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Abstract

Objectives To analyse the cost effectiveness of commu-
nity-based case management for patients suffering from
chronic obstructive pulmonary disease (COPD).

Methods The study took place in the third largest munic-
ipality in Denmark and was conducted as a randomised
controlled trial with 12 months of follow-up. A total of 150
patients with COPD were randomised into two groups
receiving usual care and case management in addition to
usual care. Case management included among other things
self care proficiency, medicine compliance, and care
coordination. Outcome measure for the analysis was the
incremental cost-effectiveness ratio (ICER) as cost per
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quality-adjusted life year (QALY) from the perspective of
the healthcare sector. Costs were valued in British Pounds
(£) at price level 2016. Scenario analyses and probabilistic
sensitivity analyses were conducted in order to assess
uncertainty of the ICER estimate.

Results The intervention resulted in a QALY improvement
of 0.0146 (95% CI —0.0216; 0.0585), and a cost increase
of £494 (95% CI —1778; 2766) per patient. No statistically
significant difference was observed either in costs or
effects. The ICER was £33,865 per QALY gained. Sce-
nario analyses confirmed the robustness of the result and
revealed slightly lower ICERs of £28,100-£31,340 per
QALY.

Conclusions Analysis revealed that case management led
to a positive incremental QALY, but were more costly than
usual care. The highly uncertain ICER somewhat exceeds
for instance the threshold value used by the National
Institute of Health and Care Excellence (NICE). No for-
mally established Danish threshold value exists.
ClinicalTrials.gov Identifier: NCT01512836.

Key Points for Decision Makers

The results reveal that providing case management for
patients suffering from COPD leads to a small gain in
QALY but at an additional cost when compared to
usual care.

The cost per QALY exceeds the cost-effectiveness
threshold value set by NICE.

The question of cost effectiveness of case management
for COPD patients depends on decisions-makers’
valuation of a QALY for this patient group.

A\ Adis


http://dx.doi.org/10.1007/s40258-016-0298-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s40258-016-0298-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40258-016-0298-2&amp;domain=pdf

414

S. S. Sgrensen et al.

1 Introduction

The growing number of patients suffering from chronic
obstructive pulmonary disease (COPD) calls for effective
and cost-effective care management strategies. Case man-
agement, i.e. a form of integrated care where “the patient is
navigated through a complex health-related process by an
individual case manager or a small case management
team” [1], is believed to be an efficient method to manage
patients with chronic and/or complex healthcare needs [2],
e.g. patients with COPD. Despite evidence showing that
case management can lead to significant health benefits in
COPD [3-11], the associated costs of providing case
management is less well established. In order to provide
decision-makers with evidence on whether the resources
currently being invested in this area represent an efficient
use of scarce public resources, the net costs of providing
case management needs to be measured in relation to its
relevant health effect.

This paper reports the methods and results of a cost-
effectiveness analysis conducted alongside a randomised
controlled trial (RCT) of community-based case manage-
ment, focusing on support for self-care, medicine compli-
ance, and care coordination for patients with COPD within
the context of the Danish National Healthcare sector. We
hypothesised that the intervention led to a reduction in
hospital admissions and improved health-related quality of
life while potentially being cost saving—mainly due to a
decrease in inpatient hospital costs. The objective of this
article is the reporting of the results of the economic
analysis from this RCT. A detailed description of the study
design can be found elsewhere [1].

2 Methods
2.1 Study Design

Power analysis was based on a clinical outcome measure
(rate of COPD hospitalisations) and resulted in a required
sample size of approximately 75 participants in each group
when including an expected loss to follow-up of 20% [1].
Clinical results will be published in another paper. Patients
with COPD were recruited from Aalborg municipality—
the third largest municipality in Denmark. Patients were
eligible for study participation if they had been referred by
their general practitioner or respiratory specialist to pul-
monary rehabilitation at Aalborg rehabilitation centre
during 2011. Based on random, permuted blocks of five to
ensure approximate balance over time, the participants
were randomised to the case management intervention or to
usual care and were followed for 12 months. All
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participants continued to be managed by their regular
healthcare providers and had access to their usual health-
care services and medications. As caseloads of approxi-
mately 70 COPD patients per case manager have been
recommended [12], only one case manager was affiliated
with the study. The intervention group received case
management by a dedicated COPD nurse with more than
20 years of experience. She had previously worked at both
in- and outpatient pulmonary hospital clinics and had most
recently worked as a community-based COPD rehabilita-
tion nurse. Prior to trial initiation, the case manager com-
pleted a health promotion coaching course focusing on
motivational dialogue.

Table 1 describes the components of the intervention.
Intensity and focus of the intervention was based on indi-
vidual participant needs and hence not homogenous. The
case manager was not to have any direct role in disease
treatment, and was not to take over the function and
responsibility of other healthcare providers. All healthcare
providers caring for each participant were informed about
the case manager’s role and existence. The RCTs were pre-
registered at clinicaltrial.gov (ClinicalTrials.gov Identifier:
NCTO01512836).

2.2 Outcome Measure and Data Collection

The trial was analyzed as a standard cost-utility analysis,
where the incremental cost-effectiveness ratio (ICER) was
calculated as the cost per quality-adjusted life year
(QALY). The outcome was measured at the individual
level and data were gathered alongside the trial. The per-
spective of the study was that of the healthcare sector,
hence, all costs to healthcare providers involved in treating,
caring for, and monitoring the participants were accounted
for. Costs incurred by the participants and their caregivers
were not included in the analysis due to the healthcare
sector perspective chosen. All costs were calculated in
2014 Danish Kroner (DDK) by use of the consumer price
index, but were converted to Pound Sterling (£) by using an
exchange rate of 9.67 DKK = 1 £, as per 9 March 2016.
As in accordance with the RCT, the time horizon of the
analysis was 12 months, hence no discounting was carried
out.

2.2.1 QALYs

The generic questionnaire EuroQol 5-dimensions 3-level
(EQ-5D-3L) was applied to obtain a measure of health-
related quality of life (HRQoL), and the questionnaire was
administered at baseline and after 12 months. Responses
from the questionnaire were converted into the EQ-5D-3L
index score using Danish societal weights [13]. Participants
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Table 1 Content of the case management intervention

Themes

Form and content

1 Assessment of health risk and care planning

Visiting the participants in their homes to identify potential problem areas and to formulate

an individual care plan. Possibility of involvement of caregivers

2 Monitoring of individual health status

Continuos monitoring of health status by phone or personal visit according to individual

participant needs. Each participant would receive a telephone call at least every month as
well as a follow-up meeting once every third month at the case manager office or at
home. The participants could contact the case manager during working hours by
telephone and by email, and were encouraged to do so in case of need

3 Promotion of self-care and autonomy

Focusing on participant self-care abilities through motivational dialogue and positive

performance feedback. Provision of proper challenges and propositions instead of

ultimatums

4 Provision of COPD knowledge and support

Instruction on how to prevent, detect and deal with exacerbations. Introduction to the

importance of medicine compliance and how to manage pharmacological treatment.
Education on correct inhalation and coughing techniques, and incorporation of physical
activity and proper diet. Outline of the importance of spirometry tests and adherence to
follow-up. Advice on potential smoking cessation and, if needed, provision of
psychosocial support

5 Facilitation of relevant health and social
services and coordination of care

Introduction to relevant health and social services, and assistance in how to apply for them.
Provision of reminders for participants with appointment adherence difficulties.

Coordination of healthcare and social services for low-resource participants, e.g.
arrangement of consultations with medical staff and social workers, coordination of
nursing, transportation, etc.

dying during the follow-up period received an EQ-5D-3L
index score equal to the health state for death. The number
of QALYs for each participant was calculated by summing
the days of participation weighted by the EQ-5D-3L index
score using linear interpolation.

2.2.2 Costs

The analysis included the following costs: direct disease-
related costs in the primary healthcare sector (general
practitioner contacts), the secondary healthcare sector (in-
and outpatient hospital treatment), cost for community care
(home nurse care, practical in-home assistance, household
cleaning, training, stay at nursing home), costs for pre-
scription medication, and intervention costs (case manager
salary, costs for coaching course, and mileage costs, etc.).
Only costs related to COPD were included in the analysis.
However, for primary healthcare and community care it
was not possible to distinguish between disease-specific
costs and costs in general, and all costs concerning each
participant were therefore included.

Data on study participants were extracted by the
patients’ 10-digit registration number in various registers.
The regional register of North Denmark was used to obtain
data in the primary and secondary healthcare sector and
sales of prescription medicine. Primary healthcare service
use is registered on the date the service was received, type
of service, and the reimbursement fee paid by the National
Health Insurance to the healthcare provider. GPs are paid
by a mixture of capitation and fee for service and both were

included in the analysis. Use of secondary healthcare was
classified in accordance with the Danish diagnosis-related
grouping (DRG) system and Danish ambulatory grouping
system (DAGS), where charges reflect the average costs for
treating patients with similar conditions and processes at
Danish hospitals [14] providing the relevant services. Data
on number of admissions, length of stay, number of out-
patient visits, and emergency room visits and their asso-
ciated DRG/DAGS charge were extracted.

Data on use of prescription medicine were based on
information from the dispensing pharmacies and contained
information on the date the medicine was retrieved, pack-
age identifier and number of packages issued. In accor-
dance with the perspective of the analysis, the costs for
prescription medicine only covered the reimbursement fees
paid by the National Health Insurance and the local health
authorities, and not the out-of-pocket expenses paid by the
participants.

Data on use of community care were collected from the
local health authority of Aalborg municipality. Data were
registered as hours of received care and each care param-
eter was combined with a unit cost to obtain a cost per
participant. National wage rates were used to estimate the
cost for home nurse care, home assistance and household
cleaning [15, 16]. The local health authority provided a
mean unit cost per hour for training, and an average cost
for nursing-home care in Danish municipalities was used
[17].

As for intervention costs, the efficient hourly wage rate
for the case manager was estimated based on actual gross
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Table 2 Unit costs for different
types of resource utilisation

Type Unit

Unit cost (£)

Primary care Contact Fee according to national collective GP agreement [43]
Secondary care

Inpatient Admission Valued per admission (DRG rates) [44]

Outpatient Contact Valued per contact (DAGS rates) [44]
Prescription medicine Package Varies with medication type
Community care

Home nurse care h 18.77 [15]

Home assistance h 17.05 [16]

Household cleaning h 15.40 [16]

Training h 35.57

Stay at nursing home h 5.37 [17]
Case management intervention

Case management h 22.35

Coaching course h 21.69

Mileage km 0.39 [45]

Overhead m*/day 6.76

GP general practitioner, DRG diagnosis-related grouping, DAGS Danish ambulatory grouping system

salary and under the assumption of 1500 efficient work-
hours per year. Total kilometres of driving to and from
participant homes were collected for the intervention group
as a whole and divided by the number of intervention
participants. Kilometres per participant was added a unit
cost according to the reimbursement rate in municipalities.
The coaching course was depreciated over a 5-year period
at a 3% interest. An overhead cost due to rent, heating and
lighting expenses of the case manager’s office throughout
the study period was included in the intervention costs.
Trial protocol driven costs were not included in the anal-
ysis. Table 2 lists the applied unit costs.

2.2.3 Other

A questionnaire covering demographic, disease-specific,
and psychosocial topics was administered to the partici-
pants at baseline and at follow-up, as individual participant
characteristics may influence on the outcome of the
intervention.

2.3 Statistical Analysis

Data were analyzed according to the principle of intention
to treat. Baseline charateristics were analyzed using Stu-
dent’s ¢ test for normally distributed continous data, Mann—
Whitney U test for non-normally distributed data, and
Pearson’s y° test for categorical data. Data on HRQoL and
costs were presented as mean + SD, despite not being
normally distributed, as the mean is the measure being used
in cost-utility analysis (CUA). All baseline variables were
presented with the associated p value, with a significance
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level set at p < 0.05. Missing data were present in 2-4% of
the cases. Assuming data were missing at random (MAR),
the method of multiple imputation was used according to
guidelines [18, 19]. An exposition of the imputation model
used can be found as supplemental material.

2.4 Regression Analysis of QALYs and Costs

The cost-utility of case management was assessed by cal-
culating a point estimate of the ICER after 12 months’
follow-up. When calculating the ICER, the difference in
arithmetic mean costs between the case management
intervention and usual care is divided by the arithmetic
mean effects between the same two interventions [20].
Regression analysis was applied to assess the incremental
estimates of QALYs and costs. A seemingly unrelated
regression model (SUR) was chosen as it took into account
the high correlation between error terms for QALYs and
costs [21]. Baseline covariates were applied to the regres-
sion model in order to improve precision and to adjust for
treatment group imbalances. QALYs were adjusted for
baseline HRQoL as a patient’s baseline utility is likely to
be highly correlated with HRQoL at follow-up. Failure to
do so may bias the QALY estimates in case of imbalance in
baseline HRQoL scores [22]. Potential cost differences
between the two groups at baseline were accounted for by
adjusting the cost outcome for baseline total cost [23].
Furthermore, both outcomes were adjusted for the follow-
ing baseline covariates: gender, forced expiratory volume
in 1 s (FEV1), number of comorbidities, presence of cancer
and whether or not the participants were living alone.
Gender was chosen as a covariate, as female gender has
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been associated with lower HRQoL scores and a greater
utilization of healthcare services [24, 25]. In addition, low
FEV1, comorbidities and presence of cancer have been
found to influence negatively on HRQoL and most likely
will result in increased healthcare resource use [26, 27].
Co-habitation status was added as a covariate as living
alone increases mortality, risk of depression, and admission
to hospital in patients with COPD, and thereby potentially
affecting both the QALY and cost estimate [28—30]. The
CUA was analyzed and presented according to best prac-
tice for cost-effectiveness analysis alongside clinical trials
[31, 32].

2.5 Assessment of Uncertainty

The uncertainty surrounding the point estimates of mean
QALYs and costs were assessed by use of two scenario
analyses. Both scenario analyses were conducted by use of
SUR modelling of QALYSs and costs and adjusted for the
same baseline covariates as the primary analysis. The first
scenario analysis was conducted in order to test the effect of
mortality on the cost-effectiveness result, as it was consid-
ered questionable that death was related to treatment allo-
cation. Therefore, all deceased participants were removed
from the imputed dataset. The second scenario analysis
consisted of a complete case analysis and was conducted in
order to assess the impact of the multiple imputation model
on the estimate of incremental QALY's and costs.

In order to test robustness of the cost-effectiveness
results, probabilistic sensitivity analysis (PSA) was per-
formed on the primary analysis and both scenarios by
drawing 10,000 trial simulations. PSA captures the uncer-
tainty in all parameters jointly and enables the reader of the
analyses to get an understanding of the impact different
uncertainties can have on the probability of case manage-
ment being cost-effective at a given cost-effectiveness
threshold [20]. The variance—covariance matrices from the
SUR models were extracted and Cholesky’s decomposition
was applied to obtain correlated draws. Cost-effectiveness
acceptability curves were performed for all scenarios to
assess the probability of case management being cost
effective at different cost-effectiveness thresholds for a
gain in QALYs. As according to recommendations from
the National Institute of Health and Care Excellence
(NICE), the results of the PSA were presented at political
cost-effectiveness thresholds of £20,000-£30,000 [33].

3 Results

Participants: Figure 1 shows the flow diagram of the pro-
gress through the phases of the RCT. A participation rate of
63% was obtained in the study. In total, 74 participants

’ Assessed for eligibility (n=239) |

Declined to participate (n=89)

Randomized (n=150)

Enrollment

Allocation l l
Allocated to usual care (n=74) Allocated to case management (n=76)

+ Received case management (n=74)

«+ Did not receive case management
due to death (n=2)

Follow-up l

Lost to follow-up due to death (n=1)
+ cause unknown

Lost to follow-up due to death (n=3)
+ cause unknown (n=1)

+ heart attack (n=2)

Discontinued intervention (n=4)

+ due to recent cancer diagnosis (n=2)
+ cause unknown (n=2)

Discontinued intervention (n=1)
+ due to recent cancer diagnosis

Analysis l l

Analysed in primary analysis (n=74) ‘ I Analysed in primary analysis (n=74)

Fig. 1 Flowchart of participants. The figure illustrates the course of
participants throughout the study. Two participants assigned to the
case-management intervention unexpectantly died shortly following
randomisation and before they had received any case management.
The two participants were excluded from further analysis as
according to guideline [34]. The remaining participants were analysed
according to the intention-to-treat principle. The figure is reproduced
from a previously published paper with permission from the copyright
holder [1]

were randomised to usual care, whereas 76 participants
were randomised to the case management intervention. Six
participants died during the study period. Of these, two
died shortly after randomisation and before receiving any
case management. To enhance the precision of the CUA
estimate, the two participants were excluded from further
analysis according to guideline on post-randomisation
exclusion [34], as their deaths were assumed not to have
been inflicted by the intervention. Common for the
remaining four deceased participants was that they suffered
from at least two other comorbidities besides their diag-
nosis of COPD. Another five participants were lost to
follow-up during the study period.

Non-imputed baseline characteristics are listed in
Table 3. No significant differences were seen between the
two groups. However, differences were seen for the dis-
tribution of gender, employment status, comorbidities, EQ-
5D-3L index scores and costs. The baseline variables with
missing data had no more than 2% missing.

Intervention intensity: Originally, the case manager was
to provide follow-up phone calls every month as well as an
in-person meeting every 3 months. However, it turned out
that some participants had good self-care and did not need
to be monitored so closely, whereas others needed much
more intense follow-up to manage their health issues.
Therefore, follow-up was arranged as needed, but still with
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Table 3 Baseline

‘ Characteristics Usual care (n = 74) Case management (n = 74) p value
characteristics of study
participants Age, years, £SD 69.7 + 8.6 69.0 + 84 0.62
Male sex, n (%) 27 (36.5) 36 (48.7) 0.14
Living alone, n (%) 34 (46.0) 28 (37.8) 0.32
Educational level, n (%)
Secondary school or less 33 (44.6) 31 (41.9) 0.55
Vocational education 26 (35.1) 24 (32.4)
Academy profession degree 6 (8.1) 3 4.0
Bachelor or master degree 9 (12.2) 16 (21.6)
Employed, n (%) 4 (5.4) 11 (14.9) 0.10
Participant self-reported chronic comorbidities, n (%)
Diabetes 9 (12.2) 7(9.5) 0.60
Heart disease 40 (54.1) 46 (62.2) 0.32
Osteoporosis 22 (29.7) 14 (18.9) 0.13
Cancer® 5 (6.8) 13 (17.6) 0.08
Current smoker, n (%) 20 (27.0) 21 (28.4) 0.85
Pack years (25-75%) 38.5 (19.0-50.0) 38.7 (25.2-50.0) 0.55
BMI, kg/m? (25-75%) 25.8 (22.9-29.3) 25.1 (23.3-29.4) 0.98
mMRC dyspnoea scale, =SD 2.1+£0.6 20+£0.8 0.56
FEV,/FVC, £SD 55.0 + 134 53.1 £ 12.2 0.38
Airflow limitation, n (%)
Mild (FEV,; >80%) 5 (6.8) 3 4.1 0.60
Moderate (FEV;, 50-80%) 32 (43.2) 30 (40.5)
Severe (FEV, 30-50%) 30 (40.5) 29 (39.2)
Very severe (FEV; <30%) 7(9.5) 12 (16.2)
Physical activity”
Sedentary/lightly active 13 (17.6) 9 (12.2) 0.15
Moderate active 57 (77.0) 58 (78.4)
Very active 4(54) 7 (9.5)
EQ-5D-3L index score, £SD 0.70 + 0.23 0.75 + 0.22 0.31
Costs preceeding year per person, =SD
Primary care £736 £+ 454 £730 + 839 0.96
Secondary care £1016 £ 2697 £1218 + 3305 0.68
Community care £706 + 1,593 £716 + 1870 0.97
Medicine £682 £+ 522 £849 £+ 559 0.06
Total £3141 + 3708 £3513 + 5356 0.62

The table is reproduced from a previously published paper with permission from the copyright holder [1].
Data were not complete for the following parameters: BMI (usual care: n = 73) and FEV/FVC (case

management: n = 71)

SD standard deviation, n numbers, kg kilograms, BMI body mass index, mMRC modified medical research
council, FEV, forced expiratory volume in 1 minute, FVC forced vital capacity, EQ-5D-3L three level
version of the Euro-Qol 5 dimension questionnaire

# Previous or current diagnosis of cancer whichever type

b Sedentary/lightly active = light activity 0—4 h/week; moderately active = light activity >4 h/week; very
active = strenuous activity 2—4 h/week

an in-person meeting at least every 3 months. As can be
seen in Table 4, the participants received on average 6.46
case-manager contacts during the follow-up period, of
which the majority were face-to-face meetings. In contrast,
the case manager had on average 0.16 contacts per
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participant to other healthcare providers regarding coordi-
nation of care, which was quite a bit lower than anticipated.

Outcomes and costs: Data on EQ-5D-3L index scores
were complete at baseline but had 4% missing values at
follow-up. There were no problems with missing data on
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Table 4 Mean unadjusted resource utilisation, effects and costs per participant accrued during the follow-up period

Usual care Case management Mean difference
(n=174) (n=174) (95% CI)
Mean resource utilisation (SE) per person
Primary care
No. of GP consultations 9.72 (0.28) 9.66 (0.22) —0.05 (—0.75;0.64)
No. of GP home visits 1.07 (0.13) 1.01 (0.08) —0.05 (—0.35;0.24)
No. of GP telephone consultations 8.84 (0.33) 9.20 (0.33) 0.36 (—0.56;1.29)
No. of GP email contacts 2.03 (0.15) 2.45 (0.16) 0.42 (—0.44;0.84)
Secondary care
No. of hospitalisations 0.32 (0.04) 0.28 (0.02) —0.04 (—0.12;0.04)
No. of bed days in hospital 2.00 (0.24) 2.39 (0.27) 0.39 (—0.32;1.10)
No. of outpatient visits 0.62 (0.04) 0.41 (0.02) —0.22 (—0.30; —0.13)*
Prescription medicine
No. of packages prescription drugs 19.28 (0.42) 23.91 (0.52) 4.62 (3.31;5.94)*
Community care
Hours of home nurse care 6.74 (0.58) 8.23 (0.78) 1.49 (—0.42;3.40)
Hours of home assistance 21.81 (1.80) 31.29 (2.69) 9.48 (2.70;16.27)*
Hours of household cleaning 10.52 (0.48) 6.39 (0.38) —4.13 (—5.33; —2.92)*
Hours of training 1.81 (0.15) 1.21 (0.09) —0.60 (—0.94; —0.25)*
Hours of stay at nursing home 22.49 (5.58) 0 —22.49 (—33.42; —11.55)*
Case management intervention
No. of participant contacts - 6.46 (0.08) -
In person contacts - 5.54 (0.06) -
Telephone contacts - 0.92 (0.06) -
Hours of participant contact - 5.67 (0.06) -
No. of contacts to other healthcare providers - 0.16 (0.02) -
Hours of contact to other healthcare providers - 0.09 (0.00) -
No. of driven kilometres® - 84.50 (0.00) -
Mean effect (SE) per person
EQ-5D-3L index score 0.64 (0.007) 0.72 (0.007) 0.08 (0.06;0.09)*
Mean costs (SE) per person
Primary care 683 (16.53) 702 (14.62) 19 (—24.33;62.23)

Secondary care
Inpatient
Outpatient

Community care
Home nurse care
Home assistance
Household cleaning
Training
Nursing home

Prescription medicine

Case management intervention
Salary
Coaching course
Mileage
Overhead

Total

1468 (176.47)
1307 (176.57)
161 (9.24)
845 (52.69)
126 (10.84)
372 (30.60)
162 (7.37)

64 (5.45)

121 (29.91)
701 (15.45)

3697 (207.31)

1837 (210.90)
1713 (210.98)
124 (7.50)
829 (63.97)
154 (14.70)
533 (50.39)
98 (5.91)

43 (3.21)

0 (0)

840 (18.18)
494 (0)

350 (0)

8 (0)

24 (0)

111 (0)

4702 (238.19)

369 (—170.36;908.14)
407 (—132.82;946.18)
—37 (=61.13; —14.45)*
—16 (—178.77;146.77)

28 (—7.80;63.82)

162 (46.05;277.28)*

—64 (—82.08; —45.05)*
—21 (—33.60; —8.80)*
—121 (—179.32; —61.99)*
139 (92.22;185.80)*

1005 (385.75;1,624.20)*

No missing data were present for cost data. Data were not complete for EQ-5D-3L (usual care: n = 70, case management: n = 73) Multiple imputation
using chained equations with a total of 15 imputations was used to handle missing data for EQ-5D-3L. However, missing data due to death was assigned an
EQ-5D-3L index score equal to the health state for death (n = 3)

CI confidence interval, SE standard error, GP general practice, EQ-5D-3L three level version of the Euro-Qol 5 dimension questionnaire

* Significant difference (p < 0.05)

# Number of driven kilometres in the case management intervention were not participant specific
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costs as they were drawn from personally identifiable
registers. As listed in Table 4, the case management
intervention resulted in a mean unadjusted significant
increase in HRQoL of 0.08 [95% confidence interval (CI)
0.05;0.09], but had an additional mean unadjusted signifi-
cant rise in total costs of £1005 (95% CI 385.75; 1624.20).

3.1 Cost Effectiveness
3.1.1 Primary Analysis

When regression adjusting for baseline imbalances in the
primary analysis, case management resulted in a non-sig-
nificant increase in mean total costs as well as a non-sig-
nificant rise in QALYs, see Table 5. The adjusted
incremental mean total cost of case management per par-
ticipant was £494 (95% CI —1778; 2766) over the
12 months of follow-up, which were mainly due to inter-
vention costs. The adjusted regression of QALY revealed
that case management participants had an average rise of
0.0146 QALYs (95% CI —0.0216; 0.0585) more per par-
ticipant than usual care participants, leading to an ICER of
£33,865 per QALY gained. The PSA revealed that case
management was a cost-effective strategy in only 43% of
the simulations at a cost-effectiveness threshold of
£20,000, whereas case management was cost effective in
49% of the simulations at a threshold of £30,000, as
demonstrated in Fig. 2.

3.1.2 Scenario Analyses

Excluding all participants who died during the study period
resulted in anadjusted incremental mean non-significant
cost of £832 (95% CI —1425; 3090).The adjusted incre-
mental mean QALYs rose to 0.0296 (95% CI 0.0004;
0.0580) and the difference was significant. The rise in
QALY in the case management group was higher than in
the primary analysis, as three out of the four participants,

who died during follow-up, were allocated to the case
management group. However, the adjusted incremental
mean cost for the case management group rose simulta-
neously, resulting in an ICER of £28,100 per QALY
gained. The PSA revealed the case management interven-
tion to be cost-effective in 42-51% of the simulations at
cost-effectiveness thresholds of £20,000-£30,000/QALY,
respectively.

Complete case analysis revealed a moderate increase in
both incremental mean total costs and incremental mean
QALYs compared to the primary analysis. The adjusted
incremental mean cost of case management per participant
was £664 (95% CI —1700; 3028), whereas the adjusted
mean incremental QALY was 0.0212 (95% CI —0.0126;
0.0550). Both differences were non-significant. The ICER
was £31,340 with a 41-48% chance of being cost effective
at thresholds of £20,000-£30,000/QALY.

4 Discussion

This pragmatic RCT compared the costs and health effects
of community-based case management for patients suffer-
ing from COPD with usual care in Denmark. Our results
showed that when correcting for baseline scores, commu-
nity-based case management for COPD led to improve-
ments in QALY but with a concurrent rise in costs. The
differences, however, were not significant at conventional
significance levels, 5%. With an ICER of £33,865 per
QALY gained and a probability of being a cost-effective
strategy in 43-47% of the simulations at a threshold of
£20,000-30,000 per QALY gained, the intervention
appears more unlikely than likely to be cost-effective under
the given assumptions.

An analysis adjusting only for baseline HRQOL and
baseline cost was conducted; however, it did not change
the conclusion of cost effectiveness (see supplementary
material). The scenario analyses were consistent with the

Table 5 Cost-effectiveness results of base-case analysis and all scenarios

Incremental
QALY (95% CI)

Incremental cost
(£) (95% CI)

Analysis

494 (—1778; 2766)
832 (—1425; 3090)

Primary analysis
Analysis excluding
participants who died

Complete case 664 (—1700; 3028)

0.0146 (—0.0216; 0.0585)
0.0296 (0.0004; 0.0580)*

0.0212 (—0.0126; 0.0550)

ICER Cost-effectiveness planes  Probability of being cost-

(£ per (% per quadrant) effective at thresholds of

QALY) £20,000-£30,000/QALY
NW NE SE SW

33865 0.14 052 0.07 027 43-49%

28,100 0.02 075 023 0.01 42-51%

31,340 0.08 0.63 025 0.03 41-48%

CI confidence interval, QALY quality-adjusted life year, NW north west quadrant (more cost and less effect), NE north east quadrant (more cost
and more effect), SE south east quadrant (less cost and more effect), SW south west quadrant (less cost and less effect)

* Significant difference (p < 0.05)
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Incremental cost (£)

Fig. 2 Incremental cost-effectiveness scatterplot (leff) and cost-
effectiveness acceptability curve (right) for the primary analysis.
The figure on the left illustrates the cost-effectiveness scatterplot with
10,000 simulations of incremental costs and QALYs of the case-
management intervention as compared to usual care for the primary
analysis. The cost-effectiveness threshold of £20,000 is illustrated by
the black line running through (0.0) in the scatterplot. Forty-three

findings in the primary analysis. Exclusion of deceased
participants in both groups only affected the cost per
QALY moderately and led to an ICER of £28,100 per
QALY gained. In line with the primary analysis and the
analysis excluding all deceased participants, the complete
case analysis revealed an ICER of £31,340, which might be
attributable to the low rate of participants discontinuing
their participation.

In the primary analysis, the difference in QALY was not
significant, and thus it cannot be distinguished statistically,
whether the intervention is more effective than usual care.
The study was not powered to detect a significant differ-
ence in QALY, but the case-managed group did, however,
obtain a rise in QALY compared to usual care. It is up to
decision makers to determine if this difference is of clinical
importance. Whether the intervention offers sufficient
value for money to warrant resources being allocated to it
depends on decision-makers’ valuation of a QALY for
COPD patients. No political threshold values for a QALY
have yet been established in Denmark, and decision of cost
effectiveness is therefore case dependent, if considered at
all. In England, however, NICE has set a threshold of
£20,000-30,000 per QALY gained. In light of NICEs
threshold the cost-effectiveness estimate of case manage-
ment for COPD was borderline, and the uncertainty around
the ICER estimate was substantial. Previously, healthcare
interventions with comparable and significantly higher
ICERSs have been financed in Denmark [35], indicating that
the ratio found in the current study could be considered
acceptable for financing. Whether a healthcare service
should be financed or not depends on various factors, such
as budget constraints, necessity of care, moral values,
patient responsibility, etc. [36]. However, as revealed in the
sensitivity analysis, this requires that decision makers are
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percent of the simulations fall under the threshold line, indicating that
case management is a cost-effective strategy compared to usual care
in 43% of the simulations. The simulations fall in all four quadrants
indicating the uncertainty surrounding the ICER estimate. The figure
on the right illustrates the probability of the case management
intervention being cost effective at different cost-effectiveness
thresholds as compared to usual care. QALY quality-adjusted life year

willing to accept a high degree of uncertainty regarding the
cost effectiveness of the intervention.

The study followed the intention-to-treat principle;
however, as noted above two participants were excluded
from analysis since they never received the intervention. It
should be noted that inclusion of these two participants
would have led to a considerably higher cost per QALY,
albeit that estimate of cost effectiveness is believed highly
erroneous by the authors for the reason indicated earlier.

The use of QALY for the outcome measure of the study
is a strength—assuming that EQ-5D is also suitable for
rehabilitative treatment strategies—as it provides a com-
mon measure for assessing the extent of the benefits gained
from a variety of interventions in terms of quantity and
quality of life. When combined with the costs associated
with the interventions, this information can help inform
decision makers in allocating resources within and across
therapy areas. Evidence of validity and reliability supports
the use of EQ-5D-3L in obtaining HRQoL scores for
COPD patients [37], and the obtained estimates of HRQoL
are believed representative of the patient group. Since
HRQoL estimates have been gathered at baseline and after
12 months only, it is not clear how the participants’
HRQoL fluctuated within that time period. Additionally,
this study only includes the costs and effects in the
12-month period where the case-manager was employed
and had contact with the participants. It cannot be ruled out
that the QALY outcome needs a longer follow-up period in
order to reveal the ‘stable effect’ of case management. In
such situations economic modelling is often employed to
simulate long-term outcomes. Economic modelling has not
been performed; however, the authors plan to evaluate the
long-term outcomes in the future. Access to the Danish
registries provides the opportunity to follow each
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participant’s use of healthcare services beyond the
12 months of follow-up, which could be supplemented
with a EQ-5D-3L questionnaire. An important strength of
the study was the high degree of data completeness.
Throughout the study period special attention was paid to
missing data, and this, together with the low drop-out rate,
led to nearly complete data. Especially the Danish reg-
istries have a high degree of completeness and validity,
which adds precision to the cost-effectiveness estimate.

The intervention was pre-defined to include both support
for self-care and care coordination; however, registrations
show that the case manager mainly interacted with the
participants and only to a limited degree cooperated with
other healthcare providers regarding coordination of care.
Previous research has shown that coordination across
health professions can be a challenging task when con-
ducting case management, in particular due to difficulties
of acknowledgement and becoming integrated in daily
practice [38, 39]. The causes and potential consequences of
the limited involvement with other healthcare providers
will prospectively be evaluated by use of interviews with
the case manager obtained during and following study
completion. The case manager was appointed due to her
dedication and experience as a COPD nurse, and it cannot
be rejected that the obtained differences in QALYs are
influenced by her skills and motivation. If the service is
implemented, in practice the level of education, experience
and training of case managers should be emphasized.
Furthermore, it should be noted that given the nature of
case management, blinding of participants and the case
manager was not feasible. As knowledge of group assign-
ment might affect the behaviour of both parties involved as
well as the participants’ responses to subjective outcome
measures, this poses an inevitable limitation of the study
design.

The total mean cost for the case management group at
follow-up was higher than for the usual-care group. This
was mainly attributed to intervention costs and cost dif-
ferences in inpatient hospital care, with the latter of the two
being unexpectantly higher for the case managed group.
The difference in total mean cost may be a coincidence, but
could also be related to the frequent contact between the
participants and the case manager, potentially resulting in
earlier detection of insufficient improvements and wors-
ening in symptoms. Additionally, the difference might also
indicate that the effects of learned self-management skills
can take longer than 12 months to settle, and that potential
cost savings might not reveal themselves until after a
longer period of time. As for intervention costs, it should
be noted that the intervention costs were not variable by
participant. For example, in practice it turned out that it
was not possible to obtain the number of driven kilometers
per participant. Instead the total number of driven

A\ Adis

kilometers for the group as a whole was used and divided
by the number of intervention participants. The lack of
variability of the intervention costs poses a limitation as it
underestimates the uncertainty around the cost estimates
and associated ICERs.

SUR was used for the analysis of cost effectiveness due
to a strong correlation between the error terms for costs and
QALYs. However, the use of SUR poses a potential limi-
tation, as this form of analysis assumes bivariate normality,
which is often not the case for either costs or QALYs.
Alternatively, generalised linear models (GLM) can be
applied, as this analysis can take into account the right and
left skewed nature of costs and QALYs, respectively. GLM
analysis with different distributions was therefore applied
to costs and to QALY decrements (not reported here);
however SUR modelling was found to fit data best.

Of the eligible participants, 37% refused to participate,
which may have an influence on the generalisability of the
study. No baseline values were obtained for these partici-
pants, and it is therefore unknown to what extent the results
are generalisable to the reference population. Eligible
participants were recruited from one large municipality in
Denmark, which might introduce bias if the COPD patients
living there, and/or the organization of their care, deviated
from other municipalities in Denmark. The municipality
covered both urban and rural areas, and the study popula-
tion contained patients with all degrees of severity of
COPD due to broad inclusion criteria. This, together with
the fact that COPD care in Denmark follows standardised
guidelines [40], heightens generalisability, which is
believed reasonable for Denmark. Generalisability of the
study to other countries depends, among other things, on
the healthcare systems organisational structure, the reim-
bursement system, COPD healthcare service costs, popu-
lation characteristics and geographical circumstances [41].
It is believed that this paper, together with the published
protocol for the study [1], will enable the reader to deter-
mine whether the result is transferable to their setting due
to the reporting of methods and results following best
practice.

Only a limited number of studies have evaluated the
costs of providing case management and similar care
strategies for COPD [7, 12, 42]. A study by Koff et al. [7]
reported the change in HRQoL, as measured by the St
George’s Respiratory Questionnaire (SGRQ), and health-
care costs for a 3-month long RCT evaluating integrated
care for COPD patients. The intervention focused on dis-
ease-specific education and teaching of self-management
techniques in combination with telemonitoring, and was
compared to usual care. The study found that the inter-
vention significantly improved HRQoL while at the same
time being cost saving. Another RCT study by Bourbeau
et al. [12], examined the cost per prevented hospitalisation
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of a 12-month intervention consisting of self-management
education along with ongoing supervision by a case man-
ager. Compared to usual care, the intervention resulted in
an ICER of $4214 per hospitalisation prevented. Lastly, a
RCT study by Hoogendoorn et al. [42] evaluated the cost
effectiveness of a community-based COPD management
programme over a 2-year follow-up period. The interven-
tion mainly consisted of self-management education and
focused on patients with less severe airflow obstruction
than those traditionally included in such studies. The study
found an ICER of €9078 per additional patient with a
relevant improvement in SGRQ and €32,425 per QALY
gained. Of the three studies, the study by Hoogendoorn
et al. methodogically resembles our study the most, and the
cost per QALY is somewhat alike. However, comparison
of the studies with our study is generally difficult due to
heterogeneity such as differences in setting, type of inter-
vention, outcome measures and patient population
characteristics.

In light of the presented findings, it is concluded that our
intervention of case management resulted in a positive
incremental QALY; however, the incremental cost rose
simultaneously. The highly uncertain ICER, with a point
estimate above the cost-effectiveness threshold set by
NICE, makes it difficult to determine whether case man-
agement is a cost-effective alternative to usual care.
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