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ABSTRACT

Objective To analyse the cost-effectiveness of
multicomponent interventions designed to improve
outcomes in type 2 diabetes mellitus (T2DM) in primary
care in the Canary Islands, Spain, within the INDICA
randomised clinical trial, from the public health system
perspective.

Design An economic evaluation was conducted for the
within-trial period (2 years) comparing the four arms of the
INDICA study.

Setting Primary care in the Canary Islands, Spain.
Participants 2334 patients with T2DM without
complications were included.

Interventions Interventions for patients (PTI), for primary
care professionals (PFl), for both (combined intervention
arm for patients and professionals, CBI) and usual care
(UC) as a control group.

Outcomes The main outcome was the incremental cost
per quality-adjusted life-years (QALY). Only the intervention
and the healthcare costs were included.

Analysis Multilevel models were used to estimate results,
and to measure the size and significance of incremental
changes. Missed values were treated by means of multiple
imputations procedure.

Results There were no differences between arms in
terms of costs (p=0.093), while some differences were
observed in terms of QALYs after 2 years of follow-up
(p=0.028). PFl and CBI arms were dominated by the
other two arms, PTl and UC. The differences between the
PTI and the UC arms were very small in terms of QALYs,
but significant in terms of healthcare costs (p=0.045).
The total cost of the PTI arm (€2571, 95% Cl €2317 to
€2826) was lower than the cost in the UC arm (€2750,
95% Cl €2506 to €2995), but this difference did not
reach statistical significance. Base case estimates of the
incremental cost per QALY indicate that the PTI strategy
was the cost-effective option.

Conclusions The INDICA intervention designed for
patients with T2DM and families is likely to be cost-
effective from the public healthcare perspective. A cost-
effectiveness model should explore this in the long term.
Trial registration number NCT01657227.

Strengths and limitations of this study

» This paper presents an individual-based cost-
effectiveness analysis of the INDICA study, a large
randomised clinical trial.

» This paper analyses the cost-effectiveness of
knowledge transfer and behaviour modification in-
terventions from the public healthcare perspective
in the Canary Islands, Spain.

» The outcome was quality-adjusted life-years, esti-
mated using the EQ-5D-5L, and the costs were ob-
tained from the local healthcare providers.

» We present the results of the whole sample, 2334
individuals, and the results of the subgroup of pa-
tients with glycated haemoglobin >7%.

» From the point of view of the economic evaluation,
the main limitation is the relatively short duration of
the trial, 2 years.

INTRODUCTION
Diabetes is a prevalent chronic disease with
a major global impact. A worldwide preva-
lence of 8.5% in adults, 7.3% in Europe,1
and a direct annual cost to the world higher
than US$825billion? * has been estimated.
The prevalence of type 2 diabetes mellitus
(T2DM) in the population aged 15 and
over in the Canary Islands is 7.74%," which
is slightly higher than the Spanish average
(6.99%).° Moreover, the Canary Islands show
a higher mortality and a higher incidence of
complications than the rest of Spain.’ 7 This
situation has prompted the implementa-
tion of secondary prevention strategies that,
nevertheless, should be evaluated before and
after their implementation.”

Given these circumstances, the INDICA
study was designed with the aim of evaluating
evidence-based interventions. Several reviews
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were undertaken and various relevant systematic reviews
and guidelines were identified.”"" Some trials, such those
conducted by Trento et al'® were inspirational. Despite
the increasing healthcare expenditure' and availability
of services'* and guidelines,"” the adherence to recom-
mended actions of T2DM self-management and lifestyle
changes is limited.'"® Furthermore, healthcare profes-
sionals and family members play an important role in
supporting patients with T2DM. There is also evidence on
the effectiveness of the information and communication
technologies (ICT) to transfer the knowledge of diseases
and support patients and professionals in their deci-
sions.'* 2% Based on all this evidence, the INDICA inter-
ventions were designed, implemented and evaluated.
As both effectiveness and cost-effectiveness are criteria
for health technologies reimbursement in Spain,*' and
bearing in mind that the efficiency of complex interven-
tions is not easily transferable,” an economic evaluation
was conducted alongside a clinical trial.

The INDICA study is a randomised controlled
trial (RCT) that evaluates the effectiveness and cost-
effectiveness of three different ICT-based multicompo-
nent interventions to support decision making in patients
with T2DM and primary healthcare professionals in the
Canary Islands.” ** Results on the effectiveness of the
interventions are reported elsewhere.”” ** In this paper,
we present the cost-effectiveness analyses.

METHODS

Trial design

The INDICA study is an open, community-based, multi-
centre, controlled clinical trial with random cluster allo-
cation to one of four arms, one of them a control group.
We estimated the cost-effectiveness for the ‘within-trial’
period (2years) where incremental cost per quality-
adjusted life-year (QALY) was the main outcome.”

Ethical approval and consent to participate

All participants provided written informed consent. The
study fulfilled the regulatory requirements, Good Clinical
Practice standards, Declaration of Helsinki, and received
the approval of the Scientific and Ethics Committees
of two hospitals (University Hospital of Canarias (ID:
2012_44) and University Hospital Nuestra SEnora de
la Candelaria (ID: EPA-07/10)). General guidelines for
economic evaluation and clinical trials were followed.?”
The methods were reported in the published protocol.*®

Interventions

The intervention for patients and family members (PTI)
included a diabetes-coaching programme using a combi-
nation of educational workshops with automated and
personalised phone messages and a web-based platform.
The intervention for primary care healthcare profes-
sionals (physicians and nurses) (PFI) included workshops
to update clinical management, a decision support tool
nested into the electronic clinical record system; and

periodic feedback reports on patient outcomes. In the
combined intervention arm for patients and professionals
(CBI), both received the reported interventions. The
control group received usual care (UC), that is, neither
patients nor professionals received any educational inter-
vention or supporting activities beyond the usual health-
care provided by Servicio Canario de la Salud (SCS), an
organisation that is part of the National Health System
and provides public healthcare in the Canary Islands
(Spain).

Subjects

Patient inclusion criteria were T2DM diagnosed at least
lyear prior to study enrolment, 18-65 years of age,
formal consent to participate in the study, and regular use
of a mobile phone. Patients with serious comorbidities,
insufficient (Spanish) language skills, physical disability
limiting participation in group education activities or
concurrent participation in another clinical study were
excluded.

Setting, recruitment and randomisation

The study was conducted in the primary care setting in
the Canary Islands, Spain. In the more populated islands
(Tenerife and Gran Canaria) three different strata were
created according to the geographic areas. In the less
populated islands (La Palma and Lanzarote) each island
was divided into four zones. Randomisation was applied
at different levels: Primary Care Health Practices (PHCP),
Family Care Units (FCU) and patients. First, in each strata
of Tenerife and Gran Canaria, four PHCP (clusters) were
randomly recruited, providing 12 PHCP in total. The two
other islands, La Palma and Lanzarote, provided four
PHCP each (one in each area). Block permutation was
used to assign PHCPs to study arms, with PHCP as the
sampling unit. In every island and each strata, all arms
were equally distributed. Second, six FCU, composed of a
family physician and a nurse, were randomly selected from
all those consenting to participate in each PHCP. And
thirdly, the electronic clinical records (ECR) of patients
at each participating FCU were screened and 15 patients
were randomly selected from all patients fulfilling the
inclusion criteria and consenting to participate. Cluster
allocation avoids contamination bias among participants,
also facilitating logistics in group interventions. PHCP (in
Tenerife and Gran Canaria), FCU and patient randomis-
ation were performed by simple generation from a list of
random numbers. FCUs were blinded to the intervention
assignment until the last patient was recruited.

Patient and public involvement

Patients were actively involved in design of the trial. Two
associations of patients with T2DM in the Canary Islands
were included from the beginning of the study as part
of the research team, with an active participation in the
design of the interventions and selection of the outcomes
measured. In the same way, primary care professionals
and clinical management staff participated in preparation
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of the protocol. The patients and professionals included
in the study could express their satisfaction with the inter-
ventions through a questionnaire, as well as through focus
groups and in-depth interviews that will be the subject of
another study. Finally, we established a commitment with
patients and healthcare professionals to share the results
with them in an easy-to-understand way.

Healthcare utilisation and costs

Direct costs were evaluated from the public health-
care service perspective (SCS). Hence the following
resources and services were included: costs related to
the development and implementation of each interven-
tion (including materials and development of ICTs) and
the use of healthcare in all arms (including UC arm),
which included the costs of contacts with primary care
services, hospital admissions, outpatient visits, emergency
visits, tests and medications. Those resources not very
commonly accessed (visits to neurologists, physiotherapy
or Doppler echocardiography, eg) were excluded from
the analysis. Resource use was collected from question-
naires completed by patients, ECR and administrative
data. Unit costs were obtained from different sources,
that is, public sources, administrative accounts and
specific suppliers (see online supplemental appendix 1
tables Al and A2 for further details). The costs of medi-
cines were obtained from the database of dispensed
medicines charged to the public healthcare sector and
included: antihypertensive drugs (ACE inhibitors, angio-
tensin receptor antagonists, calcium-channel blockers,
diuretics and beta blockers), lipid-lowering agents, anti-
thrombotic drugs, amitriptyline, duloxetine, pregabalin
and tramadol. Unit costs were adjusted for inflation when
needed. Costs are reported in Euros from 2017.

Quality-adjusted life years

Patients completed at baseline and every 6months the
EQ-bD-5L, a generic health-related quality of life ques-
tionnaire® that evaluates five domains: mobility, self-care,
usual activity, pain/discomfort and anxiety/depression.
Each domain is scored at one of five levels, yielding a
descriptive system that can be combined into a five-
digit number that reports the patient’s state of health.
Each EQ-5D-5L health state can be converted to a single
summary index by applying a formula that attaches
weights to each of the levels in each dimension. A number
of formulae, or value sets are available for different coun-
tries, based on the valuation of EQ-5D health states from
general population samples. In this study, the value set
estimated for Spain by Ramos-Goni et al was used.” After
applying these weights, or utilities, an EQ-5D-5L index
score of 1 represents full health, a score of 0 is equiva-
lent to death and negative scores represent health states
perceived as worse than death by population. Patient-
specific utility profiles over the 2-year follow-up were
estimated assuming a straight line relation between each
patient score at each follow-up point. The QALYs from

baseline to month 24 were calculated as the area under
the curve.?®

Sample size calculation

The sample size calculation was based on the primary
endpoint of the effectiveness study, that is, the mean
change in glycated haemoglobin (HbAlc) from baseline
to month 24. A total of 2330 patients was estimated (482
patients per arm).

Statistical methods

QALYs and costs were estimated using multilevel
models.”® The first level included patients characteris-
tics, and the second level variables correspond to PHCPs.
QALYs were adjusted by time elapsed since diagnosis
and baseline utility as covariates.”® Costs were adjusted by
age, sex and baseline utility. To estimate use of resources
a negative-binomial regression model, adjusted by time
since diagnosis and baseline resource use, was used. The
final model for each dependent variable included the
covariates that modified the treatment effect of the esti-
mates by at least 10%. As suggested in the Consolidated
Standards of Reporting Trials statement, decisions about
covariates will not be based on the p value.”**

Patient characteristics were compared at baseline with a
x” test for the variable sex and using a multilevel model for
age, duration of diabetes, HbAlc and EQ-5D-5L Index.
Only the arm was included as independent variable.

Intergroup differences were considered statistically
significant if p<0.05. For multiple comparisons, the p
value was adjusted with Bonferroni correction.

Missing values were treated by means of multiple impu-
tation procedures,35 with results based on 100 imputed
datasets. The missing data patterns were published as
Multimedia Appendix in Ramallo-Farifia ¢t al*® The
model of imputation used for variables involved in the
cost-effectiveness evaluation can be found in online
supplemental appendix 2. Analysis was performed on an
intention-to-treat basis.

Incremental cost-effectiveness ratio (ICER), that is,
the differences between costs divided by the differences
in QALYs, was calculated when one alternative was more
(less) effective and more (less) costly than another, once
the dominated alternatives were excluded. The results
were re-estimated using alternative values for some
parameters (costs) in a deterministic one-way sensitivity
analysis (£20% of unit costs). Finally, a post hoc subgroup
analysis was conducted with only subjects with HbAlc
above the treatment target, that is, baseline HbAlc >7%.
For reference, €25000 per QALY was considered the
cost-effectiveness threshold as this is the latest value esti-
mated following robust methods in Spain.”® All analyses
were conducted using STATA V.15.0 (StataCorp).

RESULTS
Between February 2013 and October 2016, 32 PHCP
and 2334 patients (mean age: 55.7+#SD: 7.1 years;
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Table 1 Baseline characteristics of the participants in the study
PTl arm (n=537) PFl arm (n=654) CBI arm (n=557) UC arm (n=586) P value

Age (years) (mean+SD) 55.9+7.0 56.2+7.0 55.5+7.1 55.2+7.3 0.216
Sex: male (%) 52.9* 44.0 47.4 48.8 0.024
Duration of diabetes (years) (mean+SD) 8.4+6.8 8.2+6.1 8.9+6.3 8.6+6.8 0.471
Glycated haemoglobin (%) (mean+SD) 7.3£1.5 7.2+1.4 7.4+15 7.3+1.5 0.224

<7% 48.0 53.7 43.3 51.9

7%—-8% 27.2 25.2 29.6 241

8%-9% 12.3 11.5 14.7 11.4

>9% 12.5 9.6 12.4 12.6
EQ-5D-5L Index (mean+SD) 0.86+0.19 0.88+0.16 0.86+0.19 0.85+0.20 0.796

Sex: 2 test.

Age, duration of diabetes, glycated haemoglobin and EQ-5D-5L index: multilevel model with arm as independent variables, without

adjusting by covariates.

*Statistically significant differences between arms PTI and PFI (p=0.002).
CBI, combined intervention for patients and professionals; PFl, intervention only for healthcare professionals at primary care; PTI,
intervention only for patients and family members; UC, usual care (control group).

51.9% women) were recruited and included in the RCT.
There were no statistically significant differences among
the groups in terms of their baseline characteristics,
except for sex between the PTI and PFI arm (p=0.002)
(table 1). The flowchart of included patients by arm in
each follow-up can be seen in Ramallo-Farifia et al.*®

Quality-adjusted life-years

Statistically significant differences in QALYs were found
atmonth 18 (p=0.030) and 24 (p=0.028). The differences
are found between the CBI arm and the UC arm (1.24 vs
1.29 at 18 months; 1.63 vs 1.72 at 24 months), favouring
the UC arm; and between the CBI arm and PTI arm
(1.24 vs 1.29 at 18 months; 1.63 vs 1.71 at 24 months),
with CBI showing the lowest values (table 2). Represen-
tations of the profile of utilities for patients in each arm
for the 2year period can be found in online supplemental
appendix 1 figure Al.

Use of resources and healthcare costs

Statistically significant differences were found between
arms for the following resources: hospital admissions
(p=0.025), laboratory procedures (p<0.001), visits to
primary care (doctors and nurses) (p<0.001) and non-
hospital emergency room visits (p=0.002) (see online
supplemental appendix 1 table A3). In regard to health-
care costs, we found differences between arms in hospital
admissions (p=0.019), laboratory procedures (p=0.044),
and visits to primary care (p=0.002), but no differences
were found in the aggregated healthcare cost (excluding
INDICA interventions costs). The highest mean health-
care cost was found in the UC arm (€2750, 95% CI €2506
to €2995), followed by the CBI arm (€2698, 95% CI
€2449 to €2948), the PFI arm (€2664, 95% CI €2432 to
€2896) and, lastly, the PTI arm (€2391, 95% CI €2137
to €2646) (table 2). The only significant difference was
found in the healthcare cost between the PTI and the UC
arms (p=0.045).

Cost of INDICA interventions and total costs

The costs of INDICA interventions over the 2years of
implementation are reported in online supplemental
appendix 1 table A2. The mean intervention costs for
patients was higher than the cost for professionals (€180
vs €130). The total cost, that is the result of adding the
INDICA intervention costs and the healthcare costs,
was found to be highest in the CBI arm (€3025, 95% CI
€2776 to €3274), followed by the PFT arm (€2794, 95% CI
€2562 to €3026), the UC arm (€2750, 95% CI €2506 to
€2995), and, finally, the PTI arm (€2571, 95% CI €2317
to €2826) (table 2). Although no differences in total cost
were identified among arms (p=0.093), statistically signif-
icant differences were found between two specific arms,
the PTI arm and the CBI arm (p=0.013).

Cost-effectiveness analysis: base case

Table 3 shows the incremental cost, the incremental effect
and the ICER. The PFI and the CBI arms were domi-
nated by other alternatives, so they cannot be considered
cost-effective. Between the other two arms, PTI and UC
arms, the difference in effects and costs were found to
be small and non-statistically significant (p=0.319). The
ICER is estimated at €38 486 per QALY. This ratio should
be interpreted with care since the intervention evaluated
(PTI arm) is (slightly) less effective but also less expen-
sive than the control (UC arm) and the differences in
total costs and QALYs were not found to be statistically
significant.

Cost-effectiveness analysis: sensitivity analysis

The results of the sensitivity analysis are very similar to
the base case (see online supplemental appendix 1 table
A4). The PFI and CBI arms are in all cases dominated by
the other two arms, while the PTT arm is less expensive
than the UC arm. There are only significant differences
in costs between arms when a lower cost of hospital stay
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Table 2 Adjusted means (95% CI) of QALYs and healthcare costs per arm (€), multilevel model

QALYs per period

Period PTl arm PFl arm CBl arm UC arm P value

0-6 months 0.43 (0.42 to 0.44) 0.43 (0.42t0 0.44)  0.42 (0.41 to 0.43) 0.43 (0.42 to 0.44) 0.352

0-12 months 0.86 (0.84 to 0.88)* 0.85 (0.84 to0 0.87) 0.83 (0.81 to 0.85)t 0.86 (0.85 to 0.88) 0.087

0-18 months 1.29 (1.26 to 1.32)* 1.27 (1.25t0 1.3) 1.24 (1.21 to 1.27)t 1.29 (1.27 to 1.32) 0.030

0-24 months 1.71 (1.67 to 1.75)* 1.69 (1.65t0 1.73) 1.63 (1.59 to 1.68)t 1.72 (1.68 to 1.76) 0.028

Healthcare costs in 2years

Resource PTI arm PFl arm CBIl arm UC arm P value

Hospital stays 462.06 (287.6 to 554.31 (398.15 to 400.58 (230.24 to 757.72 (590.70 to 0.019
636.52)1 710.47) 570.91)t 924.74)

Laboratory tests 46.12 (40.68 to 56.35 (51.36 t0 61.34) 54.15 (48.62 to 59.69) 51.47 (46.33 to 56.61) 0.044
51.56)*%

Retinography 117.78 (91.24 to 127.57 (101.83 to 117.18 (90.44 to 115.69 (89.67 to 0.920
144.32) 153.32) 143.91) 141.72)

Primary care visits 293.13 (205.04 to 293.13 (297.35 to 481.99 (393.78 to 263.11 (175.4 to 0.002
381.21)* 472.18)9 570.21)t 350.92)

Specialist visits 37.49 (26.74 to 48.24) 46.94 (37.22 to 56.66) 43.88 (33.07 to 54.70) 44.38 (34.21 to 54.54) 0.634

Emergency room visits 275.89 (191.09 to 264.88 (183.39 to 337.16 (251.86 to 251.90 (169.24 to 0.505
360.69) 346.37) 422.46) 334.56)

Medication 1156.96 (1016.23to0  1222.31 (1090.12 to 1242.16 (1102.59 to 1269.47 (1132.53 to 0.715
1297.7) 1354.5) 1381.72) 1406.42)

Healthcare cost (without INDICA 2391.22 (2136.87to  2663.6 (2431.57 to 2698.25 (2448.72 to 2750.44 (2506.19 to 0.191

interventions related costs) 2645.58)1 2895.63) 2947.78) 2994.69)

INDICA interventions related costs 180.26 130.28 326.76 0 -

Total cost 2571.583 (2317.17to  2793.91 (2561.86 to 3025.12 (2775.55 to 2750.44 (2506.18 to 0.093

2825.88)"

3025.95)

3274)

2994.71)

Healthcare costs: multilevel model, adjusted by age, sex and baseline utility.

QALYs: multilevel model, adjusted by time elapsed since diagnosis and baseline utility.
*Statistically significant differences between PTl and CBI
TStatistically significant differences between CBI and UC
fStatistically significant differences between PTl and UC
§Statistically significant differences between PTI and PFI
fIStatistically significant differences between PFl and UC
CBI, combined intervention for patients and professionals; Cl, Confidence interval; PFI, intervention only for healthcare professionals in primary care;

PTI, intervention only for patients and family members; QALY, quality-adjusted life-years; UC, usual care (control group).

(p=0.039) or a higher cost of the intervention on profes-
sionals (p=0.036) is assumed.

Analysis of subgroups: patients with baseline HbA1c >7%

The subgroup of patients with baseline HbAlc >7%
revealed some benefits of interventions. The PTI arm had
the highest effect in terms of QALYs and is dominant over

all the other arms after the multilevel model adjustment
(table 4). In terms of costs, statistically significant differ-
ences were observed only in visits to primary care profes-
sionals (p=0.003) (see online supplemental appendix
1 table A5). The highest average healthcare cost per
patient, not including the cost of INDICA interventions,

Table 3 Cost, effectiveness and ICER

Arm Mean total cost (€) (95% CI) Mean QALYs (95% Cl) Incremental cost and incremental QALYs (95% CI)
CBI 3025.01 (2775.55 to 3274.69) 1.63 (1.59 to 1.68) Dominated

PFI 2793.88 (2561.86 to 3025.95) 1.69 (1.65 t0 1.73) Dominated

PTI 2571.48 (2317.17 to 2825.88) 1.71 (1.67 to 1.75) -178.95996 € (—499.61 to 141.69)

uc 2750.44 (2506.18 to 2994.71) 1.72 (1.68 to 1.76) -0.00465 QALY (-0.036 to 0.027)

ICER between PTI and UC

38486.0129 €/QALY

CBI, combined intervention for patients and professionals; Cl, Confidence interval; ICER, incremental cost-effectiveness ratio; PFI,
intervention only for healthcare professionals in primary care; PTI, Intervention only for patients and family members; QALY, quality-

adjusted life-years; UC, usual care (control group).
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Table 4 Cost and effectiveness in subgroup with baseline
HbA1c >7%

Mean total cost (€) Mean QALYs Cost-

Arm (95%Cl) (95% Cl) effectiveness

CBI 3516.44 (3207.58 to 1.62 (1.59 to 1.67) Dominated
3825.31)

UC  3492.08 (3092.06 to 1.70 (1.66 to 1.73) Dominated
3892.1)

PFl  3310.96 (2981.6to 1.71 (1.68 to 1.75) Dominated
3640.32)

PTI  3117.46 (2763.4to0 1.72 (1.69 t0 1.75) Dominant
3471.53)

CBI, combined intervention for patients and professionals;
Cl, Confidence interval; HbA1c, glycated haemoglobin; PFI,
intervention only for healthcare professionals in primary care;
PTI, intervention only for patients and family members; QALY,
quality-adjusted life-years; UC, usual care (control group).

was found in the UC arm (€3492, 95% CI €3092 to
€3892), followed by the CBI arm (€3189, 95% CI €2881
to €3498), the PFI arm (€3181, 95% CI €2851 to €3510)
and, lastly, the PTT arm (€2937, 95% CI €2583 to €3291).
These costs were higher than those observed for the
entire sample. The only statistically significant difference
was found between the average cost of the PTI arm and
the average cost of the UC arm, as was the case for the
total sample. No differences between arms were found in
total cost in patients with baseline HbA1c>7% (p=0.399).
The highest total cost per patient was estimated for the
CBI arm (€3516, 95% CI €3208 to €3825), followed by
the UC arm (€3492, 95% CI €3092 to €3892), the PFI
arm (€3311, 95% CI €2982 to €3640) and, lastly, the PTI
arm (€3117, 95% CI €2763 to €3471) (see table 4).

The estimate of costs and QALYs was similar for all
imputed, non-imputed and completed data. The same
arms stayed as dominant and the same conclusion with
regard to ICER was upheld.

DISCUSSION

This paper presents the results of an economic evaluation
conducted alongside a RCT, the INDICA Study (n=2334),
in the Canary Islands, Spain, and from the healthcare
perspective. The alternatives evaluated were ICT-based
PTI and for professionals in primary care, developed to
improve self-management and health outcomes in people
with T2DM and prevent serious comorbidity or advanced
complications of the disease.

The lowest mean cost was found in the PTI arm, that
is, the group where patients received a diabetes-coaching
programme combining group education workshops,
personalised phone messages and a web-based platform.
At the other end, as expected, the cost of the CBI arm,
where both PTI and for professionals were included, was
higher than in any other arm. The main costs driver was
the healthcare costs, lower in the PTI arm than in any
other arm and higher in the control group than in any

intervention arm. To be precise, the differences between
arms were partly explained due to differences in the use
of resources and costs of visits to primary care, lab tests
and hospital admissions. Regarding the effectiveness of
the interventions, although the ICT-based interventions
developed for the INDICA trial improved HbAlc and
other clinical measures after 24 months of follow-up,*
these results were not translated into large differences in
terms of QALYs between arms. Taking into account costs
and QALYs, the CBI and the PFI arms were dominated,
that is, were less effective and more costly than other alter-
natives. Meanwhile, the PTI arm was found to be slightly
less effective and less costly than the control group (non-
significant differences). The sensitivity analysis confirmed
this result. Furthermore, we estimated that the incre-
mental cost per QALY of the UC strategy compared with
the PTI arm was above the cost-effectiveness threshold in
Spain (€25000 per QALY),” indicating that the PTI inter-
vention is likely to be a cost-effective option.”” This ICER
must be cautiously interpreted given that Cls for both costs
and QALYs show uncertainty around the estimates. To
complement the results, we conducted a subgroup anal-
ysis (not included in the trial protocol) that revealed that
in the sample of patients with uncontrolled T2DM (base-
line HbAlc >7%) the PTI arm was dominant over all the
other arms. This suggests that the INDICA intervention
designed for patients and their families is likely to be more
cost-effective, especially in patients with poorly controlled
blood glucose levels. Transferability to real clinical prac-
tice of cost-effective interventions could be even more effi-
cient as their application can be extended to thousands of
patients with T2DM, with minimal cost increases.

The INDICA study was designed to be ambitious,
inspired by several systematic reviews.” ' More recent
reviews confirmed the pertinence of studies as INDICA.
Lian et alconducted asystematic review of cost-effectiveness
studies on self-management education programmes for
T2DM.” This review found two interesting results. First,
the number of studies of sufficiently good quality was low,
only five cost-effectiveness studies alongside clinical trials.
The longest follow-up was 12months and the largest
sample size was 1570. Consequently, from the point of
view of these two methodological characteristics, the
INDICA study is superior. The second conclusion from
Lian et alis that the cost of these interventions is not very
high and likely to be cost-effective in the long-term. In
fact, the only study they identified that found that the
intervention was not cost-effective was conditioned by the
short-term analysis and could benefit from a long term
modelling analysis.” * More recently, Siegel et al found
strong evidence that multicomponent interventions
(involving behaviour change and education and phar-
macological therapy) compared with UC are cost-saving
or cost-effective (range of the ICERs from cost-saving to
US$58 587 per QALY; median: US$2315 per QALY, based
on six studies).*’ Interestingly, they also found uncertain
evidence about the cost-effectiveness of a computerised
decision support system linked to ECR.
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Finally, the generalisability of the INDICA findings
and the transferability of its results to other settings are
not straightforward. Interventions were designed and
implemented considering the level of health and digital
literacy of the population in the Canary Islands, that is
quite similar to the average in Spain (and above the EU
mean), and the organisation of the primary healthcare
provision by the public system in the region.*' ** Although
not all regions in Spain offer the same support to patients
with diabetes, primary healthcare is quite homogeneous
throughout the country® so the interventions could be
implemented with few modifications in regions other
than the Canary Islands. Therefore, we could conclude
that the intervention and the cost-effectiveness results
could be transferable to other regions in Spain, but the
transferability to other countries would need a thorough
analysis of the care for T2DM in other foreign settings.

Strengths and limitations

The strengths of the INDICA Study as a trial include the
pragmatic nature, its large sample size, the duration of
follow-up when compared with other trials and, espe-
cially, the high rate of patient retention at the last control
visit in month 24. There is prior evidence supporting
the effectiveness of similar interventions in the reduc-
tion of HbAlc in the short term'®* * but not in the long
term.*® The INDICA study revealed differences in clinical
outcomes between the intervention arms and the control
group that remained statistically and clinically significant
at the end of 24 months despite the gradual reduction
of effectiveness over time.”” These findings highlight the
importance of conducting trials with long follow-up and
sufficient statistical power to evaluate interventions of
limited effect sizes but of potential efficacy. In addition,
this study applied careful randomisation methods and
hierarchical modelling techniques to minimise potential
bias due to sample selection or due to baseline differ-
ences across subjects. Further explanations can be found
in the main article with the clinical results of the INDICA
study.”

As an economic evaluation, the mostimportant strength
comes from the quality and quantity of data on resource
use. Medication was collected from the information
system for the electronic drugs prescriptions, a very reli-
able register thatincludes data on prescription and collec-
tion of drugs from community pharmacists. But most data
were collected from the patients in common face-to-face
meetings to avoid recall bias, and checked against the
ECR for those considered critical as healthcare visits and
hospital admissions. These meetings also facilitated the
high rate of completed EQ-5D-5L questionnaires.

The main limitations of this study are as follows.
First, there was some degree of missing data addressed
by the robust imputation technique. Multiple Imputa-
tion methods were used instead of the technique speci-
fied in the protocol, since this is the best option for our
missing data patterns.47 Related to this limitation, due to
the complexity of our models, which included multilevel

analyses and imputed data, it was not possible to apply
bootstrapping techniques that could effectively charac-
terise the uncertainty around the ICER point estimates.
This also prevented estimate of the cost-effectiveness
acceptability curve. Instead, we presented the Cls for
costs and QALYs separately and conducted comprehen-
sive deterministic sensitivity analyses.

Second, we conducted the costs analysis in the frame-
work of the clinical trial. Intervention costs might differ
in real life as implementation all over the Canary Islands
would require the escalation of resources in a fragmented
territory as it is an archipelago if other criteria such as
access equity have to be taken into consideration. None-
theless, the sensitivity analysis applied to costs confirmed
the main result as reported in this study.

Third, we found some unexpected results that were
further explored. For instance, the small effect observed
in the PFI and CBI arms in comparison to PTI was poten-
tially explained by the high staff turnover noted among
primary care professionals around the time the study was
ongoing. Similarly, the unexpected results with regard
to the outcomes measured in the UC arm might be
accounted for by the intensive trial follow-up that all the
arms experienced (ie, answering questions about diet,
physical activity and self-care six times in 2years, plus
blood tests and other examinations) that could be seen
as a kind of intervention.* **** Therefore, the intensity
of the follow-up in the study might have also impacted
patient behaviour in the UC arm, to the point of reducing
the differences in effects at the end of the 2-year period.

Finally, the lack of important differences in QALYs is
potentially due to two main reasons. First, it is difficult
to observe large changes when most patients included in
the study were already well controlled at baseline (49.4%
of the whole sample had an HbAlc <7%).** Second, the
time horizon is too short to observe changes in diabetes-
related complications that are the main cause of varia-
tions in quality of life.”” We will aim to overcome these
limitations by implementing the INDICA-DOS study, a
follow-up of patients included in the INDICA study that
aims to collect outcomes and healthcare costs in the
longer term. This information will be useful to comple-
ment the within-trial economic evaluation presented in
this paper with a lifetime Markov model.* **

Conclusions

In summary, the multicomponent intervention designed
by INDICA for patients with T2DM and their families
is likely to be a cost-effective option, and particularly
so in patients with not so well controlled TD2M (base-
line HbAlc >7%). This kind of intervention is likely to
be effective, cost-effective and, if focused on those with
the highest needs, its impact on the public health budget
would be limited.
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