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Background: The economic burden of chronic obstructive pulmonary disease (COPD) exacer-

bations is significant, but the impact of other sources on the overall cost of COPD management 

is largely unknown. We aimed to estimate overall costs for patients experiencing none, one, or 

two or more exacerbations per year in the UK.

Methods: A retrospective cohort of prevalent COPD patients was identified in the Clinical Prac-

tice Research Datalink UK database. Patients with information recorded for at least 12 months 

before and after cohort entry date were included (first prevalent COPD diagnosis confirmed 

by spirometry on/after April 1, 2009). Patients were categorized as having none, one, or two or 

more moderate-to-severe COPD exacerbations in the 12 months after cohort entry and further 

classified by the Global initiative for chronic Obstructive Lung Disease (GOLD) category of 

airflow obstruction and the Medical Research Council dyspnea scale. Study outcomes included 

counts of general practitioner interactions, moderate-severe COPD exacerbations, and non-COPD 

hospitalizations. Estimated resource use costs were calculated using National Health Service 

reference costs for 2010–2011.

Results: The cohort comprised 58,589 patients (mean age 69.5 years, mean dyspnea grade 2.5, 

females 46.6%, current smokers 33.1%). The average total annual per patient cost of COPD 

management, excluding medications, was £2,108 for all patients and £1,523, £2,405, and £3,396 

for patients experiencing no, one, or two or more moderate-to-severe exacerbations, respectively. 

General practitioner interactions contributed most to these annual costs, accounting for £1,062 

(69.7%), £1,313 (54.6%), and £1,592 (46.9%) in patients with no, one, or two or more moderate-

to-severe exacerbations, respectively.

Conclusion: Disease management strategies focused on reducing costs in primary care may 

help reduce total COPD costs significantly.

Keywords: chronic obstructive pulmonary disease, frequent exacerbations, infrequent exacer-

bations, health resources, health care costs

Introduction
Chronic obstructive pulmonary disease (COPD) is a highly prevalent1 and debilitating 

disease that has a significant impact on patient quality of life and the costs borne by 

the health care system.2,3 An exacerbation of COPD is the most common condition 

that requires hospital admission,4 and contributes substantially to the related economic 

impact.5–7 Therefore, COPD exacerbations have been considered the most important 

target for reducing costs. A study in the UK National Health Service (NHS) in 2001 

showed that the total excess primary care cost associated with acute exacerbations 

of chronic bronchitis in the COPD-diagnosed population was £35.7  million. This 

included the excess cost of all prescription medications, general practitioner (GP) 
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consultations, hospital emergency room visits, and inpatient 

hospital episodes.8 Similarly, a retrospective analysis of data 

from a large national health plan database in the US showed 

that COPD-related mean annual costs were 56% higher for 

patients with two or more exacerbations compared with the 

overall population of COPD patients.8 This finding has also 

been reflected in other studies conducted across Europe 

and the US, suggesting that prevention of exacerbations 

requiring hospitalization is the foremost factor critical in 

the development of a cost-effective disease management 

strategy.5–7,10,11

In contrast, symptomatic patients who are at a low risk 

of exacerbation represent an unexplored population with 

respect to health care costs. These patients continue to report 

symptoms, potentially consuming significant primary care 

resources. Therefore, it is important to assess the severity 

of these symptoms and their impact on health care resource 

utilization. The annual administration of the Medical 

Research Council (MRC) dyspnea scale in the UK primary 

care setting instituted by the UK NHS Quality Outcomes 

Framework (since April 2009) allows such quantitative 

assessment of symptoms of dyspnea.12 A previous study 

using this dyspnea recording has found a high prevalence of 

dyspnea in the primary care COPD population in the UK.13

This study evaluated the primary care COPD population 

and its costs using the Clinical Practice Research Datalink 

(CPRD) database. The study objectives were to estimate 

resource use and the associated costs among patients clas-

sified by no, one, and two or more exacerbations and to 

compare resource use and costs between different levels 

of exacerbations across the Global initiative for chronic 

Obstructive Lung Disease (GOLD) stages of airflow obstruc-

tion and MRC dyspnea categories.

Materials and methods
Study design
This was a retrospective cohort study of COPD patients iden-

tified from primary care in the UK using the CPRD. CPRD 

is the NHS observational data and interventional research 

service, jointly funded by the NHS National Institute for 

Health Research and the Medicines and Healthcare products 

Regulatory Agency.14 In this study, we used the primary 

care electronic medical records database part of the CPRD, 

formerly known as the General Practice Research Database.14 

About 660 general practices participate in the CPRD; the 

database contains data for about 11 million patients, mostly 

from England and Wales. The COPD cohort study design and 

analysis methods (protocol WEUSKOP5903), prior to the cost 

estimation and modeling described herein, were approved by 

the CPRD Independent Scientific Advisory Committee.

Patients aged 40 years or older with one or more records 

for diagnosis of COPD (Table S1) on or after April 1, 2009 

were included. Date of the first recorded COPD diagnosis 

on or after April 1, 2009 was taken as the cohort entry date. 

Patients were required to have at least a 12 month history 

before and after cohort entry and a record of forced expiratory 

volume in one second/forced vital capacity (FEV
1
/FVC) ,0.7. 

The observation period consisted of a fixed period of 

12 months of follow-up after cohort entry. The corresponding 

12 month data prior to cohort entry have been referred to as 

the pre-observation period. Health care resource use during 

the observation and pre-observation periods was captured 

as moderate-to-severe exacerbations, GP interactions, and 

non-COPD hospitalizations. Exacerbations were further split 

into moderate and severe events. A moderate exacerbation 

was defined as an episode characterized by management 

with antibiotics commonly used in COPD exacerbations and 

oral corticosteroids (within 5 days of initiation of antibiot-

ics), and/or a medical diagnosis of COPD exacerbation. A 

severe exacerbation was defined as an episode characterized 

by hospitalization for COPD. These were selected using 

an algorithm that identified hospital admissions of specific 

COPD cause or general admissions with a record of COPD 

diagnosis or medication up to 3 days before and 7 days after 

the index hospitalization date. The first event qualifying as an 

exacerbation was considered as the start date of the episode. 

Thereafter, a 14 day moving window15 was applied to identify 

at least 2 weeks of an exacerbation event-free period to ensure 

that a relapse was not considered a separate exacerbation. GP 

interactions were recorded and classified as administrative 

contact, surgery correspondence, visit to a surgery nurse, 

in-person surgery visit, out-of-office GP visit, or a GP home 

visit. Non-COPD hospitalizations were defined as hospital 

admission for specific non-COPD cause or general hospital 

admissions (without a specific cause) with no record of COPD 

diagnosis or medication recorded around this event.

Patients were classified by their moderate-to-severe 

exacerbation frequency (no, one, or two or more) during 

the observation period. Further, exacerbation frequency 

and medications in the pre-observation period and comor-

bidities at baseline were recorded. All costs were calculated 

using 2011 prices (except the medication costs, which 

were taken from 2012) expressed as mean annual costs per 

patient, and summarized (Table  1). For patients with no, 

one, and two or more exacerbations, baseline characteris-

tics and costs estimated during the observation period were 
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Table 1 Unit costs estimated for the resource use categories

Resource use item Unit cost Reference

Moderate exacerbation £85.29 NHS reference costs 
2010–2011

Severe exacerbation £1,263.76 NHS reference costs 
2010–2011

Hospital episode £1,366.88 PSSRU 2011
GP practice in-person visit £36 PSSRU 2011, Page 149
GP practice nurse visit £13 (Based on 15.5-minute 

consultation) × £51 per 
hour of face to face contact

GP home visit £121 PSSRU 2011, Page 149
GP out-of-office visit £121 Assumed to be the same 

as home visits
GP practice administrative  
contact

£22 PSSRU 2011, Page 149; 
considered equivalent to 
telephone consultation

GP practice  
correspondence

£3 Based on 30% of indirect 
contact of 15.5-minute 
consultation (0.3 × 15.5) × 
£39 per hour of non-face 
to face contact

Abbreviations: GP, general practitioner; NHS, National Health Service; PSSRU, 
Personal Social Services Research Unit.

compared using the chi-square test and one-way analysis 

of variance.

Bivariate relationships with exacerbation frequency cat-

egories were evaluated using the Cochran–Mantel–Haenszel 

test (for categorical or ordinal variables), polyserial cor-

relations (for continuous variables), or negative binomial 

modeling with exacerbation frequency during the observation 

period as the predictor variable while controlling for age and 

gender to assess a relationship with the count data.

The cost of a severe exacerbation was estimated using 

the relevant COPD-related Healthcare Resource Groups 

(HRG) codes (DZ21A–K for short stay and long stay) further 

weighted by the reported annual number of episodes from 

the NHS reference costs.16 In addition, it was assumed that 

67% of patients would arrive at the hospital by ambulance, 

based on a clinical audit of COPD exacerbations in 2008.17 

Therefore, 67% of the HRG cost for ambulance transportation 

(code PS06B) was added to the weighted COPD HRG costs. 

Costs of a moderate exacerbation were compiled based on 

the resource use stated in the report by the GOLD Strategy 

Group18 and combined with cost data from the NHS reference 

costs,16 the Personal Social Services Research Unit (PSSRU) 

2011,19 and the British National Formulary 65.20 This 

included a GP consultation lasting 11.7 minutes, an accident 

and emergency visit with no admission (in 29% of cases), 

and a prescription of prednisolone (30 mg) and co-amoxiclav 

(500  mg).21 The cost of a non-COPD hospitalization was 

estimated as a weighted average of short-stay and long-stay 

hospital episodes from PSSRU costs.19

The costs of a GP visit in surgery and a GP visit at home 

were estimated to be £36 and £121, respectively, based on 

PSSRU costs.19 The cost of an out-of-office GP visit was 

assumed to be equivalent to a GP home visit, and the cost of a 

GP administrative contact (£22) was assumed to be equivalent 

to a phone consultation at a GP surgery. The cost of a nurse 

visit at a GP practice was estimated to be £13 based on a 

typical 15.5-minute face to face consultation, and the cost of 

a GP correspondence was estimated to be £3 based on 30% 

indirect costs of a typical non-face to face consultation.19

These unit costs were then applied to the corresponding 

annual resource use counts to calculate the total annual COPD 

management costs for the entire cohort and for patients with 

no, one, and two or more exacerbations. Costs estimated 

during the observation period were further summarized by 

the GOLD stage of airflow obstruction22 and the level of 

dyspnea estimated using the MRC dyspnea scale23 captured 

nearest to the cohort entry.

Results
Patient disposition and demographic 
characteristics
The final analytic COPD cohort consisted of 58,589 patients 

(Figure S1) with a mean follow-up of 13.5 years in CPRD. 

The cohort had a mean age of 69.5 years; 46.6% of the 

patients were female and 33.1% were current smokers 

(Table 2). The mean (± standard deviation) FEV
1
 percent 

predicted value at baseline was 60.0±20.5, with a majority 

of patients in the GOLD 2 category. The mean MRC grade 

at baseline was 2.5±1.0.

The cohort consisted of 31,049 (52.9%), 14,189 (24.2%), 

and 13,351 (22.7%) patients experiencing no, one, and two or 

more episodes of exacerbation during the observation period, 

respectively (Table 2). Patients with a higher exacerbation 

frequency had lower percent predicted FEV
1
 (P,0.0001), 

more dyspnea (P,0.0001), and a higher comorbidity index 

(P,0.0001) at or near baseline. The resources collected in 

the pre-observation and observation periods for each of the 

three groups are presented in Table 3.

Cost of COPD treatment
The mean total annual COPD management cost per patient 

was £2,108  in the observation period. Of these costs, 

£257 was accounted for by exacerbations, £637 was from 

non-COPD hospitalizations, and £1,213 was due to GP 

interactions. The corresponding total COPD management 
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Table 2 Patient disposition and demographic characteristics at the start of the observation period, split by frequency of moderate-to-
severe exacerbations during observation period

Patient variable Moderate-severe  
exacerbations: none

Moderate-severe  
exacerbations: one

Moderate-severe  
exacerbations: 
two or more

P-value across  
exacerbation  
categories

aAll COPD, n 31,049 14,189 13,351
Female, n (%) 13,619 (43.86) 6,831 (48.14) 6,832 (51.17) ,0.0001
Age, mean (SD) 69.3 (10.46) 69.77 (10.32) 69.44 (10.17) 0.0180
Current smokers, n (%) 10,531 (33.92) 4,667 (32.89) 4,173 (31.26) ,0.0001
BMI, mean (SD) 26.98 (5.72) 27.04 (5.95) 26.82 (6.04) 0.0431
FEV1 %pred, mean (SD) 62.83 (19.94) 59.39 (20.05) 54.15 (20.74) ,0.0001
MRC grade, mean (SD) 2.28 (0.99) 2.51 (1.03) 2.83 (1.08) ,0.0001
Charlson score, mean (SD) 2.48 (1.63) 2.56 (1.66) 2.58 (1.66) ,0.0001

Note: aNumber of patients experiencing no, one, and two or more moderate-to-severe exacerbations during the 12 month observation period. 
Abbreviations: %pred, percent predicted; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume at one second; MRC, 
Medical Research Council dyspnea scale; SD, standard deviation.

Table 3 Health care utilization during the 12 month observation period before and after cohort entry

Patient variable Moderate-severe  
exacerbations: none  
n=31,049

Moderate-severe  
exacerbations: one 
n=14,189

Moderate-severe  
exacerbations:  
two or more 
n=13,351

P-value across  
the exacerbation  
categories#

Resource category 12 months prior to start of observation period, n (rate)a

  Moderate exacerbations 9,226 (0.30) 8,804 (0.62) 19,523 (1.46) ,0.0001/,0.0001
 S evere exacerbations 2,278 (0.07) 1,753 (0.12) 2,709 (0.20) 0.2065/,0.0001
 N on-COPD hospitalizations 10,347 (0.33) 6,470 (0.46) 7,682 (0.58) ,0.0001/,0.0001
GP
 G P practice in-person visit 309,543 (9.96) 162,821 (11.47) 173,822 (13.01) ,0.0001/,0.0001
 G P practice nurse visit 106,730 (3.43) 58,332 (4.11) 67,137 (5.02) ,0.0001/,0.0001
 G P home visit 5,643 (0.18) 3,680 (0.25) 4,908 (0.36) 0.1763/,0.0001
  GP out-of-office visit 2,704 (0.08) 2,079 (0.14) 2,624 (0.19) ,0.0001/,0.0001
 G P practice administrative contact 719,613 (23.17) 371,698 (26.19) 391,748 (29.34) ,0.0001/,0.0001
 G P practice correspondence 27,843 (0.89) 15,764 (1.11) 16,048 (1.20) ,0.0001/,0.0001
Resource category during 12 month observation period, n (rate)a

  Moderate exacerbations – 10,952 (0.77) 32,302 (2.42) NA
 S evere exacerbations – 3,237 (0.23) 5,776 (0.43) NA
 N on-COPD hospitalizations 10,310 (0.33) 7,383 (0.52) 9,631 (0.72) ,0.0001/,0.0001
GP
 G P practice in-person visit 341,138 (10.98) 190,325 (13.41) 212,879 (15.94) ,0.0001/,0.0001
 G P practice nurse visit 128,755 (4.14) 80,210 (5.65) 96,652 (7.23) ,0.0001/,0.0001
 G P home visit 6,036 (0.19) 5,110 (0.36) 7,950 (0.59) 0.2986/,0.0001
  GP out-of-office visit 2,542 (0.08) 2,568 (0.18) 4,068 (0.30) ,0.0001/,0.0001
 G P practice administrative contact 786,501 (25.33) 423,124 (29.82) 4,57,316 (34.25) ,0.0001/,0.0001
 G P practice correspondence 22,009 (0.70) 13,554 (0.95) 14,187 (1.06) ,0.0001/,0.0001

Notes: aObserved frequency/total number of patients; #negative binomial regression adjusted for age and sex was used to test any difference in event counts between 
patients with one and two or more exacerbations events compared with those with no exacerbation event during the 12 month follow-up (referent group). The first P-value 
refers to a comparison of those with one event vs no event; the second P-value refers to a comparison of those with two or more events vs those with no events.  
Abbreviations: COPD, chronic obstructive pulmonary disease; GP, general practitioner; NA, not applicable for categories where no events in the referent group were 
recorded.

cost in the pre-observation period was £1,826, comprising 

£200 due to exacerbations, £572 due to non-COPD hospi-

talizations, and £1,054 due to GP interactions.

When split by the frequency of moderate-to-severe 

exacerbations during the observation period, the total annual 

per patient COPD costs were £1,523, £2,405, and £3,396 

for patients with no, one, and two or more exacerbations, 

respectively. GP interactions contributed most to these annual 

costs, accounting for £1,062 (69.7%) in patients with no exac-

erbations, £1,313 (54.6%) in patients with one exacerbation, 

and £1,592 (46.9%) in patients with two or more exacerba-

tions (Figure 1). For this cohort, the pre-observation mean 
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Figure 1 Costs of COPD treatment (per patient per year) before and after cohort entry date.
Note: aClassification based on moderate-to-severe exacerbation frequency in the follow-up period. 
Abbreviations: COPD, chronic obstructive pulmonary disease; GP, general practitioner.

total annual per patient COPD costs were £1,523, £1,928, 

and £2,420, respectively.

The estimated annual COPD management costs (exclud-

ing non-exacerbation-related medication costs) during the 

observation period by GOLD stages of airflow obstruction are 

presented in Table 4 and by level of dyspnea in Table 5. The 

mean total annual COPD management costs were £1,767 for 

patients with mild dyspnea (MRC grade 1 or 2) and £2,534 

for patients with moderate-severe dyspnea.

Similar cost escalations with an increase in dyspnea 

were also observed in all cost components, including exac-

erbations (£182 versus £342), non-COPD hospitalizations 

(£504 versus £787), and GP interactions (£1,081 versus 

£1,404). This upward trend in total annual costs and cost 

Table 4 COPD management costs split by exacerbation frequency during the observation period and further by GOLD stages of 
airflow obstruction

Exacerbation  
frequency

GOLD  
categories

No of  
patients

Cost per patient per year

Exacerbations Non-COPD  
hospitalizations

GP surgery  
contact

Total

All patients Stage 1 8,844 £202.40 £621.90 £1,159.76 £1,984.06
Stage 2 29,832 £232.61 £635.89 £1,218.50 £2,087.00
Stage 3 15,497 £319.65 £672.90 £1,297.33 £2,289.88
Stage 4 3,377 £445.53 £775.20 £1,418.44 £2,639.17

None Stage 1 5,475 £0.00 £502.88 £1,026.41 £1,529.29
Stage 2 16,815 £0.00 £468.84 £1,068.41 £1,537.25
Stage 3 7,013 £0.00 £428.50 £1,073.42 £1,501.92
Stage 4 1,152 £0.00 £405.51 £1,100.32 £1,505.83

One Stage 1 1,971 £378.76 £731.44 £1,286.98 £2,397.18
Stage 2 7,324 £365.97 £738.93 £1,307.32 £2,412.22
Stage 3 3,855 £347.98 £710.18 £1,331.90 £2,390.06
Stage 4 814 £351.51 £682.12 £1,308.08 £2,341.71

Two or more Stage 1 1,398 £753.96 £937.95 £1,507.45 £3,199.36
Stage 2 5,693 £754.80 £1,001.51 £1,551.82 £3,308.13
Stage 3 4,629 £789.53 £1,018.99 £1,614.04 £3,422.57
Stage 4 1,411 £871.16 £1,137.25 £1,747.82 £3,756.23

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global initiative for chronic Obstructive Lung Disease; GP, general practitioner.
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Table 5 COPD management costs split by exacerbation frequency during the observation period and further by levels of dyspnea

Exacerbation  
frequency

MRC dyspnea  
scale

Patients (n) Cost per patient per year

Exacerbations Non-COPD  
hospitalizations

GP surgery  
contact

Total

All COPD patients MRC 1 9,475 £147.73 £456.67 £992.66 £1,597.06
MRC 2 19,863 £198.50 £527.08 £1,122.87 £1,848.45
MRC 3 13,251 £289.63 £701.10 £1,307.06 £2,297.79
MRC 4 7,440 £395.54 £859.85 £1,489.57 £2,744.96
MRC 5 1,612 £549.09 £1,189.76 £1,840.23 £3,579.08

None MRC 1 6,251 £0.00 £367.70 £899.43 £1,267.14
MRC 2 11,552 £0.00 £417.81 £1,006.53 £1,424.34
MRC 3 6,478 £0.00 £526.29 £1,163.58 £1,689.88
MRC 4 2,959 £0.00 £592.94 £1,257.82 £1,850.76
MRC 5 524 £0.00 £763.10 £1,472.06 £2,235.16

One MRC 1 2,059 £339.52 £560.84 £1,120.17 £2,020.53
MRC 2 4,765 £340.54 £618.77 £1,214.69 £2,174.00
MRC 3 3,487 £368.61 £758.89 £1,334.02 £2,461.51
MRC 4 1,876 £407.57 £911.00 £1,514.72 £2,833.29
MRC 5 398 £455.75 £1,202.40 £1,789.27 £3,447.42

Two or more MRC 1 1,165 £605.03 £752.17 £1,269.79 £2,477.37
MRC 2 3,546 £657.12 £761.34 £1,380.15 £2,633.15
MRC 3 3,286 £781.61 £987.24 £1,563.77 £3,102.86
MRC 4 2,605 £842.87 £1,130.34 £1,738.48 £3,487.93
MRC 5 690 £1,033.85 £1,517.05 £2,158.54 £4,340.16

Abbreviations: COPD, chronic obstructive pulmonary disease; GP, general practitioner; MRC, Medical Research Council dyspnea scale.

components was observed regardless of exacerbation 

frequency. This increase in total annual cost between patients 

with mild and moderate-severe dyspnea was £396 for patients 

with no exacerbations, £518 for patients with one exacerba-

tion, and £862 for patients with two or more exacerbations 

in the observation period.

The mean total annual COPD management costs 

were £2,063 for mild-moderate patients (GOLD stages 1 

and 2) and £2,351 for severe patients (GOLD stages 3 

and 4). When split by exacerbation frequency, total costs 

decreased with increase in severity among patients with 

no exacerbations (£1,535 versus £1,502) and patients 

with one exacerbation (£2,409 versus £2,382). In patients 

with two or more exacerbations, total costs increased with 

COPD severity (£3,287 versus £3,499). Among the cost 

components, GP interactions showed an upward trend with 

increase in COPD severity, regardless of the exacerbation 

frequency.

A majority of exacerbation costs were associated with 

severe exacerbations. For the entire cohort, the mean annual 

per patient cost of moderate and severe exacerbations was 

£63 and £194 in the observation period and £55 and £145 in 

the pre-observation period, respectively. Corresponding costs 

in the observation period were £67 and £295 for patients with 

one exacerbation and £214 and £567 for patients with two 

or more exacerbations.

Discussion
This study explored health care resource use and associated 

costs of COPD patients in the CPRD database. We focused 

on differences in costs by exacerbation frequency, further 

split by the GOLD stages of airflow obstruction and the levels 

of dyspnea. Patients were stratified into three categories of 

no, one, and two or more moderate-to-severe exacerbations 

based on an analysis published in the literature.24

Our results show that the majority of the health care 

costs in COPD patients are attributable to GP interactions. 

In patients with two or more (frequent) exacerbations, these 

accounted for 47% of total COPD costs whilst contributing 

70% and 55% in patients with no and one exacerbation, 

respectively. A study by McGuire et al assessed the excess 

cost of chronic bronchitis and acute exacerbations of chronic 

bronchitis in the UK primary care setting.8 They estimated 

that the excess cost of GP visits attributable to chronic 

bronchitis and acute exacerbations of chronic bronchitis 

was £6.5 million in England and Wales in 1997–1998. Our 

estimate of £23.3  million due to in-person GP visits and 

£61.8 million due to GP interactions in the CPRD sample 

alone is significantly higher.

A study reported by Wouters estimated the annual direct 

cost of COPD patients to be $1,254 in the UK in 2002, with 

mean annual GP visits per person being 6.6.25 The estimated 

cost in our study was £1,826 in the pre-observation period 
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and £2,108 during the observation period. We estimated the 

mean annual GP practice visits to be 12.7 among the entire 

cohort. This suggests a substantial increase in health care use 

in the primary care setting over the last 10 years. The Wouters 

study also reported 14% for patients with hospitalizations 

and 12% for emergency room visits.25 We found 9.6% and 

21.8% of patients reporting at least one hospitalization for 

COPD and non-COPD causes, respectively.

A study by Schermer et  al estimated the costs asso-

ciated with exacerbations in a primary care setting in 

the Netherlands. Their study reported annual costs of exac-

erbations as £40, £53, £61, and £92 among patients with 

no, mild, moderate, and severe airflow obstruction, respec-

tively, in 2001.26 The corresponding estimates in our study 

were £202, £233, £320, and £446, respectively. However, 

it is important to note that the severity classification used 

in the study by Schemer et al was based on the European 

Respiratory Society recommendation,27 while ours was 

based on GOLD.23 A study by Andersson et al showed that 

exacerbations account for 35%–45% of the total per capita 

health care costs for COPD.28 In our study, which was mainly 

based on the primary care COPD population, exacerbations 

accounted for less than 25% of the costs, even for frequent 

exacerbators, highlighting a relatively small contribution of 

exacerbation costs to the overall COPD management costs. 

One possible explanation for the higher proportion of GP 

costs is the holistic assessment of GP interactions in our 

study. We included all forms of GP interactions, including 

non-GP-led interactions within and outside the surgery. 

Most other studies published in the literature have focused 

on surgery-based GP-led visits.

In our study, total COPD management costs and its 

cost components increased with increasing level of disease 

severity. This was more evident with increasing levels of 

dyspnea than with increasing levels of airflow obstruction, 

regardless of the exacerbation frequency. In part, this could 

be explained by more severe COPD patients having higher 

comorbidities and thus requiring more GP interactions and 

non-COPD hospitalization. This hypothesis, however, was 

not tested in the current study. A similar study by Tabberer 

et al estimated the incremental annual cost of moderate-

to-severe dyspnea in general practice to be in excess of 

£250 per patient.29 Our estimates of the corresponding 

mean increase in annual COPD management costs with 

each level increase in dyspnea were £242, £357, and £466 

for patients with no, one, and two or more exacerbations, 

respectively. Overall, the resource use costs increased 

with higher levels of exacerbation frequency and dyspnea. 

Therefore, efforts to better manage patients in primary care 

with an aim to reduce exacerbations and symptoms that 

drive GP visits will help reduce overall COPD management 

costs significantly.

Our study has several limitations. We excluded the 

cost of non-exacerbation-related medications from our cost 

calculations. A previous study has shown medication cost 

to be a major contributor to overall health care costs.8 This 

may significantly underestimate the annual COPD costs 

per patient in our analysis. We also used tariff-based cost 

estimates applicable across England and Wales. Whilst this 

improves the generalizability of our findings, the actual costs 

in local settings may differ from national estimates, thereby 

limiting their applicability to local health economies. Further, 

patients were included only if their information was available 

for at least 24 months. Such a condition of a longer stay in a 

cohort may introduce survival bias, given that patients with 

a higher disease severity and a higher risk of health care 

events do not survive for the full follow-up. In addition, the 

quality of spirometry data is unknown. One study indicated 

the possibility of a variable quality of spirometry measure-

ment in a primary care population largely not included in 

the CPRD database.30

Conclusion
Estimated COPD management costs increased with exacer-

bation frequency and level of dyspnea based on data from 

12  months of follow-up in an observational cohort study 

of patients managed in primary care. Interactions with GP 

surgery accounted for a substantial proportion of costs regard-

less of the exacerbation frequency. Further, the costs of GP 

interactions, exacerbations, and non-COPD hospitalizations 

increased with increasing levels of dyspnea. Therefore, in a 

primary care setting, better disease management focused on 

holistic assessment and reduction of symptoms is required. 

This is particularly applicable to patients with a low risk of 

exacerbations, who continue to utilize a significant propor-

tion of health care resources. Future strategies should follow 

published guidelines such as GOLD to include systematic 

measurement of symptoms and health status, allowing 

physicians to identify patients with unmet need and treat 

them accordingly to improve individual outcomes and the 

collective burden.
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Supplementary materials

Number of patients with a recorded diagnosis of
COPD on/after April 1, 2009 to June 30, 2011:

107,504

Number of the above COPD cohort with a
positive lung spirometry defined as FEV1/FVC<
0.7 (spirometry data available any time before

and up to 3 months after the first COPD
diagnosis date was recorded): 80,144

Number of the above COPD cohort with a minimum of
12 months history before and after cohort entry:

59,904

Number of patients with age ≥40 at cohort
entry: 59,664

Total number of above cohort after excluding
subjects with a medical condition incompatible
with COPD diagnosis any time in their history:

58,589

Figure S1 Study flow chart.
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced 
expiratory volume at one second; FVC, forced vital capacity.

Table S1 COPD management costs according to the frequency 
of COPD exacerbations in UK primary care

ReadCode description ReadCode

COPD ReadCodes used to extract the study COPD cohort 
from the electronic medical records
Acute exacerbation of COAD H312200
Admitted COPD emergency 8H2R.00
Airways obstruction irreversible 663K.00
Chronic bronchitis with emphysema 491 E
COAD follow-up 66YL.12
COPD 5199GP
COPD follow-up 66YL.11
COPD self-management plan given 66YI.00
Centrilobular emphysema H322.00
COPD with acute exacerbation, unspecified H3y1.00
Chronic bullous emphysema H320.00
Chronic bullous emphysema NOS H320z00
COPD with acute lower respiratory infection H3y0.00
COAD H3...11
COAD NOS H3z..00
COPD H3...00
COPD NOS H3z..11
COPD annual review 66YM.00
COPD clinical management plan 8CR1.00
COPD disturbs sleep 66Yg.00
COPD does not disturb sleep 66Yh.00
COPD follow-up 66YL.00
COPD monitor phone invite 9Oi4.00
COPD monitoring 66YB.00
COPD monitoring 1st letter 9Oi0.00
COPD monitoring 2nd letter 9Oi1.00
COPD monitoring 3rd letter 9Oi2.00
COPD monitoring administration 9Oi..00
COPD monitoring by doctor 66YT.00
COPD monitoring by nurse 66YS.00
COPD monitoring due 66YD.00
COPD monitoring verb invite 9Oi3.00
Emphysema pulmonary 492
Exacerbation COAD 5199GE
Emphysema H32..00
Emphysema NOS H32z.00

Emphysematous bronchitis H312100
Health education – COPD 679V.00
Mild COPD H36..00
Moderate COPD H37..00
COAD 5199G

(Continued)

Table S1 (Continued)

Obstructive chronic bronchitis NOS H312z00
Radiological emphysema 9906E
Severe COPD H38..00
Very severe COPD H39..00

Abbreviations: COPD, chronic obstructive pulmonary disease; COAD, chronic 
obstructive airways disease; NOS, not otherwise specified.
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