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ABSTRACT: To determine relationships among social predictors and sarcoidosis
severity at presentation, demographic characteristics, socioeconomic status, and
barriers to care, A Case-Control Etiologic Study of Sarcoidosis (ACCESS) was set up.

Patients self-reported themselves to be Black or White and were tissue-confirmed
incident cases aged ol8-yrs-old (n=696) who had received uniform assessment
procedures within one of 10 medical centres and were studied using standardised
questionnaires and physical, radiographical, and pulmonary function tests. Severity was
measured by objective disease indicators, subjective measures of dyspnoea and short
form-36 subindices.

The results of the study showed that lower income, the absence of private or Medicare
health insurance, and other barriers to care were associated with sarcoidosis severity at
presentation, as were race, sex, and age. Blacks were more likely to have severe disease
by objective measures, while women were more likely than males to report subjective
measures of severity. Older individuals were more likely to have severe disease by both
measures.

In conclusion, it was found that low income and other financial barriers to care are
significantly associated with sarcoidosis severity at presentation even after adjusting for
demographic characteristics of race, sex, and age.
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Social predictors including demographic characteristics,
socioeconomic status (SES), and barriers to care affect health
status [1, 2]. SES is used to classify people by health status,
but SES-related health status may result from social
opportunity and health behaviour. Both may be affected by
barriers to healthcare, particularly financial limitations on
access to medical services. Low SES and barriers to healthcare
are associated with a worse disease course and outcomes for
some degenerative, pulmonary, infectious, and malignant
diseases. Sarcoidosis occurs more frequently and has a more
severe disease course among Blacks than Whites [3]. Blacks
are more likely to be of low SES and to be insured less well.
Cross-sectional studies of ambulatory sarcoidosis patients
showed education, income and/or public health insurance to
be related to disease severity [4]. Among Black patients,
municipal hospital ambulatory sarcoidosis patients had more
severe illness than university hospital sarcoidosis patients [5].
By contrast, a study of hospitalised sarcoidosis patients in
South Carolina showed no associations of disease severity
with measures of income and education [6].

Nothing is known about the associations among severity of
sarcoidosis at presentation (time of diagnosis), SES and
barriers to care. A Case-Control Etiologic Study of Sarcoi-
dosis (ACCESS) was a prospective, multicentre, case-control
study of sarcoidosis of patients enrolled within 6 months of
diagnosis [7], providing an opportunity to test the association

of SES and demographic measures and barriers to care with
disease severity at presentation.

Methods

Patient population

From November 1996 to June 1999, ACCESS enrolled 736
incident cases and 706 random-digit-dialing (RDD) matched
controls from 10 participating centres. Cases must have had a
tissue-confirmed diagnosis of sarcoidosis within 6 months of
their recruitment into the study and did not have exclusion
criteria that may have indicated other causes of granuloma-
tous disease (i.e. negative stains for mycobacterial and fungal
infection). This analysis was limited to the 696 Black or White
sarcoidosis cases for which there were complete data on the
variables entered into the logistical regression analyses.

Measures

Following the provision of informed consent, patients
received a thorough history, physical, and laboratory exami-
nation. Trained research staff administered a standardised
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questionnaire on: demographic and SES characteristics,
medical insurance and other barriers to medical care, quality
of life (QoL), general and sarcoidosis-related medical and
occupational history, and home, avocational, and vocational
exposures.

Sarcoidosis severity variables. The dependent variable
objective measures of disease severity for this analysis were:
1) Extent of organ involvement: disease in nonthoracic lymph
nodes, kidneys, heart, skin (other than erythema nodosum).
Extent of disease was classified as disease in one organ system,
two organ systems, or three or more organ systems [8]. 2) Chest
radiograph staging; based on radiographs that were read
by site radiologists and investigators and classified by site
investigators into a modified Scadding scale [9]. 3) Spirometry;
pulmonary function spirometry studies met American
Thoracic Society standards, with per cent predicted values
calculated using reference values specific for Blacks and Whites
[10] and per cent predicted forced vital capacity (FVC) and
forced expiratory volume in one second (FEV1) measurements
which were grouped into four categories of severity which were:
v50, 50–69.9, 70–79.9 and o80%. 4) The dependent variable
subjective measures were dyspnoea (score of 0–4) for activities
causing shortness of breath [11] and the subscales of the short
form (SF)-36: physical functioning, physical role limitations,
general health, and social functioning [12]. Physical
functioning and general health scores were grouped into
quartiles, with the highest quartile of scores representing the
best functioning.

Social predictor variables. Demographic characteristics and
barriers to care (independent variables) included: race
(1=Black, 0=White); sex (1=female, 0=male); age (1=o40 yrs,
0=f40 yrs); yearly family income was coded as two indicator
variables (1=vUS$20,000 and 0 otherwise, and
1=US$20,000–49,999 and 0 otherwise); type of health
insurance (1=no insurance, public insurance, or Medicaid;
0=private insurance or Medicare); type of doctor (1=no regular
doctor, 0=general practitioner or specialist); experienced delay
in getting medication (1=yes, 0=no); experienced other barriers
to medical care (1=couldn9t see a doctor when wanted to and
cost of medical care is a worry, 0=neither a problem); had a
regular place for medical care (1=no regular place or emergency
room, 0=doctor9s office or clinic); and missed more than one
medical appointment in the last six months (1=yes, 0=no).

Statistical analysis

Means, and SD were used to describe continuous variables
by income and type of insurance and t-tests were used to
compare variables. Percentages and Chi-squared tests were
used to test for income or insurance type differences in
categorical measures.

To investigate the effects of SES, demographic, and
barriers to care variables (predictor or independent variables)
on sarcoidosis severity (dependent variables), each of the nine
severity variables (Scadding score, dyspnoea level, number of
organs involved, FEV1 % pred, FVC % pred, physical
functioning score, physical role limitation score, general
health quartile, and social functioning quartile) were all
tested, separately in the logistical regression model shown in
table 1 [13], using SAS PROC LOGISTICS procedures [14].

Ordinal severity variables were coded so that a higher
number indicated greater severity. Stepwise, backward model
selection procedures were used. Terms for race, sex, and age
were forced to remain in the model, but other nonsignificant
(pw0.05) variables were dropped. To adjust for possible

comorbidity, concomitant disease/symptoms were investi-
gated and where significant univariately, included in the
logistical regression model. Concomitant disease/symptom
variables included: chronic bronchitis, allergies, heart disease,
high blood pressure, liver disease, arthritis, lupus erythema-
tosis, smoking, height, weight, heart rate, respiratory rate,
self-assessment of health status, mood, and social support.
Coefficients from the logistical models were used to estimate
the relative increase in the odds (OR) for higher values of a
predictor associated with the presence of a characteristic. For
example, an OR of 1.00 indicated that there is no difference
between variables, and one of 2.00 indicated a two-fold
difference [13]. A large number of analyses were performed in
this study. The primary comparisons between the disease
severity dependent variables and the demographic, income,
and barriers to care independent variables were tested at the
0.05 a-level. All other analyses were performed in an attempt
to adjust the primary findings and were performed at the 0.05
a-level of significance. Interpretations of OR for the adjust-
ment variables should be made with caution due to the
possibility that some of the associations may be present by
chance due to the large number of tests that were performed.

Results

Descriptive analysis

The study population had more Whites (53%), females
(64%), and people aged o40 yrs (54%) rather than f40 yrs
old (46%). Black males and females were more likely to
be v40 yrs of age; 41% had more than just high school
education, nearly half (44%) had annual household incomes
of oUS$50,000 and 20% had annual household incomes
of vUS$20,000. Among the cases studied, 84% had private
health insurance or Medicare while 9% had other public
insurance/Medicaid or (7%) no insurance.

Income and predictors. Distributions by demographic
characteristics, education, barriers to care, and health status
(divided into subjective and objective measures) by income are
summarised in table 2. Low-income cases (vUS$20,000) were
more likely to be Black, female, have high school education or
less, have no or other public insurance, report trouble getting
medications, encounter barriers to care and have missed one or
more medical appointments in 6 months. Objective severity
measures, FEV1 % pred and FVC % pred showed that cases
with an annual household incomevUS$20,000 were less likely
to have normal values than those with higher income
(pv0.0001 for FEV1 and p=0.0003 for FVC). Subjective

Table 1. – Logistical regression model

Specific severity variables

Race
Sex
Age
Education
Income
Type of insurance
Type of doctor
Delay in getting medications
Other barriers to medical care
Regular place for medical care
Missed appointmentsw1

The sum of the above variables were used as the logistic regression
model.
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Table 2. – Per cent distributions for demographic characteristics, socioeconomic status (SES), barriers to care, and health status
by income category

Variable Patients n Annual household income US$ p-value

v20,000 20,000–49,999 o50,000

Demographical and SES characteristics
Race

Black 310 34.5 42.3 23.2 v0.0001
White 386 8.3 30.3 61.4

Sex
Female 447 22.6 40.0 37.4 v0.0001
Male 249 15.3 27.7 57.0

Age
o40 yrs 379 16.9 35.4 47.8 0.05
v40 yrs 317 23.7 36.0 40.4

Education
fHigh school graduate 409 30.3 40.6 29.1 v0.0001
College graduate 172 7.6 32.0 60.5
Post graduate 115 1.7 23.5 74.8

Barriers to care
Insurance status

None 49 75.5 22.4 2.0 v0.0001
Other/public 60 68.3 33.3 8.3
Private/Medicare 587 10.4 38.0 51.6

Trouble getting medications
Yes 51 47.1 33.3 19.6 v0.0001
No 645 17.8 35.8 46.4

Other barriers
Yes 142 43.0 32.4 24.6 v0.0001
No 554 14.1 36.5 49.5

Missed w1 appointment
Yes 74 51.3 33.8 14.9 v0.0001
No 622 16.2 35.8 47.9

Health status
Objective severity

Number of organ systems
1 349 16.6 32.4 51.0 0.006
2 203 21.7 37.9 40.4
o3 144 25.7 40.3 34.0

FEV1 % pred#

v50 25 36.0 52.0 12.0 v0.0001
50–69 108 29.6 29.6 40.7
70–79 117 23.9 39.3 36.7
o80 423 15.4 35.5 49.2

FVC % pred}

v50 16 31.2 50.0 18.7 0.003
50–69 71 36.6 36.6 26.8
70–79 118 23.7 33.0 43.2
o80 467 16.1 35.8 48.2

Subjective severity
Dyspnoea levelz 343 10.8 34.4 54.8 v0.0001

1 233 22.7 34.8 42.5
2 83 34.9 44.6 20.5
3 25 60.0 24.0 16.0
4 11 45.4 54.5 0.0

Physical function quartile§

1 174 39.1 39.1 21.8 v0.0001
2 165 18.8 38.2 43.0
3 172 15.7 24.9 49.4
4 178 6.2 30.9 62.9

Physical role limitsƒ
v0.0001

0 214 30.8 38.8 30.4
25 92 20.6 39.1 40.2
50 61 16.4 34.4 49.2
75 70 14.3 28.6 57.1
100 258 13.2 34.1 52.7

General health quartile##

1 165 29.1 41.2 29.7 v0.0001
2 165 32.1 32.7 35.1

(continued on next page)
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measures of dyspnoea showed only 11% of lowest income cases
reporting level 1 dyspnoea versus 34% for those of middle and
55% for those with the highest income (pv0.0001).

Other subjective measures showed an income effect. Those
with vUS$20,000 income were least likely to report normal
physical functioning and physical role limits, accounting for
only 6% of those in the highest quartile of physical
functioning compared with 63% in the highest income
category. Cases with lowest incomes were least likely to be
in the highest quartile of general health (9%), compared with
highest income cases (60%). Finally, only 13% of those with
the lowest incomes scored in the highest social functioning
category compared with 55% of those with the highest
incomes. All differences were significant (pv0.000l).

Although not presented here, income was related to the
following comorbidities/symptoms: reported liver disease with
cases earning vUS$20,000 reporting a greater prevalence of
liver disease than cases at the higher income levels (7.9 versus
3.2 versus 2.2%), and arthritis with cases reported more
frequently in the two lower income groups (25 versus 28 versus
18%). High blood pressure was also reported more often in
the two lowest income groups (29 versus 28 versus 20%). All
other comorbidities and symptoms were not significantly
related to income.

Insurance and predictors. Although not shown, the same
variables were tested for health insurance as for income.
Comparison of private health insurance/Medicare versus no/
other public insurance showed similar patterns, with p-values
v0.0001 for most associations except for sex, which was not
significantly related to insurance type, and agev40 yrs, which
was more strongly associated with no or public insurance
(pv0.001). Variables indicating trouble getting medication and
barriers to care were significantly associated (pv0.0001) with
no or other public insurance.

By objective severity measures, cases with no or other
public insurance had significantly more severe sarcoidosis
than those with private insurance (pv0.0001), measured by
FEV1 % pred and FVC % pred, although the number of
involved organ systems was less strongly associated (pv0.01).
Subjective measures of severity showed patients with no or
other public insurance had more severe impairment
(pv0.0001), as measured by dyspnoea, physical functioning,
physical role limitations and general health.

Comorbidities and symptoms related to insurance status
were allergies (more in the private/Medicare group), liver
disease (more in the no or non-Medicare public insurance
group), and smoking (more prevalent in the no or

non-Medicare public insurance group). Both heart rate and
respiratory rate were higher in the no or non-Medicare public
insurance group.

Logistic regression analysis

Logistic regression analysis was used to obtain final models
with OR and 95% confidence intervals (CI) for each of the
eight significant severity outcomes tested (table 3 shows
objective measures of severity and table 4 shows subjective
measures). The Scadding score comparison was nonsignifi-
cant (pw0.05) for all predictors except o40-yrs old (OR=1.45,
p=0.04) and female (OR=0.66, p=0.03), and is, therefore, not
included in tables 3 or 4.

The following predictors are presented with their t-values;
the OR and CI are available in tables 3 and 4. Blacks,
compared with Whites, had more severe sarcoidosis based on
objective disease measures (table 3). Blacks were more likely
to have more organs involved (pv0.001), and a lower FVC %
pred (pv0.05). Cases having no or other public insurance were
more likely to have low FVC % pred (pv0.05), and those
reporting trouble obtaining medicines were more likely to
have more organs involved (pv0.01). Cases earning vUS
$20,000 were more likely to have a low predicted FEV1 %
pred (pv0.05).

Females had more severe disease based on the objective
measure of low FVC % pred (pv0.01), (table 2), and most
subjective measures of disease (table 3). Females were more
likely to report high levels of dyspnoea (pv0.05) and have
poor physical functioning (pv0.001), physical role limitations
(pv0.01), and poor general health (pv0.01). All subjective
severity measures were worse for cases in the two lowest
income categories. Those making vUS$20,000 per year were
more likely to have worse dyspnoea (pv0.001), poor physical
functioning (pv0.001), physical role limitations (pv0.05),
poor general health (pv0.01) and social functioning
(pv0.001), compared with those making oUS$50,000
annually. Cases with incomes between US$20,000–50,000
were significantly more likely to have restricted social
functioning.

Cases aged o40 yrs had more severe disease by both
objective (low FEV1 % pred, FVC % pred; both pv0.001) and
subjective measures (dyspnoea, poor physical functioning,
both at pv0.01), and physical role limitations (pv0.05).

The subjective measures of sarcoidosis severity, dyspnoea,
poor physical functioning, and poor general health, were
strongly associated with a patient9s report that they had

Table 2. – (Continued )

Variable Patients n Annual household income US$ p-value

v20,000 20,000–49,999 o50,000

3 180 11.7 38.3 50.0
4 185 9.2 30.8 60.0

Social function scorezz

0–12.5 34 38.2 55.9 5.9 v0.0001
25 41 36.6 39.0 24.4
37.5 56 26.8 42.9 30.4
50 90 26.7 40.0 33.3
62.5 96 17.7 33.3 49.0
75 98 14.3 31.6 54.1
87.5 89 18.0 32.6 49.4
100 191 13.1 31.9 55.0

Number of patients with data (n=696) unless otherwise stated. FEV1 % pred: forced expiratory volume in one second per cent predicted; FVC %
pred: forced vital capacity per cent predicted. #: n=673; }: n=672; z: n=695; §: n=689; ƒ: n=695; ##: n=695; zz: n=695.
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difficulty obtaining medications (pv0.001). An association
was also present for the number of organs involved (pv0.01).
Insurance status was associated with a low FVC % pred
(pv0.05) and no subjective morbidity measures.

These associations with barriers to care and demographic
characteristics remained despite the study groups attempts to
adjust out the effects by including significant comorbidities
and symptoms of the many that were included in the model
(tables 2 and 3).

Discussion

Measures of income and other barriers to care are associated
with sarcoidosis severity at initial presentation in descriptive
analysis consistent with observations with severity and other
diseases [1, 2]. Low income and type of insurance were highly
correlated with Black race, female sex, and barriers to care in
descriptive analysis. Having low income and no or other public
insurance may cumulatively discourage seeking medical care.
Blacks are more likely to be unemployed or have low income
jobs without insurance if employed [15]. ACCESS blacks were
more likely to have family income of vUS$20,000 (37 versus
9% of Whites) and to have other public insurance (16 as
compared with 3% of Whites). Most other public insurance is
Medicaid, health insurance for those impoverished, which
pays providers less, restricts access to physicians, particularly
specialists, by whom ACCESS cases were diagnosed [16]. The
categorical nature of Medicaid eligibility is more problematic
for young adult males, in contrast to females who may be
eligible if pregnant or caring for children.

Even more restrictive than Medicaid is no insurance. Black
males were those most likely to be uninsured (20 versus 8% for
Black females and 3% for all Whites). The relatively low
number of Black males in the study (79 Black males versus 163
White males) may reflect these income and insurance barriers
to care. When Black males and their families are comparably
insured as in a health maintenance organisation, the rate of
Black males with sarcoidosis is only slightly lower than that of
Black females [17].

Barriers to care linked to healthcare costs may further delay
recognition of asymptomatic or mild sarcoidosis. Low income
ACCESS cases were less likely to have a regular physician
when compared with higher income cases (73 versus 98%).
Other barriers to care i.e. delay in obtaining medicines, not
seeing a physician when desired and reporting cost concerns
about medical care, were also associated with sarcoidosis
severity. For cases reporting delay in getting medicines and
not calling a physician, cost was the most common reason
given.

Physician visits require out-of-pocket expenses for related
nonmedical expenses, such as transportation, babysitting, lost
work income, as well as deductible and co-insurance
expenditures. These costs discourage nonessential and routine
care, which may account for lower rates of mild disease
among those insured with low or intermediate income.
However, once an individual presents to a physician,
income and insurance do not delay sarcoidosis diagnosis, as
shown in a substudy of the diagnostic pathway for ACCESS
cases [18].

Logistical regression models support the relationship of
sarcoidosis severity to SES and barriers to care. This

Table 3. – Logistic regression, odds ratio (OR) and 95% confidence intervals (CI) for the effects of socioeconomic status and
barriers to care on sarcoidosis severity at study entry by objective measures

More organs involved# Low FEV1 % pred} Low FVC % predz

OR CI OR CI OR CI

Demographical characteristics
Race

Black 1.78*** (1.31–2.41) NS 1.48* (1.02–2.16)
White

Sex
Female NS NS 2.27** (1.35–3.83)
Male

Age NS 1.85*** (1.31–2.62) 2.33*** (1.61–3.30)
o40 yrs NS NS

v40 yrs
Income

vUS$20,000 1.6* (1.06–2.42) NS

US$20,000–49,999 NS NS

US$50,000
Barriers to care

Insurance status
None or other/public NS NS 1.71* (1.08–2.71)
Private/Medicare

Trouble getting medications 2.23** (1.27–3.92) NS NS

Missed w1 appointment NS NS NS

Comorbidities/symptoms
Self-reported general health NS 1.27** (1.08–1.49) 1.27** (1.07–1.51)
Allergies NS NS 1.49* (1.04–2.13)
High blood pressure NS 0.65* (0.45–0.95) NS

Liver disease NS NS 0.37* (0.17–0.81)
Ever smoking NS 0.62** (0.45–0.86) 0.68* (0.48–0.97)
Height NS 1.04*** (1.02–1.07) 1.05** (1.02–1.08)
Respiratory rate NS 1.06* (1.01–1.11) 1.07**

Race, sex and age were retained. For other predictors only those statistically significant (pv0.05) were retained. FEV1 % pred: forced expiratory
volume in one second per cent predicted; FVC % pred: forced vital capacity per cent predicted. NS: nonsignificant. #: n=696; }: n=672; z: n=673. *:
pv0.05; **: pv0.01; ***: pv0.001.
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relationship is seen in both the models of objective and
subjective measures of severity. Income is consistently
associated with severity, even when analysed with insurance
and comorbidities/other symptoms in the same model. Among
other barriers to care, delay in obtaining medication is the
most consistent predictor of disease severity. A multivariate
regression of a case-control study of sarcoidosis also showed
difficulty obtaining a prescription and not having a regular
physician to be associated with cases [19].

Regarding demographic measures, cases aged o40 yrs had
more severe disease at presentation, by objective and
subjective measures of diminished physical function and
physical role limitations. Black race was associated with
greater severity by objective, but not subjective, measures of
disease at presentation, consistent with the possibility that
Blacks are more likely to have financial barriers to care and
delay seeking care. Black patients were less likely to have
normal FVC % pred at presentation, and Black males were
less likely to present with normal FVC % pred. The apparent
severity of disease in Black males could be due to fewer Black
males with asymptomatic and mild disease presenting early
for diagnosis. ACCESS cases were significantly more likely to
have private insurance and a regular physician than ACCESS
telephone-area matched controls, suggesting people with
better insurance and access to medical care are more likely
diagnosed as cases.

By contrast to Black race, female sex was a predictor for all
subjective, but no objective, measures. Perhaps, females
experience sarcoidosis symptoms and limitations differently
than males. Females in population surveys are more likely to
report dyspnoea than males [20–21]. Females, compared with
males, with minor respiratory infections report more short-
ness of breath [22]. In the National Health and Nutrition
Examination Survey no. III (NHANES III), females had
substantially lower FVC % pred than males [23]. Others have
reported using the SF-36 indices, that females with sarcoidosis
were more likely than males to report poorer QoL [24].
Differences in interpretation of symptoms by sex may affect
subjective perception of disease severity; females with
sarcoidosis were more likely to be depressed [24]. Those
depressed have a lowered threshold for discomfort, which
may result in more negative responses to SF-36 questions
on QoL [26–27]. Similarly lower income is a predictor of
sarcoidosis severity at presentation for multiple measures of
severity; low FEV1 % pred, dyspnoea, and all the SF-36 QoL
indices. National cross-sectional studies using diverse QoL
measures indicate that lower income is associated with worse
QoL scores [28–29]. When factors affecting QoL in low
income populations are studied in a national study, the
factors of employment status and activity limitations account
for most of the variability in QoL. Other SES, demographic,
and health insurance factors contribute little in additional
explanation [29]. Dyspnoea and reduced pulmonary function
due to sarcoidosis could result in activity limitation and
contribute to the lower SF-36, physical function, and rate
limit scores for those of lower income. Nevertheless, in the
current study9s analysis, lower income remains as a separate
predictive factor for severity even when numerous other
demographic, disease symptoms, and social factors are
considered. However, QoL is an important aspect of care
not fully recognised by physicians in providing sarcoidosis
care. A recent study of ambulatory sarcoidosis patients argues
that QoL provides important measures of patient experience
with sarcoidosis not captured by physiological measures.
They conclude that physicians9 assessment of severity, which
is primarily influenced by physiological measures, does not
sufficiently acknowledge QoL aspects of sarcoidosis impor-
tant to patients [30].

Conclusions

The current study9s findings indicate that income, insur-
ance, and cost barriers to care are significantly associated with
sarcoidosis severity at presentation, even after adjusting for
race, sex, age, and other comorbidities/symptoms. Cost
barriers to care may cause some patients, particularly those
with asymptomatic or early sarcoidosis, to delay presentation.
Cost barriers reflect social policies restricting financial access
to medical care and drugs. Although improved public
education about sarcoidosis may increase awareness of
sarcoidosis and its early symptoms, cost barriers will
detrimentally affect decisions to seek care and comply with
therapeutic recommendations. Identifying patients earlier
would permit earlier therapeutic intervention (when appro-
priate) to permit symptomatic relief or effect disease course [3,
31, 32]. Reduced financial barriers to care are needed for
earlier sarcoidosis detection and care.
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