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Background: Estimates for lung function decline in chronic obstructive pulmonary disease 
(COPD) have differed by study setting and have not been described in a UK primary care 
population.
Purpose: To describe rates of FEV1 and FVC decline in COPD and investigate character-
istics associated with accelerated decline.
Patients and Methods: Current/ex-smoking COPD patients (35 years+) who had at least 2 
FEV1 or FVC measurements ≥6 months apart were included using Clinical Practice Research 
Datalink. Patients were followed up for a maximum of 13 years. Accelerated rate of lung 
function decline was defined as the fastest quartile of decline using mixed linear regression, 
and association with baseline characteristics was investigated using logistic regression.
Results: A total of 72,683 and 50,649 COPD patients had at least 2 FEV1 or FVC 
measurements, respectively. Median rates of FEV1 and FVC changes or decline were 
−18.1mL/year (IQR: −31.6 to −6.0) and −22.7mL/year (IQR: −39.9 to −6.7), respectively. 
Older age, high socioeconomic status, being underweight, high mMRC dyspnoea and 
frequent AECOPD or severe AECOPD were associated with an accelerated rate of FEV1 

and FVC decline. Current smoking, mild airflow obstruction and inhaled corticosteroid 
treatment were additionally associated with accelerated FEV1 decline whilst women, sputum 
production and severe airflow obstruction were associated with accelerated FVC decline.
Conclusion: Rate of FEV1 and FVC decline was similar and showed similar heterogeneity. 
Whilst FEV1 and FVC shared associations with baseline characteristics, a few differences 
highlighted the importance of both lung function measures in COPD progression. We 
identified important characteristics that should be monitored for disease progression.
Keywords: pulmonary disease, chronic obstructive, spirometry, lung function

Introduction
Lung function decline is a hallmark of chronic obstructive pulmonary disease 
(COPD). Studies investigating the rate of lung function decline in people with 
COPD have shown that it is heterogeneous and dependent on various characteristics 
including smoking status, medication use, and emphysema.1 Rate of lung function 
decline has been investigated in various settings in people with COPD; however, 
the literature shows inconsistency of evidence depending on the setting.

Much of the literature to date has investigated the rate of forced expiratory volume in 
1 second (FEV1) in COPD. Previous randomised control trials (RCTs) have shown that 
the mean rate of FEV1 decline in COPD patients is around −40mL/year.2–5 Most RCTs 
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have strict inclusion and exclusion criteria, leading to inclusion 
of selected populations of COPD patients whose rates of 
decline may not be generalizable to the wider population of 
COPD patients. Recently, a study found that 2.3% to 46.7% of 
COPD patients in a French cohort would have met the elig-
ibility criteria for 16 RCTs that aimed to investigate treatment 
on reducing AECOPD (mean eligibility rate 16.5% [95% CI 
9.2–23.7]).6 Observational studies report an attenuated mean 
rate of FEV1 decline compared to those seen in RCTs. For 
example, the ECLIPSE study reported a mean FEV1 decline of 
−33.2mL/year in COPD patients aged 40 to 75 with a history 
of smoking.1 As with the ECLIPSE study, the BODE study 
found that rate of FEV1 decline in COPD patients was hetero-
geneous and approximately 82% of patients had a non- 
significant decline in FEV1 with a mean decline of −28mL/ 
year.7 Further observational studies have found declines ran-
ging from −12.6mL/year to −27mL/year in COPD patients.8,9

In terms of factors that are associated with rate of lung 
function decline, frequent or severe AECOPD have been 
identified as a main risk factor for accelerated decline, 
notably in RCTs.2,10,11 In addition, much of the data 
from RCTs have identified inhaled corticosteroids (ICS) 
as a type of COPD medication that reduces the rate of 
FEV1 decline.12–14 Further characteristics that have been 
associated with lung function decline include higher age, 
lower baseline FEV1, current smoking status, and lower 
body mass index (BMI).2,11,15

Interestingly, only a few studies have investigated FVC 
decline in COPD patients.16 In people without COPD, 
cross-sectional studies have found low FVC to be asso-
ciated with low BMI, respiratory symptoms and cardio-
vascular disease.17,18 FVC has been described 
longitudinally in populations without COPD but the rate 
of FVC decline in COPD patients is poorly described.19–22

The rate of lung function decline in a generalizable 
population of average, “real world” COPD patients who 
would be seen in primary care has not been described. In 
addition, few studies have looked at how comorbidities, as 
well as other clinical characteristics such as medication, 
symptoms, and patient demographics, influence the rate of 
lung function decline, as measured by both FEV1 and FVC 
in COPD patients in primary care.

Patients and Methods
Study Population and Study Design
Clinical Research Practice Datalink (CPRD-GOLD), an 
electronic healthcare record database which consists of 

UK primary care data, was linked to Hospital Episode 
Statistics (HES). CPRD is a primary care database that 
holds information on patients from general practices (GPs) 
who have signed up to CPRD and is generalizable to the 
UK population in terms of age, sex, and ethnicity.23 HES 
consists of hospitals in England. Patients were included if 
they had been diagnosed with COPD using primary care 
diagnosis codes which had been previously validated. 
Further inclusion criteria required COPD patients to be 
current or ex-smokers, aged 35 or older, have at least two 
FEV1 or FVC measurements at least 6 months apart, and 
have linked HES data. We used a previously validated 
primary care COPD diagnosis code set for identification 
of COPD patients in CPRD with a PPV of 97.1%.24 Two 
study cohorts were created using either FEV1 or FVC 
measurements. Start of follow-up was from the first 
FEV1 or FVC measurement after: i) COPD diagnosis; ii) 
current GP registration date, ii) date at which data were 
deemed to be of research standard (up-to-standard); iii) the 
date at which they turned 35, or; iv) the 1st January 2004. 
End of follow-up was the 31st December 2017 or earlier if 
they died or left the GP. Figure 1 illustrates the study 
design for both FEV1 and FVC study cohorts.

Exposure Variables
Exposure variables were chosen a priori and were based 
on patient demographics, COPD-related symptoms, com-
mon comorbidities of COPD, COPD severity, and type of 
COPD medication which are all recorded in primary or 
secondary care and could influence patient’s rate of lung 
function decline. See Supplementary materials for further 
details on definitions of baseline characteristics. Baseline 
patient demographics included age, gender, ethnicity, 
smoking status, and socioeconomic status measured 
using the Index of Multiple Deprivation (IMD) where 1 
was the most deprived and 5 was the least deprived. 
COPD-related symptoms included self-reported or health-
care practitioner reported breathlessness, chronic cough, 
and sputum production. Baseline comorbidities included 
a history of myocardial infarction (MI), ischaemic stroke, 
lung cancer, bronchiectasis, heart failure (HF), gastro- 
oesophageal reflux disease (GORD), anxiety, depression, 
asthma, and BMI categorised as normal weight (18.5– 
25kg/m2), underweight (<18.5kg/m2), overweight (25– 
30kg/m2), and obese (≥30kg/m2).COPD severity included 
modified MRC (mMRC) dyspnoea score and airflow 
obstruction categorised as mild (≥80% predicted), moder-
ate (50–80% predicted), severe (30–50% predicted), and 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                            

International Journal of Chronic Obstructive Pulmonary Disease 2020:15 3080

Whittaker et al                                                                                                                                                      Dovepress

https://www.dovepress.com/get_supplementary_file.php?f=278981.docx
http://www.dovepress.com
http://www.dovepress.com


very severe (<30% predicted) using patient’s gender, age, 
and initial FEV1 measurement using standard equations.25 

COPD exacerbation frequency in the first year of follow- 
up was defined by the severity of AECOPD (GP treated or 
hospitalised AECOPD categorised as moderate and severe, 
respectively) and number of AECOPD following 
a previous study that found increasing severity and fre-
quency of AECOPD was associated with further AECOPD 
risk and mortality.26 COPD medications included any ICS- 
containing medications and any non-ICS containing med-
ications in the year prior to index date.

FEV1 and FVC Decline
The outcome was accelerated decline in FEV1 and FVC 
over time. This was identified through spirometry recorded 
at the GP. In the UK, GPs have a financial incentive to 
identify COPD patients using post-bronchodilator spiro-
metry and measure FEV1 every 12 months at the GP 
thereafter.27 Spirometry measurements have been pre-
viously analysed in CPRD-GOLD and findings suggest 
that 96.5% of measurements within a COPD population 
were of adequate quality where a valid interpretation could 
be made28 All post-bronchodilator spirometry measure-
ments recorded within CPRD were identified between 
patient’s index date and the end of follow-up. If duplicate 
measurements were recorded on the same day, the highest 
value was identified. Two separate cohorts were created 
using the above criteria for FEV1 or FVC. This was 
because fewer patients have repeated FVC measurements 
than FEV1 measurements over follow-up due to lack of 
incentive to record FVC measurements at GPs. Rates of 
FEV1 and FVC decline were estimated using mixed linear 

regression models. Patients were dichotomised into those 
with accelerated decline (those in the fastest quartile) and 
patients without accelerated decline following previous 
studies.29–31

Statistical Analyses
Baseline characteristics were described using means and 
standard deviations (SD) and proportions and percentages 
(%). Univariate logistic regression was used to investigate 
the individual associations between each baseline charac-
teristic, that was chosen a priori, and accelerated rate of 
FEV1 and FVC decline. Multivariate logistic regression 
was used to investigate the associations between each 
baseline characteristic adjusted for all other baseline char-
acteristics and FEV1 or FVC measurement at index date. 
Test for trend was performed for categorical variables.

Sensitivity Analyses
Different definitions of accelerated lung function decline 
were used including the median rate of decline and 
−40mL/year, previously indicated by RCTs.1,7 

Furthermore, sensitivity cohorts were created to eliminate 
a proportion of the high within-patient variation of FEV1 

and FVC. Patients were included if they met the inclusion 
criteria and did not have an FEV1 or FVC measurement 
that exceeded 30% of their previous measurement during 
follow-up. Measurements that exceeded 30% or more of 
the previous measurements were deemed to be measure-
ment error and had been wrongly inputted by the GP. In 
order to reduce measurement error and not bias the mean 
rate of lung function decline, these patients were excluded. 
Cut-offs for accelerated decline in these cohorts included 
the fastest quartile and the median rate of decline.

Figure 1 Study design.
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Results
In this study, 72,683 COPD patients had at least 2 FEV1 

measurements at least 6 months apart and 50,649 patients 
had at least two FVC measurements at least 6 months 
apart. 68% of patients with serial FEV1 measurements 
also had at least 2 FVC measurements and 98% of patients 
with serial FVC measurements also had at least 2 FEV1 

measurements. Figure 2 illustrates the proportion of 
patients included. The median follow-up time in the 
FEV1 cohort was 5.8 years (IQR 3.6–8.5) and median 
number of FEV1 measurements over the study period 
was 4 (IQR 3–7). The median follow-up time in the FVC 
cohort was 5.7 years (IQR 3.6–8.4) and mean number of 
FVC measurements over the study period was 3 (IQR 
2–5). Supplementary Figure E1 illustrates the distribution 
of the total number of spirometry measurements over 

patient follow-up. Table 1 highlights baseline characteris-
tics for each cohort. Patients were similar in terms of all 
baseline characteristics other than cough, sputum, and 
breathlessness where patients in the FVC population had 
a higher proportion.

The median rate of FEV1 and FVC decline was 
−18.1mL/year (IQR: −31.6 to −6.0) and −22.7mL/year 
(IQR −39.9 to −6.7), respectively. Figure 3 illustrates the 
distribution of the change in FEV1 and FVC in mL/year in 
each cohort. After categorising patients into accelerated 
and non-accelerated lung function decline groups, 18,170 
(25%) of patients in the FEV1 cohort had accelerated 
FEV1 decline and 54,513 (75%) had non-accelerated 
FEV1 decline. In the FVC cohort, 12,663 (25%) had 
accelerated FVC decline and 37,986 (75%) had non- 
accelerated FVC decline.

Figure 2 COPD patients included in the FEV1 and FVC cohorts.
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Baseline Characteristics Associated with 
Accelerated Lung Function Decline
Univariate analyses are described in Supplementary Table 
E1. In the multivariate analysis, compared to their refer-
ence categories, baseline characteristics significantly asso-
ciated with accelerated FEV1 decline included older age 
(ORadj 1.01 95% CI 1.00–1.01), current smoking status 
(ORadj 1.15 95% CI 1.07–1.23), high socioeconomic status 
(ORadj 1.15 95% CI 1.04–1.27), breathlessness (ORadj1.27 
95% CI 1.15–1.39), high mMRC dyspnoea dyspnoea 
(mMRC 2: ORadj 1.15 95% CI 1.05–1.27; mMRC 3: 

Table 1 Baseline Characteristics of Study Participants in Both 
FEV1 and FVC Cohorts

Baseline 
Characteristics

FEV1 Cohort N (%) 
or Median (IQR) 
N=72,683

FVC Cohort N (%) 
or Median (IQR) 
N=50,649

Patient demographics

Age 67 (60–75) 67 (60–75)

Gender (male) 39,266 (54.0) 27,389 (54.1)

Smoking status

Smoker 43,902 (60.4) 30,584 (60.4)

Ex-smokers 26,781 (39.6) 20,065 (39.)

Index of Multiple Deprivation*

1 (most 

deprived)

10,897 (15.0) 7327 (14.5)

2 13,700 (18.9) 9375 (18.5)
3 14,455 (19.9) 10,178 (20.1)

4 16,085 (22.1) 11,398 (22.5)

5 (least 
deprived)

17,502 (24.1) 12,338 (24.4)

Symptoms

Breathlessness 11,997 (16.5) 17,052 (33.7)

Chronic cough 25,129 (34.6) 28,997 (57.3)
Sputum 

production

5104 (7.0) 6501 (12.8)

Comorbidities

Anxiety 5181 (7.1) 3763 (7.4)
Depression 5818 (8.0) 4015 (7.9)

GORD 3744 (5.2) 2715 (5.4)

Body Mass Index *

Underweight 2353 (4.1) 1908 (4.1)
Normal 20,445 (35.5) 15,713 (33.4)

Overweight 20,017 (34.8) 16,165 (34.4)

Obese 14,49 (25.6) 13,230 (28.1)
Bronchiectasis 1869 (2.6) 1404 (2.8)

Lung cancer 348 (0.5) 237 (0.5)

Heart failure 4532 (6.2) 3086 (6.1)
Stroke 2757 (3.8) 1818 (3.6)

Myocardial 

infarction

5030 (6.9) 3506 (6.9)

Asthma 21,855 (30.1) 18,718 (37.0)

COPD severity

mMRC dyspnoea*

0 8098 (20.8) 6252 (20.7)

1 15,887 (40.9) 12,440 (41.2)
2 9550 (24.6) 7411 (24.6)

(Continued)

Table 1 (Continued). 

Baseline 
Characteristics

FEV1 Cohort N (%) 
or Median (IQR) 
N=72,683

FVC Cohort N (%) 
or Median (IQR) 
N=50,649

3 4533 (11.7) 3532 (11.7)
4 787 (2.0) 543 (1.8)

Airflow obstruction*

Mild 18,267 (25.4) 13,398 (27.2)

Moderate 33,452 (46.5) 22,663 (46.0)
Severe 16,522 (22.9) 10,853 (22.0)

Very severe 3777 (5.2) 2407 (4.9)

AECOPD frequency in 1st year

None 30,178 (41.5) 20,790 (41.1)
1 moderate 17,665 (24.3) 12,286 (24.3)

2 moderate 9618 (13.2) 6782 (13.4)

≥3 moderate 11,339 (15.6) 8169 (16.1)
1 severe, any 

moderate

3126 (4.3) 2127 (4.2)

≥2 severe, any 
moderate

757 (1.0) 495 (1.0)

COPD medications

ICS 

combinations

38,615 (53.1) 28,089 (55.5)

Non-ICS 

combinations

34,068 (46.9) 22,560 (44.5)

Mean first FEV1 
or FVC in L (SD)

1.7 (0.7) 2.7 (1.0)

Mean FEV1/FVC 
ratio*

0.6 (0.7) 0.6 (0.7)

Notes: *IMD: FEV1 cohort=49,279, FVC cohort=34,795; BMI: FEV1 cohort 
N=57,564, FVC cohort N=47,016; MRC dyspnoea: FEV1 cohort N=38,855, FVC 
cohort N=30,178; Airflow obstruction FEV1 N=72,018, FVC cohort N=49,321; 
FEV1/FVC ratio: FEV1 cohort N=49,601, FVC cohort N=49,601. 
Abbreviations: GORD, gastro-oesophageal reflux disease; mMRC, modified 
Medical Research council; AECOPD, exacerbations of COPD; ICS, inhaled 
corticosteroid.
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ORadj 1.20 95% CI 1.07–1.35), mild airflow obstruction 
reference group compared to moderate (ORadj 0.74 95% 
CI 0.67–0.81) and very severe (ORadj 0.65 95% CI 0.47–-
0.90), frequent AECOPD (≥3 AECOPD ORadj 1.18 95% 
CI 1.07–1.29) and being treated with inhaled corticoster-
oids (ORadj 1.11 95% CI 1.04–1.19) compared to reference 
categories (see Table 2).

Baseline characteristics significantly associated with 
accelerated FVC decline included older age (ORadj 1.03 
95% CI 1.03–1.03), women (ORadj 0.48 95% CI 0.45–-
0.51), high socioeconomic status (ORadj 0.98 95% CI 0.-
90–1.07), cough (ORadj 0.91 95% CI 0.86–0.96), sputum 
production (ORadj 1.13 95% CI 1.05–1.22), history of 
heart failure (ORadj 1.12 95% CI 1.01–1.25), history of 
bronchiectasis (ORadj 1.18 95% CI 1.1–1.38), depression 
(ORadj 1.14 95% CI 1.03–1.25), being underweight (ORadj 

1.27 95% CI 1.17–1.45), high mMRC dyspnoea (mMRC 
2: ORadj 1.23 95% CI 1.14–1.33; mMRC 3: ORadj 1.30 
95% CI 1.18–1.43; mMRC 4: ORadj 1.39 95% CI 1.14–-
1.70), severe airflow obstruction (ORadj 1.47 95% CI 1.-
27–1.70), and frequent AECOPD or AECOPD requiring 
hospitalisations (≥3 moderate AECOPD: ORadj 1.15 95% 
CI 1.07–1.24; 1 severe AECOPD: ORadj 1.28 95% CI 
1.12–1.45; ≥2 severe AECOPD: ORadj 1.55 95% CI 1.-
19–2.02) compared to reference categories (see Table 2).

Sensitivity Analyses
Baseline characteristics associated with accelerated lung 
function decline were consistent across sensitivity ana-
lyses using the median rate of decline and-40mL/year to 

define accelerated lung function decline (supplementary 
Tables E2–E3). High within patient variation was seen in 
our main FEV1 and FVC cohorts (337mL and 388mL, 
respectively) which led us to create sensitivity cohorts to 
reduce this variation. Patients included in the sensitivity 
cohorts were similar to our main study populations in 
terms of baseline characteristics; however, the sensitivity 
cohorts included fewer patients with severe airflow 
obstruction. Baseline characteristics associated with 
accelerated lung function decline remained consistent 
(Supplementary Tables E4–E6 and Supplementary 
Figure E2).

Discussion
This is the first study to describe the annual rate of lung 
function decline and to explore clinical and demographic 
patient characteristics associated with accelerated decline 
in a large primary care population of COPD patients over 
13 years in England. FEV1 and FVC decline had similar 
median rates of decline and a similar degree of heteroge-
neity. Baseline characteristics that were consistently asso-
ciated with accelerated FEV1 included older age, current 
smoking status, high socioeconomic status, being breath-
less and having a high mMRC dyspnoea, underweight, 
milder airflow obstruction, frequent AECOPD or 
AECOPD requiring hospitalisations, and being treated 
with ICS. Baseline characteristics that were consistently 
associated with accelerated FVC included older age, 
women, high socioeconomic status, sputum production, 
being underweight, high mMRC dyspnoea, severe airflow 

Figure 3 Distribution of the change in FEV1 and FVC1. 1Panel (A) shows the distribution in the change in FEV1 in 72,683 patients. Panel (B) shows the distribution in the 
change in FVC in 50,649 patients.
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Table 2 Baseline Characteristics Associated with Accelerated Decline. Numbers are Adjusted OR (95% CI)

Odds of Being 
a Fast FEV1 

Decliner (OR (95% 
CI)) N=30,609

P value Test for Trend Odds of Being 
a Fast FVC 
Decliner (OR (95% 
CI)) N=28,021

P value Test for Trend

Age 1.01 (1.00–1.01) 0.001 1.03 (1.03–1.03) <0.001
Gender (Males) 0.91 (0.83–1.00) 0.050 0.48 (0.45–0.51) <0.001

Current smoking 1.15 (1.07–1.23) <0.001 1.03 (0.98–1.09) 0.268

IMD

1 (most deprived) Ref Ref 0.015 Ref Ref 0.016

2 1.00 (0.90–1.11) 0.976 1.01 (0.93–1.10) 0.787

3 1.04 (0.93–1.16) 0.482 0.98 (0.90–1.07) 0.609
4 1.01 (0.91–1.12) 0.878 0.98 (0.90–1.06) 0.616

5 (least deprived) 1.15 (1.04–1.27) 0.009 1.15 (1.06–1.25) 0.001

Breathlessness 1.27 (1.15–1.39) <0.001 1.03 (0.98–1.09) 0.248

Cough 1.07 (0.99–1.16) 0.079 0.91 (0.86–0.96) 0.001

Sputum 1.06 (0.92–1.21) 0.424 1.13 (1.05–1.22) 0.001
Asthma 0.93 (0.86–1.01) 0.079 1.05 (0.99–1.12) 0.081

Myocardial infarction 0.94 (0.84–1.06) 0.311 1.05 (0.95–1.16) 0.304

Stroke 1.10 (0.95–1.28) 0.206 1.05 (0.92–1.20) 0.459
Heart failure 0.88 (0.77–1.00) 0.057 1.12 (1.01–1.25) 0.036

Lung cancer 1.19 (0.78–1.12) 0.419 0.95 (0.66–1.36) 0.786

Bronchiectasis 0.91 (0.74–1.12) 0.364 1.18 (1.01–1.38) 0.036
GORD 0.96 (0.84–1.10) 0.552 1.02 (0.92–1.14) 0.691

Anxiety 0.93 (0.82–1.05) 0.231 1.07 (0.97–1.19) 0.169

Depression 1.09 (0.97–1.22) 0.150 1.14 (1.03–1.25) 0.012

Body mass index

Normal Ref Ref <0.001 Ref Ref <0.001

Underweight 1.16 (0.98–1.37) 0.084 1.27 (1.17–1.45) <0.001

Overweight 0.85 (0.79–0.91) <0.001 0.89 (0.84–0.95) <0.001
Obese 0.84 (0.78–0.91) <0.001 0.90 (0.84–0.96) 0.001

mMRC

0 Ref Ref 0.947 Ref Ref 0.556

1 1.02 (0.94–1.11) 0.676 1.06 (0.99–1.13) 0.107
2 1.15 (1.05–1.27) 0.003 1.23 (1.14–1.33) <0.001

3 1.20 (1.07–1.35) 0.003 1.30 (1.18–1.43) <0.001

4 1.15 (0.90–1.48) 0.272 1.39 (1.14–1.70) 0.001

Airflow obstruction

Mild Ref Ref <0.001 Ref Ref <0.001

Moderate 0.74 (0.67–0.81) <0.001 1.07 (1.01–1.14) 0.031

Severe 0.91 (0.77–1.07) 0.232 1.19 (1.10–1.29) <0.001
Very severe 0.65 (0.47–0.90) 0.010 1.47 (1.27–1.69) <0.001

AECOPD frequency

0 Ref Ref 0.001 Ref Ref 0.188
1 moderate, 0 severe 1.04 (0.96–1.12) 0.322 1.07 (1.01–1.14) 0.028

2 moderate, 0 severe 1.09 (0.99–1.20) 0.079 1.03 (0.95–1.12) 0.443

≥3 moderate, 0 severe 1.18 (1.07–1.29) 0.001 1.15 (1.07–1.24) <0.001

(Continued)
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obstruction, and frequent AECOPD or AECOPD requiring 
hospitalisation. In addition, we found that patient charac-
teristics included in this study accounted for approxi-
mately 18–20% of the variation of FEV1 and FVC 
decline, respectively.

Rates of Decline in Previous Studies
Previous studies have shown that rate of FEV1 decline is 
heterogeneous in COPD. The ECLIPSE study showed 
that change in FEV1 varied from declines faster than 
−100mL/year to increases greater than 100mL/year.1 

The ECLIPSE study, a non-interventional, multicentre 
observational study, collected lung function measure-
ments at regular intervals. Using electronic healthcare 
records (EHR) we found similar distributions in the 
change in FEV1 in a primary care population in 
England highlighting the usefulness of using routinely 
collected data for research.

To date, RCTs are the gold standard in scientific 
research and are used to direct clinical guidelines. Mean 
rates of lung function decline in COPD RCTs are gener-
ally faster than the rates described in this study and some 
other observational studies.16,32,33 The Study to 
Understand Mortality and Morbidity in COPD Trial 
(SUMMIT) reported mean FEV1 declines between 
−37mL/year to −47mL/year depending on the treatment 
arm.34 Similarly, mean rates of FEV1 decline from the 
understanding potential long-term impacts on function 
with tiotropium (UPLIFT) study were −43.9 mL/year 
(SE:1.41) in COPD patients on tiotropium and 
−45.1mL/year (SE1:45) in patients on placebo.3 Patients 

included in RCTs are not generalizable to the wider 
population due to strict inclusion and exclusion criteria 
such as requiring patients to have moderate or severe 
COPD, heightened risk of CVD, and specific number of 
pack-years smoking.3,12 Therefore, it is likely that differ-
ences in lung function decline will exist between RCT 
and observational populations. This highlights the need 
for incorporating observational studies in clinical 
guidelines.

Interestingly, there are previous observational studies 
that have found faster mean rate of FEV1 decline com-
pared to those seen in our study. Luoto et al found that 
the mean absolute decline in FEV1 in a general popula-
tion of people age 60 to 100 years old was −51.7mL/ 
year (95% CI −63.7 to −39.9) and −56.2mL/year (95% 
CI −73.6 to −38.8) for FVC.19 A possible explanation 
for this is that healthy patients have a higher baseline 
FEV1 or FVC and therefore, can lose more lung func-
tion than those who have lower lung function to start 
with.30 For example, the mean baseline FEV1 in health 
participants in the general population study was 2.37L 
(SD 0.86) compared to 1.7L (SD 0.7) in our COPD 
cohort.

In terms of FVC decline, most studies have described 
the rate of FVC decline in general populations and few 
studies have described the rate in COPD populations. Lee 
et al reported FVC declines in COPD patients from hospi-
tals in Seoul in relation to tiotropium treatment. Patients 
treated with tiotropium averaged an FVC decline of 
−55.1mL/year compared to −43.5mL/year in control 
patients.35 This population differed as COPD patients 

Table 2 (Continued). 

Odds of Being 
a Fast FEV1 

Decliner (OR (95% 
CI)) N=30,609

P value Test for Trend Odds of Being 
a Fast FVC 
Decliner (OR (95% 
CI)) N=28,021

P value Test for Trend

1 severe, any moderate 1.10 (0.93–1.29) 0.277 1.28 (1.12–1.45) <0.001

≥2 severe, any moderate 1.11 (0.77–1.60) 0.576 1.55 (1.19–2.02) 0.001

COPD medication

Non-ICS combinations Ref Ref Ref Ref
ICS-combinations 1.11 (1.04–1.19) 0.002 1.04 (0.99–1.10) 0.142

Notes: For variables breathless, cough, sputum, asthma, MI, stroke, HF, lung cancer, bronchiectasis, GORD, anxiety and depression, the reference groups are not having the 
symptom/comorbidity. For smoking status, the reference group is ex-smoking patients. 
Abbreviations: IMD, Index of Multiple Deprivation; GORD, gastro-oesophageal reflux disease; mMRC, modified Medical Research council; AECOPD, exacerbations of 
COPD; ICS, inhaled corticosteroid.
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were included if they had few comorbidities and the popu-
lation largely consisted of men.

Characteristics Associated with 
Accelerated Lung Function Decline
Age and Smoking Status
Age and smoking status are well-known risk factors of 
lung function decline and have been described in many 
previous studies of COPD populations and general 
populations.21,36,37 It is important to highlight that we 
excluded never smokers in case of misdiagnosis of asthma 
with COPD. Interestingly, smoking status was not asso-
ciated with rate of FVC decline. This is consistent with 
previous studies that found no association between smok-
ing status and rate of FVC decline in the general popula-
tion and in COPD populations.19,38,39

ICS
Interestingly, we found that patients on ICS-containing 
medications were more likely to have accelerated FEV1 

decline. Many RCTs have investigated the relationship 
between ICS and lung function in COPD and results 
have shown that patients on ICS have attenuated rate of 
FEV1 decline compared to non-ICS treatments.4,5 

SUMMIT, a large RCT, found that over approximately 2 
years, patients on combined fluticasone furoate/vilanterol 
declined 10mL/year slower than patients on vilanterol 
alone or placebo.12 Our study found the opposite effect 
whereby patients on ICS were more likely to have accel-
erated FEV1 decline compared to those on non-ICS- 
containing medication. It is highly likley that this due to 
confounding by indication whereby patients with faster 
disease progression who are more symptomatic are more 
likely prescribed ICS.

Sex
The literature on lung function decline by sex is incon-
sistent, but we showed that women were more likely to 
have accelerated FVC decline and similar odds of accel-
erated FEV1 decline to men.19,40 We adjusted for lung 
function at baseline in order to account for biological 
differences in airway size.41 Previous studies suggest that 
women have faster relative lung function decline com-
pared to men.19,30 It is thought that women may be more 
responsive to tobacco smoke; however, we found no sig-
nificant interaction between gender and smoking status.42 

Other studies suggest that sex differences may exist due to 

differences in hormones and the presentation and progres-
sion of COPD.41,43

mMRC Dyspnoea and Breathlessness
Interestingly, higher MRC dyspnoea score and being 
breathless were associated with accelerated lung function 
decline. Previous cross-sectional studies have shown that 
FEV1 and MRC score are not associated; however, long-
itudinally MRC dyspnoea score may be a good predictor 
of accelerated lung function decline.44 Currently, NICE 
guidelines recommend various clinical characteristics 
such as spirometry, AECOPD frequency, and smoking 
status to be used to assess COPD progression.45 Whilst 
these are all important in assessing lung function progres-
sion, breathlessness should also be considered in assessing 
lung function progression. This may be a more important 
marker of lung function progression compared to spirome-
try given the association with airflow obstruction seen in 
this study.

Airflow Obstruction
Patients with milder COPD were more likely to have 
accelerated FEV1 decline compared to those with severe 
disease, which is in keeping with previous literature.46 

Patients with milder disease may have higher baseline 
lung function and are able to lose more lung function 
than those with severe disease.30 In terms of FVC decline, 
we found that patients with severe airflow obstruction 
were more likely to have accelerated decline. There is 
limited research on the factors associated with the rate of 
FVC decline in a COPD population; however, it is possi-
ble that older patients with increased airflow obstruction 
develop fibrosis of the lungs resulting in the loss of FVC.47 

In addition, given that mortality is associated with low 
FVC and increased obstruction, it is possible that patients 
with severe obstruction with a higher risk of mortality are 
more likely to lose FVC faster at this stage.48,49 Another 
possible explanation is that patients lose FEV1 faster in 
earlier disease stages and FVC consequently declines fas-
ter in later disease stages. A faster decline in FEV1 in 
earlier stages of COPD would drive the progression of 
obstruction and disease severity.

AECOPD Frequency
We found that frequent AECOPD and AECOPD requiring 
hospitalisations were associated with accelerated FEV1 

and FVC decline which is in line with previous studies 
showing that both moderate and severe AECOPD 
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influence FEV1 decline.2,8,10,11,50 However, only a few 
studies have investigated the association between 
AECOPD and rate of FVC decline. In a retrospective 
cohort of patients who were admitted to hospital for an 
AECOPD, FVC was lower during hospitalisation com-
pared to 4 weeks after the hospitalisation.51 In addition, 
a previous study showed that FVC was lower during an 
AECOPD compared to before an AECOPD. Interestingly, 
the absolute decrease in FVC was greater than that in 
FEV1 at the time of AECOPD.52

BMI
Patients with low BMI are more likely to decline faster 
whilst patients with higher BMI are more likely to have 
slower lung function decline.19,40 A previous meta- 
analysis of RCTs investigating BMI and rate of FEV1 

decline found that low BMI was associated with faster 
FEV1 decline in COPD patients.53 It is suggested that 
this relationship may be driven by reverse causation 
whereby severe COPD could result in increased weight 
loss. Therefore, overweight and obese patients appear to 
have slower rate of lung function decline, which is con-
sistent with the “obesity paradox”.54,55

Sputum
Sputum has previously been associated with accelerated 
lung function decline in COPD over a maximum of 12 
years.56 Sputum production is used to characterise chronic 
bronchitis. Studies have shown that people with chronic 
bronchitis are more likely to decline faster than those 
without bronchitis.57

High Socioeconomic Status
Previous studies have shown that patients with low socio-
economic status are more likely to decline faster than 
those with higher socioeconomic status.58–60 Reasons for 
this association are not quite understood; however, it is 
possible that environmental, parental, and occupational 
exposures play a role. However, we found that patients 
with high socioeconomic status were more likely to have 
accelerated lung function decline. Previous studies have 
largely consisted of cross-sectional studies and inconsis-
tencies exist between definitions of socioeconomic 
deprivation.59 We used IMD which is a composite 
weighted score based on deprivation measures for small 
areas across England and includes income, employment, 
education, disability, crime, housing services, and environ-
mental deprivation. It is possible that IMD may be 

imprecise as this is an area level marker of deprivation 
not an individual marker of deprivation.

Strengths and Limitations
This is the first study to describe the rate of lung function 
decline in a primary care COPD population and investigate 
baseline characteristics associated with accelerated 
decline. Overall, our study has not only highlighted well- 
known characteristics, emphasising the quality and useful-
ness of EHR, but has shed light on other characteristics 
that were associated with accelerated lung function and 
may be useful in assessing COPD progression in clinical 
practice. A main strength of this study is that we found 
similar patterns of lung function decline to that of the 
ECLIPSE study. This highlights the usefulness of using 
routinely collected EHR in clinical research. A further 
strength of routinely collected data is that it allows large 
sample sizes and includes more realistic patients seen in 
everyday primary care practice than would be achievable 
in a RCT.

A limitation of this work is that FEV1 in primary care 
should be taken every 15 months in patients with COPD; 
however, the number and time between measurements in 
real practice varies. In addition, the increase in FEV1 and 
FVC in severe COPD patients could be due to survival 
bias as patients with very severe obstruction are more 
likely to die. Patients needed at least 2 lung function 
measurements at least 6 months apart and severe patients 
are more likely to be those who have survived to the 
inclusion date. Lung function decline in these patients 
may not representative of severe COPD patients. It is 
also possible that time-varying variables such as medica-
tion use, BMI, AECOPDs, and new comorbidities could 
have influenced recorded spirometry measurements during 
follow-up. In clinical practice, patients would be seen 
during a consultation and decisions could be made based 
on observations presented at that time. For this reason, we 
chose to investigate baseline characteristics, at one time 
point, and the association between accelerated lung func-
tion decline. Furthermore, only absolute change in lung 
function was assessed as this is commonly used to make 
judgement decisions in primary care. Whilst our study 
accounted for height, age, gender, and initial lung func-
tion, further studies should describe the change in relative 
lung function. Similarly, dichotomous rate of lung function 
was used as this may be a more meaningful outcome for 
decision making in primary care. Airflow obstruction was 
defined using FEV1% predicted; however, our definition 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                            

International Journal of Chronic Obstructive Pulmonary Disease 2020:15 3088

Whittaker et al                                                                                                                                                      Dovepress

http://www.dovepress.com
http://www.dovepress.com


did not require patients to have an FEV1/FVC less than 
70% due to the lack of recorded FVC in CPRD. Despite 
this, we used a validation definition of COPD that used 
clinical codes and only included smokers and ex- 
smokers.24 In addition, it is possible that COPD patients 
received an asthma diagnosis after their COPD diagnosis 
which could have affected lung function variation; how-
ever, this percentage of patients is likely to be 14% or 
less.61,62 Finally, it is possible that the rate of FVC decline 
could have been impacted by gas trapping; however, 
hyperinflation or gas trapping information is not available 
in CPRD.63

Conclusion
This was the first study to describe the rate of lung func-
tion decline in a primary care population of COPD patients 
in England. Older age, high socioeconomic status, being 
underweight, high mMRC dyspnoea and frequent 
AECOPD or AECOPD requiring hospitalisations were 
associated with an accelerated rate of FEV1 and FVC 
decline. Current smoking status, breathlessness, mild air-
flow obstruction and being treated with inhaled corticos-
teroids were additionally associated with accelerated FEV1 

decline whilst women, sputum production and severe air-
flow obstruction were associated with accelerated FVC 
decline. FEV1 and FVC declined at a similar rate in 
a population of COPD patients and change in lung func-
tion was heterogeneous, suggesting a wide range of COPD 
phenotypes.
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