
Clinical research

Corresponding author:
Michał Szczyrek MD
Department  
of Pneumonology,
Oncology and Allergology
Medical University of Lublin
8 Jaczewskiego St
20-954 Lublin, Poland
Phone: +48 668 045 853
E-mail:  
mszczyrek@yahoo.co.uk

1�Department of Pneumonology, Oncology and Allergology, Medical University  
of Lublin, Lublin, Poland

2�Chair and Department of Haematooncology and Bone Marrow Transplantation, 
Medical University of Lublin, Lublin, Poland

3�Chair of Internal Medicine and Department of Internal Medicine in Nursing,  
Medical University of Lublin, Lublin, Poland

4�Department of Health, Pope John Paul II State School of Higher Education,  
Biala Podlaska, Poland

Submitted: 25 September 2014
Accepted: 26 December 2014

Arch Med Sci 2016; 12, 6: 1263–1272
DOI: 10.5114/aoms.2015.48966
Copyright © 2015 Termedia & Banach

The impact of ACE gene polymorphism  
on the incidence and phenotype of sarcoidosis in rural 
and urban settings

Robert Kieszko1, Paweł Krawczyk1, Tomasz Powrózek1, Aneta Szudy-Szczyrek2, Michał Szczyrek1,3, 
Iwona Homa1, Jadwiga Daniluk3,4, Janusz Milanowski1

A b s t r a c t

Introduction: Sarcoidosis is a  multisystem granulomatous disease of un-
known etiology. Current theory on the etiology of this disease involves par-
ticipation of genetic factors and unknown antigens present in the patients’ 
environment. The aim of the study was to evaluate the prevalence of differ-
ent polymorphic forms of the ACE gene in healthy individuals and sarcoid-
osis patients, and to estimate the risk of sarcoidosis in carriers of different 
ACE genotypes living in rural and urban settings.
Material and methods: The study group included 180 patients with pul-
monary sarcoidosis. Assessment of the disease was based on clinical fea-
tures, laboratory and imaging examinations, as well as bronchoscopy with 
bronchoalveolar lavage (BAL). ACE gene polymorphism was examined in DNA 
isolated from peripheral blood or BAL fluid (BALF) leukocytes.
Results: Incidence of sarcoidosis was not influenced by gender, age or place 
of residence of the patients. There were no differences in the frequency of 
particular genotypes in patients with sarcoidosis and in healthy individuals. 
The risk of disease did not depend on the ACE gene polymorphism. There 
were no differences in the frequencies of the different genotypes and alleles 
of the ACE gene in patients with sarcoidosis divided by gender, age and 
place of residence or by clinical manifestation of sarcoidosis.
Conclusions: Our results do not support the previous concept which suggest-
ed a higher incidence of sarcoidosis in individuals living in rural areas and 
in carriers of selected ACE genotypes. It is possible that this is related to the 
changing environment of rural areas, increasing urbanization and pollution.

Key words: sarcoidosis, ACE gene, polymorphism, T lymphocytes, 
environment.

Introduction

Sarcoidosis is a  multisystem granulomatous disease of unknown 
etiology. The lesions may develop in any organ, but in the vast ma-
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jority (approximately 90%) of patients they can 
be found in pulmonary and mediastinal lymph 
nodes, with accompanying changes in lung tis-
sue. It occurs in people of all ages and races, most 
often before 50 years of age, with peak incidence 
between 20 and 39. Women are affected slight-
ly more often than men. Incidence of sarcoidosis 
varies between ethnic groups. The highest annual 
incidence is recorded in the Scandinavian coun-
tries, with about 50 cases per 100 000 residents. 
In Poland, the incidence is estimated at around 
10 per 100 000 [1, 2].

Current theory on the etiology of the disease 
involves participation of genetic factors and an 
unknown antigens present in the patients’ envi-
ronment. Hypothetic pathogenetic factors of sar-
coidosis include bacteria and viruses, as well as 
organic particulates, dust, gases, and air pollution. 
There is a correlation between incidence and em-
ployment in agriculture, and in particular expo-
sure to insecticides, molds and working on bird 
farms. Sarcoidosis is also more common among 
employees of car factories and people living in 
homes with central heating [3].

The importance of genetic background in sar-
coidosis is demonstrated by ethnic diversity, fa-
milial occurrence of disease, and susceptibility 
to other granulomatous diseases. Incidence rate 
and clinical presentation of sarcoidosis in various 
ethnic groups are closely linked to specific histo-
compatibility antigens (HLA) class I  and II. The 
development of granulomas is also affected by 
the polymorphisms of genes responsible for the 
synthesis of cytokines, chemokines, and costim-
ulatory molecules. Interestingly, these molecules 
and gene polymorphisms are also involved in 
pathogenesis of asthma, sleep apnea, idiopathic 
hypertension and cardiovascular diseases [4, 5].  
These include TAP1, TAP2, TNF-a, TGF-b, IL-1,  
CCR2, EGF, CD14, TLR4, TLR9, ACE, and many 
other genes [6–8]. Researchers have also inves-
tigated associations of gene polymorphisms with 
allergy or chronic inflammation in the context of 
exposure to different antigens in rural and urban 
areas [9].

The role of ACE gene polymorphism in the 
pathogenesis of sarcoidosis is currently at the cen-
ter of interest of scientists. Angiotensin-converting 
enzyme I is responsible for the conversion of angio-
tensin I to II and inactivates the bradykinin path-
way in the kallikrein–kininogen system [10, 11]. 
Angiotensin II is a  vasoconstrictor, and activates 
renin angiotensin system (RAS) molecules. In addi-
tion, angiotensin II is a potential pro-inflammatory 
agent which stimulates the immune response [12]. 
It activates pro-inflammatory cells, monocytes, 
macrophages and epithelial cells. There is a  cor-
relation between the number of sarcoidal granu-

lomas and ACE serum level. A high level of serum 
ACE is a marker of disease activity [13, 14].

The ACE gene is located on the long arm of 
chromosome 17 (17q23). The most important 
polymorphism of the gene involves an insertion 
of 287 bp in intron 16 [13]. Therefore, there are 
three genotypes of the ACE gene: I/I, I/D, D/D. D/D 
genotype is associated with about 2-fold higher 
concentration of ACE in serum and tissues and is 
closely associated with the risk of spontaneous 
hypertension, myocardial infarction and heart fail-
ure [14, 15]. Previous studies on the role of ACE 
gene polymorphism in the pathogenesis of sar-
coidosis are controversial, but it seems that it may 
be related to the clinical course of the disease.

The aim of the study was to evaluate the prev-
alence of different polymorphic forms of the ACE 
gene in healthy individuals and sarcoidosis pa-
tients and to estimate the risk of sarcoidosis in 
patients with different ACE genotypes living in 
different (rural and urban) settings. An attempt 
was also made to examine the impact of ACE 
gene polymorphism on the clinical manifestation 
of sarcoidosis, with particular emphasis on the oc-
currence of an acute form of the disease and the 
degree of activation of the immune system in the 
respiratory tract in the context of demographic 
differences in the population.

Material and methods

Study population

The study group included 180 patients with 
respiratory sarcoidosis diagnosed and treated in 
the Department of Pneumonology, Oncology and 
Allergology, Medical University of Lublin in the 
years 2002–2010. About 20 patients per year 
were enrolled in the study. The assessment of the 
disease was based on clinical features, chest X-ray 
and computed tomography (CT), lung function 
tests, abdomen ultrasonography, ophthalmologi-
cal examination, bronchoscopy with bronchoalve-
olar lavage (BAL) and routine blood tests. Löfgren 
syndrome was manifested in 39 patients, and  
88 patients showed bilateral hilar lymphadenopa-
thy in chest X-ray and CT examinations. In 92 pa-
tients interstitial infiltration with or without hilar 
lymphadenopathy (radiological stage II or III) was 
demonstrated. We made a  distinction between 
the self-limiting clinical course (radiographic  
stage I), and stage II or III with a high probability 
of disease progression. In 68 patients extrapul-
monary lesions were present. Involved organs 
included liver, spleen, abdominal lymph nodes, 
skin (lesions other than erythema nodosum), eye, 
kidneys, salivary glands, and central nervous sys-
tem. The heart was not affected by the disease in 
our examined patients. However, in the literature 
data cardiac involvement in sarcoidosis occurs in 
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20–30% of patients in pathology series. Sarcoid-
osis of the heart is being increasingly recognized 
worldwide, but it has non-specific symptoms. Only 
5% of patients with sarcoidosis have clinical mani-
festations of cardiac disease, and only 40–50% of 
patients with cardiac sarcoidosis at autopsy have 
the correct diagnosis made during their lifetime. 
Therefore, cardiac sarcoidosis can still be misdiag-
nosed in our studied group [16].

The control group consisted of 242 healthy vol-
unteers, living in Lublin Voivodeship, matched to 
the study group in terms of gender, age and place 
of residence (Table I).

The research project was approved by the Lo-
cal Bioethics Committee of the Medical Universi-
ty of Lublin (no: KE-0254/142/2010). The study 
included patients living within the administrative 
area of Lublin Voivodeship. Place of residence in 
the country or in the city was determined at the 
time of diagnosis, based on the patient’s histo-
ry. Patients living in localities without the official 
city status or city rights, and reporting a history 
of exposure to dust or pollution related to crop 
farming and animal husbandry, were assigned 
to the rural setting. Lublin Voivodeship is an ag-
ricultural region, dominated by the cultivation 
of fruits, berries, and edible legumes (such as 
peas, beans and broad beans). Lublin Voivode-
ship is also one of the largest suppliers of ground 
vegetables, cereals and potatoes. The dominant 
species of farm animal is swine, but cattle breed-
ing also plays a significant role. Work in agricul-
ture is associated with exposure to biological 
and chemical components of agricultural dust. 
Harmful biological factors present in the dust are 
mainly agricultural microorganisms (Gram-nega-
tive bacteria, thermophilic actinomycetes, molds) 
and endotoxin. The main chemical exposure in 
agriculture is from plant protection products (pes
ticides) [17–19].

Lublin voivodeship is not very urbanized – 
46.4% of the population lives in cities. Patients 
living in settlements with municipal rights or city 
status were classified as residing in the urban set-
ting. To be enrolled in the study they also could 
not be employed in agriculture [19].

Air pollution in cities includes contamination 
of natural origin and related to human activity. 
The main source of air pollution is anthropogenic 
emissions from industry, households and trans-
port. Most industrialized areas are located in the 
central belt of the voivodeship and the largest 
urban centers. The majority of the industrial 
emissions are produced by the chemical industry, 
energetics and heating. Monitoring conducted 
in the years 2000–2007 showed low concentra-
tions of gaseous pollutants, primarily sulfur diox-
ide, which in the summer in most locations were 

below the limit of quantification. Annual average 
nitrogen dioxide concentration remained rela-
tively even and did not exceed the permissible 
level. The main problem of air quality in the re-
gion is exceeding the norms for PM10 dust. The 
results of ozone level measurements showed 
permissible values [20].

BAL procedure and BALF cell preparation

Bronchoalveolar lavage fluid (BALF) was ob-
tained by standard lavage of the middle lobe with 
seven 20-ml aliquots of pre-warmed sterile 0.9% sa-
line. The pooled BALF specimen, except for the first 
bronchial fraction, was carefully mixed, strained 
through a  double layer of nylon gauze and cen-
trifuged to obtain a cell pellet. Cells were washed 
twice and resuspended with phosphate-buffered 
saline (PBS).

Flow cytometry technique and monoclonal anti-
bodies (Simultes, Becton Dickinson, USA) were used 
for immunophenotyping of BALF mononuclear cells. 
Cells were incubated for 20 min at room tempera-
ture and immediately analyzed in a  FACSCalibur 
flow cytometer (Becton Dickinson, USA). Remain-
ing cells were centrifuged at 400 × g and stored at 
–80°C for ACE gene polymorphism analysis.

Assessment of ACE gene I/D polymorphism

DNA in patients with sarcoidosis was isolated 
from BALF cells stored at –80°C. DNA from healthy 
individuals was isolated from leukocytes of pe-
ripheral blood collected from the antecubital vein 
into tubes containing EDTA and stored at –20°C. 
DNA was extracted from the collected peripheral 
blood and BALF samples using proteinase K diges-
tion according to the manufacturer’s protocol. Af-
ter 20 min of digestion at 56°C, DNA was eluted 
using silica columns with an appropriate buffer kit 
(QIAamp DNA Blood Mini Kit, Qiagen, USA). Purity 
control and the assessment of quantity of isolated 
DNA was performed using a BioPhotometer plus 

Table I. Characteristics of the studied population

Studied factor Control group
(n = 242)

Sarcoidosis 
patients
(n = 180)

Gender:

Male 122 (50.4) 85 (47.2)

Female 120 (49.6) 95 (52.8)

Age [years] 55 ±13 47 ±12 

Setting:

City 128 (52.9) 94 (52.2)

Rural 114 (47.1) 86 (47.8)

Results presented as n (%) or median ± SD.
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spectrophotometer with cuvettes equipped with 
UV/VIS filters (Eppendorf, Germany).

In order to amplify a fragment of intron 16 with 
the ACE gene, polymerase chain reaction (PCR) 
was performed, using primers specific for the an-
alyzed fragment – forward: 5’-CTG GAG AGC CAC 
TCC CAT CCT TCT 3’ and reverse: 5’-GAC GTG GCC 
ATC ACA TTC GTC AGA TC 3’, flanking the polymor-
phic site (insertion/deletion). PCR was performed 
in a TPersonal thermocycler (Biometra, USA). The 
PCR product had 190 base pairs (bp) in the pres-
ence of allele D, and 480 bp in the presence of 
allele I. DNA separation was performed in 2% aga-
rose gel with addition of ethidium bromide. After 
electrophoresis, the DNA bands were visualized 
with a UV light transilluminator. In the case of ho-
mozygous genotypes I/I, and D/D, one band was 
observed with a length of 481 or 194 bp. However, 
in cases where the applied PCR product derived 
from a  heterozygote of the I/D genotype, both 
bands having respectively 481 and 194 bp were 
observed (Figure 1).

Statistical analysis

The data are presented as the median ± stan-
dard deviation (SD). Pearson χ2 analysis was used 
to test the differences between different groups of 
patients in the distributions of gender, age, place 
of residence, ACE genotypes and clinical manifes-
tation of sarcoidosis. Fisher’s exact test was ap-
plied to test for Hardy-Weinberg equilibrium. Dif-
ferences of the frequencies of the alleles between 
control and patient subjects as well as between 
patients with different manifestations of sarcoid-
osis were tested by logistic regression analysis us-
ing the haplotype frequency estimation program 
(http://ihg.gsf.de). Odds ratio (OR) and associated 
95% confidence interval (95% CI) were calculated. 
The Mann-Whitney U test was used for the com-

parison of unpaired group data. A level of p < 0.05 
was assigned as significant.

Results

Clinical and immunological characteristics  
of patients with sarcoidosis

Sarcoidosis occurred at similar rates in men 
and women. The incidence of sarcoidosis was not 
influenced by the age of the patients or their place 
of residence (urban or rural).

The incidence rate of various radiological stag-
es of sarcoidosis did not depend on gender (χ2 = 
0.216; p = 0.642), age (χ2 = 1.532; p = 0.216) or 
place of residence (χ2 = 1.026; p = 0.311). Löfgren 
syndrome was slightly more common in wom-
en (27.1%) than in men (15.5%; χ2 = 3.556; p = 
0.059). However, there was a similar incidence of 
Löfgren syndrome in patients in both age groups 
(χ2 = 2.562; p = 0.109), and among the inhabi-
tants of towns and villages (χ2 = 0.449; p = 0.503).

Percentages of lymphocytes and macrophages 
in BALF, percentages of lymphocyte subpopula-
tions and CD4 : CD8 ratio in BALF were similar 
in men and women, in patients over 47 years of 
age and younger, and in patients living in urban 
and rural areas (Table II). The CD4 : CD8 ratio was 
significantly higher in patients with radiographic 
stage I sarcoidosis than in patients with signs of 
fibrosis of the lung parenchyma (Figure 2, Table II). 
Patients with Löfgren syndrome had a higher per-
centage of T lymphocytes and CD4+ Th lympho-
cytes when compared to patients without acute 
manifestations of sarcoidosis (Figure 3, Table II).

The incidence of the different polymorphic 
forms of the ACE gene in healthy individuals (p = 
0.158) and in patients with sarcoidosis (p = 0.425) 
was in conformity with the Hardy-Weinberg equi-
librium. In both groups, heterozygous individuals 
having both insertion and deletion variants of the 

Figure 1. Electrophoretic separation of PCR products containing a polymorphic site I/D of ACE gene. DNA marker 
– line M, homozygotes I/I – line: 1, 8, 9, 10; heterozygotes I/D – line: 2, 5, 6, 7, 13, 14; homozygotes D/D – line: 3, 
4, 11, 12, 15
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ACE gene were the most common. Homozygous 
subjects, having two deletion or insertion alleles 
of the ACE gene, occurred at a frequency of 20% 
to 30% in both groups. Genotype frequencies in 
healthy subjects were in concordance with results 
of a study by Camos et al., performed on a Spanish 
population [21]. There were no differences in the 
frequency of particular genotypes in patients with 
sarcoidosis and in healthy subjects. Moreover, the 
risk of disease did not depend on the ACE gene 
polymorphism (Table III).

There were no differences in the frequencies 
of the different genotypes and alleles of the ACE 
gene in patients with sarcoidosis divided by gen-
der, age and place of residence and presence of 
extrapulmonary involvement (Table IV). There was 
no association between the ACE gene polymor-
phism and clinical manifestation of sarcoidosis: 
radiographic stage of disease and the occurrence 
of Löfgren syndrome (Table IV). In patients with 
different genotypes of the ACE gene we found 
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Figure 2. CD4 : CD8 ratio in BALF in sarcoidosis 
patients with various radiological stages of the 
disease
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Figure 3. Percentage of CD4+ Th cells in BALF of 
patients with Löfgren syndrome and without acute 
manifestations of sarcoidosis
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similar percentages of lymphocytes and mac-
rophages, as well as similar percentages of lym-
phocyte subpopulations in BALF (Table V). There 
was only an insignificantly higher percentage of 
lymphocytes (χ2 = 1.27; p = 0.26) and CD8+ T lym-
phocytes (χ2 = 2.26; p = 0.133) in BALF of patients 
with ACE gene DD genotype (respectively: 40.4 
±20.24% and 14.07 ±10.83%) than in patients 
who were carriers of the I allele of the ACE gene 
(respectively: 33.85 ±21.85% and 11.42 ±9.68%).

Discussion

Sarcoidosis is probably caused by the influence 
of specific environmental factors on the immune 
system of genetically predisposed individuals. 
The problem of the relationship between the sub-
jects’ environment and incidence of sarcoidosis 
appeared in the literature back in the 1950s. The 
results of the first epidemiological studies pointed 
toward a significant correlation between the de-
velopment of the disease and living in the coun-
try; however, the exact inciting exposure in a rural 
residence is unknown [22, 23]. Cummings et al.  
[24] made a detailed analysis of a large group of 
1700 patients with clinically and histologically 
confirmed sarcoidosis (1949–1956). The assess-
ment included factors such as age, race, gender, 
place and date of birth and place of residence. The 
most striking observation related to the geograph-
ical distribution of the patients. It was observed 
that sarcoidosis was more common in rural areas, 
particularly in communities where the inhabitants 
were employed in local wood factories, or worked 
at chopping wood. The timber industry is present 
in Lublin Voivodeship, but only 2 of the examined 
patients were employed there.

Conclusions of the multicenter ACCESS study 
conducted on a group of 718 patients with newly 
diagnosed sarcoidosis were similar: residence in an 
agricultural environment was recognized as a po-
tential risk factor for the disease. The authors ob-
served an elevated odds ratio (OR = 1.46; 95% CI =  

1.13–1.89) among individuals who worked in 
agriculture and who had lived in a  small town  
(≤ 50 000 population) in childhood. In the patho-
genesis of the disease, the effect of exposure 
to insecticides (OR = 1.52; 95% CI = 1.14–2.04), 
chemicals, mould and mildew (OR = 1.61;  
95% CI = 1.13–2.31) and contact with birds and 
farm animals were stressed [3]. Virtually every 
patient in the study group of rural residents has 
been in contact with a number of the above-men-
tioned exposures.

A different approach was taken in the study by 
Kreider et al. [25], in which the sarcoidosis cas-
es were subdivided by clinical phenotype. Putting 
forward the hypothesis that different sarcoid-
osis phenotypes may be associated with differ-
ent exposure risks, Kreider divided patients into 
a group with pulmonary-only disease (311 cases) 
and a  group with systemic disease (407 cases). 
The study demonstrated that exposures to wood 
burning and agricultural organic dust are associ-
ated with risk of pulmonary sarcoidosis, in which 
disease is present only in the lungs. The authors’ 
conclusion was that the differentiation of sar-
coidosis subjects on the basis of clinical pheno-
types suggests that these subgroups may have 
unique environmental exposure associations. The 
exposure to agricultural organic dusts and wood 
burning may not be causative in the development 
of the disease but rather may affect the clinical 
manifestations of the disease in a susceptible in-
dividual. However, our patients in groups differen-
tiated by place of residence and thereby exposed 
to different air pollution showed no differences in 
disease phenotype.

We found no evidence that place of patients’ 
residence influences the condition of the immu-
nological system in the airways. It was demon-
strated that the cellular response induced by T 
lymphocytes is more intense in patients with 
acute clinical manifestations of sarcoidosis (Löf-
gren syndrome) and in patients with radiological 
stage I disease. A high percentage of lymphocytes 

Table III. ACE gene polymorphism and the risk of sarcoidosis

ACE gene 
polymorphism

Studied group Statistical analysis

Healthy individuals
(n = 242)

Patients with sarcoidosis
 (n = 180)

p
χ2

OR
95% CI

I/I 64 (26.5%) 37 (20.6%)

0.258
2.71

_I/D 110 (45.5%) 95 (52.8%)

D/D 68 (28%) 48 (26.6%)

I/I + I/D 174 (72%) 132 (73.4%)
0.744
0.11

1.075
0.697–1.657D/D 68 (28%) 48 (26.6%)

D/D + I/D 178 (73.5%) 143 (79.4%)
0.161
1.97

1.39
0.877–2.203I/I 64 (26.5%) 37 (20.6%)
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Table V. Percentage of leukocytes in BALF, depending on the polymorphism of the ACE gene in patients with sar-
coidosis 

Subpopulations  
of leukocytes in BALF
(median ± SD)

ACE gene polymorphism p
χ2

I/I I/D D/D

Lymphocytes (%)
(36.85 ±21.25)

38.89 ±21.17 31.92 ±21.65 40.4 ±20.24 0.086
4.912

Macrophages (%)
(56.31 ±21.27)

52.72 ±21.55 61.89 ±21.87 52.9 ±19.7 0.366
2.011

T lymphocytes (%)
(90.17 ±8.82)

90.14 ±5.68 90.12 ±10.3 90.59 ±6.97 0.686
0.754

CD4+ Th lymphocytes (%)
(76.1 ±13.37)

78.12 ±10.92 76.18 ±14.7 74.1 ±11.76 0.527
1.28

CD8+ T lymphocytes (%)
(12.1 ±10.01)

10.2 ±8.82 11.86 ±9.88 14.07 ±10.83 0.407
1.8

B lymphocytes (%)
(1.01 ±1.16)

0.91 ±1.1 1.01 ±1.25 1.23 ±0.96 0.262
2.679

CD4 : CD8 Ratio
(5.78 ±5.73)

7.53 ±4.83 5.41 ±5.73 5.29 ±6.32 0.834
0.438

in BALF as well as a high CD4:CD8 ratio is consid-
ered to be pathognomonic for respiratory sarcoid-
osis [26–28]. The literature presents a statistically  
significant correlation between the reduction in 
the percentage of CD4+ T helper cells and the  
CD4 : CD8 ratio in the airways, and the appear-
ance of lung fibrosis in higher radiological stages 
of sarcoidosis [29–31].

There are no data on the impact of genetic poly-
morphisms on the risk of development and the 
clinical course of sarcoidosis in patients living in 
different (rural and urban) environments. On the 
other hand, determining the relationship between 
polymorphism of the ACE gene and sarcoidosis 
has been the subject of many studies [32, 33]. In 
our study, we found no difference in the incidence 
of different genotypes and alleles of the ACE gene 
in patients with sarcoidosis divided by gender, 
age and place of residence. Thus, ACE gene poly-
morphism was not a factor differentiating urban 
and rural residents in terms of predisposition to 
sarcoidosis. Moreover, we found no relationship 
between gene polymorphism and clinical manifes-
tation of sarcoidosis. Therefore, we formed a hy-
pothesis that there is no association between ACE 
gene polymorphism and the risk of development 
or clinical course of sarcoidosis in Polish patients, 
regardless of where they live.

McGrath et al. conducted a study in Caucasian 
patients from the Czech Republic and the UK [32]. 
The results did not confirm the effect of ACE gene 
polymorphism on the risk of development and 
clinical course of the disease. Also, Sari et al. did 
not observe any significant differences between 
the controls and sarcoidosis patients with respect 
to genotype distribution and allele frequencies of 
the ACE gene in Turkish sarcoidosis patients and 
healthy individuals [33]. However, Yilmaz et al. an-

alyzed a Turkish population and found that the D al
lele was more frequent in the sarcoidosis patient 
group. No significant differences in frequencies of 
I/I, I/D, D/D genotypes were observed between the 
sarcoidosis and control groups. Similarly, frequen-
cies of these genotypes showed no significant dif-
ferences between sarcoidosis patients with and 
without extrapulmonary involvement [34]. These 
results are in concordance with our findings in 
a Polish population.

On the other hand, Salobir et al. [35] observed 
a  higher incidence of DD homozygotes among 
sarcoidosis patients as compared to the control 
group (37% vs. 21%), with insignificantly high-
er frequency of the D allele. Effects of ACE gene 
polymorphism on the course of sarcoidosis were 
observed within the African-American population, 
as presented by Maliarik et al. [36]. In a study that 
compared the role of ACE gene polymorphism in 
the development of the disease among Caucasians 
and African Americans, only in the African Ameri-
can group was the incidence of sarcoidosis signifi-
cantly higher in the DD homozygotes. The impact 
of gene polymorphisms on the course of disease 
was not confirmed, but it was stressed that the risk 
of disease progression may be higher in patients 
with genotype II. Another recent meta-analysis of 
the ACE I/D polymorphism, which was based on 
a total sample of 1556 patients and 2381 controls, 
demonstrated that the DD genotype of the ACE 
gene is associated with susceptibility to sarcoid-
osis in Europeans and East Asians [37].

In the past 20 years of development, differ-
ences between the country and the city in Poland 
have been significantly reduced. This process took 
place through the reform of local government, 
education, the use of EU funds. There have been 
profound changes in agriculture. Modernized food 
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production technologies changed the economic 
activity of the rural population. The Polish Main 
Statistical Office shows that in 2008, 43% of the 
rural population aged 15 and over was associat-
ed with farming. Compared to previous years, the 
proportion of people associated with agriculture 
has a tendency to decrease. These changes result 
in reduction of the polarization of exposure to dif-
ferent biological and chemical factors in people 
living in urban and rural environments, which may 
be the cause of the lack of differences in the clin-
ical and immunological picture of sarcoidosis in 
urban and rural areas of Lublin Voivodeship [38].

In conclusion, our results do not support the 
previous concept which suggested a  higher in-
cidence of sarcoidosis in individuals living in ru-
ral areas. We found no differences in the clinical 
course of sarcoidosis in patients living in rural and 
urban environments. No correlations between ACE 
gene polymorphism and development of sarcoid-
osis in patients divided by gender, age and place 
of residence as well as by clinical manifestation of 
sarcoidosis were found. The reason for this could 
be the fact that the studied population consisted 
of people employed in agriculture, but with no par-
ticular distinction of professions identified in the 
above-mentioned papers as being at high risk for 
occurrence of sarcoidosis, for example employees 
of the wood industry. It is also possible that this 
is related to the changing environment of rural ar-
eas, increasing urbanization and pollution, and the 
changing way of life of people living in rural areas.
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