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ACCESS (A Case Control Etiologic Study of Sarcoidosis) was funded
by the National Institutes of Health and collected data on 704 newly
diagnosed, biopsy-proven cases of sarcoidosis and control subjects
matched by age, sex, race, and geographic area. The goal of this
study was to generate hypotheses about the etiology of sarcoidosis.
The major hypothesis of the ACCESS investigators was that sarcoid-
osis occurs in genetically susceptible individuals through alteration
in immune response after exposure to an environmental, occupa-
tional, or infectious agent. Strict criteria were used for the diagnosis
of sarcoidosis and definitions of specific organ involvement were
developed. The patients recruited for ACCESS represent the best
clinical description of sarcoidosis at presentation in the United
States. The study investigated the following: occupational/environ-
mental triggers using a detailed questionnaire, infectious agents
in the blood by polymerase chain reaction of 16s rDNA of microor-
ganisms and cultures for cell wall–deficient mycobacteria, and ge-
netic associations using a questionnaire to determine familial aggre-
gation and candidate gene analysis. No single cause of sarcoidosis
was identified. The results of this study are reviewed and possible
lessons learned are discussed.

Keywords: granuloma; lung; genetics; epidemiology; exposure

Sarcoidosis is a systemic granulomatosis that was first described
in 1877. The hallmark of this disease is the noncaseating granu-
loma (1). The granulomas are sharply circumscribed and consist
of epitheliod cells, Langerhans giant cells, lymphocytes, mono-
cytes, and fibroblasts. Although they occur in every organ, in
over 90% of cases there is intrathoracic involvement. Every
racial or ethnic group has been described with this disease, but
it appears to be more common in African Americans in the
United States. The diagnosis of sarcoidosis usually requires a
clinical presentation consistent with the disease, demonstration
of typical lesions, and the exclusion of other disorders known
to cause granulomas. Although prior epidemiologic studies have
been done in sarcoidosis, they have been problematic because
of the lack of a precise and consistent case definition, variable
methods of case ascertainment, and variability of disease presen-
tation. The lack of a sensitive and specific diagnostic test raises
concerns of both underrecognition and misdiagnosis. Because of
these problems, there was a paucity of systematic epidemiologic
investigation in sarcoidosis. Thus, in 1992, the National Institutes
of Health (NIH) selected 10 clinical centers and 1 clinical coordi-
nation center to conduct a study to generate hypotheses about
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etiologic agents in sarcoidosis. The study was not intended or
designed to prove any specific hypothesis.

The clinical centers, the clinical coordinating center, and the
NIH spent a year designing the study (2). During that time, it
was decided that a matched case-control study would have the
greatest power to generate a hypothesis about etiologic agents in
sarcoidosis. The study was called ACCESS (A Case Controlled
Etiologic Study of Sarcoidosis). A strict definition of sarcoidosis
was adopted. To be accepted, cases had to be clinically consistent
with sarcoidosis, have tissue confirmation of noncaseating granu-
lomas, and no evidence of other diseases that cause granulomas.
In addition, only newly diagnosed cases (within 6 mo of tissue
diagnosis) would be recruited into the study so that if an occupa-
tional or environmental agent was involved in the disease, it
would be more likely recalled by the patient. Finally, definitions
(3) were adopted to define specific organ involvement if a definite
diagnosis of sarcoidosis was determined by the above criteria
(Table 1).

Because sarcoidosis is more common in young adults, fe-
males, and African Americans, control subjects were matched
for age (� 5 yr), race (self-identified), and sex. Control subjects
were recruited from the patient’s community and identified by
telephone exchange match. Random digit dialing was performed
until a match was identified and consented to be part of the
study. In rare cases, when no match was obtained by random
digit dialing, random phone numbers from the subject’s zip code
were selected. Control subjects were excluded if their medical
history included a history of sarcoidosis or any medical condition
that might be confused with sarcoidosis (e.g., granulomatous
hepatitis or uveitis of unknown etiology).

The major hypothesis of the ACCESS investigators was that
sarcoidosis occurs in genetically susceptible individuals through
alteration in immune response after exposure to an environmen-
tal, occupational, or infectious agent(s). A questionnaire was
developed to elicit occupational and environmental exposures
and an extensive job history was obtained. A detailed family
history was obtained to test for a possible genetic predisposition.
In addition, a medical and social history was recorded. Finally,
blood DNA and plasma were obtained on all individuals to
investigate possible infectious causes and genetic predisposition
by candidate gene polymorphisms. Bronchoalveolar lavage (BAL)
fluid was obtained from a subset of patients but not control
subjects, and cell counts were performed but BAL fluid was not
routinely collected because of financial restraints. The clinical
course of the first 215 patients was observed after 2 years by
determining organ involvement and activity, treatment, and a
short follow-up questionnaire.

Initially, the goal was to recruit 720 cases and matched control
subjects over 4 years. Because of financial concerns, the recruit-
ment time was shortened; however, between November 1996
and April 1999, 738 cases were enrolled and 727 attempted
matches were made (2). Seven hundred and four control subjects
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TABLE 1. DEFINITIONS OF ORGAN INVOLVEMENT*

Organ Definite Probable Possible

Lungs Chest radiograph with one or more of the Lymphocytic alveolitis by bronchoalveolar Any other adenopathy
following: lavage Obstructive pulmonary function tests

a. Restriction on pulmonary function tests Any pulmonary infiltrates
b. Bilateral hilar adenopathy Isolated reduced DLCO

c. Diffuse infiltrates
d. Upper lobe fibrosis

Skin Lupus pernio Maculo/papular Keloids
Annular lesions New nodules Hypopigmentation
Erythema nodosum

Eyes Lacrimal gland swelling Blindness Glaucoma
Uveitis Cataract
Optic lesions

Liver Liver function tests � three times normal Compatible CT scan
Elevated alkaline phosphatase

Hypercalcemia/ Increased serum calcium with no other cause Increased urine calcium Nephrolithiasis, no stone analysis
hypercalciuria/ Nephrolithiasis analysis showing calcium Nephrolithiasis with negative family history
nephrolithiasis for stones

Neurologic Positive MRI with uptake in meninges or Other abnormalities on MRI Unexplained headaches
brainstem Unexplained neuropathy Peripheral nerve radiculopathy

Cerebrospinal fluid with increased Positive electromyogram
lymphocytes and/or protein

Diabetes insipidus
Bell’s palsy
Cranial nerve dysfunction
Peripheral nerve biopsy

Renal Treatment-responsive renal failure Steroid-responsive renal failure in patients with Renal failure in absence of other disease
diabetes and/or hypertension

Cardiac Treatment-responsive cardiomyopathy No other cardiac problem and either: In patients with diabetes and/or
Electrocardiogram showing intraventricular a. Ventricular arrhythmias hypertension:

conduction defects or nodal block b. Cardiomyopathy a. Cardiomyopathy
Positive gallium scan of the heart Positive thallium scan b. Ventricular arrhythmias

Nonthoracic lymph New palpable node above waist New palpable femoral lymph node
node Lymph node � 2 cm by CT scan

Bone marrow Unexplained anemia Anemia with low MCV
Leukopenia
Thrombocytopenia

Spleen Enlargement by:
a. Exam
b. CT scan
c. Radioisotope scan

Bone/joints Cystic changes on hand or feet Asymmetric, painful clubbing Arthritis with no other cause
Ear/nose/throat Unexplained hoarseness with exam consistent New-onset sinusitis

with granulomatous involvement New-onset dizziness
Parotic/salivary glands Symmetrical parotidtis with syndrome of Dry mouth

mumps
Positive gallium scan

Muscles Increased creatine phophokinase Increased creatine phosphokinase Myalgias responding to treatment
(CK/aldolase) which decreases with (CK/aldolase)
treatment

Definition of abbreviations: CT � computed tomography; DLCO � diffusion capacity of carbon monoxide; MCV � mean corpuscular volume; MRI � magnetic
resonance imaging.

* Definition of organ involvement: (1 ) positive biopsy indicates definite involvement with that organ; (2 ) involvement according to criteria other then biopsy
is classified as definite, probable, and possible.

were successfully matched by age, sex, race, and geographic area.
Thus, the first lesson that was learned from the ACCESS study
was that 10 university medical centers (predominately East Coast
and Midwest) in the United States could successfully recruit
over 700 newly diagnosed subjects with sarcoidosis and matched
control subjects in fewer than 3 years. This success paved the way
for a second study investigating the genetics of sarcoidosis (the
SAGA (Sarcoidosis Genetics Analysis) study [4, 5]), and the
relationships among the investigators also led to the develop-
ment of two randomized double-blind placebo-controlled drug
trials in sarcoidosis, one of which has been published (6).

Although the cases collected within the geographic areas
around each center were collected consecutively, all the newly
diagnosed cases within a geographic area were not enrolled.

Thus, the ACCESS study could not determine the incidence of
sarcoidosis in the United States. Nevertheless, the age, sex, and
self-designated racial distribution of these cases and the organ
involvement at presentation (Table 2) offer the best description
to date of sarcoidosis in the United States (7). Because most of
the principal investigators in the study were pulmonary physi-
cians, the distribution of cases may have been biased toward
pulmonary cases and against cases of other organ involvement.

In addition, an analysis was made of possible barriers to care
(8). Individuals who were African American or who had difficulty
getting medication had more organs involved at presentation.
A low vital capacity was associated with African-American race,
female sex, age older than 40 years, or having no private or public
insurance. Finally, subjective measures of increased severity
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TABLE 2. AGE, SEX, RACE, AND ORGAN INVOLVEMENT FOR
SARCOIDOSIS AT PRESENTATION

Group/Organ Percentage

Race
White 53
Black 44

Age, yr
� 40 46
� 40 54

Sex
Male 36
Female 54

Organ involvement
Lungs 95
Skin* 15.9
Lymph node 15.2
Eye 11.8
Liver 11.5
Erythema nodosum 8.3
Spleen 6.7
Neurologic 4.6
Parotid/salivary 3.9
Bone marrow 3.9
Calcium 3,7
Ear/nose/throat 3.0
Cardiac 2.3
Renal 0.7
Bone/joint 0.5
Muscle 0.4

* Excluding erythema nodosum.

(dyspnea, poor physical function, poor health, or restrictive so-
cial function) were associated with low income (� $20,000/yr),
trouble getting medication, or more than one missed appoint-
ment. These findings, however, might also be biased because
individuals of these groups with less severe disease may not have
sought or needed medical attention.

Finances limited the study so that only 215 patients could be
reevaluated 2 years after their initial presentation (9). Eighty
percent had improved or had stable function as assessed by
forced vital capacity, dyspnea, or chest radiographic stage. Im-
provement of chest radiographic stage was associated with ery-
thema nodosum. Less improvement in forced vital capacity was
associated with African-American race. Lower family income
was associated with new organ involvement and worse dyspnea.
Finally, new organ involvement was associated with being
African American or having extrapulmonary involvement at
presentation.

Thus, the second lesson learned from the ACCESS study was
about the clinical description of sarcoidosis at presentation in
the United States and the role of social economic status, and
some other possible barriers to care of these individuals. How-
ever, finances played an important role in how much we learned.
Bronchoscopy and BAL were not routinely performed, com-
puted tomographic chest X-rays were not performed, and follow-
up was performed on only the first 215 patients.

The major goal of ACCESS was to generate hypotheses about
the etiology of sarcoidosis. One of the major attempts to do this
was through a detailed occupational and environmental ques-
tionnaire (10). Occupations associated with sarcoidosis involved
raising birds (odds ratio [OR], 3.73; 1.10–12.59), automobile
manufacturing (OR, 13.38; 1.48–120.98), secondary or middle-
school teacher (OR, 1.80; 1.14–2.83), cotton ginning (OR, 4.98;
1.19–20.89), and work involving radiation exposure (OR, 2.28,
1.17–4.47). Exposures associated with sarcoidosis included occu-
pational insecticide exposure (OR, 1.61; 1.13–2.28), mold and

mildew (OR, 1.62; 1.24–2.11), use of home central air condition-
ers (OR, 1.49; 1.00–2.21), and bird exposure (OR, 1.49–2.21). In
addition, certain exposures that had previously been associated
with sarcoidosis were not associated with sarcoidosis in the
ACCESS study. These exposures included nonoccupational wood
dust exposure, lumbering, occupational metal and silica expo-
sure, and dusty trades. There was insufficient power in the study
to test whether or not firefighting or service in the military was
associated with sarcoidosis. Finally, sarcoidosis was negatively
associated with smoking, job as a data processor/typist or pro-
grammer, service as a hospital volunteer, having a fish tank
greater than 10 gallons, and the use of foam pillows. In addition,
contrary to a prior hypotheses, unpaid childcare, cats, use of
feathered pillows/down, hot tub use, gold exposure, and welding
were negatively associated with sarcoidosis.

A detailed occupational history was taken as part of the
ACCESS study and each individual was characterized as to stan-
dard industrial codes (SICs) and standard occupational codes
(SOCs) (11). Associations with sarcoidosis were found for build-
ing materials, hardware, garden supplies, and mobile homes
(SIC, 52) (OR, 3.20; 1.12–11.17), industrial organic dusts (SIC
combination) (OR, 2.57; 1.35–5.16), elementary and secondary
schools (SIC, 821) (OR, 1.43; 1.03–2.00), and educators (SOC
combination) (OR, 1.42; 1.02–1.99). Jobs and industries with
negative associations with sarcoidosis were personal service
(SOC, 526) (OR, 0.48; 0.29–0.78), electric energy (SIC, 36) (OR,
0.50; 0.25–0.96), social and rehabilitation services (SIC, 83) (OR,
0.62; 0.44–0.87), childcare provider (SIC combination) (OR, 0.65;
0.45–0.93), childcare provider (SOC combination) (OR, 0.65;
0.42–0.99), information clerks (SOC, 464) (OR, 0.65; 0.42–1.00),
and metal dust/metal fumes in whites (SOC combination) (OR,
0.69; 0.48–0.98).

Thus, the third lesson from the ACCESS study was that a
detailed occupational and environmental questionnaire could
not identify a unifying exposure as a trigger (cause) of sarcoido-
sis. Most associations had ORs of less than 2.0, and when they
were greater than 2.0, they occurred in small numbers, which
accounted for the wide range of the confidence intervals. Al-
though this might suggest that there are many triggers for sar-
coidosis in a manner similar to asthma, this also does not exclude
the possibility that a single or predominant trigger might still
exist.

Two studies in ACCESS attempted to address the issue of
infectious agents. The rates of positive blood cultures for cell
wall–deficient mycobacteria were similar in patients and control
subjects (12). In addition, polymerase chain reaction for 16s
rDNA of microorganisms did not reveal any differences between
patients and control subjects (manuscript in preparation). Thus,
the fourth lesson from ACCESS was that an infectious agent as
the cause of sarcoidosis was unlikely to be found using molecular
techniques in the analysis of blood. Whether these techniques
will demonstrate an organism in infected tissue is not known.

The role genetics played in the predisposition to sarcoidosis
was assessed both by a questionnaire to determine familial aggre-
gation and by candidate gene analysis. An increased risk for
sarcoidosis was observed in sibs and parents of subjects with
sarcoidosis (13). This increased risk was present in both whites
and African Americans. High-resolution molecular typing was
used to analyze the HLA class II genes in the first 476 cases
and control subjects in ACCESS (14). The distribution of HLA
DRB1 alleles was significantly different between cases and con-
trol subjects (p � 0.0001). The HLA DRB1 alleles that accounted
for this difference were DRB1*1101 (OR, 2.68; 1.78–4.03),
DRB1*0402 (OR, 4.59; 1.76–12.0), DRB1*1201 (OR, 2.62; 1.38–
4.95), and DRB1*1501 (OR, 1.84; 1.22–2.77). When analyzed
by race, DRB1 alleles continued to be differentially expressed
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TABLE 3. RISK RATIO FOR THE INTERACTION OF HLA
DRB1*1101 AND OCCUPATIONAL INSECTICIDE EXPOSURE

Occupation Insecticide Exposure

Absent Present

Absent (DRB1*1101) 1.000 1.706
Present (DRB1*1101) 1.388 5.821

between cases and control subjects, but in addition, DRP1 alleles
were also observed to be differentially expressed in African
Americans. HLA DPB1*0101 was strongly associated with sar-
coidosis in African Americans (OR, 2.20; 1.38–3.53). Only one
allele was differentially associated with sarcoidosis in whites and
African Americans (HLA DRB1*1501), suggesting that some
of the difference in susceptibility to sarcoidosis between whites
and African Americans depends on the differential expression
of the HLA alleles. Polymorphisms of the IL-1�, tumor necrosis
factor (TNF)-�, and the immunoglobulin genes Km and Gm
were also investigated, but no association with sarcoidosis was
observed (15). Thus, the fifth lesson learned from ACCESS was
that genetic associations with sarcoidosis were observed and
appeared to be stronger predictors of sarcoidosis than environ-
mental factors.

ACCESS also investigated whether environmental exposures
and genetic factors were associated with particular phenotypes of
the disease. Whites with agricultural dust exposure and African
Americans exposed to wood-burning stoves were less likely to
have clinically evident extrapulmonary disease in sarcoidosis
(16). Km was associated with African Americans without ery-
thema nodosum (15), DRB1*0401 was associated with eye
involvement, DRB3 was associated with bone marrow involve-
ment in African Americans, and DPB1*0101 was associated with
hypercalcemia in whites (14). Thus, the sixth lesson learned from
ACCESS was that clinical phenotypes may be associated with
specific environmental exposures and genetic risk. However,
clinical phenotypes are difficult to define and the phenotype of
resolved versus persistent sarcoidosis was not able to be deter-
mined because of the lack of follow-up on most of the subjects.

Finally, gene–environment interactions in the predisposition
to sarcoidosis were investigated in the 476 cases and control
subjects that had HLA typing (manuscript in preparation). Be-
cause of the lack of power to detect interactions in low-frequency
events, only the exposures or genes that were present in 10%
of the control population and associated with an OR of greater
than 1.0 were investigated. Only four exposures and four HLA
alleles met this criterion. A positive interaction was observed
between HLA DRB1*1101 (present in 13% of control subjects)
and occupational insecticide exposure (present in 15% of control
subjects). The combined relative risk was 5.82 with a p � 0.074
(Table 3). In addition, the combination of HLA DRB1*1101
and occupational insecticide exposure was associated with hyper-
calcemia and cardiac sarcoidosis. Thus, the seventh lesson learned
from ACCESS was that gene–environment interactions may be a
useful approach in sarcoidosis but large populations or well-
defined phenotypes will be needed.

The final lesson that was learned was that a great opportunity
to follow a cohort of well-defined patients was lost. When funding
was requested to continue the study, the study had to undergo
review by an ad hoc study group. Unfortunately, because of the
difficulty of defining resolved versus persistent sarcoidosis and the
lack of a specific hypothesis (i.e., it was a hypothesis-generating
project), continued funding for the ACCESS study was not ob-
tained, and the cohort was lost to follow-up.

However, DNA on these well-documented cases and control
subjects will continue to be a resource to evaluate candidate
genes associated with the presentation of sarcoidosis. The recent
study investigating the BTNL2 gene is an example of the ongoing
utility of this resource. As additional candidate genes are identi-
fied, the ACCESS DNA bank will be a useful resource to confirm
proposed genetic associations in sarcoidosis.
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