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Abstract: Preventive medicine and early disease detection is a gold standard medicine, Chronic obstructive
pulmonary diseases (COPD) is independent risk factor for cardiovascular diseases, estimated to be third
leading of disability and death by 2020.Cardiovascular diseases may be unrecognized when co-exist with
COPD andportend poor prognosis. Since the two shared some clinical presentation, it’s a challenge for
clinicians to accurately identify and differentiate patients with isolated COPD and COPD with left ventricular
systolic dysfunction at early stages. Left ventricular systolic dysfunction in COPD patients is associated with
poor prognosis. Cystatin ¢ and NT-proBNP showed promising and emerged markers for early identification and
ascertain prognosis of different diseases. The combined roles of the two biomarkers in COPD are subtle. We
aim to find out combined role of cystatin ¢ and NTproBNP inCOPD patients with preserved left ventricular
ejection fraction. Methods: A retrospective study analyzed data of 1999 hospitalized COPD patients,
categorized into Acute exacerbation COPD(AECOPD)n=1637(81.7%) and Stable COPD (SCOPD) n=362(18.
1%).Furthermore, COPD was categorized with reduced ejection fraction 91(10.3%) and preserved ejection
fraction 795(89. 7%).

Results: Both Cystatin ¢ and NTproBNP increased with decreasedof left ventricular ejection fraction p-value
<0.044, p <0 001 respectively. NT-proBNP found elevated in AECOPD (mean 1420+£3419pg/mL) than SCOPD
(1015+2514pg/mL),p<0.039. Cystatin ¢ and NT-proBNP increasedwith duration of admission p<0.003,
p<0.001 respectively. Conclusion: In this study, results shows that Cystatin ¢ and NTproBNP which may be
helpfully to the clinicians even in limited resourced area to differentiate the two clinical conditions at early
stages and to ascertain prognosis and treat accordingly to prevent further disease progression.
Keywords;Acute exacerbation chronic obstructive pulmonary disease; stable chronic obstructive pulmonary
disease; cystatin ¢; NT-proBNP; Left ventricular ejection fraction.
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I.  Introduction

Chronic obstructive pulmonary diseases are chronic inflammatory diseases that is characterized by
airflow limitation due to chronic airway remodeling and inflammations that occurred and lead to progressive
irreversible obstruction of airway and destruction of lung parenchyma [1]. Is a major global burden causing
disability and death worldwide with its prevalence significantly upsurges every year[2], it’s estimated that by
2020 chronic obstructive pulmonary diseases (COPD) will be 3™ leading cause of morbidity and mortality
worldwide[3].Several studies showed that managing COPD patient is associated with extra cost of living and
burden to the family[4-6].

COPD is independent risk factor for cardiovascular diseases and associated with two-fold increase risk
of cardiovascular disability and mortality globally[7, 8].Studies have demonstrated that patient with COPD has
4.5-fold increased risk of developing heart failure[9], heart failure in COPD patients is the leading
cardiovascular causes of hospital re-admission, prolongation of hospitalization and is associated with poor
prognosis[10]. However, COPD may co-exist with cardiovascular diseases and potentiate disease progression
[11].Co-existence of COPD with cardiovascular diseases portend poor short term and long term outcome
[12].Several studies showed that COPD progression if untreated may lead to left ventricles dysfunction
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associated with poor outcome and increased mortality[13, 14].In COPD, inflammatory cells play a key role in
commencement and progression of the disease[15].Environmental factors, life style(smoking), recurrent
childhood airway infections and occupational hazards such as inhalation of noxious particles and end product
fumes from industries together with/without genetic variation factors have been linked as the risk factors that
causes COPD.[16]

Progressive exposure to oxidative stress and imbalance between antioxidant and oxidants causes direct
and indirect injury to the lungs cell’s deoxyribonucleic acid (DNA), protein and lipids, also may lead to release
and transcription of inflammatory proteins , activation of proteases, down regulation of anti-protease and
consequently induce apoptosis[15].Through this etiopathogenic mechanism several biomarkers including
cystatin ¢ and brain natriuretic peptides (BNP)has been found significantly raised in patient with COPD[17, 18].

The rise of Cystatin ¢ and pro BNP biomarkers and other inflammatory markers explain the link and
their biopathophysiology between COPD and cardiovascular diseases [18]. The two cardio- renal biomarkers
(cystatin ¢ and NTproBNP) are investigative test that aid clinician to determine progress ,severity of different
diseases and stratifying the risk and further may be used in planning and follow up for individual treatments in
COPD patients[19, 20].Cystatin ¢ as muscle independent renal bio-makers is reported to rise in cardiovascular
diseases and Chronic obstructive pulmonary diseases with left ventricular systolic dysfunction[21]. Elevated
serum biomarkers cystatin ¢ was associated with increase mortality during twelve months’ follow-up in
hospitalized patient with heart failure and COPD[22].

Patient with emphysema and chronic bronchitis in different studies showed to have elevated cystatin ¢
level and more marked in severe Global initiative for chronic obstructive lung disease (GOLD) stages and in
patients with smoking history[21]. Cystatin ¢ was significant prominent in heart failure patient and isassociated
with poor prognosis[23]. Serum N-Terminal pro-BNP is inactive cardiac biomarker resulted from cleavage of
active pro-BNP ,found substantial elevated in patient with severe COPD independent of left ventricular diastolic
dysfunctions[24].In heart failure patients N-terminals pro-BNP is used as a prognostic marker for survival and
disease progression and may be used to determine disease outcome and progression of the disease[25].Hawkins
et al study showed that NT-proBNP is the powerfully indicator and predictor of morbidity and mortality in
COPD and heart failure patients in both symptomatic and asymptomatic patients[26].

Association of N-terminal proBNP in COPD and cardiovascular diseases or Cystatin ¢ in COPD and
left ventricular systolic dysfunction has been reported by several studies, however there is striking paucity of
data concerning combined role of Cystatin ¢ andNTproBNP in COPD patient with preserved left ventricular
ejection fraction. We aimed to find out the existing gap.

Il.  Method

Its cross-section retrospective study, analyses data of admitted patients at our hospital in the respiratory
department diagnosed with COPD from January 2013 to November 2017. We defined COPD as ratio of force
expiratory volume in one second /force vital capacity (FEV1/FVC) less than 70% after bronchodilator test based
on ICD 10 criteria /American thoracic society criteria. Furthermore, COPD was categorized in two major groups
‘acute exacerbation COPD (AECOPD) and stable COPD (SCOPD). We defined AECOPD as new onset or
worsening respiratory symptoms (wheezing, difficult breathing, sputum purulent, fever) which require addition
of new drug/s as per GOLD definition, whereas we define stable COPD as patient with known COPD but with
no new symptoms that require new addition of drug.

Baseline data were obtained including demographic data age, sex, weight. Serum biomarkers Cystatin
¢, N-terminal pro BNP and echocardiographic finding on left ventricular ejection fraction from the hospital data
pool were retrieved. We define normal ejection fraction(EF) as preserved ejection fraction or normal left
ventricular systolic function when EF is equal or above 50%, we set cut off value for concentration level of NT-
proBNP and cystatin ¢ of >900pg/mL and 0.9mg/L respectively. Other blood tests including serum creatinine,
cholesterol, Low density lipoprotein (LDL), triglyceride, blood cell counts and high density lipoprotein (HDL)
were also obtained from the hospital data pool and analyzed. We further transform NT-pro BNP into log-
transformed data to reduce extreme values. Ethical clearance was requested and approved by the institution
research administrative committee.

Sample size

Our Initial sample size was 4038 patients but due to exclusion and inclusion criteria we analyzed 1999
COPD patients. Our inclusion criteria were age above 18 years, admitted patient with diagnosis of COPD based
on ATS criteria. Patients admitted with other diagnoses includes renal failure, malignancy, interstitial lung
diseases, asthma, recently stroke and myocardial infarction where excluded from our study.

Statistical analysis
Data were analyzed using SPSS version 16. Kolmogorov-smirnov was used to confirm data normality. Data that
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were normally distributed were expressed in as mean + standard deviation (SD) and median (range) was used to
express non-normal distributed data. Mann-Whitney test or Independent sample t test was used to compare
difference between two groups, chi square was used for frequency data test. Correlations between cystatin c,
log-transformed NTproBNP and left ventricular ejection fraction, hospital admission (days), age, and other
laboratory blood results were analyzed using the spearman correlation test and liner regression model also was
used to find relationship between dependent variables (log-transformed NTproBNP, cystatin c). We regarded p
value of < 0.05 statistical significant.

I, Results
A total of 1999 patients with Chronic obstructive lung diseases were studied,1387 (69.2%)were male
and 612(3.6%) were female, giving male to female ratio of 2.3/1. Patients with acute exacerbation COPD
(AECOPD) were 1637 cases (81.7%) and stable COPD (SCOPD) were 362(18. 1%).The mean weight of
52+24.7 and mean age of the study was 72.60+10.196, other demographic features and parameters were as
recorded in the

Table 1:Demographic and characteristics of COPD patient’sin two groups and other parameters
Parameters AECOPD(IN=163T) SCOPD{IN=362) P-walue
Agelyears) 725121027 02.9710.83 =0.437
Sex 1138/499 248/114 =0.706
(male'female)

Hospitalization 11.73+5.04 1225667 =0.146
(days )

NTproBMNP 1420 50341911 1015.80£2514.97 <002+
(pg/ml)

Cystatin ¢ 1.21+0.47 1.18+0.471 =0.430
(mgL)

Ejection fraction®s 60.28+11.09 61.901024 =730
Hemoglobin 132242070 13.07£21.25 =0222
(mg/dl)

Creatmine (um/L) 39 4613730 358812613 <084+
Mentrophils 62313 .94 4941270 <000 1=
(cells/mm™3)

White Blood cell (x | 7044408 6. 771310 <001=
109

LDL 26240 82 2641076 =0.640
(mmolTL)

=Statistically significant. LDL-low density lipoprotems AECOPD-acute exacerbatton COPD;SCOPD-
stable COFPD

table 1. We found, based on seasonal admission, winter season has high incidence of admission
of COPD patients (33.6%), followed by summer (28.0%), and there was no admission difference between
autumn and spring, whereby in autumn incidence of admission was (19.7%), spring has lowest admission
incidence (18.5%). The mean days of hospital stay was 12+6 days, with minimum duration of hospital
admission of 1 day and maximum duration spent by admitted patient was 64 days. From retrieved data, left
ventricular ejection fraction results of 886 COPD patients was obtained, whereby 795 patients (89.7%) had
preserved ejection fraction and 91 (10.3%) patients had reduced left ventricular ejection fraction.

Cystatin ¢ and COPD in relation to NT-pro BNP

In this study, we found that cystatin c level increases significantly with the increased NTproBNP
,correlation coefficient r=0.042, p<0.001,C.I 95%, however there was no difference between cystatin ¢ in
AECOPD and SCOPD(1.206+0.47,1.180+0.47) P=0.45, The level of NTproBNP was significant higher in
AECOPD (mean 1420+3419pg/mL) than SCOPD (1015+2514pg/mL) (p<0.039).Based on sex preference, there
was no sex difference between AECOPD and SCOPD (p<0.76), correlationship between creatinine and cystatin
¢ was positive 0.320 (p<0.001).hospital admission wasprolonged in COPDpatients with higher level of
Cystatin ¢ p<0.003 (figure 1), and log-transformed NTproBNP level<0.001(figure 2 )The mean LV ejection
fraction was of AECOPD and SCOPD were (60.28+11.09%), (60.19+9.24%)respectively .Serum biomarker
cystatin ¢ showed weak negative correlation with LV ejection fraction -0.068(p<0.044) ,however there is
moderate negative correlation coefficient between log-transformed NTproBNP with LV ejection fraction -
0.303(p<0.001)(figure 3 ).Cystatin ¢ level and NTproBNP were significantly positive correlated with age
(correlation coefficient r=0.262 p<0.001), (correlation coefficient r=0.252),p<0.001 respectively .Furthermore
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we found that elevated neutrophils and white blood cell correlate with exacerbation COPD ( p-value <0.001,
p<0.001 respectively)
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Figure 2; Left ventricular ejection fraction was found inverselyproportion with logNTproBNP

IV.  Discussion
Inthis study, our results explain the possibility of using combined biomarkers cystatin c and NTproBNP
for early detection of COPD changes involving left ventricular systolic function and prevent further progression
of the disease ,including reduction of exacerbation rate and improve quality of life .since the two diseases
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shared some characteristic apart from age and risk factor such as smoking they have shared symptoms such as
dyspnea which occurred later in left ventricular dysfunction and associated with poor prognosis in COPD
patients. Furthermore, the two biomarkers can be used during individualization and follow-up and monitoring
outcome of the given treatment.

Despite COPD being independent risk factors for cardiovascular diseases , several studies showed
cardiovascular manifestation including left ventricular systolic dysfunction are the extra pulmonary
manifestation of COPD(18,24).Etiopathological mechanisms explained genetic and environmental factors are
the major player on initiation and progression of COPD, Hawkins NM explained the theory of genetic
variabilities and development of COPD, whereby they found only 20% of individuals who had smoking history
developed COPD. Different studies done showed that presences of genetic factors has contributed to the
initiation and progression of COPD to individuals when exposed to environmental factors such as noxious
gases, inhaled irritants or early childhood infections by stimulation of inflammatory cells of the airways
(12,13).

Other factors such as hypoxia and oxidative stress showed to induce systemic inflammations by
activation of airway epithelia cells , macrophages and cause reduction of numbers of cilia in the airway, results
into impaired mucus clearance and airway dilation in response to stimuli(25).As systemic inflammatory process,
several inflammatory cytokines IL 6,17, TNF al and C-reactive protein are released into the system and cause
injury to the lungs, blood vessels, kidneys and heart (26,27).The release of inflammatory cytokines has been
accompanying with release of biomarkers(cystatin ¢ and NT-proBNP) ,study done by Erick Knight etal found
that elevated level of cystatin ¢ were independently connected with smoking, age and C-reactive
protein(28).0ne study showed release of cystatin linked with inflammatory process , Gerald Luc et al found that
elevated level of inflammatory markers tumor necrotic alpha(TNFa) , fibrinogen and interleukin 6 (IL-6) were
strongly positive correlated with level of plasma cystatin ¢(29).

Regarding COPD patients, our study Cystatin ¢ level and NTproBNP were elevated with the duration
of hospitalization p<0.003, p<0.001 respectively. As explained by Zhang et al showed that, cystatin ¢ may be
used as a tool for evaluation and predictor of hospital admission in COPD (16).Our result differ from study
done by Koyner JL showed decrease cystatin ¢ was associated with increase hospital stay in patient COPD but
associated with increase mortality(30).

In a normal individual’s macrophages play a key role of body immunity and they are in large number in
airways and alveoli, changes of the normal physiology of airways and lung parenchyma caused by smoking or
noxious particle lead to extremely increase of this body defense line (macrophages and neutrophils) and level its
significant lofty during exacerbation of COPD. In additional Viral infections may trigger increase level of
cystatin c, in our study we found white blood cells and neutrophils were significant elevated in AECOPD than
stable COPD p<0.001, p<0.001 respectively, and there was more admission during winter season (31%) than all
other seasons followed by summer (28%).Wilkinson et al and others showed there were more admission of
patients with AECOPD during winter season(31), and exacerbation of COPD was more due to viral infections
(32),same result was found by fanny W.S et al that further exacerbation rate of COPD occurred due to
common virus (33).In present study we found no sex difference on ejection fraction and exacerbation rate ,apart
from exacerbation rate ,Wengiao Wang et al had different results , he found male gender was independent risk
factor for exacerbation of COPD but we had similar results on winter season as independent risk factor for
acute exacerbation chronic obstructive pulmonary diseases exclusive of environmental factors (34)

However, we found no significant difference on the level of cystatin ¢ between two groups (AECOPD
and COPD) p=0.45. There was significant increase of NTproBNP in AECOPD than SCOPD with p value
<0.092,study done by Huang et al compared level of NTproBNP from patients with AECOPD and control
group, they foundsignificant increase NTproBNP in AECOPD group than control group (35).COPD patients
with increased NT proBNP level they had poor prognosis if not intervened ,Arne Didrick Hoiseth et al found
NTproBNP was significant elevated in AECOPD than SCOPD patients and found to be independent risk
factors portend long term prognosis in COPD(36). Furthermore Chris P Gale et al found that NTproBNP level
was significant higher in COPD patients with cardiovascular complications includes right ventricles
dysfunction, left ventricle dilatation(36).In our study, we found that increases level of serum Cystatin ¢ was
inversely correlated with left ventricular ejection fraction p<0.04, shows that cystatin ¢ may be used as predictor
of left ventricular systolic function. NTproBNP also may be used as determinant of severity of left ventricular
systolic dysfunction , we further showed increase level of NTproBNP was inversely correlated with left
ventricular ejection fraction p<0.001, as explained by Francisco Javier carrasco-sanchez et al found that cystatin
¢ was independent predictor of mortality and is associated with re-admission and prolongation of
admission(37).
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V.  Conclusion
Serum Cystatin ¢ and NTproBNP found to be independent usefully biomarker used in COPD patients,
used at for determine early changes of COPD with involvement of left ventricular changes and may predict
duration of hospitalization and exacerbation rate. Cystatin ¢ may be used as reliable markers for determining
progression and outcome of AECOPD and SCOPD but with limited on differentiate the two. Further prospective
studies with large sample size may be done to determine role of cystatin ¢ in COPD based onright ventricular
involvement and severity of COPD including lung function test as per GOLD definition.

Study limitation

The present study is retrospective cross sectional study, we have missed data for some variables from
retrieved hospital data. Therefore, we cannot exclude missed data as possible alternative justifications of our
study results, secondly small number group of patients with reduced ejection fraction also make it difficult to
give strong conclusions, thirdly some confounder was not included in the study such as drugs history and risk
factors such smoking, occupational history and treatment given to the patients during admission, we
questionable they may interfere with our results. Further prospective studies are looked-for with required patient
risk factors, drug history, right ventricles studies and with further categorization of severity COPD based on
lung function test as per GOLD criteria.
Conflict of interest We declare no conflict of interest

Acknowledgements

Our special gratitude to the basic and clinical research office gilu hospital of Shandong university for support of
publication of this manuscript.
Abbreviations

SCOPD; Stable chronic obstructive pulmonary diseases; NTproBNP; N-terminal pro b-type natriuretic
peptides; AECOPD; Acute exacerbation chronic obstructive pulmonary diseases; LVEF; left ventricular ejection
fraction; CVD; Cardiovascular diseases; GOLD; Global initiative for chronic obstructive lung disease: ATS;
American thoracic society

References

[1]. Mirza S, Clay RD, Koslow MA, Scanlon PD. COPD Guidelines: A Review of the 2018 GOLD Report. Mayo Clin Proc.
Oct;93(10):1488-1502. PubMed PMID: 30286833. Epub 2018/10/06. eng

[2]. Burgel PR, Laurendeau C, Raherison C, Fuhrman C, Roche N. An attempt at modeling COPD epidemiological trends in France.
Respir Res. Jun 27;19(1):130. PubMed PMID: 29950169. Epub 2018/06/29. eng

[3]- Lopez AD, Shibuya K, Rao C, Mathers CD, Hansell AL, Held LS, et al. Chronic obstructive pulmonary disease: current burden and
future projections. Eur Respir J. 2006 Feb;27(2):397-412. PubMed PMID: 16452599. Epub 2006/02/03. eng

[4]. Stallberg B, Janson C, Larsson K, Johansson G, Kostikas K, Gruenberger JB, et al. Real-world retrospective cohort study ARCTIC
shows burden of comorbidities in Swedish COPD versus non-COPD patients. NPJ Prim Care Respir Med. Sep 10;28(1):33.
PubMed PMID: 30202023. Epub 2018/09/12. eng

[5] Schwab P, Dhamane AD, Hopson SD, Moretz C, Annavarapu S, Burslem K, et al. Impact of comorbid conditions in COPD patients
on health care resource utilization and costs in a predominantly Medicare population. Int J Chron Obstruct Pulmon Dis.12:735-744.
PubMed PMID: 28260880. Epub 2017/03/07. eng

[6]. Faes K, De Frene V, Cohen J, Annemans L. Resource Use and Health Care Costs of COPD Patients at the End of Life: A
Systematic Review. J Pain Symptom Manage. Oct;52(4):588-599. PubMed PMID: 27401511. Epub 2016/10/25. eng

[7]. Sin DD, Man SF. Chronic obstructive pulmonary disease as a risk factor for cardiovascular morbidity and mortality. Proc Am
Thorac Soc. 2005;2(1):8-11. PubMed PMID: 16113462. Epub 2005/08/23. eng

[8]. Batura-Gabryel H, Grabicki M. [Chronic obstructive pulmonary disease and cardiovascular diseases--'cardiopulmonary
continuum']. Pneumonol Alergol Pol.82(6):590-6. PubMed PMID: 25339571. Epub 2014/10/24. Przewlekla obturacyjna choroba
pluc i choroby sercowo-naczyniowe--"kontinuum sercowo-plucne”. pol

[9]. Hawkins NM, Petrie MC, Jhund PS, Chalmers GW, Dunn FG, McMurray JJ. Heart failure and chronic obstructive pulmonary
disease: diagnostic pitfalls and epidemiology. Eur J Heart Fail. 2009 Feb;11(2):130-9. PubMed PMID: 19168510. Epub 2009/01/27.
eng

[10]. Khafaji HA, Sulaiman K, Singh R, Alhabib KF, Asaad N, Alsheikh-Ali A, et al. Chronic obstructive airway disease among patients
hospitalized with acute heart failure; clinical characteristics, precipitating factors, management and outcome: Observational report
from the Middle East. Acute Card Care. Dec;17(4):55-66. PubMed PMID: 27712142. Epub 2016/10/08. eng

[11]. Pirina P, Martinetti M, Spada C, Zinellu E, Pes R, Chessa E, et al. Prevalence and management of COPD and heart failure
comorbidity in the general practitioner setting. Respir Med. Oct;131:1-5. PubMed PMID: 28947013. Epub 2017/09/28. eng

[12]. Le Jemtel TH, Padeletti M, Jelic S. Diagnostic and therapeutic challenges in patients with coexistent chronic obstructive pulmonary
disease and chronic heart failure. J Am Coll Cardiol. 2007 Jan 16;49(2):171-80. PubMed PMID: 17222727. Epub 2007/01/16. eng

[13]. Richardson A, Tolley E, Hartmann J, Reedus J, Bowlin B, Finch C, et al. Evaluation of Chronic Obstructive Pulmonary Disease
(COPD) and reduced ejection fraction heart failure (HFrEF) discharge medication prescribing: Is drug therapy concordant with
national guidelines associated with a reduction in 30-day readmissions? Respir Med. Oct;119:135-140. PubMed PMID: 27692135.
Epub 2016/10/04. eng

[14]. Caram LM, Ferrari R, Naves CR, Tanni SE, Coelho LS, Zanati SG, et al. Association between left ventricular diastolic dysfunction
and severity of chronic obstructive pulmonary disease. Clinics (Sao Paulo). Jun;68(6):772-6. PubMed PMID: 23778477. Epub
2013/06/20. eng

[15].  Groneberg DA, Chung KF. Models of chronic obstructive pulmonary disease. Respir Res. 2004 Nov 2;5:18. PubMed PMID:
15522115. Epub 2004/11/04. eng

DOI: 10.9790/0853-1712068188  www.iosrjournals.org 87 | Page



Role of Cystatin ¢ and N-terminal pro-BNP in Hospitalized COPD patients with preserved ...

[16].

[17).

[18].
[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

Ling SH, van Eeden SF. Particulate matter air pollution exposure: role in the development and exacerbation of chronic obstructive
pulmonary disease. Int J Chron Obstruct Pulmon Dis. 2009;4:233-43. PubMed PMID: 19554194. Epub 2009/06/26. eng

Ghobadi H, Aslani MR, Hosseinian A, Farzaneh E. The Correlation of Serum Brain Natriuretic Peptide and Interleukin-6 with
Quality of Life Using the Chronic Obstructive Pulmonary Disease Assessment Test. Med Princ Pract.26(6):509-515. PubMed
PMID: 29131048. Epub 2017/11/14. eng

Zhang M, Li Y, Yang X, Shan H, Zhang Q, Ming Z, et al. Serum Cystatin C as an Inflammatory Marker in Exacerbated and
Convalescent COPD Patients. Inflammation. Apr;39(2):625-31. PubMed PMID: 26613760. Epub 2015/11/29. eng

Zhang Y, Zhu Y, Wu Y, Wang G, Xie X, Ke R, et al. Serum cystatin C as a potential biomarker for the evaluation COPD. Int J Clin
Exp Med.7(12):5484-90. PubMed PMID: 25664059. Epub 2015/02/11. eng

Andrijevic I, Milutinov S, Lozanov Crvenkovic Z, Matijasevic J, Andrijevic A, Kovacevic T, et al. N-Terminal Prohormone of
Brain Natriuretic Peptide (NT-proBNP) as a Diagnostic Biomarker of Left Ventricular Systolic Dysfunction in Patients with Acute
Exacerbation of Chronic Obstructive Pulmonary Disease (AECOPD). Lung. Oct;196(5):583-590. PubMed PMID: 29951921. Epub
2018/06/29. eng

Angelidis C, Deftereos S, Giannopoulos G, Anatoliotakis N, Bouras G, Hatzis G, et al. Cystatin C: an emerging biomarker in
cardiovascular disease. Curr Top Med Chem.13(2):164-79. PubMed PMID: 23470076. Epub 2013/03/09. eng

Perez-Calvo JI, Sanchez-Marteles M, Ruiz-Ruiz FJ, Morales-Rull JL, Nieto-Rodriguez JA. Differential prognostic utility of
NTproBNP and Cystatin C in patients with acute exacerbation of chronic pulmonary disease. JRSM Short Rep. Oct 21;1(5):44.
PubMed PMID: 21103136. Epub 2010/11/26. eng

Lassus J, Harjola VP, Sund R, Siirila-Waris K, Melin J, Peuhkurinen K, et al. Prognostic value of cystatin C in acute heart failure in
relation to other markers of renal function and NT-proBNP. Eur Heart J. 2007 Aug;28(15):1841-7. PubMed PMID: 17289743. Epub
2007/02/10. eng

Adrish M, Nannaka VB, Cano EJ, Bajantri B, Diaz-Fuentes G. Significance of NT-pro-BNP in acute exacerbation of COPD
patients without underlying left ventricular dysfunction. Int J Chron Obstruct Pulmon Dis.12:1183-1189. PubMed PMID:
28458528. Epub 2017/05/02. eng

Palazzuoli A, Gallotta M, Quatrini I, Nuti R. Natriuretic peptides (BNP and NT-proBNP): measurement and relevance in heart
failure. Vasc Health Risk Manag. Jun 1;6:411-8. PubMed PMID: 20539843. Epub 2010/06/12. eng

Ozturk TC, Unluer E, Denizbasi A, Guneysel O, Onur O. Can NT-proBNP be used as a criterion for heart failure hospitalization in
emergency room? J Res Med Sci. Dec;16(12):1564-71. PubMed PMID: 22973364. Epub 2012/09/14. eng

Dickson Athanasio Minja"Role of Cystatin ¢ and N-terminal pro-BNP in Hospitalized COPD
patients with preserved left ventricular ejection fraction"IOSR Journal of Dental and Medical
Sciences (IOSR-JDMS), vol. 17, no. 12, 2018, pp 81-88.

DOI: 10.9790/0853-1712068188  www.iosrjournals.org 88 | Page



