
Introduction

Sarcoidosis is an inflammatory disease that most 
often affects the lungs, but there are also extrapul-

monary manifestations involving the eye, skin, nerv-
ous system and lymph nodes (1). The patients show 
evidence of increased oxidative stress and exhausted 
and/or deficient anti-oxidative defence enzymes (2, 
3). Recent data suggest that sarcoidosis is also asso-
ciated with dyslipidemia (2, 4) and adverse changes 
in low-density (LDL) and high-density lipoprotein 
(HDL) particle size and subclasses distributions (5).

Pulmonary disease may be accompanied by ex-
trapulmonary involvement and this is characterized 
as a more severe form of disease because of a higher 
extent of inflammation (6). These manifestations of 
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disease usually require higher doses of medications to 
be used. Corticosteroids are the first line treatment 
in sarcoidosis having anti-inflammatory effects (7). 
Suppression of inflammation may lead to changes in 
oxidative stress (2, 3) and lipid status (2, 8), but there 
is still no data describing the extent of these changes 
in pulmonary and pulmonary plus extrapulmonary 
manifestations of the disease, taking into account 
different dosage of corticosteroids. 

Overproduction of free radicals under patho-
physiological conditions plays an important role in 
the development of atherosclerosis and its compli-
cations, particularly cardiovascular disease (CVD). 
In conditions of increased oxidative stress, LDL is 
more prone to oxidative modifications, thus creating 
oxidatively-modified particles which accumulate in 
blood vessel walls (9). Besides its role in the process 
of reverse cholesterol transport (RCT), HDL also 
has anti-inflammatory and antioxidative properties. 
Antioxidative properties originate from major pro-
teins of HDL, such as apoAI, AII and paraoxonase 
1 (PON1). However, these properties of HDL could 
be compromised in various pathological conditions 
(9). There are reports indicating a decrease in HDL-
cholesterol (HDL-c) concentration in sarcoidosis 
patients (2, 4), however no previous studies have 
investigated whether there is a specific interplay of 
oxidative stress, inflammation and atherogenic dys-
lipidemia according to presentation of the disease. 

Chronic inflammatory disorders have been as-
sociated with higher cardiovascular disease (CVD) 
risk (10). In sarcoidosis patients increased risk for 
CVD is attributable to inflammation, oxidative stress 
and dyslipidemia (2), although there is a lack of data 
regarding different manifestations of disease. Sar-
coidosis may vary from milder forms, characterized 
by spontaneous remissions, to severe and progressive 
forms that require treatment (6, 7). Since the major-
ity of sarcoidosis patients are characterized by milder 
forms of disease (7), less data is available on patients 
with severe forms of sarcoidosis. To our knowledge, 
oxidative stress and dyslipidemia have not yet been 
studied in severe and progressive sarcoidosis, with 
respect to its manifestations. 

Therefore, the aim of our study was to determine 
the extent of inflammation and oxidative stress, as 
well as LDL and HDL subclass distribution in pa-
tients with severe forms of pulmonary and pulmo-
nary plus extrapulmonary sarcoidosis.  In addition, 

we evaluated the relationship among lipoprotein 
subclass distribution and oxidative stress status ac-
cording to the presentation of the disease. 

Methods

Study participants

In this study, we included 77 severe sarcoidosis 
patients (23 males and 54 females) from the Clinic 
for Pulmonary Diseases and Tuberculosis, Clini-
cal Centre of Serbia, Belgrade. The diagnosis was 
established by clinical, radiological and histological 
findings (7). Patients underwent biopsy analysis that 
confirmed noncaseating epithelioid granulomatous 
inflammation in the appropriate organ/tissue. Other 
non-infectious and infectious causes of granulomas 
had been excluded. There were 53 patients with only 
pulmonary sarcoidosis and 24 patients with addi-
tional extrapulmonary presentations (with eye - 6, 
cardiac - 6, neurological - 9, and skin - 3 involve-
ment). Of these patients, 77.9% were receiving pred-
nisolone and 22.1% a combination of prednisolone 
and methotrexate. A low dose of prednisolone (me-
dian: 10 mg; interquartile range: 5–10 mg) was used 
in the treatment during 24.5±16.4 months (median: 
24 months; interquartile range: 12–39 months) and 
some patients were additionally treated weekly with 
methotrexate (median: 5 mg; interquartile range: 
5-10 mg) during 9.4±4.2 months. No patient re-
ceived any lipid-lowering medications. Our 77 pa-
tients were selected after applying exclusion criteria 
and these criteria were the presence of cardiovascu-
lar disease, pulmonary (any other pulmonary disease 
except sarcoidosis), neurological, renal, hepatic, en-
docrine or malignant disease. We also recruited 139 
gender-matched healthy controls (51 males and 88 
females). They attended regular medical check-ups 
at health centres in Belgrade and inclusion criteria 
were the absence of any pulmonary, gastrointestinal, 
hepatic, renal, cardiovascular, malignant or endocrine 
disease.

The study was planned according to the ethical 
guidelines stated in the Helsinki declaration. Writ-
ten informed consent was obtained from all subjects 
prior to study entry. The research was approved by 
the institutional committee (Ethics Board) of Clini-
cal Centre of Serbia (number 617/7).
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Sample collection

After a 12-hour fasting period, venous blood 
samples were collected into serum and EDTA plas-
ma sample tubes and then centrifuged (1500xg, 10 
min at 40C) to obtain serum and plasma. Samples 
were aliquoted and stored at -800C. Aliquots were 
thawed immediately before analyses.

Biochemical analysis

Serum glucose, total protein, urea and creatinine 
were assayed by routine laboratory methods. Con-
centrations of lipid status parameters (total choles-
terol (TC), LDL-c, HDL-c and triglycerides (TG)) 
were measured by standard laboratory procedures 
(ILAB 300+analyzer, Instrumentation Laboratory, 
Milan, Italy). The latex-enhanced immunoturbidim-
etry method (Quantex hsCRP kit, BIOKIT, Barce-
lona, Spain) was used to measure the concentration 
of high-sensitive C-reactive protein (hsCRP) on 
an ILAB 600 analyzer. The concentration of serum 
amyloid A (SAA) was determined by a commercial-
ly-available two-site enzyme linked immunosorbent 
assay (ELISA) kit (Immunology Consultants Labo-
ratory, Portland, OR, USA).

Paraoxonase 1 (PON1) was assessed using par-
aoxone as a substrate. The conversion of paraoxone 
to p-nitrophenol by the hydrolytic activity of PON1 
was measured at 405 nm using an ILAB 300+ ana-
lyzer (Instrumentation Laboratory, Milan, Italy) ac-
cording to Richter and Furlong (11). Paraoxon was 
purchased from Santa Cruz Biotechnology (Dallas, 
Texas, USA). Malondialdehyde (MDA) concentra-
tion was determined in the assay described by Girot-
ti and colleagues (12) based on spectrophotometric 
measurement of red-coloured MDA-thiobarbituric 
acid adduct at 535 nm. The Ellman method, used 
originally for measuring tissue sulfhydryl (SH) groups 
(13), has already been applied for measurement of se-
rum or plasma SH groups in our laboratory (14, 15) 
and by others (16). Total oxidative status (TOS) was 
determined by Erel’s method (17). The assay is based 
on oxidation of ferrous ion-o-dianizidine complex to 
ferric ion in the presence of various oxidant species in 
serum. The pro-oxidant-anti-oxidant balance (PAB) 
was measured according to a previously-published 
method (18). 

LDL and HDL subclass determination

The method of Rainwater et al. (19) was used 
for separating plasma LDL and HDL particles. A 
detailed description of the procedure has been pub-
lished (20). The migration distance for each absorb-
ance peak was determined and the particle diameter 
corresponding to each peak was calculated from the 
calibration curve. The estimated diameter of the ma-
jor peak in the LDL and HDL regions of each scan 
was referred to as the dominant particle diameter. To 
estimate the relative content of each LDL and HDL 
subclass, areas under the peaks of densitometric scans 
stained with Sudan black were determined (21). The 
criteria used to define the regions which comprised 
small, dense LDL (sdLDL) and small-sized HDL 
(ssHDL) were areas under the peak in the LDL re-
gion below 25.5 nm and in the HDL region below 
8.8 nm (20).

Statistical analysis

To describe the data, we used means±standard 
deviation for normally-distributed data, geometric 
means and 95% confidence intervals for log-trans-
formed normally-distributed data, median and in-
terquartile range for non-normally distributed data 
and relative frequencies for categorical variables. The 
normality of distribution of parameters was assessed 
using the Kolmogorov Smirnov test. Continuous 
variables having normal distribution were compared 
using ANOVA test. As age differed significantly be-
tween isolated pulmonary and combined pulmonary 
and extrapulmonary sarcoidosis patients, ANCOVA 
test was employed to determine whether age af-
fected the studied parameters in these two groups. 
The Mann Whitney test was used for comparisons of 
non-normally-distributed data. Differences between 
categorical variables were tested with the Chi-square 
test for contingency tables. 

Spearman’s correlation analysis was employed to 
determine possible correlations between the param-
eters. Multiple linear regression analysis (enter selec-
tion) was used to estimate the independent contri-
bution of age, gender, prednisolone dosage, oxidative 
stress, lipid status parameters and PON1 activity on 
HDL subclasses proportion. Model in the multiple 
regression analysis included parameters whose P val-
ues for Spearman’s correlation coefficient were ≤0.1. 
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Multicolinearity between variables was also tested 
for these models and none of the variables signifi-
cantly influenced another variable in the models. All 
statistical analyses were performed using MS Excel, 
PASW Statistics Version 18.0 and MedCalc (version 
11.4 Software, Belgium) software. The 0.05 prob-
ability level was considered significant in all statisti-
cal tests.

Results

General characteristics, lipid and inflammatory 
parameters of the study participants are shown in 
Table 1. All patients and controls were matched ac-
cording to gender (χ2=1.391, P=0.499).  As patients 
with pulmonary sarcoidosis were older than patients 
with extrapulmonary disease, group differences were 
compared after an appropriate adjustment. Age had 
no significant influence on parameters presented in 
Table 1. Dosage of prednisolone was significantly 
higher in the extrapulmonary group whereas treat-
ment duration showed no significant difference be-
tween the groups. The pulmonary sarcoidosis group 
had significantly higher levels of glucose, TG and 
SAA, but significantly lower HDL-c concentration 
when compared with controls. The extrapulmonary 
group of patients had significantly higher TG and 
SAA concentrations than the control group. Both 
groups of patients had higher hsCRP concentrations 

than controls, although not significantly. Distribu-
tion of patients with respect to the type of therapy 
(prednisolone or prednisolone and methotrexate) 
did not differ significantly between pulmonary and 
extrapulmonary disease groups (P=0.428, data not 
shown).

Lipoprotein subclass distributions, oxidative 
stress status parameters and PON1 activity are giv-
en in Table 2. Both pulmonary and extrapulmonary 
sarcoidosis groups had more LDL II, LDL III and 
LDL IVA, but less LDL I particles than the con-
trol group. HDL particle size was significantly lower 
in the patient groups.  Also, pulmonary sarcoidosis 
patients had significantly lower proportions of LDL 
IVB, but significantly higher proportions of HDL 
3a subclasses when compared with controls. The ex-
trapulmonary sarcoidosis group was characterized by 
a higher proportion of HDL 2a subclasses than the 
control group. Both patient groups had significantly 
higher concentrations of TOS and lower levels of SH 
groups and PON1 activity than control subjects. Ad-
ditionally, in the pulmonary group of patients, signif-
icantly higher levels of PAB were found in compari-
son with control subjects. The pulmonary sarcoidosis 
group had significantly higher PON1 activity than 
extrapulmonary subjects.

We performed Spearman’s correlation analysis 
to test associations of LDL and HDL particle siz-
es and subclass distributions with lipid, inflamma-
tory, oxidative stress parameters and PON1, both in 

Table 1. General characteristics, lipid and inflammatory parameters in pulmonary, extrapulmonary sarcoidosis and control groups

Parameter Pulmonary sarcoidosis Extrapulmonary sarcoidosis Control group P
 (n=53) (n=24) (n=139) 

Age (years) 52.1±9.6 44.7±9.5§* 47.8±9.2 0.027
Gender (M/F) 32.1/67.9 25/75 36.7/63.3 ns
Dose of prednisolone (mg)# 5 (5-10) 10 (8.75-10) / 0.042
Duration of therapy (mo)# 24 (12-36) 24 (12-48) / 0.737
Glucose (mmol/L) 5.35±1.13 4.91±0.93 4.78±0.71§** 0.001
Total protein (g/L) 71.3±11.7 71.3±6.8 70.5±5.4 ns
Urea (mmol/L) 6.21±1.71 5.14±1.27§* 5.80±1.70 ns
Creatinine (µmol/L) 76.7±13.1 84.6±14.2 79.2±15.7 ns
TC (mmol/L) 6.12±1.93 5.79±0.91 5.57±1.20 ns
HDL-c (mmol/L) 1.27±0.41 1.36±0.38 1.52±0.39§* 0.009
LDL-c (mmol/L) 3.97±1.88 3.71±0.82 3.58±1.06 ns
TG (mmol/L)† 1.72 (1.48-2.01) 1.78 (1.43-2.21)      1.28 (1.17-1.40)§*, ¶* 0.033
hsCRP (mg/L)† 1.59 (0.83-3.04) 1.30 (0.45-3.74) 1.13 (0.96-1.33) ns
SAA (µg/mL)† 8.58 (5.78-12.74)   8.71 (4.78-15.85)      2.60 (2.03-3.33)§*, ¶* 0.002
† - Data shown as geometric mean and 95% confidence interval; # - Data shown as median and interquartile range. 
§ - Significantly different from pulmonary sarcoidosis group by Tukey’s post-hoc test; ¶ - Significantly different from extrapulmonary sar-
coidosis group by Tukey’s post-hoc test.
*P<0.05, **P<0.01; ns- non significant
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pulmonary and extrapulmonary sarcoidosis. In pul-
monary sarcoidosis, LDL diameter was negatively 
correlated with concentration of SAA (r=-0.513; 
P=0.035). Also, LDL IVA subclass proportion was 
significantly positively associated with TC (r=0.308; 
P=0.047), while LDL IVB were positively associated 
with levels of MDA (r=0.296; P=0.031). 

Significant associations of HDL subclass pro-
portions with lipid, oxidative stress and PON1 status 
parameters in the pulmonary sarcoidosis group are 
presented in Table 3. The relative proportion of HDL 
2b particles was significantly positively correlated 
with TC and SH group concentrations and PON1 
activity, while negatively correlated with MDA level. 
The proportion of HDL 3b particles was positively 
correlated with TOS and negatively correlated with 
the concentration of SH groups. Both relative pro-
portion of HDL 3c subclasses and ssHDL particles 
were positively correlated with MDA level and nega-
tively correlated with HDL-c and SH group concen-
trations as well as PON1 activity. In addition, the 
level of TOS was positively and TC negatively asso-
ciated with the proportion of ssHDL particles.

In extrapulmonary sarcoidosis, MDA lev-
els negatively correlated with LDL I (r=-0.433; 
P=0.039), while positively correlated with propor-

tions of LDL IVA (r=0.536; P=0.008) and sdLDL 
particles (r=0.415; P=0.049). A significant positive 
correlation was also found between LDL IVA pro-
portion and hsCRP level (r=0.807; P=0.028). Re-
garding HDL particle size and distributions in ex-

Table 2. Lipoprotein subclass distributions, oxidative stress status parameters and PON1 in pulmonary, extrapulmonary sarcoidosis and 
control groups

Parameter Pulmonary sarcoidosis Extrapulmonary sarcoidosis Control group P
 (n=53) (n=24) (n=139) 

LDL diameter (nm) 27.22±1.09 27.13±1.05 27.05±1.39 ns
LDL I (%) 23.0±4.7 21.5±5.3 36.9±8.3§**, ¶** <0.001
LDL II (%) 25.3±3.9 23.9±3.8 12.2±2.9 §**, ¶** <0.001
LDLIII (%) 20.5±2.7 20.1±3.1 16.5±4.12 §**, ¶** <0.001
LDL IVA (%) 12.5±2.5 12.9±2.2 11.3±2.9 §*, ¶* <0.01
LDL IVB (%) 18.6±3.6 21.6±6.9 23.0±6.3 §** <0.001
sdLDL (%) 51.6±5.6 54.6±7.1 50.9±8.3 ns
HDL diameter (nm) 9.57±1.17 9.59±1.10 10.43±1.12 §**, ¶** <0.001
HDL 2b (%) 41.3±9.3 43.0±9.5 43.1±7.2 ns
HDL 2a (%) 20.7±2.7 21.6±1.6 19.4±4.5 ¶* <0.05
HDL 3a (%) 15.8±3.4 15.7±3.5 14.2±3.2 §* <0.05
HDL 3b (%) 10.0±3.9 9.0±3.8 9.7±2.9 ns
HDL 3c (%) 11.6±6.5 10.6±5.9 12.9±5.7 ns
ssHDL (%) 37.5±8.9 35.4±10.0 36.9±8.8 ns
TOS (µmol/L) † 16.10 (13.10-19.78) 7.77 (6.08-9.93) 4.31 (3.81-4.88) §**, ¶** <0.001
MDA (µmol/L) † 1.19 (1.11-1.28) 1.13 (0.99-1.30) 0.99 (0.90-1.09) ns
PAB (HK units) 95.5±36.6 83.5±44.2 71.8±28.0 §* <0.05
SH groups (mmol/L) 0.372±0.110 0.403±0.134 0.522±0.102 §**, ¶** <0.001
PON1 (U/L) 310 (219-439) 172 (122-245)§* 475 (404-559) §*, ¶* <0.05
† - Data shown as geometric mean and 95% confidence interval. 
§ -Significantly different from pulmonary sarcoidosis group by Tukey’s post-hoc test; ¶ - Significantly different from extrapulmonary sarcoido-
sis group by Tukey’s post-hoc test.
*P<0.05, **P<0.01; ns- non significant.

Table 3. Correlations of HDL subclasses with lipid, oxidative 
stress status parameters and PON1 activity in the pulmonary sar-
coidosis group 

HDL subclass Parameter  r (P)

HDL 2b (%) TC (mmol/L) 0.390 (0.011)
 SH groups (mmol/L) 0.527 (<0.001)
 MDA (µmol/L) -0.372 (<0.01)
 PON1 (U/L) 0.459 (0.032)

HDL 3a (%) SH groups (mmol/L) -0.303 (0.027)

HDL 3b (%) TOS (µmol/L) 0.286 (0.042)
 SH gr groups (mmol/L) -0.271 (0.045)

HDL 3c (%) HDL-c (mmol/L) -0.418 (0.047)
 SH groups (mmol/L) -0.351 (0.010)
 MDA (µmol/L) 0.541 (<0.001)
 PON1 (U/L) -0.420 (0.046)

ssHDL (%) TC (mmol/L) -0.328 (0.034)
 HDL-c (mmol/L) -0.418 (0.047)
 TOS (µmol/L) 0.278 (<0.001)
 SH groups (mmol/L) -0.468 (<0.001)
 MDA (µmol/L) 0.379 (0.005)
 PON1 (U/L) -0.457 (0.033)
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trapulmonary sarcoidosis, we found that dominant 
HDL diameter was negatively associated with PAB 
(r=-0.433; P=0.034) and relative proportion of the 
HDL 3c subclass was positively associated with TG 
level (r=0.622; P=0.004).

The association between ssHDL particles and 
oxidative stress parameters in pulmonary sarcoido-
sis was further evaluated in multiple linear regression 
analysis. When age, gender, oxidative stress param-
eters and prednisolone dosage were included in the 
model, TOS and PON1 activity remained indepen-
dently associated with the variations in proportion of 
ssHDL particles. Even 47.8% of variance in ssHDL 
proportions in isolated pulmonary sarcoidosis pa-
tients was associated with increased level and reduced 
PON1 activity. The results are shown in Table 4.

Discussion

In the presented study, we found that both se-
vere forms of isolated pulmonary and combined 
pulmonary and extrapulmonary sarcoidosis patients 
were characterized by inflammation, enhanced oxi-
dative stress, exhausted anti-oxidative mechanisms 
and adverse lipoprotein subclass profiles. The inter-
play of these pathological conditions was more evi-
dent in the pulmonary group.

Sarcoidosis is an inflammatory disease (1, 6) and 
it could be expected that inflammatory reactions are 
more severe and pronounced in pulmonary sarcoido-
sis with extrapulmonary manifestations than in the 
isolated pulmonary form (6). However, hsCRP and 
SAA did not differ significantly between these two 

groups (Table 1). This may be due to the medica-
tions used in both groups of patients. Nevertheless, 
when isolated pulmonary or combined pulmonary 
and extrapulmonary patient groups were compared 
with controls, SAA was significantly higher in both 
groups of patients (Table 1). These results fit into 
conclusions of Rothkrantz-Kos et al. (1), who re-
ported that, although immunosuppressive drugs such 
as corticosteroids may decrease the extent of inflam-
mation through decrease of hsCRP levels, SAA may 
remain increased because of a lower sensitivity to 
these drugs. 

Recently-published data have shown that sar-
coidosis patients have increased proportions of 
HDL 3a and 2a particles (4, 5) and increased oxida-
tive stress (2, 3). A shift in LDL and HDL subclass 
distribution toward smaller particles and increased 
oxidative stress (higher TOS) with diminished an-
tioxidative protection (decreased SH groups and 
PON1 activity) in patients compared with controls 
was also observed in the current study (Table 2). 
Disturbances in LDL and HDL subclass distribu-
tions may arise as a consequence of elevated inflam-
mation, oxidative stress and dyslipidemia (22, 23). 
However, it is still unknown whether the changes in 
lipoprotein profiles and oxidative stress might vary 
according to different manifestations of sarcoidosis. 
Our current data have shown that isolated pulmo-
nary sarcoidosis patients had increased proportions 
of smaller HDL 3a particles and higher PAB levels, 
when compared with controls (Table 2). Moreo-
ver, in the same group, relative proportions of each 
HDL 3 subclasses, as well as of ssHDL particles, 
were positively related to the markers of oxidative 
stress and inversely related with parameters of an-
tioxidative protection (Table 3). These observations 
regarding a potential link between small HDL par-
ticles and intensity of oxidative stress in pulmonary 
sarcoidosis were further confirmed by the results of 
multiple linear regression analysis, indicating that 
TOS concentration and PON1 activity were vari-
ables independently associated with the proportion 
of ssHDL particles, even when prednisolone dos-
age was included in the model (Table 4). The pos-
sible explanation for interactions that were present 
between oxidative stress and smaller HDL particles 
is elevated peroxides that could cause impaired lec-
ithin-cholesterol acyl-transferase (LCAT) activity, 
thereby provoking defects in HDL maturation (24, 

Table 4. Predictors of ssHDL particles proportion in pulmonary 
sarcoidosis patients according to multiple regression analysis

 ssHDL (adj. R2= 0.478)
Parameter β P

Age  -0.245 0.349
Gender -0.033 0.895
TOS 0.832 0.043
SH groups -0.442 0.147
MDA 0.142 0.550
PON1 -1.038 0.022
PAB -0.200 0.503
Prednisolone dosage  0.288 0.296

The model included parameters whose P values for Spearman cor-
relation coefficient were ≤0.1 plus age, gender and prednisolone 
dosage.
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25). Additionally, different oxidants may directly 
cause loss of the structural and functional proper-
ties of HDL (26). This further may contribute to 
increase the catabolism of HDL particles (4) which 
is evident through decreased HDL-c concentrations 
in the pulmonary group of our patients (Table 1). 
Also, the drug dosage implemented in the pulmo-
nary group did not affect the association between 
small HDL subclasses and oxidative stress (Table 4). 
Giving that several studies (27-29) demonstrated no 
significant differences in serum lipid status param-
eters between untreated patients with rheumatoid 
arthritis and those on low-dose long-term corticos-
teroid treatment, it is possible that observed changes 
in HDL particles in our sarcoidosis patients could  
arise as a consequence of increased oxidative stress 
and inflammation and not only as a result of applied 
corticosteroids.  

We also demonstrated that the pulmonary sar-
coidosis group had significantly higher PON1 ac-
tivity than the group with combined pulmonary 
and extrapulmonary disease (Table 2). PON1 is an 
enzyme located on HDL particles reported to have 
an antioxidative role by neutralizing lipid hydrop-
eroxides, thereby protecting LDL from oxidative 
modifications (30). As a consequence of elevated 
oxidative stress and inflammation, down-regulation 
of PON1 in patients, when compared with controls, 
has been observed (31, 32). On the other hand, pre-
vious reports have suggested that anti-inflammatory/
antioxidative genes may be up-regulated as a result 
of chronic augmented oxidative stress (33). Hence, 
higher PON1 activity in the isolated pulmonary 
group when compared with the combined pulmo-
nary and extrapulmonary disease group could be a 
consequence of up-regulated PON1 gene expression. 
In addition, an inverse association between PON1 
and small HDL particles in the isolated pulmo-
nary disease (Tables 3 and 4) may further indicate 
a compensatory increase in enzyme activity to com-
bat defective HDL maturation. Taken together, it 
seems that various mechanisms are responsible for 
the complex structural and functional rearrangement 
of HDL particles and consequent altered activity of 
HDL-associated proteins in the pulmonary manifes-
tation of sarcoidosis.

Regarding LDL, we found that the proportion 
of smaller LDL particles correlated positively with 
MDA in both pulmonary and combined pulmonary 

and extrapulmonary sarcoidosis. These correlations 
were completely in line with the findings of Kondo et 
al. (34) that subjects with sdLDL particles and high 
TG concentrations had an elevated concentration of 
MDA-modified LDL particles (Tables 1 and 2). In 
addition, these findings suggest that the previously-
mentioned mechanism of modifying LDL particles 
did not depend on disease localization. 

To the best of our knowledge, this is the first 
study investigating the differences and associations 
between inflammatory and oxidative stress status pa-
rameters and lipoprotein size heterogeneity in severe 
forms of isolated pulmonary and combined pulmo-
nary and extrapulmonary sarcoidosis. One limitation 
of this study is that all included patients had more 
severe forms of the disease and were treated with 
prednisolone. Since we could not recruit patients free 
of the therapy, our findings cannot be extrapolated 
to untreated patients. Hence, the observations from 
this study are only applicable to more severe cases of 
sarcoidosis.  Also, a relatively small number of sub-
jects included in our study may limit generalization 
of our results. Finally, our conclusions are based upon 
a cross-sectional design and the possible impact of 
associations we observed on the disease progression 
should be further addressed in future work.

Previous reports regarding immune-mediated 
inflammatory diseases have indicated an increased 
CVD risk (35, 36) and extensive evidence has shown 
that the elevated presence of smaller LDL and HDL 
subclasses and elevated oxidative stress are deeply in-
volved in initiation and enhancement of atheroscle-
rotic plaques (15, 37). The findings obtained in our 
study may arise as a consequence of disease process, 
corticosteroid treatment or both factors. Neverthe-
less, dyslipidemia and oxidative stress in different 
manifestations of severe sarcoidosis may indicate 
higher CVD risk, regardless of the cause. 

In conclusion, our data have shown that both 
isolated pulmonary and pulmonary plus extrapulmo-
nary severe sarcoidosis patients have adverse profile 
of lipoprotein subclasses, elevated oxidative stress 
and diminished anti-oxidative protection. In pulmo-
nary sarcoidosis group significant associations of oxi-
dative stress and HDL subclasses distribution were 
found. LDL particle size distribution did not depend 
on disease localization, suggesting the involvement 
of other complex mechanisms, not only redox path-
ways, in their rearrangement.
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