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ABSTRACT
Introduction: COPD is a spectrum of disorders primarily caused by smoking and characterised by
progressive, not fully reversible airflow obstruction with a forced expiratory volume in 1 s (FEV1)/forced
vital capacity (FVC) ratio <0.7.
Methods: From November 2016 to March 2017 we audited patients with COPD in five general practices
in Hull and East Riding, UK. We looked at deviation from the locally agreed guidelines. We extracted data
on severity, exacerbations, medication and eosinophil count.
Results: We assessed 1088 records. Median age was 70.9 years; 577 (53%) were male. About two-thirds of
patients on the COPD register have an FEV1/FVC ratio in the diagnostic range for COPD, however, 388
(36%) out of 1088 had a ratio of ⩾0.7. In the patients with a ratio of ⩾0.7, 259 (67%) out of 388 had an
FEV1 <80% of predicted. Patients with frequent exacerbations were more likely to be prescribed inhaled
corticosteroid (ICS)-containing inhalers (incidence rate ratio of 2). FEV1 % predicted was a poor indicator
of exacerbation frequency; however, the presence of elevated blood eosinophil counts (EOS) on at least two
occasions was highly predictive of exacerbations. When ICSs, FEV1, EOS were examined in combination,
they were highly significant predictors for exacerbations.
Conclusion: FEV1 maybe a more accurate diagnostic parameter in primary care. Historical evidence of
blood eosinophilia is a better predictor than FEV1. The combination of biomarkers may prove more
accurate indicator of future exacerbation frequency, leading to targeted intervention.
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FEV1 <80% predicted provides a greater concordance with the primary care clinical diagnosis of
COPD. When blood eosinophilia is coupled with ICS prescription and FEV1, a much-enhanced
predictability of exacerbation is achieved. https://bit.ly/2PtYS83
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Introduction
COPD is a spectrum of disorders primarily caused by smoking and characterised by progressive, not fully
reversible airflow obstruction [1]. It is a major public health concern with an estimated 2% of the United
Kingdom population (1.2 million people) having diagnosed COPD [2]. With as many patients going
undiagnosed, a more accurate figure would be at least twice this number [2]. The UK National Institute
for Health and Care Excellence (NICE) recommends COPD to be suspected in patients aged over 35 years
with a significant history of smoking and who have the appropriate chronic symptoms of breathlessness,
cough and sputum. This is then confirmed with forced expiratory volume in 1 s (FEV1)/forced vital
capacity (FVC) ratio of <0.7 [3].

Guidelines advocate the use of personalised approach to prescribing in stable COPD. The latest NICE
guidelines [3] and our local guidelines in Hull and East Riding [4] advocate long-acting β adrenoceptor
agonist (LABA)/long-acting muscarinic antagonist (LAMA) combination inhalers as a first step if
intermittent short acting bronchodilators are no longer adequate. In our guidelines, the next step is to add
inhaled corticosteroids (ICSs) if blood eosinophilia is present. This guidance is based on a growing body of
evidence to suggest that the treatable trait of ICS response is most effective in COPD patients with an
element of eosinophilic airway inflammation (i.e. the asthma–COPD overlap) [5, 6]. There is also good
evidence that blood eosinophil count, a readily accessible clinical aid in general practice, is a good
surrogate marker for bronchial eosinophilia that could be used to guide ICS therapy [7, 8].

We undertook an audit of patients with a diagnosis of COPD from five local general practices. In this
study we report on the relationship of demographics, disease severity and blood eosinophil counts with
exacerbation rates. Here we report on the first cycle of the audit programme.

Methods
From November 2016 to March 2017 we audited patients with COPD in five general practices in Hull and
East Riding, UK. We looked at deviation from the locally agreed guidelines. To deal with incomplete
coding of data in the electronic records, data were completed by manual extraction. We extracted data on
COPD severity, exacerbations, medication, eosinophil count and healthcare utilisation. We looked at the
last available five full blood counts and considered raised eosinophil count to be present if at least one
count out of the last five counts was over 0.3×109·L−1. For this audit we defined exacerbations as two or
more episodes of worsening symptoms requiring antibiotic and/or oral steroid or one or more hospital
admission in the year preceding data collection.

According to the Health Research Authority online assessment [9] no ethics approval was needed as this
was a service improvement activity.

Statistical methods
Continuously distributed data are summarised by the median (25th/75th centiles); categorical data are n (%).
The relationships between exacerbations, eosinophil counts and the use of inhalers were examined using
Poisson regression. A requirement of Poisson regression is that the mean number of exacerbations should be
equal to its variance. Where the variance is greater than the mean, negative binomial regression is preferred
to Poisson. An arbitrary level of significance of 5% was assumed (two-tailed). The STATA computer package
was used to analyse the data [10].

Results
In total, the electronic records of 1088 patients with a recorded diagnosis of COPD were accessed. Median
age was 70.9 years (interquartile range (IQR) 63.3–79.5); 577 (53%) were males. About 10% (110 out of
1088) of the study population were recorded as never smoked, 58% (625 out of 1088) as ex-smokers and
32% (352 out of 1088) as current smokers. We gathered the latest entered values of FEV1/FVC on records.
Overall, 1034 (95%) patients had at least one spirometry on their medical records. The median FEV1/FVC
ratio was 0.66 (IQR 0.56–0.75). About two-thirds of patients on the COPD register had an FEV1/FVC
ratio in the diagnostic range for COPD; however, 388 out of 1088 (36%) had a ratio of 0.7 or greater. In
the patients with a ratio of 0.7 or greater, the median FEV1 was 69% and of these 259 out of 388 (67%)
had an FEV1 <80% of predicted. Thus, of the total population about one-third would not meet the
guideline-specified FEV1/FVC criteria for airflow obstruction. However, of these with a guideline-specified
normal ratio, two-thirds (one-quarter of the total population) had an FEV1 <80% predicted.

When patients were categorised according to the NICE classification, 38 out of 1088 (3%) had very severe
obstruction (FEV1 <30% pred), 203 out of 1088 (19%) had severe obstruction (FEV1 30–49% pred), 535
out of 1088 (52%) had moderate obstruction (FEV1 50–79% pred) and 258 out of 1088 (24%) had mild
obstruction (FEV1 ⩾80% pred). Of the latter group, 146 out of 258 (57%) had FEV1/FVC ratio <0.7. Thus,
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approximately one-tenth of all patients had a normal FEV1/FVC ratio with an FEV1 >80% pred,
suggesting lung physiology within normal limits.

Most patients (74%; 804 out of 1088) had at least one full blood count on their primary care records. Of
those, 63% (504 out of 804) had at least one eosinophil count above 0.3×109·L−1. Recorded asthma
co-diagnosis was observed in 319 out of 1088 (29%) patients. In patients with an asthma co-diagnosis,
only 83 out of 319 (26%) had a raised eosinophil count.

Almost half of the patients (548 out of 1088) were on regimes that do not contain ICS. About 14% (148
out of 1088) of patients had a history of two or more COPD exacerbations or at least one hospital
admission in the previous year. Patients with frequent exacerbations were more likely to be prescribed an
ICS-containing inhaler (overall incidence rate ratio (IRR) of 2; i.e. twice as likely) (figure 1, table 1). The
IRR of patients on dual inhaled therapy containing ICSs (i.e. LABA/ICS or LAMA/ICS) was 1.38 (95% CI
1.15–1.65; p<0.0001), whereas the IRR of patients on triple inhaled therapy (LABA/LAMA/ICS) was 2.42
(95% CI 2.17–2.76); p<0.0001). Furthermore, 170 patients had frequent exacerbation and raised eosinophil
counts. Patients with frequent exacerbations and raised eosinophil counts had an IRR of 1.4-times greater
than ICS prescribing. Predicted FEV1% was a poor indicator of exacerbation frequency. Excluding patients
with an FEV1/FVC ratio of <0.70 (0.36 of patients) did not influence the observed exacerbation rate (table 1).

There was no significant increase in exacerbation rate in smokers compared to never smokers (IRR 1.05,
95% CI 0.78–1.47, p=0.72). There was only a weak correlation seen between FEV1% predicted and the
number of exacerbations observed in the preceding year (figure 2). The distribution of exacerbations was
poorly correlated with the prescription of ICSs (figure 1). In contrast, peripheral blood eosinophilia
(⩾0.3×109·L−1) was associated with an increase in exacerbation frequency (figures 3 and 4). However, with
a single elevated blood eosinophil count, the association was weak and nonsignificant. When blood
eosinophil counts were raised on at least two occasions, this was highly predictive of exacerbations. The
incidence rate for at least one exacerbation was 1.62-times greater than the incidence of those without any
eosinophilia. Patients with lower FEV1% predicted are more likely to have exacerbations (table 1).
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FIGURE 1 Number of exacerbations by inhaled corticosteroid (ICS) usage. a) ICS inhaler (mean number of
exacerbations 1.38) and b) no ICS inhaler (mean number of exacerbnations 0.69).

TABLE 1 COPD exacerbations: relationship to raised eosinophil count (EOS), inhaled corticosteroid (ICS) treatment and forced
expiratory volume in 1 s (FEV1)

Variable Univariable (95% CI) p-value Excluding FEV1/FVC ratio >0.70
univariable (95% CI)

p-value

EOS at least 1 value ⩾0.3×109·L−1 1.62 (1.23−2.15) 0.0006 1.75 (1.50−2.05) <0.0001
EOS single elevated reading 1.40 (0.84−2.42) 0.18 2.21 (1.71−2.86) <0.0001
EOS ⩾2 readings 1.63 (1.11−2.40) 0.013 1.84 (1.48−2.78) <0.0001
ICS inhaler 2 (1.51−2.63) <0.0001 2.13 (1.81−2.51) <0.0001
FEV1 % predicted 0.98 (0.97−0.99) <0.0001 0.98 (0.98−0.99) <0.0001

Data are presented as incidence rate ratios. FVC: forced vital capacity.
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When all three predictors of exacerbation rate (ICS, FEV1, raised eosinophil count) were examined in
combination, they were highly significant predictors for exacerbations, doubling the ability to predict an
exacerbation (figure 5).

Discussion
The primary objective of this audit was to investigate the diagnostic accuracy and the current prescribing
in primary care compared to that recommended by local and international guidelines.

The 2018 NICE guidance NG115 [3] recommends the use of spirometry to confirm the diagnosis of
COPD. GOLD guidelines also define airway obstruction using the fixed ratio of FEV1/FVC of 0.70 or
less [11]. In contrast, the severity of the airflow obstruction in COPD is classified by the degree of
reduction in FEV1% [3, 11].

General practitioners in the UK are contracted to offer spirometry for potential COPD sufferers but, at the
time of undertaking this audit, only FEV1 is reimbursed when performed annually. From April 2019
measurements of FEV1 are no longer required on an annual basis to guide care [12].

It has long been acknowledged that operator, patient and equipment factors are the most common reasons
for inconsistent spirometry readings [13, 14]. In primary care, the spirometry is usually performed by

FIGURE 2 Scatter plot of forced
expiratory volume in 1 s (FEV1)
versus number of exacerbations in
patients with >1 exacerbation.
National Institute for Health and
Care Excellence severity cut-off
points are indicated by red vertical
lines. Correlation: −0.16.
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FIGURE 3 Number of exacerbations by presence or absence of elevated blood eosinophil count (EOS). a) No
EOS (mean number of exacerbations 0.80) and b) at least one positive EOS reading (mean number of
exacerbations 1.30).
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trained nurses, at the point of COPD diagnosis and, prior to April 2019, annually thereafter to detect the
rate of decline in lung function. The NICE guideline recommends that all healthcare professionals
managing patients with COPD should be competent in the interpretation of the results of spirometry and
should have undergone appropriate training and keep their skills up to date.

The results of our audit suggest that if the FEV1% predicted was used as a diagnostic criterion, then more
patients with COPD would meet the spirometric criteria for the clinical diagnosis for COPD in primary
care. We understand the rationale for using the FEV1/FVC ratio in secondary care as other rarer
conditions such as interstitial lung disease may cause a reduction in FEV1. However, these conditions are
usually characterised by abnormalities on the chest radiograph or on examination and can be excluded
during the diagnostic workup. We suggest that in primary care a more practical diagnostic criteria for
COPD would be the use of FEV1% predicted in the presence of a normal examination and a chest
radiograph.

When we consider exacerbation frequency, one of the most predictive biomarkers was shown to be
historical blood eosinophil counts. Those patients with elevated counts >0.3×109·L−1 had greater than 50%
increase in exacerbation frequency. Further analysis demonstrated that almost all of this increase was
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FIGURE 4 Number of exacerbations by both inhaled corticosteroid (ICS) usage and elevated blood eosinophil
count (EOS). a) No ICS use, no EOS (mean 0.65, 25th–75th percentiles 0–0), b) no ICS use, EOS (mean 0.75,
25th–75th percentiles 0–2), c) ICS use, no EOS (mean 0.97, 25th–75th percentiles 0–1), and d) ICS use, EOS
(mean 1.76, 25th–75th percentiles 0–3).

FIGURE 5 Predicted number of
COPD exacerbations in the year
preceding data collection from
inhaled corticosteroid (ICS) inhaler
use, elevated blood eosinophil
count (EOS) and forced expiratory
volume in 1 s (FEV1). Pairwise
comparisons indicated ICS+EOS
was significantly different from the
other three groups, but no other
significant differences were seen.
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found in those patients that had a persistent or intermittent eosinophilia. This was similar to that found in
our previous study which showed that greater or equal than two elevated eosinophil counts >0.3×109·L−1

was highly predictive of exacerbation frequency [15]. ICS use was associated with increased exacerbation
frequency, especially those on triple inhaled therapy containing ICSs, although whether this was in
response to guideline recommendation for ICS use in frequent exacerbators is unclear. There was however
no indication that frequent exacerbators had a greater propensity for inhaled ICS prescription (figure 1).
When we examined % predicted FEV1 on exacerbation frequency there was only a poor predictive value
with an IRR of 0.98.

We next examined whether combining the various markers of exacerbation frequency could enhance the
prediction of exacerbation frequency over individual measures. Figure 5 illustrates that when blood
eosinophil count is coupled with ICS prescription and FEV1 a much-enhanced predictability of
exacerbation was achieved. In future it may be possible to produce a simple tool to guide the clinician to
identify those at greater risk of exacerbation thus aid personalisation of their treatment.

Conclusions
In summary, we have demonstrated that in a group of over 1000 patients with a clinical diagnosis of
COPD in primary care, FEV1% predicted <80% provides a greater concordance with the primary care
clinical diagnosis. There are many problems with the use of spirometry in primary care, including staff
training issues, time pressures and, more recently, the lack of financial incentive to undertake all the
components of the spirometry beyond the point of initial inclusion in the COPD register. FVC is a more
difficult manoeuvre to perform correctly in a primary care setting. We would suggest that FEV1%
predicted may represent a more practical tool for diagnosing airway obstruction, having excluded other
rarer diagnoses. To predict the major morbidity in COPD, the exacerbation, we have demonstrated that
historical evidence of blood eosinophilia is a better predictor than FEV1. The combination of biomarkers
may prove more accurate indicator of future exacerbation frequency leading to targeted interventions. In
this audit the blood eosinophil count appears to be under-utilised as a guide to personalised therapy.
Future development of a guideline-led combination tool may aid the reduction of this costly morbidity.
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