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Abstract

Background: Most patients with asthma are managed exclusively in primary care. Little is known about the patterns of airway
dysfunction in these patients and how these relate to other aspects of the disease. 

Aims: We set out to assess this in a cross-sectional study of 262 patients.

Methods: Symptoms, spirometry, airway responsiveness, reversibility, and airway inflammation were all assessed. Exacerbations requiring
oral corticosteroids in the preceding year were enumerated.   

Results: Patients had heterogeneous patterns of airway dysfunction. Those with a post-bronchodilator forced expiratory volume in 1 sec/
forced vital capacity ratio of <0.7 had more exacerbations in the previous year (2.2 vs. 0.8; mean difference 1.4; 95% CI 0.4 to 2.4;
p=0.007). Patients with normal results had less inflammation (proportion with a sputum eosinophil count of >1.9%, 20% vs. 48%,
χ2=14.8, df=3; p<0.001) and fewer exacerbations (0.5 vs. 1.4; mean difference –0.9; 95% CI –1.4 to –0.4; p=0.001) but similar symptom
scores (6.2 vs. 6.9; p=0.2) compared with patients with any abnormality.  

Conclusions: Patients with a diagnosis of asthma have mixed patterns of physiological impairment; many have no airflow obstruction or
airway hyper-responsiveness. The physiological characterisation of asthma is not related to symptoms and is of little value in predicting
exacerbations or eosinophilic airway inflammation.
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Introduction 
Asthma is a common and treatable condition affecting eight million
people in the UK. Of these, 5.1 million people receive treatment,
with the total cost to the UK National Health Service (NHS) being
approximately £850 million/year.1 Four main features comprise the
current description of asthma: symptoms, airway inflammation,
airway hyper-responsiveness, and variable airflow obstruction.2

Airway abnormalities in asthma can be functionally assessed by
demonstrating reversible airflow obstruction and/or an abnormal
bronchoconstrictor response to an inhaled stimulus. International
guidelines recommend the use of these tests to support a diagnosis

of asthma, assess asthma control, and quantify the risk of an
exacerbation.2 These guidelines assume that patients with suspected
asthma who have positive test results are more likely to have asthma-
related morbidity and pathology. However, there remains uncertainty
about how airway dysfunction relates to other important features of
asthma such as symptoms, exacerbations, and eosinophilic airway
inflammation. This is particularly the case in primary care where the
majority of patients with asthma are managed.1

We set out to evaluate patterns of airway dysfunction and their
relation to other features of the disease in a population of 262
patients with asthma managed exclusively in primary care.
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Methods 
Patients      
Patients were identified from 12 general practice registers around
Leicester between July 2004 and July 2006. All patients were aged
>18 years and had a diagnosis of asthma in their GP notes. Patients
were eligible if they had received at least one asthma medication
prescription in the last 12 months. The study was restricted to non-
smokers with a smoking history of <10 pack-years. Ethical approval
for the study was given by the ethics committees of both the
University Hospitals of Leicester and the Leicester Primary Research
Care Alliance (University Hospitals of Leicester 9141: Leicester
Primary Research Care Alliance 0274, Clinical trial registered with
www.controlled-trials.com ISRCTN08067387). Patients were initially
recruited to participate in two different studies, one assessing the
use of exhaled nitric oxide in the management of asthma3 and the
other the role of breathing training.4

Test methods 
Clinical    
A structured respiratory history and examination was performed,
spirometry was measured using a Vitalograph® spirometer, and
airway hyper-responsiveness was assessed using increasing
concentrations of methacholine to provoke a 20% fall in forced
expiratory volume in 1 s (FEV1) (PC20).5 Patients with an FEV1 <80%
predicted and FEV1/forced vital capacity (FVC) ratio of <0.7 had
spirometry repeated 15 mins after inhaling 400μg salbutamol
instead of a PC20. Induced sputum analysis using a Medix ultrasonic
nebuliser to assess airway inflammation was performed as
previously described.6

Questionnaires 
To establish the number of previous asthma exacerbations, patients
were asked to recall the number of steroid courses administered on
account of their asthma over the previous year. This information was
cross-checked against both primary and secondary care records
wherever possible. Asthma control was assessed using the modified
Juniper Asthma Control Questionnaire (ACQ) with removal of
spirometric values and bronchodilator use. This questionnaire
consists of five questions which assess daytime and night-time
symptoms.7 Questions are scored on a scale of 0–6 with lower
numbers representing better control of symptoms. The presence or
absence of other co-morbidities commonly found in asthma were
assessed by validated questionnaires: the Nijmegen questionnaire
was used to quantify levels of hyperventilation with a value of >23
suggestive of hyperventilation8 and a gastro-oesophageal reflux
score was used to assess levels of reflux experienced by the patients,
again with higher scores indicating higher levels of reflux.9

Patterns of airflow limitation         
Cut-off values to delineate the groups were established a priori on
the basis of the current Global Initiative for Asthma (GINA)2 and
Global Initiative for Chronic Obstructive Lung Disease (GOLD)10

guidelines. Patients with an improvement in FEV1 after
bronchodilator of >12% were considered to have reversible airflow
obstruction. Patients with a post-bronchodilator FEV1/FVC ratio of
<0.7 were assumed to have fixed airflow obstruction. Airway hyper-
responsiveness was defined as a methacholine PC20 of <8mg/ml

and eosinophilic airway inflammation was defined as a differential
sputum eosinophil count >1.9%.11

The percentage eosinophil count and methacholine PC20 were
log-normally distributed and were therefore log-transformed for
statistical methods which assume normal distribution. An
independent t-test with Tukey’s post hoc analysis was used for
multiple comparisons between the numerical factors in the groups.
χ2 analysis was used for comparison of categorical data. Study size
reflected recruitment into the two original studies. 

Results
A total of 4,039 patients were invited to participate, 322 of whom
met the entry criteria for the initial studies; 20 patients declined
consent and 40 patients were excluded due to insufficient data, so
262 patients (152 female) were therefore included in the study. Of
these, 18% were at step 1 of the BTS asthma guidelines, 43% at step
2, 28% at step 3, 10% at step 4, and 1% at step 5. Patient details
are shown in Table 1. 

Patients had heterogeneous patterns of airway dysfunction. The
largest group had no evidence of airflow obstruction or airway
reversibility (n=169, 65%); of these, 87 (51%) had a methacholine
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Demographic characteristic Value

Age 49 (13.8)

Sex, % male 43

Onset age, yrs 25.4 (18.8)

Pack-years 1.17 (2.52)

Height, m 167.7 (9.68)

Weight, kg 77.7 (16.9)

BMI, kg/m2 27.6 (5.3)

Post FEV1 predicted, L 2.86 (0.88)

FEV1/FVC ratio 0.76 (0.1)

% change FEV1 post-BD 7.5 (11.4)

*Methacholine PC20, mg/ml 1.67 (11.7)

*Differential sputum eosinophil count, % 1.33 (4.8)

*Nitric oxide, ppb @50ml/s 25.1 (2.2)

Steroid courses/yr 1.14 (2.6)

ICS dose, μg BDP equivalent 572 (486)

LABA dose, μg salmeterol equivalent 49.9 (48.5)

Modified JACQ 6.68 (4.5)

Nijmegen 16.68 (10.7)

Hospital anxiety score 6.16 (3.9)

Hospital depression score 3 (2.9)

Reflux score 5.3 (2.7)

Rhinitis, % 39.6

Values are mean (SD) except *geometric mean.

BD=bronchodilator; BDP=beclomethasone dipropionate; BMI=body mass index; 

FEV1=forced expiratory volume in 1 s; FVC=forced vital capacity; ICS=inhaled 

corticosteroid; JACQ=Juniper Asthma Control Questionnaire; LABA=long-acting 

β2-agonist.

Table 1. Patient demographics (N=262)
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PC20 of <8mg/ml. Reversible airflow obstruction was seen in 57
patients (22%); only 31 had fully reversible airflow obstruction (i.e.
improvement in FEV1 after bronchodilator of >12% and a post-
bronchodilator FEV1/FVC ratio of >0.7). A degree of fixed airflow
obstruction (post-bronchodilator FEV1/FVC ratio <0.7) was present
in 62 patients (24%), of whom 41% had an increase in post-
bronchodilator FEV1 of >12%. 

Patients with normal tests had similar symptom scores to those
with airway dysfunction (ACQ 6.2 vs. 6.9, p=0.2) despite a lower
prevalence of asthma-related inflammation (proportion with sputum
eosinophil count of >1.9%, 20% vs. 48%, χ2=14.8; p<0.001; df=3)
and fewer exacerbations (0.5 vs. 1.4; mean difference –0.9; 95% CI
–1.4 to –0.4; p=0.001). Markers of depression, dysfunctional
breathing, and gastro-oesophageal reflux and the proportion of
patients reporting rhinitis were similar in all groups (Table 2).

Patients with a post-bronchodilator FEV1/FVC <0.7 had both
increased numbers of exacerbations in the previous year (2.2 vs. 0.8,
mean difference 1.4, 95% CI 0.4 to 2.4, p=0.007) and higher total
sputum neutrophil numbers (68 vs 58, mean difference 9.7, 95% CI
2.1 to 17.3, p=0.013) whether or not they had a significant
bronchodilator response. 

Discussion
Main findings 
This study is the first to investigate systematically the patterns of
airflow limitation in a population of patients with a primary care
diagnosis of asthma and to relate these to symptoms and
exacerbations. We found that patients with a primary care diagnosis

of asthma who are currently receiving treatment have mixed patterns
of physiological impairment. One-third of patients had no evidence
of airway dysfunction. This population had low rates of asthma
exacerbation and a low prevalence of eosinophilic airway
inflammation. A significant population met current diagnostic criteria
for chronic obstructive pulmonary disease (COPD); this group had a
high frequency of exacerbations. 
Strengths and limitations of this study  
Our findings are important in that they show that abnormalities of
airway function traditionally associated with asthma were not
associated with differences in other features such as symptoms and
eosinophilic airway inflammation, implying that a symptom-based
assessment would only provide a limited perspective. Moreover, our
findings suggest that abnormalities of airway function traditionally
associated with asthma are often not seen in treated asthma patients
in the community. The highest rate of exacerbation in the preceding
12 months was seen in patients with spirometric results normally
associated with COPD.10 This group (a quarter of the study
population) had other features of the disease (they were older and
had a sputum neutrophilia). Subjects were current non-smokers with
a smoking history of <10 pack-years, so smoking is unlikely to have
been an aetiological factor. Other factors including duration of
asthma, recurrent exacerbations,12 environmental factors, and
genetic susceptibility are more likely explanations for this pattern of
lung function abnormality. The important clinical point is that
subjects in this group had a high exacerbation frequency in the
previous year and may therefore represent a high-risk group requiring
closer monitoring and more intensive treatment. Corticosteroid-

Airflow parameters Steroid ICS % Differential Differential Modified NJM HAS HDS Rhinitis Reflux
courses dose sputum neutrophil JACQ %

eosinophil count %
count >1.9

Normal tests* 0.47 542 14 57.4 6.1 18.2 6.6 2.7 41 5.5
(N=82) (1.31) (329) (27.5) (4.66) (10.8) (3.7) (2.3) (2.6)

Airway hyperresponsiveness† 1.1 496 33 60.0 7.3 17.6 6.7 3.6 37 5.7 
(N=87) (2.2) (525) (28.3) (4.7) (10.0) (3.8) (3.4) (2.7)

Fully reversible 0.5 530 55 55.2 6.3 16.4 5.9 2.7 35 4.1
airflow obstruction‡ (N=31) (1.5) (532) (25.2) (3.9) (11.0) (3.9) (2.6) (2.7)

Partly reversible airflow 2.3 760 34 64 7.8 14.9 5.7 2.8 42 5.6
obstruction§ (N=26) (4.2) (555) (27) (4.7) (12.6) (5.0) (3.1) (2.8)

Fixed airflow 2.1 724 41 71 6.1 13 4.3 2.8 36 4.6
obstruction¶ (N=36) (3.4) (560) (19) (3.8) (10) (2.9) (2.7) (2.7)

Values are mean (SD) except where stated otherwise.

All FEV1/FVC values are post-bronchodilator values

*Normal airway tests: FEV1/FVC >0.7, FEV1 reversibility<12%, methacholine PC20 >8mg/ml.

† Airway hyper-responsiveness only: methacholine PC20 <8mg/ml, FEV1/FVC >0.7, FEV1 reversibility <12%.

‡ Airway reversibility: FEV1 reversibility >12%. 

§ Partly reversible airflow obstruction: FEV1/FVC <0.7 and FEV1 reversibility >12%.

¶ Fixed airflow obstruction: FEV1/FVC <0.7 and FEV1 reversibility <12%.

ICS=inhaled corticosteroid dose (beclomethasone propionate equivalent in Ìg); JACQ=Juniper Asthma Control Questionnaire; NJM=Nijmegen questionnaire; 
HAS=Hospital anxiety score; HDS=Hospital depression score.

Table 2. Parameters of airway dysfunction

11-0138 Shaw online  30/8/12  10:56  Page 3



D Shaw et al.

286PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

responsive eosinophilic airway inflammation was as prevalent in this
group as in the others, suggesting that the current management
paradigm which advocates late corticosteroid treatment in patients
labelled with COPD might lead to under-treatment. The existence of
this population suggests that more intensive assessment which
moves beyond simple spirometry and reversibility testing and
evaluates all aspects of airway disease may be required for optimum
management. 

There are two important limitations to our study; first, as our
study is cross-sectional, we have no information on what basis the
original diagnosis of asthma was made. We cannot exclude the
possibility that treatment or time obscured the relationship between
reversible airflow obstruction, airway hyper-responsiveness, and the
other markers of asthma. We could not assess whether assessment
of peak expiratory flow variability added any value to the tests
assessed as these data were not collected. However, abnormal peak
flow variability is an insensitive test in patients with symptomatic
asthma,13 suggesting that it would not. Second, there may be
differences in symptoms and treatment levels between patients who
replied to our study invitation and those who did not; however, the
rate of airway abnormality seen in our study is similar to that
observed in others.14,15

Interpretation of findings in relation to previously
published work  
Our finding that around one-third of the patients assessed had
normal spirometry and airway responsiveness is consistent with
previous cross-sectional and epidemiological studies.14,15 It is possible
that these normal findings reflect a particularly good response to
treatment, although intervention studies have shown that it is
unusual for methacholine responsiveness to return to normal
following treatment in adults with asthma16 and symptom scores
were not appreciably lower than in patients with airway dysfunction.
A more likely possibility is that some of the group had alternative
explanations for their asthma-like symptoms. We found no evidence
that markers of conditions that could be an alternative cause for
asthma-type symptoms such as rhinitis, gastro-oesophageal reflux,
and dysfunctional breathing were associated particularly with this
group, arguing against this possibility. However, a more rigorous
evaluation is required; further longitudinal studies are also needed to
determine whether this group can be treated and assessed less
intensively. 
Implications for future research, policy and practice    
This study suggests that asthma seen in primary care is a
heterogeneous condition – as is asthma seen in secondary care17 –
and that one-third of patients have no evidence of airway dysfunction
despite having symptoms. Future research should focus on identifying
patients with symptoms and no evidence of airway dysfunction to
assess long-term outcomes, need for asthma treatment, and the risk
of over-diagnosis in primary care. As evidence grows that asthma
diagnosis is difficult in primary care,18,19 the research focus should shift
to understanding the heterogeneity and interplay between
physiology and symptoms in mild to moderate asthma rather than
refractory asthma alone. This may help to identify new treatments –
both pharmacological and supportive – that reduce the patient and

economic burden of this common presentation. 
Our results suggest that more attention should be paid to

getting the diagnosis correct before treatment is started, especially
as a diagnosis of asthma has the potential for long-term treatment
and also because a diagnosis can be harder to confirm or refute once
treatment has commenced.
Conclusions   
We have shown that patients with a primary care diagnosis of asthma
who are receiving treatment have mixed patterns of airway
dysfunction despite having similar symptom scores. We found no
evidence that tests traditionally associated with asthma identified
patients with more asthma-related morbidity. Normal test results
were associated with less eosinophilic airway inflammation and a low
exacerbation frequency, whereas a pattern more traditionally
associated with COPD was associated with increased exacerbations.
Consequently, patients with spirometric evidence of COPD may
represent a high-risk group requiring closer monitoring and more
intensive treatment. 

Our findings suggest that the focus of asthma assessment in
primary care should expand from the presence or absence of
reversibility and that more attention should be paid to accuracy of
diagnosis in a disease that is both diagnosed and categorised by
treatment response.  
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