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ABSTRACT

Objective To examine the effects of a consultant-led,
community-based chronic obstructive pulmonary disease
(COPD) service, based in a highly deprived area on
emergency hospital admissions.

Design A longitudinal matched controlled study using
difference-in-differences analysis to compare the

change in outcomes in the intervention population to a
matched comparison population, 5 years before and after
implementation.

Setting A deprived district in the North West of England
between 2005 and 2016.

Intervention A community-based, consultant-led COPD
service providing diagnostics, treatment and rehabilitation
from 2011 to 2016.

Main outcome measures Emergency hospital
admissions, length of stay per emergency admission and
emergency readmissions for COPD.

Results The intervention was associated with 24

fewer emergency COPD admissions per 100 000
population per year (95% Cl —10.6 to 58.8, p=0.17) in
the postintervention period, relative to the control group.
There were significantly fewer emergency admissions in
populations with medium levels of deprivation (64 per 100
000 per year; 95% Cl 1.8 to 126.9) and among men (60
per 100 000 per year; 95% Cl 12.3 t0 107.3).

Conclusion We found limited evidence that the service
reduced emergency hospital admissions, after an initial
decline the effect was not sustained. The service, however,
may have been more effective in some subgroups.

BACKGROUND

Chronic obstructive pulmonary disease
(COPD) is one of the leading causes of death,
hospital readmission and cost to society
in the UK, responsible for 5% of all deaths
and one-third of all deaths when including
lung disease.”™ An estimated 1.2 million
people are living with diagnosed COPD
which is considerably more than the 835
000 estimated by the Department of Health

Strengths and limitations of this study
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» Within this study, we calculated the Knowsley chron-
ic obstructive pulmonary disease (KCOPD) service in
its real-life implementation setting, which makes
our findings potentially more externally valid than
those set in a trial context.

» The KCOPD service has been in operation for sev-
eral years giving a long follow-up period of 5 years;
thus allowing us to look at whether effects were
sustained.

» For this study, we applied a combination of quasi-
experimental methods—propensity score matching
and difference-in-differences, which provide causal
estimates of the intervention if the trends in out-
comes would have been parallel in the absence of
the intervention.

» We were only able to assess the impact of the inter-
vention of emergency hospital admissions and this
may not reflect health benefits to the users of these
Services.

» The ecological nature of this study limits the con-
clusions that can be drawn about individual-level
factors, and the results reflect the population-level
impact of the KCOPD service.

in 2011."* The burden of COPD dispropor-
tionally effects disadvantaged socioeconomic
groups with rates in the most deprived areas
of the population twice as high as in the least
deprived.z'_7 The prevalence of COPD has
increased by 27% over the last decade® and
the burden on health services is increasing
as the population ages. The costs of COPD
to the National Health Service (NHS) in
England is over £800 million, with an addi-
tional £3.8 billion in lost productivity, and is
estimated to increase annually. These costs
to the NHS are unsustainable. Improving the
identification and treatment of COPD, while
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reducing emergency admissions and length of inpatient
stay, has been highlighted as a priority for the NHS in its
Five-Year Forward View.® The NHS Long Term Plan’ also
aims to tackle health inequalities between the most and
least deprived, and highlights that cause of death from
respiratory diseases is the second largest contributor to
the life expectancy gap between these groups. There is,
therefore, an urgent need for evidence of effective inter-
ventions that improve the management of COPD and
reduce unplanned emergency admissions, particularly in
disadvantaged populations.

COPD may be preventable by avoidance or early cessa-
tion of smoking, particularly within deprived commu-
nities where there is a higher prevalence of smoking."
However, access to smoking cessation services has reduced
in recent years; only a quarter of COPD patients admitted
to hospital were asked about their smoking status and
subsequently offered the service.” Existing evidence
shows that rapid access pulmonary rehabilitation (PR)
clinics provide efficient and effective substitution to
COPD clinic assessment.'" '* Yet, there are examples to
indicate that secondary care-based rapid access clinics
may be underused by older populations and those in
poorer socioeconomic circumstances.'® This could poten-
tially be due to problems with access, however, there is
limited published evidence investigating the provision of
rapid access clinics in community settings. Community-
based PR services have been found to improve access and
reduce emergency admissions'*'° and be cost-effective.'”
Community-based PR shows that it is as effective and safe
as hospital-based rehabilitation and has been associated
with reduced length of hospital stay, reduced mortality
rates and improved health-related quality of life with
COPD patients who recently suffered an exacerbation
of COPD." While there is some case study evidence
for community-based consultantled services,'” there is
limited evidence for consultantled COPD-community-
based clinics. Although there is evidence for multicompo-
nent approaches to reduce hospital admissions for single
conditions,18 there is a lack of evidence for consultant-led
community-based integrated COPD services in deprived
communities.

To address these gaps in the evidence base, we inves-
tigated the impact on emergency hospital admissions
of a consultant-led, community-based ‘one-stop’ COPD
service implemented in a very deprived community in
the North West of England; particularly as there has
been a significant proportion of undiagnosed COPD
reported in this area.'” The service brought together
diagnostic, treatment, management and rehabilitation
services for COPD, offering a rapid response service
within 13 hours that would usually be provided in
secondary care. We examined the impact of this service
on emergency admissions, length of inpatient stay and
readmissions.

METHODS

Setting

The intervention was implemented between 2011 and
2016 across the district of Knowsley in the North West
of England, which has a population of 148 560* and is
the second most deprived district in England based on
the Indices of Multiple Deprivation.”' There is a history
of industrial exposure, for example, mining, manufac-
turing, shipping and dock work; however, comparisons
between areas in Knowsley have shown no increase for
the rate of hospital admissions where there was evidence
of this cs:xposure.22

Study design

This study was a longitudinal matched controlled study
using lower super output areas (LSOA) as the unit of
analysis. LSOAs are small geographical areas used by the
UK’s Office for National Statistics (ONS), each typically
containing a population of about 1500 people. England
is divided into just over 30 000 LSOAs. Ninety-Eight
LSOAs cover the entire population of the intervention
area—Knowsley. Each of these intervention LSOAs were
matched with four control LSOAs located within other
districts in the North West region of England, providing
392 matched control LSOAs, that is, 490 LSOAs in total.
We used propensity score matching® to ensure that these
control areas had similar observed characteristics to the
Knowsley LSOAs in the time period before the introduc-
tion of the intervention (2005-2010). The matching was
based on the gender and age profile of the population,
unemployment rate, Indices of Multiple Deprivation,
COPD emergency admission rate, prevalence of COPD,
smoking prevalence, proportion of COPD patients who
have had their inhaler technique checked, numbers of
general practitioners (GPs) per capita serving the popu-
lation and the distance to the nearest GP practice and
hospital (see table 1/ online supplementary appendix
1 for full details of the matching variables). The nearest
neighbour method was used for matching, which selects
controls with propensity scores that are closest to that of
the intervention LSOAs.** We checked with the regional
COPD network that no other similar intervention was
implemented in the North West and, therefore, our
control populations would not have experienced a similar
intervention.

We then compared the change (difference) in
outcomes in the intervention population to the change
(difference) in outcomes in a matched comparison popu-
lation, 6 years before and 5 years after implementation.
This difference-in-differences method controls for all
time-invariant differences between the intervention and
control populations. The key assumption of difference-
in-differences analysis is the parallel trends assumption. If
the trend in the outcome in the intervention and control
populations would have been parallel in the absence of
the intervention then, the difference between the change
in the outcomes between the two groups provides an
unbiased estimate of the interventions effect®™ (see online
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Table 1

Description of matching variables

Matching variable

Details

Age and gender profile of the
population

Unemployment rate

Chronic obstructive pulmonary
disease (COPD) emergency
admission rate

Indices of Multiple Deprivation

Quality and outcomes framework
(QOF) indicators

Numbers of general practitioners
(GPs) per capita serving the
population

Distance to the nearest general
practice and hospital

Annual data on the size of the female population and the population aged 50+ years
per lower super output area (LSOA) were derived from midyear population estimates
provided by the Office for National Statistics (ONS).

Annual unemployment rates were calculated using claimant data provided by the
ONS. Unemployment was measured as the proportion of people aged 16-64 years
claiming Jobseeker’s Allowance or Universal Credit principally for the reason of being
unemployed.

Emergency admissions for COPD were defined using ICD-10 codes: J40-J44. Annual
COPD emergency admission rates per 100 000 population were calculated using
Hospital Episode Statistics, with population data obtained from the ONS. Continuous
inpatient spells were used to calculate emergency admissions per calendar year.

Index of Multiple Deprivation 2015 data were provided by the Department for
Communities and Local Government.

QOF indicator data for the prevalence of COPD and smoking, and the percentage of
patients with COPD receiving inhaled treatment whose inhaler technique had been
checked within the previous 15 months were included in the propensity score model.
Weighted averages of QOF indicators per LSOA were calculated using data provided by
NHS Digital on the number of patients registered per general practice per LSOA.

Weighted averages of the number of full-time employed GPs per 1000 population were
calculated using data provided by NHS Digital on the no of GPs and patients registered
per general practice per LSOA.

The Consumer Data Research Centre provided data per LSOA on the average road
network distance to the nearest hospital with an Accident and Emergency department,
and the nearest general practice. Road network distances in kilometres were calculated
by deriving the fastest route by car to travel from each postcode within an LSOA to the

nearest health service.

The following variables were included in a propensity score model to match Knowsley to control areas in the time period before the

introduction of the intervention (2005-2010).

NHS, National Health Service.

supplementary appendix 2), for an outline of difference-
in-differences methods. We investigate this assumption by
testing for parallel trends between the two groups prior
to the intervention.

Data sources and measures

We used anonymised Hospital Episode Statistics (HES)
and ONS population estimates to derive our primary
outcome COPD (ICD-10 codes: J40-J44) emergency
hospital admissions per 100 000 population for each of
the 490 LSOAs between 2005 and 2016, giving a total
sample size of 5880 LSOA-years.”® ’We chose to investi-
gate COPD specific admissions, since all-cause admissions
would likely be affected by other interventions occurring
concurrently in Knowsley (eg, a cardiovascular disease
(CVD) service intervention).”® Emergency admissions
were defined as admissions that are unpredictable and
occur at short notice because of clinical need, as per the
HES data dictionary.”” Secondary outcomes were length
of stay per emergency admission and emergency readmis-
sion rates also derived from HES data. Readmissions were
defined as emergency admissions occurring within 30 days
of the last, previous discharge from hospital.”’ To adjust
for time varying factors that could be associated with

trends in COPD emergency admission rates we controlled
for the annual per cent of the population aged 50+years,
the per cent female and the per cent unemployed using
data obtained from the ONS.

The service
Prior to the implementation of the Knowsley COPD
service (KCOPD), the Knowsley population was served
by a COPD service run from two local district general
hospitals (DGH) and a community service. One DGH
provided consultant-led clinics from the hospital and one
community clinic a week; it also provided a nurse-led ESD
service and oxygen service. A separate community service
provided community reviews for patients experiencing
an exacerbation of COPD, it was not, however, an admis-
sion avoidance service. These services were provided on a
Monday to Friday basis only. The PR service was provided
by a second DGH and there was no additional support
for chest clearance, breathlessness management.These
services were provided by different organisations and
were transferred to a single provider just before KCOPD
was developed in 2011.

The KCOPD provided a new integrated ‘one-stop’
consultant-led service with diagnostics in the community,
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covering initially five different community venues,
extending to seven over the course of the service and now
covering 6 days aweek and one evening session, supported
by an administration hub.”’ The service was designed
collaboratively with public and patient engagement, the
local CCG and local NHS healthcare providers.'” The

overall service consists of the following elements by a

single provider that bridged primary and secondary care:

» A consultantled multidisciplinary clinic. Provided
from initially five Primary Care resource centres—
then extending to seven due to service demands. The
clinics run from 10:00-18:00 hours. The clinic offers
diagnosis spirometry and diagnosis and optimisa-
tion of COPD. The clinic now provides one Saturday
morning clinic a month and a weekly evening clinic
which runs up until 20:00.

» Rapid response service—Nurse-led service where
patients experiencing an exacerbation of COPD can
self-refer for assessment, via a free phone number,
for initiation of acute treatment and monitoring. The
service provides a 2-hour response for those at risk of
hospital admission, with the aim to avoid unwarranted
admissions. This service is provided 08:00-22:00 hours
with an overnight on-call service 7 days a week.

» Early supported discharge—Patients who have
been to accident and emergency or been admitted
into hospital with an exacerbation of COPD can be
referred into the service for additional support to
facilitate an earlier discharge from hospital. This
service is provided 08:00-22:00 hours 7 days a week.

» Home Oxygen and Review Service (HOSAR)—The
HOSAR provides assessment and review of patients’
home oxygen requirements, they review patients in
the same community venues as the consultantled
clinics as well as providing home visits. This service is
provided Monday to Friday, 10:00-18:00 hours.

» PR and physiotherapy—The PR team cover the
main areas of Knowsley, for patients who have func-
tional limitation due to the dyspnoea or who have
had a recent hospital admission due to COPD. PR is
provided 5 days a week 10:00-18:00 hours. The team
also provides assessment and treatment for patients
who have difficulty in clearing their sputum or who
are struggling with managing their dyspnoea, this
service is provided 7 days a week 10:00-18:00 hours.

» Palliative care—The KCOPD service provides assess-
ment and review for patients who maybe entering the
palliative phase of their condition to ensure effective
symptom management.

» Counselling service—The KCOPD service has a dedi-
cated respiratory counsellor who offers treatment
and support for patients struggling with anxiety and
depression or struggling with the impact of their
condition on their life. This element of the service
runs Monday to Friday, 10:00-18:00 hours.

The service is available to residents in Knowsley
through GP referral.'® Patients are seen within 10 days
of referral. Once known to the service, if they have been

provided with a confirmed diagnosis of COPD, they can
access any element of the services at any time without
being rereferred by their GP. Knowsley GP referral trends
to the KCOPD data show a dramatically decreasing trend
(online supplementary appendix 3). From 2010/2011 to
2016/2017 (financial year), the clinic has provided care
to almost 5500 patients.'”” Clinic attendance has been
variable, particularly at the outset of the service (with
non-attendance as high as 20%) stabilising to around
10%-12% from 2015 onwards.'” Initially, the service was
contracted for 3 years, at a total value of £4 991 667.

Statistical analysis

Our sample size was predetermined based on the number
of LSOAs in the intervention area and the number of
matched LSOAs. Prior to our analysis, we estimated
the effect size that the study would be able to detect
with an 80% power by running multiple simulations of
the planned analysis.”® ** This indicated that the effect
size for this study at 80% power to detect, was around a
10%-11% decline in emergency admission rates per year
associated with the intervention (see online supplemen-
tary appendix 4).

Characteristics of the intervention and control popu-
lations prior to the intervention were initially compared
with assess the balance achieved between the groups.
Additionally, the parallel trends assumption was tested
using graphical methods and regression models to
compare trends in the outcomes of interest between the
intervention and control populations in the preinterven-
tion period.

To estimate the difference-in-differences, that is, the
difference between the change in outcomes before and
after the intervention in the intervention population
compared with the change in outcomes over the same
time periods in the control population, we include a
treatment by period interaction term in a linear regres-
sion model. To control for potential demographic and
socioeconomic changes which may confound the result
we included annual LSOA data on unemployment rates,
the percentage of the population that were female and
the percentage aged 50+years in the model. We included
a trend term for time to account for the long term trend
in admission rates across the intervention and compar-
ison groups and an additional spline term to account for
any change in overall trends across both groups after the
intervention. In sensitivity analysis, we estimated a model
removing the spline term—that is, just including an
annual trend term. We also included a random intercept
for each LSOA to account for the longitudinal nature of
the data (see box 1 for full details of the statistical model).

Robustness tests

We investigated the presence of unobserved confounding
by repeating the analysis using an outcome that would
not be expected to be influenced by the COPD interven-
tion, that is, emergency admissions for gastrointestinal
(GI) infections. We also investigated whether the effect of
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Box1 Model formula

Equation for multivariable mixed effects linear regression model for
chronic obstructive pulmonary disease (COPD) emergency admissions
Yo = By + Bt + BT, + B,Age, + B,Sex; + pyUnemployment, +
By Treatment; +

B, Period; + p Treatment,*Period; + ¢,

Where Yij is the COPD emergency admission rate per 100 000 popu-
lation for lower super output areas (LSOA) / at year j. The intercept By
contains a random effect term and thus varies across years. tis an an-
nual time-trend term (spline 1). Tis a time-trend term (spline 2) which
captures the change in trend from year 2011, and is equal to zero prior
to 2010. Age is the per cent of the population aged 50+ years. Sex is
the per cent of the population who are female. Unemployment is the
per cent of the working age population (aged 16-64 years) claiming
Jobseeker’s Allowance or Universal Credit principally for the reason of
being unemployed. Treatment indicates whether LSOA /i is a Knowsley
or control LSOA (Knowsley=1; control=0). Period indicates whether
year j occurs post or preintervention (postintervention=1; preinterven-
tion=0). Treatment*Period is the difference-in-differences estimator.

the intervention was different in more deprived LSOAs
compared with less deprived LSOAs within Knowsley, and
whether the effect differed between men and women.
Analyses were conducted using R (V.3.4.3).

Patient involvement

The research question was developed through a collab-
oration involving local health service providers, public
advisors and researchers. Public advisors are members
of the public and/or service users who have knowledge
of KCOPD and the locality in which it is delivered. The
public advisors were involved in a series of meetings
agreeing the focus for the research and the planned

analysis. Three of the public advisors (TC, KW and AP)
are coauthors of this paper and have contributed to the
drafting of the paper and the interpretation of the results.

RESULTS

Characteristics of the Knowsley and matched control
LSOAs in the preintervention period (2005-2010) are
shown in table 2. Although the control areas at baseline
were statistically significantly different from the interven-
tion areas on a number of characteristics, these differ-
ences are relatively small and the difference-in-differences
method accounts for these fixed differences in the anal-
ysis. The control areas were all also areas with high levels
of deprivation and COPD emergency admissions. This is
particularly the case when compared with the unmatched
sample of North West LSOAs (see table 3 for characteris-
tics of unmatched sample).

Trends in COPD emergency hospital admission rates
per year for the Knowsley and control population are
shown in figure 1. In the preintervention period, emer-
gency admission rates were slightly higher for Knowsley
compared with the control population, and parallel
trends in the rates were apparent between the two groups.
Following the introduction of the intervention in 2011,
admission rates for Knowsley decreased to levels observed
in the control population. After the second year of the
intervention, however, the admission rates appeared to
have increased again in Knowsley compared with the
control population (also see table 4 for annual emer-
gency admission rates in the two groups).

Results from the difference-in-differences analysis for
emergency admission rates are shown in table 5. The

Table 2 Characteristics of Knowsley and matched control LSOAs in preintervention period (2005-2010)

Knowsley LSOAs  Control LSOAs

(no=98) (no=392)

Mean (SD) Mean (SD) P value*
IMD score 41.99 (20.65) 37.96 (21.35) <0.001
Distance to hospital with A&E (km) 5.47 (2.5) 5.36 (2.84) 0.401
Working age population unemployed (%) 4.99 (2.76) 4.54 (2.97) 0.001
GPs per 1000 population 0.64 (0.12) 0.63 (0.13) 0.002
Population (number) 1508.79 (244.92) 1496.45 (246.56) 0.702
Female population (number) 792.08 (129.75) 779.55 (129.69) 0.032
Population aged 50+ years (number) 496.81 (109.49) 499.59 (119.93) 0.610
QOF: COPD prevalence (%) 3.07 (0.33) 2.84 (0.63) <0.001
QOF: smoking prevalence (%) 25.83 (4.77) 24.82 (5.45) <0.001
QOF: those with COPD receiving inhaled treatment whose inhaler 88.13 (9.21) 89.06 (5.06) <0.001
technique has been checked (%)
Emergency admissions for COPD per 100 000 population per year  519.99 (402.33) 468.46 (389.75) 0.004

*Statistical significance of the difference between the groups tested using t-tests for normally distributed variables, or the Man-Whitney U test

as a non-parametric equivalent.

A&E, accident and emergency department; COPD, chronic obstructive pulmonary disease; GP, general practitioner; IMD, Index of Multiple

Deprivation; LSOA, lower-layer super output area; QOF, quality and outcomes framework.
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Table 3 Characteristics of the intervention area and unmatched North West areas

Knowsley LSOAs North west LSOAs

(no=98) (n0o=4381)

Mean (SD) Mean (SD) P value*
Emergency admissions for COPD per 100 000 population per year 519.99 (402.33) 282.34 (275.16) <0.001
GPs per 1000 population 0.64 (0.12) 0.60 (0.12) <0.001
Working age population unemployed (%) 4.99 (2.76) 3.05 (2.43) <0.001
QOF: COPD prevalence (%) 3.07 (0.33) 2.02 (0.55) <0.001
QOF: smoking prevalence (%) 25.83 (4.77) 20.37 (5.56) <0.001
QOF: those with COPD receiving inhaled treatment whose inhaler 88.13 (9.21) 91.36 (3.88) 0.188
technique has been checked (%)
Population (no) 1508.79 (244.92) 1547.64 (269.78) <0.001
Female population (no) 792.08 (129.75) 789.59 (137.30) 0.452
Population aged 50+ years (no) 496.81 (109.49) 534.41 (153.58) <0.001
IMD score 41.99 (20.65) 26.55 (18.79) <0.001
Distance to hospital (km) 5.47 (2.5) 7.47 (6.48) <0.001

Characteristics of Knowsley and unmatched North West LSOAs in preintervention period (2005-2010).
*Statistical significance of the difference between the groups tested using t-tests for normally distributed variables, or the Man-Whitney

U test as a non-parametric equivalent.

COPD, chronic obstructive pulmonary disease; GP, general practitioner; IMD, Index of Multiple Deprivation; LSOA, lower-layer super

output area; QOF, quality and outcomes framework.

coefficient for the difference-in-differences estimator
indicates that on average the intervention was associated
with a non-statistically significant reduction of 24 emer-
gency COPD admissions per 100 000 per year (95% CI
-10.6 to 58.8, p=0.14) in Knowsley compared with the
control population following the introduction of the
intervention. (see table 6 full model output). This was
equivalent to a 5% decline in emergency admissions. We
found that the intervention had no statistically significant
effect on reducing length of stay per emergency COPD
admissions, or emergency readmission rates (table 7).
Analysing the differential effects of the intervention
by deprivation and by gender we found some evidence
that these effects differed across these sub groups (online

@
3
3

FS
8
3

Emergency admission rates for COPD per 100,000 population
N
S
8

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

~+-Control LSOAs -+ Knowsley LSOAs

Figure 1 Trends in COPD emergency hospital admission
rates per year, by Knowsley and matched control LSOAs,
2005-2016. COPD, chronic obstructive pulmonary disease;
LSOAs, lower super output areas.

supplementary appendix 5). The intervention had no
statistically significant effect on emergency admissions in
populations with low (table 8) and high (table 9) levels of
income deprivation. Although there was some evidence
to suggest that the intervention was associated with 64
fewer emergency admissions per 100 000 per year (95%
CI 1.8 to 126.9, p=0.044) for populationswith medium
levels of income deprivation (table 10). Furthermore, for
men the intervention was associated with a reduction of
60 admissions per 100 000 per year (95% CI 12.3 to 107.3,
p=0.014; table 11), but there were no statistically signifi-
cant effect for women (table 12).

Robustness tests

We found that during the preintervention period there was
no significant difference in trends in emergency admission
rates between Knowsley and the control population (online
supplementary appendix 6), suggesting that the parallel
trend assumption was not violated in this analysis. We found
that there was no effect when running the analysis using
an outcome (emergency admissions for GI infections) that
would not plausibly be influenced by the intervention but
could have been influenced by unobserved confounding
(online supplementary appendix 6). Estimating a model
removing a spline term allowing for a change in trend
across both groups after the intervention did not change
the results (online supplementary appendix 6).

DISCUSSION

Principal findings

We found that an integrated, consultant-led, multicompo-
nent, community-based service was associated with a small
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Table 4 Emergency admission rates for COPD per 100 000 population per year

Knowsley LSOAs (no=98)

Control LSOAs (no=392)

Year Mean Lower 95% CI Upper 95% CI Mean Lower 95% CI Upper 95% CI
2005 542.6 467.2 618.1 491.5 450.4 532.5
2006 563.2 467.4 659.1 4911 449.8 532.5
2007 545.9 464.7 627.2 502.6 461.5 543.7
2008 473.5 402.2 544.9 464.4 426.9 501.9
2009 463.7 389.6 537.9 408.3 374.4 442.2
2010 469.3 394.4 544.2 426.2 390.8 461.6
2011 397.5 338.9 456.1 392.2 358.7 425.7
2012 405.0 343.4 466.6 396.2 364.4 428.0
2013 394.3 888K 455.2 402.3 369.3 435.4
2014 484.9 417.3 552.6 428.5 392.8 464.2
2015 455.1 385.6 524.6 429.0 392.6 465.4
2016 500.3 421.3 579.3 442.2 407.0 477.4

COPD, chronic obstructive pulmonary disease; LSOA, lower-layer super output area.

decline in emergency admissions for COPD, however, this
is not statistically significant at the 5% level. Subgroup
analysis indicated that the intervention may have been
effective at reducing emergency admissions for men, and
for people living within neighbourhoods that were of
intermediate levels of deprivation for Knowsley.

Strengths and limitations

Our study has a number of strengths. First, we calculated
the KCOPD in its real-life implementation setting, which
makes our findings potentially more externally valid than
those setin a trial context. Second, the service has been in
operation for several years giving a long follow-up period
of b years. This allowed us to look at whether effects were
sustained. Third, we applied a combination of quasi-
experimental methods—propensity score matching and
difference-in-differences, which provide causal estimates
of the intervention if the trends in outcomes would have
been parallel in the absence of the intervention. Our
approach provides a reasonably large effective sample
size of 5880 observations providing reasonable power to
identify relatively small effects.

However, some limitations remain. We cannot rule
out the possibility that different trends in unobserved
confounding factors between the two groups may have
influenced the results. Although there are clear differ-
ences between the intervention and control groups,
time invariant differences between the two groups could
not bias the results due to the difference-in-differences
methods.”* The reasons for matching was to identify
groups that were likely to follow a similar trend over
time, which was confirmed by assessing the parallel
nature of the trends in outcomes before the intervention.
We additionally controlled for a number of observed
confounders. Unobserved confounders therefore could
only bias the results if they followed different time trends
over time between the intervention and control groups.
When repeating the analysis using an outcome that would
not plausibly be influenced by the intervention (emer-
gency admissions for GI infections) but could have been
influenced by unobserved confounding, such as changes
health service admission thresholds or health provider
financial incentives, we found no significant effect of the

Table 5 Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000
population in Knowsley following the intervention relative to the control group, 2005-2016

Coefficient Lower 95% CI Upper 95% CI P value
Treatment (Knowsley=1; control=0) 37.99 -14.39 90.37 0.155
Period (postintervention=1; preintervention=0) -20.03 -49.18 9.12 0.178
DiD estimator (treatment*period) -24.10 -58.79 10.59 0.173

Model based on equation shown in online supplementary file and includes random intercept for LSOA, and fixed effects for per cent of
population aged 50+ years, per cent female, per cent unemployed and two spline terms for time (full model results are given in online

supplementary file).

Model based on 98 Knowsley and 392 control LSOAs, and 5880 observations.
COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
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Table 6 Full model output for main results

Coefficient Lower 95% CI Upper 95% CI P value
Spline 1 -34.44 -40.91 -27.98 <0.001
Spline 2 63.02 52.99 73.05 <0.001
Population aged 50+ years (%) 6.07 .75 8.40 <0.001
Population female (%) 10.23 3.33 17.12 0.004
Working age population unemployed (%)* 263.13 212.90 313.36 <0.001
Treatment (Knowsley=1; control=0) 37.99 -14.39 90.37 0.155
Period (postintervention=1; preintervention=0) -20.03 -49.18 9.12 0.178
DiD estimator (treatment*period) -24.10 -58.79 10.59 0.173

Model based on equation shown above and includes random intercept for LSOA.
Model based on 98 Knowsley and 392 control LSOAs, and 5880 observations.
Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000 population in Knowsley

following the intervention relative to the control group, 2005-2016.

*Variable entered into model in units of 10% points.

COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.

Table 7 Impact on length of stay per emergency admission and emergency readmission rates

Coefficient

Lower 95% CI

Upper 95% CI

P value

Result of difference-in-differences analysis showing the change in length of stay in days per emergency COPD admission in
Knowsley following the intervention relative to the control group, 2005-2016

Spline 1

Spline 2

Population aged 50+ years (%)
Population female (%)

Working age population unemployed (%)*
Treatment (Knowsley=1; control=0)

Period (postintervention=1;
preintervention=0)

DiD estimator (treatment*period)

0.06
-0.75
0.11
0.03
-1.11
0.26
-1.65

-0.95

-0.48
—1.55
0
-0.31
-3.67
=192
-4.25

-3.98

0.6

0.05
0.21
0.36
1.45
2.45
0.94

2.08

0.828
0.065
0.046
0.868
0.395
0.813
0.211

0.538

Result of difference-in-differences analysis showing the change in COPD emergency readmissions per 100 000 population in
Knowsley following the intervention relative to the control group, 2005-2016

Spline 1

Spline 2

Population aged 50+ years (%)
Population female (%)

Working age population unemployed (%)*
Treatment (Knowsley=1; control=0)

Period (postintervention=1;
preintervention=0)

DiD estimator (treatment*period)

-5.77
3.73
0.21
1.01

25.44

-1.6
4.21

3.39

—-7.72

0.73
-0.31
-0.55
13.66

-11.46

-4.94

-7.37

-3.81
6.74
0.73
2.58

37.22
8.25

13.36

14.14

<0.001
0.015
0.43
0.204

<0.001
0.749
0.367

0.537

Model includes random intercept for LSOA.

Model based on 71 Knowsley and 268 control LSOAs, and 4068 observations.
Model based on 69 Knowsley and 266 control LSOAs, and 4020 observations.

LSOAs which had zero COPD emergency admissions for any year of the study period were removed when analysing the emergency

readmission rate outcome.

LSOAs which had zero COPD emergency admissions for any year of the study period were removed when analysing the length of stay
outcome, since length of stay was not applicable when zero admissions occurred.

*Variable entered into model in units of 10% points.

COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
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Table 8 Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000
population in Knowsley following the intervention relative to the control group, for areas with low income deprivation, 2005-

2016

Coefficient Lower 95% CI Upper 95% CI P value
Treatment (Knowsley=1; control=0) -15.78 -65.11 33.54 0.528
Period (postintervention=1; preintervention=0) -25.70 -57.65 6.25 0.115
DiD estimator (treatment*period) 29.99 -9.88 69.86 0.140

Model includes random intercept for LSOA, and fixed effects for per cent of population aged 50+ years, per cent female, per cent
unemployed and two spline terms for time (full model results are given in online supplementary file).

Model based on 29 Knowsley and 135 control LSOAs, and 1968 observations.

COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.

intervention. We did not have access to data on other
outcomes such as use of domiciliary oxygen, oral cortico-
steroids or out of hours calls and were only able to assess
the impact of the intervention on emergency COPD
hospital admissions, length of stay and emergency COPD
readmission rates. While these outcomes may not fully
reflect health benefits to the users of these services, they
were the planned outcomes of the intervention agreed
by the commissioner in their contract with the service
provider. Finally, the ecological nature of this study limits
the conclusions that can be drawn about individual-level
factors, and the results reflect the population-level impact
of the KCOPD.

Meaning of the study: possible implications for adoption

We found little evidence for an overall effect of the inter-
vention with an initial decline in admissions not sustained
throughout the follow-up period. There are a number of
potential reasons why we fail to find clear evidence of
effectiveness. First, our study was underpowered to detect
a small effect. Our prior power calculations indicated that
the study had sufficient power to detect a 10% decline in
emergency admissions, if the effect was smaller than this
the study may have failed to detect that effect. Second,
it may have been the case that the effectiveness of the
programme declined over time as is suggested in figure 1.
This may be because as the service reached full capacity
it was less able to fully accommodate patient needs. This
was supported by reports from the service that they had
to undergo a staff reorganisation in 2012 in order to meet

demand more effectively.'* This is also supported by the
trend in the rate of referrals from GP services—which
were high in the first year but then decreased rapidly
from 2013 (see online supplementary appendix 3). This
could indicate that the service may have been effective
in the initial 2 years as it saw people with existing COPD
with unmet needs, in the following years, as only new
suspected COPD patients were referred, the numbers
reduced year on year.'?

Some COPD interventions have been found to be
less effective in deprived populations.! * However, the
KCOPD we investigated varied in effectiveness across
levels of deprivation as there was a greater effect on those
patients from areas with medium levels of deprivation
compared with high and low levels of deprivation within
Knowsley. The borough of Knowsley is a very deprived
area, therefore intermediate deprivation in Knowsley is
still quite deprived when comparing nationally. The most
deprived areas in Knowsley are within the most deprived
10% of areas nationally and are likely to include popula-
tions with multiple conditions as risk factors.”® As stated
in previous research,”” '* and due to the high levels of
deprivation in Knowsley, patients with COPD may have
had greater difficulty in accessing the service, found it
harder to attend appointments or may have presented
late with more advanced disease. All of these factors could
limit effectiveness. Itis unclear why the service would have
been less effective in the more affluent areas of Knowsley
which have similar levels of deprivation to the national

Table 9 Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000
population in Knowsley following the intervention relative to the control group, for areas with high income deprivation, 2005—

2016
Coefficient Lower 95% CI Upper 95% CI P value

Treatment (Knowsley=1; control=0) 43.22 -36.52 122.95 0.286
Period (post-intervention=1; pre-intervention=0) -50.36 -112.14 11.41 0.110
DiD estimator (treatment*period) -49.57 -119.48 20.33 0.164
Model includes random intercept for LSOA, and fixed effects for per cent of population aged 50+ years, per cent female, per cent
unemployed and two spline terms for time (full model results are given in online supplementary file).
Model based on 37 Knowsley and 125 control LSOAs, and 1944 observations.
COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
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Table 10 Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000
population in Knowsley following the intervention relative to the control group, for areas with medium income deprivation,

2005-2016

Coefficient Lower 95% CI Upper 95% CI P value
Treatment (Knowsley=1; control=0) 18.88 -60.48 98.25 0.639
Period (postintervention=1; preintervention=0) 19.78 -32.27 71.83 0.456
DiD estimator (treatment*period) —64.33 -126.91 -1.76 0.044

Model includes random intercept for LSOA, and fixed effects for per cent of population aged 50+ years, per cent female, per cent
unemployed and two spline terms for time (full model results are given in online supplementary file).

Model based on 32 Knowsley and 132 control LSOAs, and 1968 observations.

COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.

average. It may have been that lower burden of disease
in these areas meant that there was less marginal benefit
from the service. This indicates the importance of under-
standing the needs of the local population when devel-
oping similar services and the need to involve people
from different population groups in their design. The
recent local evaluation of the service, for example, high-
lighted that access and use could have been improved if
services were located close to existing community services
and public transport routes.'”” Additionally, as there is
a higher prevalence of COPD in more deprived areas,
more COPD clinics are available which results in more
visits with patients. Therefore, the same level of provision
is provided in deprived areas but the availability of care
is higher.12 However, nationally accessibility to services
can be a postcode lottery as all services are commissioned
differently.

It is possible that a reduction in admissions could be
a cohort effect related to prior industrial exposure,
however, this would likely lead to a more gradual decline,
not the steep change we see at the intervention point.
Comparisons between areas in Knowsley have shown no
historic increase for the rate of hospital admissions where
there was evidence of this exposure,” suggesting that
this is not leading to a decline as the exposed may have
already died. Additionally, matched controls were from
other deprived areas in the North West where industrial
affects would be similar.

Theintervention alsoappeared to beless effectiveamong
women. Some potential explanations of this may have
been because women are: being diagnosed less than men

as some clinicians see COPD as a ‘man’s disease’;* being
frequently undertreated for COPD?; finding it harder to
quit smoking;37andobtaining more damage to their lungs
than men.” Additionally, women are less likely to access
services due to having multiple caring responsibilities
and less time for treating their own health.”* Although
more men smoke (80:20%), the similar mortality rate
among men and women with COPD can be explained by
a rapid deterioration of women once they begin smoking
and more severe COPD disease.” Women are more
susceptible to developing COPD younger due to being
more vulnerable to the social context of smoking. This is
reflected in the rates of women smokers that has increased
in recent years,' and are notably higher within the Know-
sley region.” 'Y Additionally, a poorer quality of life has
been reported more frequently in women than in men
with COPD due to biological and genetic factors* along
with more hospitalisaltion.43 However, the extent to which
susceptibility and vulnerability contribute and interact to
explain gender differences for COPD development and
its severity is largely under-reported. Future initiatives
should therefore consider gender-specific issues, such as
differential incidences of comorbid conditions,a higher
risk of exacerbations and higher symptom burden.
Smoking cessation management and COPD treatment
should be specifically tailored to individual women and
reviewed regularly to optimise patient outcomes. Further-
more, education should be an integral part of COPD for
women, as it may help to empower them to take control
of their disease.

Table 11 Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000
women in Knowsley following the intervention relative to the control group, 2005-2016

Coefficient Lower 95% CI Upper 95% CI P value
Treatment (Knowsley=1; control=0) 45.48 -17.81 108.77 0.159
Period (postintervention=1; preintervention=0) -16.43 -57.40 24.54 0.432
DiD estimator (treatment*period) 6.09 -42.67 54.84 0.807

Model includes random intercept for LSOA, and fixed effects for per cent of population aged 50+ years, per cent female, per cent
unemployed and two spline terms for time (full model results are given in online supplementary file). Model based on 98 Knowsley and 392

control LSOAs, and 5880 observations.

COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
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Table 12 Result of difference-in-differences analysis showing the change in COPD emergency admissions per 100 000 men
in Knowsley following the intervention relative to the control group, 2005-2016

Coefficient Lower 95% CI Upper 95% CI P value
Treatment (Knowsley=1; control=0) 18.50 -37.07 74.07 0.513
Period (postintervention=1; preintervention=0) -22.72 -62.63 17.19 0.264
DiD estimator (treatment*period) -59.80 -107.29 -12.32 0.014

Model includes random intercept for LSOA, and fixed effects for per cent of population aged 50+ years, per cent female, per cent
unemployed and two spline terms for time (full model results are given in online supplementary file). Model based on 98 Knowsley and 392

control LSOAs, and 5880 observations.

COPD, chronic obstructive pulmonary disease; DiD, difference-in-differences; LSOA, lower-layer super output area.

Since implementing the KCOPD service, the service has
been expanded to include asthma, community acquired
pneumonia (that has higher admission rates), is working
closely with the Knowsley CVD (KCVD). Additionally,
they have introduced respiratory clinics in the local addic-
tion services to target difficult to reach groups and are
offering in-house smoking cessation. The service has also
expanded the early supported discharge element of the
service to base staff within the local emergency depart-
ments to review patients as soon as they arrive at hospital.
Further research is needed to examine the impact of
the expansion of the service on emergency admissions,
length of inpatient stay and readmissions.

The evidence for recent integration initiatives in the UK
has tended to rely on evaluations that have not used quasi-
experimental or experimental designs; thus providing
limited evidence of impact.** * Our findings indicate
that the KCOPD model of out of hospital treatment for
COPD may have had limited or no impact on overall
emergency admission rates, although it may have been
more effective for some population groups. This appears
to have been because effects were not sustained over the
long term. This highlights the importance of designing
out of hospital services so they address the different needs
of particular population segments and are sufficiently
resourced to sustain access over the long term.
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