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Purpose: Integrated disease management (IDM) for COPD in primary care has been primarily 
investigated under clinical trial conditions. We previously published a randomized controlled 
trial (RCT) where the IDM intervention improved quality of life (QoL) and exacerbation-related 
outcomes. In this study, we assess the same IDM intervention in a real-world evaluation and 
identify patient characteristics associated with improved outcomes.
Methods: This historical cohort study included patients enrolled for 12 (±3 months) in the Best 
Care COPD IDM program. The main outcome was a ≥3 point improvement in COPD assessment 
test (CAT). Secondary outcomes were COPD exacerbations requiring antibiotics and/or pre-
dnisone, unscheduled physician visits, emergency department visits and hospitalizations.
Results: Data for 571 patients (all patients) were included, 158 met the reference RCT eligibility 
(RCT matched). Improved QoL was observed in 43% (95% CI:38.9,47.2) of all patients, 47% 
(95% CI:39.5,55.6) of RCT matched vs 92% (95% CI:79.2,95.1) in the reference RCT intervention 
arm (n=72). Reductions (12 months IDM vs prior year) were observed in the proportion of patients 
experiencing exacerbation-related events (all patients): antibiotics/prednisone (−9.0%,95% CI:- 
13.9,-3.9); unscheduled physician (−33.1%,95% CI:-38.2,-27.9); emergency department 
(−9.6%,95% CI:-13.5,-5); and hospitalizations (−6.8%,95% CI:-10.0,-3.7). For the RCT matched 
group all reductions were comparable to the reference RCT intervention arm. The strongest 
predictors of improved QoL were baseline CAT, CAT≥20 vs CAT<10 (OR 15.6,95% 
CI:7.91,30.83), GOLD group B (OR 6.4,95% CI:3.42,11.85) and D (OR 5.64,95% 
CI:2.80,11.37) vs GOLD group A. Patients with prior antibiotic/prednisone use, FEV1 <30% 
predicted and GOLD group D were less likely to have no urgent health service utilization (OR 
0.5,95% CI:0.30,0.68), (OR 0.2,95% CI:0.07,0.78) and (OR 0.3,95% CI:0.14,0.51), respectively.
Conclusion: Best Care COPD improved QoL and reduced exacerbation-related outcomes in 
a manner directionally similar to the RCT from which it emanated. Baseline QoL, exacer-
bation history, and GOLD category were identified as possible predictors of IDM impact and 
will inform future program development and resource allocation.
Keywords: chronic disease management, COPD assessment test, health service utilization, 
health status, quality of life

Introduction
Chronic Obstructive pulmonary disease (COPD) is a chronic, progressive, lung 
disease with acute exacerbations and chronic symptoms that contribute to high use 
of urgent care facilities, hospitalizations, a decreased quality of life (QoL) and 
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associated health system costs.1–6 When effectively imple-
mented, guideline-based best practices can reduce the per-
sonal and health system disease burden.1,2 Globally, it is 
estimated that there are over 350 million adults with COPD 
with almost 1 million individuals residing in the Canadian 
province of Ontario where this study was conducted.7,8 

COPD is a complex condition that is principally managed 
in primary care where there are significant care gaps that 
can limit guideline implementation.3–6,9–11 Existing knowl-
edge-to-practice gaps include underdiagnosis, suboptimal 
disease assessment, poor therapy adherence, incorrect med-
ication delivery and inadequate exacerbation 
management.5,10,12,13 It is becoming increasingly recog-
nized that achieving optimal guideline adherent primary 
care necessitates a shift from physician-based management 
to a team collaborative.1,14–17 One such strategy is inte-
grated disease management (IDM), a model of care well 
suited to delivering best practices.

IDM is a patient centered, multi-disciplinary approach to 
chronic disease with a focus on education and self- 
management, addressing all aspects of disease presentation 
and progression.18–20 Although a distinct strategy, it encom-
passes a wide array of components and rarely, if ever, is the 
same IDM intervention implemented in different study 
populations making intervention comparison complex. This 
point is well illustrated in a recently updated meta-analysis 
that evaluated the impact of IDM from 52 randomized con-
trolled trials (RCTs).21 The programs ranged from, involving 
2 to 7 health professionals, delivering 2 to 8 IDM compo-
nents, with program durations of 3 to 48 months. 
Furthermore, they were conducted in all types of healthcare 
setting (primary, secondary and tertiary) and spanned five 
continents where there is probably a large variation in usual 
care. Dominant IDM subtypes identified by the studies 
included exercise predominant, self-management with 
exacerbation action-plans, structured follow-up and case 
management, and telemonitoring.21 Acknowledging this het-
erogeneity, meta-analyses of randomized controlled trials 
(RCTs) examining IDM have confirmed a favorable impact 
on health-related QoL, emergency department (ED) visits, 
and hospital admissions.15–17,21

The impact of IDM implemented in primary care is 
less certain with both positive and negative studies.21–27 In 
community COPD programs, outside of the rigid controls 
of an RCT, there is an even greater potential that imple-
mentation heterogeneity will affect program outcomes. 
Similarly, there are limited and conflicting studies 

investigating the impact of IDM on primary care COPD 
populations in real-world clinical programs.28,29

Innovative primary care COPD IDM programs are 
needed that address the substantial disease burden, iden-
tify, and address current gaps in primary care health sys-
tems, manage implementation heterogeneity and conduct 
robust program evaluations. We previously published the 
results of an RCT comparing COPD IDM in primary care 
to usual care which demonstrated differential improve-
ments in QoL and a reduction in urgent health service 
utilization (HSU).24 The COPD IDM intervention from 
the RCT has since transitioned into the Best Care COPD 
program. Building on the foundation of a positive RCT, 
the objectives of this study were to, (i) assess the impact of 
the same IDM intervention delivered in a real-world pro-
gram in primary care (RCT comparison) and (ii) identify 
patient characteristics associated with greater program 
benefits (Predictor analyses).

Materials and Methods
The Reference RCT
In 2011, a primary care IDM program for COPD was 
introduced experimentally as the intervention for an RCT 
at four Family Health Teams (FHTs) in Southwestern 
Ontario.24 Positive results from this study justified the 
commitment of funding for the ongoing and scalable 
spread of the Best Care COPD program. The inclusion 
criteria of the reference RCT specifically enriched the 
study with patients that had reduced lung function (forced 
expiratory volume in one second (FEV1) ≤70% predicted) 
and a history of COPD exacerbations.

Study Design and Data Collection
This historical cohort study was conducted at seven FHT’s 
from January 2012 to July 2019 and included the same 
geographic catchment area as the reference RCT. FHTs are 
community-based multidisciplinary healthcare teams that 
include family physicians, nurses, social workers, dietitians, 
and other professionals who provide primary health care to 
the community they serve. Patients in the Best Care COPD 
program were referred by their primary care provider (family 
physician or nurse practitioner) if they had a confirmed or 
suspected diagnosis of COPD. All patients in the program 
with complete data on the primary outcome (QoL) and a 12 
(±3) month follow-up interval were included. The COPD 
diagnosis was confirmed by post-bronchodilator lung func-
tion testing. RCT participants were excluded.
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The Best Care COPD Program
The IDM intervention from the reference RCT was imple-
mented as the Best Care COPD program (Figure 1). In brief, 
the IDM intervention consists of case management, educa-
tion, and skills training provided on-site in primary care by 
a certified respiratory educator (CRE) in collaboration with 
the primary care provider.24 The Best Care program targets 
the implementation of high impact best practices, as per the 
Global Initiative for Obstructive Lung Disease (GOLD) 
guidelines, including spirometry for diagnosis and manage-
ment, medication review, immunization, self-management 
action plans, inhaler device instruction, referral to other health 
professionals as required and smoking cessation support.1

Study data were captured in a program specific, elec-
tronic data management system with a point of service 
user interface, used by the CREs at every patient encoun-
ter. This Best Care e-tool is an important component of the 

program as COPD guideline-based intervention standards 
are imbedded to standardize all encounters and capture 
performance metrics, patient clinical and demographic 
characteristics and patient outcomes. All Best Care patient 
records are collected and stored in this central database, 
inclusive of participant records from the reference RCT.24

Outcomes
The primary outcome evaluated in the reference RCT and 
in this study was health-related QoL measured by the 
COPD assessment test (CAT) score. The CAT consists of 
8 questions on a 6-point (0 to 5) scale summed to a score 
of 0 to 40 where higher scores represent worse QoL. 
Reported minimum clinically important differences 
(MCIDs) range from 1.8 to 4.0 points. The reference 
RCT considered a change in CAT score >3 clinically 
meaningful; however, as this study considered a broader 

Figure 1 Diagrammatic representation of the Best Care COPD integrated disease management program, showing the IDM components included at each patient encounter 
and the health care providers involved. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CRE, certified respiratory educator; PCP, primary care provider.
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spectrum of COPD severity a slightly reduced MCID ≥3 
was chosen.30–32 CAT score, was patient-completed and 
recorded in the Best Care e-tool by the CRE at most IDM 
appointments. Patients missing an initial and/or follow-up 
CAT score were excluded as we were unable to determine 
the primary outcome. Furthermore, patients with a CAT 
score <3 at initial appointment were unable to achieve 
a clinically relevant improvement in their CAT score and 
were also excluded.

Secondary outcomes evaluated in the reference RCT 
and that are included in this study were exacerbation- 
related outcomes measured by the number of COPD 
related, courses of antibiotics and/or prednisone taken, 
unscheduled physician visits, ED visits, and hospitaliza-
tions during 12 months of IDM follow-up. An exacerba-
tion has been defined as a worsening of respiratory 
symptoms that are treated with a short acting bronchodi-
lator (mild), plus antibiotics and/or oral corticosteroids 
(moderate) or requiring a visit to the ED or 
a hospitalization (severe).1 ED visits and hospitalizations 
for COPD were mutually exclusive, that is if an ED visit 
led to a hospitalization this was counted as one hospitali-
zation event. The exacerbation-related outcome antibiotic 
and/or prednisone use gives a measure of the number of 
moderate exacerbations regardless of whether they lead to 
urgent health service utilization. Exacerbation-related out-
comes are mandatory fields in the Best Care e-tool and are 
collected at every IDM encounter. Mild exacerbations 
treated with only a short acting bronchodilator are not 
captured.

Objective (I): RCT Comparison
Two predefined real-world program groups were selected 
and compared to the reference RCT intervention arm.

All patients (Group 1): This first comparative group 
seeks to investigate if IDM is impactful to a real-world 
primary care COPD cohort when it is delivered without 
the eligibility restrictions on program access and without 
the rigid controls when delivered under trial conditions. 
For example, follow-up intensity in the Best Care COPD 
program is determined by the CRE, primary care provider, 
and patient based on COPD severity and individual patient 
need, however in the reference RCT this was predeter-
mined. We hypothesized that improvements would be 
observed, but that the effect size would be smaller than 
observed in the reference RCT. All Best Care program 
patients that had undergone 12 (±3) months of IDM were 
included in this group. Allowing the flexibility of 3 months 

either side of the RCT 12-month follow-up reflected the 
less controlled nature of the real-world program.

RCT matched (Group 2): The second comparative 
group was “matched” to the intervention arm of the refer-
ence RCT by applying the trial eligibility criteria to Group 
1 to create a Best Care program subset that were better 
matched to the RCT participants. The aim of this objective 
was to explore if the same COPD IDM intervention would 
have a comparative impact when delivered as a real-world 
clinical program in a cohort of primary care COPD 
patients who were, to all intent and purposes, equivalent 
to the reference RCT intervention arm. It has been demon-
strated that data from trial participation may lack external 
validity (specific patient characteristics may influence the 
decision to participate in a trial) and be susceptible to 
measurement bias (trial participants are aware they are 
being evaluated and this may influence behavior, eg, 
increase medication adherence).33,34

Reference RCT inclusion and exclusion criteria were 
applied to Group 1. Exacerbation history was matched 
based on the prior one year. We were not able to exclude 
program patients with two of the RCT exclusion criteria, 
those with a terminal illness or that had a “comorbid 
condition that would interfere with study participation”, 
however it is unlikely that patients fitting these criteria 
would have been enrolled. The RCT matched group was 
restricted to the 4 FHTs within which the reference RCT 
was conducted, to account for possible FHT provider or 
patient differences.

Statistical Analyses: RCT Comparison
Baseline data were presented, mean and standard deviation 
(SD) for continuous variables and/or count and percentage 
for categorical variables, for all patients (Group 1), RCT 
matched (Group 2) and the reference RCT intervention. 
Continuous variables were inspected graphically and for 
normally distributed variables unpaired two sample t-tests 
were used to identify any baseline differences between the 
all patients group vs RCT intervention arm and the RCT 
matched group vs RCT intervention arm (two-tailed 
p<0.05 considered significant). If the data were not nor-
mally distributed a Wilcoxon signed rank test was used. 
Chi-squared tests were used for categorical variables.

Pre- and post-point estimates and differences were 
presented for outcome variables, analysed in the reference 
RCT (CAT score, COPD exacerbation outcomes measured 
by antibiotic and prednisone use, unscheduled physician 
visits, ED visits and hospitalizations) and were tabulated 
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alongside the all patients and RCT matched groups. Pre 
and post differences and confidence intervals (CIs) for 
repeated measures were calculated using t-tests for mean 
values and McNemar’s test for repeated proportions. 
Confidence intervals (95%) were used to compare absolute 
effects between each of the groups versus the trial 
intervention.

Objective (II): Predictor Analyses
All patients (Group 1) were used in the predictive analysis 
to assess two outcome variables. The first outcome vari-
able evaluated was improvement in QoL, a binary variable 
capturing the proportion of patients achieving a decrease 
of ≥3 points in CAT score (or the proportion of patients 
experiencing a clinically relevant improvement in QoL). 
The second outcome assessed was the absence of urgent 
COPD-related HSU including unscheduled physician, 
walk-in clinic, urgent care, emergency department visits 
and hospital admissions. A binary variable was con-
structed grouping patients with no HSU events and those 
with one or more HSU events during 12 (±3 months) 
of IDM.

For this study, we included predictors commonly asso-
ciated with COPD progression and prognosis and devel-
oped models to investigate their effect on positive 
outcomes (improvement in CAT score and an absence of 
HSU). Choice of predictor was based on clinical relevance 
and previous literature. Most prior literature, using predic-
tive models to investigate COPD progression, examine 
variables associated with COPD exacerbation-related 
outcomes.35–37 Identified predictors include age, sex, 
body mass index (BMI), smoking status, smoking pack 
years, lung function measurements and prior 
exacerbations.35–37 Modelling predictors of change in 
QoL has not been widely developed but there are reported 
results linking baseline modified British medical research 
council (mMRC) score for dyspnea, age, FEV1 and prior 
exacerbations to change in QoL.38,39 Finally, although not 
included as a variable in the forementioned studies low 
socio-economic status has also been identified as a risk 
factor for adverse COPD related outcomes.1,40

Postal code linkage to the Ontario Marginalization Index 
was used as a proxy for individual measurement of the 
socio-demographic factors of material deprivation and resi-
dential instability.41 These socio-demographic measures are 
categorized into 5 levels of poverty whereby a score of 1 
denotes the least level of poverty and 5 is the highest.

Statistical Analyses: Predictor Analyses
Univariable logistic regression was used to assess associa-
tion between each variable and the two binary outcomes of 
improved QoL (CAT score reduction ≥3) and absence of 
urgent HSU. Where applicable potential predictor vari-
ables were assessed using likelihood ratio tests (continu-
ous versus categorical) to assess their best fit in the model. 
Collinearity testing was performed for all potential pre-
dictor variables to assess the logistic regression assump-
tion of little or no multicollinearity among the independent 
variables. Box-Tidwell tests for non-linearity were used to 
assess the logistic regression assumption of linearity 
between the log odds of the dependent variable and the 
continuous independent variables. Continuous variables 
meeting this assumption were modelled as such to prevent 
loss of power through categorization; however, they were 
presented categorically to ease interpretation.

Mixed effects multivariable logistic regression models 
were constructed including all potential prespecified pre-
dictor variables with FHT included as a random effect.42 

Potential predictor variables included, identified for their 
clinical relevance, were age, sex, material deprivation, 
residential instability, smoking status, pack years of smok-
ing, BMI, prior year COPD-related HSU and prior year 
COPD related antibiotic and prednisone use, baseline CAT 
score, baseline mMRC, and baseline FEV1% of predicted. 
Variables in the model were assessed, using 95% confi-
dence intervals and p values (two-tailed p < 0.05 consid-
ered significant), as predictors of outcome.

Change in CAT score was modelled using logistic regres-
sion as a binary outcome to improve the clinical interpretation 
of results. Identification of patients who experienced 
a clinically relevant change gives a measure of the distribution 
of improved QoL.38,43 However, sensitivity analyses were 
performed that modelled change in CAT score as 
a continuous variable using linear regression for univariable 
and mixed effects linear regression for multivariable analysis.

Variables with missing data were investigated and if 
assumed to be missing at random, multiple imputation with 
chained equations was used to avoid excluding any patients 
from the models.44,45 Results from complete case analyses 
were compared to the imputed results. Additionally, because 
the GOLD categorization is such a clinically important 
composite variable, GOLD group was included as 
a predictor in place of the variables from which it is derived 
(CAT score, hospitalizations and exacerbations) in a separate 
model.1 Loss to follow-up was assessed for selection bias 
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through a descriptive comparison of baseline characteristics. 
Data analyses were performed using Stata v17.0.

Results
Patients
From November 2011 to July 2019, 2962 patients were 
enrolled in the Best Care COPD program. Study flow is 
presented in Figure 2. After excluding patients who did not 
meet pre-specified study criteria and those with missing 
outcome data, there were 571 patients who were included 
in the all patients group and 158 patients in the RCT 
matched group (Figure 2).

Baseline Characteristics
For the all patients group, mean age was 68 years (SD 9.6), 
98% Caucasian, 75% were retired, mean 40 pack-year smok-
ing history, CAT 15.9 (SD 7.6) and 51% experienced 

a moderate or severe exacerbation requiring antibiotics and/ 
or prednisone in the prior year. The demographic character-
istics were similar across all three groups except for female 
sex with 44% in the RCT matched versus 60% in the refer-
ence RCT (p = 0.030) (Table 1). There was a gradient of 
severity in lung health determinants across the three groups 
with all patients the least severe and the reference RCT the 
most severe. The RCT matched group was more similar to the 
reference RCT group comparatively, reference RCT vs RCT 
matched, baseline mean CAT score (22.6 vs 18.0. p < 
0.0001), mMRC (1.9 vs.1.8, p = 0.4146), proportion of 
GOLD group D (54% vs 42%, p=0.0280), and mean HSU 
visits per person (3.3 vs 2.3, p = 0.258) (Table 1).

RCT Comparison
Intervention intensity appeared to be similar between the 
three comparator groups. In the 12-month follow-up 

Figure 2 Flow showing patients enrolled on the Best Care COPD program and the study patients included. 
Abbreviations: COPD, chronic obstructive pulmonary disease; IDM, integrated disease management; RCT, randomized control trial.
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Table 1 Baseline Demographical and Clinical Characteristics for Patients Completing 12 (±3) Months of Integrated Disease 
Management (IDM)

Group 1 (All 
Patients) 
12(±3) Months 
IDM

Group 2 (RCT 
Matched) 
12(±3) Months IDM

RCT Intervention 12 Months 
IDM

Total number (N) 571 158 72

Sex Female 277 (49%) 70 (44%)* 43 (60%)
Male 294 (52%) 88 (56%) 29 (40%)

Age Mean (SD) 67.9 (9.6) 68.4 (8.6) 68.7 (9.8)

Ethnicity Caucasian 557 (98%) 157 (99%) 71 (99%)

Dwelling Rural 207 (36%) 58 (37%) 22 (31%)
Urban 364 (64%) 100 (63%) 50 (69%)

Current Occupation Retired 426 (75%) 121 (77%) 52 (72%)

Body Mass Index (kg/ 

m2)

Mean (SD) 29.3 (6.9) 28.4 (6.2) 28.2 (7.1)

Physical Activity Affected by COPD prior year 305 (53%) 109 (69%) 46 (64%)

Family History COPD, Chronic Bronchitis, 

Emphysema

215 (38%) 101 (64%) 27 (38%)

Smoking Current smoker 192 (34%) 57 (36%) 25 (35%)
Pack Years mean (SD) 40.1 (26.8) 46.3 (30.8) 40.4 (22.4)

mMRCa (Range 0–4) mean (SD) 1.5 (1.0)** 1.8 (1.0) 1.9 (0.91)

COPD Assessment 

Test

Good QoL(<10) 126 (22%)*** 25 (16%)*** 2 (3%)
Moderate QoL(10–19) 274 (48%) 71 (45%) 21 (30%)

Poor QoL (20–29) 141 (25%) 51 (32%) 36 (50%)
Very poor QoL(≥30) 30 (5%) 11 (7%) 13 (18%)

Mean (SD) 15.9 (7.6)*** 18.0 (7.7) *** 22.6 (6.8)

GOLD groupb A 103 (18%)*** 17 (11%)* 2 (3%)
B 302 (53%) 67 (42%) 31 (43%)
C 23 (4%) 8 (5%) 0

D 143 (25%) 66 (42%) 39 (54%)

FEV1 pre- 

bronchodilator

Measured (litres) mean (SD) 1.7 (0.7)* 1.3 (0.4) * 1.5 (0.6)
% Predicted mean (SD) 61.6 (20.0)* 47.3 (12.4) *** 56.3 (14.4)

missing 76 (13%) - -

FEV1 post- 

bronchodilator

Measured (litres) mean (SD) 1.7 (0.7)** 1.4 (0.4) 1.5 (0.6)
% Predicted mean (SD) 66.2 (19.6) ** 51.5 (11.7) *** 58.4 (14.9)

missing 170 (30%) 19 (12%) 14 (19%)

Exacerbations 

prior year

Antibiotics/Prednisone 279 (51%)*** 106 (67%) 60 (83%)
HSUc 410 (72%)* 150 (95%)* 62 (86%)
Mean (SD) 1.7 (2.1)*** 2.3 (2.0)* 3.3 (2.6)

Notes: Data presented as frequency (%) unless otherwise stated. aA score of 0 indicates little or no effect on breathlessness, 4 indicates a large effect on breathlessness. 
bGOLD A 0–1 exacerbations not leading to hospitalization, mMRC 0–1 or CAT <10, GOLD B 0–1 exacerbations not leading to hospitalization, mMRC≥2 or CAT≥10, 
GOLD C ≥2 exacerbations or ≥1 exacerbation leading to hospitalization, mMRC 0–1 or CAT <10, GOLD D ≥2 exacerbations or ≥1 exacerbation leading to hospitalization, 
mMRC ≥ or CAT ≥10. cAny of unscheduled physician, walk-in clinic, urgent care, emergency department or hospital admission for COPD. *Significant at p<0.05, **Significant 
at p<0.005, and ***significant at p ≤0.001. Analyses: Chi-Square tests for categorical variables and t tests used for continuous variables to compare i) GROUP1 vs RCT 
intervention and ii) Group 2 vs RCT intervention. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative for chronic Obstructive Lung Disease; HSU, health service 
utilization; IDM, integrated disease management; mMRC, Modified Medical Research Council; RCT, randomised control trial; QoL, quality of life.
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period, there was a mean of 3.8 appointments per patient 
for all patients, 3.7 for the RCT matched group and 4.0 for 
the reference RCT.

Similar to the RCT, there were significant improve-
ments in the CAT score and significant reductions in all 
exacerbation-related outcomes comparing baseline to fol-
low-up in the all patients and in the RCT matched groups 
(Table 2). Mean change in CAT score was directionally 
similar in all groups; however, confidence intervals of the 
all patients and the RCT matched groups did not overlap 
with the reference RCT. In the reference RCT, the mean 
change from baseline CAT score was −7.8 (95% CI; −9.0, 

−6.6), for RCT matched, −2.8 (95% CI, −3.9, −1.7) and for 
all patients −2.3 (95% CI, −2.8, −1.8). The percentage of 
patients experiencing an improved QoL (reduced CAT 
score ≥3) were 92%, 47% and 43% respectively. A post- 
hoc inspection revealed patients from the all patients with 
a poor baseline QoL (CAT score ≥20, n=171) showed 
a much greater improvement in mean CAT score (−6.4, 
95% CI, −7.6, −5.3).

The changes in the number of patients who experi-
enced exacerbation-related outcomes, comparing the year 
prior to the 12 months of IDM, for the RCT matched 
versus the reference RCT intervention group were 

Table 2 Comparison of Measured Outcomes for Group 1 (All Patients), Group 2 (RCT Matched), Reference RCT Intervention and 
Control Arms

Baseline Final Difference (95% CI)

GROUP 1 All Patients 12 (±3) Months of IDM N=571

CAT improvement ≥3 – 245 (43%) 43% (38.8, 47.1)
Mean CAT (SD) 15.9 (7.6) 13.6 (7.0) −2.3 (−2.8, −1.8)

Exacerbation requiring antibiotics/prednisonea 279 (49%) 228 (40%) −9.0% (−13.9, −3.9)

Unscheduled physician visitsa 389 (68%) 200 (35%) −33.1% (−38.2, −27.9)
ED visitsa 113 (20%) 58 (10%) −9.6% (−13.5, −5.5)

Hospitalizationsa 67 (12%) 28 (5%) −6.8% (−10.0, −3.7)

GROUP 2 RCT matched 12 (±3) months of IDM N=158

CAT improvement ≥3 – 75 (47%) 47% (39.5, 55.6)

Mean CAT (SD) 18.0 (7.7) 15.2 (7.0) −2.8 (−3.9, −1.7)

Exacerbation requiring antibiotics/prednisonea 106 (67%) 74 (47%) −20.3% (−29.6, −10.9)
Unscheduled physician visitsa 143 (91%) 63 (40%) −50.6% (−60.0, −41.3)

ED visitsa 51 (32%) 24 (15%) −17.1% (−26.0, −8.2)

Hospitalizationsa 29 (18%) 9 (6%) −12.7% (−19.3, −6.0)

RCT intervention 12 months IDM N=72

CAT improvement ≥3 – 66 (92%) 92% (79.2, 95.1)

Mean CAT (SD) 22.6 (6.8) 14.8 (6.0) −7.8 (−9.0, −6.6)

Exacerbation requiring antibiotics/prednisonea 55 (76%) 41 (57%) −19.4% (−32.8, −6.1)
Unscheduled physician visitsa 60 (83%) 30 (42%) −40.2% (−55.9, −24.7)

ED visitsa 30 (42%) 10 (14%) −29.2% (−41.9, −14.2)

Hospitalizationsa 13 (18%) 8 (11%) −8.3% (−20.4, 3.8)

RCT control 12 months IDM N=74

CAT improvement ≥3 – 6 (8%) 8% (3.0, 16.8))

Mean CAT (SD) 19.3 (7.3) 22.0 (6.6) 2.7 (0.4, 5.0)

Exacerbation requiring antibiotics/prednisonea 54 (73%) 61 (83%) 9.0% (−4.4, 22.4)
Unscheduled physician visitsa 60 (81%) 53 (72%) −9.0% (−22.6, 4.58)

ED visitsa 20 (27%) 28 (38%) 11.0% (−3.9, 26.0)

Hospitalizationsa 16 (22%) 13 (18%) −4.0% (−16.9, 8.9)

Notes: Results presented as N (%) unless specified. aExacerbation-related Outcomes: number of people experiencing at least one event. Unscheduled physician visits, ED 
visits and Hospitalizations for COPD exacerbations. Analyses: Repeated measures statistical testing using a t-test used to calculate differences in means and McNemar test 
for proportions. 
Abbreviations: CAT, COPD assessment test; CI, confidence interval; ED, emergency department; IDM, integrated disease management; RCT, randomised control trial.

https://doi.org/10.2147/COPD.S338851                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2021:16 3456

Hussey et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


comparable both in magnitude and directionality, demon-
strated by 95% confidence intervals which overlapped for 
all exacerbation-related outcomes (Table 2, Figure 3A-D). 
Relative reduction for the three HSU outcomes ranged 
from 48% to 71% across the two real-world groups and 
from 39% to 68% in the reference RCT group.

The reference RCT control values are also presented in 
Table 2 and Figure 3, as a reference, giving an indication of 
outcomes under physician-based usual care under experimen-
tal conditions in this study population. Importantly, in this 
control group there was no significant improvement in CAT 
score or reduction in any of the exacerbation-related outcomes.

Predictor Analyses
Missing Data
The only predictor variable with missing data was FEV1% 
of predicted (76/571 missing, 13%) which is recorded 

during spirometry testing. Investigation revealed no one 
systematic reason for the missing data, but missingness 
was predominantly assessed as missing at random.44,45 

Multiple imputations with chained equations were used 
by creating 20 imputed datasets. All predictor variables, 
FHT, and outcome variables were included in the imputa-
tion procedure. Complete case analyses did not reveal any 
substantial differences as compared to imputed model 
results [see Supplementary Table 1A-C].

Improved QoL
A clinically relevant improvement in QoL was experi-
enced by 245/571 (43%) of patients. Multivariable ana-
lyses, Table 3, revealed the strongest predictor of 
improved QoL was baseline CAT score, patients with 
CAT scores ≥20 had over 15 times higher odds of achiev-
ing a ≥3-point improvement in QoL than patients with 

A B

C D

Figure 3 % change in exacerbation-related outcomes, comparing 12 months prior to commencing IDM with the 12 months of follow-up enrolled in the IDM program. 
Exacerbation requiring, (A) antibiotics and/or prednisone for COPD, (B) an unscheduled family physician visit for COPD, (C) an emergency department visit, or (D) 
a hospitalization, for COPD. Error bars denote 95% Confidence intervals. 
Abbreviations: COPD, chronic obstructive pulmonary disease; IDM, integrated disease management; RCT, randomized control trial.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S338851                                                                                                                                                                                                                       

DovePress                                                                                                                       
3457

Dovepress                                                                                                                                                          Hussey et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=338851.docx
https://www.dovepress.com/get_supplementary_file.php?f=338851.docx
https://www.dovepress.com
https://www.dovepress.com


Table 3 Univariable and Multivariable Analysis of Baseline Factors Associated with an Improved COPD Assessment Test Score and an 
Absence of Urgent Health Service Utilization Following 12 (±3) Months of Integrated Disease Management (IDM)

Quality of Life Improvement CAT Score Reductiona Urgent Health Service Use (HSU) An Absence of HSUb

n (%)c UV OR 
(95% CI)

MV ORd 

(95% CI)
n (%)c UV OR 

(95% CI)
MV ORe 

(95% CI)

Total number (N) =571 245 (43%) 339 (59%)

Sex Female 119 (43%) 1 1 151 (55%) 1 1

Male 126 (43%) 1.00 (0.71, 1.39) 1.06 (0.72, 1.57) 188 (64%) 1.48 (1.05, 2.07) 1.35 (0.94, 1.98)

Age ≤60 49 (37%) 1 1 87 (66%) 1 1

61 to 70 88 (42%) 1.21 (0.77, 1.89) 1.26 (0.75, 2.13) 124 (59%) 0.73 (0.46, 1.15) 0.77 (0.47, 1.27)

71 to 80 79 (46%) 1.41 (0.88, 2.24) 1.53 (0.87, 2.68) 97 (56%) 0.65 (0.40, 1.04) 0.78 (0.45, 1.33)

>80 29 (51%) 1.73 (0.92, 3.25) 1.42 (0.67, 2.99) 31 (54%) 0.60 (0.32, 1.14) 0.69 (0.34, 1.42)

Material 
Deprivationf

1 35 (42%) 1 1 56 (67%) 1 1

2 35 (50%) 1.24 (0.69, 2.23) 1.02 (0.51, 2.05) 50 (71%) 1.20 (0.60, 2.41) 1.38 (0.69, 2.76)

3 56 (40%) 0.98 (0.57, 1.67) 0.70 (0.37, 1.34) 90 (64%) 0.62 (0.48, 1.51) 0.73 (0.39, 1.36)

4 55 (45%) 1.14 (0.65, 2.02) 1.12 (0.57, 2.23) 72 (59%) 0.83 (0.38, 1.22) 1.02 (0.52, 2.00)

5 64 (42%) 1.05 (0.62, 1.78) 0.96 (0.47, 1.95) 71 (46%) 0.43 (0.24, 0.72) 0.69 (0.35, 1.38)

Instabilityf 1 33 (40%) 1 1 52 (61%) 1 1

2 62 (43%) 0.97 (0.56, 1.68) 0.93 (0.48, 1.79) 90 (62%) 1.04 (0.60, 1.80) 1.45 (0.77, 2.71)

3 76 (45%) 1.01 (0.60, 1.68) 0.97 (0.53, 1.77) 111 (66%) 1.24 (0.72, 2.13) 1.15 (0.64, 2.06)

4 47 (47%) 1.19 (0.67, 2.09) 1.16 (0.60, 2.24) 53 (54%) 0.73 (0.40, 1.32) 0.99 (0.53, 1.86)

5 27 (36%) 0.71 (0.38, 1.32) 0.63 (0.29, 1.37) 33 (45%) 0.51 (0.27, 0.97) 0.64 (0.30, 1.33)

Body Mass 
Index 
(kg/m3)

Underweight 
(<18.5)

12 (5%) 2.04 (0.78, 5.35) 4.63 (1.45, 14.81) 9 (47%) 0.73 (0.29, 1.87) 0.65 (0.23, 1.80)

Healthy 
(18.5–24.9)

51 (38%) 0.71 (0.46, 1.10) 0.74 (0.44, 1.24) 82 (60%) 1.24 (0.81, 1.89) 1.32 (0.81, 2.14)

Overweight 
(25–29.9)

71 (41%) 0.83 (0.56, 1.23) 0.98 (0.62, 1.57) 114 (66%) 1.57 (1.05, 2.35) 1.49 (0.95, 2.34)

Obese (≥30) 111 (46%) 1 1 134 (55%) 1 1

Smoking Current 
smoker

75 (39%) 1 1 126 (66%) 1 1

Prior or non- 
smoker

170 (45%) 1.27 (0.89, 1.81) 1.58 (1.00, 2.48) 213 (56%) 0.67 (0.47, 0.96) 0.69 (0.45, 1.06)

Pack years < 
10

21 (44%) 1 1 28 (58%) 1 1

Pack years 
≥10

224 (43%) 0.96 (0.53, 1.75) 0.99 (0.48, 2.06) 311 (59%) 1.05 (0.58, 1.91) 0.87 (0.44, 1.71)

mMRCg 0 −1 123 (39%) 1 1 206 (65%) 1 1

≥2 122 (48%) 1.48 (1.05, 2.07) 0.58 (0.36, 0.92) 133 (53%) 0.60 (0.43, 0.84) 1.00 (0.65, 1.55)

Pre- 
Bronchodilator  
FEV1% 
Predicted

1 FEV1≥80% 41 (44%) 1 1 58 (65%) 1 1

2 50% ≤FEV1 

<80%
137 (43%) 1.04 (0.65, 1.66) 0.68 (0.39, 1.18) 213 (63%) 0.97 (0.60, 1.58) 1.29 (0.75, 2.20)

3 30%≤FEV1 

<50%
56 (40%) 0.84 (0.49, 1.43) 0.45 (0.24, 0.86) 63 (50%) 0.51 (0.30, 0.88) 0.71 (0.38, 1.31)

4 FEV1<30% 11 (55%) 1.62 (0.61, 4.28) 0.62 (0.19, 2.00) 5 (25%) 0.18 (0.06, 0.53) 0.23 (0.07, 0.78)

Imputed 
n=76

- - - - - -

(Continued)
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a baseline <10 (OR 15.75, 95% CI 7.97, 31.13). A baseline 
CAT score of 10 to 19 was associated with over 4 times 
higher odds (OR 4.21, 95% CI 2.36, 7.51). Other predic-
tors of improved QoL were non-smokers compared to 
current smokers (adjusted OR 1.58, 95% CI 1.00, 2.48), 
and an underweight BMI category (adjusted OR 4.63, 95% 
CI 1.45, 14.81). A higher mMRC≥2 (moderate to high 
effect of breathlessness) was associated with a lower like-
lihood of improved CAT score (adjusted OR 0.58 (95% CI 
0.36, 0.92) as was a lower FEV1 ≥ 30 to <50% of pre-
dicted (adjusted OR 0.45 (95% CI 0.24, 0.86)). GOLD 
groups B and D were more likely to experience improved 
QoL compared to GOLD A (adjusted OR 6.39, 95% CI 
3.43, 11.91 and OR 5.71, 95% CI 2.83, 11.50 
respectively).

Likelihood ratio tests did not identify any continuous 
variables that would be better suited to categorical model-
ling. Collinearity testing revealed no substantial collinear 
variables and Box-Tidwell tests for non-linearity did not 
identify any continuous variables that violated logistic 

regression assumptions. Linear regression modelling iden-
tified all the same predictor variables, and in addition an 
association (of borderline significance) was observed 
between prior antibiotic and prednisone use and improved 
QoL [Supplementary Table 2].

Absence of Urgent HSU
An absence of urgent HSU for COPD during the follow-up 
period was experienced by 339/571 (59%) of patients. 
Multivariable analyses, Table 3, showed absence of urgent 
HSU was less likely to occur in patients with antibiotics and/ 
or prednisone use in the prior 12 months (adjusted OR 0.46, 
95% CI 0.30, 0.68), patients with a FEV1% of predicted 
<30% (adjusted OR 0.23, 95% CI 0.07, 0.78) and patients 
meeting GOLD D criteria (adjusted OR 0.27, 95% CI 
0.14,0.51). Restated in the obverse, this indicates that patients 
without a history of prednisone and antibiotic use in the 
prior year, those with a FEV1% of predicted ≥30, and those 
categorized as GOLD A-C were more likely to have no 
urgent health services use.

Table 3 (Continued). 

Quality of Life Improvement CAT Score Reductiona Urgent Health Service Use (HSU) An Absence of HSUb

n (%)c UV OR 
(95% CI)

MV ORd 

(95% CI)
n (%)c UV OR 

(95% CI)
MV ORe 

(95% CI)

COPD 
Assessment 
Test (0–40) at 
baseline

Good QoL 
(<10)

20 (16%) 1 1 90 (71%) 1 1

Moderate 
QoL (10–19)

111 (41%) 3.61 (2.08, 6.27) 4.21 (2.36, 7.51) 161 (59%) 0.57 (0.36, 0.90) 0.72 (0.43, 1.20)

Poor QoL 
(20–40)

91 (65%) 10.60 (5.97, 18.82) 15.75 (7.97, 31.13) 74 (52%) 0.42 (0.26, 0.69) 0.58 (0.32, 1.06)

Exacerbations 
Prior year

None 116 (40%) 1 1 209 (72%) 1 1

Antibiotics/ 
Prednisone

129 (46%) 1.30 (0.94, 1.82) 0.81 (0.52, 1.25) 130 (47%) 0.35 (0.25, 0.49) 0.46 (0.30, 0.68)

No urgent 
HSUb

49 (32%) 1 1 111 (73%) 1 1

Urgent HSU 196 (47%) 1.90 (1.29, 2.81) 1.49 (0.92, 2.42) 228 (54%) 0.44 (0.29, 0.66) 0.78 (0.49, 1.25)

GOLD grouph A 16 (16%) 1 1 75 (72%) 1 1

B 155 (51%) 5.73 (3.21. 10.23) 6.39 (3.43, 11.91) 197 (65%) 0.70 (0.43, 1.15) 0.78 (0.45, 1.35)

C 4 (17%) 1.14 (0.34, 3.81) 1.09 (0.32, 3.75) 15 (65%) 0.70 (0.27, 1.83) 0.73 (0.26, 1.98)

D 70 (43%) 5.21 (2.79, 9.75) 5.71 (2.83, 11.50) 52 (36%) 0.21 (0.12, 0.37) 0.27 (0.14, 0.51)

Notes: aMain outcome is a reduction in CAT score ≥ 3 points after 12 (±3) months of IDM. bSecondary outcome is an absence of health service use (any of unscheduled 
physician, walk-in clinic, urgent care, emergency department or hospital admission for COPD) over 12 months of follow-up. cRow percentages presented. dAdjusted for BMI, 
smoking status, baseline CAT score, MRC. GOLD group adjusted for BMI, smoking status and MRC. eAdjusted for sex, material deprivation, smoking status, baseline CAT 
score, prior year exacerbations requiring antibiotics and/or prednisone. GOLD group adjusted for sex, material deprivation and smoking status. f Derived from the Ontario 
Marginalization Index: Material deprivation measures income, housing quality, education level and family structure and residential instability measures living characteristics, 
density and types of residential accommodation. 1 represents the least marginalized and 5 represents the most marginalized. gA score of 0 indicates little or no effect on 
breathlessness, 4 indicates a large effect on breathlessness. hGOLD A 0–1 exacerbations not leading to hospitalization, mMRC 0–1 or CAT <10, GOLD B 0–1 exacerbations 
not leading to hospitalization, mMRC≥2 or CAT≥10, GOLD C ≥2 exacerbations or ≥1 exacerbation leading to hospitalization, mMRC 0–1 or CAT <10, GOLD D ≥2 
exacerbations or ≥1 exacerbation leading to hospitalization, mMRC ≥ 2 or CAT ≥10. Analyses: Univariable and multivariable logistic regression. Continuous variables used in 
the multivariable logistic regression for age, BMI, CAT, pack years and FEV1, however, for ease of interpretation multivariable-adjusted results are presented categorically. 
Abbreviations: CAT, COPD assessment test; IDM, integrated disease management; FEV1, forced expiratory volume in 1 second; GOLD, Global initiative for chronic 
Obstructive Lung Disease; HSU, health service utilization; mMRC, Modified Medical Research Council; MV, multivariable; OR, odds ratio; QoL, quality of life; UV, univariable.
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Loss to Follow-Up
We completed a descriptive sensitivity analysis to investi-
gate whether the cohort lost to follow-up (n = 636) (see 
Figure 2) exhibited the same clinical and demographic 
baseline characteristics as patients completing 12 (±3 
months) of IDM irrespective of missing CAT score (n = 
868). There were a higher proportion of smokers (52%), 
≤60-years (37%) and less retired patients (57%) in the loss 
to follow-up group compared to the group completing 12 
(±3) months of IDM (32% smokers, 22% ≤60 years and 
73% retired) [Supplementary Table 3].

Discussion
We evaluated Best Care COPD, an established primary 
care integrated disease management program, for its real- 
world impact on QoL and urgent health services use. We 
then compared those outcomes to the reference RCT from 
which the program emanated and identified independent 
predictors of response in a real-world setting.

The efficacy of the Best Care IDM intervention was 
confirmed in an RCT where the primary outcome, QoL, 
was dramatically improved and there were also substantial 
improvements in multiple secondary outcomes.24 In this 
study, we confirmed that the Best Care COPD program 
achieved directionally similar results when implemented in 
a real-world setting. The Best Care program all patients 
cohort included less severe patients than the RCT (which 
was specifically enriched with high-risk COPD patients) 
and expectedly the magnitude of improvement in out-
comes was smaller. In this study, the RCT matched cohort 
that was constructed from the Best Care program popula-
tion using the RCT inclusion and exclusion criteria 
demonstrated a similar magnitude of reduction in exacer-
bations and HSU. Improvements in QoL in the Best Care 
program were also substantial. Collectively, these findings 
suggest that program fidelity was maintained in the trans-
lation of knowledge from RCT into the scalable real-world 
Best Care community program.

Although the rate of chronological progression of QoL 
in the COPD population is unclear, COPD is a progressive 
disease and it is considered that there is a general decline 
in overall QoL over time.38,46,47 One prospective cohort 
study in the UK measured QoL in 567 patients with 
COPD, at baseline and one-year, by postal questionnaire 
and found that there was no significant change from 
baseline.48 In both real-world groups in this study, there 
was a small numerical decline (QoL improvement) in 

mean CAT score over a one-year timeframe. We found 
a clinically relevant QoL improvement in 43% of all 
patients and 47% in RCT matched patients after one-year 
of IDM. An improvement in QoL over a one-year period is 
independently important and has been associated with 
a lower likelihood of exacerbation, hospitalization, or 
mortality in the following 2 years.49 We identified 
a significant variance in the proportion of patients experi-
encing an improvement in QoL comparing the RCT 
matched cohort (47%) and the intervention group in the 
reference RCT (92%). The reason for this variation is 
unknown. QoL tends to be measured in experimental or 
prospective observational studies but is not generally col-
lected or reported in routine real-world COPD data. We 
considered that program data may have been collected less 
rigorously and that the unblinded nature of the RCT may 
have introduced a bias to partially account for the differ-
ence. Alternatively, participant suitability for the RCT was 
determined by family physician, potentially introducing 
a subjective influence that was not regulated by eligibility 
criteria. Baseline CAT score was not an eligibility criterion 
and was considerably higher in the reference RCT than for 
the real-world group with the RCT eligibility applied (RCT 
matched). Future evaluation with a real-world cohort clo-
sely matched by baseline CAT may yield similar QoL 
improvements. Indeed, a post-hoc investigation including 
only patients with a poor baseline quality of life (CAT 
≥20) from these data demonstrated the change in CAT 
score was comparable in magnitude to the reference RCT 
intervention arm.

The strongest predictors of improved QoL were base-
line CAT score and GOLD category. Other predictive 
characteristics were not smoking, low mMRC score, 
a lower FEV1% of predicted and low BMI. CAT score as 
a predictor has been previously reported, and studies that 
included a COPD population with a good to moderate 
baseline QoL detected little or no impact of IDM on 
QoL.22,23,49 In this study, only 16% of patients with 
a CAT score <10 experienced a clinically relevant 
improvement, which is not unexpected as there is less 
scope for improvement.22,24 Non-smokers were more 
likely to experience an improved QoL at one year than 
smokers, supporting research findings that smoking cessa-
tion is known to be a key factor in slowing disease 
progression.1–3 This may have implications for the impor-
tance of smoking cessation support in future program 
improvements; however, this association was of borderline 
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significance and the role of unobserved confounding 
should not be overlooked.

GOLD group calculation can be made using mMRC or 
CAT score.1 In this study, we used CAT score to determine 
GOLD category. Higher CAT score and higher GOLD 
category were therefore linked and were both predictors 
of improved QoL. In contrast, lower mMRC meaning 
fewer symptoms of breathlessness equated to a greater 
likelihood of improved QoL in the adjusted analysis. 
Restated in the obverse, a higher mMRC was associated 
with a lower likelihood of an improved QoL. This was 
unexpected and may be related to a lack of consistency 
previously detailed between GOLD categorization when 
using CAT score vs mMRC. It has been demonstrated that 
using CAT score and mMRC for GOLD group classifica-
tion are not interchangeable metrics.50 Another plausible 
explanation is that patients with a high mMRC score are 
more debilitated by their COPD symptoms and therefore 
even with appropriate treatment this group achieves less 
improvement in QoL. Interestingly, in the univariable ana-
lysis and in agreement with a previous study, high mMRC 
was associated with an improved QoL; however, unlike 
our study, this direction of association persisted in their 
adjusted analysis.38 One difference to consider is baseline 
QoL was not accounted for in the reported models, which 
we found to have one of the strongest associations with 
improved QoL.

The mMRC finding was directionally supported by 
FEV1% of predicted. FEV1% of predicted has been closely 
related to the occurrence of respiratory symptoms.51 As 
with mMRC, where worse respiratory symptoms showed 
lower odds of improved QoL, so too did a lower FEV1% 
of predicted or worse lung function. However, using logis-
tic regression, only one category of FEV1% of predicted 
(≥30% and <50% FEV1) was found to be significant, 
possibly due to a small sample size in the lowest FEV1% 
of predicted category (<30% FEV1, 11/20 with outcome).

Patients in the Best Care program experienced an 
approximately 50% relative reduction in unscheduled phy-
sician visits, ED visits and hospitalizations. These program 
results were consistent with the reference RCT interven-
tion arm and this accordance strengthened when the RCT 
eligibility restrictions were applied to Best Care program 
patients (RCT matched). The strongest predictors of an 
absence of urgent HSU were no antibiotic or prednisone 
requiring exacerbations in the prior year. Other predictors 
were low-risk GOLD category (GOLD A), and an FEV1% 
of predicted value greater than 30%. However, the group 

size for FEV1% of predicted <30% with an outcome was 
small (n=5/20) and the association should be interpreted 
cautiously.

Integrated disease management is associated with 
a reduction in HSU.15–17,21 A history of COPD exacerba-
tion is highly correlated with an increased risk of future 
exacerbations and an associated acceleration of disease 
progression.36 In part, this may explain the relationship 
observed in this study between prior exacerbation (mea-
sured by antibiotic and prednisone use) and urgent HSU in 
the year of follow-up. Patients with antibiotic and predni-
sone requirements for COPD in the year prior were 55% 
more likely to experience urgent HSU over one year of 
follow-up. As GOLD group is comprised of exacerbation 
data, it is likely that prior year exacerbations are driving 
the observed association between GOLD D classification 
and a lower likelihood of avoiding urgent HSU.1

Identification of these predictive variables spotlights 
a group of patients with one year of IDM who still 
required urgent health services for COPD despite the 
extended support and self-management strategies. This 
supports an additional focus on patients with a GOLD 
D classification, frequent exacerbations, and low FEV1% 
predicted measurements.

This study has several limitations. Firstly, as this study 
was conducted on data from an established primary care 
COPD program, there was no random assignment to inter-
vention and control, we do not know what the outcomes 
would be in a real-world usual care cohort and we cannot 
exclude that confounding variables influenced the QoL, 
exacerbation and HSU outcomes reported. To partially 
mitigate this limitation and as a point of reference for 
comparability, we present outcome measures from the 
control arm of the reference RCT. The reference RCT 
immediately preceded the Best Care program and was 
completed in the same general patient population. The 
patients in the RCT control arm receiving usual care 
showed no clinical or statistically significant improvement 
in any of the measured outcomes consistent with the 
published literature.22–24,27 In addition, data reported 
from observational studies in real-world primary care 
COPD populations and no specified IDM does not gener-
ally show improving trends in QoL and other 
outcomes.46,52,53

One component of Best Care COPD is to develop self- 
management strategies in the event of a COPD exacerba-
tion episode. The exacerbation outcome data collected by 
the Best Care program measures moderate and severe 

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S338851                                                                                                                                                                                                                       

DovePress                                                                                                                       
3461

Dovepress                                                                                                                                                          Hussey et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


exacerbation episodes. However, one limitation of this 
study is that mild exacerbations are not captured. 
A reduction in antibiotic, prednisone and urgent health 
service use is an indication of a reduction in moderate-to- 
severe COPD exacerbation episodes, but whether this is 
due to an absolute reduction in exacerbation episodes or 
alternatively, rapid activation of self-management strate-
gies to treat mild exacerbations preventing a worsening in 
exacerbation severity is unknown.

An investigation of patients lost to follow-up indicated 
possible attrition bias with higher proportions of current smo-
kers, and ≤60-year-olds lost to follow-up than for patients who 
completed the study. Based on our predictive analysis, the age 
difference is not expected to impact outcomes. However, 
a population with more smokers would be expected to have 
fewer patients that achieve a significant improvement in QoL. 
In future, a more in-depth analysis of program attrition would 
be of value to improve program accessibility.

Finally, in the predictive analysis, low power may have 
influenced null results for some variables. For example, 
odds ratios increased through age categories in univariable 
analysis (Table 3) but no significance was detected. Future 
studies with a larger cohort can overcome this limitation.

Ongoing program evaluation will build from this study, for 
example, investigations examining the durability of CAT score 
over a 3-year follow-up are underway; more robust evaluation 
of health service use and IDM is planned by linking Best Care 
data with administrative data; and finally, although adherence 
to medication is not measured using a formally validated tool, 
the CREs do document self-reported adherence and an 
exploration not only of medication adherence but also the 
achievement of guideline recommended therapy based on 
COPD severity will be investigated.

Conclusion
The heterogeneity of complex IDM interventions and the 
effectiveness of implementation contributes to the variability 
in published RCTs and is an important factor determining 
successful transition from study to program. Best Care 
COPD, a primary care COPD IDM program, improved QoL 
and reduced urgent health services similar to the reference 
RCT from which the program emanated. Nearly half the 
patients experienced a clinically relevant improvement in 
QoL and most commonly this improvement was observed in 
those with more severe COPD. In addition, an approximate 
50% relative reduction in unscheduled physician visits, ED 
visits and hospitalizations was observed. These program 
results were directionally consistent with the reference RCT 

intervention arm, and this accordance strengthened when the 
RCT eligibility restrictions were applied to Best Care program 
patients. A further exploration of the variation in QoL out-
comes between study and the real-world program may identify 
opportunities for program improvement. Furthermore, under-
standing the predictors of patients who are less likely to 
achieve these important outcomes can help identify who will 
benefit the most from program participation and which patients 
are the most vulnerable and may require more intensive 
intervention.
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