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Abstract:  
Background: Chronic Obstructive Pulmonary Disease (COPD) is a major global health issue, recognized as the 
third leading cause of death worldwide. It imposes significant economic and social burdens, with rising mortali-
ty rates in industrialized nations. Acute exacerbations of COPD (AECOPD) are critical events that worsen pa-
tient outcomes and are associated with increased cardiovascular risks, including elevated cardiac Troponin-T 
levels.  
Objectives: This study aims to determine the levels of cardiac Troponin-T in patients experiencing acute exac-
erbations of COPD and to investigate the correlation between Troponin-T levels and the severity of these exac-
erbations.  
Methodology: A hospital-based cross-sectional study was conducted at the National Institute of Medical Sci-
ences and Research, Jaipur, Rajasthan, from July 1, 2022, to December 31, 2023. The study included 180 COPD 
patients aged 40 years and above. Data collection involved clinical profiles, laboratory investigations including 
cardiac Troponin-T levels, spirometry for pulmonary function tests, and statistical analyses using Karl Pearson’s 
correlation coefficient and linear regression.  
Results: Of the 180 patients, 61.67% were male and 38.33% were female, with a mean age of 44.38 ± 10.50 
years. A majority (84.44%) resided in rural areas, and 82.78% were Hindu by religion. The study found that 
60% of the COPD patients had elevated Troponin-T levels (>0.04 ng/dl). There was a significant negative corre-
lation between Troponin-T levels and spirometry parameters: FEV1 (r= -0.644, p=0.00001) and FEV1/FVC (r= 
-0.56, p=0.00001). Patients with higher Troponin-T levels exhibited more severe respiratory impairment, indi-
cated by lower FEV1 and FEV1/FVC ratios. Elevated Troponin-T was associated with a greater need for assist-
ed ventilation.  
Conclusion: Elevated cardiac Troponin-T levels in COPD patients are significantly correlated with the severity 
of acute exacerbations, serving as a potential marker for early diagnosis and prognosis. The findings suggest that 
measuring Troponin-T levels can aid in assessing disease severity and guiding clinical management of COPD 
exacerbations. Further research is needed to explore the mechanisms linking cardiac injury and COPD to en-
hance patient care. 
Keywords: Chronic Obstructive Pulmonary Disease (COPD), Acute Exacerbation, Cardiac Troponin-T, Spi-
rometry, FEV1, FEV1/FVC, Prognosis, Cardiovascular Risk. 
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provided original work is properly credited. 
Introduction 

Chronic Obstructive Pulmonary Disease (COPD) is 
increasingly recognized as a major global health 
concern. Unlike other leading causes of death, 
COPD is the only significant cause that continues 
to show rising mortality rates in industrialized na-
tions. Currently, COPD ranks as the third leading 

cause of death globally, presenting a substantial 
public health challenge that is both preventable and 
manageable. [1] COPD imposes significant eco-
nomic and social burdens, which are anticipated to 
increase due to ongoing exposure to risk factors 
and an aging global population. Primary risk fac-
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tors include tobacco smoking, indoor and outdoor 
air pollution, occupational hazards, and lifestyle 
factors such as poor diet, obesity, and physical in-
activity. [2] The disease is characterized by a pro-
gressive and irreversible limitation of airflow, pri-
marily due to airway inflammation, fibrosis, mucus 
production, and destruction of lung tissue, resulting 
in decreased lung elasticity and reduced surface 
area for gas exchange. [3] 

Clinically, COPD is divided into two main types: 
emphysema and chronic bronchitis. The Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) classification further stratifies the severity 
of COPD based on spirometric parameters. The 
disease often coexists with other comorbidities, 
particularly cardiovascular diseases, which share 
common risk factors such as smoking and aging. 
The presence of these comorbidities can signifi-
cantly impact the prognosis and management of 
COPD. [4] Acute exacerbations of COPD 
(AECOPD) are characterized by a sudden worsen-
ing of respiratory symptoms, often triggered by 
infections or environmental factors, and can lead to 
severe complications including increased cardiac 
stress and myocardial injury. Elevated cardiac bi-
omarkers, such as troponin, during AECOPD epi-
sodes have been associated with higher mortality 
and adverse outcomes. [5] Understanding the rela-
tionship between cardiac biomarkers and COPD 
exacerbations is crucial for improving patient man-
agement and outcomes. [6,7] 

Recent studies have highlighted the strong associa-
tion between COPD and cardiovascular diseases, 
with COPD patients exhibiting a higher risk of my-
ocardial damage. [8] This study aims to assess the 
levels of cardiac troponin-T in patients with acute 
exacerbation of COPD and to investigate its corre-
lation with the severity of the disease. 

Methodology 

A hospital-based cross-sectional study was con-
ducted at the National Institute of Medical Sciences 
and Research in Jaipur, Rajasthan, over a period of 
one and a half years, from July 1, 2022, to Decem-
ber 31, 2023. This single-center, observational, 
cross-sectional study included patients with COPD 
aged over 40 years who were admitted to the De-
partment of General Medicine and Pulmonary 
Medicine. 

The selection criteria were defined to include all 
known COPD patients above 40 years of age, of 
both genders, who were willing to participate in the 
study. Exclusion criteria were set to filter out pa-
tients with pre-existing hemodynamic instability, 
severe systemic illness, clinical evidence of myo-
cardial infarction, congestive cardiac failure or car-
diac arrest before admission, and myocarditis. The 

purposive sampling technique was employed to 
select a sample size of 180, calculated using a 
standard formula with a prevalence rate of COPD-
related hospitalization in Rajasthan set at 0.358 and 
a margin of error at 7%. 

Ethical approval was obtained from the Scientific 
and Institute Ethics Committee before commencing 
the study. Patients were enrolled after obtaining 
written consent, and data was collected using a 
predesigned Performa covering demographics, clin-
ical profiles, laboratory and radiological investiga-
tions, and spirometry findings. Laboratory investi-
gations included CBC, ESR, ABG, TC, DC, Blood 
urea, Serum creatinine, and Cardiac Troponin T 
levels, measured on admission and 24 hours later 
using a quantitative ELISA assay. Radiological 
investigations involved Chest X-rays, ECG, and 
ECHO, if required. 

Pulmonary function tests (PFT) were conducted 
using a computerized spirometer, measuring pa-
rameters such as Forced Vital Capacity (FVC), 
Forced Expiratory Volume in the first second 
(FEV1), Residual Volume (RV), Total Lung Capaci-
ty (TLC), and FEV1/FVC ratio. The spirometry pa-
rameters were recorded, and interpretation followed 
the global criteria for COPD diagnosis. Serum Tro-
ponin T levels above 0.04 µg/L were considered 
positive. 

Statistical Analysis 

Data compilation and analysis were performed us-
ing SPSS software version 23.0. Descriptive statis-
tics were used for qualitative data, and percentages/ 
proportions for quantitative data. The t-test and 
Karl Pearson’s correlation coefficient were em-
ployed to determine the correlation between cardiac 
Troponin T levels and the severity of COPD. A 
linear regression analysis was conducted to further 
explore these relationships, with statistical signifi-
cance set at a p-value of less than 0.05. 

Results 

In this study, a total of 180 patients were assessed, 
revealing significant insights into the demographics 
and clinical characteristics of COPD patients. The 
gender distribution of the study population showed 
that 61.67% were male and 38.33% were female. 
The majority of the study participants were male, 
indicating a higher prevalence of COPD or its ex-
acerbations among males in this population. (Table 
1). The majority of participants were in the middle-
aged group, specifically 41-50 years (31.11%), 
followed closely by those aged 31-40 years 
(29.44%). This suggests that COPD significantly 
affects individuals in their middle age, likely due to 
prolonged exposure to risk factors over time (Table 
2). 
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Table 1: Frequency Distribution of Gender 
Gender Frequency Percent 
Male 111 61.67% 
Female 69 38.33% 

 
Table 2: Frequency Distribution of Age (in years) 

Age Interval (Years) Frequency Percent 
20 – 30 18 10.00% 
31 – 40 53 29.44% 
41 – 50 56 31.11% 
51 – 60 37 20.56% 
61 – 70 16 8.89% 

 
Religious affiliation among the patients showed 
that 82.78% were Hindu and 17.22% were Muslim, 
reflecting the demographic composition of Jaipur, 
Rajasthan, where the study was conducted. Occu-
pational status revealed that housewives constituted 
the largest group (28.33%), followed by farmers 
(24.44%) and businessmen (15%). This indicates 
that COPD impacts individuals across various oc-
cupations, with notable effects on those engaged in 
domestic work and agriculture, likely due to expo-
sure to indoor and outdoor air pollution. Residence 
distribution showed a significant majority of pa-

tients (84.44%) were from rural areas, with only 
15.56% from urban areas. This highlights a higher 
prevalence or reporting of COPD in rural settings, 
possibly due to increased exposure to biomass 
smoke and limited access to healthcare facilities. 
Smoking habits were prevalent among the patients, 
with 81.11% having a history of smoking, of which 
41.11% were current smokers and 40% were for-
mer smokers. These underscores smoking as a ma-
jor risk factor for COPD, with a significant number 
of patients continuing to smoke despite their diag-
nosis (Table 3). 

 
Table 3: Frequency Distribution of Smoking Habits among Subjects 
Smoking Habits Frequency Percent 
Never Smoke 34 18.89% 
Current Smoker 74 41.11% 
Former Smoker 72 40.00% 

 
Alcohol abuse was less prevalent, with 86.11% of 
patients reporting they never consumed alcohol, 
while 13.89% admitted to drinking either daily or 
intermittently. Clinically, diabetes mellitus was the 
most common comorbidity (27.22%), followed by 
hypertension (22.22%), obesity (19.44%), atrial 
fibrillation (11.67%), ischemic heart disease 
(10.56%), and a history of previous myocardial 
infarction (8.89%). The presence of these comor-
bidities suggests a complex interplay between 
COPD and other chronic conditions, contributing to 
the overall disease burden. Physical examination 
revealed that 11.67% of patients exhibited club-
bing/cyanosis, 11.11% had pallor, 9.44% had icter-
us, and 4.44% had lymphadenopathy. Baseline 
clinical parameters showed that 94.44% of patients 

had a normal pulse rate (60-90 beats per minute), 
with a mean pulse rate of 74.35 ± 10.20 beats per 
minute. Respiratory rate analysis indicated that 
92.22% of patients were tachypnoeic, with a mean 
respiratory rate of 26.28 ± 2.69 breaths per minute. 
Blood urea levels were elevated in 29.44% of pa-
tients, with a mean level of 18.68 ± 4.28 mg/dl, 
while 17.22% had elevated serum creatinine levels 
(>1.10 mg/dl), with a mean of 0.933 ± 0.164 mg/dl. 
Troponin T levels were elevated (>0.04 ng/dl) in 
60% of patients, with a mean level of 0.048 ± 0.021 
ng/dl, indicating potential cardiac involvement in 
these patients (Table 4). Elevated ESR levels were 
observed in 80.56% of patients, with a mean ESR 
of 28.39 ± 7.97 mm/hr. 

 
Table 4: Frequency Distribution of Troponin T of Patients 

Troponin T Levels (ng/dl) Frequency Percent 
0 - 0.02 21 11.67% 
0.021 - 0.040 51 28.33% 
0.041 - 0.060 48 26.67% 
0.061 - 0.080 50 27.78% 
0.081 - 0.100 10 5.56% 
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Table 5: Frequency Distribution of FEV1 of Patients 
FEV1 (%) Frequency Percent 
31 - 40 8 4.44% 
41 - 50 13 7.22% 
51 - 60 61 33.89% 
61 - 70 40 22.22% 
71 - 80 45 25.00% 
81 - 90 13 7.22% 

 
Table 6: Frequency Distribution of FVE1/FVC of Patients 
FEV1/FVC Ratio Frequency Percent 
≤ 0.40 55 30.56% 
0.41 - 0.50 40 22.22% 
0.51 - 0.60 29 16.11% 
0.61 - 0.70 47 26.11% 
0.71 - 0.80 9 5.00% 

 
Pulmonary function tests revealed that 67.78% of 
patients had reduced FEV1 (<70%), with a mean 
FEV1 of 63.35 ± 12.15%. The majority of COPD 
patients had significantly reduced FEV1 values, 
reflecting the severity of airway obstruction in this 
population (Table 5). Additionally, 95% of patients 
had a reduced FEV1/FVC ratio (<0.70), with a 
mean ratio of 0.495 ± 0.153. The FEV1/FVC ratio 
further confirms the severe airflow limitation 
among the majority of COPD patients, which is a 
hallmark of the disease (Table 6). Correlation anal-
ysis showed that FEV1 and FEV1/FVC were sig-
nificantly negatively correlated with Troponin T 
levels (r= -0.644, p=0.00001 and r=-0.56, 
p=0.00001, respectively), suggesting that higher 
Troponin T levels are associated with more severe 
pulmonary impairment. 

Regression analysis further confirmed a negative 
correlation between FEV1 and Troponin T, as well 
as between FEV1/FVC and Troponin T, indicating 
that elevated Troponin T levels can serve as a 
marker for early diagnosis and assessment of sever-
ity in acute exacerbations of COPD. This study 
concludes that elevated serum levels of Cardiac 
Troponin T are significantly associated with the 
severity of acute exacerbation of COPD, emphasiz-
ing the importance of cardiac monitoring in these 
patients for better management and prognostic 
evaluation. 

Discussion 

During the study period, 180 patients were ana-
lyzed. The study had a male predominance, with 
61.67% of the subjects being male. Most of the 
subjects were middle-aged, particularly in the age 
group of 41-50 years, which constituted 31.11% of 
the participants. The mean age of the subjects was 
44.38 ± 10.50 years. These findings are in line with 
similar studies conducted by deFilippi CR (2010) 
[9] and Eggers KM (2013) [10], which also indi-
cated that COPD increases the risk of cardiac dam-
age in older male patients. In the study by Koppad 

A et al. (2023) [11], the average age of patients 
with elevated cardiac troponin was 59 ± 7.5 years, 
whereas the average age of patients with negative 
cTnI was 60.5±7.2 years. Consistent with this ob-
servation, Baillard C et al. (2018) [12] found no 
significant age-related difference between patients 
with positive and negative cTnI. 

In our study, a significant proportion of the pa-
tients, 81.11%, were smokers. Out of these, 41.11% 
were current smokers, indicating a high prevalence 
of smoking among the study population. The most 
common comorbidities observed were diabetes 
mellitus (27.22%), hypertension (22.22%), and 
obesity (19.44%). These findings are consistent 
with the research by Antonelli Incalzi R et al. 
(1997) [13], which also reported a high frequency 
of cardiac comorbidities due to smoking, hyperten-
sion, and diabetes. The study by Deveci F et al. 
(2006) [14] found that smoking affects cardiac tro-
ponin levels, although no significant statistical dif-
ference was observed. 

Higher Troponin T levels (>0.04 ng/dl) were ob-
served in 60% of the patients in our study, with a 
mean Troponin T level of 0.048±0.021. Elevated 
ESR levels were seen in 80.56% of the patients, 
with a mean ESR of 28.39 ± 7.97. These findings 
support the assertion by Neukamm MA et al. 
(2013) [15] that troponin levels rise when the myo-
cardium is under stress or ischemia. The evidence 
suggests that COPD patients have higher baseline 
levels of highly sensitive cTnT compared to the 
general population. 

Pulmonary function assessment showed that 
92.22% of the patients had tachypnea, indicating a 
high rate of fast breathing. Additionally, 67.78% of 
the patients had an FEV1 (forced expiratory vol-
ume in one second) of less than 70%, with a mean 
FEV1 of 63.35 ± 12.15. Only 5% of the patients 
had a normal FEV1/FVC (forced vital capacity) 
ratio (>0.70), while 95% had a lower ratio with a 
mean FEV1/FVC ratio of 0.495 ± 0.153. The spi-
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rometry parameters, FEV1 and FEV1/FVC were 
found to be significantly negatively correlated with 
Troponin T levels (r = -0.644, p=0.00001 and r=-
0.59, p=0.00001), indicating that higher Troponin 
T levels are associated with worse pulmonary func-
tion. According to Raoof S et al. (1999) [16] found 
that mechanical ventilation is essential for patients 
with respiratory failure or shock, as it affects right 
ventricular function. They observed a negative cor-
relation between FEV1 and Troponin T, indicating 
that higher Troponin T levels can help early diag-
nose acute exacerbation of COPD. 

The linear regression analysis was done between 
FEV1 with Troponin T among study subjects. 
Finding revealed that there is a negatively correla-
tion between FEV1/FVC with Troponin T among 
these study patients. By observing above finding 
indicate that an increase in Troponin T levels corre-
lates with changes in FEV1/FVC, helping to diag-
nose worsening COPD. Hattori K et al. (2015) [17] 
also showed that higher hs-cTnT is associated with 

lower FVC, FEV1% predicted, and %DLco/VA 
suggesting that lung inflammation in COPD can 
affect the heart. Among patients with varying 
FEV1 levels, Troponin T was elevated in a signifi-
cant number, with the association between Tro-
ponin T and COPD severity being statistically sig-
nificant (p=0.00962). This demonstrates a clear cor-
relation between Cardiac Troponin T levels and the 
severity of acute exacerbation of COPD. 

As shown in the current research by Koppad A et 
al. (2023)11, 42.2% of patients with AECOPD had 
high cardiac troponin levels (above 0.01 ng/mL). 
Although the frequency of cTnT elevation has var-
ied, as indicated in the table below, the result that 
raised cardiac troponins occur in patients with 
acute exacerbation of chronic obstructive pulmo-
nary disease (COPD) is consistent with several 
studies documented. To compare the Incidence of 
Elevated Troponin in Patients with Acute Exacer-
bation in various studies with present study: 

 
Author and year of publication Incidence of cardiac troponin elevation 
Baillard et al. (2003) [18] 18% 
Martins et al. (2009) [19] 70% 
Hoiseth et al. (2011) [20] 74% 
Brekke et al. (2009) [21] 27% 
Chang et al. (2011) [22] 16.6% 
Present study 27% 

 
There is a high risk of myocardial infarction within 
a few days of a COPD exacerbation, according to 
study findings of, and there is evidence of cardiac 
dysfunction in the initial stage of an exacerbation 
of the disease. Previous findings of worsening arte-
rial stiffness (measured by aortic pulse wave veloc-
ity) over several days from the onset of the exacer-
bation support this hypothesis. Patel AR et al. 
(2013) [23] and Donaldson GC et al. (2010) [24]. 
This study's merits lie in the fact that it documents 
for the first time the link between COPD patients' 
serum connection with cardiac Troponin T and 
acute exacerbation. However, there are a number of 
caveats to this research. 

Conclusion 

The study assessed cardiac Troponin-T levels and 
their correlation with the severity of acute exacer-
bations in COPD patients at the National Institute 
of Medical Sciences and Research in Jaipur. Most 
participants were middle-aged, predominantly 
male, and from rural backgrounds, with an average 
age of 44 years. This demographic trend highlights 
the considerable impact of COPD on the middle-
aged population. Clinically, a large number of pa-
tients exhibited comorbid conditions, including 
diabetes mellitus, hypertension, obesity, atrial fi-
brillation, and ischemic heart disease. Additionally, 
a substantial proportion of the cohort were current 

or former smokers, emphasizing the critical role of 
smoking in the development and exacerbation of 
COPD. The study's primary focus on cardiac Tro-
ponin-T levels revealed that a significant percent-
age of COPD patients had elevated Troponin-T 
levels above the normal range. These elevated lev-
els were strongly associated with increased severity 
of COPD exacerbations, as evidenced by the spi-
rometry parameters. Specifically, there was a nota-
ble negative correlation between Troponin-T levels 
and both FEV1 and FEV1/FVC ratios, indicating 
that higher Troponin-T levels corresponded to 
worse lung function and more severe disease exac-
erbations. The statistical analysis further confirmed 
that patients with elevated Troponin-T levels were 
more likely to require assisted ventilation, under-
scoring the prognostic significance of this bi-
omarker in acute COPD exacerbations. The study 
concludes that cardiac Troponin-T is a valuable 
marker for assessing the severity of acute exacerba-
tions in COPD patients. Elevated Troponin-T levels 
can aid in the early diagnosis and management of 
these patients, potentially improving clinical out-
comes and providing a clearer understanding of the 
interplay between cardiac stress and pulmonary 
function in COPD exacerbations. This study em-
phasizes the need for further research to explore the 
mechanisms underlying this relationship and to 
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develop targeted interventions for better manage-
ment of COPD exacerbations. 

References 

1. Murray CJ, Lopez AD. Alternative projections 
of mortality and disability by cause 1990–
2020: Global Burden of Disease Study. Lancet. 
1997; 349:1498–1504. 

2. https://www.who.int/news-room/fact-sheets 
/detail/chronic-obstructive-pulmonary-disease-
(copd) Assessed on 22.1.2023 

3. Hogg JC, Timens W. The pathology of chronic 
obstructive pulmonary disease, Annual Review 
of Pathology. 2009; 4:435–459. 

4. Nici L, ZuWallack R. USA: Humana Press. 
Chronic Obstructive Pulmonary Disease Co-
morbidities and Systemic Consequences. 2012 

5. Evensen AE. Management of COPD exacerba-
tions. Am Fam Physician. 2010; 81:607–13. 

6. Render ML, Weinstein AS, Blaustein AS. Left 
ventricular dysfunction in deteriorating pa-
tients with chronic obstructive pulmonary dis-
ease. Chest. 1995;107(1):162-68. 

7. Jones PW, Agusti AGN. Outcomes and mark-
ers in the assessment of chronic obstructive 
pulmonary disease. Eur Respir J. 2006;27(4): 8 
22-32. 

8. Finkelstein J, Cha E, Scharf SM, “Chronic 
obstructive pulmonary disease as an independ-
ent risk factor for cardiovascular morbidity,” 
International Journal of Chronic Obstructive 
Pulmonary Disease. 2009; 4:337–349. 

9. deFilippi CR, de Lemos JA, Christenson RH, 
Gottdiener JS, Kop WJ, Zhan M, Seliger SL. 
Association of serial measures of cardiac tro-
ponin T using a sensitive assay with incident 
heart failure and cardiovascular mortality in 
older adults. JAMA. 2010;304(22):2494-502. 

10. Eggers KM, Venge P, Lindahl B, Lind L. Car-
diac troponin I levels measured with a high-
sensitive assay increase over time and are 
strong predictors of mortality in an elderly 
population. Journal of the American College of 
Cardiology. 2013 May 7;61(18):1906-13. 

11. Koppad A, Chintamani GC, Krupahree G, 
Shetty S. Cardiac Troponin I Levels in Acute 
Exacerbation of COPD Patients: A Cross-
sectional Study. Journal of Clinical and Diag-
nostic Research. 2023;17(1): OC39-OC42 

12. Baillard C, Prat G, Jung B, Futier E, Lefrant 
JY, Vincent F, Hamdi A, Vicaut E, Jaber S. 
Effect of preoxygenation using non-invasive 
ventilation before intubation on subsequent or-
gan failures in hypoxaemic patients: a random-
ised clinical trial. Br J Anaesth. 2018;120(2): 
361-367. 

13. Antonelli Incalzi R, Fuso L, De Rosa M, For-
astiere F, Rapiti E, Nardecchia B, Pistelli R. 

Co-morbidity contributes to predict mortality 
of patients with chronic obstructive pulmonary 
disease. Eur Respir J. 1997;10(12):2794-800. 

14. Deveci F, Akbulut HH, Celik I, Muz MH, 
Ilhan F. Lymphocyte subpopulations in pul-
monary tuberculosis patients. Mediators In-
flamm. 2006;2006(2):89070. 

15. Neukamm M, Vogt S, Hermanns-Clausen M, 
Naue J, Thierauf A, Auwärter V. Fatal doxepin 
intoxication - Suicide or slow gradual intoxica-
tion? Forensic Science International. 2013;10 
(227):82-84 

16. Raoof S, Chowdhrey N, Raoof S, Feuerman 
M, King A, Sriraman R, Khan FA. Effect of 
combined kinetic therapy and percussion ther-
apy on the resolution of atelectasis in critically 
ill patients. Chest. 1999 Jun;115(6): 1658-66. 

17. Hattori K, Ishii T, Motegi T, Kusunoki Y, 
Gemma A, Kida K. Relationship between se-
rum cardiac troponin T level and cardiopulmo-
nary function in stable chronic obstructive 
pulmonary disease. Int J Chron Obstruct 
Pulmon Dis. 2015 Feb 10; 10:309-20. 

18. Baillard C, Boussarsar M, Fosse JP, Girou E, 
Le Toumelin P, Cracco C, Jaber S, Cohen Y, 
Brochard L. Cardiac troponin I in patients with 
severe exacerbation of chronic obstructive 
pulmonary disease. Intensive Care Med. 2003; 
29(4):584-9. 

19. Martins SF, Fonseca RA, Silva LO, Mori WB. 
ION dynamics and acceleration in relativistic 
shocks. The Astrophysical Journal. 2009;695 
(2): L189. 

20. Høiseth AD, Neukamm A, Karlsson BD, Om-
land T, Brekke PH, Søyseth V. Elevated high-
sensitivity cardiac troponin T is associated 
with increased mortality after acute exacerba-
tion of chronic obstructive pulmonary disease. 
Thorax. 2011 Sep;66(9):775-81. 

21. Brekke JS, Hoe M, Green MF. Neurocognitive 
change, functional change and service intensity 
during community-based psychosocial rehabil-
itation for schizophrenia. Psychol Med. 2009 
Oct;39(10):1637-47. 

22. Chang CL, Robinson SC, Mills GD, Sullivan 
GD, Karalus NC, McLachlan JD, Hancox RJ. 
Biochemical markers of cardiac dysfunction 
predict mortality in acute exacerbations of 
COPD. Thorax. 2011 Sep;66(9):764-8. 

23. Patel AR, Ritzel R, McCullough LD, Liu F. 
Microglia and ischemic stroke: a double-edged 
sword. Int J Physiol Pathophysiol Pharmacol. 
2013;5(2):73-90. 

24. Donaldson GC, Hurst JR, Smith CJ, Hubbard 
RB, Wedzicha JA. Increased risk of myocardi-
al infarction and stroke following exacerbation 
of COPD. Chest. 2010;137(5):1091-7. 

 


