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A B S T R A C T

Aims: C-reactive protein (CRP) is an important biomarker in systemic inflammation in COPD; reports have
suggested inhaled corticosteroids (ICS) attenuate CRP levels. We evaluated the risk of moderate-to-severe ex-
acerbations, severe exacerbations and all-cause mortality among patients with COPD currently exposed to
Inhaled corticosteroids (ICS) stratified by CRP levels compared to never ICS users with low CRP levels.
Methods: We included subjects age 40 or more who had a diagnosis of COPD from January 1, 2005 to January
31, 2014 from the UK Clinical Practice Research Datalink (CPRD). ICS exposure was determined time-depen-
dently, as current, recent, past or never users. We evaluated the risk of moderate-to-severe exacerbations, severe
exacerbations and all-cause mortality among ICS users stratified by CRP levels.
Results: 17,722 subjects diagnosed with COPD met the inclusion criteria. Among current or never ICS with
elevated CRP levels we found, no significantly reduced risk of moderate-to-severe or severe exacerbations. For
patients currently exposed ICS with CRP levels ≥8 mg/L there was no reduced risk of moderate-to-severe ex-
acerbations (adjusted hazard ratio [adj. HR] 0.99; 95% confidence interval [CI] 0.76–1.31) or severe exacer-
bations (adj.HR 1.52; 95% CI 0.71–3.27). However, we found an increased risk of all-cause mortality among
COPD patients with CRP levels ≥8 mg/L irrespective of ICS exposure.
Conclusion: We did not find a reduced risk of moderate and/or severe COPD exacerbations among COPD patients
with varying CRP levels currently exposed to ICS. However, low-grade systemic inflammation was associated
with all-cause mortality among COPD patients.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of
morbidity and mortality worldwide [1] and is projected to be the third
leading cause of death by the year 2030 [2]. Due to the heterogeneity of
COPD, there is a growing interest in biomarkers and their potential to
guide therapy among sub-groups of patients with COPD [3]. Inhaled
corticosteroids (ICS) are additionally used to suppress inflammation
and reduce exacerbation risk in patients unresponsive to bronchodila-
tors. Hurst and colleagues assessed 36 biomarkers with the potential for

diagnosis and management of COPD, one of which was C-reactive
protein (CRP) [4]. CRP is an acute-phase protein synthesised pre-
dominantly by the hepatocytes and acts by binding to receptors of the
phagocytes and impacting on apoptosis and necrosis [5]. The ECLIPSE
study illustrated that after 3 years of follow-up, all-cause mortality and
exacerbation frequency was higher in persistently inflamed COPD pa-
tients (as measured by an increase in various biomarkers including
CRP) compared to non-inflamed patients [6]. COPD is not an isolated
condition with pathological mechanisms specifically localised in the
lungs, but a heterogeneous disease with chronic inflammatory
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processes in various tissues accompanied by changes in various bio-
markers [3].

Reports from clinical studies have suggested that ICS attenuate CRP
levels among patients with moderate to severe COPD [7–9] and ele-
vated CRP levels have been linked with increased risk of severe ex-
acerbations and mortality [10,11]. The Copenhagen City Heart Study
followed COPD patients, a small proportion of whom were exposed to
ICS over a period of 8 years, and reported that patients with elevated
CRP levels in combination with other biomarkers were at increased risk
of severe exacerbations [12]. A randomised controlled trial (RCT) that
enrolled more than 6,000 COPD patients over a 3-year period found
that ICS exposure reduced COPD exacerbations but not all-cause mor-
tality [13]. Furthermore, a meta-analysis of 15 studies showed that high
baseline CRP was associated with a higher risk of mortality among
COPD patients [11]. The use of ICS has been reported to significantly
reduce CRP levels [7–9], hence we speculate that this attenuation of
CRP will result in decreased risk of exacerbations and mortality. Bio-
marker guided therapy has the potential to help reduce the risk of
fractures and pneumonia associated with ICS exposure by identifying
patients groups more likely to benefit from ICS treatment [3]. No
longitudinal study has yet evaluated the role of CRP in guiding ICS
therapy among patients with COPD in a large general practice setting.
Therefore, the aim of this study was to evaluate the risk of moderate-to-
severe exacerbations, severe exacerbations and all-cause mortality
among patients with COPD currently exposed to ICS and never ICS users
stratified by CRP categories compared to never ICS users with the
lowest CRP categories.

2. Methods

2.1. Data source

Data for this study were obtained from the Clinical Practice
Research Datalink (CPRD). CPRD holds computerised medical records
of 674 primary care practices in the United Kingdom. The database
provides detailed information on drug prescriptions, clinical events,
demographics, specialist referrals, and hospital admissions [14]. In
addition, laboratory test results are available, including biomarker in-
formation. Data collection began in January 1987 and over 11 million
persons are currently included [15]. This database has been used in
various studies among COPD patients [16–18]. Approval for this study
was obtained from the Independent Scientific Adversary Committee
(ISAC) of the Medicines and Healthcare product Regulatory Authority
(protocol no: 18_323R).

2.2. Study population

For this study we selected all newly diagnosed COPD subjects aged
40 years and older as recorded by a first read code during our study
period January 1, 2005 (after the introduction of the Quality Outcome
Framework (QOF)) to the January 31, 2014. Subjects were followed
from the date of their COPD diagnosis (index date) until the end of data
collection, date of death, and end of study or when the outcome of
interest occurred, whichever came first. Subjects needed to have at least
one CRP measurement before the index date to be included in the study.
Subjects with a history of asthma at baseline were excluded. Subjects
with acute exacerbations of COPD or oral glucocorticoid use within 30
days prior to index date were excluded.

2.3. Exposure

Each patient's follow-up time was divided into fixed periods of 90
days. Exposure to ICS was determined time-dependently during follow-
up. Prior to the start of each interval, ICS exposure was determined
based on the time since the most recent prescription, and classified as
current (1–30 days), recent (31–60 days), past (> 60 days) or never

use. Never users of ICS comprised of patients without ICS exposure
during follow-up. Subjects could move between exposure groups over
time. Our exposure groups of interest included current users (subjects
exposed to ICS within the first 30 days to the start of an interval) and
never users (subjects with no ICS use within an interval). Current and
never users of ICS were further stratified by the most recent CRP
measurements, with the CRP levels classified into categories (category 1
(0–3 mg/L), category 2 (4–7 mg/L) and category 3 (≥8 mg/L). We
derived CRP categories by splitting the CRP distribution at the 33.3rd
and 66.7th centiles using the PROC univariate procedure (SAS 9.4).
CRP values were assessed time-dependently. We introduced a 12
months look-back period to determine CRP levels during follow-up; this
choice was based on the mechanistic plausibility for ICS to attenuate
CRP over this time period, hence we also provided a missing CRP ca-
tegory [9]. Patients with missing CRP measurements were classified
into a separate category. When two or more CRP measurements were
recorded on the same date, the mean CRP value was calculated. We
used the term “elevated CRP” levels to refer to CRP levels > 3 mg/L in
this work.

2.4. Outcome

The primary outcome of interest was moderate-to-severe exacer-
bation, which was defined using validated definitions (H312200,
H3y1.00) for acute exacerbations of COPD from the clinical and referral
files [19]. The secondary outcome was a severe exacerbation, defined as
a COPD-related hospitalisation/accident and emergency visit using read
codes (8H2R.00, 66Yi.00) from either the clinical or referral files or the
read codes (H312200, H3y1.00) for acute exacerbations from the re-
ferral file. This definition of severe exacerbations is based on the fact
that about 93% of patients with acute exacerbation of COPD reporting
to the emergency department in the UK end up being hospitalised, with
an average length of hospital stay of 1.25 days, which qualifies as a
severe exacerbation [20]. The primary and secondary outcomes were
not fully mutually exclusive. We also evaluated the risk of all-cause
mortality. Referral files contain referral details recorded by general
practitioners (GPs) while the clinical file contains all medical data en-
tered by the GP [21].

2.5. Covariates

Potential confounders were assessed time-dependently with the
exception of gender, smoking status, alcohol use, and body mass index,
which were determined at baseline. The following covariates were
considered as potential confounders, and identified at the start of each
interval: a history of congestive heart failure, ischemic heart disease,
anxiety, chronic liver disease, cancer excluding non-melanoma skin
cancer, stroke, rheumatoid arthritis, diabetes mellitus, hypertension,
inflammatory bowel disease, solid organ transplant, atopic dermatitis,
renal dialysis, human immunodeficiency virus or osteoporosis. In ad-
dition, the use of the following drugs within 6 months prior to the start
of an interval were considered as potential confounders: antihistamines,
proton pump inhibitors, antipsychotics, or antidepressants [22–25]. We
statistically adjusted our analyses for proxy indicators of the severity of
obstructive airway disease, as previously defined as use of short- and
long-acting beta-agonists, short- and long-acting anti-muscarinic
agents, xanthine derivatives, oxygen use or oral corticosteroids [26,27].
In addition, the use of antibiotics for COPD exacerbations in the month
prior to an interval was considered as a potential confounder [28].

2.6. Statistical analysis

We evaluated the risk of moderate-to-severe exacerbations, severe
exacerbations and all-cause mortality stratified by ICS use and CRP
levels using Cox regression analysis (SAS 9.4). Current and never ICS
users were stratified by CRP levels. Categories were made to reduce the
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impact of outlying values and to account for the positively skewed
distribution of CRP. The reference category for this study included
patients who were never exposed to ICS with the lowest CRP levels
(0–3 mg/L). Furthermore, we compared the risk of study outcomes
between never users in category 2 (4–7 mg/L) and current ICS users in
category 2 (4–7 mg/L), never ICS users in category 3 (≥8 mg/L) and
current ICS users category 3 (≥8 mg/L) using Wald test and we only
reported any significant differences the groups in our fully-adjusted
analyses p-values less than 0.05. Potential confounders were included
in the final model if they changed the beta-coefficient for the associa-
tion between current ICS and never use and the outcome of interest by
at least 5% or when consensus about inclusion existed within the team
of researchers, supported by clinical evidence from literature. For the
baseline characteristics ICS exposure status was determined prior to the
start of follow-up (index date) as ICS users were patients with an ICS
prescription ever before, and non-using patients as all patients without
a record of ICS ever before.

2.7. Sensitivity analysis

We repeated the above-mentioned analyses but broke down the
highest CRP level category into patients with a serum CRP level
8–19 mg/L and those with values ≥ 20 mg/L. We chose this threshold
because we felt that it may better reflect the acute phase inflammatory
process [29].

3. Results (588)

We identified 213,561 patients with COPD, 17,722 patients met the
inclusion criteria (Fig. 1). Table 1 shows the baseline characteristics of
all COPD patients. At baseline 5162 COPD patients were exposed to ICS
and 12,560 were not. Over half of the ICS users were females, with a
mean age of 69.1 years. At baseline, the mean CRP levels were 12.9
( ± 29.0) mg/L for ICS users with COPD and 12.4 ( ± 30.0) mg/L COPD
patients who had not used ICS. About 29.3% of ICS users were obese
versus 24.1% of ICS non-using subjects, 35.6% of ICS users were current
smokers compared to 45.0% among subjects not exposed to ICS.

3.1. Moderate-to-severe and severe exacerbations

Table 2 shows that the risk of moderate-to-severe exacerbations was
not different between COPD patients who were current ICS users with
CRP levels of 0–3 mg/L compared to never ICS users with low CRP
serum (0–3 mg/L, adjusted hazard [adj.] ratio [HR] 0.95 95% con-
fidence interval [CI] 0.70–1.27 (4–7 mg/L or ≥8 mg/L), Wald tests
showed that the risk of moderate-to-severe COPD exacerbations was not
different between ICS users and never users with COPD. Regardless of
ICS exposure status, risk of moderate-to-severe COPD exacerbations
was not statistically different between different CRP categories
(0–3 mg/L vs 4–7 mg/L vs or ≥8 mg/L). Table 3 shows that these
findings were largely similar for the risk of severe COPD exacerbations.

3.2. All-cause mortality

All-cause mortality among COPD patients with low CRP levels
(0–3 mg/L) was not different between current ICS users and neverFig. 1. Flow chart showing the selection of eligible patients.

Table 1
Baseline characteristic of COPD patients.

ICSb ICS non-usersb

n = 5162 % n = 12,560 %

Females 2688 52.1 5981 47.6
Mean age (years, SD) 69.1 11.7 68.2 11.0
Mean follow-up (years, SD) 3.0 2.2 3.0 2.2
Age category (years)
40–59 1069 20.7 2766 22.0
60–79 3030 58.7 7659 61.0
80+ 1063 20.6 2135 17.0
BMI (kg/m2)b in the past 6 months
Underweight (BMI < 18.5 kg/m2) 264 5.1 797 6.3
Normal weight (BMI 18.5–24.9 kg/m2) 1640 31.8 4498 35.8
Overweight (BMI 25.0–29.9 kg/m2) 1596 30.9 3905 31.1
Obese (BMI ≥ 30.0 kg/m2) 1512 29.3 3029 24.1
Missing 150 2.9 331 2.6
Mean CRP (mg/L, SD) 12.9 29.0 12.4 30.0
Median CRP (mg/L, IQR) 5.0 7.1 5.0 7.0
CRP ≤ 8.0 mg/L 3535 68.4 8862 70.5
Blood eosinophil counts > 300 cell/μLa 972 18.8 2077 16.5
Smoking status at index date
Never 737 14.3 1211 9.6
Current 1839 35.6 5656 45.0
Former 2581 50.0 5688 45.3
Missing 5 0.1 5 0.1
Drug use (in the past 6 months)
SABAs 3375 65.4 4168 32.2
LABAs 2304 44.6 388 3.1
SAMAs 500 9.7 619 4.9
LAMAs 1010 19.6 673 5.4
Xanthine derivatives 43 0.8 12 0.1
Antipsychotics 63 1.2 133 1.1
History of co-morbidities
Cardiovascular disease 1232 23.9 2610 20.8
Diabetes Mellitus 726 14.1 1439 11.5
Anxiety 953 18.5 2187 17.4
Osteoporosis 443 8.6 943 7.5
Any cancer (except non-melanoma skin

cancer)
922 17.9 2186 17.4

Chronic liver disease 16 0.3 62 0.5

Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary
disease; BMI, body mass index; CRP, C-reactive protein; SABAs, short-acting
beta-2 agonists; LABAs, long-acting beta-2 agonists; SAMAs, short-acting mus-
carinic antagonists; ICS, inhaled corticosteroids; LAMAs, long-acting muscarinic
antagonists; n, number; %, percentage.
**All medications were assessed 6 months prior to index date and comorbidities
were assessed ever before index date.

a Measured in the year prior to index.
b ICS exposure status was determined prior to start of follow-up (index date)

as ICS users were patients with an ICS prescription ever before and non-using
patients as all patients without a record of ICS ever before.
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users, adj. HR please add (Table 4). This finding was consistent when
ICS use was compared with never use in other CRP categories (4–7 mg/
L or ≥8 mg/L). However, all-cause mortality among COPD patients
with CRP levels ≥8 mg/L showed approximately three-fold sig-
nificantly increased as compared to COPD patients with low CRP serum
levels (0–3 mg/L) adj. HR 2.81; 95% CI 2.20–3.58 for ICS non-using
COPD patients.

3.3. Sensitivity analysis

In the sensitivity analysis, never or current use of ICS among COPD
patients with CRP levels of ≥20 mg/L was not associated with a sig-
nificant reduction in the risk of moderate-to-severe or severe COPD
exacerbations compared to never ICS users with low CRP serum levels
(0–3 mg/L, Tables S1 and S2). However, we found that the risk of all-
cause mortality among COPD patients with CRP levels ≥20 mg/L was
3.5-4-fold increased among ICS and ICS non-using patients, adj. HR
4.03; 95% CI 3.11–5.22, among never users of ICS.

4. Discussion

4.1. Main findings

In this study, the risk of moderate and/or severe COPD exacerba-
tions or all-cause mortality was comparable between ICS users and non-
users, irrespective of CRP levels. Regardless of ICS exposure status, risk
of moderate- and/or severe COPD exacerbations was not different be-
tween different CRP categories (0–3 mg/L vs. 4–7 mg/L vs. or ≥8 mg/
L), whereas all-cause mortality was approximately three-fold increased
among patients with CRP levels ≥8 mg/L as compared to COPD pa-
tients with low (0–3 mg/L) CRP serum levels.

Exacerbations of COPD are important drivers of COPD-related hos-
pitalisations and mortality [30]. Very few researchers have evaluated
the role of CRP in guiding ICS use in the improvement of moderate-to-
severe or severe exacerbations. In a large population-based prospective
study that included over 6000 COPD patients, Thomsen et al., [31]
reported that patients with elevated CRP levels, fibrinogen, and leu-
cocyte counts had increased risk of exacerbations. However, when the

Table 2
Risk of moderate-to-severe exacerbations among never and current ICS user stratified by CRP levels.

Moderate-to-severe (n = 1530)b IR (/1000PY) Age and sex adjusted HR (95% CI) Adjusted HR (95% CI)a

ICS use
Never 380 47.4

By CRP levels (mg/L)
0-3 132 54.9 Reference Reference
4-7 97 49.1 0.90(0.69–1.17)c 0.88(0.68–1.14)
≥8 151 64.7 1.19 (0.94–1.51)d 1.11(0.88–1.40)

Current 221 95.6
By CRP levels (mg/L)
0-3 72 91.3 1.65(1.24–2.19) 0.95(0.70–1.27)
4-7 56 82.4 1.50(1.10–2.05)c 0.83(0.60–1.14)
≥8 93 103.9 1.92(1.47–2.50)d 0.99(0.76–1.31)

Abbreviations: ICS, Inhaled corticosteroids; IR, incidence rate; HR, hazard ratio; CI, confidence interval; CRP, C-reactive protein; PY, person-years.
Recent ICS users had 285 moderate-to-severe exacerbations; Past ICS users had 644 moderate-to-severe exacerbations.

a Adjusted for age, sex, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, ischemic heart disease, recent ICS use, past ICS
use, use of antipsychotic, antidepressants, atopic dermatitis, use of oxygen, short-acting beta-2 agonists, long-acting beta-2 agonists, short-acting muscarinic an-
tagonists, long-acting muscarinic antagonists, xanthine derivatives and oral corticosteroid 6 months prior and use of antibiotics 1 month prior.

b 2781 moderate-to-severe exacerbations were recorded among 17,722 patients with COPD.
c Wald test showed that these categories were statistically significantly different, despite overlapping confidence intervals.
d Wald test showed that these categories were statistically significantly different, despite overlapping confidence intervals.

Table 3
Risk of severe exacerbations among never and current ICS user stratified by CRP levels.

Severe exacerbations (n = 211)b IR (/1000PY) Age and sex adjusted HR (95% CI) Adjusted HR (95% CI)a

ICS use
Never 42 5.1

By CRP levels (mg/L)
0-3 13 5.2 Reference Reference
4-7 12 5.8 1.11(0.51–2.43)c 1.08(0.49–2.37)
≥8 17 6.9 1.34(0.65–2.76)d 1.24(0.60–2.56)

Current 35 11.0
By CRP levels (mg/L)
0-3 7 7.3 1.35(0.54–3.38) 0.83(0.32–2.13)
4-7 12 14.4 2.64(1.21–5.79)c 1.60(0.71–3.60)
≥8 16 14.3 2.64(1.27–5.50)d 1.52(0.71–3.27)

Abbreviations: ICS, Inhaled corticosteroids; IR, incidence rate; HR, hazard ratio; CI, confidence interval; CRP, C-reactive protein; PY, person-years.
Recent ICS users had 39 severe exacerbations; Past ICS users had 95 severe exacerbations.
Missing CRP category not included.

a Adjusted for age, sex, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, diabetes mellitus, ischemic heart disease,
osteoporosis, recent ICS use, past ICS use, use of proton-pump inhibitors, antidepressants, oxygen, antipsychotics, statins, short-acting beta-2 agonists, long-acting
beta-2 agonists, short-acting muscarinic antagonists, long-acting muscarinic antagonists, xanthine derivatives and oral corticosteroids in the 6 months prior and use
of antibiotics specific for COPD 1 month prior.

b 367 severe exacerbations were recorded among 17,722 patients with COPD.
c Wald test showed that these categories were statistically significantly different, despite overlapping confidence intervals.
d Wald test showed that these categories were statistically significantly different, despite overlapping confidence intervals.
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investigators evaluated each elevated biomarker alone (including CRP),
no significantly increased risk of frequent exacerbations was found, in
line with our findings. It is important to note that the authors stated
that the use of ICS was “relatively rare” among the patients enrolled
and might have affected their findings (with only 3% of the study po-
pulation was exposed to ICS at baseline) [31]. In our study, we noted an
increased risk of moderate and/or severe exacerbations when we ad-
justed only for age and sex (Table 2), following adjustments for all
possible confounders the risk disappeared. This is the first study to
specifically evaluate the risk of moderate-to-severe, severe exacerba-
tions and all-cause mortality among COPD patients currently exposed to
ICS stratified by CRP levels. A randomised controlled trial conducted
across 11 centres among 289 COPD patients treated with ICS, with or
without LABA, found no reduction in CRP levels although serum pro-
tein D levels decreased, suggesting that ICS treatment affects lung-
specific biomarkers rather than systemic inflammatory markers [8].
Furthermore, ECLIPSE investigators found that elevated levels of CRP,
fibrinogen and leucocyte counts were associated with the occurrence of
exacerbations in the first year in a univariate analysis [32]. However,
the effect disappeared following multivariate adjustments except for
leucocyte counts. Approximately 30% of patients with COPD exacer-
bations have been reported to have normal CRP levels [33], which
questions the validity of CRP as a robust biomarker. Furthermore, De
Torres et al., [34] reported that current exposure to glucocorticoids did
not influence CRP levels, contrary to previous reports [7]. Consistent
with our study, there was a huge variation in CRP levels across the
mean, suggesting that CRP cannot be used as a clinical biomarker [35]
The exact mechanism by which ICS interact with CRP in COPD remains
unclear. However, interleukin 6, a potent regulator of CRP generation
known to be present in high concentrations in the serum and expiratory
condensates of patients with COPD, can be down-regulated by corti-
costeroids [36].

All-cause mortality is an important end-point, which is seldom as-
sessed among COPD patients mostly due to the short duration of patient
follow-up in most studies. In our study we found an increased risk of all-
cause mortality among COPD patients with elevated CRP levels (8 mg/
L) compared to patients with low CRP. Consistent with our finding, the
Lung Heart Study which enrolled over 4800 patients with mild to
moderate COPD stratified by CRP quartiles reported that patients with
elevated CRP levels were at increased risk of all-cause mortality [37].
Similarly, a cohort study of 1302 patients with airflow limitation with a
median follow-up of 8-years in Denmark, reported a greater risk of
COPD deaths among patients with high CRP levels compared to patients

with lower CRP levels [12]. However, a multi-center study with 218
patients with stable COPD found that elevated CRP levels did not in-
crease the risk of all-cause mortality [34]. This might be due to the low
statistical power of their study. More recently, a meta-analysis and
systematic review of 15 studies, which included 11,180 COPD patients,
found that higher baseline CRP was associated with a higher risk of
mortality [11]. Cardiovascular events and cancers accounted for most
deaths [11,38]. With no clear CRP cut-off, researchers have called for
the adoption of a clearly defined threshold for clinical and observa-
tional studies, in order to truly reveal the potential of CRP in COPD
management [39].

The heterogeneity of systemic inflammation has been recognised in
patients with COPD. These include high heterogeneity in serum CRP,
fibrinogen, and TNF, which are largely attributed to host or disease-
related factors [40]. Elevated CRP levels have been reported in obese
patients and epidemiological data shows an age-related increase in in-
flammatory biomarkers [40]. In general population a dose-related ef-
fect has been reported between cigarette smoking and increased levels
of CRP and fibrinogen [41,42] and CRP levels remained elevated for
approximately two decades after smoking cessation [43]. Although,
better understanding of the effects of confounders on CRP levels exist,
CRP stability and variability of remains critical to its relevance as a
guide for therapeutic interventions in COPD. The ECLIPSE study re-
ported CRP as the least stable biomarker assessed, with only 21% of
patients having a 3-months measurement within 25% of baseline values
[44]. Furthermore, CRP is known to have a half-life in plasma of 19 h
and the National Health and Nutrition Examination Survey (NHANES)
observed significant short-term variability (approximately 2.5 weeks)
in CRP levels, particularly at high values [45]. These factors make CRP
a poor biomarker for personalised management of COPD.

A major strength of this study was the inclusion of patients from one
of the world's largest primary care databases, thus providing a large
population-based cohort of COPD patients with CRP measurements
followed over time with fair recording of all-cause mortality [46,47].
Second, in our study we used validated definitions for moderate and/or
severe exacerbations of COPD, using read codes reported having a 96%
positive predictive value of identifying an acute exacerbation within the
CPRD [19]. Nevertheless, we may have missed considerable numbers of
exacerbations, which may be miscoded e.g. as respiratory tract infec-
tions such as pneumonia. Third, time-varying classification of exposure
to ICS, CRP and covariates allowed us to conduct an “on-treatment
analysis”, which results in less non-differential misclassification of ex-
posure than in an ‘intention to treat analysis’ which ignores ICS

Table 4
Risk of all-cause mortality among never and current ICS user stratified by CRP levels.

All-cause mortality (n = 1756)b IR (/1000PY) Age and sex adjusted HR (95% CI) Adjusted HR (95% CI)a

ICS use
Never 459 47.0

By CRP levels (mg/L)
0-3 84 33.6 Reference Reference
4-7 84 40.5 1.17(0.86–1.58) 1.21(0.89–1.63)
≥8 291 117.3 3.11(2.44–3.96) 2.81(2.20–3.58)

Current 235 62.4
By CRP levels (mg/L)
0-3 37 37.9 1.08(0.74–1.59) 0.81(0.55–1.20)
4-7 35 41.2 1.18(0.80–1.76) 0.90(0.60–1.34)
≥8 163 142.5 3.59(2.75–4.67) 2.38(1.81–3.13)

Abbreviations: ICS, Inhaled corticosteroids; IR, incidence rate; HR, hazard ratio; CI, confidence interval; CRP, C-reactive protein; PY, person-years.
Recent ICS users had 264 deaths; Past ICS users had 798 deaths.
Missing CRP category not included.

a Adjusted for age, sex, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, ischemic heart disease, atopic dermatitis,
diabetes mellitus, cancer, recent ICS use, past ICS use, use of oxygen, statins, short-acting beta-2 agonists, long-acting beta-2 agonists, short-acting muscarinic
antagonists, long-acting muscarinic antagonists, xanthine derivatives and oral corticosteroid use in the 6 months prior and use of antibiotics specific for COPD 1
month prior.

b 2839 deaths were recorded among 17,722 patients with COPD.
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exposure during follow-up. Lastly, data on confounding factors such as
smoking status, BMI, comorbidities, and drugs prescribed were avail-
able and as such these covariates were adjusted for in our models.

Limitations to our study include, a potential for confounding by
disease severity as we lacked information on COPD disease stage.
Confounding by disease severity is a multifactorial phenomenon that
may act in different directions. Although we did not use information on
disease severity, we adjusted for proxies of COPD disease severity.
While we excluded asthma patients, it was impossible to rule out the
inclusion of patients with reversible airflow limitation. CRP measure-
ments are not routinely collected as part of diagnosis of COPD; they are
most likely requested by the GP in suspicion of bacterial infections and
might have introduced misclassification bias. We expect this bias to be
non-differential among COPD patients exposed to ICS and ICS never
users leading to biased estimates towards the null. While this might
have masked the true risk of moderate and/or severe exacerbations
among patients with elevated CRP levels, we found significant asso-
ciations among patients with elevated CRP levels for all-cause mor-
tality, suggesting that our results could not have been affected by this
bias. Furthermore, because ICS use is associated with pneumonia, these
patients might have a higher CRP level among the ICS users potentially
resulting in differential misclassification. This will lead to bias estimates
towards or away from the null. However, considering the similarities in
mean CRP levels between “ever before” ICS users and ICS non-using
patients, it is less likely that this bias had a huge impact on or estimates.
We had a significant amount of patients with missing CRP serum levels
during follow-up; this was due to the choice of a 1-year look-back
period for CRP assessment. We could not determine cause-specific
death such as COPD-related mortality, considering that only approxi-
mately 58% of general practices are consented to required linkage [15],
which will substantially diminish the power of our study to accurately
detect study outcomes. We could not determine the criteria for ICS
prescription in this study as a significant dissociation exist between
clinical recommendation/guidelines and actual prescribing practice by
GPs [48].While the choice of this look back window results in missing
CRP counts, this choice was rightly made considering the mechanistic
plausibility of ICS to attenuate CRP and exacerbations over this period
[9]. The choice of a longer period would have resulted in less missing
CRP counts during follow-up but will not be realistically plausible in
clinical settings.

4.2. Key message

In conclusion, we did not find a reduced risk of moderate and/or
severe COPD exacerbations among COPD patients with varying CRP
levels currently exposed to ICS. However, we found an increased risk of
all-cause mortality among patients with elevated (≥8 mg/L) CRP levels
irrespective of ICS use. There is tremendous enthusiasm and effort to
improve precision medicine using biomarkers in COPD. While CRP
might be a useful biomarker for COPD prognosis, it does not seem to
have the potential to guide ICS therapy in COPD management.
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What is known about this subject

1. Reports from clinical studies have suggested that ICS attenuate CRP
levels among patients with moderate to severe COPD.

2. Elevated CRP has been associated with an increased risk of mod-
erate-and-severe exacerbations and mortality

3. ICS helps to improve exacerbation outcomes among patients with
COPD.

What this study adds

1. Irrespective of ICS exposure patients with persistently elevated CRP
levels had an increased risk of mortality.

2. Among patients with persistently elevated CRP, current ICS ex-
posure did not reduce the risk of moderate-to-severe or severe ex-
acerbations.
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