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ABSTRACT. Background: Few national level, population-based studies are present on the epidemiology of sar-
coidosis and it is unclear whether these patients have higher mortality than the general population. The objec-
tive of this study was to investigate the nationwide epidemiology, comorbidity and mortality in sarcoidosis in
Korea. Material and Methods: For the period between 2008 to 2015, we used the national population-based
database operated by Rare Intractable Disease registration program in which patients’ diagnosis are based on
uniform criteria. All sarcoidosis patients were identified and followed-up using the National Health Insurance
database to determine their incidence, comorbidity, mortality, causes of death and standardised mortality ratio
(SMR). Results: During the study period, we identified 3,259 new sarcoidosis patients. The average annual
incidence was 0.81 per 100,000. The annual mortality rate was 9.26 per 1,000 person-years. The mortality
rate were significantly higher than those of the general population (SMR 1.91, 95% confidence interval 1.62-
2.25). The major comorbidities of sarcoidosis patients were the diseases of the respiratory system (17.64%),
heart (5.43%), eyes (4.27%) and cancer (2.3%). Mortality was higher in patients with lung involvement. Of
the 84 deaths identified in this study from 2008-2013, the most common cause of death was cancer (41.7%),
followed by respiratory disease (13.1%), sarcoidosis (13.1%) and heart disease (8.3%). Conclusions: We reported
a nationwide incidence of sarcoidosis as 0.81 per 100,000 in Korea. The mortality of sarcoidosis patients was
higher compared to the general population and the major causes of death were cancer, respiratory disease and
sarcoidosis. Sarcoidosis patients with comorbid diseases showed increased mortality. (Sarcoidosis Vasc Diffuse

Lung Dis 2020; 37 (1): 24-36)
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Abbreviation list: INTRODUCTION
ICD-10 = International Classification of Diseases, 10th re-
vision, Sarcoidosis is an inflammatory disease charac-

RID = Rare Intractable Disease,

NHI = The National Health Insurance
CI = confidential interval

SMR = Standardised Mortality Ratio

terized by non-caseating granuloma that generally
affects the lungs, but can also involve various organs
such as the liver, skin, eyes, heart and nervous system
(D).

The incidence of sarcoidosis is known to vary
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The morbidity of sarcoidosis is associated with
the extent of organ involvement and the diseases
resulting from them (9-13). These comorbid condi-
tions effect the prognosis of sarcoidosis in patients
(14, 15), however the relationship between comor-
bidity of sarcoidosis and mortality has been poorly
studied. Previous studies (14, 16, 17) that have inves-
tigated comorbidities in sarcoidosis were mostly hos-
pital based where limited number of patients were
available. The effect of comorbidity on mortality has
rarely been researched specially in Asian countries
where the incidence is relatively low.

Although sarcoidosis is usually a self-limited
disease (18), it can be fatal when accompanied by
organ failure, especially in the lungs, heart and nerv-
ous system (19, 20). However, it remains controver-
sial whether sarcoidosis patients have a higher risk
of mortality than the general population and only
a few studies have investigated the causes of death
(21-24). Also, though it reported that patients of
Asian ethnicity have less severe symtoms (6), there is
insufficient evidence if the severity and mortality of
sarcoidosis differs according to race or region (9,19).

Previous epidemiological studies on sarcoidosis
included only a small number of patients from a spe-
cific geographical areas (8, 22). In particular, the ma-
jority of mortality studies were cross-sectional in na-
ture by using routinely collected administrative data
rather than following-up patients, and were hospi-
tal-based instead of population-based (7, 25). Since
few comorbidity and mortality studies followed-up
sarcoidosis patients (23, 24), data from large-scale
population-based nationwide studies are needed.

This study investigated the epidemiology, co-
morbidity, mortality and cause of death of sarcoido-
sis patients in Korea using Rare Intractable Diseases
(RID) database linked with National Health Insur-
ance (NHI) database which covers entire Korean
population. To be registered in the RID program,
which is run by the Korean government, patients
must receive a physician-certified diagnosis based on
uniform criteria. In this study, all sarcoidosis patients
identified from the RID database were followed from
2008-2015 to determine their incidence, comorbid-
ity and mortality.

MATERIALS AND METHODS

Data source

This study used claims data from the NHI da-
tabase and registration data from the RID database.
The Korean government implemented a national
health insurance program for all citizens, which cov-
ers more than 50 million individuals. Each medical
institution submits an electronic form including the
diagnosis and treatments of all inpatients and out-
patients to the NHI for claims of reimbursement.
These data recorded in the NHI database contain
information from the time of patients’ diagnosis and
thereafter, including the diagnosis, demographics,
prescription history, surgical records and screening
history. Patients’ diagnostic information was record-
ed according to the International Classification of
Diseases, 10th Revision (ICD-10).

Within this system, the NHI has established
a registration program for rare intractable diseases
(RIDs), including sarcoidosis, that provides copay-
ment reduction to patients. To be registered in this
RID program, specific diagnostic criteria need to be
met and certified by a physician. Thus, the RID da-
tabase allowed the current study to analyze reliable
epidemiological features of sarcoidosis. We used this
database to investigate the national incidence, mor-
tality and causes of death of sarcoidosis in Korea.

Identification of sarcoidosis patients

Our study was based on data of all sarcoidosis
patients registered in the RID program extracted
from the NHI-RID database from January 2008 to
December 2015.

All patients registered in the RID were identi-
fied and followed-up until 2015. Patients identified
using the RID registration code (V111) combined
with the ICD-10 codes (D860-D863, D868, D869)
were included. The NHI diagnostic criteria for sar-
coidosis(26) include noncaseating epithelioid cell
granulomas detected microscopically from a histo-
logic biopsy of pulmonary or suspected organ and a
compatible clinical presentation as well as the find-
ing from chest radiography. In making the diagnosis,
other granulomatous diseases, such as silicosis, be-
rylliosis, hypersensitivity pneumonitis etc., should be

excluded.
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Identification of comorbidity

In order to identify the comorbidity, we followed
up the sarcoidosis patients using the NHI-RID da-
tabase. From previous studies (6, 22, 23, 25, 27-30)
we employed commonly related organ systems af-
fected by sarcoidosis (neoplasm, respiratory disease,
heart disease, renal disease, liver disease et al) as co-
morbidities for sarcoidosis, a list of which is provided
in the supplementary material (Supplementary 1).
We defined the comorbid disease as diagnosed code
based on the ICD-10 codes for inpatient hospitali-
zation and the comorbidities before diagnosis of sar-
coidosis were excluded.

Identification of mortality and causes of death

To determine the mortality and causes of death,
we linked patients’ data to Statistics Korea. Statistics
Korea is a government operated database established
in 1981 that includes death certificates of all deceased
persons in Korea. By law, death certificates must con-
tain the cause of death issued by the attending physi-
cian at the time of death and recorded according to
the ICD-10. Statistics Korea is supplemented by the
NHI and the National Police Agency information to
ascertain the cause of death when the diagnosis was
uncertain. A 91% agreement rate has been reported
(31) between the causes of death recorded in Sta-
tistics Korea and those confirmed through medical
chart review. By using this database, we followed-up
all sarcoidosis patients from 2008 to the end of 2013
to determine the causes of death.

The personal information of patients was pro-
tected and kept anonymous. Anonymous data link-
age was processed by a third party organization. This
study was approved by the Korea University.

Statistical Analysis

In this study, we calculated and stratified into
different age bands sarcoidosis incidence, annu-
al mortality and the standardised mortality ratio
(SMR) from 2008-2015 and causes of death from
2008-2013.

We defined an incident case as a newly diagnosed
sarcoidosis patient registered in the RID program in

the same year. Only patients identified as an inci-
dent patient during the study period were included
in the numerator of this study. Annual incidence was
calculated by dividing the number of total incident
cases by the total population number as of July in the
corresponding year. As prevalent cases may confound
incident cases, we applied a 3-year washout period
to exclude patients who had been diagnosed before
they were registered in the RID program. The aver-
age age- and sex-specific incidences were calculated
by dividing the number of cases in each age and sex
group by the age- and sex-specific population and
averaging these data from 2008-2015. We used the
Poisson regression and Cochran-Armitage Trend
Test to investigate the annual incidence trends. In-
cidence and mortality were calculated for each in-
volved organ. As the RID program does not include
diagnostic criteria for specific types of sarcoidosis,
organ involvement type was determined by using
ICD-10 codes. We classified organ involvement as
lung, lymph nodes, skin and other organ (eyes, heart
and nerves), based on the ICD-10 codes. When one
person had multiple organ involvement, they were
counted as separate cases.

Allindividuals with sarcoidosis were followed up
till they were diagnosed with comorbidity, and then
all individuals with each of the comorbidities were
tracked till 2016 and at that point they were assessed
for their vital status and the mortality was calculated.
The comorbidity was presented as frequency (as a
percentage), defined as the number of patients with
specific comorbidity divided by the total number of
sarcoidosis patients and it was also presented as an
organ system. The mortality with each comorbidity
was presented as the percentage of death among the
sarcoidosis with comorbidity.

From the mortality data including causes of
death obtained from Statistics Korea, the annual
mortality rate was calculated by dividing the num-
ber of sarcoidosis patients who had died in the year
by the person-years of sarcoidosis patients regis-
tered in RID. Person-years for patients were ac-
cumulated at the time of entry in this study until
death. Mortality was compared to the general Ko-
rean population using SMR with 95% confidence
interval (CI). The SMR is the ratio of observed
deaths over expected deaths derived from the mor-
tality of the total Korean population obtained from
Statistics Korea data.
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Survival data from Statistics Korea linked to
the NHI-RID database were used in our survival
analysis. We evaluated survival curves according to
the Kaplan-Meier method. The date of initial reg-
istration in the database was considered the date of
diagnosis. Patients were censored when a patient was
alive at the time of last follow-up. A log-rank test
was used to compare the cumulative survival of sar-
coidosis patients by gender.

For all mortality cases, the causes of death were
analyzed and presented by major disease classifica-
tion. Causes of death were investigated for all sar-
coidosis mortality cases using the Statistics Korea
database between 2008 and 2013. We calculated the
SMR by cause of death to compare cause-specific
mortality between sarcoidosis patients and the gen-
eral population.

REesuLts
Incidence

Table 1 shows the annual incidence of all sar-
coidosis patients from 2008 to 2015. A total of 3,259
sarcoidosis patients were diagnosed. The incidence
rate averaged during the study period at 0.81 per
100,000. The annual incidence showed a statisti-
cally significant increasing trend, with an increase of
1.03 cases per year on average. The male incidence
rate was 0.64 per 100,000 and female incidence was
0.98 per 100,000 with a male:female ratio of 1:1.5.
The age- and sex-specific incidence of sarcoidosis is
displayed in Figure 1. Male patients exhibited a bi-
modal distribution, peaking at 30-39 years and again
at 60-69 years, whereas females had a single peak at
50-59 years.

Our analysis of the distribution of organ in-
volvement showed that lung involvement accounted
for at most 60% (1,955 cases). 35.4% of patients
(1,154 cases) exhibited involvement of the lymph
nodes, 10.2% (332 cases) had skin involvement and
12.9% (421cases) had other involvements, including
eyes, heart and nervous system (Table 2).

Comorbidity and Mortality

The major comorbidities of sarcoidosis patients
were the diseases of lungs (575 cases, 17.64%), heart

(177 cases, 5.43%), eyes (139 cases, 4.27%) and can-
cer (75 cases, 2.3%). Interstitial lung disease, chronic
obstructive pulmonary disease, lung cancer and pneu-
monia were common comorbid respiratory disorders,
while cardiomyopathy, ischemic heart disease and
heart failure were common cardiac comorbidities.
Iridocyclitis was the most common eye disease iden-
tified as comorbidity and colon and rectum cancer
among malignancies, while chronic kidney disease
and acute renal failure among renal disease. Among
them, higher mortality was observed with pneumo-
nia (63 deaths), chronic obstructive pulmonary dis-
ease (30 deaths), interstitial pulmonary disease (24
deaths), chronic kidney disease (13 deaths), acute
renal failure (11 deaths), and lung cancer (7 deaths).
Among patients with cardiac involvement, we iden-
tified mortality as 34.5% (25 deaths/ 73 patients) for
patients with heart failure, 17.95% (7 deaths/ 39 pa-
tients) for patients with cardiomyopathy and 14.58%
(7 deaths/ 48 patients) for patients with chronic is-
chemic heart disease.

The post-diagnosis survival of sarcoidosis pa-
tients is shown in Figure 2. We tracked 3,259 in-
cident cases of sarcoidosis from diagnosis during a
mean follow-up of 4.4 years, amounting to 15,119
person-years of observation. Women exhibited a
slightly higher survival rate of 96.8%, while male
survival was 93.4%.

The annual mortality rates are shown in Table 3.
From 2008 to 2015, 140 of 3,259 patients with sar-
coidosis died (78 males and 62 females). The annual
mortality rate was 9.26 per 1,000 person-years, with
a male and female annual mortality rate of 13.69 per
1,000 person-years and 6.58 per 1,000 person-years,
respectively. The male: female ratio was 2.1:1. A
high mortality rate of 38.43 per 1,000 person-years
was observed among patients aged 0-19 years, after
which mortality increased with increasing age, from
2.63 in the 20-39 year age group to 21.90 in the 60-
79 year age group.

The age- and sex-specific SMRs for sarcoidosis
are shown in Table 3. The mortality of sarcoidosis
patients was significantly higher than the general
population. The SMR was 1.91 (95% CI 1.62, 2.25),
with a male SMR of 2.17 (95% CI 1.74, 2.71) and
female SMR of 1.66 (95% CI 1.29, 2.12), indicating
a higher mortality among males. Compared to the
general population, the younger age groups of 0-19
years and 20-39 years exhibited significantly higher
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Table 1. Incidence of sarcoidosis in Korea, 2008-2015

Number of population

Incident cases

Incidence per 100,000/year

Year Total Male Female Total Male Female Total
2008 49,404,648 143 237 380 0.58 0.96 0.77
2009 49,656,756 132 230 362 0.53 0.93 0.73
2010 49,879,812 123 228 351 0.49 0.92 0.70
2011 50,111,476 148 242 390 0.59 0.97 0.78
2012 50,345,325 158 246 404 0.63 0.98 0.80
2013 50,558,952 182 253 435 0.72 1.00 0.86
2014 50,763,158 202 282 484 0.80 1.11 0.95
2015 50,951,719 195 258 453 0.77 1.01 0.89
Total 1,283 1,976 3,259 0.64 0.98 0.81
incidence = incident cases x 100,000

total Korean populations

3.00

2.50

200 -

1.50

1.00

incidence rate (per 100,000)

0.50

female

0.00

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 >80

age group (years)

Fig. 1. Incidence of sarcoidosis by sex and age in Korea, 2008-2015. The vertical axis shows incidence rates by 100,000 people; the hori-

zontal axis shows age in 10-year increments until the age of 80 years

SMRs of 240.83 and 3.74, respectively, while pa-
tients aged over 40 years had an SMR of 2.69.

According to organ involvement, mortality was
higher in sarcoidosis patients with lung involvement,
at 8.30 per 1,000 person-years than in patients with
other involvement including lymph nodes (6.91 per
1,000 person-years) and skin (3.12 per 1,000 person-
years) (Table 2).

Cause of Death

Of the 84 deaths identified in this study from
2008-2013, the most common cause of death was
neoplasms (35 deaths, 41.7%), followed by dis-
eases of the respiratory system (11 deaths, 13.1%),
sarcoidosis (11 deaths, 13.1%), and cardiac disease

(7 deaths, 8.3%) (Table 4). Among the respiratory
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Table 2. Incidence and mortality by distribution of organ involvement at the time of diagnosis among patients with sarcoidosis in Korea,

2008-2015
Incidence Mortality
Site of lesion )
No of patients(%) Person-years Nod(;i?l]:s S(?);")'ed (per ll\g(()):)t;::lgo?—t;ears)
lung 1,955(60.0) 9,160 76(54.2) 8.30
lymph nodes 1,154(35.4) 5,356 37(26.4) 6.91
skin 332(10.2) 1,602 5(3.6) 3.12
eye, heart and nervous system 421(12.9) 2,314 16(11.4) 6.90
total 3,259 140

Kaplan-Meier survival estimates

0.70 0.80 0.90 1.00
L 1 1 1

0.60
1

female

0.50
1

T T T T

0 1:5 3 45 6 7.5

Number at risk
female 1978 1829 1407 1010 669 340
male 1283 1158 846 575 365 190

(vean) o

0
0

Fig. 2. Survival curve of patients with sarcoidosis by gender. The vertical axis represents survival rate ; the horizontal axis represents years

after diagnosis

diseases, 54.5% (6 cases) of patients had interstitial DiscussioN

pulmonary disease.

In this nationwide population-based study, we
identified 3,259 incident cases of sarcoidosis from
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Table 3. The annual mortality and age-and sex-specific standardised mortality ratios (SMR) of sarcoidosis in Korea, 2008-2015

No of deaths/No of person Annual mortality per 1000 person-years SMR
Age (95% confidence interval) (95% confidence interval)
Tou
group Male Female  Total Male Female Total Male Female Total
160.74 480.03 240.83
31.35 49.64 38.43
0-19 2/12 2/8 4/20 (784.12535)  (12.41,19848) (1442, 102.39) (40.20, 642.70) (120.06, (90.39, 641.68)
1900.00)
231 3.15 2.63 3.01 5.91 3.74

2039 6/580 5317 11/897 (1.04, 5.15) (131,7.58) (146, 4.75) (1.35,6.70) (2.22,15.74) (2.01,6.96)

4059 30456 221174 52/1630 14.46 390 673 302 236 269
) (1011,2068)  (257.592)  (5.13.884)  (206,444) (154362  (2.02,3.58)

38.09 14.66 21.90 172 134 153
60-79 3627 VA8 67695 (y7475080)  (1031,2085) 17.23,2782)  (125,238) (093,192  (120,194)
187.96 57.11 106.57 1.85 0.97 131
B0 48 M7 gosas0s0) (1428,22837) (47.88,23722)  (088,389) (044,216 (076,225)
13.69 6.58 9.26 2.17 1.66 1.91

overall  78/1,83  62/1,976  140/3,259 (10.96,17.09)  (5.13,8.44) (7.85,10.93) (1.74,2.71) (1.29,2.12) (1.62,2.25)

total deaths with sarcoidos}s % 100,000
person-years of total sarcoidosis

Annual mortality = The

Pneumcnia 320

Iridocyclitis

Chronic obstructive pulmonary disease

Interstitial pulmonary disease

Heart failure
B comorbidity, N

Chronic ischemic heart disease HEdeath, N

Chronic kidney disease

T T T T T T T 1

0 50 100 150 200 250 300 350

Fig. 3. Mortality associated with comorbidities in sarcoidosis in Korea, 2008-2015. The vertical axis represents comorbidities in sarcoido-
sis; the horizontal axis represents the number of comorbidity and death in sarcoidosis
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Table 4. The cause of death among patients with sarcoidosis in Korea, 2008-2013

Condition (ICD-10 code)

No of observed deaths (%)

Male Female Total
Neoplasms (C00-D48) 16 (19.0) 19 (22.6) 35(41.7)
Malignant neoplasms of colon (C18) 4(4.8) 2(2.4) 6(7.1)
Malignant neoplasm of bronchus and lung (C34) 4(4.8) 0 (0.0) 4(4.8)
Malignant neoplasm of connective tissue of breast (C50) 0(0.0) 4(4.8) 4(4.8)
ﬁlﬁﬁtﬁggfﬁﬁ Z)(fj E;))ne and articular cartilage of other 2(2.4) 11.2) 3(3.6)
others 6(7.1) 12 (14.3) 18 (21.4)
Disease of the respiratory system (J00-J99) 8(9.5) 3(3.6) 11(13.1)
Pneumonia, organism unspecified (J18) 1(12) 1(12) 2(2.4)
Other chronic obstructive pulmonary disease (J44) 2(2.4) 0 (0.0) 2(2.4)
Status asthmaticus (J46) 0 (0.0) 1(1.2) 1(1.2)
interstitial pulmonary disease (J84) 5(6.0) 1(1.2) 6(7.1)
Sarcoidosis(D86) 5(6.0) 6(7.1) 11(13.1)
Diseases of the circulatory system(100-199) 6(7.1) 1(1.2) 7(8.3)
Acute myocardial infarction (I121) 1(1.2) 0(0.0) 1(1.2)
Chronic ischemic heart disease (I125) 2 (2.4) 0(0.0) 2(2.4)
Acute myocarditis (140) 1(1.2) 0(0.0) 1(1.2)
Heart failure (I50) 1(1.2) 1(1.2) 2 (2.4)
Intracerebral hemorrhage (161) 1(1.2) 0(0.0) 1(1.2)
Diseases of the nervous system (G00-G99) 1(1.2) 2(2.4) 3(3.6)
Encephalitis, myelitis and encephalomyelitis (G04) 0(0.0) 1(1.2) 1(12)
Spinal muscular atrophy and related syndromes (G12) 1(1.2) 0(0.0) 1(1.2)
Multiple sclerosis (G35) 0(0.0) 1(1.2) 1(1.2)

2008-2015. The average annual incidence of sar-
coidosis was 0.81 per 100,000. The average annual
mortality rate was 9.26 per 1,000 person-years and
the 5-year survival rate was 95.5%. Commonly as-
sociated comorbidities in sarcoidosis patients were
the disease of lungs (575 cases, 17.64%), heart (177
cases, 5.43%), eyes (139 cases, 4.27%) and cancer (75
cases, 2.3%). It was also observed that the patients
with these comorbidities show higher mortality.
Our study based on population-based data cov-
ering the entire population is less at risk of selection
bias compared to surveys or hospital-based studies.

Also, incidence, mortality and survival rates were
investigated in the same cohort during an 8-year
follow-up period and so the entire mortality pat-
tern and natural course of sarcoidosis could be un-
derstood. Similar with many existing reports (6, 32),
the NHI diagnostic criteria for sarcoidosis used in
our study required the identification of granulomas
through histological findings, thus our findings are
more comparable.

The incidence reported in this study is mark-
edly lower than findings from the United States and
Europe. The incidence of sarcoidosis in the United
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Table 5. Comorbidities associated with sarcoidosis in Korea, 2008-2015

The number of comorbidity(%)

Disease Condition (ICD-10 code)

Male Female Total
Neoplasms
Malignant neoplasm of bronchus, trachea and lung (C33~34) 19(0.58) 19(0.58) 38(1.17)
Malignant neoplasms of colon, rectosigmoid junction and rectum (C18~C20) 9(0.28) 15(0.46) 24(0.74)
Malignant neoplasm of connective tissue of breast (C50) 0(0) 9(0.28) 9(0.28)
Malignant melanoma of skin (C43) 1(0.03) 1(0.03) 2(0.06)
Disease of the respiratory system
Pneumonia(J17, J18) 149(4.57) 171(5.25) 320(9.82)
Chronic obstructive pulmonary disease (J44) 64(1.96) 61(1.87) 125(3.84)
Interstitial pulmonary disease (J84) 61(1.87) 61(1.87) 122(3.74)
Pulmonary hypertension(I27.0, 127.2) 3(0.09) 5(0.15) 8(0.25)
Diseases of the circulatory system
Heart failure (I50) 27(0.83) 46(1.41) 73(2.24)
Ischemic heart disease (I25) 20(0.61) 28(0.86) 48(1.47)
cardiomyopathy (I142) 18(0.55) 21(0.64) 39(1.20)
Acute myocardial infarction (121) 11(0.34) 3(0.09) 14(0.43)
Stroke (164) 7(0.21) 7(0.21) 14(0.43)
Intracerebral hemorrhage (161) 4(0.12) 6(0.18) 10(0.31)
myocarditis (140, 141.8) 2(0.06) 1(0.03) 3(0.09)
Diseases of the renal system
Chronic kidney disease (N18) 25(0.77) 20(0.61) 45(1.38)
Acute renal failure (N17) 21(0.64) 7(0.21) 28(0.86)
Diseases of the Liver
Hepatic failure(K72) 3(0.09) 6(0.18) 9(0.28)
Diseases of the nervous system
Multiple cranial nerve palsies in sarcoidosis (G53.2) 3(0.09) 3(0.09) 6(0.18)
Encephalitis, myelitis and encephalomyelitis (G04) 3(0.09) 2(0.06) 5(0.15)
Spinal muscular atrophy and related syndromes (G12) 1(0.03) 0(0) 1(0.03)
Diseases of the musculoskeletal system
Myositis in sarcoidosis (M63.3) 1(0.03) 3(0.09) 4(0.12)
Diseases of the eye and adnexa
Iridocyclitis (H20, H22.1) 45(1.38) 93(2.85) 138(4.23)
Diseases of the skin
erythema nodosum(L52) 0(0) 5(0.15) 5(0.15)

States is about 10.00 - 39.10 per 100,000(5, 22, 33), 100,000(6). In Asia, incidences have been reported
and that in Europe is 3.80 - 7.00 per 100,000 (24, ranging from 0.56-4.00 per 100,000(29, 36, 37), and
34, 35). Our findings are analogous with a Japa- the incidence of this study falls within this range.
nese study that reported an incidence of 1.01 per However, a direct comparison with these studies
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may be difficult considering differences in method-
ology.

The incidence of sarcoidosis was 1.5 times higher
in women. The female dominance observed in our
study is comparable to other reports, in which inci-
dence ranged from 1.22-2.08 times higher among
women(6, 38). In males, the pattern of the age-specific
incidence of sarcoidosis was biphasic, peaking twice
at 30-39 and at 60-69 years of age, and monophasic
in females, peaking at 50-59 years of age. Due to the
preventive effect of female hormones, the peak of sar-
coidosis among women is over fifty years of age (39).

In our study, lung and respiratory diseases were
common comorbid disease with higher mortality.
These findings are in line with previous studies that
report common comorbidity as chronic pulmonary
disease and obstructive pulmonary disease (14, 16,
17) and common cause of death as pneumonia, pul-
monary fibrosis and obstructive airway disease (23,
25, 30) in sarcoidosis patients.

This study found the that 5-year survival rate af-
ter sarcoidosis diagnosis was 95.5%, which is compa-
rable to the survival rate of 93.0% reported in a study
of sarcoidosis in the UK (24). The annual mortality
rate for patients with sarcoidosis was 9.26 per 1,000
person-years, which is similar to two previous stud-
ies that reported mortality rates of 9.40 per 1,000
person-years and 14.00 per 1,000 person-years (23,
24). Even though the incidence of sarcoidosis in Asia
is much lower, our mortality and survival findings are
similar to western countries.

Notably, the mortality of younger patients aged
20 years and under (38.43 per 1,000 person-years)
was higher than adult patients aged 20 to 60 years
(5.29 per 1,000 person-years). The main cause of
deaths under 20 years of age were, systemic involve-
ment of connective tissues, followed by breast cancer
and heart failure. While skin melanoma accounted
for all deaths under the age of 10 years. Though pub-
lished data on the long-term prognosis of sarcoidosis
in children are scarce, previous studies have found
a poorer prognosis among young children with sar-
coidosis (40, 41) associated with sequelae and pro-
gressive disease (42, 43). Our findings reflect the
need for further detailed studies on the prognosis of
sarcoidosis.

The SMR of sarcoidosis patients in this study
was higher than the general population. There is a
debate surrounding whether the mortality of sar-

coidosis is higher than the general population. Ear-
lier (21, 22) no difference in mortality rates between
sarcoidosis patients and the general population was
reported, while some studies(23, 24) found a higher
hazard ratio among sarcoidosis patients compared to
the general population, which is similar to our results.
In interpreting results, it should be taken into con-
sideration that previous studies used hospital-based
design which only included sarcoidosis patients fol-
lowed up at hospitals, while our study used a popu-
lation-based design in which all Korean sarcoidosis
patients were followed with reliable SMR estimates.

Among organ involvement, lungs accounted for
60.0% of cases in our study (1,955 cases), which is
consonant with previous studies from other coun-
tries (6, 28). Mortality was higher in lung involve-
ment than with any other organ. This coincides with
a previous study where pulmonary disease and upper
respiratory mucosal involvement had unfavourable
clinical courses compared to acute arthritis and bilat-
eral hilar lymphadenopathy(19).

We found that cancer, respiratory disease and
sarcoidosis were the main causes of death and these
showed higher cause-specific SMRs compared to
the general population. This finding is in line with
several studies (10) that reported higher incidence of
cancer among sarcoidosis patients. We reported that
among the different types of cancer, colon and lung
cancer were the most common causes of death. Our
study also found that respiratory disease was also sig-
nificant cause of death in sarcoidosis, with interstitial
pulmonary disease in particular showing higher mor-
tality. Consistent with our findings, one report (44)
found interstitial lung involvement with pulmonary
fibrosis and pulmonary hypertension were associated
with increased mortality and another study reported
that pulmonary fibrosis accounted for 9.0% of deaths
(30).

In this study although cardiac involvement was
relatively common among sarcoidosis patients, the
deaths due to cardiovascular disease were low. In in-
terpreting the cause of death in our study we should
take into account the cause of death registration sys-
tem in Korea, where the National Statistics Office
registers the cause of death for each deceased patient
as one single underlying disease. In this system, the
cause of death of patients with underlying cardiovas-
cular disease may be registered as immediate cause
such as pulmonary embolism or as primary disease



34

M.H. Jeon, T. Kang, S.H. Yoo, et al.

such as sarcoidosis. In this case, cardiovascular dis-
eases may not be recorded as underlying cause of
death.

In order to identify the type of treatment for
sarcoidosis patients, we searched the KoreaMed, do-
mestic medical research database with the keyword
“sarcoidosis” and identified 103 studies (3 case series
and 100 case reports (supplementary 2). Of the 260
patients with sarcoidosis, 162 (62.3%) were treated
with steroids. In some of the patients in these stud-
ies, methotrexate (45-49), hydroxychloroquine (50,
51), and azathioprine (45, 52) were combined with
steroids when multiorgan involvement was present
such as lungs, eyes, muscles, liver, joints, and gas-
trointestinal tract and these results were similar to
the standard treatment of sarcoidosis (53). In several
cases, it has been reported that corticosteroids are ef-
fective in sarcoidosis treatment, but some studies re-
port recurrences or steroid related complications due
to long term use (54-57). In the literature, the effect
of steroids for sarcoidosis still remains unclear.

The limitations of this study are as follows. First,
because we used registration data, we were unable
to identify detailed clinical features of sarcoidosis
including clinical and radiological results. Second,
ICD-10 code does not include information on spe-
cific organ involvement and therefore we could not
determine the organ involvement separately for eye,
heart and nervous system involved. Rather the pa-
tients invaded in eye, heart and nervous system were
confirmed through comorbidity disease followed up
in NHI database. Third, because we relied on gov-
ernment administrative cause of death data which
includes one underlying cause, we could not inves-
tigate in detail the causes of death specifically de-
signed for sarcoidosis patients. Therefore, sometimes
it is difficult to distinguish whether designated cause
of death was immediate cause or underlying disease.
Finally, the use of ICD code registration data as di-
agnosis may raise questions concerning the diagnos-
tic accuracy. However, the NHI provides uniform di-
agnostic criteria that must be followed in order to be
registered in the RID and each diagnosis is reviewed
at the healthcare institution before submission to
the NHI to assure it meets the criteria. Through this
process, we assumed that we maintained a high diag-
nostic reliability in this study.

CoNcLusION

This nationwide population-based study inves-
tigated the incidence, comorbidity, mortality and
causes of death of sarcoidosis in Korea. The incidence
of sarcoidosis was 0.81 per 100,000, which is lower
than the United States and Europe, but similar with
Japan. The annual mortality rate of 9.26 per 1,000
person-years and the survival rate of 95.5% were
similar with previous studies. The mortality was sig-
nificantly higher than the general population (SMR
1.91, 95% CI 1.62, 2.25) and was particularly high
in younger age groups. The most common causes of
death were cancer, sarcoidosis itself and respiratory
diseases. Increased mortality was observed in sar-
coidosis patients with comorbid diseases.
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