched controls

Characteristic Control Sarcoidosis SMD

n 5632 1408
Age, mean (S.D.), years 62.98 (11.97) 62.98 (11.97) <0.001
Female, n (%) 3808 (67.6) 952 (67.6) <0.001
Race/ethnicity, n (%) <0.001
Asian <80 <20
Black 2240 (39.8) 560 (39.8)
Hispanic 608 (10.8) 152 (10.8)
Other 160 (2.8) 40 (2.8)
White 2592 (46.0) 648 (46.0)
Ever smoker, n (%) 2495 (45.7) 577 (42.0) 0.075
BMI, mean (S.D.) 30.64 (7.83) 32.07 (8.07) 0.180
CCI, mean (S.D.) 2.27 (2.86) 4.09 (3.68) 0.549
Type 1 diabetes mellitus, n (%) 146 (2.6) 85 (6.0) 0.170
Multiple sclerosis, n (%) 56 (1.0) 37 (2.6) 0.123
Hashimoto’s hypothyroidism,

n (%)
36 (0.6) <20 0.046

Graves’ disease, n (%) 68 (1.2) 30 (2.1) 0.072
SLE, n (%) 90 (1.6) 88 (6.2) 0.241
Alopecia areata, n (%) <20 <20 0.113
Vitiligo, n (%) 22 (0.4) <20 0.092
Scleroderma, n (%) <20 24 (1.7) 0.136
Autoimmune diseasea, n (%) 996 (17.7) 564 (40.1) 0.509
PM, n (%) <20 <20 0.107
DM, n (%) <20 <20 0.076
Vasculitis, n (%) 257 (4.6) 179 (12.7) 0.293
AS, n (%) <20 <20 0.099
IgA deficiency, n (%) <20 <20 0.058
ITP, n (%) 23 (0.4) <20 0.083
APS, n (%) <20 <20 0.086
Myasthenia gravis, n (%) <20 <20 0.009
PMR, n (%) 34 (0.6) 28 (2.0) 0.123
Coeliac disease, n (%) 26 (0.5) <20 0.033
Primary biliary cholangitis, n (%) <20 <20 0.018
Autoimmune hepatitis, n (%) <20 <20 0.012
Autoimmune gastritis, n (%) 95 (1.7) 61 (4.3) 0.155
RA, n (%) 212 (3.8) 166 (11.8) 0.303
SS, n (%) 79 (1.4) 74 (5.3) 0.216
IBD, n (%) 117 (2.1) 42 (3.0) 0.058

In accordance with All of Us research programme policy, all values <20 are
presented as <20.

a Composite variable consisting of all individual diseases included in
Table 1.
CCI: Charlson co-morbidity index; SMD: standardized mean difference.
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constructed using universal confounders (age, sex and race),
BMI, ever smoker status, the Charleston co-morbidity index
(CCI) and autoimmune covariates of interest with significance
level P>0.1 in the univariate analysis. Logistic regression
was used to determine whether each individual autoimmune
co-morbidity or the composite variable of any autoimmune
co-morbidity was associated with sarcoidosis in the multivari-
able analysis.

Results

We identified 1408 sarcoidosis cases with complete data and
5632 age-, sex- and race-matched controls for analysis (all
matched variables had SMD < 0.001). The mean age was
63 years, and 67.6% were female; 46% were white, 39.8%
Black and 10.8% Hispanic. Compared with controls, sarcoid-
osis cases had a greater percentage of every autoimmune dis-
ease under study, although differences in only 11 of the 24
diseases (type 1 diabetes mellitus, multiple sclerosis, SLE, alo-
pecia areata, scleroderma, PM, vasculitis, PMR, autoimmune
gastritis, RA and SS) were significant (SMD > 0.1; Table 1).
In the multivariable analysis, 7 of 24 variables were signifi-
cantly associated with sarcoidosis: alopecia areata [odds ratio
(OR)¼ 4.20, P¼ 0.001], vitiligo (OR¼2.26, P< 0.05), SS

(OR¼ 2.10, P< 0.001), vasculitis (OR¼ 1.94, P< 0.001),
SLE (OR¼1.90, P¼0.001), multiple sclerosis (OR¼ 1.86,
P< 0.05) and RA (OR¼ 1.60, P< 0.001) (Table 2). The com-
posite variable of any autoimmune disease was also
significantly associated with increased odds of sarcoidosis
(OR¼ 2.29, P< 0.001).

Discussion

These results demonstrate an association between several au-
toimmune diseases and sarcoidosis in a large, diverse cohort
of patients in the USA. Our findings expand upon the results
of prior international studies suggesting an association of SS,
SLE and multiple sclerosis with sarcoidosis [11–13]. In accor-
dance with prior studies, we also did not find an association
with IBD, coeliac disease, PMR or myasthenia gravis [11, 12].
The finding that having any autoimmune disease was signifi-
cantly associated with sarcoidosis was also consistent with
prior work, although our OR of 2.29 was higher than those
reported in Spain (1.64), Taiwan (1.66) and UK (2.23) [11–
13]. This might be attributable, in part, to significant differen-
ces in racial/ethnic representation in these studies (<1% to
3% Black or African American) compared with our study
(39.8% Black or African American).

Table 2. Univariable and multivariable association of sarcoidosis with autoimmune diseases

Individual analysis

Covariate Univariable OR (95% CI; P-value) Multivariable OR (95% CI; P-value)

Age 1.00 (1.00, 1.00; P¼1.000) 0.99 (0.98, 0.99; P<0.001)
Female sex 1.00 (0.88, 1.13; P¼1.000) 0.89 (0.77, 1.02; P¼0.092)
Ever smoker 0.86 (0.76, 0.97; P¼0.014) 0.82 (0.72, 0.93; P¼0.002)
BMI 1.02 (1.01, 1.03; P<0.001) 1.02 (1.01, 1.03; P<0.001)
CCI 1.18 (1.16, 1.20; P<0.001) 1.15 (1.13, 1.17; P<0.001)
Alopecia areata 4.90 (2.41, 10.13; P<0.001) 4.20b (1.80, 9.87; P¼0.001)
Autoimmune gastritis 2.64 (1.89, 3.65; P<0.001) 1.35 (0.92, 1.97; P¼0.124)
APS 3.32 (1.61, 6.74; P¼0.001) 1.04 (0.43, 2.41; P¼0.935)
AS 3.80 (1.90, 7.56; P<0.001) 1.92 (0.87, 4.13; P¼0.099)
DM 4.59 (1.65, 13.12; P¼0.003) 1.76 (0.55, 5.63; P¼0.334)
Graves’ disease 1.78 (1.14, 2.72; P¼0.009) 1.09 (0.63, 1.82; P¼0.750)
Hashimoto’s hypothyroidism 1.67 (0.89, 3.00; P¼0.095) 1.12 (0.53, 2.27; P¼0.754)
IBD 1.45 (1.00, 2.05; P¼0.042) 0.85 (0.56, 1.26; P¼0.442)
IgA deficiency 3.44 (1.11, 10.37; P¼0.027) 2.14 (0.59, 7.21; P¼0.223)
ITP 2.80 (1.45, 5.28; P¼0.002) 1.40 (0.64, 2.99; P¼0.385)
Multiple sclerosis 2.69 (1.75, 4.07; P<0.001) 1.86b (1.14, 2.98; P¼0.011)
PMR 3.34 (2.01, 5.52; P<0.001) 1.59 (0.89, 2.81; P¼0.115)
PM 13.42 (4.10, 59.92; P<0.001) 3.39 (0.84, 17.09; P¼0.102)
RA 3.42 (2.76, 4.22; P<0.001) 1.60b (1.24, 2.05; P<0.001)
Scleroderma 5.12 (2.81, 9.49; P<0.001) 1.18 (0.57, 2.44; P¼0.647)
SLE 4.11 (3.04, 5.54; P<0.001) 1.90b (1.31, 2.73; P¼0.001)
SS 3.90 (2.82, 5.38; P<0.001) 2.10b (1.43, 3.06; P<0.001)
Type 1 diabetes mellitus 2.41 (1.83, 3.17; P<0.001) 1.03 (0.74, 1.42; P¼0.852)
Vasculitis 3.05 (2.49, 3.72; P<0.001) 1.94b (1.54, 2.44; P<0.001)
Vitiligo 3.12 (1.63, 5.87; P<0.001) 2.26b (1.10, 4.53; P¼0.023)
Pooled analysis
Age 1.00 (1.00, 1.00; P¼1.000) 0.99 (0.98, 0.99; P<0.001)
Female sex 1.00 (0.88, 1.13; P¼1.000) 0.89 (0.78, 1.03; P¼0.112)
Ever smoker 0.86 (0.76, 0.97; P¼0.014) 0.81 (0.71, 0.92; P¼0.002)
BMI 1.02 (1.01, 1.03; P<0.001) 1.02 (1.01, 1.02; P<0.001)
CCI 1.18 (1.16, 1.20; P<0.001) 1.14 (1.12, 1.17; P<0.001)
Autoimmune diseasea 3.11 (2.74, 3.53; P<0.001) 2.29b (1.98, 2.64; P<0.001)

a Composite variable consisting of all individual diseases included in Table 1.
b Statistically significant at P< 0.05.

CCI: Charlson co-morbidity index; OR: odds ratio.
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Notably, studies from Taiwan, UK and Sweden, among
others, have identified an association between sarcoidosis and
autoimmune thyroid disease [12–14]. Although our unad-
justed analysis revealed almost double the percentage of co-
morbid Hashimoto’s hypothyroidism and Graves’ disease in
patients with sarcoidosis compared with controls, neither re-
sult was significant in the multivariate analysis. We also did
not observe an association between sarcoidosis and IgA defi-
ciency, APS, scleroderma, primary biliary cholangitis, autoim-
mune hepatitis, autoimmune gastritis, AS, inflammatory
myopathies or ITP, although this has been described previ-
ously [11–13]. Again, these differences might be attributable
to the fact that most studies demonstrating these associations
were conducted in overwhelmingly European or Asian popu-
lations with very limited racial/ethnic diversity. In contrast,
our study population based in the USA was one of the largest
and most ethnically diverse, to date, with nearly 40% Black
or African American participants. Such differences might im-
pact the results, given the importance of genetics and environ-
ment in autoimmune disease and the development of
sarcoidosis.

We also report statistically significant associations with alo-
pecia areata, vitiligo and RA. To our knowledge, these associ-
ations have not been shown previously in large-scale studies
and might represent findings unique to our diverse population
based in the USA. It is important to note, however, that sar-
coidosis can present with cutaneous manifestations that re-
semble other inflammatory dermatological diseases, and
misclassification could potentially account for some of the ob-
served associations. However, true coexistence between sar-
coidosis and other inflammatory skin disease is an established
phenomenon possibly resulting from a shared immunopatho-
genesis [15]. Lastly, it might be difficult clinically to differenti-
ate inflammatory sarcoid arthritis and myopathy from RA.

The associations observed between classical autoimmune
diseases and sarcoidosis might be explained, in part, by com-
mon pathomechanisms related to a shared underlying genetic
predisposition. One gene that has been implicated in a variety
of autoimmune diseases is nucleotide-binding oligomerization
domain 2 (NOD2), which contributes to the innate immune
response. Polymorphisms in NOD2 have been linked to fa-
milial (i.e. Blau syndrome) and early-onset sarcoidosis, in ad-
dition to chronic inflammatory diseases including Crohn’s
disease and atopic dermatitis [16]. Butyrophilin-like 2
(BTNL2), which codes for an MHC class II-associated pro-
tein that regulates T-cell function, has also been implicated in
both sarcoidosis and a wide variety of autoimmune diseases.
Polymorphisms in BTNL2 have been shown to increase the
risk of developing sarcoidosis [17] and are associated with
multiple sclerosis and alopecia areata, among other inflamma-
tory conditions [18, 19]. Lastly, polymorphisms in TNF are
associated with sarcoidosis and autoimmune conditions such
as SLE, psoriasis and others, highlighting a potential common
role of TNF-a in the pathogenesis of these disorders [7, 20].
These observations provide a possible mechanistic link that
might explain some of the associations demonstrated in the
present study.

Taken together, our results underscore the need for a thor-
ough clinical history and review of systems when evaluating
sarcoidosis patients, followed by appropriate screening for
co-morbid autoimmune diseases as indicated. The variety of
autoimmune diseases associated with sarcoidosis and breadth
of organ systems involved highlight the importance of inter-

specialty communication and multidisciplinary care when
treating these patients. Our findings also have implications
for treatment selection, in that therapies that broadly impede
common autoimmune pathways, such as Janus kinase inhibi-
tors, TNF-a blockers or broadly acting immunosuppressants
(e.g. MTX and AZA), might be useful in treating polyautoim-
munity in sarcoidosis patients with known co-morbid autoim-
mune conditions.

Our study is limited by the use of electronic health record
data and reliance on diagnostic codes to identify sarcoidosis
and autoimmune disease cases. Another limitation is the po-
tential for misdiagnosis of multiorgan sarcoidosis as a sepa-
rate autoimmune disease, because there can be considerable
clinical overlap. Lastly, we are limited by lack of clinical infor-
mation on sarcoidosis cases, including detailed clinical fea-
tures, diagnosing provider type or associated histopathology.

Conclusion

This study builds upon previous research demonstrating an
association between sarcoidosis and multiple autoimmune
diseases by identifying similar findings in a large and diverse
cohort based in the USA; these results underscore the need for
careful screening of sarcoidosis patients for concomitant auto-
immune disease. Further studies are needed to characterize
the mechanism of this relationship and determine whether
these associations are causally related to sarcoidosis
pathogenesis.
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