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Abstract 

Background. It has been demonstrated that antibiotic prescribing for Acute Exacerbations of Chronic 

Obstructive Pulmonary Disease (AECOPD) can be safely reduced in primary care when general 

practitioners have access to C-reactive protein (CRP) rapid testing.  

Aim: To investigate the factors associated with post-consultation COPD health status in patients 

presenting with AECOPD in this setting. 

Design and setting: A cohort study of patients enrolled in a randomised controlled trial. Patients aged 

40+ years with a clinical diagnosis of COPD who presented in primary care across England and Wales 

with an AECOPD were included. 

Methods. Participants were contacted for follow-up at one- and two-weeks by phone and attended 

the practice four weeks after the index consultation. The outcome of interest was the Clinical COPD 

Questionnaire (CCQ) score. Multivariable multilevel linear regression models fitted to examine the 

factors associated with COPD health status in the four-weeks following consultation for an AECOPD. 

Results. A total of 649 patients were included, with 1,947 CCQ total scores analysed. Post-consultation 

CCQ total scores were significantly higher (worse) in participants with diabetes (adjusted mean 

difference [AMD]=0.26; 95% confidence interval (CI) 0.08-0.45), obese patients compared to those 

with normal body mass index (AMD=0.25, 95%CI 0.07-0.43), and those who were prescribed oral 

antibiotics in the prior 12 months (AMD=0.26; 95%CI 0.11-0.41), but only the two latter associations 

remained after adjusting for other sociodemographic variables.  

Conclusions. COPD health status was worse in the four weeks following primary care consultation for 

AECOPD in patients with obesity and those prescribed oral antibiotics in the preceding year. 

Funding. NIHR Health Technology Assessment Programme (project number 12/33/12). 

Key words. Chronic Obstructive; Health Status; Primary Health Care; Pulmonary Disease; Symptom 

Exacerbation. 

How this fits in:  

There are little data on changes in health status during an exacerbation in patients managed in primary 

care. We analysed data from patients presenting to primary care with an acute exacerbation of COPD 

to describe changes in health status over the course of a primary care managed exacerbation, and 

identify sociodemographic, and clinical factors associated with post-consultation health status. COPD 

health status was worse in the four weeks following primary care consultation for AECOPD in obese 

patients and those prescribed oral antibiotics in the preceding year. Current clinical management 

strategies for AECOPD, including the prescribing of antibiotics and oral corticosteroids, require closer 

examination for patients with a high Body Mass Index (BMI) or who have previously used antibiotics. 
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Introduction 

Chronic Obstructive Pulmonary Disease (COPD) is a leading cause of global morbidity and mortality, 

accounting for an estimated 81.6 million disability adjusted life-years and 3.2 million deaths in 

2019.(1,2) It is the third leading cause of death in the UK and a major cause of emergency hospital 

admission, with an estimated annual cost to the NHS of £1.9 billion.(3,4) Patients with COPD are prone 

to acute exacerbations where there is rapid and sustained worsening of symptoms beyond normal 

day-to-day variation. Exacerbations have a detrimental effect on patients’ health status and quality of 

life.(5–8) 

Previous studies have found that health status and quality of life in patients with COPD are associated 

with in-hospital mortality for those who present with critical illness and with hospital re-

admission.(9,10) Changes in health status and quality of life during an acute exacerbation have mostly 

been investigated in hospitalised cohorts, with some evidence that an exacerbation leads to a serious 

deterioration in health status which improves during admission but deteriorates by 3 months post-

discharge. Factors associated with health status in patients with COPD have been less well studied 

than other outcomes. Of 408 prognostic models for COPD outcomes, none used health status as an 

outcome (either as the sole outcome, nor as a component of a composite outcome), including those 

developed in an outpatient setting.(11) Several studies of small, hospitalised cohorts found that co-

morbid depressive symptoms,(12)  pre-admission exacerbation frequency, and severity of 

dyspnoea(13)  were associated with health status and quality of life scores.  

There are little data on changes in health status during an exacerbation in patients managed in primary 

care. These data are needed given that more than 80% of acute exacerbations are managed in a 

primary care setting.(14) Clinicians use a range of presenting features when determining whether or 

not to prescribe antibiotics in primary care,(15) despite limited association with bacterial 

infection.(16) Furthermore, it has been demonstrated that antibiotic use can safely be reduced in 

patients presenting with AECOPD in primary care using C-reactive Protein (CRP) guided 

prescribing.(17)  

Understanding changes and determinants of health status in a primary care cohort of patients with 

AECOPD may help to identify factors that can be modified to improve health status during and after 

an exacerbation. We therefore analysed data from patients presenting to primary care with an 

AECOPD to describe changes in health status over the course of a primary care managed exacerbation, 

and identify sociodemographic, and clinical factors associated with health status.   

Method 

Study design 

This was a cohort study using data from an open, multi-site, parallel-group, individually randomised 

controlled trial (RCT) reported in line with STROBE guidelines .(17–20) Participants were randomised 

1:1 (using minimisation with a random component, minimised by the number of Anthonisen criteria 

present) to be managed according to usual care or usual care in addition to a CRP point-of-care test. 

Management decisions (including antibiotic prescribing) were recorded followed randomisation. 

Participants were contacted for follow-up by telephone at one- and two-weeks post-consultation and 

attended their primary care practice for a further follow-up four-weeks post-consultation. The trial 

outcomes were patient-reported use of antibiotics for acute exacerbations of COPD within 4 weeks 

after randomization and COPD-related health status at 2 weeks after randomization, as measured by 

the Clinical COPD Questionnaire, a 10-item scale with scores ranging from 0 (very good COPD health 

status) to 6 (extremely poor COPD health status).  
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The trial randomised 653 participants. However, four withdrew consent for their data to be used. The 

analyses in this paper therefore use data from 649 participants, who together comprise a large cohort 

of patients presenting with an AECOPD to a primary care setting with sociodemographic, clinical 

history and presenting features data collected at the index consultation and COPD health status data 

collected at the index consultation and one-, two-, and four-weeks post-consultation. 

The protocol and findings for the original study are reported elsewhere.(17–19) Ethical approval for 

the original study was obtained in September 2014 (REC reference: 14/WA/1106). The aims of this 

paper fall within the remit of the original approvals for the trial. This study was conducted in 

accordance with the Declaration of Helsinki. 

Participants and setting 

Participants were aged 40 years or older with a clinically recorded diagnosis of COPD (with or without 

spirometry confirmation) who presented to any of 86 General Practices across England and Wales 

between January 2015 and September 2017 with symptoms of an acute exacerbation for at least 1 to 

21 days and had not initiated antibiotic therapy. Patients were ineligible if they were likely to have a 

concurrent infection at another site; had severe illness; if their GP felt that urgent referral to hospital 

was necessary; had past medical history of respiratory failure/mechanical ventilation; had an active 

inflammatory condition; had cystic fibrosis, tracheostomy, or bronchiectasis; were 

immunocompromised; or were current pregnant. Full inclusion and exclusion criteria have been 

described previously.(18) 

Outcome 

The outcome of interest for the analyses reported in this paper was the Clinical COPD Questionnaire 

(CCQ) total score, a validated measure of COPD health status. This scale ranges from 0 to 6 (higher 

score = worse COPD health status), and its items cover COPD symptoms, functional state, and mental 

state. It has an established minimal clinically important difference of 0.4.(21) We investigated 

associations between a range of sociodemographic and clinical variables with CCQ total scores 

measured at one-, two-, and four-weeks post-consultation. 

Explanatory variables are outlined in Table 1. 

Statistical methods 

To investigate the association between the specified explanatory variables and COPD health status 

following consultation for AECOPD, multilevel linear regression models were fitted to CCQ scores, 

accounting for clustering of repeated CCQ observations within participants, and of participants within 

primary care practices (using an independent covariance structure and exponential residual variance-

covariance structure for observations over time). All models adjusted for time point (1-week, 2-weeks, 

and 4-weeks), CCQ total score (i.e. at the point where patients presented with an acute exacerbation), 

antibiotic prescribing, and OCS prescribing at the index consultation, and allocation to usual care or 

CRP-POCT. Our modelling process involved first fitting explanatory variables individually, adjusting for 

clinical management decisions, and subsequently fitting multivariable models in a hierarchical fashion, 

with blocks of variables included in the following order (one block building on the other): 1 – 

sociodemographic; 2 – clinical history; 3 –presenting features; 4 – estimated sputum colour; 5 – 

presence of chest sounds; 5 – other clinical examinations. For each block, the marginal r2 was 

calculated to assess the proportion of variance explained by the fixed effects included in the 

model.(22)  
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Continuous variables were investigated for non-linearity using restricted cubic splines and multiple 

imputation was used to impute missing data in regression models (see Online Supplementary Material 

for further details). 

Model estimates are presented as adjusted mean differences (AMD), which can be interpreted as the 

adjusted mean difference in CCQ total scores averaged across the three post-consultation time points. 

We also report 95% confidence intervals (CIs) and p-values. Statistical analyses were conducted using 

Stata/SE v16.1.(23) 

Results 

Our cohort included 649 people with COPD presenting to primary care with an acute exacerbation. 

Overall, 335/649 (51.6%) were male, the mean age was 68.1 years (SD=9.42 years), and 175/603 

(29.0%) had a BMI within the “healthy weight” category (Table 2). 

Change in CQC total scores over the course of an exacerbation 

The mean CCQ total score at the index consultation was 3.2 (SE=0.07), with differences in scores at 

one-, two-, and four-weeks post-consultation, compared to the index consultation, of -0.5 (95% CI: -

0.6 to -0.4), -0.6 (95% CI: -0.7 to -0.5), and -0.7 (95% CI: -0.8 to -0.7) respectively. These differences in 

scores are all greater the established MCID of 0.4, and the biggest difference (improvement) was 

observed between the index consultation and one-week post-consultation (Figure 1). 

From a potential 1,947 CCQ total scores (three observations per person during the four-weeks post-

consultation) for 649 people, we had data on 1,689 scores for 615 people. 493 (76.0%) participants 

had all 3 scores, 88 (13.6%) had 2 scores, 34 (5.2%) had 1 score, and 34 (5.2%) had 0 scores. 

Furthermore, as indicated in Table 2, the number of participants with missing explanatory variables 

ranged from n=0 (age, gender, chronic health conditions, number of days with symptoms, 

exacerbation features, crackles, wheeze) to n=90 (percent predicted FEV1). All missing data were 

imputed and therefore all statistical models described below are based on 1,947 observations within 

649 participants within 86 practices. 

Associations with post-consultation COPD health status 

In an initial model including time point, CCQ total score at the index consultation, antibiotic 

prescribing, and OCS prescribing only, the marginal r2 value was 0.594 (i.e. 59.4% of the total variance 

in post-consultation CCQ total scores was explained by the fixed effects in the model). After adjusting 

for CCQ total score at the index consultation, CCQ total scores decreased over time (i.e. the COPD 

health status of participants improved over the four-weeks), were lower in those prescribed 

antibiotics at the index consultation (AMD=-0.16, 95% CI: -0.31 to -0.01, p=0.039), and were also lower 

in those allocated to the CRP-POCT arm (AMD=-0.24, 95% CI: -0.38 to -0.09, p=0.001). In this model, 

there was no evidence of an association between post-consultation CCQ total score and the 

prescribing of oral corticosteroids at the index consultation (AMD=-0.06, 95% CI: -0.22 to 0.09, 

p=0.426). 

Examining sociodemographic variables individually, CCQ total scores were higher (i.e. worse) on 

average over the four-weeks post-consultation in participants in the obese BMI range (AMD compared 

to those in the healthy BMI range=0.25, 95% CI: 0.07 to 0.43, p=0.006). This association remained after 

adjusting for other sociodemographic variables, as well as other variables relation to clinical history 

and presenting features (Table 3, Supplementary Table 1a). The marginal r2 for the multivariable 

model including sociodemographic variables was 0.621, representing an absolute increase from the 

initial model of 0.027 and a relative increase of 4.5% (Table 4). 
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Examining clinical history variables individually, CCQ total scores were higher on average over the four-

weeks post-consultation in participants with diabetes (AMD=0.26, 95% CI: 0.08 to 0.45, p=0.005) and 

those who were prescribed antibiotics in the prior 12 months (AMD=0.26, 95% CI: 0.11 to 0.41, 

p=0.001). The association between those prescribed oral antibiotics for any reason in the prior 12 

months and CCQ total scores remained after adjusting for sociodemographic variables, clinical history, 

and presenting features, but the association between diabetes did not (Table 3, Supplementary Table 

1a). The marginal r2 for the multivariable model including clinical history in addition to 

sociodemographic features was 0.661, representing an absolute increase from the previous model of 

0.040 and a relative increase of 6.4%.  

After adjusting for sociodemographic variables, clinical history, and presenting features, there was 

evidence to suggest an association between an increase in body temperature and lower post-

consultation CCQ total scores (AMD per one-degree increase in temperature=-0.17, 95% CI: -0.30 to -

0.03) and an increase in pulse rate and higher CCQ total scores (AMD per on bpm increase in pulse 

rate=0.01, 95% CI: 0.00 to 0.01) (Table 3, Supplementary Table 1b). As shown in Supplementary 

Figures 1 and 2, the magnitude of this association across the range of recorded temperatures and 

pulse rates was small and the majority of participants had body temperatures and pulse rates within 

normal ranges. 

Discussion 

Summary of key findings 

We described health status in a cohort of patients presenting to primary care with an AECOPD and 

investigated variables associated with CQC total scores. Our findings suggest that COPD health status 

deteriorated over the four-week post-consultation period. COPD health status was worse for patients 

in the obese BMI category (compared to those in the healthy BMI category) and those prescribed oral 

antibiotics for any reason in the 12-months prior to their consultation. Our models indicated that 

patients with lower temperature at presentation or high pulse rate also had worse a COPD health 

status in the four-weeks post-consultation after adjusting for other explanatory variables. While we 

found an association between patients having diabetes and worse COPD health status post-

consultation, no evidence of an association remained after adjusting for other variables.  

Strengths and limitations 

This analysis of a large cohort of patients used data from an RCT which was representative of 

individuals presenting in primary care with AECOPD across England and Wales.(24,25) Repeated 

measurements of COPD health status allowed for an assessment of an individual’s general COPD 

health status over this time rather than relying on a single measure to cover this entire. We accounted 

for key variables during the initial consultation which would likely confound any association between 

our explanatory variables and our outcome, specifically treatment with antibiotics and oral 

corticosteroids, including whether they were allocated to be managed with a CRP-POCT in addition to 

usual care or usual care alone, and their CCQ total score.  

The study lacked a measure of CCQ total score during a stable period prior to the current exacerbation, 

meaning we were unable to measure “recovery from an exacerbation”. The data for this analysis were 

obtained from an RCT, which was not designed to model the prognosis of patients with a COPD 

exacerbation. Implications of this are that our study may have omitted variables that are associated 

with COPD health status or recovery following a consultation for an exacerbation (e.g. clinical frailty 

measures, deprivation) and that the choice of health status outcome measure (i.e. the CCQ) was 

driven by considerations for the RCT rather than this particular investigation. While the CCQ has been 
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validated for use and shown to be responsive in AECOPD populations, verification of these findings 

with other COPD-specific outcome measures (e.g. St. George's Respiratory Questionnaire,(26) Chronic 

Respiratory Disease Questionnaire(27)) may be useful. 

Comparison with existing literature 

The association between BMI category and COPD health status following consultation for an AECOPD 

is in contrast to two studies which investigated exacerbation recovery and found no evidence of such 

an association.(28,29) We found no evidence of an association between the season during which a 

patient consulted and COPD health status following consultation for an AECOPD nor between the 

number of days with an exacerbation prior to consulting and COPD health status post-consultation, in 

contrast to other studies.(28,29) Previous work has similarly to our study found no evidence of an 

association between smoking status, age, sex, FEV1 percentage predicted, hypertension, and diabetes 

and recovery from COPD exacerbations.(28,29) A prospective cohort study of patients with COPD 

recruited from an outpatient’s clinic in the UK found longer exacerbation recovery times associated 

with increased dyspnoea and shorter recovery times associated with increased wheeze, whereas our 

study found no evidence suggestive of such an association.(30) Divergent findings with regards to 

chest sounds may relate to inconsistencies in their interpretation.(31,32) 

Implications 

Our findings suggest that, in those who have presented in primary care with an AECOPD, obese 

patients and those who were prescribed oral antibiotics in the prior 12-months for any reason have 

worse outcomes in terms of their COPD health status following their initial consultation for their 

exacerbation. These patients may be at increased risk of poor outcomes and also emphasise the role 

that weight reduction programmes may have on health outcomes in obese adults with COPD.(33,34) 

The association between prior oral antibiotic prescription and poor outcomes may relate to the 

diverse nature of exacerbations(35) and warrant an investigation into the extent to which post-

consultation outcomes are differentially associated with presenting and clinical variables by 

phenotype. 

Further investigation may be needed to identify other key determinants of health status following an 

exacerbation, particularly those which may be modifiable via intervention. Further work is also needed 

to investigate the relationship between COPD health status and long-term COPD outcomes (e.g. 

hospitalisation, clinical deterioration, mortality) in those studied within the community. 

Conclusions 

BMI and a prior oral antibiotic prescription were both associated with a worse post-consultation 

health status in patients presenting in primary care with AECOPD. Current clinical management 

strategies for AECOPD, including the prescribing of antibiotics and oral corticosteroids, require closer 

examination for patients with a high BMI or who have previously used antibiotics. 
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Tables and Figures 

 

Figure 1: Predicted mean CCQ total scores over time (note full CCQ total score ranges from 0 to 6)* 

*Dashed line denotes a difference of 0.4 from the estimated mean CCQ total score at the index 

consultation. 
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Table 1: Explanatory variables studied 

Domain Variables 

Sociodemographic variables Age, sex, and Body Mass Index (BMI). 

Clinical history 

Heart failure, coronary heart disease, 
diabetes (either type I or II), chronic 

kidney disease (CKD 3 or more), 
hypertension, smoking status (categorised 

as never smoked / ever smoked for 
modelling purposes), percent predicted 

FEV1 (a marker of COPD severity), and 
whether the patient had been prescribed 

oral antibiotics for any reason in the 12 
months prior to their exacerbation. 

Presenting features of the acute exacerbation  

Season during which the consultation 
occurred, number of days with symptoms 
prior to consulting, presence of increased 

breathlessness, increased sputum volume, 
increased sputum purulence, sputum 

colour (estimated by the treating clinician 
if the patient was able to produce sputum 
during the consultation, or graded by the 
patient if not, from 1 (least purulent) to 5 

(most purulent) according to the 
BronkoTest®), presence of chest sounds 
(crackles, wheeze, diminished vesicular 

breathing), whether the patient was 
tachypnoeic, body temperature, pulse 

rate, and oxygen saturation. 
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Table 2: Characteristics of participants at the index consultation 

Variable Frequency % 

Participant sex (n=649) 
Male 335 51.6 

Female 314 48.4 

Body Mass Index category 
(n=603) 

Underweight 22 3.6 

Healthy weight 175 29.0 

Overweight 193 32.0 

Obese 213 35.3 

Heart failure (n=649) 31 4.8 

Chronic heart disease (n=649) 114 17.6 

Diabetes (n=649) 104 16.0 

Chronic kidney disease (n=649) 59 9.1 

Hypertension (n=649) 267 41.1 

Smoking status (n=560) 
Never smoked 42 7.5 

Ever smoked 518 92.5 

Patient has been prescribed oral antibiotics in the past 12 months for any 
reason (n=606) 

403 66.5 

Season of presentation 
(n=649) 

Winter 323 49.8 

Spring 110 16.9 

Summer 48 7.4 

Autumn 168 25.9 

Number of days with 
exacerbation prior to 

consulting (n=649) 

1 to 6 days 366 56.4 

7 to 13 days 166 25.6 

14+ days 117 18.0 

Increased breathlessness (n=649) 583 89.8 

Increase sputum volume (n=649) 464 71.5 

Increased sputum purulence (n=649) 389 59.9 

Sputum colour (n=577) 

Sputum colour 1 135 23.4 

Sputum colour 2 126 21.8 

Sputum colour 3 136 23.6 

Sputum colour 4 140 24.3 

Sputum colour 5 40 6.9 

Crackles (n=649) 320 49.3 

Wheeze (n=649) 338 52.1 

Diminished vesicular breathing (n=647) 153 23.6 

Patient is tachypnoeic (n=589) 88 14.9 

Oxygen saturation (n=646) 
Normal or moderately decreased (> 92%) 577 89.3 

Low (up to 92%) 69 10.7 

Variable Mean SD 

Age (n=649) 68.1 9.42 

Percent predicted FEV1 (n=559) 59.8 20.04 

Body Temperature (n=648) 36.7 0.49 

Pulse rate (n=648) 81.6 12.74 
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Table 3: Individual associations between sociodemographic, past medical history, and clinical variables 

and exacerbation course in patients with AECOPD in primary care 

Domain Variable AMD 
Lower  
95% CI 

Upper  
95% CI 

p-
value 

Sociodemographics 

Age (per decade increase) 0.02 -0.06 0.09 0.688 

Participant 
sex 

Male Reference category 

Female -0.14 -0.28 0.00 0.054 

Body Mass 
Index 

category 

Underweight 0.36 -0.02 0.74 0.064 

Healthy weight Reference category 

Overweight 0.09 -0.09 0.27 0.339 

Obese 0.25 0.07 0.43 0.006 

Past medical 
history 

Heart failure 0.22 -0.11 0.55 0.194 

Chronic heart disease 0.13 -0.06 0.31 0.176 

Diabetes 0.26 0.08 0.45 0.005 

Chronic kidney disease 0.21 -0.02 0.45 0.077 

Hypertension 0.11 -0.04 0.25 0.142 

Smoking 
status 

Never smoked Reference category 

Ever smoked 0.13 -0.16 0.42 0.371 

Patient has been prescribed oral 
antibiotics in the past 12 months for 

any reason 
0.26 0.11 0.41 0.001 

Percent predicted FEV1  
(per 10-point increase) 

-0.03 -0.06 0.00 0.160 

Initial presenting 
features 

Season of 
presentation 

Winter Reference category 

Spring 0.00 -0.20 0.21 0.980 

Summer -0.02 -0.31 0.26 0.873 

Autumn -0.10 -0.28 0.08 0.261 

Number of 
days with 

exacerbation 
prior to 

consulting 

1 to 6 days Reference category 

7 to 13 days -0.01 -0.18 0.16 0.906 

14+ days 0.08 -0.11 0.27 0.423 

Increased breathlessness 0.07 -0.17 0.32 0.558 

Increase sputum volume -0.01 -0.17 0.14 0.869 

Increased sputum purulence 0.11 -0.04 0.26 0.134 

Estimated sputum 
colour 

Sputum 
colour 

Sputum colour 1 Reference category 

Sputum colour 2 -0.00 -0.21 0.21 0.977 

Sputum colour 3 0.14 -0.08 0.35 0.212 

Sputum colour 4 0.06 -0.14 0.27 0.546 

Sputum colour 5 0.16 -0.15 0.48 0.313 

Chest sounds 

Crackles -0.03 -0.19 0.12 0.662 

Wheeze -0.08 -0.24 0.07 0.302 

Diminished vesicular breathing -0.10 -0.27 0.08 0.286 

Patient is tachypnoeic 0.11 -0.11 0.34 0.322 
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Other clinical 

examinations 

Body Temperature (per degree 

increase) -0.13 -0.27 0.01 0.078 

Pulse rate (per one bpm increase) 0.00 -0.00 0.01 0.083 

Oxygen 

saturation 

Normal or 

moderately 

decreased (> 92%) 
Reference category 

Low (up to 92%) 0.14 -0.10 0.37 0.260 

*All models correct for the clustered nature of repeated observations within individuals within 

practices (1,947 observations within 649 individuals within 86 practices). AMD = adjusted mean 

difference. Models adjust for time point (one-, two-, and four-weeks post-consultation), CCQ total 

score at the index consultation, trial arm (managed using a CRP point-of-care test in addition to usual 

care or usual care alone), antibiotic prescribing, and oral corticosteroid prescribing at the index 

consultation. 
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Table 4: Marginal r2 values across multivariable models 

Block Description Marginal r2 
Absolute  

difference 
Relative  

difference (%) 

0 No explanatory variables* 0.594 N/A N/A 

1 Sociodemographics 0.621 0.027 4.5 

2 Past medical history 0.661 0.04 6.4 

3 Initial presenting features 0.668 0.007 1.1 

4 Estimated sputum colour 0.671 0.003 0.4 

5 
Presence of abnormal 

chest sounds 0.693 0.022 3.3 

6 Other clinical examinations 0.718 0.025 3.6 

*Model included time point, CCQ total score at the index consultation, trial arm, antibiotic 

prescribing, and oral corticosteroid prescribing at the index consultation. 


