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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: As it is widely known, cardiovascular 

diseases represent one of the leading causes of mortality. In 
the coexistence of chronic obstructive pulmonary disease, the 
mortality rate is increasing as well. The research conducted 
reviews the effect of SP-D on the coronary heart disease and 
chronic obstructive pulmonary disease.

Methods: The cohort of 90 patients was included in the study. 
The patients were divided into five groups: group I ( the patients 
with CHD); group II (the patients with dyslipidemia); group III 
(the patients with COPD); group IV ( the patients suffering from 
the combination of CHD and COPD); group V (control group). 
The laboratory (dyslipidemia – through enzymatic method) as 
well as the instrumental methods (echocardiography, spirometric 
examination) were applied in the study.

Results: In consequence of the statistical processing of 
materials within the study, the relatively high level of SP-D 
values determined in groups was revealed in group II (the 
patients with dyslipidemia), SP-D-25.9±19.6 ng/ml. Similar 
data were identified in practically healthy individuals – control 
group (group V). Performing the comparative analysis of 
data, the statistically high value of anti-atherogenic HDLC 
(52.5±10.5mg/dl) was observed in group II (the patients with 
dyslipidemia) compared to group IV (p=0.002). It is worth noting 
that in the patients of group IV (COPD+CHD) the quantitative 
HDLC was statistically lower (43.6±6.5mg/dL) in comparison 
with the data of all other groups: (group I - HDLC-51,6±6,8; 
group II -52.5±10.5; group III-50.7±9.5; group V – 50.3±8.4) 
p1-4<0.001; p2-4=0.002; p3-4=0.005; p4-5=0.02. Considering 
the above-mentioned data, we can draw the conclusion that 
along with the elevated level of circulated SP-D, the low HDLC 
value can be utilized as a marker of the severe course of disease 
in relation to COPD as well as CHD.

Conclusion: The high level of SP-D, which does not have 
the significant atherogenic effect (due to the presence of high 
HDLC), was detected in individuals with isolated dyslipidemia. 
The study has established that in the presence of CHD, in line 
with the increase in atherogenic lipoproteins and relatively low 
HDLC value, there is detected the high level of SP-D, which is 
correlated with lung function indices (FEV 1 and FVC). And in 
case of the coexistence of COPD and CHD where dyslipidemia, 
the elevated level of SP-D and corresponding changes in 
pulmonary function tests are manifested, there were identified 
the high risks of severe course of disease, the development of 
heart failure and mortality.

Key words. circulating surfactant protein D (SP-D), 
dyslipidemia, chronic obstructive pulmonary disease (COPD), 
coronary heart disease (CHD), cardiovascular diseases (CVDs).

Introduction.
The combination of two chronic diseases widespread in the 

world: coronary heart disease (CHD) and chronic obstructive 
pulmonary disease (COPD) represents an important challenge to 
modern medicine. By British Heart Foundation 2023 statistics, 
CHD kills an estimated nine million people each year – in 2019 
it was the world’s single biggest killer. Around 1 in 6 deaths 
globally are caused by coronary heart disease. And COPD kills 
3.3 million people [1].

A systematic analysis of the Global Burden of Disease Study 
found that the most common cause for early mortality in 
COPD was CAD, accounting for more than one million deaths 
worldwide [2]. The frequency of CHD among stable COPD 
patients seems to range between 7.1% and 33% [3-5] and 
reaches 17–22% in patients admitted to the hospital for COPD 
exacerbations [6]. 10.0% to 17.0% of patients with a confirmed 
diagnosis of COPD have experienced an acute myocardial 
infarction, and COPD roughly doubles the risk of myocardial 
infarction, a clinical outcome associated with a worse prognosis 
[7,8]. Although the data vary across different studies, 20.0–
60.0% of COPD patients suffer from CAD [9,10].

There has been established the high correlation existing 
between the cardiovascular mortality and the decreased 
indicators of lung function tests (FVC, FEVI) [11]. The systemic 
inflammatory factors get involved in the pathogenesis of these 
two diseases [12]. COPD reveals the existence of correlation 
between FEV1 or FVC [13] and the level of some of the systemic 
inflammatory markers, such as C-reactive protein (CRP), 
fibrinogen, leukocytes, tumor necrosis factor-αTNF-α, IL6, and 
IL8. As stated by the studies, the indicators of lung dysfunction 
denote not only the presence of respiratory disease, but they 
may also predict the risk of CHD, for example, spirometry data 
(SPF1). There exist the data evidencing the close relationship 
between CHD and the incidence of pulmonary dysfunction [12]. 
According to the studies, upon the existence of atherosclerosis, 
FVC and FEV1 indicators of the forced vital capacity amounts 
to 74-75%. 

Identification of common risk factors and their prevention 
defines a successful prognosis for the combination of two 
diseases. The close association between COPD and CHD is 
conditioned by the existence of common risk factors (e.g. aging, 
smoking), the development of increased systemic inflammatory 
processes, such as hypoxemia and elevated pulmonary vascular 
resistance. Dyslipidemia is the major risk factor of CHD may 
influence of the lung damage too [14]. However, it’s essential, 
that the lungs perform an important role in the metabolism 
of lipids and biologically active substances [15] as well as in 
local and general immunologic reactions of the body. Lipids 
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radiography, and computed tomography [25] were used, so as 
to identify CVDs. The patients included in the study were not 
taking statins within the last 1 month prior to the study.

The study encompassed the evaluation of patients’ 
anthropometric data as well as the laboratory and instrumental 
investigations. The blood pressure of patients included in the 
study was monitored at rest through the mechanical manometer 
according to the international protocol provided [26].

Body mass index (BMI) was determined after completing the 
corresponding questionnaire on the basis of the patient’s height 
and weight defined according to the formula –body weight (kg)/ 
height (m2). BMI (20-25kg/m2) – obesity was associated with 
shorter life expectancy and the risk for early development of 
cardiovascular diseases [27].

With the aim to assess the risk for developing dyslipidemia 
and CHD, there was determined the waist circumference 
(>80cm (>35 inch) in women; >94 cm (>40 inch) in men), 
which increased the probability of developing the above-
mentioned diseases. In order to obtain the correctly measured 
readings, the measurement was performed upon exhalation with 
the measuring device placed slightly above the hips [28].
The following were examined and determined: 

General blood analysis - the total blood test was performed 
on the automatic hematology analyzer- MEK-6500K NIHON 
KOHDEN (Japan). The full blood count formula was stained 
with Gimza – Romanovsky dye and calculated through the 
microscope. 

Surfactant protein D (SP-D) –SP-D concentration was 
determined in blood serum applying the immune-enzymatic 
method (ELISA – solid –phase enzyme immunoassay, the so-
called antibody “sandwich method”). The optical density of the 
stained complex was determined on the enzyme immunoassay 
analyzer using Strip-Reader-das reagent kit (Italy) and 
MyBiosource reagent kit (USA) ng/ml. 

Lipid spectrum in all the groups (on an empty stomach, after 
a 13-hour fast). The total cholesterol (TC), triglycerides (Tg) 
were investigated by enzymatic-colorimetric method through 
5010 photometers. And the high-density lipoprotein (HDL) 
cholesterol was determined following the precipitation of low-
density lipoprotein (LDL) and very low-density lipoprotein 
(VLDL) cholesterol.

VLDL cholesterol was determined using the formula: Tg/5 
(mg/dL) (Vinogradov A.V. Klimov A.N., 1987). And LDLC 
was counted through Friedwald (1972) formula: LDLC= TC- 
(HDLC+VLDLC (Klimov A.N., Nikulcheva N.G., 1995). 
Atherogenic index (Ai) was calculated using the following 
formula: AI= LDLC/HDLC

The instrumental method of investigation applied was 
electrocardiography (ECG) in standard and transthoracic slices 
through Mindray BeneHeart R3 12 lead ECG-electrocardiograph 
FK-3B001810 apparatus.

Doppler echocardiography: the echocardiographic study was 
performed on Philips ClearVue 550 machine and the following 
data were determined: end-diastolic dimension (LVEDd-cm); 
left ventricular ejection fraction EF (%); interventricular septum 
thickness during diastole (IVS-cm); posterior wall thickness 
during diastole (LVPW-cm); left atrial size during systole - the 

independently affect the morpho-functional state of the lungs 
and even in the early stages of atherosclerosis they can trigger 
lung diseases [13,16].

According to the recent studies focused on lipid spectrum 
and circulating surfactant protein D (SP- D) [17], COPD 
exacerbation triggers the elevated risk of cardiovascular events 
[18]. The pathology of the surfactant system assumes the 
particular importance for the pathology of the lung itself and, 
in particular, of COPD. Among the various forms of surfactant, 
serum SP-D is known as a prognostic marker for the clinical 
course of COPD [19], adult respiratory distress syndrome [19] 
and pneumonia [19,20]. The research findings confirm the 
presence of correlation of serum SP-D with the following risk 
factors for atherosclerosis: high density lipoprotein cholesterol 
(HDLC), arterial hypertension, BMI, and smoking [21]. The 
surfactant homeostasis significantly depends on the pathogenic 
ring- the oxidative stress existing in CHD and COPD, the 
main cause of which is the oxidation of DSLC [22]. Surfactant 
protein D (SP-D) is essential innate immune molecule with 
important roles in lung health. Dual role SP-D affects the 
process of oxidative vascular damage and represents the potent 
inhibitor of the oxidative process [23]. At the same time, in 
case of atherogenesis and COPD, the oxidative stress affects the 
important compound such as NO, an endogenous vasodilator, 
which contributes to the systemic hypertension, myocardial 
ischemia, chronic heart failure, and pulmonary artery damage.

The association between the pulmonary dysfunction and 
increased CHD risk has been previously studied, however, 
the risk factors (dyslipidemia, SP-D) and lung functional tests 
(FVC, FEVI) correlation in cases of combination of CHD and 
COPD have not yet been fully established [16].

The aim of the study. is to determine the role of circulating 
surfactant protein D (SP-D) and its correlation with dyslipidemia 
in the course of chronic obstructive pulmonary disease (COPD), 
coronary heart disease (CHD) and their combined course as well 
as to define its role in the progression of the above-mentioned 
diseases.
Materials and Methods.

The cohort of ninety patients of both sexes (mean age of 
patients averaged 68.6± 8.53 years). The patients were divided 
into 5 groups. 

The patients included in groups:
1. Group I: 23 patients with ischemic heart disease
2. Group II: 11 patients with lipid metabolic disorders (who 

were not diagnosed CHD by clinical trials)
3. Group III: 24 patients with chronic obstructive pulmonary 

disease
4. Group IV: 22 patients suffering from the combined course 

of chronic obstructive pulmonary disease and ischemic heart 
disease

5. Group V: 10 patients represented the control group.
In order to diagnose CHD, the recommendations [24] of 

the European Society of Cardiology (ESC) were followed, 
according to which ECG, the results of angiographic study and 
the confirmed history of myocardial infarction were utilized. 
And the methods provided by the recommendations of the 
European Respiratory Society (ERS), such as spirometry, chest 
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parasternal long-axis view (LA-cm); right ventricular dimension 
during diastole – the parasternal long-axis view (RV-cm); right 
atrial size – the apical five chamber view (RA-cm); pulmonary 
artery size - parasternal short-axis view (PA-cm).

The pulmonary functional status was determined on the basis 
of spirometry, which was performed according to the protocol: 
the study was conducted in a seated position, the technique 
of performance met ATS/ERS 2005 quality control criteria 
(acceptable, repeatable maneuvers, good start, end; exhalation 
time >6 s); During the test there were determined the forced 
vital capacity of lungs- FVC-l; forced exhalation volume in 1 
second-FEV-l; forced expiratory volume ratio-FEV-l/FVC [29].

Pulmonary function tests included forced expiratory volume 
in one second (FEV1), forced vital capacity (FVC) and the ratio 
of these values (FEV1/FVC). Both FEV1 and FVC decline with 
age; the FEV1/FVC ratio also declines with age. The FEV1/
FVC ratio is useful in the diagnosis of obstructive lung diseases 
[30]. The main results of spirometry are forced vital capacity 
(FVC), forced expiratory volume exhaled in the first second 
(FEV1), and the FEV1/FVC ratio [31].

The investigation of cardiovascular system was performed 
using ECG, echocardiography and coronarography data.

Statistical processing of materials of the conducted research 
was carried out using the computer program SPSS-22.0. The 
quantitative parameters are presented in the form of Mean and 
Standard Deviation (SD). The difference in the quantitative 
parameters of the groups was statistically tested through t- 
test. The null hypothesis (the parameters do not differ between 
the groups) was rejected only when the criterion p<0.05 was 
met. The statistical study of correlative relationships between 
parameters was performed using Pearson coefficients (r) and 
(R2). The null hypothesis (parameters do not correlate) was 
rejected only when the criterion p<0.05 was met. 
Results and Discussion.

The increase in circulating SP-D is associated with the 
pathogenesis of COPD and its role in the course of CHD 
[32]. The common risk factors for COPD and CHD, age, and 
smoking, are in positive correlated relationship with circulating 
SP-D, however, they negatively correlate with BMI, FVC, and 
FEV1/FGF indicators.

According to the clinical data of our study (Table 1) no 
statistical difference was detected age-wise between the groups. 
Body mass index was maintained within the normal range 
only in the control group and amounted to 24.45±3.6 kg/m2, 
according to the average data in the rest of groups the overweight 
was detected in: group 1, patients with CHD (28.4±3.6 kg/m2); 
group II, patients with dyslipidemia (29.9±3.7 kg/m2); group 
III, patients with COPD (29.7±5.6 kg/m2); group IV, patients 
with the combined CHD and COPD (28.9±6.5 kg/m2). There 
was not identified any statistical difference between the groups 
(p>0.05). Thus, upon conducting the comparative analysis on 
other parameters among the groups, the effect of age and weight 
on them was excluded. 

As a result of the study, in the group of patients with COPD 
(group III), whose age amounts to 69.3±11 years, the indices 
of both systolic and diastolic blood pressure are within normal 
limits as well as in the patients of group II (with dyslipidemia) 

and those included in group V. As regards the patients in the other 
two groups (CHD and CHD+COPD), the elevated mean values 
of higher blood pressure readings were identified (152.8±16.8 
mm.Hg/ 88.9±11.9 mm.Hg and 151± 15.5 mm.Hg/86.6±9.3 
mm.Hg, respectively), which did not vary statistically from 
each other (p>0.05), however, the difference with the other 
groups was statistically significant (see Table). Thus, compared 
to group III, in the patients of group IV the presence of CHD 
in combination with elevated arterial pressure conditions 
the complicated clinical course, which is manifested by the 
decreased ejection fraction during heart failure: 35.8%±6.2%, 
which does not statistically differ from the data of patients in the 
main group (36.8%±6.9%).

The authors attribute the increase of SP-D [32] in circulation 
to the impaired pulmonary lipid metabolism, which participates 
in the development of lung diseases. Alveoli represent the most 
active niche of lipid metabolic T2C cells, where the surfactant 
lipids, essential for respiration, are synthesized. Following its 
synthesis and secretion in the alveoli, surfactant is recycled by 
T2C or catabolized by alveolar macrophages (AM). Circulating 
SP-D is considered to be the product of translocation from 
the impaired lung and atherosclerotic artery wall. Due to the 
inflammation during atherogenesis the factor of tumor necrosis 
α (TNFα) induces SP-D expression in the endothelium [33].

The elevated amount of surfactant protein D (SP-D) and lipid-
loaded foamy macrophages (FM) are often found in the state of 
oxidative stress and/or in patients with CHD and COPD as well 
as in chronic smokers. Studies demonstrate that the exogenous 
recombinant fragment of human SP-D(rfhSP-D) prevents the 
production of FM induced by oxidized LDL (oxLDL) in vitro 
and affects the inflammation and emphysematous changes 
of respiratory tract in vivo. SP-D regulates the expression of 
genes of bone marrow-derived macrophages (BMDM) involved 
in combating the oxLDL-induced oxidative stress and lipid 
metabolism disorders.

As a result of the study conducted by us, the denominator of 
circulating SP-D was determined in all the groups (See Table 2). 
According to the material analysis, its highest rate (35.1±16.7) 
was revealed in group IV of patients with combined CHD and 
COPD, the difference between CHD and control group was 
statistically significant - p4-1=0.006; p4-5=0.013, respectively 
as well as compared with the COPD group - p4-3=0.003 (See 
Table 2). Given that group IV represents the association of two 
comorbidities, it becomes clear that SP-D can be deemed as 
a marker of the severity of disease, which is supported by the 
results of other authors' studies conducted on SP-D, according to 
which circulating SP-D is a good predictor for the development 
of CVDs and mortality. It also carries the additional prognostic 
information along with the risk factors, such as age, gender, 
lipids, and putative biomarkers of the association between the 
pulmonary inflammation/damage and cardiovascular diseases [33].

The coexistence of CHD and COPD, which is conditioned 
by atherosclerosis, highlights the issue about the effect of the 
main risk factors of CHD atherosclerosis - lipid profile- on the 
elevation of the value of circulating SP-D.

The solution of the above-mentioned question is clarified by 
the data of group II. This group consisted of the patients with 
expressed parameters of dyslipidemia, however, according to 
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Parameter
Group I Group II Group III Group IV Group V p-value
Mean SD Mean SD Mean SD Mean SD Mean SD

Age, years 68.2 8.2 66.5 5.8 69.3 11.0 69.3 8.0 68.8 7.0 p>0.05 for all groups

BMI, kg/m2 28.4 3.6 29.9 3.7 29.7 5.6 28.9 6.5 24.5 3.6 P2-5=0.003; p1-5=0.007; 
p3-5=0.011; p4-5=0.055

T/A (S), mm.Hg 152.8 16.8 131.4 12.7 129.8 14.9 151.0 15.5 118.5 11.3 P1-2<0.001; p2-4<0.001; 
p2-5=0.020; p3-5=0.039

T/A (D), mm.Hg 88.9 11.9 77.3 9.0 77.7 9.0 86.6 9.3 74.0 9.4
P1-2<0.001; p1-3<0.001; 
p1-5<0.001; p2-4=0.010;
P3-5<0.001; p4-5<0.001

Body mass, kg 86.1 15.9 80.5 15.0 87.4 17.7 88.2 18.7 67.0 8.2
P1-2=0.030; p1-5=0.040; 
p2-3=0.020; p2-4=0.020;
P2-5=0.030; p3-5=0.040

Body height, cm 174.2 7.2 167.6 8.2 170.2 5.2 173.6 7.5 173.7 7.6 P1-2=0.020; p1-3=0.030; 
p2-4=0.040; p2-5=0.009

EF, % 36.8 6.9 56.1 2.0 55.4 2.5 35.8 6.2 56.2 2.5
P1-2<0.001; p1-3<0.001; 
p1-5<0.001; p2-5<0.001;
p3-5<0.001; p4-5<0.001

Note: BMI-body mass index (kg/m²); BSA-body surface area (m²); T/A(S)-systolic blood pressure (mmHg); T/A(D)-diastolic blood pressure 
(mmHg); HR'-heart rate (in a minute); EF-ejection fraction (%); P-confidence coefficient. M ± SD- Mean value ± Standard Deviation; Group 1,  patients 
with CHD; Group II, patients with dyslipidemia; Group III, patients with COPD; Group IV-CHD +COPD; Group V- practically healthy people.

Table 1. Clinical characteristics of the groups.

Parameter
Group I Group II Group III Group IV Group V p-value

Mean SD Mean SD Mean SD Mean SD Mean SD

SPD 22.0 14.0 25.9 19.6 19.9 15.4 35.1 16.7 20.0 9.8 P4-1=0.006; p4-3=0.003; 
p4-5=0.013

TC,mg/dl 199.5 74.4 276.3 48.2 206.4 53.5 184.6 39.7 171.8 38.2 P2-1=0.004; p2-3<0.001; 
p2-4<0.001; p2-5<0.001 

LDL-C,mg/dl 119.5 48.3 187.9 43.6 129.0 44.4 116.0 35.0 100.4 35.4 P1-2=0.005; p2-3<0.001; 
p2-4<0.001; p2-5<0.001

TG,mg/dl 150.3 34.4 182.7 58.8 134.5 60.2 125.0 48.5 106.9 36.4
p1-4=0.005; p1-5=0.003; 
p2-3=0.030; p2-4=0.005; 
p2-5=0.002

HDL-C,mg/dl 51.6 6.8 52.5 10.5 50.7 9.5 43.6 6.5 50.3 8.4 p1-4<0.001; p2-4=0.002; 
p3-4=0.005; p4-5=0.020

Table 2. Surfactant protein D (SP-D) and lipid profile parameters in groups.

Note: SPD- surfactant protein D; TC - total cholesterol (mg/dL);  LDLC - low-density lipoprotein cholesterol (mg/dL); HDLC- high-density 
lipoprotein cholesterol (mg/dL); TG- triglycerides (mg/dL); P-confidence coefficient. M ± SD- mean value ± standard deviation. Group 1-  patients with 
CHD; Group II- patients with dyslipidemia; Group III - patients with COPD; Group IV- CHD+ COPD; Group V- practically healthy individuals.

Parameter
Group I Group II Group III Group IV Group V p-value

Mean SD Mean SD Mean SD Mean SD Mean SD

FEV1 95.0 19.7 97.5 12.4 57.1 12.6 56.2 12.7 97.4 18.6
P1-3<0.001; p1-4<0.001; 
P2-3<0.001; p2-4<0.001;
P3-5=0.020; p4-5=0.020

FVC 91.1 16.2 97.4 13.0 68.2 24.5 61.2 11.4 96.9 18.8
P1-3<0.001; p1-4<0.001; 
p2-3<0.001; p2-4<0.001 
P3-5=0.020; p4-5=0.020

FEV1/FVC 0.81 0.06 0.8 0.09 0.65 0.13 0.709 0.10 0.80 0.04
P1-3<0.001; p1-4<0.001; 
p2-3<0.001; p2-4<0.001 
P3-5=0.020; p4-5=0.020

FEV1/FVC, % 81.3 5.9 79.8 8.7 65.1 13.4 70.9 10.3 79.3 4.3

Note: FEV1: forced expiratory volume in 1 second (maximal forced expiratory volume in one second); FVC: forced vital capacity; FEV1/FVC; 
p-confidence coefficient; M±SD- Mean ± Standard Deviation.

Table 3. The values of FEV1, FVC and FEV1/FVC in study Groups.
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the clinical investigation they were identified neither CHD nor 
COPD. In terms of lipid profile, OX (276.3±48.2 mg/dL), LDL 
(187.9±43.6 mg/dL) and TG (182.7±58.8 mg/dL) values in this 
group were statistically different from the data of the rest of the 
groups (except for the TG value in CHD group, where P>0.5), 
among them compared to the data of CHD+COPD group (TC 
184,6±39,7 LDLC 116,0±35,0 TG 125,0±48,5) where the high 
level of statistical difference was revealed p=0.005 (See Table 
2). Exactly in this group of patients with high dyslipidemia, 
the level of circulating SP-D (25.9±19.6) did not statistically 
differ from COPD+CHD group (p2-4=0.169). The mentioned 
indicates the increase in pulmonary tissue damage and the value 
of circulating SPD in case of existing dyslipidemia, particularly, 
during the high ratio of atherogenic lipoproteins - OX and LDL.

 The experimental model of atherosclerosis conducted on 
rabbits confirms the disruption of T2P lamellar structures [34] 
that represents the main source of surfactant, induced by the 
damage to the microcirculatory network developed during 
hypercholesterolemia and hyperbeta-lipoproteinemia. Such 
a view is also confirmed by studies indicating that surfactant 
lipid metabolism genes are transcriptionally regulated by the 
same factors that control lipid metabolism and lipogenesis in 
other tissues, and the surfactant lipid synthesis and secretion 
in T2C are related to lipid availability. T2C obtains lipid 
precursors from the plasma using the proteins capable of 
transporting and interacting with lipids, such as CD36 and 
the high-density lipoprotein-binding protein anchored by 
glycosylphosphatidylinositol [32]. During atherosclerosis the 
micro-vessels are also damaged in parallel with the large blood 
vessels and at this time the level of circulating SPD is elevated 
as well [33].

Despite the relatively high level of SP-D in group II, the patients 
of this group are not detected either any clinically confirmed 
CHD or the presence of obstruction that is evidenced by the 
lung function tests - spirometric data of FEV1 (97.5±12.4), 
FVC (97.4±12.4) 13) and FEV1/FVC (79.8±8.7), which is also 
observed (p>0.5) in practically healthy individuals (group V) 
FEV1(97.4±18.6), FVC (96,9±18.8) and FEV1/FVC (79,3±4,3). 
Upon conducting the comparative analysis of data, compared 
with group IV (43.6±6.5 mg/dL) (P<0.002 the statistically 
higher value of antiatherogenic HDLC (52.5±10.5 mg/dL) 
is highlighted in group II of patients with dyslipidemia (See 
Table 2). The parallel can be drawn with the study conducted 
on theoretically healthy adults where pulmonary function tests 
were correlated with HDLC [JiHye Park1]. It is worth noting 
that the amount of HDLC in the patients with COPD+CHD is 
statistically lower (43.6±6.5 mg/dL) compared with the data 
of all other groups: p1-4<0.001; p2-4=0.002; p3-4=0.005; p4-
5=0.02 (See Table 2), that gives grounds to conclude that along 
with the increasing value of circulating SP-D, the low value of 
HDLC can be considered as risk markers of severe course both 
in terms of COPD and CHD. In this case the lung functional 
indices are decreased: FEV1-(56.2±12.7), FVC (61,2±11.4) 
(group IV) (see Table 3). The early stages of atherogenesis 
illustrates the picture of permeability of the aero-hematic barrier 
and impaired surfactant synthesis of lungs. In case of prolonged 
hypercholesterolemia, foci of dis- and atelectasis, emphysema, 
develop which is explained by surfactant deficiency [34].

The view, that the elevation of atherogenic lipoproteins causes 
the oxidative stress and has the atherogenic effect, is countered 
by the highly significant dual effect of increased circulating 
SP-D -atherogenic and anti-atherogenic [35].

If we compare the CHD (group I) and dyslipidemia groups 
(group II) with each other, there is no statistical difference 
between the data in terms of TG (P>0.5) (see Table 2), however, 
it is worth noting, that there exists the direct correlation between 
the value of SP-D and the age in CHD (I) group (Pearson 
correlation index) r=0.53 p=0.009 (see Table 4). During CHD, 
the age - related increase is identified in circulating SP-D and 
the elevation of the latter parameter can be explained by the 
experimental studies conducted on atherosclerosis [34] in the case 
of and resulting from the microvessels located parallel to large 
blood vessels as well as due to the damaged lung alveolocytes, 
the rupture of lamellar membrane, the activation of macrophages 
and increase in inflammatory cytokines, especially since the 
surfactant has the ability to immunomodulatory capacity. Thus, 
in the CHD group, the age and elevated circulating SP-D can 
be considered as factors for the progression of atherosclerosis. 
Such correlation does not exist in any other group.

Table 4. Correlation matrix of SP-D with analyzed parameters.
Group 1 (n=23 significance p<0.05 at r>0.4132)   
Group II (n=11 significance p<0.05 at r>0.6020)
Parameter Pearson r P Parameter Pearson r P
Age 0,5340 0,009 Age -0,2712 0,420
BMI -0,0145 0,948 BMI -0,2240 0,508
TC 0,2411 0,268 TC -0,1119 0,743
TG -0,0581 0,792 TG 0,0305 0,929
HDLC 0,1656 0,450 HDLC -0,0941 0,783
LDLC 0,3259 0,129 LDLC -0,1115 0,744
FEV1 0,5359 0,008 VLDLC 0,0399 0,907
FVC 0,4576 0,028 FEV1 -0,1581 0,642
FEV1/FVC 0,1298 0,555 FEV1/FVC -0,4148 0,205
Note: SPD – surfactant protein D; TC – total cholesterol(mg/dL); 
LDLC-low-density lipoprotein cholesterol (mg/dL); HDLC- high-
density lipoprotein cholesterol (mg/dL); TG - triglycerides (mg/
dL); FEV1: forced expiratory volume in 1 second(maximal forced 
expiratory volume in one second); FVC-forced vital capacity; FEV1/
FVC;  Pearson's r- Pearson correlation coefficient;  p-confidence ratio.

Table 5. Correlation matrix of SP-D with analyzed parameters.
Group V (n=10 significance p<0.05 at r>0.6319).
Parameter Pearson r P
Age -0,0601 0,869
BMI -0,2257 0,531
TC 0,4226 0,224
TG 0,1990 0,582
HDLC 0,2654 0,459
LDLC 0,3594 0,308
FEV1 0,2230 0,536
FVC 0,2251 0,532
FEV1/FVC -0,1029 0,777
Note: SP-D – surfactant protein D; TC – total cholesterol(mg/dL); 
LDLC-low-density lipoprotein cholesterol (mg/dL); HDLC- high-
density lipoprotein cholesterol (mg/dL); TG - triglycerides (mg/dL); 
FEV1: maximal forced expiratory volume in one second); FVC-
forced vital capacity;  FEV1/FVC; Pearson's r- Pearson correlation 
coefficient; p-confidence ratio.
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Figure 1. The values of FVC, FEV1, FEV1/FVC in groups.
Note: FEV1: forced expiratory volume in 1 second (maximal forced 
expiratory volume in one second); FVC: forced vital capacity; FEV1/
FVC; P- confidence coefficient. Group 1 – patients with CHD;  Group 
II - patients with dyslipidemia; Group III - patients with COPD; Group 
IV-CHD+COPD; Group V - practically healthy individuals.

In group V, in the conditions of normal lipid profile, 
circulating SP-D could be considered as normal, when SP-D 
value (19.9±15.4) was revealed in COPD(III) group and did not 
statistically vary from that of the of practically healthy group 
(20.0±9.8) (P>0.5).

The existence of relation among lipid profile, pulmonary 
function indices and circulating SP-D ratio acquires the great 
salience in case of CHD, PCOD and their combination.

The diagnosis of PCOD is confirmed by spirometry (PFV1/
FGEF <70%). And the assessment of severity of airflow 
limitation is based on the value of PFV1 (% predicted 
percentage) resulting from post-bronchodilators. However, the 
severity of airflow obstruction is weakly correlated with the 
symptoms developed during PCOD.

If we take into account the two, statistically different from 
other groups, values implying the high levels of atherogenic 
lipoprotein cholesterol (group II) in atherosclerosis and that of 
the circulating SP-D in the combined FCOD+GID group (IV), 
there is demonstrated the effect of dyslipidemia on the surfactant 
value, on the one hand, and on the other hand, on the patient’s 
clinical condition in combined CHD and PCOD, during which 
the lung function disorders FEV1-56.2±12.7, FVC 61.2±11.4 
and FEV1/FVC 70.9±10.3 as well as the presence of positive 
correlation between SP-D and FEVI are identified denoting the 
exacerbation of obstruction during the concomitant CHD. 

Like PCOD+CHD group (group IV), the low values of 
pulmonary function tests of FEV1-57.1±21.6, FVC 68.2±24 
and FEV1/FVC 65.1±13.4 were identified in the PCOD group 
(group III) (P>0.5) (see Table. 3), however, in conditions of 
normolipidemia and preserved SP-D the difference between 
groups is statistically significant (P=0.003) indicating that the 
circulating SP-D does not have an atherogenic effect at that time, 
however, it affects the lung function, which is confirmed by the 
presence of correlation between SP-D and FGEL (r>0.4576; 
p=0.028) (in group I).
Conclusion.

When existing the high level of atherogenic lipoprotein 
cholesterol, the increased value of SP-D, which may not have 
the atherogenic inflammatory effect, is detected in essentially 
healthy individuals due to the presence of high-density 
lipoprotein cholesterol, which has the protective effect. In case 
of the elevated value of atherogenic lipoproteins existing during 
CHD, whereas the decline is identified in high density lipoprotein 
cholesterol, the SP-D is elevated in line with the age and has the 
correlation with the pulmonary function indices of FEV1 and 

FVC. The combination of CHD and COPD is accompanied by 
dyslipidemia, arterial hypertension, the elevated circulating SP-
D, the transformation of pulmonary spirometric data FEV 1 and 
FVC, heart failure, which determine the severity of the disease 
and the risk of mortality. The participation of circulating SP-D 
in the process of atherogenesis requires further investigation.
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