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Abstract

Background: Being able to identify patients at risk of exacerbations is useful as it enables resources to be targeted at these patients. 

Aims: To test the theoretically-derived prediction that the frequency of non-asthma related visits to the general practitioner (GP) predicts
exacerbations.

Methods: Clinical and demographic data and both self-report and prescription-based adherence data were obtained from 166 patients
diagnosed with asthma attending a GP clinic, all of whom were prescribed inhaled corticosteroids (ICS). Asthma exacerbations (treated by
the GP or in hospital) and non-asthma visits and symptoms were assessed from notes for the subsequent 5 years.     

Results: Exacerbations correlated with non-asthma visits (0.35), severity as measured by BTS step (0.28), and with prescription-based
adherence (0.28). Asthma severity correlated with non-asthma visits (0.35). Receiver operating curves showed that >2 non-asthma visits
per year provided 79% sensitivity and 58% specificity for detecting >3 exacerbations over 5 years. Poor adherence predicted outcomes
only for patients with high levels of non-asthma visits (>3) and only for those reporting regular-but-less ICS use but not symptom-directed
ICS use.    

Conclusions: Non-asthma visits are a good predictor of asthma exacerbations, particular in non-adherent patients. These results are
consistent with a mechanism where exacerbations result from a combination of random oscillating specific and non-specific inflammatory
processes. It is important to consider the total patient rather than just the lung when managing patients with asthma.
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Introduction 
Many patients who have serious asthma exacerbations have severe
asthma or are non-adherent with inhaled corticosteroids (ICS).1-3

However, population studies show that the correlations between

adherence, severity and exacerbations are poor.4 Only a minority of
non-adherent patients go on to experience exacerbations,5 and
exacerbations are not restricted to patients with severe asthma.

There are two interpretations of these data. One is that, apart from
lifestyle events, adherence and severity are the only causal factors.
Irrespective of severity, non-adherent patients with or without problems
differ only because the latter have been lucky – so far. All non-adherent
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patients are at risk, and resources for asthma education should
therefore be evenly distributed across all patients. The second
interpretation is that some other mechanism determines whether or
not non-adherent patients have problems. If this second interpretation
is true, resources for asthma education should be targeted at those for
whom non-adherence is likely to be a problem and a screening tool for
identifying patients at risk of exacerbations would be helpful.

We tested the theory-based prediction6 that dysregulated asthma
patients have a higher risk of exacerbations. The concept of the
dysregulated patient (i.e. one who has multiple non-specific health
problems) follows from network theory7 and the assumption that the
body functions in part as a network system.6,8,9 If the body exhibits
network (i.e. parallel distributed processing) functionality, then stress
and other adverse circumstances could lead to systemic immune and
neurological disturbance, frequent somatic and psychological
symptoms, and poor coping.6 We reasoned that high attendance for
non-asthma-related problems to see a general practitioner (GP) is an
indicator of dysregulation. We predicted that non-adherent asthma
patients who require frequent GP response for non-asthma-related
events would have more asthma exacerbations than non-adherent
patients who attend infrequently. However, if all non-adherent patients
are at risk, then there would be no relationship between non-asthma
attendance and asthma exacerbations. 

Methods 
Patient sample and baseline assessment        
This study obtained data through an examination of patient records
at a semi-rural general practice clinic in south-west England where
asthma education is provided by a trained respiratory nurse. We
used baseline data from 185 patients who (in 2001-2002) had
responded to questions on asthma medication usage (64% of the
202 patients contacted) as part of a separate study on adherence.5

The inclusion criterion for these patients was that they were
prescribed ICS; there were no exclusions. Of the 185 patients, 176
could be classified according to their responses as ‘regular’ (i.e.
taking the medication twice a day as instructed), ‘regular-but-less’
(i.e. taking the same amount every day but less than recommended),
or ‘symptom-directed’ (i.e. varying the dose according to symptoms)
users of preventive medicine (in all cases including but not limited to
ICS). Additionally, inspection of prescription records over the
previous 3 years was used to classify patients’ ICS use as either
adequate (75% or more of recommended prescriptions) or
inadequate (less than 75% of recommended prescriptions). The
patient’s age and British Thoracic Society (BTS) step of treatment
were also recorded.  

In the present study we carried out a manual search of notes for
the 5 years after baseline. Of the original 176 patients, three died
during the subsequent 5 years and the notes were unavailable for
seven patients; our analysis is based on 166 patients for whom we
had self-report adherence data and whose notes were available for
up to 5 years follow-up. Ethical approval was obtained from the
local research ethics committee. 
Measures        
A classification manual was developed by members of the research

team and was used to classify medical contact for the 166 available
patients under two headings: asthma exacerbations and non-
asthma visits.   

Asthma exacerbations were defined as an increase in symptoms
resulting in a non-routine visit to the GP office or hospital accident
and emergency department (with or without admission) and leading
to nebulisation, a course of corticosteroid tablets, or increased
preventer medication. Events more than 3 weeks apart were
counted separately. 

Non-asthma visits were defined as all contacts with GPs (in office
hours, out of hours, face-to-face, or by telephone) and visits to the
emergency department that were not asthma-related. Contact with
nurses and other healthcare professionals and consultant letters
were not counted. Presenting symptoms for each non-asthma visit
were classified and counted up within each of 10 categories. 
Statistics          
Pro rata adjustments of visit and exacerbation frequency were made
if patient records were unavailable for the full 5 years. Correlations
were calculated using Spearman correlations. Receiver operating
characteristic (ROC) analysis was used to estimate sensitivity and
specificity for frequency of non-asthma visits in predicting 2, 3, 4, or
>5 asthma exacerbations during the study period. 

Follow-up analyses used zero-inflated Poisson regressions to
estimate annual rates of exacerbations and the interaction between
non-asthma visits and adherence. The exposure offset was months
of available data; BTS step was used to predict zero inflation. We
examined the effect of adherence and the number of non-asthma
GP visits on exacerbations. Including interaction terms allowed us to
estimate non-additive effects of non-asthma visits and adherence on
the model. Sensitivity analyses included additional models
conditioned on age and patient gender (these models are not
reported here but the pattern of inference remained unchanged).
Model means and contrasts were computed by the delta method;
all analyses were completed in Stata 12.10

A completed STROBE checklist is shown in Appendix 1 (available
online at www.thepcrj.org)

Results
Descriptive data 
UK Office for National Statistics data11 indicate that the practice
catchment is urban, slightly older than the national average (46.4 vs.
38.6 years), ethnically homogeneous (97.5% White/British vs. 86.9%
across the UK), and with a higher than average burden of long-term
limiting illness (24.6% vs. 20.3% for the surrounding area and
17.9% for the UK); only 12.2% had attained a university or
equivalent qualification compared with a UK average of 19.9%. In
our sample, patients’ mean age was 42 years (SD 10.6, range
21–61). Fifty patients (35%) were male, and men and women were
of equivalent age (p>0.3). At baseline, 134 (81%) were at British
Thoracic Society (BTS) treatment step 2, 26 (14%) at step 3, and
eight (5%) at step 4. Records were available for the full 5 years for
153 (92%) patients; only one patient had data available for <2 years.  

Fifty-four patients reported regular use of ICS, 23 reported
regular use but at suboptimal dose (regular-but-less), and 89
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reported symptom-directed use. Inspection of prescription records
showed that 47 patients (28%) had adequate ICS use and 119
(72%) had inadequate use. The relation between the two types of
adherence assessment for each BTS step is shown in Table 1.
Estimates of adherence depend on the method of assessment used.
Figure 1 shows the frequency of non-asthma visits over the 5-year
period.

The Spearman correlation between asthma exacerbations and
non-asthma visits was 0.35 (p<0.001), with BTS step was 0.28
(p<0.001), with self-reported adherence was 0.13 (p=0.10), and
with adherence by prescription records was 0.21 (p=0.007). Non-
asthma visits were not significantly correlated with BTS step or with
either measure of adherence. BTS step correlated with both self-
reported adherence (0.19, p=0.013) and with prescription records
(0.29, p=0.002).

Table 2 shows exacerbations as a function of self-reported
adherence and BTS step. Overall, more exacerbations were
attributable to patients at step 2 (120 exacerbations) than at step 3
(58 exacerbations), and the majority of patients (n=107, 64%) had
no exacerbations during the 5-year period.
Non-asthma visits as predictors of asthma
exacerbations     
First, we explored how useful non-asthma GP attendance was at
predicting different numbers of exacerbations over the 5-year study
period. ROC curves were computed using non-asthma visits to
identify patients who experienced >2, 3, 4 or 5 exacerbations during
the study period. Areas under the curve (AUCs) ranged from 0.72
(for two exacerbations) to 0.82 (for five or more). A screening tool

that identifies the 10% of patients most at risk of exacerbations
would be useful for GPs in prioritising resources. Nineteen patients
(11%) in our sample experienced >3 exacerbations during the study
period, so this level of morbidity was selected as a criterion for poor
control. The ROC curve for non-asthma visits predicting >3
exacerbations over 5 years is presented in Figure 2; total AUC was
0.75 (95% CI 0.63 to 0.87). Sensitivity and specificity at different
thresholds are presented in Table 3. For comparison, we also
computed ROC curves for BTS step, self-reported adherence, and
ICS usage, each predicting the same outcome of >3 or more
exacerbations in the study period. For BTS step the total AUC was
0.66 (95% CI 0.54 to 0.78), but sensitivity for BTS step at a
threshold of >3 was only 47% and for a threshold of step >4 the
sensitivity was 15%. For symptom-directed vs. regular adherence
the AUC was only 0.37 (95% CI 0.24 to 0.51) and, for regular-but-
less vs. regular adherence, the AUC was only 0.51 (95% CI 0.36 to
0.65). For ICS usage the AUC was only 0.30 (95% CI 0.19 to 0.42).

There was a statistically significant but very small effect of age
such that each additional year predicted an increase of 0.007
exacerbations (p=0.001). We found that women were significantly
more likely to experience an exacerbation than men (0.13 more
exacerbations per year, p=0.006) but the interaction between
gender and non-asthma visits was not-significant (p=0.96),

BTS step 2 (N=134) BTS step >2 (N=32)

ICS use (prescription records)

Reported 
adherence Inadequate Adequate Inadequate Adequate

Regular 19 18 7 10

Regular-but-
less 12 5 2 4

Symptom-
directed 73 7 6 3

Table 1. Three-way frequencies for BTS step, self-
reported adherence styles, and prescription-based
inhaled corticosteroid (ICS) usage from baseline data

Figure 1.  Frequency of non-asthma visits over the 
5-year study period

BTS step 2 BTS step >2

Regular Regular- Symptom- Regular Regular- Symptom-
but-less directed but-less directed

Number of patients 37 17 80 17 6 9

Total number of exacerbations 36 23 61 28 16 14

Patients with no exacerbations, n (%) 23 (62) 13 (76) 58 (73) 7 (41) 3 (50) 3 (33)

Patients with 1 or 2 exacerbations, n (%) 9 (24) 3 (18) 18 (23) 6 (35) 0 (0) 4 (44)

Patients with >3 exacerbations, n (%) 5 (14) 1 (6) 4 (5) 4 (24) 3 (50) 2 (22)

Table 2. Total number of exacerbations and number and proportion of patients having 0, 1 or 2, and >3 exacerbations
over the 5-year study period
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indicating that the relationship between non-asthma visits and
asthma exacerbations was consistent between men and women.

In addition to the number of non-asthma visits, we collected
data on the symptoms with which patients presented on each
occasion. As a further exploratory analysis, we examined whether
particular symptoms were associated with higher levels of
exacerbations. Identical ROC analyses (uncorrected for multiple
comparisons) were performed for the numbers of visits related to
each of the 10 symptom types. Areas under the curve are presented
in Table 4. Patients presenting with ENT symptoms were most likely
to experience >3 exacerbations, but moderate AUCs were also
observed for gastrointestinal symptoms, musculoskeletal symptoms,
and symptoms given a psychological attribution. Cardiovascular, eye-
related and genitourinary symptoms did not identify patients with
high exacerbation rates. As a supplementary analysis, we examined
the notes of the 15 patients who had the most frequent
exacerbations. All were female and nine were receiving medication
for depression (see Appendix 2 available online at www.thepcrj.org).   
Adherence and non-asthma visits as predictors of
exacerbations       
Regression results revealed that both non-asthma visits (incidence
rate ratio 1.04, 95% CI 1.02 to 1.05) and indicators for adherence
style (likelihood change: χ2[1]=13.07, p=0.001) predicted

exacerbations. Follow-up contrasts indicated that, compared with
regular use, only patients reporting the regular-but-less pattern
experienced greater exacerbations per year (difference 0.23, 95% CI
0.09 to 0.36). Symptom-directed medication use was not
significantly associated with an increase in exacerbations compared
with regular use (difference 0.04, 95% CI –0.02 to 0.10). Vuong
tests12 indicated that zero-inflated models using BTS step and age
performed better than unadjusted Poisson models (all p values
<0.001).

Additional models examined the combined predictive value of
non-asthma visits and adherence style. Figures 3 and 4 show the
relationship between asthma exacerbations and non-asthma visits
(model-predicted exacerbations per year) split between the three
reported adherence styles or the two categories of ICS usage
identified on the basis of prescription records. 

Table 5 presents contrasts between patients who reported
regular adherence and those who reported regular-but-less or
symptom-directed adherence; these contrasts were computed for
patients with median, moderate, high or very high numbers of non-
asthma visits (defined as 2, 3, 4 or 5 non-asthma visits per year, and
approximately equivalent to the 50th, 75th, 90th and 95th centiles
in the sample). Exacerbations did not differ between patients
reporting regular or symptom-directed adherence patterns.
However, when examining patients with moderate or greater
numbers of non-asthma visits, those reporting regular-but-less
adherence experienced significantly more exacerbations than those
with regular or symptom-directed adherence, equating to 0.35
additional exacerbations per year for regular-but-less patients who
had high numbers of non-asthma visits. 

An interaction was also found between ICS usage (based on
prescription records) and non-asthma visits. Inadequate ICS use
predicted significantly fewer exacerbations per year for patients who
made two non-asthma GP visits (difference –0.093 exacerbations,
95% CI –0.215 to –0.013). However, patients who combined
inadequate ICS usage with moderate or higher non-asthma visits

Figure 2.  Receiver operating characteristic (ROC) curve
for non-asthma visits predicting >3 exacerbations over 
5 years

Threshold (non-asthma visits per year)

>2 >3 >4 

Prevalence, N (%) 69 (41.6) 45 (27.1) 25 (15.1)

Sensitivity, % 78.9 63.2 31.6

Specificity, % 57.8 77.6 77.5

Table 3. Sensitivity and specificity at various numbers of
non-asthma visits per year predicting >3 asthma
exacerbations during 5-year study period

Symptom AUC 95% CI 

ENT 0.76 0.65 to 0.87

Gastrointestinal 0.69 0.55 to 0.83

Musculoskeletal 0.66 0.55 to 0.78

Psychological 0.66 0.53 to 0.79

Neurological 0.61 0.50 to 0.73

Dermatological 0.61 0.49 to 0.73

Psychiatric 0.60 0.48 to 0.72

Women’s health 0.59 0.46 to 0.71

Genitourinary 0.56 0.43 to 0.69

Eyes 0.55 0.44 to 0.66

Cardiovascular 0.49 0.39 to 0.58

Table 4. Area under the ROC curve (AUC) for non-
asthma visits categorised by symptoms and predicting
>3 asthma exacerbations (CIs uncorrected for multiple
comparison)
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experienced significantly more exacerbations (likelihood ratio test
comparing additive with multiplicative models:χ2(1)=7.48, p=0.006).

Discussion
Main findings 
Severity (as measured by BTS step) predicted exacerbations
(rho=0.28), as did non-asthma visits (rho=0.35). There was a non-
significant trend for those reporting non-adherence to have fewer
exacerbations and those deemed non-adherent by prescription
records had significantly fewer exacerbations (rho=0.21). One reason

why severity and adherence are not better predictors is that these two
variables are confounded – more severe patients tend to be more
adherent. By contrast, non-asthma visits were uncorrelated with
either severity or adherence. Although severity predicts
exacerbations, in this population twice as many exacerbations were
recorded for patients at BTS step 2 than at higher steps.

We examined to what extent the frequency of non-asthma
visits is a useful tool for identifying patients most at risk in the
general practice population. Two non-asthma visits per year gave
approximately 79% specificity and 58% sensitivity for detecting
the 10% of patients in this population with the most exacerbations
(i.e. >3 asthma exacerbations over a period of 5 years). Three non-
asthma visits per year gave 63% specificity and 77% sensitivity for
detecting the same group. Thus, two non-asthma visits per year is
a useful indicator that the patient is more likely to be at risk of an
exacerbation. If patients have three non-asthma visits per year, they
are more likely to be at risk, but this criterion will tend to miss a
greater proportion of patients. The criterion of two non-asthma
visits per year may therefore be a useful guide to alert clinicians that
extra care is needed. The prediction of exacerbations from non-
asthma visits is independent of gender, although females tended to
have slightly more exacerbations.

The combination of non-asthma visits and adherence provides
additional information about exacerbation risk. We used two
prospective measures of adherence – prescription records and self-
report – and these two measures produce non-equivalent
estimates of adherence. Self-report measures depend on memory,
and prescription records do not tell whether the medication has
been taken and if so by whom. At low frequencies of non-asthma-
related visits, low adherence as measured by prescription records
was associated with fewer exacerbations, but at >5 non-asthma
visits per year it was associated with more exacerbations. These
results provide insight into the variability of adherence-outcome
results in population studies.4

Our measure of self-reported adherence identified three
distinct patterns of medication use: regular, regular-but-less, and
symptom-directed. We found that self-reported non-adherence

Figure 3.  Relationship between asthma exacerbations
and non-asthma visits for the three reported adherence
styles 

Figure 4.  Relationship between asthma exacerbations
and non-asthma visits for the two categories of inhaled
corticosteroid (ICS) usage identified on the basis of
prescription records

Non- Regular-but-less Symptom-directed 
asthma adherence adherence 
visits 
(per year) Additional 95% CI Additional 95% CI

exacer- exacer-
bations bations

2 
(median) 0.177 –0.090 to 0.444 0.069 –0.039 to 0.178

3 
(moderate) 0.251 0.020 to 0.481 0.063 –0.037 to 0.163

4 
(high) 0.350 0.092 to 0.609 0.054 –0.056 to 0.164

5 
(very high) 0.485 0.002 to 0.968 0.042 –0.101 to 0.185

Table 5. Differences in asthma exacerbations between
adherent (regular) and non-adherent (regular-but-less or
symptom-directed) patients at different levels of non-
asthma attendances 
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(regular-but-less or symptom-directed) made no difference at low
levels of non-asthma visits. At high or very high levels of non-
asthma visits, self-reported non-adherence was prospectively
associated with increased numbers of asthma exacerbations, but
only for those in the regular-but-less category. 

Surprisingly, we found no difference between symptom-
directed and regular users of ICS at any level of non-asthma visits.
Many guidelines recommend regular twice-daily use of ICS. Clinical
trials where patients are assigned to symptom-directed versus
regular use have produced variable results, but it has been
suggested that symptom-directed ICS use in mild asthma may be
safe for mild asthma.13-15 Additionally, many respiratory nurses
recommend symptom-directed use for a proportion of their
patients,16 but this recommendation is controversial. Our research,
where patients choose rather than are allocated to the type of
regimen, adds a different perspective to clinical trial data. The
respiratory nurse in this practice, like others, recommends
symptom-directed use of ICS in some patients. Some symptom-
directed patients in this sample are therefore non-adherent to
guidelines but adherent with what they have been told. We found
that patients who choose the symptom-directed strategy had the
same risk of exacerbations as regular users, which may reflect the
selection of patients for different types of management strategy.
Nevertheless, for neither regular nor symptom-directed use is the
risk of exacerbations zero. It remains unclear whether the
exacerbations that occurred in the minority of symptom-directed
patients (of whom some had >3 exacerbations) would have been
reduced with regular use of ICS. 
Strengths and limitations of the study    
One strength of our study is that it is a 5-year analysis of objective
practice data in a population of asthma patients coupled with a
questionnaire. The limitations are that it was conducted in a single
semi-rural practice that is not representative of the national
population and the sample size is small, particularly for examining the
relationship between type of visit and exacerbations. Adherence
(measured at the start of our study) may change over time.
Additionally, the reliability of adherence assessment, either by self-
report or by prescription records (both of which may underestimate
adherence), may reduce the ability to detect the associations
examined. Nevertheless, assessment of non-asthma visits is readily
accessible in general practice and so could provide a pragmatic tool
for identifying asthma patients with a high risk of future
exacerbations.   
Interpretation of findings in relation to previously
published research   
Asthma is a disease with airways-specific and non-specific (systemic)
inflammatory components, and where the non-specific component
may exacerbate the specific inflammation in the lung. Non-specific
inflammation (e.g. raised levels of tumour necrosis factor α,
interleukin 1, interleukin 6) is increased by stress,17 is associated with
an adverse psychological state,18,19 contributes to other specific
inflammatory diseases,20 may be a cause of medically unexplained
symptoms,21 and is raised in asthma patients experiencing stress.22

Our study was motivated by the hypothesis that non-specific

inflammation is associated with a phenotype of ‘the dysregulated
patient’6 who presents with higher than average levels of somatic and
psychological symptoms. We found preliminary evidence that
symptoms associated with inflammatory mechanisms are particularly
strong predictors of exacerbations (ENT, gastrointestinal,
musculoskeletal, and psychological symptoms). The relation between
poor asthma outcome and psychological morbidity has been
established elsewhere,1,2,23,24 as has the relationship between
exacerbations and severe nasal sinus disease or gastro-oesophageal
reflux.23 All these data are consistent with a common non-specific
inflammatory syndrome that increases asthma severity and non-
asthma-related symptoms. Non-specific inflammation is associated
with dysphoric psychological states21 which are known to be
associated with maladaptive coping strategies. 
Implications for future research policy and practice     
Our study does not elucidate the exact mechanism for the relationship
between non-asthma visits and exacerbations. It may be that
dysregulated patients have a particularly maladaptive non-adherent self-
management style (i.e. a behaviourally mediated effect), or it may be
that specific and non-specific inflammatory components interact (i.e. a
biologically-mediated effect), or some combination of the two. Further
research is needed to investigate the mechanisms underlying our
findings. Replication in a larger sample would provide better
information about the kind of non-asthma visits that are linked to
asthma exacerbations, and therefore provide a better description of the
non-asthma characteristics of the high exacerbator. An examination of
the longitudinal relationship between non-asthma visits and asthma
exacerbations would provide a better indicator of non-specific
inflammatory involvement, as would assessment of non-specific
inflammatory markers. Such data could help determine whether our
observed relationship is biologically or behaviourally mediated.

Nevertheless, our research provides preliminary evidence that it
is possible to identify the 10% of asthma patients most at risk from
asthma exacerbations from the frequency of their non-asthma-
related health problems. We believe that we have identified a simple
tool that will help GPs identify and target resources for at-risk
patients. Two non-asthma-related visits per year should be treated as
an indicator of risk of exacerbations, and clinicians should pay
particular attention to adherence in these patients. 

However, even where records of non-asthma visits are
unavailable, our research suggests that effective asthma
management requires the clinician to be aware of the non-asthma-
related health problems of the patient, particularly those relating to
psychological disturbance, musculoskeletal and gastric problems and
sinusitis. Patients who have these additional symptoms (some of
which may be medically unexplained), particularly if they are female,
are at greater risk of exacerbations than those who do not report
these additional symptoms. As yet we have no clear way of helping
these dysregulated patients beyond the need for better vigilance and
enhanced education. The underlying theory which guided this
research6 proposes that dysregulation and dysfunctionality arise from
lifestyle patterns, in particular lifestyle stressors. It is not easy to
modify the lifestyle of patients who experience real and difficult
challenges in their daily lives. 
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Conclusions   
Our results suggest that a focus on medication adherence and
severity alone misses an important factor that affects asthma
outcome. The ‘dysregulated’ or ‘dysfunctional’ patient with multiple
non-specific health problems is – particularly when non-adherent –
the patient most at risk and therefore most likely to benefit from
educational interventions.  
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 1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item

No Recommendation and Response

(a) Indicate the study’s design with a commonly used term in the title or the abstract

The title specifies that it is an observational study

Title and abstract 1 

(b) Provide in the abstract an informative and balanced summary of what was done

and what was found 

The structured abstract provides this detail

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

The study is based on a theoretically derived prediction about dysregulated people.

This is specified

Objectives 3 State specific objectives, including any prespecified hypotheses

This is done

Methods

Study design 4 Present key elements of study design early in the paper 

This is done

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,

exposure, follow-up, and data collection 

We give the dates of all points of data collection 

(a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

We describe the follow up over 5 years using manual search of patient notes

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of cases

and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants

We provide details of the inclusion – all patients who were prescribed ICS 

Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed

Case-control study—For matched studies, give matching criteria and the number of

controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect

modifiers. Give diagnostic criteria, if applicable

We define the outcome variable – unscheduled asthma contact with a doctor.

Data sources/

measurement 

8* For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there

is more than one group 

We provide the method of developing our scoring procedure

Bias 9 Describe any efforts to address potential sources of bias

We refer to two methods of assessing adherence – and refer to the bias associated

with each

Study size 10 Explain how the study size was arrived at

The sample size was determined by the practice.

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
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describe which groupings were chosen and why 

N/A

(a) Describe all statistical methods, including those used to control for confounding 

This is done

(b) Describe any methods used to examine subgroups and interactions

This done

(c) Explain how missing data were addressed 

The only missing data is if patient records are unavailable for the full five years,

and we explain how we handle this

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls was

addressed 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

Statistical methods 12 

(e) Describe any sensitivity analyses

We describe this

Continued on next page

02-0046 Hyland  26/7/12  12:51  Page 9

PCRJ ONLINE FIRST

Copyright PCRS-UK, reproduction prohibited

http://www.thepcrj.org


ME Hyland et al.

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

Appendix 1

 3

Results 

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed

This is done

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram

(a) Give characteristics of study participants (eg demographic, clinical, social) and information

on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of interest

Descriptive

data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

We provide details of the number of patients for whom we had the full five years of data, and 

those we did not.

Cohort study—Report numbers of outcome events or summary measures over time

All provided

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures

All provided

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

All provided

(b) Report category boundaries when continuous variables were categorized

We explain why we place boundaries where we do 

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

Discussion 

Key results 18 Summarise key results with reference to study objectives

Done

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity

of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable,

for the original study on which the present article is based 

Done

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies.
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org. 
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Supplementary data: Pen portraits of exacerbating patients 

As a supplementary data analysis we examined the notes of the 15 patients with the 

highest number of exacerbations.  For ethical reasons we present these data in

aggregated form. 

1. Five patients had between 20 and 9 exacerbations over the five years.  Of

these patients: 

a. 5 were female

b. 3 had depression and one anxiety, 3 prescribed SSRIs. 

c. Excluding asthma and with psychological problems counted as once 

only: 4 had two and 1 had three or more health problems. Somatic 

health problems included hypertension, diabetes, palpitations, 

hypothyroid, hearing loss, migraines 

d. 2 were smokers, 3 smokers 

e. All were married

2. Five patients had either 6 or 5 exacerbations over the five years.  Of these 

patients. 

a. 5 were female

b. 3 had depression, of whom 2 also had anxiety and 1 also had 

pyschosis.  3 were prescribed SSRIs. A further 1 was autistic with 

substantial community support. 

c. Excluding asthma and with psychological problems counted as once 

only: 3 had one health problem, 1 had two, and 1 had three or more 

health problems.  Health problems included Type 2 diabetes, chronic 

back pain, chronic fatigue syndrome 

d. 5 were non-smokers 

e. 4 were married, 1 divorced 

f. 1 patient was obese, and 1 patient a parasuicide 

3. Five patients had either 4 or 3 exacerbations over the five years, of whom 4 

had 4 exacerbations and 1 had 3 exacerbations.  Of these patients 

a. 5 were female
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b. 3 had depression of whom 1 also had anxiety.  3 were prescribed 

SSRIs. 

c. Excluding asthma and with psychological problems counted as once 

only: 2 had no problems 2 had two and 1 three or more health 

problems.  Health problems included epilepsy, eczema, arthritis,

hypothyroid

d. 3 were ex-smokers and 2 non-smokers. 

e. 2 were married, 1 divorced, 1 single and 1 bereaved. 

f. 1 patient was obese and 1 a parasuicide 
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