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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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THE EFFECT OF LOW MOLECULAR WEIGHT HEPARIN SODIUM IN THE TREATMENT 
OF ACUTE EXACERBATION OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 

COMORBID WITH PULMONARY HEART DISEASE ON PROMOTING THE BALANCE OF 
BLOOD VESSELS

Rongzheng Yuan, Hui Wang, Jing Chen.
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Abstract.
Background: Chronic obstructive pulmonary disease is a 

frequently occurring and common respiratory disease which has 
an incidence of 13.7% among people over 40 years in China, 
and now nearly 100 million people at home suffer from chronic 
obstructive pulmonary disease.

Objective: To observe the effect of Low molecular weight 
heparin sodium in the treatment of acute exacerbation of 
chronic obstructive pulmonary disease (AECOPD) comorbid 
with pulmonary heart disease (PHD) on blood vessels.

Methods: A total of 92 patients with AECOPD accompanied 
by PHD in our Hospital from January 2019 to May 2021 were 
randomly divided into two groups. The control group was given 
basic treatment while the observation group was treated with 
basic treatment in combination with Low molecular weight 
heparin sodium. The changes of blood gas, hemorheology, 
cardiac function and serum factors were recorded to analyze 
their curative effect and safety.

Results: The total effective rate of the observation group was 
95.65% (44 cases per 46 cases), which was significantly higher 
than that of the control group with 82.61% (38 cases per 46 
cases), with statistical significance (P<0.05). The left ventricular 
ejection fraction (LVEF), 6-min walking distance (6MWD), 
arterial partial pressure of oxygen (PaO2), pH, nitric oxide (NO), 
and oxygen saturation (SaO2) in the two groups were higher than 
those before treatment while 4-hydroxymenealdehyde (4-HNE), 
endothelin-1 (ET-1), arterial partial pressure of carbon dioxide 
(PaCO2), brain natriuretic peptide (BNP), high-sensitivity-C-
reactive protein (hs -CRP), tumor necrosis factor-α (TNF-α) and 
hemorheology indexes were decreased compared with those 
before treatment. After treatment, the improvement of the above 
indexes in the observation group was higher than those in the 
control group (P<0.05) with no significant difference in adverse 
reactions between them(P>0.05).

Conclusion: Low molecular weight heparin sodium can 
reduce inflammation and improve hemorheology by regulating 
the balance of blood vessels, thus improve the curative effect in 
the treatment of AECOPD accompanied by PHD.

Key words. Seboli, Chronic obstructive pulmonary disease, 
PHD, Blood vessels.
Introduction.

Chronic obstructive pulmonary disease (COPD) can cause 
long-term airflow limitation. Patients in the state of hypoxemia 
and pulmonary hypertension will have an increase in pulmonary 
vascular resistance and right ventricular load, thus cause chronic 
pulmonary heart disease. COPD will transfer into AECOPD 
under various external stimuli with the body’ s hypoxia 
symptoms and hypoxic pulmonary hypertension aggravating, 

resulting in acute exacerbation of heart disease and even right 
heart failure or death [1]. Conventional treatment such as anti-
infection, oxygen inhalation, phlegm removing, cardiotonic and 
diuretic cannot achieve ideal curative effect [2].

Under hypoxic condition, the coagulation system is activated, 
and the blood viscosity is increased, which is beneficial to 
the formation of pulmonary arteriole thrombosis to promote 
pulmonary hypertension, thus further aggravate the condition of 
PHD [3]. Some scholars have proposed that active anticoagulant 
therapy contributed to the prognosis of patients. Low molecular 
weight heparin calcium is the degradation product of ordinary 
heparin with a better anticoagulant effect than that of ordinary 
heparin and small hemorrhagic adverse reactions and high 
safety [4]. In this study, the effect of low molecular weight 
heparin calcium treatment of AECOPD accompanied by PHD 
on 4-hydroxymenealdehyde (4-HNE), endothelin-1 (ET-1), 
nitric oxide (NO) has been observed for clinical reference. The 
report is as follows.
Materials and Methods.
General data:

A total of 92 patients with AECOPD accompanied by PHD 
who were admitted to our hospital (from January 2019 to May 
2021) for a retrospective study were divided into two groups 
by simple random method, with 46 cases in each group. The 
general data were comparable (P>0.05). See Table 1.
Inclusion and exclusion criteria:

Inclusion criteria: (1) AECOPD meets the criteria of "Expert 
Consensus on Diagnosis and Treatment of AECOPD" [5]; (2) 
pulmonary heart disease meets the criteria of "Internal Medicine" 
[6]; (3) Age ≥18 years old, ≤80 years old; (4) Non-smoking or 
smoking cessation ≥10 years; (5) Voluntary participation in the 
study, and the study was approved by the ethics committee of 
the hospital.

Exclusion criteria: (1) patients with PHD not caused by 
COPD; (2) patients with bronchial asthma, lung cancer, 
pulmonary embolism, etc.; (3) patients with bleeding disorders 
or bleeding tendency; (4) mental disorders, unable to cooperate 
with treatment and curative effect evaluator; (5) allergic 
constitution or liver and kidney insufficiency.
Treatment methods:

The control group was given routine basic treatment of 
AECOPD, including low-flow oxygen inhalation, sensitive 
antibiotics or broad-spectrum antibiotics for anti-infection, 
ambroxol for eliminating phlegm, salmeterol for relieving 
asthma, digitalis drugs for cardiotonic, furosemide for diuresis, 
balancing water and electrolytes and nutritional support, etc. The 
observation group was additionally treated with low molecular 
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weight heparin sodium injection (manufacturing unit: Shenzhen 
Saibaoer Biopharmaceutical Co., Ltd.), which subcutaneously 
injected 5000AXa, bid. Both groups were treated for 7 days.
Detection method:

Radial artery blood was drawn from patients to detect the 
levels of PaO2, PaCO2, SaO2, pH and other blood gas indexes 
before and after 7-days treatment. Testing equipment: I-STAT-
300G blood gas analyzer (Abbott, USA). Before and 7d after 
treatment, 5ml fasting venous blood samples were drawn from 
patients for centrifugation (parameters: 3000r/min, 10min) to 
get the upper serum to detect 4 - hydroxy-1 - enal (4 - HNE), 
endothelin-1 (ET-1), nitric oxide (NO), brain natriuretic peptide 
(BNP), high sensitivity-C reactive protein (hs-CRP), tumor 
necrosis factor-α (TNF-α) and other indicators by enzyme-linked 
immunosorbent assay (ELISA) kit (production unit: Nanjing 
Jiancheng Bioengineering Institute). The above indicators 
were detected by enzyme-labeled instrument (American BIO-
TEK company, model ELX800). Another venous blood sample 
was taken to detect the whole blood viscosity at low shear and 
high shear, plasma viscosity and FIB level. The instrument 
was an automatic hemorheology analyzer (Beijing Saikexide 
Technology Co., Ltd., model SA-7000).
Efficacy criteria:

(1) Markedly effective: After treatment, symptoms and signs 
disappeared or markedly improved with existing hypoxemia, 
hypercapnia corrected; (2) Effective: After treatment, symptoms 
and signs were alleviated with the existing hypoxemia and 
hypercapnia alleviated; (3) Invalid: did not meet the aforesaid 
standards.
Statistical method:

SPSS 19.0 version was used for statistical analysis, in which 
the measurement indicators were expressed asχ±s, comparison 
was expressed by t test, while case description was used for data 
counting, χ2 test was used for comparison between groups, 
when P<0.05 they were statistically significant.
Results.
Comparison of curative effect between two groups:

In the observation group, 25 cases were markedly effective, 19 
cases effective and 2 cases ineffective, with the total effective 
rate of 95.65 %; in the control group, 18 cases were markedly 
effective, 20 cases were effective, and 8 cases were ineffective, 
with the total effective rate of 82.61 %, and the difference was 
statistically significant between groups (χ2 = 4.039, P = 0.044).
Comparison of LVEF, 6MWD and blood gas analysis between 
two groups:

The above indexes in the two groups increased when compared 
with those before treatment, while PaCO2 decreased compared 

with those before treatment (P<0.05). After treatment, compared 
with LVEF (41.78 ± 4.11 and 38.12 ± 3.24) %, 6MWD (438.56 
± 74.86 and 412.55 ± 70.47) m, PaO2 (73.12 ± 5.28 and 
66.58 ± 6.12mmHg), PaCO2 (46.89 ± 4.58 and 52.12 ± 4.62), 
mmHgSaO2 (95.85 ± 3.74 and 88.98 ± 4.02) %, pH (7.36 ± 
0.06 and 7.32 ± 0.09) in observation group and treatment group, 
there was statistically significant (P<0.05). See table 2.
Comparison of serum factors between two groups:

NO in the two groups was higher than that before treatment 
(P < 0.05), and 4 - HNE, ET-1, BNP, hs-CRP and TNF-α were 
lower than those before treatment (P < 0.05). After treatment, 
compared with NO ( 58.24 ± 6.14 and 44.69 ± 5.26 ) mg / L, 
4 - HNE (14.22 ± 2.05 and 15.24 ± 2.31) mg / L, ET-1 (57.25 
± 12.43 and 71.25 ± 16.96) ng / mL, BNP (574.66 ± 63.23 and 
814.36 ± 86.77) pg / mL, hs-CRP (8.25 ± 2.02 and 12.87 ± 2.88) 
mg / L, TNF-α (37.12 ± 4.11 and 45.39 ± 4.85) pg / mL in 
observation group and treatment group, there was statistically 
significant (P<0.05). See table 3.
Comparison of hemorheology between two groups:

The whole blood viscosity, plasma viscosity and FIB in the two 
groups were lower than those before treatment (P < 0.05). After 
treatment, compared with the whole blood low shear viscosity 
(8.98 ± 1.22 and 10.41 ± 1.52) mPa·s, whole blood high shear 
viscosity (6.56 ± 1.11 and 7.58 ± 1.02) mPa·s, plasma viscosity 
(1.62 ± 0.21 and 1.72 ± 0.31) mPa·s, FIB (5.72 ± 1.14 and 4.51 
± 1.06) g / L in observation group and treatment group, there 
was statistically significant (P<0.05). See table 4.
Comparison of adverse reactions between the two groups:

The incidence of adverse reactions in the observation group 
was 13.04 % (3 cases of subcutaneous ecchymosis, 2 cases of 
gastrointestinal reactions, and 1 case of increased hydrolase), 
which was not statistically significant compared with 4.35 % 
(1 case of gastrointestinal reactions and 1 case of increased 
hydrolase) in the control group (χ2 = 2.191, P = 0.139).
Discussion.

Characterized by incomplete reversibility of the airway and 
progressive airflow limitation, COPD is acutely aggravated 
under the stimulation of cold, infection, inhalation of harmful 
smoke and other incentives, showing symptoms like cough, 
wheezing worse, and sputum volume increasing in a short 
period of time. Long-term repeated infection and hypoxia 
stimulation can cause airway, pulmonary blood vessels, lung 
parenchyma lesions, immune-related cells secrete a variety 
of inflammatory cytokines, causing alveolar tissue, capillary 
peroxidation damage, activation of coagulation system. As 
a result, blood viscosity will increase and come into micro 
thrombosis, resulting in pulmonary arteriole blood flow blocked, 
and then cause lung structural remodelling, thus ultimately lead 

Group Number of cases Male/Female Age (age) Course of 
disease (year)

Body mass 
index kg/m2

NYHA classification
Class II/Class III/Class IV

Control group 46 25/21 60.44±7.15 12.52±3.98 24.12±1.85 10/19/17
Observation group 46 21/24 60.71±7.25 12.17±4.15 23.84±1.91 9/23/14
χ2 0.696 0.180 0.413 0.714 1.298
P 0.404 0.858 0.681 0.477 0.523

Table 1. Comparison of general data.
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to chronic pulmonary heart disease [7]. Pulmonary heart disease 
can cause acute myocardial infarction, decompensated heart 
failure, acute heart failure, cardiogenic death and other serious 
adverse consequences [8].

Active anticoagulant therapy is helpful to correct 
hemodynamic disorders and reduce cardiac pump blood load, 
which is beneficial to the prognosis of AECOPD patients with 
pulmonary heart disease. Low molecular weight heparin sodium 
is a widely used anticoagulant in the prevention of venous 
thromboembolism, unstable angina and acute myocardial 
infarction after surgery [9]. Some studies have found that it has 
a good application effect in the treatment of AECOPD comorbid 

with pulmonary heart disease, which is helpful to improve the 
heart function of patients [10].

In this study, low molecular weight heparin sodium used in the 
treatment of AECOPD comorbid with pulmonary heart disease 
was found that the total effective rate was higher than that of 
conventional treatment. After treatment, LVEF, 6MWD, PaO2, 
SaO2 and pH levels were higher than those of conventional 
treatment, while PaCO2 was lower than that of conventional 
treatment. The results suggest that low molecular weight heparin 
calcium in the treatment of AECOPD comorbid with pulmonary 
heart disease can improve the curative effect, correct the body ' 
s hypoxic state and improve the heart function of patients. This 

Group Control group Observation group

LVEF (%)
Before therapy 34.25±4.52 33.98±5.02
After treatment 38.12±3.24* 41.78±4.11*#

6MWD (m) Before therapy 225.02±84.68 231.75±82.59
After treatment 412.55±70.47* 438.56±74.86*#

PaO2 (mmHg) Before therapy 54.02±5.14 52.47±5.86
After treatment 66.58±6.12* 73.12±5.28*#

PaCO2 (mmHg) Before therapy 60.12±5.98 62.36±6.10
After treatment 52.12±4.62* 46.89±4.58*#

SaO2 (%) Before therapy 80.21±4.96 78.96±5.22
After treatment 88.98±4.02* 95.85±3.74*#

pH Before therapy 7.28±0.10 7.30±0.11
After treatment 7.32±0.09* 7.36±0.06*#

Table 2. Comparison of LVEF, 6MWD and blood gas analysis between the two groups.

Note: intra-group comparison, *P < 0.05; comparison between groups, #P < 0.05.

Control group Observation group

4-HNE (mg/L) Before therapy 17.53±2.88 17.48±3.26
After treatment 15.24±2.31* 14.22±2.05*#

ET-1 (ng/mL) Before therapy 95.28±24.23 91.25±25.66
After treatment 71.25±16.96* 57.25±12.43*#

NO (mg/L) Before therapy 30.12±5.02 29.94±4.75
After treatment 44.69±5.26* 58.24±6.14*#

BNP (pg/mL) Before therapy 2105.63±314.25 2086.95±289.76
After treatment 814.36±86.77* 574.66±63.23*#

hs-CRP (mg/L) Before therapy 34.85±5.63 32.59±6.11
After treatment 12.87±2.88* 8.25±2.02*#

TNF-α (pg/mL) Before therapy 65.63±12.02 66.52±10.52
After treatment 45.39±4.85* 37.12±4.11*#

Table 3. Comparison of serum factors between the two groups (–χ±s).

Note: intra-group comparison, *P < 0.05; comparison between groups, #P < 0.05.

Group Control group Observation group
Number of cases 46 46

Whole blood viscosity low shear (mPa·s) Before therapy 12.85±2.02 12.91±1.96
After treatment 10.41±1.52* 8.98±1.22*#

Whole blood viscosity high shear (mPa·s) Before therapy 7.91±1.28 7.95±1.23
After treatment 7.58±1.02* 6.56±1.11*#

Plasma viscosity (mPa·s) Before therapy 1.85±0.36 1.81±0.42
After treatment 1.72±0.31* 1.62±0.21*#

FIB (g/L) Before therapy 3.75±1.02 3.78±0.94
After treatment 4.51±1.06* 5.72±1.14*#

Table 4. Comparison of hemorheology between the two groups (–χ±s).

Note: intra-group comparison, *P < 0.05; comparison between groups, #P < 0.05.
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is because low molecular weight heparin calcium can improve 
alveolar capillary low blood flow state, inhibit local oxidative 
stress, decrease micro thrombosis, reduce cardiac preload and 
pulmonary vein pressure, so as to better protect the heart [11-12].

4-HNE is a aldehyde product in the process of lipid 
peroxidation, which can interfere with cell function and damage 
cell components, and its serum level can reflect the degree of 
lipid peroxidation damage [13]. ET-1 can not only increase 
pulmonary artery pressure and aggravate pulmonary heart 
disease, but also cause myocardial vasospasm and aggravate 
myocardial ischemia [14]. NO is a vasodilator, which can 
antagonize ET-1 and relieve vasospasm. BNP, a hormone 
secreted by ventricular myocytes, will be released by ventricular 
myocytes when ventricular load increases, resulting in elevated 
BNP levels in blood [15]. hs-CRP is an acute phase reaction 
protein synthesized by the liver, which increases rapidly after 
infection and inflammation [16]. TNF-α is a pro-inflammatory 
factor that can stimulate the release of other pro-inflammatory 
factors and cause the expansion of inflammatory response [17]. 
In this study, it was found that low molecular weight heparin 
calcium in the treatment of AECOPD comorbid with pulmonary 
heart disease could reduce lipid peroxidation damage and 
inflammatory damage and regulate vascular relaxation and 
contraction to protect myocardium by detecting the above 
indexes in serum.

Blood flow retardation is an important risk factor for 
microthrombosis. The increase of blood viscosity is conducive 
to the formation of pulmonary arterial thrombosis and thus 
promote pulmonary hypertension [18]. In this study, we found 
that the whole blood viscosity, plasma viscosity and FIB whole 
blood viscosity, plasma viscosity and FIB of the two groups 
were lower than those before treatment. Low molecular weight 
heparin calcium in the treatment of AECOPD comorbid with 
pulmonary heart disease could better reduce blood viscosity 
and improve hemorheology, as low molecular weight heparin 
calcium can selectively inhibit the activity of thrombin Xa, 
improve the hemodynamic disorder of alveolar capillaries, 
inhibit local oxidative stress injury and microthrombosis [19-
20].

The study also found that the adverse reaction rates of the two 
groups were similar, which suggested that low molecular weight 
heparin sodium in the treatment of AECOPD with pulmonary 
heart disease did not increase the risk of adverse reactions, so 
it was safe.

AECOPD comorbid with pulmonary heart disease is 
complicated with poor prognosis. Due to the high blood 
coagulation and viscosity of these patients, low molecular weight 
heparin was used in this study. It was found that low molecular 
weight heparin has better curative effect in correcting hypoxia, 
improving cardiac function and hemorheology, which was 
basically consistent with the existing research conclusions. The 
innovation of this study is preliminary clear about that reduce 
lipid peroxidation damage and inflammatory injury and regulate 
vasoconstriction function are important mechanisms of low 
molecular weight heparin calcium in the treatment of AECOPD 
comorbid with pulmonary heart disease by detecting the level 
of peroxide index, inflammatory index and vasoconstriction 
factor. In summary, low molecular weight heparin calcium 

in the treatment of AECOPD comorbid with pulmonary heart 
disease can improve the hemorheology and blood gas indexes 
of patients, regulate the balance of vascular substances, reduce 
inflammatory reactions, and improve the efficacy.
Funding.

No funding was received for this research.
Conflict of Interest.

All authors certify that they have no affiliations
with or involvement in any organization or entity with any 

financial interest (such as honoraria; educational grants; 
participation in speakers' bureaus; membership, employment, 
consultancies, stock ownership, or other equity interest; and 
expert testimony or patent-licensing arrangements), or non-
financial interest (such as personal or professional relationships, 
affiliations, knowledge or beliefs) in the subject matter or 
materials discussed in this manuscript.
Ethical approval.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee (name of 
institute/committee) and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.

Informed consent: Informed consent was obtained from all 
individual participants included in the study.

Data Availability: The datasets generated and analyzed 
during the current study are available from the corresponding 
author on reasonable request.

REFERENCES
1. Kato S, Kitamura H, Hayakawa K, et al. Coronary artery 
disease and heart failure in patients with idiopathic pulmonary 
fibrosis. Heart Vessels. 2021;36:1151-1158.
2. Li JS. Guidelines for Chinese medicine rehabilitation of 
chronic obstructive pulmonary disease. World J Tradit Chin 
Med. 2020;6:295-306.
3. Gerotziafas GT, Catalano M, Colgan M-P, et al. Guidance 
for the Management of Patients with Vascular Disease or 
Cardiovascular Risk Factors and COVID-19: Position Paper from 
VAS-European Independent Foundation in Angiology/Vascular 
Medicine. Thrombosis and Haemostasis. 2020;120:1597-1628.
4. F. Talhi, Z. Qechchar, M. El Mourid, et al. Diagnostic strategy 
of pulmonary embolism in the cardiology department of Ibn 
Rochd University hospital, Casablanca, Morocco. Advanced 
Science, Engineering and Medicine. 2020;12:195.
5. Li JS. International clinical practice guideline of Chinese 
medicine: Chronic obstructive pulmonary disease. World J 
Tradit Chin Med. 2020;6:39-50.
6. Ge JB, Xu YJ. Internal Medicine. 8th Edition. Beijing: 
People's Health Publishing House. 2013:113.
7. Gulea C, Zakeri R, Quint JK. Impact of chronic obstructive 
pulmonary disease on readmission after hospitalization for 
acute heart failure: A nationally representative US cohort study. 
International Journal of Cardiology. 2019;2:113-118.
8. Gifford JR, Trinity JD, Kwon Oh-S, et al. Altered skeletal 
muscle mitochondrial phenotype in COPD: disease vs. disuse. J 
Appl Physiol (1985). 2018;124:1045-1053.



146

9. Neder JA, Rocha A, Berton DC, et al. Clinical and Physiologic 
Implications of Negative Cardiopulmonary Interactions in 
Coexisting Chronic Obstructive Pulmonary Disease-Heart 
Failure. Clinics in Chest Medicine. 2019;40:421-438. 
10. Sessa M, Rasmussen DB, Jensen MT, et al. Metoprolol 
Versus Carvedilol in Patients With Heart Failure, Chronic 
Obstructive Pulmonary Disease, Diabetes Mellitus, and Renal 
Failure. The American Journal of Cardiology. 2020;125:1069-
1076.
11. Alshafie S, El-Helw GO, Fayoud AM. Efficacy of dietary 
nitrate-rich beetroot juice supplementation in patients with 
chronic obstructive pulmonary disease (COPD): A systematic 
review and meta-analysis. Clinical Nutrition ESPEN. 2021;4:32-
40.
12. Kaleem M, Kaushley A, Agrawal V, et al. Effect of 
ivabradine on heart rate, functional capacity and pulmonary 
artery pressure in patients of COPD with cor pulmonale. Indian 
Heart Journal. 2021;73:369-371.
13. Mechler K, Liantonio J. Palliative Care Approach to Chronic 
Diseases End Stages of Heart Failure, Chronic Obstructive 
Pulmonary Disease, Liver Failure, and Renal Failure. Primary 
Care. 2019;46:415-432.
14. Yang M, Xu Y, Chen H, et al. Benefits and risks of low 
molecular weight heparin in patients with acute exacerbation 
of chronic obstructive pulmonary disease: a meta-analysis 
of randomized controlled trials. Inflammopharmacology. 
2020;28:451-462.
15. Avesta L, Aslani MR, Parham P, et al. The relationships 
between serum heart-type fatty acid-binding protein and right 

ventricular echocardiographic indices in chronic obstructive 
pulmonary disease. The Clinical Respiratory Journal. 
2021;15:628-636.
16. Neder JA, Rocha A, Berton DC, et al. Clinical and Physiologic 
Implications of Negative Cardiopulmonary Interactions in 
Coexisting Chronic Obstructive Pulmonary Disease-Heart 
Failure. Clinics in Chest Medicine. 2019;40:421-438. 
17. Chan SMH, Selemidis S, Bozinovski S, et al. Pathobiological 
mechanisms underlying metabolic syndrome (MetS) in chronic 
obstructive pulmonary disease (COPD): clinical significance 
and therapeutic strategies. Pharmacology and Therapeutics: The 
Journal of the International Encyclopedia of Pharmacology and 
Therapeutics. 2019;198160-188.
18. Cherneva RVl, Denchev SV, Cherneva ZVL. The link 
between dynamic hyperinflation, autonomic dysfunction and 
exercise testing parameters with masked heart failure in patients 
with non-severe obstructive pulmonary disease. J Basic Clin 
Physiol Pharmacol. 2021;32:179-188.
19. Beghe B, Fabbri LM, Garofalo M, et al. Three-Year 
Hospitalization and Mortality in Elderly Smokers with Chronic 
Obstructive Pulmonary Disease or Chronic Heart Failure. 
Respiration: International Review of Thoracic Diseases. 
2019;97:223-233.
20. Dewan P, Docherty KF, Bengtsson O, et al. Effects of 
dapagliflozin in heart failure with reduced ejection fraction and 
chronic obstructive pulmonary disease: an analysis of DAPA-
HF. European journal of heart failure: journal of the Working 
Group on Heart Failure of the European Society of Cardiology. 
2021;23:632-643.


	Title

