
Introduction

Sarcoidosis is a multi-system disease of unclear
etiology affecting the lungs in over 90% of cases.(1)
Sarcoidosis has been referred to as the ‘Great Pre-
tender’ in the radiology literature, as CT patterns
can mimic a large number of other pulmonary dis-

eases.(2) The clinical presentation of sarcoidosis is
also varied.(1) Patients present with vague, nonspe-
cific symptoms such as fatigue, shortness of breath,
fevers, or cough, and the diagnosis may initially be
mistaken for other pulmonary diseases.(3)

Prior work has shown that the diagnosis of sar-
coidosis is often delayed over six months in patients
presenting with respiratory symptoms and decreased
lung function.(3) Recent data also suggest that mor-
tality and hospitalizations in people with this disease
appear to be increasing over time.(4, 5) Sarcoidosis
patients on higher doses of corticosteroids also seek
more medical care related to infection, and have in-
creased emergency department visits.(6) Thus, the
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diagnostic costs and resource utilization may be be-
coming increasingly significant.

Although there are reports of increased health-
care use of patients already diagnosed with sarcoido-
sis, few reports focus on the use of resources prior to
diagnosis. The purpose of this study was to describe
healthcare utilization patterns one year prior to di-
agnosis of sarcoidosis for a cohort of insured patients
and compare their healthcare use to a cohort of pa-
tients with other respiratory diagnoses.

Methods

Dataset

We conducted a retrospective case-control study
using 7 years (2003-2009) of a de-identified, limited
dataset of employer-based health insurance claims da-
ta, housed at the University of Iowa College of Public
Health, to identify persons with sarcoidosis. The Data
Repository contains longitudinal data of claims for
members and their covered family members who are
fully insured through policies underwritten by the in-
surer. This study was approved by the University of
Iowa Institutional Review Board.

We examined insurance claims for outpatient and
emergency department visits and outpatient pharmacy
healthcare services provided to members with health
and prescription drug coverage. These data included
enrolment information, insurance coverage, provider
information, patient demographic information, diag-
nosis codes, procedure codes, dates of service, and out-
patient pharmacy data, including fill dates and drug-
days supplied.

Identification of Sarcoidosis Cases

We identified cases as persons with a primary or
secondary diagnosis of ICD-9 code 135 for ‘sarcoidosis’
listed on an outpatient insurance claim. Case subjects
were required to have a minimum of 12 months of con-
tinuous health and pharmacy insurance coverage before
their diagnosis, and six months of coverage after diag-
nosis. The diagnosis date was defined as the date on
which the ICD-9 code for sarcoidosis first appeared on
a claim, with no prior claim for sarcoidosis in the prior
12 months. Each case in our series also must have had
a second claim for sarcoidosis in the six months after
index date to further validate the diagnosis.

Identification of Control Group

The control group was selected from the same
outpatient claims database. Control subjects were
selected based on having another respiratory-related
diagnosis (other than sarcoidosis) including chronic
obstructive pulmonary disease (ICD-9 codes 490.xx,
491.xx, 492.xx, and 496.xx), asthma (ICD-9 code
493.xx), or pneumonia (ICD-9 codes 480.xx, 481.xx,
482.xx, 483.xx, 485.xx, and 486.xx). Control subjects
were required to have at least 12 months of insurance
coverage prior to the diagnosis date and at least six
months of coverage after the diagnosis date. Ten
controls per case were matched by age strata (age be-
low 30, 31-40 years, 41-50 years, 51-60 years, over
60 years), year of diagnosis, and gender. Similar to
cases, the diagnosis date was defined as the date on
which the ICD-9 code first appeared on the claims
records, with no prior claim for the diagnosis within
the prior 12 months.

Assessment of Antibiotic and Corticosteroid Prescriptions

We examined outpatient prescription use of an-
timicrobials and corticosteroids among sarcoidosis
cases and matched controls in the 365 days before
the date of established diagnosis. Prescription med-
ications were identified through National Drug
Codes on outpatient prescription drug claims. We
examined exposure to antimicrobial classes or agents
(aminoglycosides, beta-lactam/beta-lactamase in-
hibitors, cephalosporins, clindamycin, fluoro-
quinolones, macrolides, penicillins, sulfonamides,
tetracyclines, and intravenous vancomycin), the total
number of different antimicrobial agents received,
and the timing of antimicrobial use in relation to the
diagnosis date. We did not examine use of topical or
ophthalmic antimicrobials. In a similar fashion, we
examined all systemic corticosteroid prescriptions,
including those for oral formulations, injections, or
intravenous prescriptions. We did not include topi-
cal or ophthalmic steroid prescriptions.

Assessment of Imaging and Provider Visits

We investigated the frequency and timing of
imaging exams by identifying medical claims for the
test or procedure by current procedural terminology
(CPT) codes. For chest x-rays, we used CPT codes
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71010, 71015, 71020-71022, 71030, 71035. For
computed tomography (CT) imaging, we used CPT
codes 71250 (CT thorax without dye), 71260 (CT
thorax with dye), 71270 (CT thorax without and
with dye), and 71275 (CT angiography, chest). We
also examined the frequency of provider visits by
identifying the total number of provider visits, the
number of different individual providers seen, and
the number of unique specialties seen by each pa-
tient. Specialists included primary care providers, in-
ternal medicine specialities, general surgery, surgical
subspecialties, psychiatry, obstetrics/gynecology,
dermatology, neurology, sleep medicine, emergency
department, and ophthalmology.

Statistical Analyses

We calculated summary statistics for demo-
graphic characteristics, medications, imaging, and
frequency of provider visits among sarcoidosis pa-
tients. Comparisons between cases and controls
were performed using t-tests for continuous vari-
ables, and chi-square tests for binary responses. SAS
version 9.3 (SAS Institute Inc., Cary, NC) was used
for all analyses.

Results

Demographics

During the study period, we identified 206 cases
of sarcoidosis that met our inclusion criteria.The mean
age was 50.1 years, median age of 51.5 years, with a
range of 15-84 years. Fifty-six percent of the cohort
was female. Race information was not available in the
data set. Cases were compared to 2060 matched con-
trol subjects on age and gender, and thus did not differ
from cases.

Prescription Utilization: Antibiotics and Corticosteroids

One hundred and thirty-seven cases with sar-
coidosis (67%) filled antibiotic prescriptions in the year
prior to diagnosis, while 1557 control subjects (76%)
filled antibiotic prescriptions. For cases receiving an-
tibiotics, the average number of antibiotic prescrip-
tions was 3.1 (SD=2.7) ,compared to 2.5 prescriptions
(SD=2.5) in the control group (p=0.011). Subjects
with sarcoidosis more frequently filled two or more an-
tibiotic prescriptions in the year prior to diagnosis than
the control subjects (69% vs. 55%, p=0.002).

One hundred and five patients with sarcoidosis
(51%) received at least one corticosteroid prescription,

Fig. 1. Frequency and timing of antibiotic (1A) and corticosteroid (1B) prescriptions in the year prior to diagnosis by individual sarcoido-
sis patients.
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while 600 control subjects (29%) received corticos-
teroids. For those receiving corticosteroids, the aver-
age number of prescriptions was 3.2 (SD=3.3) com-
pared to 2.7 (SD=2.8) in the control group (p=0.106).
However, in patients receiving corticosteroids, cases

with sarcoidosis more often filled two or more pre-
scriptions compared to those in the control group
(63% vs. 50%, p=0.014).

The frequency, timing, and duration of antibiotic
and corticosteroid use in sarcoidosis cases are plotted
in Figures 1A and 1B. The distribution of number of
prescriptions per patient with sarcoidosis is displayed
in Figure 2.

Utilization of Imaging

One hundred and sixty-nine patients (82%) of
cases with sarcoidosis underwent at least one chest x-
ray in the year prior to diagnosis, while only 1054
(51%) of control patients did so. Among those who re-
ceived chest x-rays, patients with sarcoidosis averaged
2.0 x-rays (SD 1.4), while control subjects averaged 1.5
x-rays (SD 1.6) per patient (p<0.0001). Sarcoidosis
cases had a markedly higher frequency of receiving two
or more chest x-rays compared to those in the control
group (54% vs. 24%, p<0.0001).

One hundred and thirty cases with sarcoidosis
(63%) had at least one chest CT imaging procedure,
while only 83 (6.3%) of patients in the control group
had a chest CT. Of the patients receiving chest CTs,

Fig. 2. Distribution of the number of antibiotic and corticosteroid
prescriptions per person in the year prior to diagnosis of sar-
coidosis.

Fig. 3. Frequency and timing of chest x-rays (3A) and CT Chest imaging (3B) in the year prior to diagnosis by individual sarcoidosis patient.
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there were similar rates of receiving two or more chest
CT imaging in both groups (28% of the sarcoidosis
patients vs. 27% of the control patients, p=0.920) The
frequency, timing, and duration of chest x-rays and CT
scans for patients with sarcoidosis are plotted in Fig-
ures 3A and 3B.

Health Provider Visits

The average number of doctor visits of cases with
sarcoidosis was 14.7 (SD=11.3, median=12.0) in the
year prior to diagnosis. Compared to the case group,
control patients had significantly fewer doctor visits of
7.8 (SD=8.4, median 5), p<0.0001). Cases saw, on av-
erage, 6.1 different individual providers (SD=3.4, me-
dian=5.0), and 3.9 different types of specialists
(SD=1.9, median=4.0). Control patients saw an aver-
age of 3.4 different individual providers (SD=2.6, me-
dian 3) and 2.1 specialists (SD=1.4, median 2), both
significantly fewer than case patients (p<0.0001).

Discussion

We found that patients with sarcoidosis frequent-
ly see healthcare providers and receive a large number
of prescriptions and imaging exams in the year prior to
diagnosis. Compared to patients with alternative respi-
ratory diagnoses (asthma, COPD, and pneumonia),
patients with sarcoidosis had a significantly higher fre-
quency of receiving two or more courses of antibiotics,
corticosteroids, and chest x-rays, and saw a markedly
greater number of doctors and specialists in the year
prior to diagnosis. Our study includes patients from
rural, urban, academic, and community practices, and
offers a view of the patterns of care of insured sar-
coidosis patients.

Although it is evident that patients with sar-
coidosis undergo a substantial amount of medical care
prior to diagnosis, it is the repeated testing and pre-
scriptions that are distinctive compared to patients
with other respiratory diagnoses. Identifying unique
indicators (or patterns of care) could indicate to
providers that a patient may need further workup of a
rare disease such as sarcoidosis or specialized coordi-
nation of care. For example, identifying patients with
multiple courses of antibiotics, steroids, and chest x-
rays, may prompt a provider or payer to reassess a pa-
tient’s underlying diagnosis. In this study, patients with

sarcoidosis were much more likely to receive more than
one course of antibiotics, steroids, or chest x-rays than
a population with general respiratory complaints. Us-
ing criteria for high frequency use of these three vari-
ables may be considered for future automated algo-
rithms that flag a patient with a potential missed diag-
nosis. Further evaluation of the appropriate ‘cut-off ’
values or combinations of variables to obtain an ac-
ceptable rate of sensitivity and specificity for identify-
ing missed or delayed diagnosis is warranted. For ex-
ample, search engines that utilize automated algo-
rithms specific to rare diseases have recently been de-
veloped to help search and find rare conditions on the
internet, with improved diagnostic potential compared
to traditional search engines.(7)

Although, our claims data does not allow us to
evaluate indirect costs of sarcoidosis on society, such a
high number of doctor visits in one year (an average of
14.7 visits) would imply an impact on work productiv-
ity (or sick days), disability, and costs in this popula-
tion. Other chronic diseases with respiratory presen-
tations, such as COPD, have been shown to be associ-
ated with a significant loss of wages due to lost time
from work.(8) Similarly, rheumatoid arthritis patients
have monthly health care costs two-three times the
general population in the year of diagnosis.(9) Future
investigations should consider the costs related to de-
layed diagnosis of sarcoidosis.

Rare diseases frequently are associated with delay
in diagnosis, often for years.(10-12) Reasons for de-
layed diagnosis can be due to patient-related, disease-
related, and healthcare-related factors. Even common
diseases, such as COPD, have been found to have a
high rate of under-diagnosis in patients who do not
exhibit classic features such as active smoking and
chronic cough.(13) Characteristics that could explain
some reasons for difficulty in the diagnosis include
atypical, nonspecific presentations, rarity of the dis-
ease, or lack of provider awareness of the disease.(14)
Further research and understanding of how to support
and educate clinicians in the diagnostic process of sar-
coidosis are warranted.

Our study has several limitations. First, we do not
have patient-reported or provider-reported data that
would indicate exactly when symptoms began. Sec-
ond, in our dataset, we were not able to analyze all po-
tential healthcare use such as laboratory testing, pul-
monary function, or cardiac testing that often is ob-
tained in patients with sarcoidosis, and could not do a
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full cost analysis. These would be important next steps
in estimating the impact of sarcoidosis on the health-
care system. Third, we do not have the ability to assess
specific organ involvement. Fourth, we cannot be en-
tirely certain that these are all incident cases. Our case
definition attempts to identify incident cases by having
no prior claims for sarcoidosis in the year prior. Some
patients may be seen as a general re-evaluation. How-
ever, this bias would likely result in an underestimation
of healthcare use since the diagnosis had already been
made. Fifth, despite documentation of high healthcare
use in the year prior to diagnosis, our study data do not
allow us to assess whether there are true delays in di-
agnosis, or if this is the expected process of diagnosis.
Furthermore, it is unknown whether delays in diagno-
sis equate to adverse outcomes in this population.
More encompassing datasets following prospective
outcomes related to diagnostic times are needed to as-
sess the consequences of long diagnostic periods. Last,
we chose a diseased control group with respiratory di-
agnoses to best represent pulmonary complaints that
may be seen in a primary care clinic. Although it is
possible that some sarcoidosis patients could be misdi-
agnosed with other respiratory disease, we feel that the
results are not likely to be greatly impacted given the
large number of controls and the rarity of sarcoidosis.
Comparisons with other control groups may also be
warranted. A majority of these limitations are inherent
to a claims database; establishing a more comprehen-
sive factor analysis of reasons for high healthcare use
would require a combination of patient medical charts,
claims databases, and clinical care registries; combin-
ing overlapping datasets may be helpful to improve
sensitivity of identifying rare outcomes.(15)

Despite these limitations, our results clearly show
that sarcoidosis patients are subjected to a variety of
tests and therapies, many of which may not be neces-
sary. These results are of interest to clinicians, patients,
and healthcare payers seeking to improve care to pa-
tients with sarcoidosis. Further research is needed to
determine how healthcare use patterns compare to
other populations and to the non-diseased, or to de-
termine how resources are utilized in patients without
insurance and whether there are other socioeconomic,
racial, or geographic disparities affecting patterns of
care. The results of this study show why more compre-
hensive datasets are needed that specifically include
patient symptoms, outcomes, and clinical manage-
ment. Finally, our results highlight the need for im-

proved diagnostic algorithms to identify patients with
sarcoidosis.
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