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ABSTRACT

Background Healthy Outlook was a telephonic alert system for patients with chronic obstructive pulmonary disease (COPD) in the UK. It used

routine meteorological and communicable disease reports to identify times of increased risk to health. We tested its effect on hospital use and

mortality.

Methods Enrolees with a history of hospital admissions were linked to hospital administrative data. They were compared with control patients

from local general practices, matched for demographic characteristics, health conditions, previous hospital use and predictive risk scores. We

compared unplanned hospital admissions, admissions for COPD, outpatient attendances, planned admissions and mortality, over 12 months

following enrolment.

Results Intervention and matched control groups appeared similar at baseline (n ¼ 1413 in each group). Over the 12 months following

enrolment, Healthy Outlook enrolees experienced more COPD admissions than matched controls (adjusted rate ratio 1.26, 95% confidence

interval (CI), 1.05–1.52) and more outpatient attendances (adjusted rate ratio 1.08, 95% CI, 1.03–1.12). Enrolees also had lower mortality rates

over 12 months (adjusted odds ratio 0.61, 95% CI, 0.45–0.84).

Conclusion Healthy Outlook did not reduce admission rates, though mortality rates were lower. Findings for hospital utilization were unlikely to

have been affected by confounding.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a leading
cause of morbidity, with �800 000 diagnosed patients in
England.1 The progression of the disease is marked by
exacerbations or acute periods of deterioration in respiratory
symptoms.2 These exacerbations are often caused by viruses
such as influenza.3 Further, cold weather has been linked to
exacerbations, mortality and hospital admissions for
COPD.4 – 7 Therefore, it has been hypothesized that, if one
can predict the advent of cold weather or detect rises in influ-
enza levels, then an anticipatory care intervention might
prevent exacerbations and hospital admissions.4,8

Approaches to managing long-term conditions such as
COPD are increasingly using technology as part of the

delivery of services.9 However, sophisticated technological
approaches such as automatic monitoring of blood oxygen
levels can be expensive,10 may not be suitable for all
patients,11,12 have doubtful effectiveness13 and are compara-
tively rarely used.14 Simpler solutions using familiar and
readily available technology such as the home telephone may
be more cost-effective, as well as more acceptable to patients.
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Healthy Outlook was developed by the UK Meteorological
Office (Met Office) and combines: (i) a forecasting model to
predict when the outdoor environment is likely to adversely
affect the health of patients with COPD and (ii) an anticipa-
tory care intervention package. Patients receive telephone
calls during which they are reminded to keep well, asked to
check their medication and advised to contact their general
practice in the event of a problem. A patient survey showed
that the majority of respondents found the information pro-
vided as part of the service to be useful, while 36% of respon-
dents had been prompted by the telephone calls to seek
repeat prescriptions or to check COPD medication.15

It is hoped that, by providing timely and effective prevent-
ive support, Healthy Outlook will reduce COPD exacerbations,
hospital admissions and deaths. However, evidence on this
point has been equivocal. A randomized controlled trial
(RCT) found that fewer intervention patients had an exacer-
bation than controls (58 versus 68%), but this did not reach
statistical significance with a sample size of only 79 patients.16

Since the service was embedded into routine care for the
population with COPD in many parts of England, there is an
opportunity to conduct large, observational studies with high
levels of generalizability. However, existing studies have either
been small and uncontrolled17 or have relied on aggregated
analysis at the general practice level.18 Analysis for higher level
units such as general practices can miss impacts for the subset
of patients that receive the intervention of interest.

The wide coverage of hospital data sets in England and the
use of anonymized patient identifiers meant that it was pos-
sible to conduct a larger study exploiting these operational
data sets. We tested the effect of Healthy Outlook on hospital
admissions and deaths against a matched control group.

Methods

Intervention and eligibility

Healthy Outlook was established in November 2007 to help
patients with COPD to manage their condition, keep well and
avoid hospital admissions.19 Within the populations that were
provided with the service, all general practices were eligible to
participate and to recruit patients.

Any patient with COPD could be referred into Healthy
Outlook by general practice staff. Patient recruitment was
usually done on an opt-in basis, with a minority of practices
automatically enrolling patients. Patients who signed up for
the service provided their telephone number to receive auto-
mated, interactive phone calls when the alerts were made.
Patients also received two thermometers and an information
pack. The information pack described the forecasting system

and how cold weather could affect COPD symptoms. It also
contained detailed advice on self-management of COPD.

Decisions about whether to signal a telephonic alert were
made weekly by the Met Office during winter, which used
meteorological and influenza virus data to determine whether
there was an increased risk of COPD exacerbation. Consideration
was given to indicators relating to calendar week, temperature,
influenza virus levels (based on communicable disease
reports)20 and a forecaster evaluation of the overall synoptic
situation and air quality. Decisions about whether to signal
alerts were made on a regional basis, with the regions corre-
sponding to the 10 former Strategic Health Authorities in
England.

When alerts were made, patients were telephoned up to
three times at their preferred time of day. Once the patient
with COPD had been reached, a message was given inform-
ing the patient that people with COPD might become more
unwell in the following two weeks. The automated telephone
call then worked through a script based on patients’ replies to
a series of questions. This covered the patients’ COPD symp-
toms and medication, and is described in more detail else-
where.18 If a repeat prescription was needed or symptoms
had worsened, patients were advised to contact their practice
or respiratory nurse.

Study endpoints

We assessed the total number of urgent and unplanned
(‘emergency’) hospital admissions, as well as hospital admis-
sions for COPD, identified from hospital administrative data
by the principal diagnosis, using International Classification of
Diseases, tenth revision (ICD-10) codes J43 (emphysema) and
J44 (other COPD). Secondary metrics were numbers of
planned (‘elective’) admissions and outpatient attendances.
Finally, we examined mortality rates.

A preliminary sample size calculation was based on detect-
ing a 20% change in emergency admissions over the 12
months following enrolment into Healthy Outlook, at 90%
power and a two-sided P-value ,0.05. We assumed that
emergency admission rates would be 0.8 per year for control
patients, based on national rates (standard deviation 1.7; cor-
relation between intervention and matched control groups
0.15). This produced a target sample size of 2019 intervention
patients.

Data linkage

We studied the anonymized hospital care histories of a sample
of Healthy Outlook patients recruited in England between the
start of the service (November 2007) and a cut-off point of
September 2011. The sample was taken from the operational
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system used to manage participants’ data for Healthy Outlook
and was primarily based on the availability of the unique
patient identifier [‘National Health Service (NHS) number’]
needed for data linkage.

Hospital data were obtained from a national administrative
database of inpatient and outpatient care paid for by the NHS
at all acute hospitals in England, the Hospital Episode
Statistics (HES). We also obtained a linked mortality file that
contained the date of death for patients with an HES record,
regardless of whether death occurred inside or outside the
hospital.

Study cohorts

From the set of linked intervention patients, we excluded
those without an HES inpatient admission between 2001 and
the date of enrolment. This was done because HES inpatient
data were our richest source of data, and so we could not as
accurately characterize patients who had not been admitted.
We also required that the prior inpatient admission contained
a primary or secondary diagnosis of COPD (ICD-10 codes
J43–J44).

A matched control group was selected retrospectively from
a group of potential controls that was sourced from the same
regions as the intervention patients. Like intervention patients,
potential controls had a previous inpatient admission with a
diagnosis of COPD. We excluded as controls all patients who
had ever been registered at a general practice that offered
Healthy Outlook. Thus, potential controls met the eligibility cri-
teria for Healthy Outlook but were not registered at a general
practice at which the service was offered.

For intervention patients, baseline variables were calculated
at the date of enrolment into Healthy Outlook (see Table 1).
These baseline variables have been shown to be predictive of
future emergency hospital admissions.21 Potential control
patients were randomly assigned eight index dates, corre-
sponding to months during the study period (November
2007 to September 2011); baseline variables were then
created at each of these index dates. However, we removed
records where the index date was after the date of death or
before the date of the first diagnosis of COPD in inpatient
data.

A matching algorithm was used to select from the potential
control records (up to eight per potential control patient), a
subset that was similar to the intervention patients with
respect to the baseline variables. To do this, we used genetic
matching,22 which is a computer-intensive search algorithm
that has been shown to produce more closely balanced
groups than more traditional methods.23 The matching was
conducted separately by region (thus ensuring that controls

were resident in the same broad geographical location as inter-
vention patients) and on a 1:1 basis.

We assessed the similarity of intervention and matched
control groups at baseline using the standardized difference
(defined as the difference in sample means as a percentage of
pooled standard deviation).24 A threshold of 10% has been
used to denote a meaningful imbalance.25 As the standardized
difference only measures a difference in means, we also
assessed the ratio of variances in the two groups.26

Statistical methods

We estimated the effects of Healthy Outlook on hospital use
and mortality over the year following enrolment. Analysis was
done at the patient level, regardless of subsequent death.
Counts of hospital activity were compared using Poisson
regression, adjusting for the baseline variables, with coeffi-
cients presented as rate ratios. Analogously, mortality rates
were compared using logistic regression, with coefficients pre-
sented as odds ratios. Models contained random effects for
the matched pair to account for the expected correlation
structure of the data.24

Additional analyses

Two further analyses are presented in the Supplementary
data. First, we examined the meteorological data that were
used to determine when the telephonic alerts were made and
confirmed that these were predictive of hospital admissions
and mortality. Secondly, we examined short-term changes in
hospital utilization over the 7, 14 and 28 days following the
telephone alerts (rather than over the year following enrol-
ment).

Results

Figure 1 shows the flow of patients into the study. In total,
3946 patient spells contained an NHS number and 3581 were
mapped to the hospital data, giving a linkage rate of 90.7%.
A prior diagnosis of COPD was recorded on inpatient data for
40.1% of linked patients, leaving a sample of 1425 patients. Our
sample was registered at 102 general practices, with a median
number of study patients per practice of 10 (range 1–66).

HES provided 697 095 potential controls from 8736
general practices. Compared with the potential controls, inter-
vention patients were younger, less likely to have co-morbidities
and had experienced fewer emergency hospital admissions (see
Table 1 and Fig. 1).

All except 12 intervention patients were matched to a
control (n ¼ 1413). Matched controls and intervention
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Table 1 Baseline characteristics (data are the percentage of group unless otherwise stated)

Intervention patients

(n ¼ 1425)

Potential controls

(n ¼ 697 095)a
Matched controls

(n ¼ 1413)

Before matching

standardized difference

(variance ratio)

After matching

standardized difference

(variance ratio)b

Mean age in years (SD) 71.2 (9.9) 72.6 (12.5) 71.6 (10.1) 212.9 (0.62) 24.0 (0.95)

Female 44.8 48.3 45.0 27.0 20.4

Mean socioeconomic

score (SD)c
25.0 (13.1) 24.5 (12.6) 25.0 (13.0) 4.0 (1.09) 20.4 (1.01)

Mean number of chronic

conditions (SD)d
2.0 (1.5) 2.3 (1.7) 1.9 (1.5) 216.2 (0.87) 4.3 (1.01)

Mean index date (SD)e 18199.4 (285.3) 18193.8 (357.3) 18200.3 (288.6) 1.8 (0.64) 20.3 (0.99)

Health conditions recorded inpatient data over 3 years

COPD 79.0 80.0 76.9 22.4 5.0

Hypertension 39.4 43.8 38.8 28.9 1.2

Ischaemic heart disease 21.3 24.5 20.7 27.5 1.6

Asthma 18.2 20.5 16.6 25.7 3.9

Angina 14.7 16.5 14.2 24.9 1.2

Injury 14.3 21.9 14.5 219.9 20.2

Diabetes 11.7 15.4 10.9 210.7 2.2

Atrial fibrillation 11.2 16.5 10.7 215.4 1.6

Respiratory infection 9.8 13.7 9.2 212.1 1.9

Peripheral vascular

disease

8.8 10.4 7.5 25.4 4.9

Cancer 8.3 13.0 7.5 215.2 3.1

Mental health 8.1 14.2 8.0 219.7 0.5

Congestive heart failure 7.6 12.6 7.7 216.7 20.3

Anaemia 6.6 9.8 6.4 211.7 0.9

Falls 6.5 11.0 7.1 215.9 22.2

Cerebrovascular

disease

5.8 7.7 5.0 27.6 3.7

Iatrogenic 4.1 6.4 4.2 210.2 20.4

Renal failure 3.2 6.0 3.3 213.1 20.4

Drug abuse 0.3 0.5 0.2 23.7 1.4

Mean numbers of secondary care contacts per head, 1–360 days before enrolment (SD)f

Emergency admissions 0.58 (1.10) 0.93 (1.53) 0.56 (1.06) 226.5 (0.52) 2.1 (1.08)

COPD admissions 0.17 (0.59) 0.19 (0.64) 0.15 (0.51) 22.8 (0.87) 3.4 (1.34)

Elective admissions 0.56 (1.40) 0.68 (1.75) 0.47 (1.14) 27.3 (0.64) 7.3 (1.50)

Outpatient attendances 4.19 (4.81) 4.29 (5.84) 3.79 (4.55) 21.9 (0.68) 8.2 (1.11)

Mean numbers of secondary care contacts per head, 361–720 days before enrolment (SD)

Emergency admissions 0.53 (1.00) 0.60 (1.25) 0.49 (0.99) 26.1 (0.63) 4.6 (1.02)

COPD admissions 0.17 (0.53) 0.12 (0.50) 0.14 (0.51) 9.3 (1.16) 4.2 (1.11)

Elective admissions 0.45 (1.00) 0.50 (1.49) 0.39 (0.89) 24.0 (0.45) 6.1 (1.27)

Outpatient attendances 3.83 (4.56) 3.54 (5.08) 3.40 (4.26) 6.1 (0.81) 9.7 (1.15)

SD, standard deviation.
aFor the purpose of this table, one index date was selected randomly for the potential control patients.
bCompared with the 1413 intervention patients matched to controls.
cBased on the index of multiple deprivation score (2004) attributed to general practice.33 n ¼ 1327 (intervention group and matched controls); 692 520 (potential

controls).
dBased on inpatient diagnoses and including angina, asthma, cerebrovascular disease, congestive heart failure, COPD, diabetes, hypertension, ischaemic heart disease

and renal failure.
eExpressed as number of days since an arbitrary index date (1 January 1960).
fInpatient activity was restricted to ordinary admissions, and excluded transfers, regular ward attendances and maternity events. Admissions were classified by defined

admission methods into emergency (unplanned) and elective (planned) activity. Outpatient activity was restricted to appointments that were attended.
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patients were similar, with all standardized differences less
than the 10% threshold (Table 1).

Differences following enrolment

In the year following enrolment, intervention patients ex-
perienced more COPD admissions per head than matched con-
trols (0.20 versus 0.16) (see Fig. 2). This difference reached
statistical significance with an adjusted rate ratio of 1.26 [95%
confidence interval (CI), 1.05–1.52]. The intervention group
also experienced more outpatient attendances than matched
controls (adjusted rate ratio 1.08, 95% CI, 1.03–1.12). However,
only 5.6% of intervention patients died during the year following

enrolment, compared with 8.5% of matched controls (adjusted
odds ratio 0.61, 95% CI, 0.45–0.84) (see Table 2).

Discussion

Main findings of this study

There was no evidence of lower admission rates amongst the
intervention than matched control patients. In fact, during the
year following enrolment into Healthy Outlook, intervention
patients experienced more COPD admissions per head than
matched controls, along with more outpatient attendances.
When we analysed utilization in the days immediately

Excluded spells: 39 140
No NHS number: 38 775
Not linked to hospital
administrative data: 365

Linked to hospital administrative
data
3581 spells in Healthy Outlook
3551 unique patients

Recruited into Healthy Outlook
42 721 spells
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Healthy Outlook enrollees Usual care patients

Potential controls
1 514 032 patients who had a
diagnosis of COPD in inpatient
data between 2001 and 2012,
and were registered at a general
practice in England

Excluded patients:
816 937
Registered at general
practice offering
Healthy Outlook: 117 647
No diagnosis before
assigned index dates, or
died before assigned
index dates: 699 290

Excluded patients
No prior diagnosis of
COPD on inpatient data:
2126

Included in matching algorithm
1425 intervention patients
102 general practices

Excluded patients
Could not be matched to
a control: 12

Excluded observations
Not matched: 3 841 085

Included in analyses
1413 intervention patients
10 289 Healthy Outlook alerts

Included in analyses
1413 matched control
observations
Would have received 10 118
alerts if had participated in the
Healthy Outlook intervention

Included in matching algorithm
697 095 patients
3 842 498 observations
8736 general practices

Fig. 1 Flow diagram showing recruitment into the study.
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following the alerts (see Supplementary data), we found
similar trends, though generally these did not reach statistical
significance.

Mortality rates were significantly lower among intervention
patients than matched controls during the year following en-
rolment. It is possible that the intervention reduced rates of
COPD exacerbation and thereby prevented deaths; however,
this seems unlikely given the trends towards increased admis-
sions. Alternatively, the intervention might have prompted
patients or healthcare professionals to respond differently to
risks to health. For example, the intervention might have
increased awareness of threats to health, thereby producing
more inpatient and outpatient care but reducing deaths. The
positive finding for mortality needs to be understood in rela-
tion to the limitations of this study as detailed below.

What is already known on this subject?

To our knowledge, Healthy Outlook is the only telephonic
intervention developed to prevent hospital admissions for
COPD patients on the basis of routine meteorological data.
Previous evaluations of Healthy Outlook have not satisfactorily
addressed the potential impacts of the service on hospital
admissions. For example, a previous observational study
found that Healthy Outlook patients showed reductions in
admissions over time,17 but, in the absence of a control
group, it was not possible to say whether these reductions
might have occurred anyway.27 Another study relied on ana-
lysis at the general practice level.18 This failed to find a statis-
tically significant impact on admissions, but unobserved
impacts might have existed at the individual level.

What this study adds

From this study, it appears that Healthy Outlook may have
increased COPD admissions and outpatient attendances. One

possible explanation is that the additional information pro-
vided about risks to health prompted patients or their health-
care professionals to seek more care in hospital settings.
Health benefits may have resulted, but the intended re-
ductions in utilization and concomitant cost seem not to have
occurred. Although the observed mortality difference is pro-
mising, this is the first evaluation of Healthy Outlook to identify
such an effect, and we consider that further studies are
needed to confirm it.

The meteorological data used by Healthy Outlook success-
fully identified times of increased risk of COPD admissions
and death (see Supplementary data). Therefore, the algo-
rithms used by Healthy Outlook may still be valuable, even
though the intervention itself may require refinement. For
example, as some Healthy Outlook patients reported that
they were already sufficiently aware of prevailing weather
conditions,15 other activities might be needed alongside the
telephone calls to reduce utilization. These activities might
include more personalized support aimed at engaging patients
in their care28 or initiatives to improve housing conditions.7 The
absence of reductions in admissions might also be due to in-
sufficient integration of Healthy Outlook with other services,
including pharmacies and specialist care.

Limitations of this study

When interpreting the results from this study, it is important
to be mindful that, in the absence of randomization, there
may have been systematic differences between intervention
and matched control groups.29 This study was designed to
reduce this risk. For example, the focus on patients with a pre-
vious COPD admission standardized the inclusion criteria
across intervention and control groups, while a matching al-
gorithm balanced observed baseline characteristics.

Table 2 Estimated effect of Healthy Outlook over 1 year before and after enrolment (n ¼ 1413 in each group)

Year before enrolment: mean (SD) Year after enrolment: mean (SD) Rate ratio (95% CI)

Intervention

patients

Matched

controls

Difference Intervention

patients

Matched

controls

Difference Adjusted rate ratio

following enrolment

Emergency admissions

per head

0.58 (1.10) 0.56 (1.06) 0.02 0.59 (1.22) 0.61 (1.46) 20.02 0.95 (0.86, 1.04)

P ¼ 0.271

COPD admissions per

head

0.17 (0.59) 0.15 (0.51) 0.02 0.20 (0.66) 0.16 (0.56) 0.05 1.26 (1.05, 1.52)

P ¼ 0.012

Elective admissions per

head

0.56 (1.40) 0.47 (1.14) 0.09 0.47 (1.51) 0.41 (1.06) 0.06 0.97 (0.87, 1.09)

P ¼ 0.656

Outpatient

attendances per head

4.18 (4.80) 3.79 (4.55) 0.39 4.13 (5.03) 3.56 (4.74) 0.57 1.08 (1.03, 1.12)

P ¼ 0.003
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Despite these efforts, it is nonetheless possible that unob-
served differences existed between groups. For example, there
may have been differences in people’s abilities to manage their
own health and healthcare, factors that are not currently
recorded in administrative data.28 Intervention patients might
have already been more likely than matched controls to seek
care when concerned about their health, even before enrolment
into Healthy Outlook. Also, although the intervention and
matched control groups were similar in terms of socioeconom-
ic deprivation score, these scores were defined at an area level.
It may be that the intervention patients tended to live in more

affluent households within their area and so tended to be
better prepared to respond to cold conditions. Other unob-
served variables include smoking status and disease severity.

While confounding will always be a threat in observational
studies, we were able to control for an established set of prog-
nostic variables. The patients at risk of rehospitalization
model, on which our variable selection was based, has good
predictive ability.21 Many of the unobserved variables (includ-
ing attitudes towards using emergency care and disease sever-
ity) will be correlated with variables that were controlled for,
such as prior hospital utilization. Furthermore, based on the

Outpatient attendances

COPD admissions

Matched control Intervention

Emergency admissions
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Fig. 2 Trends in hospital activity before and after enrolment.
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variables in Table 1, Healthy Outlook patients were generally
less severely ill at the point of enrolment than the general ad-
mitted population with COPD. Therefore, if there were unob-
served differences between the groups, these might also point
towards intervention patients being less severely ill than
matched controls. Despite this possibility, we still found more
COPD admissions and more outpatient attendances among
intervention patients than matched controls. Overall, it seems
unlikely that we missed reductions in hospital utilization.

Despite their limitations, observational studies are useful to
examine interventions that are already embedded into routine
health care, which often cannot be examined in RCTs. The
effect of an intervention may well be different in routine settings
than in an RCT due to differences in the intervention design,
implementation, selection of patients or context.30 Our study,
which included a large number of general practices (n ¼ 102)
across seven English regions, should have high generalizability.
Although our findings only apply to COPD patients with a pre-
vious hospital admission, these patients are at highest individual
risk of experiencing admissions in future.31

In this study, we focussed on patients with an NHS
number (�10% of all enrolled patients); limited information
was available on patients not linked to HES and so we could
not check empirically for the representativeness of the
sample. As the decision to enter NHS numbers was made by
general practice staff, it is reasonable to suppose that our sample
was more complete in some general practices than others.

Our target number of patients was 2019, but data for only
1413 patients were available. However, the difference in emer-
gency admissions observed (25%) was notably smaller than
the amount that was considered meaningful (20%) and the
95% CI (214 to þ4%) excluded a meaningful effect (Table 2).

Administrative data enable a retrospective analysis on large
samples, without some of the problems of self-reported data
such as non-response and recall bias.32 They also meant that
the hospital utilization of patients could be tracked even if the
patients moved between areas of England. However, the quality
of the data was not directly under our control and there was
limited insight about the appropriateness of the care provided.
This study examined impacts on hospital use and mortality, but
Healthy Outlook may have affected numbers of emergency
department visits, COPD exacerbations, patient experience,
quality of life or use of primary care. These were beyond the
scope of this study, but could be examined in future.
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