
Introduction

Sarcoidosis is an immune-mediated disorder 
characterized by granulomatous inflammation. The 
etiology of sarcoidosis is unknown but it is believed 
to involve an interplay between environmental and 
genetic factors (1). It is estimated that approximately 
70,000 new cases of sarcoidosis are diagnosed in the 
United States each year with significant regional 
variation (2, 3). 
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Sarcoidosis can virtually affect any organ, with 
lungs and intra-thoracic lymph nodes being the most 
commonly affected sites. Pulmonary sarcoidosis is 
usually categorized into stage I to IV based on ra-
diographic changes (4). However, the prognosis and 
long-term outcome of pulmonary sarcoidosis are 
not well-defined due to the limited number of stud-
ies with long duration of follow-up. Moreover, most 
of the previous studies investigating the outcome of 
pulmonary sarcoidosis put an emphasis on the radio-
logic progression/resolution which may not reflect the 
functional outcome (5-8). In the current study, pul-
monary function tests (PFTs) of residents of Olmsted 
County, Minnesota (MN) who were newly diagnosed 
with sarcoidosis between 1976 and 2013 were exam-
ined to characterize the natural history of the disease. 
Baseline characteristics at diagnosis of the patients 
were also analyzed for association with the outcome. 

Methods

Participants and study design

This retrospective cohort study utilized the re-
source of the Rochester Epidemiology Project (REP) 
medical record-linkage system which provided com-
prehensive access to medical records from all health 
care providers, including the Mayo Clinic, the Olm-
sted Medical Center and their affiliated hospitals, lo-
cal nursing homes and the few private practitioners 
for all residents of Olmsted County, MN seeking 
medical care for over six decades. The potential of 
this record-linkage system for epidemiologic study 
has previously been described (9). 

Potential cases of sarcoidosis were identified 
from the database using diagnosis codes related 
to sarcoid, sarcoidosis, and contextual noncaseat-
ing granuloma. Medical records of these potential 
cases were individually reviewed. Inclusion required 
physician diagnosis supported by presence of non-
caseating granuloma on biopsy, radiologic features 
of intrathoracic sarcoidosis, compatible clinical pres-
entation and exclusion of other granulomatous dis-
eases such as tuberculosis and fungal infection. The 
only exception to the requirement of histopathology 
was stage I pulmonary sarcoidosis that required only 
symmetric bilateral hilar adenopathy on thoracic 
imaging without any other known causes. Isolated 

granulomatous disease of a specific organ without 
intra-thoracic disease was not included. Prevalent 
cases (i.e., cases with sarcoidosis prior to residency 
in Olmsted County) were excluded. This approach 
allows identification of virtually all clinically recog-
nized cases of sarcoidosis in the community.

The medical records of the confirmed cases were 
then further reviewed. Data on demographic charac-
teristics, presence of extra-thoracic involvement by 
sarcoidosis, radiographic staging at diagnosis, PFTs 
at baseline and during follow-up, treatment and the 
requirement of oxygen supplementation therapy were 
collected. Only those with at least one PFT done 
during follow-up or within 2 years prior to diagnosis 
date were included. Inclusion of PFT was extended 
up to 2 years prior to diagnosis because some pa-
tients had PFT prior to the diagnosis of sarcoido-
sis as a part of their initial evaluation. The PFT that 
was closest to diagnosis date was used as the baseline 
PFT. Results of all PFTs were recorded in percent 
predicted values. These included total lung capacity 
(TLC), force vital capacity (FVC), forced expiratory 
volume in 1 second (FEV1) and diffusing capacity for 
carbon monoxide (DLCO). The DLCO results were 
corrected for hemoglobin level when appropriate. The 
primary outcome of this study was development of 
chronic respiratory impairment, defined as the pres-
ence of at least one of the following DLCO <40%, 
FVC <50% or the requirement to use chronic oxygen 
supplementation (10). Follow-up was continued until 
death, migration from Olmsted County or January 1, 
2016. This study was approved by the Mayo Clinic 
and the Olmsted Medical Center Institutional Re-
view Boards (Mayo Clinic IRB 14-008651, Olmsted 
Medical Center IRB 012-OMC-15). 

Statistical analysis

Descriptive statistics (percentages, mean, etc.) 
were used to summarize the characteristics of the 
cohort. The cumulative incidence of chronic respira-
tory impairment adjusted for the competing risk of 
death was estimated (11). These methods are similar 
to the Kaplan-Meier method with censoring of pa-
tients who are still alive at last follow-up. However, 
patients who die before experiencing chronic respira-
tory impairment are appropriately accounted for to 
avoid overestimation of the rate of occurrence of the 
events of interest, which can occur if such subjects 
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are simply censored at death. Cox models were used 
to examine the associations between stage of pulmo-
nary sarcoidosis at diagnosis, treatment and chronic 
respiratory impairment. Treatment exposures were 
modeled using time-dependent covariates that mod-
eled patients as unexposed until the time when they 
started treatment and exposed thereafter. These anal-
yses were adjusted for sex, age and calendar year of 
sarcoidosis diagnosis. Changes in predicted values of 
TLC, FVC and DLCO over time were estimated us-
ing general linear models with random subject effects 
to account for multiple PFT measures per subject. 
A P-value of less than 0.05 was considered statisti-
cally significant for all analyses. Analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, 
NC, United States) and R 3.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

335 incidental cases of pulmonary sarcoido-
sis were identified. 24 cases did not have any PFTs 
within the period of interest. Therefore, a total of 311 
cases of incident pulmonary sarcoidosis (mean age 
45.6 years, 50% female and 90% Caucasian) who had 
at least one PFT in the period from 2 years prior to 
sarcoidosis diagnosis to last follow-up were included. 
121 patients (39%) also had extra-thoracic disease. 
The majority of patients had stage I disease (54%) 
followed by stage II (29%), III (15%) and IV (2%). 
The median length of follow-up was 13.8 years. The 
average number of PFTs per patient was 3.9. The av-
erage duration between the first and the last PFT 
was 6.1 years. 

The means of PFT measures at baseline in this 
cohort were 97.1%, 95.3%, 91.4% and 91.1% of pre-
dicted values for TLC, FVC, FEV1 and DLCO, re-
spectively. The median time from diagnosis date to 
baseline PFT was 0 days with interquartile range 

of – 7 days to 7 days. Over the course of follow-
up, there was a decline in the mean values of each 
measure. At 5 years, the mean percentage predicted 
for TLC, FVC, FEV1 and DLCO decline by 1.6%, 
3.5%, 4.3% and 3.1%, respectively. All of these 
changes were statistically significant. The estimated 
means of PFT measures at baseline and at 5 years 
after follow-up based on generalized linear models 
adjusted for age, sex and calendar year of sarcoidosis 
diagnosis are shown in table 1. 

Chronic respiratory impairment developed in 25 
patients, which corresponded to a 10-year event rate 
of 4.4% (95% confidence interval [CI], 1.9-6.9). The 
cumulative incidence of chronic respiratory impair-
ment according to time since sarcoidosis diagnosis is 
shown in figure 1. Stage of pulmonary sarcoidosis at 
diagnosis was a strong predictor of chronic respira-
tory impairment. The hazard ratio (HR) for chronic 
respiratory impairment of patients with stage II pul-
monary sarcoidosis compared with stage I disease was 
5.29 (95% CI, 1.65-16.96) while the HR for chronic 
respiratory impairment of patients with stage III and 

Table 1. Trends in pulmonary function test measures over time among 311 patients with pulmonary sarcoidosis

PFT measure	 Mean at diagnosis	 Mean 5 years later	 Change over 5 years	 p-value for trend over time

TLC	 96.3 (94.4, 98.3)	 94.8 (92.6, 97.0)	 -1.55	 0.015
FVC	 95.4 (93.5, 97.2)	 91.9 (89.9, 93.9)	 -3.45	 <0.001
FEV1	 91.2 (89.1, 93.2)	 86.9 (84.7, 89.1)	 -4.29	 <0.001
DLCO	 91.2 (89.3, 93.0)	 88.1 (86.0, 90.1)	 -3.11	 <0.001

TLC, total lung capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 minute; diffuse capacity for carbon monoxide

Fig. 1. Cumulative incidence of chronic respiratory impairment 
among 311 patients with pulmonary sarcoidosis
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IV pulmonary sarcoidosis compared with stage I dis-
ease was 8.36 (95% CI, 26.3-26.52). 

Less than half of the patients received glucocor-
ticoids or disease modifying treatment for their sar-
coid disease. Oral glucocorticoids were prescribed for 
100 patients at some point during follow-up while 
24 patients were exposed to non-biologic disease 
modifying antirheumatic agents (DMARDs) and 6 
patients received biologic agents. The number and 
percentage of patients exposed to oral glucocorti-
coids, individual non-biologic DMARDs and bio-
logic agents are described in table 2. 

Use of glucocorticoids was associated with a 
significantly increased risk of chronic respiratory 
impairment (HR 4.60; 95% CI, 1.94-10.88 ad-
justed for age, sex and calendar year of sarcoidosis 
diagnosis). Use of non-biologic DMARDs was also 
associated with an increased risk of chronic respira-
tory impairment (HR 5.13; 95% CI, 1.47-17.86), 
but this risk was attenuated and no longer reached 
statistical significance after adjustment for gluco-
corticoid use (HR 2.79; 95% CI, 0.76-10.26) due 
to the small number of patients who were exposed 
to non-biologic DMARDs. Analysis of the asso-
ciation between use of biologic agents and chronic 
respiratory impairment could not be conducted due 
to a low number of patients exposed to biologic 
agents (6 patients). Additional adjustment for stage 
attenuated the association between glucocorticoids 
and chronic respiratory impairment, but it remained 
significant (3.50; 95% CI, 1.46-8.40). Similarly, the 
association between non-biologic DMARDs and 

chronic respiratory impairment was attenuated af-
ter additional adjustment for stage (HR 2.44; 95% 
CI, 0.63-9.48).

Discussion

The current study is the first population-based 
study using comprehensive individual medical re-
cord review to investigate the long-term outcome 
of patients with pulmonary sarcoidosis. Overall, the 
outcome of patients in this cohort was good with a 
10-year chronic respiratory impairment rate of less 
than 5%. Pulmonary function of the patients at base-
line was generally preserved as the means of all PFT 
measures were more than 90% of the predicted val-
ues. Moreover, on average, these patients lost only 
about 3.5% of FVC and 3.1% of DLCO by 5 years 
after sarcoidosis diagnosis. It should be noted that 
these changes were statistically significant but the 
absolute difference was small. Thus, the clinical im-
pact of these changes in pulmonary function param-
eters is probably minimal.

The results of the current study are in line with 
previous studies that have suggested a good prog-
nosis among patients with sarcoidosis. Low rates of 
development of respiratory impairment have been 
noted by other investigators as well. A single-center 
study that followed 479 patients with sarcoidosis for 
7 years found that 13 patients (3%) died from respir-
atory impairment (12), similar to a Swedish cohort 
in which 1% of deaths were ascribed to respiratory 

Table 2. Medication use in 311 patients with pulmonary sarcoidosis

Medication	 Number of patients	 Percentage of patients
	 who ever used	 who ever used* (95% CI)

Oral glucocorticoids	 100	   34.5 (28.5, 40.1)
Methotrexate	   11	 3.8 (1.6, 6.0)
Hydroxychloroquine	   13	 4.6 (2.1, 7.0)
Other non-biologic DMARD (sulfasalazine, azathioprine, mycophenolate 
mofetil and leflunomide )	     5	 2.6 (0.0, 5.1)
TNF inhibitor	     5	 2.1 (0.2, 4.0)
Non-TNF biologic agents	     4	 1.7 (0.0, 3.3)
Any biologic agents	     6	 2.5 (0.5, 4.5)
Any DMARD	   24	   9.2 (5.4, 12.9)
Any DMARD, biologic agents or glucocorticoids	 104	   36.0 (29.8, 41.6)

*Estimated as 30 year cumulative incidence of ever using the medication
DMARD, disease modifying antirheumatic agent; TNF, tumor necrosis factor; CI, confidence interval
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impairment over 15 years of follow-up (5). Another 
study from Japan that followed 337 patients for over 
10 years found that 18 patients (5%) developed res-
piratory impairment (13). 

Preserved pulmonary function has been pre-
viously noted in referral-based studies as well. The 
prospective study from the ACCESS research group 
found that approximately 80% of patients with sar-
coidosis had either stable or improved FVC and 
FEV1 after 2 years of follow-up (14). Another 
single-center cohort found gradual improvement of 
PFT measures up to 10 years of follow-up (15). The 
mean FEV1 and FVC improved by 7% and 6% at 5 
years, respectively. However, it should be noted that 
the ethnic component of the cohort was different 
from the current study (the majority of patients in 
that study were African-American) and their PFT 
measures at diagnosis were lower compared with the 
current cohort (FEV1 84.1% and FVC 88.6%).

Stage of pulmonary sarcoidosis at diagnosis was 
a strong predictor of chronic respiratory impairment 
in this cohort. This finding is consistent with studies 
on radiographic progression of pulmonary sarcoido-
sis as spontaneous resolution of radiographic abnor-
mality is seen in 60%-80% of patients with stage I 
pulmonary sarcoidosis while spontaneous resolution 
was observed less frequently, approximately 30%-
50%, among those with stage II and III disease (5-8, 
16).

Not unexpectedly, the use of glucocorticoids and 
immunosuppressive agents was a significantly associ-
ated with chronic respiratory impairment, as patients 
with more severe disease are more likely to be iden-
tified by clinicians for treatment (17). It is unlikely 
that treatment with glucocorticoids had a deterio-
rative effect on pulmonary function as randomized 
controlled trials have demonstrated a modest but 
significant beneficial effect of oral glucocorticoids 
among patients with stage II and III pulmonary sar-
coidosis (16-19). A better understanding of the in-
dications and strategies for glucocorticoid therapy in 
pulmonary sarcoidosis is needed. 

The major strength of this study is that it is a 
population-based study with a long duration of fol-
low-up. The REP medical record-linkage database 
allows capture of nearly all the clinically recognized 
cases of sarcoidosis in the population, which mini-
mizes the likelihood of referral bias, a common con-
cern for hospital-based studies. The long duration of 

follow-up ensures that the events of interest occur-
ring long after initial diagnosis are also captured. The 
diagnosis of sarcoidosis was verified by individual 
medical record review using pre-specified diagnostic 
criteria which minimized the likelihood of misclas-
sification. 

The major limitations are those inherent to the 
retrospective nature of the study. Clinical informa-
tion were not systematically obtained and recorded. 
Thus, some of the pertinent data might not be avail-
able. Pulmonary function testing was obtained at 
physician discretion without a standard protocol, 
which could introduce elements of detection and 
selection bias. It is possible that patients with more 
severe disease were more likely to have had more 
PFT evaluations over the long period of follow-up. 
Generalizability of the results to other populations 
is another potential limitation as the clinical pheno-
type and epidemiology of sarcoidosis varies between 
ethnic groups (2, 3) and the population of Olmsted 
County is predominately of northern European an-
cestry. Moreover, the Olmsted County population 
has a higher proportion of workers in the healthcare 
industry who may have a pattern of healthcare utili-
zation that is different from other populations.

Conclusion

Patients with pulmonary sarcoidosis have a good 
pulmonary prognosis with a low incidence of chronic 
respiratory impairment and preserved pulmonary 
function during follow-up. Patients with more ad-
vanced stages of pulmonary sarcoidosis at diagnosis 
were much more likely to develop chronic respiratory 
impairment.
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