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Chronic Obstructive Pulmonary Disease (COPD) a prevalent and burdensome global
health problem, is complex, heterogeneous1 and difficult to manage. The Global Initiative for Chronic Obstructive Lung Disease (GOLD)2,3 regularly produces a management
strategy document offering recommendations that have increasingly differed from the
National Institute for Health and Care Excellence (NICE) 2010 guideline (CG101).4
In 2011, GOLD updated its management strategy, moving away from solely
grading disease severity based on airflow limitation (predicted FEV1 [FEV1%]) to a
model that also included symptoms and exacerbation history. The most recent 2017
GOLD strategy report went one step further and incorporated an updated severity
grading tool, which recognizes the diagnostic and predictive value of spirometry, but
utilizes only the degree of symptom and exacerbation frequency to guide treatment.5
This change attracted much debate, as the new classification criteria will reclassify a
proportion of COPD C patients to A and D patients to B. It could be hoped that the
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Purpose: The changes in grading of disease severity and treatment recommendations for patients
with COPD in the 2017 GOLD strategy may present an opportunity for reducing treatment
burden for the patients and costs to the health care system. The aim of this study was to assess
the implications of the GOLD 2017 grading system in terms of change in distribution across
GOLD groups A–D for existing patients in UK primary care and estimate the potential cost
savings of implementing GOLD 2017 treatment recommendations in UK primary care.
Patients and methods: Using electronic health record data from the Clinical Practice Research
Datalink (CPRD), patients aged 35 years with spirometry-confirmed COPD, receiving care
during 2016, were included. The cohort was graded according to the GOLD 2017 groups (A–D),
and treatment costs were calculated, according to corresponding recommendations, to observe
the difference in actual vs predicted costs.
Results: When applying GOLD 2013 criteria, less than half of the cohort (46%) was assigned
to GOLD A or B, as compared to 86% when applying the GOLD 2017 grading. The actual
mean annual maintenance treatment cost was £542 per patient vs a predicted £389 for treatment
according to the 2017 GOLD strategy.
Conclusion: There is a potential to make significant cost savings by implementing the grading
and treatment recommendations from the 2017 GOLD strategy.
Keywords: COPD, GOLD, severity, economics
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adoption of a simpler classification, not requiring specialized
tests, might promote adherence to guidelines, especially
among nonspecialists, who are frequently treating COPD
suboptimally.6 In addition, de-escalation of treatment could
lead to a limitation of the extensive health care expenditure
for these patients.
Of the total estimated economic burden of COPD in the
UK, 47.5% is accounted for by expenditure on pharmaceutical treatments.7 In 2010, £497,665,559 (€584,469,239)
was spent on long-acting β2 agonist/inhaled corticosteroid
(LABA/ICS) combination inhalers in England (National
Health Service Business Authority, Freedom of Information Request, 110407 Booth 515237, April 7, 2011). To
date, the economic burden of maintenance therapy has not
been described, and as costs increase substantially as disease
severity moves from moderate to severe,8 it is important to
quantify these costs using an exacerbation risk approach as
recommended in the GOLD strategy report.
Given that the NICE COPD guideline is now 8 years old,
the more recent GOLD recommendations are being increasingly adopted in the UK.9 There is a need to understand the
implications of the 2017 GOLD strategy report recommendations on COPD management in the UK considering not only
the new classification of disease severity but also treatment
costs arising from the updated treatment pathway. The aim of
this study was to examine the extent to which a contemporary
cohort of COPD patients could be classified using primary care
electronic health records into the newly defined GOLD categories. It reported on how the distribution of current inhaled
therapy prescriptions differs from those recommended in the
GOLD 2017 report and evaluated the treatment cost implications of adopting the 2017 GOLD recommendations.

Patients and methods
This was a descriptive, population-based cross-sectional study
using routinely collected health care data provided by the Clinical Practice Research Datalink (CPRD). CPRD provides electronic primary care records from general practice in the UK and
is one of the largest and most thoroughly validated databases of
longitudinal medical records from primary care globally.10–13
Linkage between CPRD and Hospital Episode Statistics
(HES) data is also available, enabling individual anonymized patient records to be followed across care sectors.11–13
For inclusion in the study, patients were required to be
registered with practices for the period of observation. 14
The study population included prevalent COPD patients,
primarily including patients with an existing coded diagnosis for COPD15 prior to the study period (January 1, 2016 to
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December 31, 2016). COPD patients aged 35 years with
at least 1 full year of data prior to the study start date were
included to ensure that prevalent patients were captured with
sufficient medical history to classify historical comorbidities
and clinical characteristics. Diagnosis of COPD was based
on any record of a diagnostic Read code for COPD in addition to spirometry confirmation of the diagnosis (FEV1/FVC
ratio 0.7). The accuracy of COPD diagnosis in CPRD has
been previously validated.15,16 Patients with a Read code for
participation in a clinical trial in the year prior to the study
start were excluded.
Clinical and demographic characteristics were assessed
at the study start (January 1, 2016). Each patient was categorized in our cohort according to GOLD classifications (2013
and 2017) using records from the year prior to the study
start; the mMRC dyspnea scale was used for the majority of
patients for the assessment of symptoms as COPD assessment test (CAT) score was recorded in few patients. Patient
records were linked using their postcode to Index of Multiple
Deprivation, a combined measure of deprivation based on a
total of 37 separate indicators in which each area is given a
score to identify how deprived an area is relative to others;
each quintile will describe the distribution of patients by the
GOLD group according to their area deprivation.
Exacerbations were defined, using an adapted version of
a validated algorithm for use in CPRD data,17 as antibiotic
and oral corticosteroid prescriptions for 5–14 days were
calculated using the date of prescription and drug pack information or coded lower respiratory tract infection or coded
acute exacerbation.
As part of the sensitivity analysis, a sub-cohort of patients
was identified who were eligible for linkage with HES data
to assess whether the inclusion of HES recorded exacerbations (defined as ICD-10 code J44.1 and J44.0 in any position
of hospital episode) significantly changed the proportion
of patients who would be classified as having more severe
COPD. If records occurred within 1 calendar week in both
HES and CPRD, only the HES record was included as a
hospitalized exacerbation.
Prescribed maintenance therapies for COPD were identified in 3 months after the study start to approximate the
prescribed maintenance therapy medications as patients may
regularly switch/escalate therapy over a 1-year period. The
investigated treatments were those recommended by GOLD as
monotherapy or combination therapy: short-acting β2 agonists
(SABA), short-acting muscarinic antagonist (SAMA),
LABAs, long-acting muscarinic antagonist (LAMA) and
ICSs. Thirty-day medication cost was calculated for each
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inhaler type using Drug Tariff prices and COPD maintenance
treatment dose for each drug as per the summary of product
characteristics recommendations. Mean monthly costs for
each drug class were then used to estimate annual costs,
assuming 100% compliance. To estimate treatment costs for
the same cohort according to GOLD 2017 recommendations,
we developed a list of acceptable treatments for each GOLD
stage and guidance on how to adjust non-recommended
treatments (S1). Given the paucity of available clinical
information, we adopted a pragmatic approach excluding
short-acting/rescue therapy, short courses of oral corticosteroids and off-licensed therapies. The difference in actual vs
predicted costs was calculated. The cost of medication used
was defined using drug, dose, device (where applicable) and
brand recorded.

Statistical analyses
Comorbidities and demographic information were described
for the groups of patients by GOLD 2017 and GOLD 2013
classification. Summary statistics included mean ± SD or
median and IQR for continuous data and number (percentage)
for categorical data comparing across 2013 and 2017 GOLD
strategies. Between-group differences were tested for statistical significance using either chi-squared test for categorical
data or one-way ANOVA for continuous data (with α=0.05
used to denote significance throughout).
Total drug costs were summarized for the overall study
cohort and by the GOLD groups at baseline. Estimates of drug

costs according to recommended treatments by the GOLD
group are presented as total costs and per patient. The UK
drug costs for individual products within each drug class
were used to estimate drug class costs. Summary statistics
included mean ± SD annual costs.
As part of the planned sensitivity analysis, additional HESlinked data were used to understand the proportional change
in GOLD C/D patients when including additional hospital
data to confirm the number of hospitalized exacerbations. In
addition, we assessed GOLD 2017 after excluding comorbid
asthma patients. Finally, we reestimated treatment costs per
patient per year using mean drug class costs to understand
whether the assumptions that the underlying distribution of
costs was non-normal impacted our estimates.
These analyses were performed in accordance with
relevant regulations/guidelines. This study was reviewed
and approved by the Independent Scientific Advisory Committee for Medicines and Healthcare products Regulatory
Agency database research (Ref: 17_075R) and an internal
scientific committee of the study sponsor. As this was a
non-interventional study using anonymized data, no patient
consent was necessary.

Results
Upon application of the inclusion criteria to the CPRD
data, 19,268 patients were eligible for inclusion (S2). The
average age was 70 years, and 53% were male (Table 1).
Most were either former (45%) or current (38%) smokers,

Table 1 Demographic and baseline characteristics of COPD cohort by the GOLD 17 group
Characteristics

All patients

Unclassifieda

A

B

C

D

P-value*

All patients (% [N])
Age (years; mean [SD])
Female (% [N])
Year of diagnosis (mean [SD])
Region (% [N])
North East
North West
Yorkshire and The Humber
West Midlands
East of England
South West
South Central
London
South East Coast
Northern Ireland
Scotland
Wales
Index of Multiple Deprivation
I
II

100 (19,268)
70 (10)
47 (9,088)
2010 (4)

15 (2,939)
67 ± (11)
46 (1,361)
2014 (3)

48 (7,792)
70 (10)
44 (3,455)
2010 (3)

36 (5,839)
71 (11)
48 (2,822)
2010 (3)

6 (1,042)
69 (10)
51 (535)
2010 (3)

10 (1,656)
67 (11)
55 (915)
2009 (4)

0.0001
0.0001
0.0001

2 (311)
8 (1,605)
1 (140)
7 (1,299)
3 (556)
5 (939)
4 (714)
9 (1,750)
13 (2,404)
8 (1,438)
20 (3,859)
22 (4,253)

7 (21)
12 (195)
17 (24)
14 (178)
15 (81)
15 (141)
17 (118)
12 (217)
15 (355)
13 (182)
20 (762)
16 (665)

48 (138)
54 (756)
53 (61)
47 (527)
52 (246)
39 (309)
46 (274)
52 (801)
46 (950)
49 (614)
45 (1,391)
48 (1,725)

29 (85)
28 (401)
32 (37)
34 (376)
34 (163)
37 (297)
36 (214)
31 (471)
40 (816)
38 (474)
40 (1,241)
37 (1,264)

8 (24)
9 (123)
9 (11)
9 (96)
4 (17)
8 (63)
6 (36)
7 (107)
5 (107)
4 (47)
5 (167)
6 (244)

15 (43)
9 (130)
6 (7)
11 (122)
10 (49)
16 (129)
12 (72)
10 (154)
9 (176)
10 (121)
10 (298)
10 (355)

0.0001

10 (778)
21 (1,609)

12 (91)
16 (256)

58 (396)
45 (614)

28 (193)
37 (496)

7 (48)
7 (94)

7 (50)
11 (149)

0.0001

(Continued)
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Table 1 (Continued)
Characteristics

All patients

Unclassifieda

A

B

C

D

P-value*

III
IV
V
Missing
FEV1% predicted (mean [SD])
FEV1/FVC (mean [SD])
Exacerbation history
0
1
2 or more
mMRC
0
1
2
3
4
Missing
CAT
10
10
Missing
Body mass index (kg/m2)
Underweight
Normal weight
Overweight
Obese
Severely obese
Data not entered
Smoking status
Current
Non/never smoker
Ex-smoker
Data not entered
Smoking cessation referralb
Flu/pneumococcal vaccinationb
Pulmonary rehabilitationb
Comorbiditiesb
Concurrent asthma
Ischemic heart disease
Heart failure
Osteoporosis
Anxiety/depression
Lung cancer
Bronchiectasis
Diabetes
Eosinophil count 0.3×109 (L)

19 (1,446)
18 (1,386)
32 (2,482)
60 (11,567)
65 (20)
57 (9)

16 (229)
11 (149)
12 (292)
17 (1,922)
67 (19)
58 (9)

49 (597)
45 (561)
46 (1,007)
(4,617)
72 (20)
58 (9)

32 (391)
39 (482)
34 (754)
(3,523)
65 (22)
56 (10)

7 (87)
6 (73)
8 (172)
(568)
68 (22)
57 (9)

12 (142)
10 (121)
12 (257)
(937)
59 (23)
55 (10)

0.0001
0.0001

58 (11,083)
27 (5,195)
16 (2,990)

18 (1,944)
14 (703)
10 (292)

62 (5,682)
47 (2,110)
0 (0)

38 (3,457)
53 (2,382)
0 (0)

0 (0)
0 (0)
39 (1,042)

0 (0)
0 (0)
61 (1,656)

16 (2,293)
41 (5,928)
28 (3,944)
13 (1,876)
2 (300)
26 (4,927)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
60 (2,939)

92 (2,106)
87 (5,135)
0 (0)
0 (0)
0 (0)
28 (551)

0 (0)
0 (0)
80 (3,142)
73 (1,377)
68 (205)
56 (1,115)

8 (187)
13 (793)
0 (0)
0 (0)
0 (0)
3 (62)

0 (0)
0 (0)
20 (802)
27 (499)
32 (95)
13 (260)

30 (625)
70 (1,375)
90 (17,268)

0 (0)
0 (0)
17 (2,939)

90 (559)
0 (0)
50 (7,233)

0 (0)
81 (1,117)
33 (4,722)

10 (63)
0 (0)
7 (979)

0 (0)
19 (261)
10 (1,395)

4 (690)
24 (4,581)
24 (4,621)
19 (3,605)
3 (501)
27 (5,270)

13 (92)
15 (673)
14 (655)
14 (521)
17 (84)
17 (914)

37 (220)
48 (1,891)
52 (2,052)
43 (1,340)
37 (153)
49 (2,136)

42 (254)
34 (1,332)
33 (1,292)
41 (1,274)
45 (189)
34 (1,498)

6 (36)
7 (264)
6 (251)
5 (166)
5 (20)
7 (305)

15 (88)
11 (421)
9 (371)
10 (304)
13 (55)
10 (417)

0.0001

38 (7,349)
7 (1,415)
45 (8,581)
10 (1,923)
2 (293)
89 (17,148)
5 (857)

19 (1,364)
14 (192)
13 (1,081)
16 (302)
1 (32)
72 (2,121)
2 (44)

46 (2,755)
53 (648)
48 (3601)
49 (788)
2 (117)
91 (7,099)
2 (148)

37 (2,226)
33 (401)
35 (2,642)
35 (570)
2 (89)
93 (5,400)
8 (450)

6 (378)
6 (77)
6 (487)
6 (100)
2 (21)
94 (977)
3 (33)

10 (626)
8 (97)
10 (770)
10 (163)
2 (34)
94 (1,551)
11 (182)

0

37 (7,187)
13 (2,449)
5 (1,010)
14 (2,688)
38 (7,219)
1 (240)
4 (678)
14 (2,668)
53 (10,149)

23 (689)
11 (330)
5 (145)
11 (327)
39 (1,153)
1 (31)
3 (74)
11 (326)
48 (1,415)

37 (2,912)
11 (817)
4 (269)
12 (947)
33 (2,567)
1 (70)
3 (210)
12 (945)
45 (3,959)

39 (2,289)
16 (944)
8 (441)
16 (929)
40 (2,317)
2 (94)
4 (230)
17 (1,008)
37 (3,273)

47 (489)
12 (120)
4 (43)
16 (162)
39 (407)
1 (15)
6 (58)
14 (141)
6 (552)

49 (808)
14 (238)
7 (112)
20 (323)
47 (775)
2 (30)
6 (106)
15 (248)
11 (950)

0.0001
0.0001
0.0001
0.0001
0.0001
0
0.0001
0.0001
0.0001

0.0001

0.0001

0.0001

0.0743
0.0001
0.0001

Notes: Data are presented as mean ± SD or a percentage with numbers in brackets (% [N]). aPercentages calculated from the total cohort, all other percentages are
calculated from the number of non-missing values for each individual characteristic and therefore may not necessarily be based on the entire cohort of 19,268. bPercentages
reflect column totals within groups. Index of Multiple Deprivation: where I is the most deprived and V is the least. mMRC, mMRC breathlessness score. *P-values estimated
using ANOVA/Chi-squared for differences between groups.
Abbreviation: CAT, COPD assessment test.

and one-third (36%) were either overweight or obese (body
mass index 25 kg/m2). Patient characteristics by GOLD
2013 are given in S3.
There was a significant shift toward less severe grading when applying GOLD 2017 compared to GOLD 2013.
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When applying GOLD 2013 criteria, less than half of the
cohort (46%) was assigned to GOLD A or B, as compared
to 86% when applying GOLD 2017 (Figure 1). The majority of patients moved from group D to B (65%) and C to A
(74%) when applying GOLD 2017 (S4). Fifteen percentage
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Figure 1 Patient classification by the GOLD group.

(n=2,939) of the total cohort could not be classified into
the GOLD group due to missing symptom data (mMRC or
CAT). The GOLD 2017 groups by airflow limitation are
given in S5. The results of sensitivity analyses restricted to
patients eligible for linkage with HES were consistent with
those of the main analysis. We detected no major difference
(χ2 P-value = 0.3722) in the proportion of patients classified
as GOLD 2017 C/D among these patients (22% n=1,321).
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Figure 2 shows the treatment classes prescribed in
3 months following the study start by the GOLD group; 17%
(n=3,327) of the total cohort did not receive any prescriptions for maintenance treatment and 9% (n=1,788) received
short-acting therapy (SABA or SAMA) only. In total, 32%
of all patients were prescribed triple (ICS/LABA/LAMA)
combination therapy: 22% of GOLD A, 43% of GOLD B,
45% of GOLD C and 62% of GOLD D patients. Over half
of the patients (53%, n=10,191) received a therapy containing an ICS. After conducting a sensitivity analysis defining
3 months of prescription information as 1.5 months before
study start and 1.5 months after, no difference was observed
in the proportion of patients who would be allocated to each
drug class group overall and by the GOLD group. Detailed
figures of therapies prescribed by the GOLD group are
given in S6.
Total costs per year for these study patients under their
current therapy were estimated to be £8,614,020 across the
UK. Applying the GOLD allocations for recommended
treatments (S1) this figure would be reduced to £6,151,361:
a difference of ~£2.5 million (a 29% decrease). The actual

*2/'UHFRPPHQGDWLRQ

Figure 2 Treatments prescribed within 3 months of study start by the GOLD 2017 group.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2 agonist; LAMA; long-acting muscarinic antagonist; SABA, short-acting β2 agonists; SAMA, short-acting
muscarinic antagonist.
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Figure 3 Comparison of estimated treatment costs compared to GOLD 2017
recommendations.

mean annual maintenance treatment cost was £542 per
patient vs a predicted £389 for treatment according to 2017
GOLD guidelines. Actual and predicted annual treatment
costs for the whole cohort by the GOLD group are shown
in Figure 3.

Discussion
In this nationwide study of COPD in the UK, the majority
of patients classified as being at high risk (GOLD C and D)
according to GOLD 2013 were classified as low risk (GOLD
A and B) when applying GOLD 2017 criteria. Consequently,
just over a tenth of patients with COPD in the UK are classified as high symptoms and high risk (GOLD group D).
The GOLD 2017 classification has already been evaluated in several other cohorts with study populations ranging
between 200 and 33,765 patients with COPD.18–22 While a
significant shift toward groups A and B was observed in all
cohorts, there was significant heterogeneity in the distribution in the previous studies. Importantly, all previous studies
recruited patients from secondary care, and, therefore, they
might have been less sensitive toward milder patients whose
disease is well managed within primary care settings.
This study shows that reviewing patients using a GOLD
strategy is possible using medical records in clinical practice. Revision of maintenance therapy as a result of this may
improve clinical outcomes through a reduction in inappropriate prescribing of ICS therapies. A sizable proportion of
patients were reclassified from group D to B following the
new GOLD strategy; for them, ICS would no longer be the
recommended therapy. According to several studies, ICS
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may safely be withdrawn in this group of patients.23 While the
GOLD strategy does not make specific recommendations on
ICS withdrawal, recent evidence derived from clinical trials
and observational studies may help to guide clinicians. Furthermore, the resulting recommended maintenance treatment
implementation is an affordable option when compared to current maintenance treatment regimens being used in the UK.
Combination therapy with ICS/LABA or LAMA/LABA
(if ICS is not tolerated) and LAMA monotherapy is recommended by both 2010 NICE guidelines and in the GOLD
2017 report3 for the management of severe stable COPD,
while a combination of ICS/LABA/LAMA is recommended
to be considered in cases of persistent exacerbations or
breathlessness. Among patients with COPD classified in
the GOLD 2017 D category, 50% received recommended
medications at study start. However, 10% of patients received
monotherapies (other than LAMA) or other combination
medications that are not recommended for severe stable
COPD, indicating that they were in early stages of disease
management. Interestingly, for 6% of severe cases, no prescriptions for COPD medication were found. These results
suggest possible undertreatment of the high-risk patient
population in real-world practice in the UK.
In this study, 37% of patients had a concomitant diagnosis
of asthma. ICS is a key component of asthma treatment, and
although a large proportion of our overall cohort may have
been considered appropriate in this study to step down from
the GOLD groups C and D, they may be more appropriately treated with ICS due to their asthma diagnosis. After
excluding these patients, the proportion of patients who
were classified as C or D decreased from 53% using GOLD
13% to 16% using GOLD 2017, consistent with our main
findings suggesting that spirometry alone is not sufficient in
distinguishing patients with overlap syndrome.
A major strength of the current study is the use of CPRD
data that offer a large sample size, validated in prior studies,
and well known to be representative of the demographic
breakdown and primary care for the whole UK population.
The likelihood of misdiagnosis was low because national
incentive programs had driven better recording of COPD
diagnosis in primary care and because the presence of chronic
airflow limitation was mandatory for enrolment in this cohort.
However, there are some limitations to the analysis. Variables
of interest are not always widely available in the database;
we used mMRC dyspnea score to calculate GOLD stage for
the majority of patients (with mMRC 1 defining the lower
symptom patients as GOLD A or C), as COPD CAT score
was only available for 10% of patients (Table 1); however,
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a previous pan-European observational study reported that
the cut point of mMRC grade 1 and CAT score 10 was
approximately equivalent in determining low-symptom
patients.24 The algorithm used to detect exacerbations has
been shown to accurately predict 85% of events17 but did
not distinguish hospitalized exacerbations; however, results
from a subgroup of patients with linked HES data show a
nonsignificant 10% difference in the ratio of patients in the
high-risk groups (GOLD C and D) vs low-risk (GOLD A
and B). In addition, data are not available to the same extent
and level of detail in all UK regions, particularly notable was
the absence of data from the East Midlands region and the
relatively small proportion of patients from the Yorkshire and
North East England areas (S7). Regional results will need to
be interpreted with caution; however, all four countries of
the UK are well represented, and this is less likely to lead to
bias or affect the direction of the overall results.
To estimate the drug costs per GOLD 2017, we developed
a list of acceptable and unacceptable treatments. However, we
only had limited access to patients’ clinical information and
for this reason we had to adopt a pragmatic approach and were
only able to exclude treatments that were clearly incompatible with each GOLD stage in our estimation of maintenance
therapy costs; this infers the assumption that patients were
stable on their current therapies and that any cost differences
observed would be a result of GOLD classification changes
independent of treatment adherence and efficacy which should
be considered when reviewing patients’ therapy. However,
we expect better adherence to treatment guidelines, which are
now much simpler to follow. We also used exact national drug
costs applicable in England and Wales. While 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.

Conclusion
This study shows the impact of the changes in the GOLD
2017 strategy when it comes to classifying COPD patients
into treatment groups. A significant proportion of patients
classified as being high risk (GOLD C and D) using
the GOLD 2013 criteria were reclassified as low risk
(GOLD A and B). This study also shows that prescribing
the maintenance treatments recommended by GOLD 2017
for each group is likely to save money when compared to the
current UK maintenance treatment prescribing. Physicians
should consider whether the GOLD 2017 reclassification
represents an opportunity to review patients and optimizes
their maintenance treatment accordingly.
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