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ABSTRACT

Background Severe exacerbation of chronic obstructive
pulmonary disease (COPD) is a trajectory-changing life
event for patients and a major contributor to health
system costs. This study evaluates the real-world impact
of a primary care, integrated disease management (IDM)
programme on acute health service utilisation (HSU) in
the Canadian health system.

Methods Interrupted time series analysis using
retrospective health administrative data, comparing
monthly HSU event rates 3 years prior to and 3 years
following the implementation of COPD IDM. Primary
outcomes were COPD-related hospitalisation and
emergency department (ED) visits. Secondary outcomes
included hospital bed days and all-cause HSU.

Results There were 2451 participants. COPD-related
and all-cause HSU rates increased in the 3 years prior

to IDM implementation. With implementation, there
was an immediate decrease (month 1) in COPD-related
hospitalisation and ED visit rates of —4.6 (95% Cl: —7.76
to —1.39) and —6.2 (95% Cl: —11.88, —0.48) per 1000
participants per month, respectively, compared with the
counterfactual control group. After 12 months, COPD-
related hospitalisation rates decreased: —9.1 events

per 1000 participants per month (95% Cl: —12.72,
—5.44) and ED visits —19.0 (95% Cl: =25.50, —12.46).
This difference nearly doubled by 36 months. All-cause
HSU also demonstrated rate reductions at 12 months,
hospitalisation was —10.2 events per 1000 participants
per month (95% Cl: —15.79, —4.44) and ED visits were
-30.4 (95% Cl: -41.95,-18.78).

Conclusions Implementation of COPD IDM in a primary
care setting was associated with a changed trajectory
of COPD-related and all-cause HSU from an increasing
year-on-year trend to sustained long-term reductions.
This highlights a substantial real-world opportunity that
may improve health system performance and patient
outcomes.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is
a heterogeneous lung disease that causes persistent
and often progressive airflow limitation." It is char-
acterised by chronic symptoms, notably dyspnoea,
cough and sputum production.' ? Globally, there
were over 212 million people living with COPD in
2019, attributing 3.3 million deaths and accruing

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Globally, the care of patients with chronic
obstructive pulmonary disease (COPD) is
characterised by low guideline concordance and
high rates of acute health services use including
hospitalisation and emergency department (ED)
visits.

= Randomised controlled trials have confirmed
the efficacy of integrated disease management
(IDM), a cost-effective, team-based approach
to improve concordance between clinical care
and clinical practice guidelines, to reduce acute
health service utilisation.

= Although a majority of patients with COPD are
managed in the community in primary care,
the effectiveness of COPD IDM has not been
examined in a real-world primary care setting.

WHAT THIS STUDY ADDS

= Primary care-based COPD IDM is an effective
intervention, and implementation was
associated with a change in disease trajectory
from increasing acute health service utilisation,
to an immediate and sustained long-term
reduction in hospitalisation and ED visits.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Strong supporting evidence for the real-world
effectiveness of COPD IDM highlights that
a substantial opportunity to improve health
system performance and patient outcomes may
exist, warranting IDM evaluation in different
settings globally.

74.4 million disability-adjusted life years.? Exacerba-
tion, characterised by moderate or severe symptom
worsening, is a substantial burden to both patients
and health systems.' ? Inpatient hospital admissions
are responsible for the greatest proportion of direct
economic costs and heighten the risk of subsequent
severe exacerbation and mortality.' > *® In addi-
tion, people with COPD exhibit a higher preva-
lence of disease comorbidity than those without,
further increasing health system utilisation and
expenditure.! °'" These hospitalisation rates have
persisted over time in multiple health jurisdictions
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Chronic obstructive pulmonary disease

globally and therefore, the implementation of effective solutions
is required to improve health system performance.” '*

Integrated disease management (IDM) programmes provide
an effective, proactive model of care—formally integrating
current evidence-based COPD management guidelines using a
multicomponent, multidisciplinary approach involving phar-
macological therapies, pulmonary rehabilitation, case manage-
ment, education and self-management strategies.' > The goal is to
prevent and manage exacerbation effectively thereby improving
COPD prognosis and avoiding costly acute care service utili-
sation.! Collectively, randomised controlled trials (RCTs) have
demonstrated IDM can reduce respiratory-related hospital
admissions and emergency department (ED) visits and improve
health-related quality of life (HR-QoL)." Pulmonary reha-
bilitation is highly effective, but its health system impacts are
limited by access, high resource intensity and its waning effect
over time." '* ' This highlights the need for more cost-effective,
long-term interventions and continued surveillance to evaluate
if health system impacts are sustained over time and across
jurisdictions.'®

Best Care COPD is a primary care-based, self-management
IDM programme emanating from an RCT that confirmed
programme efficacy, including reduced acute health service utili-
sation (HSU) and improved HR-QoL."” Further evaluative studies
of the Best Care COPD Programme supported real-world effec-
tiveness, reporting that Best Care improved patient and provider
experiences, and that it was cost-effective and dominant relative
to the usual standard of care."®™ As with the majority of studies
forming a large body of published literature on IDM, the quan-
titative evaluations were limited to 1 year of locally collected
follow-up data.”® Additionally, even for pulmonary rehabilita-
tion, a gold-standard COPD IDM intervention, the long-term

impacts are unproven.”’ Considering the substantial multiyear
impact that COPD has on health system utilisation, it is imper-
ative to directly evaluate the effect of COPD IDM at the health
system level and to extend the evaluation window. Accordingly,
we used health administrative data from a publicly funded health
system, the Ontario Health Insurance Plan (OHIP), to examine
the impact of the Best Care COPD Programme on health system
performance, including hospital admissions and ED visits, over a
6-year observation window.

METHODS

Study design

We quantified the impact of Best Care COPD using interrupted
time series. HSU events between 13 January 2008 and 31
March 2020 were included. Data beyond 31 March 2020 were
excluded to avoid potential bias from the COVID-19 pandemic
period. HSU data were retrieved, from provincial health admin-
istrative databases, at monthly intervals for the 3 years prior to
the initial Best Care appointment and for up to 3 years after
or until the participant died. The observation periods for each
participant were centred to the initial appointment (T ). Acute
HSU was tracked from —36 months to T (pre-intervention
period) and T to +36 months (intervention period). Date of
initial appointment could therefore occur anytime between 13
January 2011 and 31 March 2019, so every participant had 36
months pre-intervention and a minimum of 12 months of inter-
vention follow-up (figure 1).

Best Care COPD is a structured multidisciplinary IDM
programme embedded in primary care across the province of
Ontario, Canada. The programme creates a triad of collabora-
tive care between a patient, their primary care provider and a

Best Care COPD Electronic
Health Records
13th Jan 2011 to 31st March 2020
N=5311

—

COPD diagnosis objectively excluded N=907
Age <35 N=9

Confirmed COPD diagnosist
N=4395

Initial Visit >31st March 2019 N=1877

Linkage to administrative ICES data
using OHIP number N=2518

Unable to link to ICES data N=56

Not resident for observation period N=11

Initial Best Care COPD
Appointment
N=2451

-36 -30 -24 -18 -12 -6 0 6 12 18 24 30 36
TIME in Months To = Initial Best Care
appointment occuring between
January 13th 2011 to March
31st 2019
Outcomes

Data extracted at monthly intervals from January 13th 2008 to March 31st 2020 from administrative ICES data (up to a maximum of 72

months of data per participant)

Primary Outcomes: COPD-related hospital admissions, COPD-related ED visits
Secondary Outcomes: COPD-related number of hospital bed days, All cause hospital admissions, All cause ED visits

Exploratory Outcomes: Cardiovascular-related hospital admissions

Figure 1

Flow diagram showing participant numbers, exclusion and inclusion, and study timeline. "COPD diagnosis at initial visit confirmed

clinically or objectively. COPD, chronic obstructive pulmonary disease; ED, emergency department; OHIP, Ontario Health Insurance Plan.
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Patient
N
/ \
/ \
/ \

ASSESSMENT
 Demographic characteristics
o Detailed medical history and assessment
(CAT score & GOLD classification)
® Prior COPD related health service use

* Medication review including antibiotic &

prednisone use

/ e Immunization review (influenza and \
pneumoccocal)
/ ® Activities of daily living, physical activity \
/ \
EDUCATION AND SKILLS EVALUATION

TRAINING

e Spirometry for diagnosis

 Energy conservation e Flare-ups and
exacerbations e Travel e Coping ® Smoking
cessation e Sexuality e Exercise e Nutrition
* Medications e Inhaler technique e Action
plan development + prescription for

/| exacerbations e Advanced care planning

© End of life

/

and
e Medication management as per
GOLD guidelines/ classification
e Barriers to guideline adherent care
identified.
o Referrals made as appropriate \

\

/ INITIAL APPOINTMENT: Approximately 60-90 mins

\

/ FOLLOW-UP APPOINTMENTS: Approximately 30-45 mins. Follow-up appointments are arranged depending on palient\

Primary Care
Provider

requirement and COPD severity. On average patients have between 3 to 4 appointments per year.

LOCATION: PRIMARY CARE PROVIDER CLINIC

Certified Respiratory
Educator - Case Manager

Best Care COPD Integrated Disease Management

Triad of health care: the patient, primary care provider, and certified respiratory educator-case manager

Figure 2 An overview of the Best Care integrated disease management programme. Adapted from Table 1: Ferrone et al'’ and Figure 1: Hussey et
al.®® CAT, COPD Assessment Test: COPD, chronic obstructive pulmonary disease; GOLD, Global initiative for Obstructive Lung Disease.

certified respiratory educator-case manager. Best Care COPD
is a complete knowledge translation module that delivers all
elements of evidence-based care that are relevant to primary care
including provincial quality standards, national and international
COPD guideline recommendations related to diagnosis, compre-
hensive assessment, individualised care planning, education and
self-management, smoking cessation, pharmacological manage-
ment, vaccinations and referral for specialised respiratory care
(figure 2).' #2* The Best Care Programme elements have been
described in detail previously.'” %

Data sources and measurement

Data were collected from two sources: the Best Care COPD
IDM electronic health record and ICES (formerly known as the
Institute for Clinical Evaluative Sciences).

Best Care COPD IDM

The Best Care COPD health record is an electronic point of
service system used as an integrated technology solution that
guides and standardises every patient encounter. The digital
tool captures health outcomes and measures the achievement of
guideline-based performance metrics. The baseline characteris-
tics of all patients were extracted from this registry at T, (initial
visit). Baseline variables included age, sex, residence (rural vs
urban), income (inferred from postal code), body mass index,
race, smoking status, smoking pack years, self-reported comor-
bidities, vaccination status and prior year antibiotic and predni-
sone use.

COPD-specific baseline variables included: modified Medical
Research Council (mMRC) score (0-4) which stratifies the
severity of dyspnoea; COPD Assessment Test (CAT) score (0-40),
a validated disease-specific quality of life tool that quantifies
the impact of COPD symptoms on a patient’s overall health;
Global initiative for Obstructive Lung Disease (GOLD) (groups
ABE) which categorises the severity of COPD using a combi-
nation of prior-year exacerbation history and COPD symptoms

using mMRC or CAT; GOLD class (I-1V), a spirometric measure
of airflow limitation, post-bronchodilator forced expiratory
volume in 1 second.!

ICES data

Ontario has a publicly funded health system administered under
the OHIP. All essential medical services and claims are captured
in health administrative databases. ICES houses Ontario health
administrative databases, including the National Ambulatory
Care Reporting System which captures ED visits, the Cana-
dian Institute for Health Information Discharge Abstract which
captures hospital admissions and the Registered Persons Data-
base that records the date of death. Participants were linked by
their unique OHIP number to the ICES database. Monthly HSU
data were assembled. Primary reason for COPD-related hospital
admission or ED visit was identified using the International
Classification of Diseases, 10th revision codes. COPD-related
HSU was defined as combined COPD-specific HSU and COPD-
associated lower respiratory codes, for example ‘influenza’ or
‘pneumonia’ (online supplemental table 1E).

Participants

All Best Care Programme patients were included if they were:
=35 years of age at the initial visit, residents in Ontario for the
3 years prior to commencing the Best Care COPD Programme,
had a clinical or objective COPD diagnosis and had attended
at least one Best Care appointment (figure 1). Participants were
excluded if at any time during follow-up, a COPD diagnosis was
objectively ruled out. Censoring occurred when a participant

died.

Outcomes

Primary outcomes were COPD-related hospital admissions and
COPD-related ED visits. Secondary outcomes included COPD-
related hospital bed days, all-cause hospital admissions and

Licskai C, et al. Thorax 2024;79:725-734. doi:10.1136/thorax-2023-221211
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all-cause ED visits. In a post-hoc exploratory analysis, we exam-
ined Best Care Programme impacts on cardiovascular (CV)-
related hospitalisation.

Statistical analysis

Baseline characteristics of the study population were summarised
as the mean and SD for continuous variables and frequency and
percentage for categorical variables. In addition, we tabulated
annual measures of observed HSU for the 6-year observation
window, and mortality events were reported over the 3-year
intervention period.

Interrupted time series analysis

Observed monthly HSU rates (events per 1000 participants per
month) were calculated over the 6-year observation period. A
3-year pre-intervention and 3-year intervention trend were
measured. A ‘counterfactual control’ was modelled by continuing
the pre-intervention trend line through the intervention period,
assuming the absence of any intervention (ie, a continuation of
usual care). The counterfactual control trend line was compared
with the observed intervention trend line. Differences between
the counterfactual control and the observed intervention trends
were considered as the ‘difference-in-difference’ in the inter-
rupted time series analysis.

We used a segmented linear regression model to evaluate
changes in HSU following the implementation of the IDM
programme. Our model included a level change and slope change
corresponding to the implementation of the IDM programme
(T,), allowing for the estimation of immediate (level change: T —
month 1 of the intervention) and gradual changes (slope change:
month 1-month 36) in HSU rates following the intervention. All
observations were centred to the initial IDM appointment (T)
thereby eliminating the effect of seasonality. Estimated interven-
tion effects are reported as absolute changes in HSU rates with
95% Cls.

Sensitivity analysis
We conducted two sensitivity analyses on the counterfactual
control for the primary outcomes of COPD-related hospi-
talisation and ED visits. First, the data were modelled using
a constant rate counterfactual control, assuming the rate
remained constant from T across the 36-month intervention
period.”® ** Second, using a counterfactual control modelled
from —36 to —13 months of pre-intervention outcome data,
thereby eliminating any short-term steep rate elevations
observed between —12 and T, . An additional sensitivity
analysis of the primary outcomes was performed excluding
all participants who died, to investigate if a reduction in the
most exacerbation-prone individuals due to mortality influ-
enced the observed intervention trend by concentrating on the
‘healthier’ proportion of the study population.

All analyses were conducted using SAS Enterprise Guide V.8.3.

Patient and public involvement

Best Care has involved patients in programme design and
measures patient experience.”! 2 *® The Patient-Reported Expe-
rience Measure in COPD patient experience questionnaire is
being implemented.” As this study is a retrospective administra-
tive dataset evaluation of the Best Care COPD IDM Programme,
no patients or members of the public were involved in the
conduct of the study.

RESULTS

Participant characteristics

A total of 2518 participants met study entry criteria (figure 1).
The mean number of Best Care appointments per participant
was 3.4 (SD: =2.5) over 12.1 months (=12.4) of follow-up.
COPD pathophysiology, exercise and activity, and medication
management are educational components of IDM received by
83.4-93.1% of the study cohort. Skills training in breathing
techniques, flare-ups and exacerbation, and inhaler techniques
were received by 93-96.5% and case management including
action plan development, influenza vaccination and smoking
cessation are elements of IDM received by 77.6-100% of the
study cohort (online supplemental table 2E). Of the 2518
eligible participants, 2451 were linked to the administrative data
and amounted over 13 000 person-years of follow-up (figure 1).
The study cohort had a mean age of 67.1 years (£10.6), with
48.3% female, 98.2% Caucasian and 44.6% in the two lowest
income quintiles. This cohort had a mean CAT score of 15.9
(+8.1), a mean mMRC of 1.4 (+1.0), 38.4% had two or more
comorbidities, 42.2% were GOLD group B and 23.3% GOLD
group E (table 1).

Observed HSU and mortality events

Table 2 shows the actual number of events and proportion of
individuals experiencing a COPD-related or all-cause HSU in
this study cohort. Over 6 years of study evaluation, 3 years pre-
intervention and 3 years of intervention, COPD-related hospital
admissions ranged from 78 to 283 events per year impacting
between 62 (2.5%) and 225 (9.2%) individuals, and amounting
to 483-1924 inpatient days. COPD-related ED visits ranged
in number from 339 to 809 per year affecting between 205
(11.8%) and 499 (20.4%) individuals. During the intervention
period, there were 328 deaths, representing 4.1-6.6% of the
study population per year (table 2).

Interrupted time series analysis

COPD-related and all-cause

Figure 3 graphically represents the monthly rates of HSU based
on the time series models. Both COPD-related and all-cause
HSU demonstrated an increasing trend in the pre-intervention
period. During the intervention period, the observed trend
remained stable or decreased from T, to month 36. In the pre-
intervention period, COPD-related hospital admission rates
increased by 0.4 events per 1000 per month (95% CI: 0.24 to
0.46), inpatient bed days increased by 2.4 bed days per 1000
per month (95% CI: 1.72 to 3.12) and ED visits by 0.8 events
per 1000 per month (95% CI: 0.56 to 0.95). From T to the
first month of the intervention period, there was an immediate
drop in the event rate (level change) for hospital admissions of
—4.6 events per 1000 per month (95% CI: —7.76 to —1.39),
—32.7 inpatient bed days per 1000 per month (95% CI: —53.29
to —12.14) and —6.2 ED visits per 1000 per month (95% CI:
—11.88 to —0.48). The reduction in rates remained over the
36-month intervention period for all COPD-related HSU events.
Similarly, for all-cause HSU, there were increasing rates observed
in the pre-intervention period and significant slope reductions in
the intervention period, but there was no level change observed
from T to month 1 (figure 3 and online supplemental figure 1E
for inpatient bed days).

Differences between the counterfactual control and observed
trends in the intervention period are quantified at 12, 24 and 36
months in figure 4. For all HSU outcomes, the difference between
the counterfactual control and the observed trends increased
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Table 1 Baseline demographic and clinical characteristics of the
overall study cohort at time of entry into COPD integrated disease

management (time 0)

Baseline demographic and clinical characteristics

N=2451

Sex

Age (years)

Residence

Neighbourhood income quintile*

Body mass index (kg/m?)
Race

Smoking status

COPD Assessment Test (CAT)
(score 0-40)%

Number of comorbidities

mMRC dyspnoea score (0-4)§
GOLD group

GOLD class**

Exacerbation-related medication

Vaccinations

*Nearest census-based neighbourhood income quintile, based on postal code at initial visit.
tSmall cells have been replaced by a range of values to ensure that data could not be used
to reidentify participants. Due to rounding, categorical percentages may not total 100%.

A score of 0 indicates a good health-related quality of life, 40 indicates a very poor health-

related quality of life.

8§A score of 0 indicates little or no effect on breathlessness, 4 indicates a large effect on

breathlessness.

IGOLD A 0-1 exacerbation not leading to hospitalisation, M(MRC 0-1 or CAT <10; GOLD
B 0-1 exacerbation not leading to hospitalisation, MMRC >2 or CAT =10; GOLD E >2
exacerbation episodes or >1 exacerbation leading to hospitalisation.

**GOLD class based on post-bronchodilator FEV, (% predicted).

COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 s; GOLD,
Global initiative for Obstructive Lung Disease; mMRC, modified Medical Research Council.

Male

Female

Mean (SD)

Urban

Rural

1 (lowest)

2

3

4

5 (highest)

Missing

Mean (SD)
Caucasian

Current smoker
Prior smoker
Never smoker
Pack-years <10
Pack-years >10
Pack-years mean (SD)
Mean (SD)

Missing

0

1-2

>2

Mean (SD)

A

B

E

Missing

1 FEV, =80%

2 50%=<FEV,<80%
3 30%=<FEV,<50%
4 FEV, <30%
Missing

Prior-year antibiotics
Prior-year prednisone
Influenza

Pneumococcal

1266 (51.7%)
1185 (48.3%)
67.1(10.6)
1994 (81.4%)
457 (18.6%)
592 (24.2%)
501 (20.4%)
550 (22.4%)
459 (18.7%)
344-348t
1-5+

29.4 (7.0)
2408 (98.2%)
985 (40.2%)
1284 (52.4%)
182 (7.4%)
83 (3.4%)
2186 (89.2%)
42.0 (26.4)
15.9 (8.1)
443 (18.1%)
384 (15.7%)
1124 (45.9%)
943 (38.4%)
1.4(1.0)

403 (16.4%)
1033 (42.2%)
572 (23.3%)
443 (18.1%)
357 (14.6%)
825 (33.7%)
323 (13.2%)
37 (1.5%)
909 (37.1%)
1092 (44.6%)
726 (29.6%)
1751 (71.4%)
1531 (62.5%)

through all three time periods. The difference for COPD-related
hospital admissions was —9.1 events per 1000 per month (95%
CI: —12.72 to —5.44) at month 12 and —18.1 events per 1000
per month (95% CI: —24.39 to —1.78) at month 36. There was
a reduction of —61.9 inpatient bed days per 1000 per month
(95% CI: —85.39 to —38.36) at 12 months and a further reduc-
tion of —120.2 events per 1000 per month (95% CI: —160.92
to —79.48) at 36 months. Likewise, for COPD-related ED visits,
the rate difference was —19.0 events per 1000 per month (95%
CI: —25.50 to —12.46) at 12 months and —44.6 events per
1000 per month (95% CI: —55.86 to —33.29) at 36 months.
Similarly, all-cause HSU events showed significant differences at
12, 24 and 36 months (figure 4 and online supplemental table
3E for inpatient bed days). Estimated annual events avoided are
presented in table 3; for COPD-related hospital admissions, the
annual reduction ranged from 61 to 84 events per 1000 in year
1 and from 67 to 192 in year 3, and for COPD-related ED visits,
there was a respective annual reduction ranging from 107 to 157
and 196 to 465 events per 1000 in year 1 and year 3.

CV-related hospitalisation

There were a total of 116 CV-related hospital admissions,
affecting 94 (3.8%) individuals in the year prior to IDM. During
the intervention period, there were 128 events in 104 (4.2%)
individuals at 12 months and 73 events in 61 (3.5%) individuals
at 36 months. At 12, 24 and 36 months, all event rates were
significantly reduced compared with the counterfactual control
rates: —1.8 per 1000 per month (95% CI: —3.20 to —0.43),
—3.32 (95% CI: —5.15 to —1.49) and —4.8 (95% CI: —7.23
to —2.42), respectively (online supplemental tables 3E and 4E).

Sensitivity analyses

Three sensitivity analyses supported the main findings. A stan-
dard sensitivity analysis with the counterfactual HSU control
held constant from T, to 36 months demonstrated significant
level and slope changes, and significant rate reductions at 12,
24 and 36 months when compared with the observed interven-
tion trend for both primary outcomes.” ** The counterfactual
control modelled from —36 to —13 months of pre-intervention
outcome data also demonstrated a significant slope change from
a positive inclining slope pre-intervention to a negative declining
slope during intervention. The rate reduction in COPD-related
hospital admissions was of borderline significance at 12 months,
reaching significance at 24 and 36 months. Lastly, when partic-
ipants who died were removed from the models (N=328),
the observed COPD-related hospital admission rate and ED
visit rate remained significantly reduced in intervention period
compared with the counterfactual control trend line at 12, 24
and 36 months (online supplemental tables SE and 6E).

DISCUSSION

After 3 years of progressively increasing acute HSU, Best Care
COPD, a primary care-based IDM programme, was associ-
ated with a significant and progressive reduction in COPD-
related hospitalisation and ED visits over a 3-year interval.
The observed impact was immediate and trajectory changing, a
significant positive outcome for the COPD population and for
the health system. Similarly, all-cause hospitalisation, ED visits
and bed days exhibited significant and progressive reductions.
To our knowledge, this is the first real-world interrupted time
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Table 2  Observed health service utilisation events over the 6-year observation window

Pre-intervention

Intervention period

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
N=2451* N=2451 N=2451 N=2451 N=2350 N=1740

COPD-related hospital admissions

Participants with event 62 (2.5%) 93 (3.8%) 225 (9.2%) 154 (6.3%) 138 (5.9%) 98 (5.6%)

Number of events 78 116 283 205 179 119

Mean events/participant (SD) 0.03 (0.24) 0.05 (0.28) 0.12 (0.41) 0.08 (0.37) 0.07 (0.37) 0.06 (0.29)

Number of bed days 483 768 1924 1387 1201 847

Mean bed days/participant 0.20 (1.66) 0.31(1.96) 0.78 (3.48) 0.57 (2.94) 0.49 (2.52) 0.44 (2.44)
COPD-related ED visits

Participants with event 213 (8.7%) 295 (12.0%) 499 (20.4%) 380 (15.5%) 314 (13.4%) 205 (11.8%)

Number of events 339 460 809 697 527 305

Mean events/participant (SD) 0.14 (0.66) 0.19 (0.69) 0.33(0.88) 0.28 (0.93) 0.22 (0.77) 0.16 (0.57)
All-cause hospital admissions

Participants with event 311 (12.7%) 337 (13.7%) 520 (21.2%) 501 (20.4%) 426 (18.1%) 319 (18.3%)

Number of events 410 466 743 752 641 470

Mean events/participant (SD) 0.17 (0.50) 0.19 (0.56) 0.30 (0.71) 0.31(0.72) 0.26 (0.70) 0.25 (0.66)
All-cause ED visits

Participants with event 876 (35.7%) 979 (39.9%) 1206 (49.2%) 1112 (45.4%) 932 (39.7%) 664 (38.2%)

Number of events 2070 2332 2941 2862 2406 1499

Mean events/participant (SD) 0.84 (2.07) 0.95 (1.96) 1.20 (2.04) 1.17 (2.19) 1.02 (2.33) 0.86 (1.74)
All-cause mortality 101 (4.1%) 113 (4.8%) 114 (6.6%)

See online supplemental table 1E for ICD-10 codes used for COPD-related disease classifications.
*N refers to the number of participants in the cohort at the beginning of the observation year.
COPD, chronic obstructive pulmonary disease; ED, emergency department; ICD-10, International Classification of Diseases, 10th revision; T, initial visit.

series analysis evaluating the beneficial long-term impact of IDM
at the health system level.

The existence of an exacerbating phenotype, the ‘frequent
exacerbator’, is codified in the GOLD guidelines.! **3! Best Care
COPD sought to identify high-risk, exacerbation-prone indi-
viduals with COPD, as such, 23% were in the highest GOLD
risk category group E (GOLD 2023 reclassified GOLD C and
D). We observed increasing rates of COPD-related hospitalisa-
tion and ED visits over the 3 years before patients entered the
programme. The observed pre-intervention increase in acute
HSU aligns with the natural history of COPD where an increase
in the frequency and severity of exacerbation has been docu-
mented in large observational cohort studies.®™ 3°3%33

A majority of patients receive their COPD care in primary
care.>* Recently, the efficacy of COPD IDM has been confirmed
in a high-quality meta-analysis with 52 RCTs and 21 086
patients including IDM administered in primary care.” Impor-
tantly, efficacy in RCTs cannot be assumed, a priori, to translate
into effectiveness in real-world clinical care."” ** The effective-
ness at 12 months after IDM implementation in our real-world
primary care clinical practice study is consistent with RCT effi-
cacy data.’® In 4207 participants, from 15 RCTs, the authors
found a difference in respiratory-related admissions between
intervention and control of 89 hospital admissions per 1000 per
year, with a median follow-up of 12 months. In our real-world
primary care study, we observed a reduction of up to 84 hospital
admissions per 1000 at 12 months (table 3). The relative reduc-
tions in hospitalisation and ED visits at 12 months in our study
ranged up to 51% and 36%, respectively, vs 36% and 31% in
the meta-analysis.

In parallel to the increase in COPD-related HSU, we also
observed an increase in all-cause, ED visits and hospitalisation
over the 3 years prior to the Best Care intervention. Disease
comorbidity is common in patients who live with COPD and
the general increase in acute HSU may be expected.'’ In our
COPD cohort, 84% had at least one comorbid disease and 38%
had more than two (table 1). Gershon and colleagues observed
that people with COPD had rates of all-cause hospital and ED
visits that were substantially higher than a matched population
without COPD.*® We observed a marked reduction in all-cause
hospitalisation and ED visits at 12, 24 and 36 months. Again,
our observations aligned with the meta-analysis by Poot and
colleagues. At 12 months, we demonstrated a relative reduc-
tion in all-cause hospitalisation of up to 22% vs a 25% reduc-
tion reported by Poot and colleagues.”® Although COPD IDM
is targeted at management of COPD, the health system impact
extends to all-cause HSU.

CV disease is one of the most prevalent comorbidities for indi-
viduals with COPD and contributed to all-cause hospitalisation
in this study.'® *” *® Post-intervention, significant reductions in
CV-related admissions were observed at 12, 24 and 36 months.
Although this exploratory analysis requires confirmation, it raises
interesting questions. For example, if a COPD IDM programme
impacts CV outcomes, what is the mechanism, pharmacological,
non-pharmacological or both? In the context of two large RCTs
where the addition of inhaled corticosteroids generated a 0.8%
and 1% reduction in all-cause mortality, a majority of which
were CV-related deaths, it is interesting to consider that medica-
tion optimisation in COPD may have contributed to the reduc-
tion in all-cause and CV-related hospitalisation in our study.* *°
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Observed pre-intervention trend line

Time 0: Commencing COPD integrated disease management
————— Counterfactual control (predicted) trend line

Observed intervention trend line

Figure 3  Time series graphs of health service events showing the observed pre-intervention monthly rate and trend line, the observed intervention
monthly rate and trend line and the counterfactual control trend line for (A) COPD-related hospital admissions, (B) COPD-related ED visits, (C) all-
cause hospital admissions, and (D) all-cause ED visits. Slope=the increase or decrease in event rate per 1000 individuals per month with (95% Cl);
level change=the increase or decrease in event rate per 1000 individuals from the observed pre-intervention trend line to the observed intervention
trend line at time 0 with (95% Cl); slope change=the difference between the slope without IDM and the slope with IDM in event rate per 1000
individuals per month (95% Cl). Counterfactual control modelled from the observed pre-intervention trend line. COPD, chronic obstructive pulmonary
disease; ED, emergency department; IDM, integrated disease management.

A. Change in rate of COPD-related hospital admissions

B. Change in rate of COPD-related ED visits
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R
Monthly rate of events per 1000 individuals Monthly rate of events per 1000 individuals
Without IDM With IDM Without IDM With IDM
12 months 15.8 6.7 12 months 40.6 21.6
24 months 20.1 6.5 24 months 49.7 179
36 months 24.3 6.2 36 months 58.8 14.2
C. Change in rate of all-cause hospital admissions D. Change in rate of all-cause ED visits
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12 months 34.9 247 12 months 123.6 93.3
24 months 41.6 24.2 24 months 140.0 82.8
36 months 48.4 23.7 36 months 156.5 72.4
Notes:

* The x-axis shows the absolute difference in the observed rate of events in the intervention period compared to the

counterfactual control trend line
« All rates are events/1000 individuals /month.
« Error bars depict 95% confidence intervals

~<+————|ndicates a lower rate in the intervention period compared to the counterfactual trend line
— Indicates a higher rate in the intervention period compared to the counterfactual trend line

Figure 4 Change in the monthly rate of health service events comparing observed intervention trend line with the counterfactual control trend line
at 12, 24 and 36 months for (A) COPD-related hospital admissions, (B) COPD-related ED visits, (C) all-cause hospital admissions, and (D) all-cause ED
visits. COPD, chronic obstructive pulmonary disease; ED. emergency department; IDM integrated disease management.
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Table 3  Estimated health service utilisation events avoided, per 1000 patients, with each year of integrated disease management (IDM) if the 3-
year pre-intervention trend had continued along the same trajectory without intervention

In year 1 of IDM

In year 2 of IDM

In year 3 of IDM

Events Relative reduction Events Events Relative reduction
avoided/1000 in event rate/1000/  avoided/1000 Relative reduction in avoided/1000 in event rate/1000/
participants/year* yeart participants/year*  event rate/1000/yeart participants/year* yeart

COPD-related hospital admissions 61-84 43-51% 64-138 45-64% 67-192 47-72%

COPD-related ED visits 107-157 28-36% 152-311 39-57% 196-465 51-71%

All-cause hospital admissions 45-82 13-22% 51-169 15-37% 57-256 17-47%

All-cause ED visits 126-217 10-16% 251-539 19-34% 376-861 29-48%

*Lower range: the rate of events per 1000 participants in a year if the pre-intervention rate had remained constant at T, minus the rate of events per 1000 participants under
the observed trend during the intervention period. Upper range: the rate of events per 1000 participants in a year if the pre-intervention trend had continued along the same
trajectory minus the rate of events per 1000 participants under the observed trend during the intervention period.

tLower range: the events avoided per 1000 participants in a year as a percentage of the rate of events per 1000 participants in a year if the pre-intervention rate had remained
constant from T,. Upper range: the events avoided per 1000 participants in a year as a percentage of the rate of events per 1000 participants in a year if the pre-intervention

trend had continued along the same trajectory.
COPD, chronic obstructive pulmonary disease; ED, emergency department.

To our knowledge, there were no other chronic disease
management programmes introduced in Ontario that were
consistently sustained in our study population. In addition, the
6-year chronological snapshot for each individual participant
was centred around T, which includes dates from 2011 to 2019
mitigating any impact that a programme running concurrently
would have. The quasi-experiment design used in this study
is well suited to population health studies but inherent in the
design is the lack of a physical control group. Rather, this meth-
odology uses 36-month outcome measurements to establish a
robust 3-year pre-intervention trend that when extended into the
future, serves as a counterfactual control group.*’ We observed
a large increase in events in the year prior to commencing IDM,
and while an increase in the frequency of COPD exacerbation
is expected, we considered that referral bias may have contrib-
uted to this observation.®™ 3% 3233 To address this limitation,
we conducted two sensitivity analyses with more conservative
counterfactual controls and in each, confirmed our primary
outcomes. Further to this limitation, we used both a clinical and
objectively confirmed COPD diagnosis for study inclusion, intro-
ducing a potential for disease misclassification. Since the primary
outcome data emanate from the provincial health system and
not from the primary care provider, the reported outcomes are
not affected. The potential impact of misclassification will be a
dilution of the reported health service rates. The inclusion of
participants with a clinical diagnosis of COPD may strengthen
external validity of the study.

While we acknowledge that a single interrupted time series
analysis does not prove causation, there are several factors
that support an inference of causation. In the case of an RCT,
random allocation to group excludes the effect of confounding.
In the single interrupted time series design, the control group has
the same features as the intervention group (they are the same);
thus, similar to the RCT, individual-level confounding is mini-
mised. The interrupted time series design can be impacted by
rapidly changing time-varying confounders such as seasonality;
however, centring our data around the initial visit mitigated this
effect.*! There is striking temporality in that the effect of IDM
on COPD-related HSU in this study is immediate and sustained.
Finally, our findings are aligned with experimental evidence
from RCTs.*” In this study, we specifically sought to identify
participants in primary care at risk of future exacerbation; thus,
our study population was enriched by high-risk exacerbation-
prone patients. We acknowledge therefore that the reported

outcomes may not be generalisable across the full spectrum of
disease severity in an unselected primary care population.

To our knowledge, this is the first health system study to asso-
ciate a primary care-based COPD IDM programme with reduced
hospitalisation and ED visits in a real-world setting. Further
studies with other populations and in other jurisdictions are
required to confirm the broader applicability of these findings.
Future studies to identify the impact of COPD IDM in different
patient subgroups considering disease severity, socioeconomic
status, geography and comorbidity are needed. The health
system impact of primary care-based IDM on other chronic
diseases also deserves investigation.

CONCLUSION

In this large community-based, COPD population study including
over 13 000 person-years of follow-up, we identified substantial
and sustained long-term reductions in acute health services use
after implementing primary care-based COPD IDM. Primary
care IDM is an effective solution with the potential to improve
international health systems where low guideline concordance
and high rates of acute HSU are common. Our findings highlight
how IDM, which implements a multiplicity of guideline-based
care components, can deliver proactive upstream health system-
level impacts.
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