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Abstract

Aim- The aim of the study was to find out value of CRP in COPD patients and its correlation with the
predictors of oucome. Method- We sudied 100 COPD patients (80 stable and 20 unstable) with spirometry,
body mass index, MMRDC dyspnoea scale, 6-minute walk distance and BODE index. The CRP values were
measured in these patients and compared with 50 sex and age matched controls. CRP was subjected to
evaluation for any correlation with the predictors of outcomes in COPD patients. Results- Serum CRP levels
were significantly higher in COPD patients than in healthy subjects (Mean 13.55+10.83 vs.2.07+ 0.82 mg/lit,
p<0.001). CRP levels were significantly higher in unstable than stable patients (mean 33.78+7.74 mg/lit vs.
8.50+1.81 mgl/lit, p<0.001). Severity of dyspnoea as measured by MMRC dyspnoea scale was significantly
higher in unstable patients than in stable patients (mean 3.60+05 vs. 1.84+0.86, p<0.001). The exercise
capacity of the patients as measured by 6 MWD was significantly lower in unstable patients than in stable
patients (mean 180.5+53.26m vs. 219.58+67m, p=0.017). The BODE index was found to be significantly
higher among unstable patients than stable patients (mean 7.30+1.66 vs. 4.94+1.94, p<0.001). A significant
negative correlation was found between CRP and FEV1 (r=-0.284, p=0.004) and FEV1/FVC (r=-0.305,
p=0.002). CRP levels were independent of FVC (r=-0.162, p=0.107). A significant positive correlation was
found between CRP and severity of dyspnoea according to MMRC dyspnoea scale (r=0.638, p<0.001). The
CRP levels negatively correlated with the exercise capacity of the patient (6MWD) which was statistically
significant (r=-0.364, p<0.001). A significant positive correlation was found between CRP with BODE index
(r=0.780, p<0.001) and BODE stage (r=0.726, p<0.001). Conclusion- We conclude that systemic
inflammation is present in COPD patients and CRP is important biomarker in COPD in means of reflecting
severity of disease and prognosis of patients.

Keywords: COPD, CRP, BODE index, 6 minute walk distance, BM I, Spirometry.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is the leading respiratory disease in terms of prevalence
and socioeconomic impact worldwide Y. COPD s projected to be the third leading cause of death in the
world by the year 2020 4. COPD, a common preventable and treatable disease, is characterized by
persistent airflow limitation that is usually progressive and associated with an enhanced chronic
inflammatory response in the airways and the lung to noxious particles or gases ©¥l. COPD was thought to
cause only pulmonary abnormality, but recent studies have demonstrated the presence of systemic and
extra pulmonary effects (4],

Although COPD primarily affects the lungs, it is associated with important systemic consequences
which include malnutrition with a low body mass index (BM 1) and impaired peripheral muscle function
BBl Although the origin of systemic inflammation present in COPD remains poorly understood and
correlations in the regulation of inflammation in the pulmonary and systemic compartments are not well-
documented yet, it is clearly established that some inflammatory markers are raised in systemic
circulation '®). Blood markers, such as Interleukin-6, C - reactive protein (CRP) and fibrinogen have
attracted interest during recent years [’ One of the infllmmatory markers which are increasingly
evaluated in COPD patients is CRP 1%,

C-reactive protein is an acute phase protein synthesized predominantly by the hepatocytes in response to
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tissue damage or inflammation. It reflects the total systemic burden of
inflammation of individuals and has been shown to be increased in
COPD in stable condition ! and during exacerbations **!. However, the
patients with COPD have systemic manifestations that are not reflected
by FEVL1. Cardiovascular, mental and musculoskeletal co morbidities,
as well as elevated markers of systemic inflammation can frequently be
found in patients with COPD and have an impact on mortality in this
population ™. Hence, a multidimensional grading system that assessed
the respiratory and systemic expressions of COPD was designed to
predict outcome in these patients (13,

In this study, the role of C-reactive protein in COPD, its level and
correlation with lung function (forced expiratory volume in 1 second
(FEV1) and its association with predictors of outcome (Body Mass
Index, Dyspnoea according to MMRC dyspnoea scale, 6-minute walk
distance, BODE index) of disease will be analyzed in stable and
unstable patients.

MATERIAL AND METHODS

The study was conducted in National Institute of Medical Sciences,
Jaipur from July 2014 to September 2015. The study was conducted on
100 subjects, patients admitted in wards and ICU under Department of
Medicine, NIMS Medical College &Hospital, Jaipur and 50 controls
who were normal age/sex matched during the study period.

The cases included male and female patients aged more than 40 years,
patients who had dyspnoea, chronic cough and sputum production,
patients exposed to risk factors like tobacco use(current or ex smoker)
and occupational exposure to dust and chemicals, patients having
baseline post bronchodilator FEV1 of <80% predicted and FEV1/FVC
of <=0.7 after inhaling 400ug of salbutamol and patients presenting in
acute exacerbation (Patients complaining of acute change of symptoms
that is beyond normal day to day variation).

The exclusion criteria were prior history or presence of asthma,
tuberculosis and bronchiectasis, acute coronary syndromes, myocardial
infarction within past 6 months, congestive heart failure, collagen
vascular  disease/autoimmune  disease, pulmonary  embolism,
malignancy, renal insufficiency, liver cirrhosis, use of statins and
hormone replacement therapy in the past, active infection, recent
trauma, surgery, blood transfusion in the 4 weeks prior to study start,
radiation exposure, ventilator dependency, cerebrovascular or peripheral
arterial disease and history of exacerbation within 1 month.

A detailed history and physical examination was carried out for every
subject who entered in the study as per a pre-designed proforma. Body
mass index or BM 1 was calculated as: BMI= Weight(kg)/ Height (m?). 6-
Minute walk Distance was calculated by measuring the distance that a
patient can quickly walk on a flat, hard surface in a period of six
minutes (as per American Thoracic Society Guidelines). It was carried
out in a 50m corridor in the hospital. Period of rest if taken any was also
included in the six minute test period. For degree of airflow obstruction,
all patients had to undergo physiologic evaluation that included
measurement of the forced expiratory volume in 1 second (FEV1) and a
forced vital capacity (FVC) using RM S Spirometer (Helios_v3.1.80) on
the day of enrolment into the study and 20 minutes following the
administration of salbutamol nebulisation. Modified Medical Research
Council Dyspnoea Scale was used to assess the severity of dyspnoea in
COPD patients. BODE Index is a composite marker of disease severity
taking into consideration the systemic nature of COPD. The BODE
index was calculated for each patient using the body mass index(B), the
threshold value of FEV1(O), the score on the Modified M edical

Research Council (MM RC) dyspnoea scale (D) and the distance walked
in 6 minutes (E). Blood samples were obtained when the patients were
at rest, after 4 hours of fasting before any other test was performed to
find out the C-reactive protein levels in serum by Latex agglutination
(CRP turbilatex) using kit number TK1107001.

The continuous variables were expressed as means+ standard deviation
(SD) and categorical variables were expressed as absolute numbers and
percentages. For comparison of the groups, unpaired t-test was applied.
Chi square (x?) test was used for categorical variables. Pearson's
correlation coefficient was used to find correlation between serum CRP
and other variables. A p value <0.05 was considered statistically
significant. Data obtained was analyzed statistically by SPSS software.

RESULT

A total of 100 patients of COPD which were further subdivided into 80
as stable and 20 as unstable patients aged more than 40 years (mean
62.06+8.72) were recruited in the study as cases. Also recruited in the
study were 50 healthy subjects from the general population of similar
age (mean60.14+14.08) and location. Among the patients with COPD,
most of the patients were in GOLD stage 2 and 3. 41% and 43% of the
patient s belonged to GOLD stage 2 and 3, respectively. 16% of the
patients belonged to GOLD stage 4.

il mj I\

Figure 1: Digribution of cases accordingto GOLD stage

Among the patients with COPD, 11% had BODE score 0-2 (Stage 1),
24% had BODE score 3-4 (Stage 2), 48% had BODE score 5-7 (Stage
3) and 17% had BODE score 8-10 (Stage 4). Most of the COPD patients
had a normal BMI (88%), 8% were under weight and 4% were
overweight. Among the control group, 70% had a normal BM1 while
12% were underweight, 10 % were overweight and 8% were obese.

Serum CRP levels were significantly higher in COPD patients than in
healthy subjects (Mean 13.55+10.83 vs.2.07+ 0.82 mg/lit, p<0.001).
Serum CRP was elevated in 95 (95%) of the cases but in none (0%)of
the controls.

Among the cases (stable and unstable patients), serum CRP levels were
significantly higher in unstable than stable patients (mean 33.78+7.74
mg/lit vs. 8.50+1.81 mg/lit, p<0.001). Severity of dyspnoea as measured
by MMRC dyspnoea scale was significantly higher in unstable patients
than in stable patients (mean 3.60+0.5 vs. 1.84+0.86, p<0.001). The
exercise capacity of the patients as measured by 6MWD was
significantly lower in unstable patients than in stable patients (mean
180.5+53.26m vs. 219.58+67m, p=0.017). The BODE index was found
to be significantly higher among unstable patients than stable patients
(mean 7.30+1.66 vs. 4.94+1.94, p<0.001). Parameters such as BMI,
FEV1, FVC and FEV1/FCV were found statistically insignificant
among stable and unstable patients.
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36 (87.8%) patients had CRP>6 mg/lit. belonged to GOLD stage 2 and
5 (12.2%) patients had CRP<6 mg/lit. 43(100%) patients had CRP >6
mg/lit belonged to GOLD stage 3. 16(100%) patients had CRP>6mg/lit
belonged to GOLD stage 4. Pearsons's correlation coefficient showed
that CRP levels significantly correlated with GOLD stage(r=0.529,
p<0.001). A significant negative correlation was found between CRP
and FEV1 (r=-0.284, p=0.004) and FEV1/FVC (r=-0.305, p=0.002).
CRP levels were independent of FVVC (r=-0.162, p=0.107). A significant
positive correlation was found between CRP and severity of dyspnoea
accordingto MMRC dyspnoea scale(r=0.638, p<0.001). The CRP levels
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negatively correlated with the exercise capacity of the patient (6M WD)
which was statistically significant (r= -0.364, p<0.001). A significant
positive correlation was found between CRP with BODE index
(r=0.780, p<0.001) and BODE stage (r=0.726, p<0.001). As shown in
the following table, 6(54.55%) patients had CRP>6 mg/lit belonged to
BODE stage 1 while 5(45.45%) of the patients had CRP<6 mg/lit.
24(100%) patients had CRP> 6mglit belonged to BODE stage 2.
48(100%) patients had CRP> 6 mg/lit belonged to BODE stage 3.
17(100%) patients had CRP>6 mg/lit belonged to BODE stage 4.

62.88

500

400

300

200

o
Sl g 4
o 5 S o0
100 0 & 8 8 8 8 @
3 m
o 5 3 3 b N
o~ - L]
0 ==
Q ° Q o Q ° Q ° Q °
@ 2 @ 2 @ 2 @ 2 @ 3
S| eS| | S| g| S| €| S| g
o o o o o
CRP (Mg/L) Age Ht Wt BMI
Figure 2:

DISCUSSION

In the present study 100 COPD patients (80 stable and 20 unstable) and
50 age/sex matched controls were studied and analysed on the basis of
clinical history, CRP levels, BMI, Obstructive capacity, MMRC
dyspnoea scale, exercise capacity and BODE index to assess their
functional status and predict their outcome. In our study, serum CRP
levels were found to be higher in stable COPD patients (13.55+10.83 vs.
2.07+0.82 mg/lit, p<0001) than in well matched healthy control subjects
that was statistically highly significant. This finding is in accord with
studies conducted by Abolhassan Halvani et al™], Broekhuizen et all'4],
Biljana Lazovic et al. [ and Deng et al*® who concluded that COPD
itself can increase the serum CRP which is a major factor causing
extrapulmonary complications and it may be used as a long term
predictor of future outcomes. In our study CRP was found to be higher
in Unstable COPD patients (those presenting in acute exacerbation of
COPD) than in stable patients (33.78+7.74 vs. 8.50+1.81 mgllit,
p<0.001) tha was statistically highly significant. Our work duplicates
with the finding of Daiana Stolz et al who assessed circulating levels of
CRP in patients presenting with acute exacerbation on COPD (p =
0.003) 71

In our study, CRP is inversely correlated with FEV1(r= -0.284,p=0.004)
that was statistically significant which is in accord with study
conducted by SJ Wu, P Chen et all*®!, Andrea Corsonello et al. *® and
Yihua Lint?®! who also found negative correlation of CRP with FEV1.
Study by Rakesh Kumar and P Nigam 2! concluded that correlation of
CRP with FEV1 was negative in cases presenting as acute exacerbation.
Thus, the damage of lung function in COPD patients is associated with
the increase of CRP level. Interestingly, in our study, CRP is inversely
correlated with BMI (r= -0.119, p=0.237) tha was statistically
insignificant. This contrasts with the study by Tung-Wei Kao et al. %2,
L.Khaodhiar et al'®® and Timpson NJ et al. Y who concluded that
higher BMIs as well as central obesity are independently associated
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with higher levels of CRP. A study by Marie Cathrin Breyer et al®!,
who found that obese COPD patients were 3.3 times more likely
(p=0.002) to have highly elevated CRP levels compared to normal
weight COPD patients. But study by Reshu Agarwal et al. 281 showed
significant negative correlation of CRP with BM1 (p<0.0001) that is in
compliance with our study. As COPD is a systemic inflammatory
disease, there is a pro-inflammatory state 2 in the body with elevated
level of CRP, TNFa receptors and soluble adhesion molecules, all of
which lead to weight loss. In addition, diaphragmatic muscle weakness,
reduced lung function and loss of skeletal mass also lead to weight loss
and reduction in BM | [28],

We observed that CRP positively correlated with MMRC dyspnoea
scale (r=0.638, p<0.001) which is consistent with the study conducted
by Rachel Garrod et al. ®@, who concluded that inflammation increased
with MMRC grade and was significantly correlated with CRP
(p=0.002). A study by Judith Garcia-Aymerich et al % on COPD
patients, who presented with acute exacerbation, concluded that
physical activity was associated with reduced levels of CRP. In our
study, CRP is inversely correlated with 6- minute walk distance(r= -
0.364, p<0.001) that was found to be statistically highly significant. Our
study duplicates the work of Broekhuizen et al ™, Reshu Agarwal et al.
61 and Rakesh Kumar & P Nigam ¥ who also found that CRP
increases in those with poor exercise capacity. Regarding the outcome
of disease based on BODE stage, the mean serum CRP levels were
found to be significantly increased in severe cases. It was also found to
be significantly increased in patients presenting with acute exacerbation
of COPD. De Torres and co workers *¥ indicated that serum CRP level
significantly increased with the aggravation of disease and correlation
was found with BODE index (r=0.17, p=0.050). A cross-sectional study
performed by Henrik Watz et al ®2 states that higher values of CRP are
associated with reduced physical activity in patients with COPD.
Rakesh Kumar and P Nigam showed that there was a significant
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correlation of CRP with BODE index (r=0.4, p=0.0001) in patients who
presented with acute exacerbation of COPD?L. Therefore, although we
expect the inflammatory process to be worse and inflammatory markers
to be increased by increasing the severity of disease, more studies are
required in this regard.

CONCLUSION

Finally, we conclude that systemic inflammation is present in COPD
patients and CRP is important biomarker in COPD in means of
reflecting severity of disease and prognosis of patients. Patients
presenting with acute exacerbation of COPD (unstable patients) had
intense inflammatory response as measured by high concentration of
CRP than those of stable COPD patients and had a much poorer
prognosis as measured by the markers of severity.

Higher levels of systemic inflammation are associated with low
reversibility suggesting inflammation driven airflow limitation as
measured by FEVL1. It is also associated with decrease in the functional
capacity of the patient as measured by 6MWD as well as severity of
dyspnoea as measured by MMRC dyspnoea scale. Thus, high level of
systemic inflammation as measured by serum CRP is positively
correlated with multi dimensional index (BODE index) which reflects
the severity of the disease and can predict future outcome and prognosis
of the patient.

Acknowledgement

I would like to show my gratitude to my teachers and guides Dr. Manju
Pandey, Dr. Vijay Kumar Binwal and Dr. Mahesh Gupta for sharing
their pearls of wisdom and for their great motivation that turned out to
be my principal strength in writing this paper.

No conflict of interest: Nill
Financial assistance: No

REFERENCES

1.  Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence,
and futuretrends. Lancet 2007; 370: 765-73.

2.  EzzatiM, Lopez AD. Esimatesof global mortality attributable to smoking
in 2000. Lancet 2003;362:847-52.

3. Global initiative for chronic obstructive lung disease.Global strategy for the
diagnosis;management and prevention of chronic obstructive pulmonary
disease.2014. Available from:URL http://mwww.goldcopd.com.Accessed
Junel5,2015.

4.  Agusti AG, Noguera A, Sauleda J, Sala E, Pons J, Busquets X. Systemic
effects of chronic obstructive pulmonary disease. Eur Resir J
2003;21:347-60.

5. Maltais F, Simard AA, Simard C,Jobin J, Desgagnés P, LeBlanc P.
Oxidative capacity of the keletal muscle and lactic acid kinetics during
exercise in normal subjects and in patients with COPD. Am J Regir Crit
Care Med 1996;153:288-93.

6. Wouters EF. Local and sysemic inflammation in chronic obstructive
pulmonary disease. Proc Am Thorac Soc 2005;2:26-33.

7. Garcia-Rio F, Miravitlles M, Soriano JB, Munoz L, Duran-Tauleria E,
Sanchez G, et al. Systemic Inflammation in chronic obstructive pulmonary
disease:a population-based sudy. Regpir Res2010;11:63.

8. Yende S, Waterer GW, Toiley EA, Newman AB, Bauer DC, Taaffe DR, et
al. Infllmmatory markers are asociated with ventilatory limitation and
muscle dysfunction in obstructive lung disease in well functioning elderly
subjects. Thorax 2006;61(1):10-6.

9. Gan WQ, Man SFP, Senthisevlan A, Sin DD. Association between Chronic
obstructive pulmonary disease and systemic inflammation: a systematic
review and meta-analysis.Thorax 2004;59:574-80.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

Malo O, Sauleda J, Busquets X, Mirallis C, Agusti AG, Noguera A.
Systemic inflammation during exacerbations of chronic obstructive
pulmonary disease. Arch Bronconeumol 2002;38:172-6.

Ng TP, Niti M, Tan WC, Cao Z, Ong KC, Eng P. Depressive symptoms
and chronic obstructive pulmonary disease:effect on mortality, hospital
readmission, symptom burden, functional status and quality of life. Arch
Intem Med 2007;167:60-7.

Celli BR, Cote CG, Marin JM, Casanova C, Montes de Oca M, Mendez
RA, etal. The body mass index, airflow obstruction, dyspnoea and exercise
capacity index in chronic obsructive pulmonary disease. N Engl J Med
2004;350:1005-12.

Halvani A, Nadooshan HH, Shoraki FK, Nasirian K.Serum C-Reactive
Protein Level in COPD Patients and Normal Population. Tanaffos 2007;
6(2): 51-5.

Broekhuizen R, Wouters EFM, Creutzberg EC, Schols AMW.J. Raised CRP
levels mark metabolic and functional impairment in advanced COPD.
Thorax 2006;61:17-22.

Lazovic B. Correlation of CRP and Serum Level of Fibrinogen with
Severity of Disase in Chronic Obgructive Pulmonary Disase
Patients.Med Arch. 2012; 66(3): 159-60.

DengZC, Zhao P, Cao C, Sun SF, Zhao F, Lu CY, etal. C-reactive protein
as a prognogic marker in chronic obstructive pulmonary disease.
Experimental andtherapeutic medicine 2014; 7: 443-6.

Stolz D, Christ-Crain M, Morgenthaler NG, Leuwpi J, Miedinger D,
Bingisser R, et al. Copeptin, c-reactive protein, and procalcitonin as
prognostic  biomarkers in acute exacerbation of COPD. Ches
2007;131(4):1058-67.

Wu SJ, Chen P, Jiang XN, Liu ZJ. C-reactive protein level and the
correlation between lung function and CRP levels in patients with chronic
obstructive pulmonary diseases. Joumal of Central South University.
Medical Sciences2005; 30(4):444-6.

Corsonello A, Pedone C, Battaglia S, Paglino G, Bellia V, Incalzi RA. C-
reactive protein (CRP) and erythrocyte sedimentation rate (ESR) as
inflanmation markers in elderly patients with sable chronic obstructive
pulmonary disease (COPD). Archives of Gerontology and Geriatrics
2011;53(2):190-5.

Lin Y. Systematic Inflammation In COPD Patients Stratified According To
GOLD 2011 Grading Classification. Am J Respir Crit Care
Med.2015;191:2924.

Kumar R, Nigam P. C-Reactive Protein in Chronic Obstructive Pulmonary
Disease, its Correlation with Lung Function and the Role of Statin in
Chronic Obgructive Pulmonary Disease. Intemational joumnal of scientific
study 2015;3(7):168-71.

KaoTW, LulS, Liao KC, Lai HY, Loh CH, Kuo HK. Associations between
body mass index and serum levels of C-reactive protein. South African
Medical Joumal 2009;99(5):326-30.

Khaodhiar L, Ling PR Blackburn GL, Bisrian BR. Serum levels of
interleukin-6 and C-reactive protein correlate with body mass index across
the broad range of obesity. JPEN J Parenter Enteral Nutr. 2004;28(6):410-
5.

Timpson NJ, Nordestgaard BG, Harbord RM, Zacho J, Frayling TM,
Tybjerg-Hansen A et al. C-reactive protein levels and body mass index:
elucidating direction of causation through reciprocal Mendelian
randomization. Int J Obes (Lond). 2011;35(2):300-8.

Breyer MK, Spruit MA, Celis AP, Rutten EP, Janssen PP, Wouters EF.
CIRO Network. Highly elevated C-reactive protein levels in obese patients
with COPD: A fat chance? Clin Nutr. 2009;28(6):642—7.

Agarwal R, Zaheer MS, Ahmad Z, Akhtar J. The relationship between C-
reactive protein and prognogic factors in chronic obgructive pulmonary
disease.Multidisciplinary Respiratory Medicine 2013;8:63.

Schols AM, Soeters PB, Dingemans AM, Mostert R, Frantzen PJ, Wouters
EF. Prevalence and characteristics of nutritional depletion in patients with
stable COPD eligible for pulmonary rehabilitation. Am Rev Respir
Dis.1993;147:1151-6.

Kim HC, Mofarrahi M, Hussain SN. Skeletal muscle dysfunction in
patients with chronic obstructive pulmonary disease. Int J Chron Obstruct
Pulmon Dis 2008;3:637-58.

Garrod R, Marshal J, Barley E, Fredericks S, Hagan G. The relationship
between inflammatory markers and disability in chronic obgructive

177



30.

3L

32.

pulmonary disease (COPD). Primary care respiratory journal
2007;16(4):236-40.

Garcia-Aymerich J, Serra I, Gdmez FP, Farrero E, Balcells E, Rodriguez
DA et al. Physical Activity and Clinical and Functional Status in COPD.
Chegt. 2009;136(1):62-70.

De Torres JP, Cordoba-Lanus E, Lépez-Aguilar C, Muros de Fuentes M,
Montejo de Garcini A, Aguirre-Jaime A, etal. C-reactive protein levelsand
clinically important predictive outcomes in stable COPD patients. Eur
respir J.2006;27(5):902-7.

Watz H, Waschki B, Boehme C, Claussen M, Meyer T, Magnussen H.
Extrapulmonary effects of chronic obstructive pulmonary disease on
physical activity: a cross-sectional study. American Journal of Respiratory
and Critical Care Medicine 2008; 177(7):743-51.

178



