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Correlation between decrease of CRP and resolution of airway
inflammatory response, improvement of health status, and clinical
outcomes during severe acute exacerbation of chronic obstructive
pulmonary disease
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Abstract Circulating C-reactive protein (CRP) plays an

important role in mediating extra-pulmonary complica-

tions of chronic obstructive pulmonary disease (COPD).

The aim of this study was to investigate the relationship

between changes in high sensitivity (hs)-CRP levels and

the resolution of airway inflammatory markers and clin-

ical health status during the recovery period after an acute

exacerbation of COPD (AECOPD). Consecutive patients

hospitalized for AECOPD were recruited. Serum hs-CRP,

airway inflammatory markers, and COPD Assessment

Test (CAT) score were evaluated at admission prior to

treatment and at days 4, 7, and 14. Adverse outcomes

were recorded. The relationship between changes in air-

way inflammatory markers, CAT score, and hs-CRP

during the recovery period was studied. A total of 135

patients were enrolled. Serum hs-CRP levels at admission

of patients with adverse outcomes were marginally higher

than those without an adverse outcome (7.6 [4.8, 16.7] vs.

6.6 [4.7, 9.3], p = 0.061). Compared with patients with-

out cardiovascular complications, patients with cardio-

vascular complications had higher serum hs-CRP levels at

admission (11.6 [6.7, 16.7] vs. 6.6 [4.4, 10.0], p = 0.001).

Sputum neutrophils were positively correlated to hs-CRP

at admission (r = 0.474, p\ 0.001). A decreasing hs-

CRP level was positively related to decreasing sputum

neutrophils at day 4 and 7 (r = 0.455, p\ 0.001;

r = 0.504, p\ 0.001, respectively). Significant correla-

tions between decreasing hs-CRP and CAT at all time-

points were noted. Hs-CRP may be useful in monitoring

airway inflammation resolution and improvement of

health status during AECOPD treatment.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major

cause of morbidity and mortality throughout the world.

Acute exacerbation of COPD (AECOPD) is an acute event

characterized by worsening of respiratory symptoms that is

beyond normal day-to-day variations, and leads to a change

in medication. Hospitalization for AECOPD is associated

with a high risk of morbidity and mortality. Airway in-

flammation is a prominent feature of COPD, and is am-

plified during exacerbations [1].

Recent evidence has shown that COPD is a systemic

disorder associated with increased inflammatory proteins in

the circulation [2]. Serum C-reactive protein (CRP) levels

are easily and rapidly measured, and recent studies show

that they may play an important role in mediating the extra-

pulmonary complications of COPD (such as cardiovascular

diseases), and may contribute substantially to the overall

morbidity and mortality of COPD patients [3, 4]. Com-

pared to stable patients, those AECOPD have higher cir-

culating CRP levels [5–8]. Furthermore, following

treatment for AECOPD, hs-CRP levels decrease sig-

nificantly compared with admission values [9]. However,

there have been few studies examining whether a decrease

of CRP level correlates with clinical improvement during

recovery from AECOPD. In addition, no studies have ex-

amined the relationship between dynamic changes of CRP
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and sputum inflammatory markers during a COPD exac-

erbation. Therefore, in order to explore the relationship

between dynamic changes of hs-CRP and airway inflam-

mation and short-term outcomes, we designed a prospec-

tive study and utilized a well-characterized cohort in which

airway inflammation and serum hs-CRP were assessed at

admission prior to treatment and throughout the recovery

period on days 4, 7, and 14. Furthermore, the relationship

between changes in airway inflammatory markers, clinical

indices, and health status and hs-CRP was studied during

the recovery period.

Methods

Patient enrollment

Consecutive patients with AECOPD admitted to the

Respiratory Department in Peking University Third

Hospital from April 2009 to September 2011 were en-

rolled. For patients admitted more than once during the

study period, only the first admission was included. In-

clusion criteria were a diagnosis of COPD and an acute

exacerbation that met the Global Initiative of Chronic

Obstructive Lung Disease definition [10]. Post-bron-

chodilator spirometric measurements obtained when pa-

tients were stable that were in the medical records were

used to diagnose COPD. Patients were only included if

they were hospitalized for more than 24 h. Exclusion cri-

teria were: asthma, bronchiectasis, pneumonia, sleep apnea

syndrome, lung cancer, or other active pulmonary disease;

hospitalization due to acute coronary syndrome or heart

failure; the need for intubation or admission to the inten-

sive care unit (ICU); length of stay (LOS) longer than

30 days; long-term glucocorticoid therapy (more than

3 months on C7.5 mg per day prednisone or equivalent);

the patient had received systemic glucocorticoids for an

exacerbation more than 48 h before presentation. Written

informed consent forms were obtained from all patients,

and the Ethics Committee of the hospital approved the

study protocol.

Clinical data collection

Demographic data, spirometric measurements during the

stable phase of the disease, comorbid conditions, tobacco

exposure, exacerbation frequency in the previous year, and

admission symptoms were collected. Frequent exacerba-

tion was defined as an exacerbation frequency C2 in the

previous year, and non-frequent as\2 exacerbations in the

previous year [11]. On the day of admission, the An-

thonisen type of AECOPD was determined according to

symptoms before starting treatment [12].

Therapy strategy

Patients were treated with nebulized salbutamol,

ipratropium bromide, and budesonide, and intravenous

prednisolone with an initial dose of 30–40 mg daily. On

day 4, patients were switched to oral prednisolone. The

duration of prednisolone administration was about

2 weeks. Antibiotics were administered if a bacterial in-

fection was suspected (patient-reported sputum purulence),

and adjusted according to anti-microbial susceptibilities

when available.

Mechanical ventilation (non-invasive, whenever possi-

ble) was instituted for indications such as respiratory arrest,

deterioration in consciousness, or increasing partial pres-

sure of arterial carbon dioxide (PaCO2) despite maximal

pharmacological treatment. Decisions regarding admission

or transfer to ICU were made by the treating physician. The

criteria for discharge from the hospital after the index ex-

acerbation and the management of stable COPD followed

the standard protocol utilized at our hospital.

Follow-up

After a baseline assessment at admission, patients were

assessed on days 4, 7, and 14. At each time-point, dyspnea

was assessed using the 5-grade Medical Research Council

dyspnea scale [13]. The COPD Assessment Test (CAT)

was completed in the morning. Peak expiratory flow (PEF)

was measured with a mini-Wright peak flow meter (Cle-

ment Clarke, Harlow, UK) three times in the morning be-

fore treatment. The highest of the three measurements was

used for the analysis.

Clinical outcome

Adverse clinical outcomes (death from any cause in the

hospital or within 8 weeks after discharge, need for me-

chanical ventilation after the second hospital day, recurrent

exacerbation within 8 weeks after discharge) and cardio-

vascular complications (acute coronary syndrome, heart

failure, dysrhythmia, sudden cardiac death) in hospital or

within 8 weeks after discharge were recorded. A recurrent

exacerbation was defined as a second exacerbation, ful-

filling the present criteria, occurring within 8 weeks of

discharge. Symptoms from the first exacerbation must have

recovered to pre-exacerbation levels.

Sample processing

Sputum and serum samples were collected at admission

prior to initial treatment, and on days 4, 7, and 14. Spon-

taneous sputum was primarily used, but induced sputum

was collected when necessary (of the sputum samples,
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97 % were spontaneous). Each sample was confirmed to be

a valid sputum sample if there were [25 leukocytes and

\10 squamous cells present on Gram’s stain with low

power (9100) magnification [14]. Samples were processed

within 2 h with phosphate buffered saline (PBS). Neither

dithioerythritol nor dithiothreitol was used for sputum

sample processing. Cytospins were prepared, and cell-free

supernatant was collected and stored at -80 �C pending

analyses of soluble mediators. Differential cell counts were

counted on May Grünwald Giemsa stained cytospins in a

blinded fashion. Peripheral venous blood (7 mL) was col-

lected into a Vacutainer tube (BD Diagnostics, NJ, USA)

and centrifuged at 67169g for 10 min at 4 �C. Serum was

then separated and stored at -80 �C for further analysis.

Sputum interleukin (IL)-8 and myeloperoxidase (MPO)

were quantified using commercial sandwich ELISA kits

(R&D Systems, Abingdon, UK). Serum high sensitivity

C-reactive protein (hs-CRP) was measured by a latex ag-

glutination test, using an Olympus AU5400 automatic

biochemical analyzer. All the samples from each patient

were measured in the same assay to reduce inter-assay

variability. The limit of detection was 7.5 pg/mL for spu-

tum IL-8, 0.062 ng/mL for sputum MPO, and 0.1 mg/L for

serum hs-CRP.

Statistical analysis

Statistical analysis was performed using SPSS version

19.0. Data were not normally distributed, and nonpara-

metric analyses were used. Categorical variables were

presented as number (%), and continuous variables as

median with interquartile range (IQR: 25th, 75th per-

centiles). Mann–Whitney U test was used for comparisons

between two independent groups. Receiver operating

characteristic (ROC) curve was used to analyze the pre-

dictive usefulness of serum hs-CRP for clinical adverse

events. Correlations between change in systemic inflam-

mation markers and change in airway inflammation and

health status were analyzed using Spearman’s correlation

analysis. Results were considered statistically significant at

p\ 0.05.

Results

Patient characteristics

A total of 173 eligible patients were initially included.

However, 38 patients were withdrawn due to pneumonia

(n = 6); heart failure at admission (n = 5); pulmonary

embolism (n = 3); need for intubation at admission

(n = 14); LOS longer than 30 days (n = 5); received

systemic corticosteroids for more than 48 h before

admission (n = 5). Therefore, 135 patients were enrolled

in the final analysis and their characteristics are summa-

rized in Table 1.

Relationship between clinical outcomes and serum

hs-CRP at admission

During the study period, a total of 42 (31.1 %) adverse

events including death during hospitalization and within

8 weeks after discharge, need for mechanical ventilation,

and recurrent exacerbation after discharge occurred

(Table 2). Serum hs-CRP levels at admission of patients

with adverse outcomes were marginally higher than those

Table 1 Cohort characteristics

Characteristics

Male gender (%) 119 (88.1 %)

Age (years) 66 [60, 74]

Current smokers 29 (21.5 %)

Pack years 25 [22, 34]

Duration of COPD (years) 7 [5, 9]

Cor pulmonale (%) 45 (29.4 %)

FEV1 (% pred) 47 [43, 55]

Frequency of exacerbation in previous year

C2 57

\2 78

BMI (kg/m2) 22.0 [19.2, 26.0]

Comorbidities

Arterial hypertension 41 (30.4 %)

Ischemic heart disease 28 (20.7 %)

Diabetes mellitus 20 (14.8 %)

Congestive heart failure 19 (14.1 %)

Chronic renal disease 9 (6.7 %)

Pre-admission COPD therapy

Long-term oxygen therapy 32 (23.7 %)

Steroid treatment 75 (55.6 %)

Long-term ICS treatmenta 64 (85.3 %)

Long-term corticosteroid useb 11 (14.7 %)

Exacerbation characteristic

Anthonisen type

Type I 89 (65.9 %)

Type II-III 46 (34.1 %)

Cold symptom at presentation 31 (23.0 %)

Data are presented as median [25th, 75th percentiles] for numerical

variables or as number (%) for categorical variables

FEV1 forced expiratory volume in 1 s, COPD chronic obstructive

pulmonary disease; AECOPD acute exacerbation of COPD, ICS in-

haled corticosteroid
a Equivalent to fluticasone propionate (FP) C500 ug/day for more

than 1 year
b Oral corticosteroids on a regular basis (more than 3 months treat-

ment with 7.5 mg/d on prednisone or equivalent)
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without adverse outcomes (7.6 [4.8, 16.7] vs. 6.6 [4.7, 9.3],

p = 0.061).

Relationship between cardiovascular complications

and serum hs-CRP at admission

During the study period, a total of 27 (20 %) cardiovas-

cular adverse events in hospital or within 8 weeks after

discharge were observed including acute coronary syn-

drome, heart failure, dysrhythmia, and sudden cardiac

death (Table 3). Compared with those without cardiovas-

cular complications, patients with cardiovascular compli-

cations had significantly higher levels of serum hs-CRP at

admission (11.6 [6.7, 16.7] vs. 6.6 [4.4, 10.0], p = 0.001).

A ROC curve was created to evaluate the predictive

usefulness of serum hs-CRP for cardiovascular complica-

tions. As shown in Fig. 1, the area under the ROC curve

was 0.729 (95 % confidence interval 0.626–0.832,

p\ 0.001). Using a cutoff value of 7 mg/L, the sensitivity,

specificity, positive predictive value and negative predic-

tive value of hs-CRP were 67.9, 68.2, 35.8 and 89.0 %,

respectively, to identify a patient with cardiovascular

complications.

Relationship between airway inflammatory markers

and serum hs-CRP at admission

At admission, there was a significant relationship between

sputum leukocyte count and serum hs-CRP (r = 0.474,

p\ 0.001) (Table 4). However, neither IL-8 nor MPO in

sputum were statistically related to serum hs-CRP (both,

p[ 0.05).

Correlation between changes in serum hs-CRP

and airway inflammatory markers

The 42 patients who had adverse clinical outcomes were

excluded; thus, 93 patientswere included in the analysis. The

correlations between decreasing hs-CRP levels and de-

creasing levels of airway inflammatory markers at days 4, 7,

and 14 are shown in Table 5. There is a significant correla-

tion between the decrease in hs-CRP and decrease of both

sputum neutrophils and MPO on day 4 (r = 0.455,

p\ 0.001; r = 0.211, p = 0.043, respectively), and be-

tween hs-CRP and sputum neutrophils on day 7 (r = 0.504,

p\ 0.001). No significant correlations between change in

hs-CRP level and either sputum neutrophils or MPO on day

14 are noted. There is no significant correlation between

change in hs-CRP and change in IL-8.

Correlation between serum hs-CRP change

and clinical indices

The correlations between hs-CRP level and clinical indices

on days 4, 7, and 14 are shown in Table 5. There are

Table 2 Frequency of adverse events in patient cohorts

Events N (%)

Death during hospitalization 11 (8.1)

Death within 8 weeks of discharge 8 (5.9)

Need for mechanical ventilation after the second hospital

day

18 (13.3)

Recurrent exacerbations within 8 weeks of discharge 25 (18.5)

Data are presented as number (%)

Sum total of events are greater than the number of patients with

events, because some patients had more than one adverse event

Table 3 Frequency of cardiovascular events in patient cohorts

Event N (%)

Acute coronary syndrome 9 (6.7)

Heart failure 9 (6.7)

Dysrhythmia 16 (11.9)

Cardiac arrest/sudden cardiac death 1 (0.7)

Data are presented as number (%)

The sum total of cardiovascular events we are greater than the number

of patients with cardiovascular events, because some patients had

more than one cardiovascular event

Fig. 1 ROC curve analysis using serum hs-CRP for predicting

cardiovascular complications in patients with AECOPD

Table 4 The relationships be-

tween airway inflammatory

markers and serum hs-CRP at

admission

r P value

Neutrophils 0.474 0.000*

IL-8 -0.014 0.895

MPO 0.146 0.162
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positive correlations between decreased of hs-CRP level

and decrease CAT score at all the time-points (day 4:

r = 0.273, p = 0.008; day 7: r = 0.254, p = 0.014; day

14: r = 0.268, p = 0.009).

Discussion

There are a number of new and principal findings of the

current study. (1) Monitoring CRP levels may be clinically

important, as there is a relationship between serum hs-CRP

and short-term adverse outcomes and cardiovascular

complications in AECOPD recovery period. (2) A direct

relationship is identified between decreasing serum hs-CRP

level and the response of airway neutrophil inflammation to

therapy, but this relationship is only seen during the first

week of treatment. (3) It is demonstrated for the first time

that a decreasing serum hs-CRP level may reflect an im-

provement of health status during treatment of AECOPD.

Several studies assessed the role of CRP in AECOPD,

but the results have been inconsistent. Stolz et al. [5]

analyzed 167 patients presenting to the emergency de-

partment due to AECOPD. Of 3 biomarkers that were

assessed (copeptin, C-reactive protein, and procalcitonin),

only copeptin on admission is associated with a prolonged

hospital stay and long-term clinical failure (occurrence of

an exacerbation of COPD requiring hospitalization or death

from any cause up to 6 months). A review assessed the role

of CRP as a prognostic predictor in COPD exacerbations,

and concludes that CRP alone is neither sensitive nor

specific in predicting clinical severity or outcome [7].

Another study shows that although it is neither sensitive

nor specific, plasma CRP in combination with other vari-

ables obtained at admission shows good predictive ability

to identify an adverse outcome [15]. A recent study finds

that serum hs-CRP at admission is a predictor of adverse

outcome (death in hospital or within 30 days after dis-

charge; transfer to the intensive care unit; intubation and

mechanical ventilation) in AECOPD [6]. Another recent

study finds that high CRP levels are a prognostic factor of

AECOPD severity, and are associated with an increased

mortality risk [8]. In the current study, serum hs-CRP

levels at admission of patients who had an adverse outcome

are higher than those without an adverse outcome, though

the difference only attained borderline significance. All the

aforementioned studies, including ours, are observational

studies. Further interventional studies are needed to clarify

the exact role of CRP in predicting the prognosis of

AECOPD.

Biomarkers such as CRP, IL-6, and tumor necrosis

factor (TNF)-a are generally considered markers of en-

dothelial dysfunction, and in particular CRP is one of the

strongest independent predictors of vascular morbidity and

mortality [16, 17]. Recent studies show that in stable

COPD patients, baseline CRP levels can predict the inci-

dence of cardiovascular comorbidities, and are associated

with cardiovascular mortality [18, 19]. A novel finding of

the current study is that a higher serum hs-CRP at admis-

sion is significantly related to the occurrence of cardio-

vascular complications during an exacerbation of COPD.

Cardiovascular disease is a primary cause of death in pa-

tients previously admitted for AECOPD [20]. Statins and

inhaled corticosteroids have been investigated as potential

therapeutic interventions in COPD for lowering cardio-

vascular risk [21]. The results of this study suggest that

serum hs-CRP obtained at admission may help to identify

patients at high risk for cardiovascular events.

Consistent with previous studies, recovery from the

exacerbation results in a significant decrease in both serum

hs-CRP and markers of airway inflammation [22]. One

previous study examined the relationships between sputum

and systemic inflammatory markers at exacerbation, and

finds that the degree of systemic inflammation correlates

with the neutrophil count in the lower airway; however, the

study only evaluated a single time-point (onset of

AECOPD) [23]. The current study, demonstrates that a

Table 5 Correlation between

decreasing in serum hs-CRP and

deceasing in airway

inflammatory markers and

clinical indices

Day 4 Day 7 Day 14

r P value r P value r P value

Sputum

DNeutrophil 0.455 0.000* 0.504 0.000* -0.047 0.653

DIL-8 -0.138 0.188 -0.097 0.356 -0.077 0.465

DMPO 0.211 0.043* 0.082 0.433 -0.012 0.908

Clinical indices

DPEF -0.001 0.993 0.041 0.695 0.001 0.925

DmMRC 0.171 0.101 0.054 0.610 0.110 0.295

DCAT 0.273 0.008* 0.254 0.014* 0.268 0.009*

Data were based on the patients who had no severe adverse clinical outcomes (n = 93)
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dynamic decrease in serum hs-CRP reflects a resolution of

neutrophilic lower airway inflammation in AECOPD.

Previous studies show that elevation of both airway neu-

trophil inflammation and CRP levels in peripheral blood

are correlated to bacterial infection in AECOPD [23, 24].

Viral or bacterial infection is found to be present in 78 %

of AECOPD requiring hospitalization [25]. We speculate

that clearance of the pathogen after anti-microbial therapy

may be part of the reason for the resolution of both the

serum CRP and sputum neutrophil inflammation.

The current study does not find that a decrease of serum

hs-CRP correlates with improvement of dyspnea or PEF,

but finds that a decrease in serum hs-CRP is related to

improvement of health status as determined by the CAT

score. Studies on stable COPD patients show there is a

significant relationship between blood CRP levels and St

George’s Hospital Respiratory Questionnaire (SGRQ)

score [26, 27]. Another study shows that an increase in

CAT score from baseline to exacerbation onset, is sig-

nificantly related to increase in CRP level [28].

There are limitations to this study. First, we only in-

cluded patients with severe AECOPD who required hos-

pitalization, therefore the results are probably not generally

applicable to all populations of COPD patients. Second, the

airway inflammatory response in AECOPD is complex,

and some studies report eosinophilia occurring in the air-

way [29–31], whereas others document increased neu-

trophilic inflammation [32–34]. The current study focused

only on neutrophilic inflammation-related biomarkers be-

cause these were primarily investigated by previous studies

of severe AECOPD. Serum hs-CRP was chosen because of

its association with cardiovascular morbidity, and its

widespread availability. Lastly, COPD phenotyping was

not involved in our study. The phenotype of COPD is re-

lated to clinical symptoms, rate of FEV1 decreasing,

imaging manifestations, frequency of acute exacerbation,

systemic inflammation, complications, etc. [35]. However,

the methods of COPD phenotyping are not very clear now,

and is relatively complicated, so it is not considered in our

study. But this is the future of research direction of COPD.

In conclusion, the results of this study demonstrate a

relationship between hs-CRP and airway inflammation and

health status in patients with an exacerbation of COPD.

The levels of hs-CRP may be useful for monitoring

resolution and response to therapy of patients with

AECOPD. In addition, it might help to identify patients

with AECOPD at high risk of adverse cardiovascular

complications.
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