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ABSTRACT

INTRODUCTION  Sarcoidosis is a multisystemic granulomatous disease that mostly affects the lungs and
lymphatic system. Due to its rarity and variable clinical course, analyses of factors related to sarcoidosis
should be based on large databases and long observation periods.

0BJECTIVES The aim of this study was to determine the characteristics of patients with sarcoidosis
hospitalized in Poland over a long period (2016-2021).

PATIENTS AND METHODS ~ We conducted a retrospective study using hospital discharge records compiled
by the National Institute of Public Health NIH — National Research Institute. We analyzed the records of
patients with sarcoidosis from the entire Polish population at their first hospitalization.

ResuLts  We identified a total of 15548 first-time hospitalizations for sarcoidosis. The mean annual
disease incidence was 6.8 cases per 100 000. The mean (SD) age of the patients was 45.8 (13.6) years,
and it was lower in men than in women (42.9 [12.5] vs 49.8 [14.2] years; P <0.001). There were signifi-
cantly more hospitalizations among city dwellers (62.3% vs 37.3% for rural residents; P <0.001). At the
beginning of the COVID-19 pandemic in Poland there was a decrease in the number of hospitalizations
for sarcoidosis, followed by an increase in the subsequent year. The all-cause in-hospital death rate was
significantly higher during the COVID-19 pandemic, as compared with the period before the pandemic
(7.2 vs 2.3 per 1000; P <0.001).

concLusions Health care changes related to the outbreak of the COVID-19 pandemic may have in-
creased the health debt for inpatient sarcoidosis treatment. The occurrence of sarcoidosis in Poland may
be related to demographic and territorial factors.

INTRODUCTION  Sarcoidosis is a multisystemic
granulomatous disease, mostly affecting the lungs
and lymphatic system. According to epidemio-
logic studies, there are significant variations in
the disease frequency across countries, depend-
ing on age, sex, geographic region, and ethnici-
ty."? A study from the United States® identified
37688 individuals with sarcoidosis at a mean
age of 50.5 years, 59.3% of whom were women.
The prevalence of sarcoidosis in the United States

was estimated at 35.22 per 100 000 population in
a 7-year period.® Another American study indicat-
ed an annual disease incidence of 10 per 100 000
population.” In Canada, in the years 1996-2014,
the incidence of sarcoidosis fell from 7.9 to 6.8
per 100 000 population. In 2015, the disease
prevalence was 143 per 100 000.° The incidence
rates vary significantly between different ethnic-
ities; for example, in South Korea, they reach ap-
proximately 0.85 per 100 000,° whereas in black
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WHAT'S NEW? sarcoidosis post-9/11, in patients who had been
working in the World Trade Center debris." Nic-
otine treatment might reduce the disease pro-
gression.?’ On the other hand, ocular sarcoid-
osis is more frequent in active smokers.?' Ad-
ditionally, the risk of sarcoidosis may be high-
er among ever-smokers than in never-smokers
who are exposed to silica dust.?? Furthermore,
infections that require hospitalization are more
frequent in sarcoidosis patients.?* The pathogen-
esis of sarcoidosis is not fully understood, and
it may also be similar to that of other diseas-
es, for example hypersensitivity pneumonitis.?

In our previous study,?® covering the years
2008 to 2015, the average annual incidence rate

We present the latest data on hospitalization of patients with sarcoidosis,
based on the national register of hospital morbidity covering an extended
period from 2016 to 2021. The outbreak of the COVID-19 pandemic affected
the inpatient care of this group of patients, as reflected by a decrease in the
number of hospitalizations at the beginning of the pandemic, followed by an
increase in the next year. Also, all-cause in-hospital death rate was signifi-
cantly higher during the COVID-19 pandemic than before its outbreak. The
study results suggest that the occurrence of sarcoidosis in Poland may be
associated with demographic and territorial factors. Age, comorbidities, and
the form of sarcoidosis may be related to the higher risk of COVID-19 among
sarcoidosis patients. These findings may serve as a basis for comparative
analyses with other countries.

women from across the United States, the an-
nual incidence rate is 71 per 100 000.” In Swe-
den, the prevalence ranges from 152 to 215 per
100 000 population, depending on the definition
used. The incidence is 11.5 per 100 000 per year
and varies by -10% to +30%, depending on case
definition.? The incidence and prevalence rates in
Germany are 10 and 44-48 per 100 000 popula-
tion, respectively.’®

Prevalence of familial sarcoidosis is high
in specific study populations across countries
worldwide. Heritability at the level of 60% to
70% indicates that there is a shared determi-
nant and a heterogeneous familial risk, which
can be related to genetic and environmental fac-
tors.'? Ethnicity can be related to particular dis-
ease phenotypes, which suggests a genetic pre-
disposition of patients—erythema nodosum pre-
vails in white patients, cardiac manifestations
are more common in Japanese individuals, and
other extrathoracic diseases are more frequent
in black patients."" Etiopathogenesis of sarcoid-
osis is closely linked to environmental factors,
especially occupational exposure.'? Black and
female patients, as well as those with a low so-
cioeconomic status, exhibit increased hospital-
ization and mortality rates.'® Peaks of sarcoid-
osis incidence can be related to the season of the
year, and follow geographic North-South and
West-East gradients. Lifestyle factors shown to
be associated with the disease include smoking,
household exposure, and leisure activities.' Ge-
olocation, ethnicity, and living environment are
major etiopathogenic factors." In a study includ-
ing data from a predominantly Caucasian pop-
ulation-based cohort from Olmsted County in
Minnesota, it was suggested that sarcoidosis is
less common in Caucasians than in Blacks, but
more common in Caucasians than in Asians.®
Clinical manifestations of the disease vary de-
pending on sex.!"” Occupational exposure to sil-
ica dust seems to increase the risk of sarcoid-
osis among men aged 20 to 65 years. The risk is
higher in exposed men at the age of 35 years or
younger, and in older men with a longer time
of exposure.'® There was an increased risk of
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of sarcoidosis in Poland was 7.5 per 100 000.
The standardized incidence rates of total sar-
coidosis were reported to range between 3.8 and
4.5 per 100000 in a selected Polish population.?®
The highest number of sarcoidosis cases was di-
agnosed in individuals aged 35 to 54 years, and
the disease was more frequently observed in men
than in women.?’

According to the World Health Organization
(WHO) data, by the end of 2021, there were
approximately 284 million confirmed cases of
COVID-19 and 5.47 million COVID-19-related
deaths in the world. In Poland, by the end of 2021,
there were about 4.2 million confirmed cases of
COVID-19, and 99 000 individuals died.?®

The global variability of sarcoidosis incidence
and its various clinical forms justify the need to
obtain up-to-date data on the disease among hos-
pitalized patients in Poland. The aim of this study
was to determine the characteristics of hospital-
ized patients with sarcoidosis treated in Poland
over a long period from 2016 to 2021.

PATIENTS AND METHODS In this retrospective
study, we analyzed hospital discharge records of
patients with a diagnosis of sarcoidosis. The data
were obtained from the Polish National Institute
of Public Health NIH - National Research Insti-
tute, and covered 39 988 hospitalization cases.
Within this database, we analyzed records of pa-
tients at their first hospitalization for sarcoidosis.
All hospitals in Poland, except psychiatric facili-
ties, are legally required to send discharge data to
the Institute. The data are anonymous and include
information on hospitalizations with diagnosis
codes according to the International Classification
of Diseases, 10th Revision (ICD-10), dates of admis-
sion and discharge, birth date, sex, and place of
residence. ICD-10 codes Z00-Z99 and RO0-R99
were not taken into consideration. Groups of co-
morbidities occurring more frequently than in
5% of the study population were included in the
analysis. We analyzed 2 groups: 1) all hospital-
izations for sarcoidosis, and 2) first-time hos-
pitalizations for sarcoidosis. To facilitate iden-
tification of the first-time hospitalizations, we
considered data from our previous study.?> We
also obtained demographic data on the general
Polish population from Statistics Poland.?® We
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calculated incidence rates by using the number
of patients with sarcoidosis and the correspond-
ing census data. Sarcoidosis predominantly af-
fects the lungs but it may also involve any other
organ, and often requires advanced differential di-
agnostic procedures or treatment during hospital-
ization. Therefore, analysis of hospitalized cases
may provide a good basis for estimating the dis-
ease incidence. We assumed that sarcoidosis di-
agnoses in hospitals were based on the most cur-
rent and widely used criteria.

Statistical analysis To perform statistical anal-
yses, we used Statistica version 13 (TIBCO Soft-
ware Inc., Palo Alto, California, United States)
and WINPEPI packages.’’ We computed means
for continuous variables, and counts or percent-
ages for categorical variables. Comparison of data
was performed using the t test with respect to
an assumption of normal distribution in suffi-
ciently large samples in public health research.?’
WINPEPI packages were used when comparing
the difference in population proportions between
2 groups. We estimated 95% Cls, assuming that
the cases followed the Poisson distribution. We
calculated prevalence and incidence rates by di-
viding the relevant numbers of sarcoidosis cases
by the corresponding census figures. A 2-sided
P value below 0.05 was considered significant.
To illustrate the changes due to the outbreak of
the COVID-19 pandemic, we made a comparison
of selected demographic and territorial factors in
the period before and after March 4, 2020.

RESULTS In the years 2016-2021, we identified
15548 records of first-time hospitalization for
sarcoidosis in the study population. The mean an-
nual incidence was estimated at 6.8 per 100 000
(95% CI, 5.5-8). The highest number of cases
was observed in 2016, with an incidence of 7.9
per 100000, and the lowest in 2020, with an in-
cidence of 4.8 per 100 000. The annual incidence
rate of sarcoidosis hospitalizations by year and
sex is shown in FIGURE 1.

There was a predominance of men in the study
population (57.5% vs 42.5% of women; P <0.001),

as compared with the general population. The per-
centage of women did not differ before and dur-
ing the COVID-19 pandemic (42.7% vs 41.8%;
P =0.35). The mean (SD) age in the study popu-
lation was 45.8 (13.6) years, and men were sig-
nificantly younger than women (mean [SD],
42.9 [12.5] years vs 49.8 [14.2] years; P <0.001).
The mean age of the patients hospitalized before
and during the COVID-19 pandemic was signifi-
cantly different (mean [SD], 45.6 [13.6] years vs
46.6 [13.8] years; P <0.001).

Most of the hospitalized patients were ur-
ban dwellers (62.3% vs 37.3% of rural residents;
P <0.001); 64 patients (0.4%) did not identify
their place of living, and there were no signifi-
cant differences in the percentage of city dwell-
ers before and during the COVID-19 pandemic.

In the analyzed period, a total of 53 deaths
were reported (33 men, 20 women; mean age,
64 years). Among the deceased patients, 27 died
in the prepandemic period, and 26 after the pan-
demic outbreak.

The all-cause in-hospital death rate was sig-
nificantly higher during the COVID-19 pandem-
ic than before (7.2 vs 2.3 per 1000; P <0.001).

In the years 2016 to 2019, the most frequent
forms of the disease were sarcoidosis of the lungs
and lymph nodes (D86.2; 29.9%), sarcoidosis
of the lungs without lymph node involvement
(D86.0; 23.1%), unspecified sarcoidosis (D86.9;
19.8%), sarcoidosis of the lymph nodes (D86.1;
18.7%), sarcoidosis involving other sites and com-
bined sites (D86.8; 4.4%), and skin sarcoidosis
(D86.3; 2%). After the COVID-19 pandemic out-
break, in the years 2020-2021, the most com-
mon disease form was sarcoidosis of the lungs
with lymph node involvement (D86.2, 31%), fol-
lowed by sarcoidosis of the lungs without lymph
node involvement (D86.0, 22.3%), unspecified
sarcoidosis (D86.9, 20.4%), sarcoidosis of lymph
nodes (D86.1, 18%), sarcoidosis involving other
sites and combined sites (D86.8, 4.8%), and skin
sarcoidosis (D86.3, 2%).

In the years 2016 to 2019, the 3 most frequent
groups of comorbidities were diseases of the cir-
culatory system (16.8%), diseases of the respira-
tory system (11.9%), as well as endocrine, nutri-
tional, and metabolic diseases (10%). These were
followed by diseases of the musculoskeletal sys-
tem and connective tissue (5.6%), as well as other
diseases that accounted for less than 5% of cases.
After the pandemic outbreak, in the years 2020
and 2021, the top 3 groups of comorbidities in-
cluded diseases of the circulatory system (18.1%),
diseases of the respiratory system (11.6%), as well
as endocrine, nutritional, and metabolic diseas-
es (11.6%). These were followed by diseases of
the musculoskeletal system and connective tis-
sue (5.4%), as well as other diseases that account-
ed for less than 5% of cases.

We found 133 hospitalization records with
codes related to COVID-19 (3.7% of all first-time
hospitalization records since the beginning of
the COVID-19 pandemic in Poland).
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TABLE 1 Comparison of selected groups of comorbidities and forms of sarcoidosis in sarcoidosis patients with and
without COVID-19, in the period after the COVID-19 pandemic outbreak

Patients with
COVID-19 (n = 133)

Patients without
COVID-19 (n = 3493)

Groups of comorbidities by ICD-10 codes

Diseases of the circulatory system 602 (17.2) 53(39.8) <0.001
Diseases of the respiratory system 356 (10.2) 65 (48.9) <0.001
Endocrine, nutritional, and metabolic diseases 398 (11.4) 26 (19.5) 0.007
Disease_s of t_he musculoskeletal system and 186 (5.3) 8 (6) 0.88
connective tissue

Forms of sarcoidosis by 5-character ICD-10 codes?

Sarcoidosis of the lungs (D86.0) 754 (21.6) 55 (41.4) <0.001
Sarcoidosis of the lymph nodes (D86.1) 644 (18.4) 10(7.5) 0.002
Sarcoidosis of the lungs with sarcoidosis of the lymph 1106 (31.6) 17 (12.8) <0.001
nodes (D86.2)

Sarcoidosis of the skin (D86.3) 71(2) 0 0.18
Sarcoidosis of other sites (D86.8) 171 (4.9) 5(3.8) 0.69
Sarcoidosis, unspecified (D86.9) 707 (20.2) 32(24.1) 0.28

Data are presented as number (percentage) of patients.

a Sarcoidosis was reported using only 3-character ICD-10 codes in less than 2.3% of patients.

Abbreviations: ICD-10, International Classification of Diseases, 10th Revision

Among the sarcoidosis patients hospitalized
after the outbreak of the COVID-19 pandemic,
the individuals with COVID-19 were significantly
older than those without a COVID-19 diagnosis
(mean [SD], 52.5 [13.6] vs 46.4 [13.7] years, re-
spectively; P <0.001). More fatal hospitalizations
were observed among the COVID-19 patients, as
compared with those without a COVID-19 diag-
nosis (9% vs 0.4%, respectively; P <0.001). No
significant sex-related differences were observed.
Among the patients with sarcoidosis hospitalized
after the outbreak of the pandemic, we found
significant differences with respect to selected
comorbidities and forms of sarcoidosis, as pre-
sented in TABLE 1. In another comparison of the 4
groups of diseases and forms of sarcoidosis list-
ed in TABLE 1 between all patients in the periods
before and after the outbreak of the COVID-19
pandemic, no significant differences in the inci-
dence of these groups of diseases were observed,
except a significant difference in the incidence of
endocrine, nutritional and metabolic diseases
(10.1% vs 11.7%, respectively; P <0.005).

DISCUSSION  The incidence of sarcoidosis var-
ies across countries and geographic regions. For
example, the number of hospital admissions
among patients with sarcoidosis in Spain in-
creased 3-fold from 2001 to 2020.% In our study,
the mean annual incidence in Poland in the years
2016 to 2021 was 6.8 per 100 000, which is com-
parable to the incidence observed for the years
2008 to 2015 (7.5 per 100 000).%5 The outbreak
of the COVID-19 pandemic may have contribut-
ed to the disease incidence, as it may have been
related to the number of hospitalizations of pa-
tients with sarcoidosis. In our study population,
3.7% of hospitalizations were assigned ICD-10
codes related to COVID-19 since the beginning of
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the pandemic in Poland. Additionally, moderate
or severe impairment of the pulmonary function
is related to mortality in sarcoidosis patients in-
fected with SARS-CoV-2.3% In our study, the pa-
tients with sarcoidosis and coexisting COVID-19
were significantly older than the other patients.
In alarge, multicenter cohort study from south-
ern Europe, involving patients with SARS-CoV-2
infection and sarcoidosis, the age at the time of
SARS-CoV-2 infection diagnosis was associat-
ed with an increased risk for hospitalization.®*

Women were reported to be more frequent-
ly affected by sarcoidosis in selected regions,®'®
whereas another study reported the predomi-
nance of male patients.? In our study, there was
a predominance of men among the patients hos-
pitalized for sarcoidosis, and there were differ-
ences in the average age between the groups of
hospitalized men and women, which emphasized
the influence of age and sex on the incidence of
sarcoidosis in Poland. In a study from the Unit-
ed States, the peak age at incidence for women
shifted from 40-59 years in 1950 to 50-69 years
in 2010. Similarly, the peak age at incidence in
men shifted from 30-49 years in 1950 to 40-59
years in 2010. Another study, conducted in
the years 2005-2018, identified 89 confirmed
cases of sarcoidosis, 80.9% of which involved
women, and the mean age at diagnosis was 46.8
years.*® Sarcoidosis was not influenced by sex or
age; however, it was more common in adults (<50
years) of African-American or Scandinavian de-
scent.’® In a study from South Korea,® the age
distribution for incident cases in the entire pop-
ulation and in women indicated monophasic pat-
terns that peak at the age of 50-59 years, where-
as in men, biphasic patterns with incidence peaks
at the age of 30-39 years and 60-69 years were
observed.® In Sweden, the highest incidence was



observed in men aged 30-50 years and in wom-
en aged 50-60 years, and the mean age at diag-
nosis was lower among men than among women.®

In our study, most of the hospitalized patients
were residents of urban areas. This is in in line
with the findings of a Croatian study.?’ In an-
other study, the highest sarcoidosis prevalence
was observed in less densely populated areas of
Sweden in the north-west.® More frequent hos-
pitalizations of sarcoidosis patients living in ur-
ban areas may also result from better organiza-
tion of and access to health care in cities. Accu-
rate assessment of the causes of this difference,
however, requires further research.

Sarcoidosis can affect any organ, with a fre-
quency that depends on the sex and age of the pa-
tient. Intrathoracic involvement occurs in 90% of
patients.*® In our study, the distribution of sar-
coidosis forms was similar before and after the
COVID-19 pandemic outbreak. The pandemic may
have had a little impact on the distribution of sar-
coidosis forms, although this assessment was lim-
ited due to the reduction in the number of hospi-
talizations of sarcoidosis patients after the out-
break of the pandemic in Poland.

Sarcoidosis may be a risk factor for various co-
morbidities. In a study from Sweden,*® individ-
uals with sarcoidosis were at a higher risk of co-
morbidities and mortality than matched controls,
as well as the general population of Sweden. In
our study, the 3 most frequent types of comor-
bidities were diseases of the circulatory system;
respiratory system; as well as endocrine, nutri-
tional, and metabolic diseases. These were fol-
lowed by diseases of the musculoskeletal system
and connective tissue; and the distribution was
similar before and after the pandemic outbreak.

Sarcoidosis may also be associated with the risk
of death. In a Swedish cohort, individuals with in-
cident sarcoidosis were at a higher risk of death,
as compared with the general population.? How-
ever, in a study from the United States, the overall
mortality of patients with sarcoidosis was not dif-
ferent from that of the general Minnesota popula-
tion." A study from France indicates that the hos-
pitalization and mortality rates were higher in sar-
coidosis patients with COVID-19 than in the gen-
eral population.*' In our study, only 53 deaths
were reported in the analyzed period (0.34% of
all cases), but approximately half of them oc-
curred in the almost 2-year observation period
after the COVID-19 outbreak in Poland. There
were significant differences in age and fatal hos-
pitalization rates among patients with sarcoidosis
and COVID-19, as compared with those without
COVID-19. Additionally, selected comorbidities
or the form of sarcoidosis may have contribut-
ed to the higher risk for COVID-19 in the study
population (TABLE 1). In a study based on question-
naire data from 5200 sarcoidosis patients, hazard
ratios for SARS-CoV-2 infection were greater for
those with pulmonary sarcoidosis and neurosar-
coidosis, and a higher rate of hospitalization was
found for those with underlying heart disease.*?

Moderate or severe impairment of the pulmonary
function was reported to be associated with mor-
tality in sarcoidosis patients infected with SARS-
-CoV-2.3? Comorbidities, including hypertension,
chronic lower respiratory tract diseases, diabetes
mellitus, and ischemic heart disease, were more
common in patients with pulmonary sarcoid-
osis than in those with nonpulmonary forms of
the disease.”®

On the other hand, in a study investigating po-
tential risk factors for COVID-19 in sarcoidosis
patients, no increased risk associated with age,
sex, or major organ involvement was found."*
A more precise assessment of the relationship
between COVID-19 and sarcoidosis requires fur-
ther research.
Study limitations  Our study has several limita-
tions. The hospital discharge database cointaned
a relatively small number of available variables
that could be analyzed in relation to hospitaliza-
tions for sarcoidosis. Also, the database only in-
cluded discharge records of inpatient hospitaliza-
tions; therefore, patients with sarcoidosis who
were treated on an outpatient basis were not in-
cluded in the analysis. However, sarcoidosis is
a systemic inflammatory disease with possible
multiorgan involvement; as such, it may require
treatment or advanced diagnostic procedures car-
ried out in a short period of time that can only
be performed in inpatient settings. Additional-
ly, the date of the first-time hospitalization for
sarcoidosis is not necessarily the date of the first
diagnosis. This inaccuracy may have resulted in
an overestimation of the incident cases. Howev-
er, the long study period could have minimized
the overestimation.
Conclusions At the beginning of the COVID-19
pandemic in Poland there was a decrease in
the number of hospitalizations of patients with
sarcoidosis; however, an increase was observed in
the following year. The all-cause in-hospital death
rate was significantly higher during the COVID-19
pandemic than before its outbreak. Health care
changes related to the COVID-19 pandemic may
have increased the health debt for inpatient sar-
coidosis treatment. The study results suggest that
the occurrence of sarcoidosis in Poland may be
related to demographic, lifestyle, and territori-
al factors. Age, comorbidities, and the form of
sarcoidosis may be related to the higher risk of
COVID-19 among sarcoidosis patients.
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