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Abstract

Objectives: The objective of this study was to examine the value of Time Driven Activity Based
Costing (TD-ABC) in understanding the process and costs of delivering Diabetes Self-Management
Education programmes (DSME) in different countries and to identify potential process
improvements in the delivery of such programmes.

Setting: Outpatient settings in five European countries (Austria, Denmark, Germany, Ireland, United
Kingdom) and two countries outside Europe, Taiwan and Israel.

Participants: Providers of DSME programmes across participating countries (N=15) including
educators and managers.

Primary and secondary measures: Time spent by providers in the delivery of DSME and resources
consumed in order to compute a cost per patient per education hour.

Results: We found significant variation of how DSME programmes are provided across and within
countries. Variations in costs across different sites were caused not only by the number of educators
and hours of education provided but also due to significant variations in administrative processes,
curriculum and educator type. The findings highlight the value of TD-ABC in calculating a patient
level cost and potential of the methodology to identify process improvements in guiding the optimal
allocation of scarce resources in diabetes care, in particluar for DSME that is often underfunded.

Conclusions: The results of this study will inform clinicians, managers and policy makers seeking to
enhance the delivery of DSME programmes at both local and international levels. The findings
highlight the benefits of adopting an TD-ABC approach to reviewing and evaluating healthcare
services.

Article Summary
Strengths and limitations of this study
e Time Driven Activity Based Costing (TD-ABC) has rarely been applied to care pathways within
non-acute settings and as such offers a novel perspective on understanding the costs of
providing chronic disease self-management education.
e This is the first cross-national study to compare the costs of DSME across a number of
countries within the EU and outside the EU to include Taiwan and Israel.
e While some self-reported health outcome data was collected as part of a wider study,
clinical outcomes were not collected alongside the process and cost data, making it difficult
to ascertain if value is being achieved in each of the DSME programmes included in this

study.

1.0 Introduction
Type 2 diabetes mellitus is one of the major public health threats of the 21* century, currently

affecting approximately 59.8 million people within Europe and 415 million worldwide *. Further, it

has been reported that diabetes medical care accounts for a disproportionate allocation of health

2
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 21

y6uAdoo Aq pajaalold 1senb Aq £Z0oz ‘8T |udy uo /wod'fwg uadolwigy/:dny wolj papeojumod ".TOZ uNnf ¥ U0 G08ETO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rING


http://bmjopen.bmj.com/

Page 3 of 21

©CoO~NOUITA,WNPE

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

BMJ Open

service resources across the western world *. Developing the self-care capacity of patients is critical
to determining optimal clinical, behavioural and psychosocial outcomes and therefore reducing costs
’. Diabetes self-management education (DSME) has been shown to improve patient outcomes by
reducing the onset and/or advancement of diabetes related complications; by improving quality of
life; strengthening self-efficacy and personal empowerment; assisting with the development of

healthy coping skills; and by reducing diabetes related distress and depression .

The operation and delivery of DSME varies across the international landscape. They can be either
professionally led or peer led. Further, they can be group based, individually based, and increasingly
IT based. In addition, DSME curricula, duration and delivery may vary substantially, both within and
between countries®. It is well established that DSME programmes are a low cost intervention per
patient and cost effective from a payer perspective. For example, a recent report published by The
Center For Health Law And Policy Innovation (Harvard Law School) argues that cost savings can be
made by public and private insurers in the United States if cost sharing were eliminated and DSME
were provided free of charge to patients °. However, little research has explored why the costs of
running such interventions vary across different health care systems and jurisdictions, or why these

costs may differ. This study addresses this gap in the prior literature.

Indeed most of the economic analyses has thus far focused on establishing the cost effectiveness of
DSME by comparing the cost of programmes relative to their clinical effectiveness. Such evaluations
are usually based on economic modelling, carried out alongside randomised control trials and the
findings typically suggest that DSME interventions are cost effective relative to usual care ®*.
Despite this, a recent report published by the Health Information and Quality Authority (HIQA) * in
Ireland highlights the large degree heterogeneity in the methodological approaches used in such
economic evaluations. This, in turn, makes results difficult to compare in any meaningful way. In
addition, these approaches tend to focus solely on overall cost of running the programmes and
neglect to explore potential mechanisms through which DSME programmes could be made more
efficient whilst also maintaining high standards of effectiveness. Furthermore, the majority of

studies are based on interventions within a US population, and as such may not be generalizable

across differing health care, social and cultural contexts.
This study seeks to address these existing gaps in the literature through an economic evaluation of

DSME delivery across a number of EU and non-EU countries, namely Austria, Denmark, Germany,

Ireland, Israel, Taiwan and the UK. The selection of these countries was based on the access of the
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Diabetes Literacy Consortium® to local knowledge and networks required to carry out the necessary
fieldwork. These countries also represent a diversity of contrasting approaches to the delivery of
DSME tailored to each country *. The findings are part of a wider study conducted by the Diabetes
Literacy Consortium, the overall purpose of which was to examine the (cost)-effectiveness of
diabetes education across Europe, Israel, Taiwan and the US®. This study specifically addresses the
following research questions: i.) What is the cost of delivering DSME programmes? ii.) Is TD-ABC a
suitable methodology for computing a patient level cost i.e. a cost per patient per education hour?

iii.) Can TD-ABC aid in identifying process improvements in the delivery of DMSE programmes?

2.0 Method

A Time Driven Activity Based (TD-ABC) costing method was used to map the process of programme

1415

delivery and to derive patient level costs™ . TD-ABC has been developed as a viable costing method

617 enabling detailed patient level costs to be

with the healthcare sector by Kaplan and Porter
computed alongside the identification of possible process improvements resulting in potential cost
savings. TD-ABC is particularly compatible with type 2 diabetes care as the model can be applied to
diverse care pathways, particularly chronic disease management. Adopting a TD-ABC approach in
this study therefore gave increased visibility into areas of DSME delivery where process
improvements and cost savings could be made, while still maintaining a high quality of patient
education. Examples of the application of TD-ABC have been mostly confined to acute clinical

719 This study seeks to add to the body of knowledge on the costs of care within outpatient

settings
environments through identifying the patient level cost of a variety of DSME programmes both
cross-nationally and Intranationally”® . A primary objective was to provide a robust costing
framework from which future studies could include clinical and quality of life outcomes to determine

the economic value added to diabetes care through the use of DSME.

The TD-ABC method involves seven steps '® 1) select the medical condition and/or patient
population to be examined; 2) define the care value chain; 3) develop process maps of each activity
in patient care delivery; identify the resources involved and any supplies used for the patient at each
process step; 4) obtain time estimates for each process step; 5) estimate the cost of supplying each
patient care resource; 6) estimate the practical capacity of each resource provided and calculate the

capacity cost rate; 7) compute the total costs over each patient’s cycle of care. By constructing a

' The Diabetes Literacy Consortium represents a group of countries funded by the European Commission
under the Seventh Framework research programme (Grant Agreement Number: 306186).
% http://www.diabetesliteracy.eu
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sequential activity and process step map and care value chain the researcher can analyse the
maps/care pathway for duplication. These areas can then be explored further to establish if changes
in the pathway would add value by maintaining/increasing the level of care to the patient whilst
decreasing the economic cost to the overall healthcare system in terms of providing DSME

programmes.

Each international study team identified the care value pathway in their country and collected the
activity/time data related to the care value pathway through qualitative semi-structured interviews
of healthcare providers from each education programme (N=15). These included both educators and
managers. This information was then entered into an aggregated, de-identified database for
analysis. All study teams then collected resource and financial data, utilising a standardised costing
worksheet related to the activities, which were then incorporated into the aggregated database for
analysis. This methodology was applied to each education programme across each country included
in the study. The topic guide was developed in the English language and was then subsequently

translated into the local language by the local research teams in each of the participating countries.

All activities associated with the DSME pathway were entered into an aggregate Excel database. All
activity and time data was collected via the survey instrument, and cost estimates were assigned to

these activity variables using financial data provided by the local provider organizations.

DSME programme costs per patient were derived specifically from the cost of performing each
activity in the delivery of the programme. All cost data was entered into activity spreadsheets and
therefore the data collected did not contain any information relating to identifiable individual
service providers. In the resulting database, all cost information was linked to activities and not to

individuals. All activity and cost information is reported per DSME programme.

2.1 Study Sample
To be selected for inclusion, programmes had to: (1) target type 2 diabetes patients; (2) be

conducted among the general patient population rather than tailored to the needs of a specific age
cohort, needs or gender group; (3) include (but not be limited to) newly diagnosed patients; (4) be
stand-alone programmes rather than an add-on to another programme or part of a wider curriculum
with (multiple) parallel programs; (5) admit new patients during the time of the baseline data
collection. The study sample size was driven by the number of programmes involved in the delivery

of the specific DSME programmes in each country. Table 1 outlines the number of programmes per
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country eligible for inclusion in the study. Costs were collected for the duration of each programme,

which ranged in duration from one day to those spanning a 12-month timeframe.

Table 1: Study Sample

AUSTRIA 3
DENMARK 1
GERMANY 3
IRELAND 3
ISRAEL 2
TAIWAN 1
UK 3

2.2 Analytic approach
The Time-Driven Activity-Based Costing (TD-ABC) model was utilised to derive a cost per patient per

hour for each education programme studied. This cost figure was then used to compare the

programme cost per patient across the various programmes.

Two concepts and measures were drawn upon to develop the TD-ABC model '®the unit cost of
supplying capacity and the time it takes to undertake an activity. First, the model was used to
calculate the cost of all the resources supplied to each programme. This included personnel,
supervision and overheads rent, equipment and software and insurance. The total cost was then
divided by the actual capacity in order to calculate the cost rate. Second, the capacity cost rate was
used to assign the programme costs to objects by estimating demand on the resource. Two variables
were estimated: the capacity cost rate for the programme and the capacity use by each patient. The

capacity cost rate was calculated by:

Cost of Capacity Supplied

C ity Cost Rate =
apacity Lost Rate Practical Capacity of Resource Supplied

Practical capacity was used as the denominator in the capacity cost rate equation. Estimating the
practical capacity required two time estimates which were gathered from Human Resources and
other administrative records: the total number of days that each employee actually worked each
year; the total number of hours per day that the employee was available for work. Practical capacity

was calculated as 80% of this working time '°. Therefore 20% was attributed to breaks, training and
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annual leave. This was applied to all countries to ensure consistency and comparability of the

computed costs.

In order to calculate the total cost of each DSME programme per patient, the capacity cost rates
(including associated support costs) for each resource used was multiplied by the amount of time
attributed to each patient. This calculation was based on the number of patients enrolled at the
outset of the programme. The total cost of each programme per patient was the sum of all the costs
across all the processes within the DSME programme. The costs were collected in the local currency

and then expressed in international dollar to ensure comparability of the cost per patient per hour.

3.0 Results

Table 2 presents the results for each programme for each country included in the study. It outlines
the anonymised programme name, type of professional educator, the number of sessions per
programme, the hours of education per programme, the hours of administrative work/preparation
time per programme, number of patients per programme, cost per patient per programme and cost
per patient for each education hour, and finally the cost per patient per education hour is expressed

in International dollar.
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Country Programme Educator No. sessions per  Hours of Hours of No. patients Cost per patient  Cost Cost
programme education per admin/prep per  per per programme  per per
programme programme programme. patient patient
per per
hour hour
(Int.
$*)*
AUSTRIA 1 Diabetes 5 20 9 12 €41.73 €2.03 $2.40
educator,
Dietician,
Physician
2 Dietician, 4 10 7 6 €72.22 €7.22 $9.05
Physician
3 Diabetes 7 4.4 1.25 4 €6.23 €1.56 $1.93
Educator
DENMARK | 1 Peer led 12 30 16.6 11 €34.47 €1.14 | $.55
educator x 2
GERMANY | 1 Nutritionist 5 3 .5 1 €70.31 €23.44 | $29.78
2 Diabetes nurse | 5 11.25 2.25 8 €44.42 €3.95 $5.02
3 (opp. Diabetes 10 15 60 20 €8.76 €0.58 $0.74
cost) patient trained
to provide peer-
led education
IRELAND 1 Specially trained | 1 or 2 7 4.5 9 €86.37 €12.34 | $14.69
health
professional
2 (site 1) Trained 8 23 55 11 €299.22 €13.00 | $15.48
dietician
8
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240
241
242
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244
245

246
247

2 (site 2) Trained 8 22 38.6 20 €112.83 €5.13 $6.11
dietician

ISRAEL 1 Specially 4 7 8 10 416.62 NIS 58.87 $14.68
trained nurse NIS

2 Social worker, 6 9 10.75 15 542.43 NIS 60.38 | $15.28
GP, diabetes NIS
nurse,
physiotherapist/
exercise
specialist,
dietician

TAIWAN 1 Diabetes 5 1.8 n/a 1 110.33 NTD 61.00 $3.75
educator NTD

UK 1 Diabetes 5 10 39 13 £78.62 £7.86 $11.10
specialist nurse,
dietician,
physiotherapist,
podiatrist

2 Specially trained | 1 or2 7.5 5.5 10 £74.59 £9.93 $14.03
health care
professionals

3 Diabetes 2 6 6.7 9 £37.71 £6.28 $8.87
specialist nurse,
dietician,
podiatrist

Table 2: Demonstrates the costs of delivering DSME, expressed in international dollar. An international dollar is a hypothetical currency that is used as a means of translating and comparing costs from one
country to the other using a common reference point. International dollars are calculated by dividing the DSME cost in a country’s home currency by its relevant Purchasing Power Parity conversion factor. The
use of the PPP technique minimizes misleading cost comparisons between countries with the use of exchange rates alone. PPP conversion factors are constructed by comparing the national prices of a large
basket of goods and services and these rates are then used to translate different currencies into a common currency. The PPP conversion factors used in this study were sourced from the OECD
(http://stats.oecd.org/Index.aspx?DataSetCode=PPPGDP) and based on 2014 exchange rates. The PPP conversion factors used were as follows: UK 0.708; Israel 4.01; Taiwan 16.25; Ireland 0.84; and Germany
0.787; Denmark 7.48 and Austria 0.808 and were sourced from http://stats.oecd.org/Index.aspx?DataSetCode=PPPGDP. Opportunity cost is utilized when the provider of the service/care is not a paid
employee, such as in the case of peer led programmes based in Germany and Denmark. This form of cost is considered a measure of economic sacrifice related to the time provided. Calculations are made based
upon 25% of the average industrial wage of the related country based on an assumption that leisure time is being sacrificed  All those included in the study reported sacrificing leisure time.

9
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Austria

Three programmes from Austria were included in the study. All were group led sessions and had
varying practitioners providing the education (see table 2 above). Programme 1 cost €41.73 per
patient which equates to €2.03 per patient per hour. When converted into international dollar this
programme cost $2.40 per patient per hour. Programme 2 cost is €72, equating to €7.22 per patient
per hour, converted to the international dollar, this programme cost $9.05 per patient per hour.
Programme 3 cost is €109, equating to €1.56 per patient per hour, when converted into the
international dollar costs $1.93 per hour. This data illustrates the significant variation in cost that
exists within jurisdictions. This is due to significant variations between the programmes in the
number of hours of education, the number of patients participating in these programmes and the

number of administration hours.

Denmark

Denmark operates both professional-led (from hospital settings and local health centres) and peer-
led diabetes self-management education programmes. One peer led programme was included in this
study from Denmark (data was not available for the professionally led programmes). This
programme cost €34.47 per patient per programme which equates to €1.14 per patient per hour.
When converted into international dollar this programme cost $0.15 per patient per hour. This

finding highlights the low cost of peer-led programmes per patient per hour in Denmark.

Germany

Germany operates both professional and peer-led diabetes self-management education
programmes. This study included both programmes due to the high level of peer-led programmes
offered within the German health care system. Programme 1 (professional) cost €70.32 per patient
which equates to €23.44 per patient per hour. When converted into international dollar this
programme cost $29.78 per patient per hour; programme 2 (professional) cost €44.42 per patient
which equates to €3.95 per patient per hour. When converted into international dollar this
programme cost $5.02 per patient per hour; while programme 3 (peer-led) cost €8.76 per patient
which equates to €0.58 per patient per hour. When converted into international dollar this
programme cost $0.72 per patient per hour. Here too we observe a significant variation in cost
across programmes within the same country. In particular the low cost of peer-led education as was

found in Denmark.

10
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Ireland

Two programmes from Ireland were included in the study and both programmes were group based.
Programme 1 cost €86.37 per patient which equates to €12.34 per patient per hour. When
converted into international dollar this programme cost $14.69 per patient per hour. Programme 2
(site 1) cost €299.22 per patient per programme which equates to €13.00 per patient per hour.
When converted into international dollar this programme cost $15.48 per patient per hour; while
programme 2 (offered in site 2) cost €112.83 per patient per programme which equates to €5.13 per
patient per hour. When converted into international dollar this programme cost $6.11 per patient
per hour. Significant cost variation within a country is again evident. However what is most
significant is the different costs within a single programme when delivered across different sites. For
example Programme 2 had different administrative hours (55 versus 39 hours), different personnel
performing the administrative tasks (a clinical nurse specialist versus an administrator) and different

numbers of patient per programme.

Israel

Two programmes from Israel satisfied the inclusion criteria for this study and both programmes
provide group based education. Programme 1 cost 416.62 NIS per patient which equates to 58.87
NIS per patient per hour. When converted into international dollar this programme cost $14.68 per
patient per hour and programme 2 cost 523.43 NIS per patient, equating to 60.38 NIS per patient per
hour. When converted into international dollar this programme cost $15.28 per patient per hour.
The costs for both programmes are almost identical despite the different mix of educators, the
variation in terms of the number of sessions provided, and the greater number of hours of education
and administrative hours. This can be explained by the greater number of patients being included in
Programme 2 (10 in programme 1 versus 15 in Programme 2) thus leading to only a small cost

differential between the programmes despite the variations in how the programmes were run.

Taiwan

One programme from Taiwan and was included in the study. This programme is provided as an
individualised or group education programme. One on one Individual programmes are the norm.
Group sessions are performed only when there are insufficient numbers of staff to perform
individualised education. This programme cost 110.33 DT per patient which equates to 61.00 DT per
patient per hour. When converted into international dollar this programme cost $3.75 per patient
per hour. The low cost reflects the low number of contact hours for patients, being only 1.8 hours

per programme.
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United Kingdom

A total of three UK based programmes satisfied the inclusion criteria for this study. All programmes
provide group sessions. Programme 1 cost £78.62 per patient which equates to £7.86 per patient per
hour. When converted into international dollar this programme cost $11.10 per patient per hour;
Programme 2 cost £74.59 per patient equating to £9.93 per patient per hour. When converted into
international dollar this programme cost $14.03 per patient per hour; and Programme 3 cost £37.71
per patient per programme which equates to £6.28 per patient per hour. When converted into
international dollar this programme cost $8.87 per patient per hour. Once again significant cost
variation exists within this country, reflecting significantly high administrative hours in Programme 1.
Within Programme 2 we note specially trained healthcare professionals providing the education for
this programme. This results in a comparatively high cost per patient per programme despite a lower

number of contact hours (7.5 versus 10 hours).

4.0 Discussion
Alongside the specific country data Table 2 demonstrates that there is a significant variation of how

DSME is provided across countries — the site/institution where the programme is provided, by whom
it is provided, the number of sessions per programme, the number of education hours provided, and
the curriculum. Further, it highlights that costs differ as a result of these variances in approaches. In
particular findings suggest that a number of programmes have extremely high administrative costs
associated with the delivery of DSME programmes, this is particularly the case in the UK and Ireland.
In other countries, the administrative costs attached to the programmes appear low. This finding is
similar to that of Munoz et al. who used TD-ABC in a cost-effectiveness analysis of a red blood cell
salvage post total-knee arthroscopy in the US, Switzerland and Austria and highlighted the need for
local cost estimations in place of global cost estimates in future replications in cost-effectiveness

analysis for this particular procedure®.

Whilst it is accepted that administration time/costs related to delivering education, particularly
when provided through group sessions, may be significant, future studies could examine what
processes and protocols could be put in place in order reduce the number of hours of personnel
time spent on administration. Indeed research by Storfjell et al., has shown that the application of
TD-ABC in the context of nursing care can facilitate the identification and elimination of non-value
added time (NVA) and related the increase in time spent on psychosocial intervention, support and

patient education?®.
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Findings also point to the significant differences between the various personnel who deliver the
education programmes. In this sense research is needed to explore the most appropriate level of
expertise required to deliver the programme for optimal patient health outcomes. For example,
instead of having a consultant or a Clinical Nurse Specialist delivering the education programmes it
may be more appropriate to have well trained experienced nurses or the equivalent performing this
role. Furthermore, little attention has been paid to peer-led programmes in terms of their
effectiveness. Table 2 illustrates that peer-led programmes cost significantly less than professionally
led programmes. Managers may also want to consider whether resources are being deployed
effectively within education programmes and whether the expertise would provide better value (in
terms of patients’ outcomes) elsewhere in the healthcare system. For example one pilot study
conducted by Kaplan et al. at The University of Texas Cancer Centre revealed that the matching of
clinical skills to the processes led in a 16% reduction in process time, a 12% decrease in costs for
technical staff, and a 67% reduction in costs for professional staff'®. However, clinical outcomes
data will first be required in order to examine whether the educators level of expertise influences

DSME health outcomes™.

This supports and further highlights what was discussed at the outset of this paper, namely, that the
costing and provision of DSME is at an early stage of development with limited empirical knowledge
attached to the various strands of its delivery. Thus this study has gone some way to remedying this
problem whereby it has outlined a bottom up/patient level cost, and therefore more accurate cost
than heretofore, of providing the various education programmes. Thus, it has provided a first layer
of information, which in the future will be required to establish whether this model of
care/intervention can add value to the health care system once effectiveness outcomes have been
determined for each programme, However, there is a long way to go, whereby clinical and Quality of
Life outcomes are required to measure the effectiveness of these programmes before a thorough
understanding of their added value can be estimated. In this respect it is suggested that future
research should explore these areas with a view to using the data from this study to develop a better

understanding of the added value derived from providing DSME interventions.

5.0 Limitations
The TD-ABC method is a relatively new method in terms of healthcare costing and to the best of the

authors’ knowledge has yet to been applied to investigate the costs of a health education
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intervention. As a result there were limited guidelines surrounding the collection of activity and
process step data in non-acute settings and thus it was necessary for the research team to develop
novel data collection tools to meet the requirements of the model. Whilst the tools generated data
required to answer the research question, there were many lessons learned from this phase of the
Diabetes Literacy project. Some participants reported difficulties in filling out the survey as a result
of a lack of familiarity with the terminology surrounding activities and process steps. This resulted
from a lack of understanding related to the granular level of information that was requested by the
project researchers. Therefore some elements of the detailed administrative process steps were
lost. For example, surveys were completed in a manner which reflected the activities and process
steps related to the education activity but less attention was paid by some respondents to providing
the same level of detail about the administrative and preparation activities and process steps. This
detailed information would have provided greater insight into the reasons why administrative costs
were found to be so high in some countries while not in others. For example, in Ireland the same
programme, reviewed at two different sites, had significant variation in terms of the
administrative/preparation time attached to each session provided (55 hours versus 39 hours).
Moreover, in the UK one programme had almost three times the administrative hours attached to
each session when compared to educational contact hours (10 hours educational contact time
versus 39 hours administrative/preparation time). Yet, in Austria educational contact time allocated
per session was just over double the time attributed to administration/preparation time (20 hours

educational contact versus 9 hours administration/preparation).

In addition, some of the local research teams also experienced difficulties in collecting the required
financial data. For example, in Belgium, the staff involved in the delivery of DSME programmes
taking part in this study were unwilling to share salary information at the level of granularity that
was required to compute a per patient cost. For this reason, the Belgian data had to be excluded

from this particular study.

The study is also limited by a lack of available clinical outcome data from each of the education
programmes to allow for comparison with cost. While evaluative data was collected in each country
as part of the FP7 study, it was almost exclusively self-reported in nature, making it difficult to
substantiate if value was being achieved by these DSME programmes. As Kaplan and Porter point

out®, value can only be determined when there is visibility into both costs and clinical outcomes.
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6.0 Conclusion
This paper has demonstrated the variances in the cost of delivering different types of diabetes

education programmes, both within and across countries in the EU, as well as Israel and Taiwan.
Developing cost effective lifestyle interventions to improve the health literacy and quality of life for
people with diabetes may be an important step in preventing the onset of complications associated
with type 2 diabetes. The imperative to do so from an economic perspective cannot be
underestimated when consideration is given to the implications for healthcare systems associated
with the treatment of diabetes related morbidities such as active foot disease, chronic kidney

disease, retinopathy and myocardial infarction®*.

This study offers the first application of a TD-ABC approach to evaluate the cost of delivering DSME
programmes and as a means of comparing the costs of running a healthcare intervention cross-
nationally. It contributes to the extant literature by highlighting and describing the vast
combinations and permutations of DSME curricula, hours of education, educators, and numbers of
attendees and how these variations lead to substantial cost differences. In the process, we identified
how there could be potentially unnecessary process steps that, if eliminated, could lead to cost
savings in the delivery of DSME programmes, including vast differences in administration time, and
exploring different types of personnel delivering the programmes. To what extent value can be

improved in these areas can only be determined through future studies.

While it is already established that diabetes education is a low cost intervention and is cost-effective,
given the sheer numbers of education programmes that need to be made available to meet the
demands resulting from increasing levels of diabetes worldwide, even small process improvements
could lead to overall cost savings for healthcare providers. Future studies focusing on the cost-
effectiveness of healthcare interventions may consider adopting TD-ABC principles as a means of

identifying efficiencies in other chronic disease education programmes.

The study has highlighted the strengths of TD-ABC as a method of bottom up costing in outpatient
care and recommends utilising this method in future studies so as to allow for a comprehensive
literature to develop in the area, enabling comparative studies to be performed. By developing such
literature a comprehensive understanding of the cost of patient education programmes can be
developed and compared cross nationally and across time. Healthcare practitioners and educators
who wish to convince policy makers and health insurers to reimburse the cost of DSME delivery can

adopt a TD-ABC approach in order to demonstrate that such programmes are run efficiently and
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effectively especially when combined with measures of consequent health outcomes to represent

value for money.
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Consolidated Health Ecdidii @B$4uation Reporting Standards — CHEERS Checklist 1

CHEERS Checklist

Items to include when reporting economic evaluations of health interventions

The | SPOR CHEERS Task Force Report, Consolidated Health Economic Evaluation Reporting
Sandards (CHEERS)—Explanation and Elaboration: A Report of the |SPOR Health Economic Evaluations
Publication Guidelines Good Reporting Practices Task Force, provides examples and further discussion of
the 24-item CHEERS Checklist and the CHEERS Statement. It may be accessed viathe Value in Health or
viathe ISPOR Health Economic Evaluation Publication Guidelines— CHEERS: Good Reporting Practices
webpage: http://www.ispor.org/TaskForces/Economi cPubGuidelines.asp

Section/item Item Recommendation Reported
No on page No/
lineNo

Titleand abstract
Title 1 Identify the study as an economic evaluation or use more

specific terms such as “ cost-effectiveness analysis’, and

describe the interventions compared. p-3121
Abstract 2 Provide a structured summary of objectives, perspective,

setting, methods (including study design and inputs), results

(including base case and uncertainty analyses), and

conclusions. p.149-73
Introduction
Background and 3 Provide an explicit statement of the broader context for the
objectives study.

Present the study question and its relevance for health policy or

practice decisions. p.3 104
Methods
Target populationand 4 Describe characteristics of the base case population and
subgroups subgroups analysed, including why they were chosen. p.4 163-166
Setting and location 5 State relevant aspects of the system(s) in which the decision(s)

need(s) to be made. p.4 145
Study perspective 6 Describe the perspective of the study and relate this to the

costs being evaluated. p.4 138
Comparators 7 Describe the interventions or strategies being compared and

state why they were chosen. p-3 123-125
Time horizon 8 State the time horizon(s) over which costs and consequences

are being evaluated and say why appropriate. p.5 192/193
Discount rate 9 Report the choice of discount rate(s) used for costs and

outcomes and say why appropriate. N/A
Choice of health 10  Describe what outcomes were used as the measure(s) of
outcomes benefit in the evaluation and their relevance for the type of

analysis performed. p.4 137
Measurement of 11a Sngle study-based estimates: Describe fully the design
effectiveness features of the single effectiveness study and why the single
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11b

Measurement and 12
valuation of preference
based outcomes

Estimating resources  13a

and costs

13b

Currency, pricedate, 14

and conversion

Choice of model 15

Assumptions

16

Analytical methods 17

Results

Study parameters 18

Incrementa costsand 19

outcomes

Characterising
uncertainty

20a
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Synthesis-based estimates: Describe fully the methods used for
identification of included studies and synthesis of clinical
effectiveness data. N/A
If applicable, describe the population and methods used to
eicit preferences for outcomes.

N/A
Single study-based economic evaluation: Describe approaches
used to estimate resource use associated with the alternative
interventions. Describe primary or secondary research methods
for valuing each resource item in terms of its unit cost.
Describe any adjustments made to approximate to opportunity

costs. p.4 151-156

Model-based economic evaluation: Describe approaches and

data sources used to estimate resource use associated with

model health states. Describe primary or secondary research
methods for valuing each resource item in terms of its unit

cost. Describe any adjustments made to approximate to

opportunity costs. N/A
Report the dates of the estimated resource quantities and unit

costs. Describe methods for adjusting estimated unit costs to

the year of reported costs if necessary. Describe methods for
converting costs into a common currency base and the

exchange rate. p.9 240-247

Describe and give reasons for the specific type of decision-
analytical model used. Providing afigure to show model

structure is strongly recommended. N/A
Describe all structural or other assumptions underpinning the
decision-analytical model. N/A

Describe all analytical methods supporting the evaluation. This
could include methods for dealing with skewed, missing, or
censored data; extrapolation methods, methods for pooling

data; approaches to validate or make adjustments (such as half
cycle corrections) to amodel; and methods for handling
population heterogeneity and uncertainty. N/A

Report the values, ranges, references, and, if used, probability
distributions for al parameters. Report reasons or sources for
distributions used to represent uncertainty where appropriate.
Providing atable to show the input values is strongly
recommended. N/A
For each intervention, report mean values for the main

categories of estimated costs and outcomes of interest, as well

as mean differences between the comparator groups. If

applicable, report incremental cost-effectiveness ratios. N/A
Single study-based economic evaluation: Describe the effects

of sampling uncertainty for the estimated incremental cost and
incremental effectiveness parameters, together with the impact N/A
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of methodological assumptions (such as discount rate, study

perspective). N/A
20b  Model-based economic evaluation: Describe the effects on the

results of uncertainty for al input parameters, and uncertainty

related to the structure of the model and assumptions. N/A
Characterising 21  If applicable, report differencesin costs, outcomes, or cost-
heterogeneity effectiveness that can be explained by variations between

subgroups of patients with different baseline characteristics or
other observed variability in effects that are not reducible by

more information. p.13 352-358
Discussion
Study findings, 22 Summarise key study findings and describe how they support
limitations, the conclusions reached. Discuss limitations and the
generalisability, and generalisability of the findings and how the findings fit with
current knowledge current knowledge. p.12-14 331-417
Other
Source of funding 23 Describe how the study was funded and the role of the funder
in the identification, design, conduct, and reporting of the
analysis. Describe other non-monetary sources of support. p-16 460-463

Conflicts of interest 24  Describe any potential for conflict of interest of study
contributors in accordance with journal policy. In the absence
of ajournal policy, we recommend authors comply with
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Abstract

Objectives: The objective of this study was to examine the value of Time Driven Activity Based
Costing (TDABC) in understanding the process and costs of delivering Diabetes Self-Management
Education programmes (DSME) in a multi-country comparative study.

Setting: Outpatient settings in five European countries (Austria, Denmark, Germany, Ireland, United
Kingdom) and two countries outside Europe, Taiwan and Israel.

Participants: Providers of DSME programmes across participating countries (N=16) including health
care professionals, administrators and patients taking part in DSME programmes.

Primary and secondary measures: Primary Measure: Time spent by providers in the delivery of
DSME and resources consumed in order to compute programme costs. Secondary measures: self-
report measures of behavioural self-management and diabetes disease/health related outcomes.

Results: We found significant variation in costs and the processes of how DSME programmes are
provided across and within countries. Variations in costs were driven by a combination of price
variances, mix of personnel skill and efficiency variances. Higher cost programmes were not found to
have achieved better relative outcomes. The findings highlight the value of TDABC in calculating a
patient level cost and potential of the methodology to identify process improvements in guiding the
optimal allocation of scarce resources in diabetes care, in particluar for DSME that is often
underfunded.

Conclusions: This study is the first to measure programme costs using estimates of the actual
resources used to educate patients about managing their medical condition and is the first study to
map such costs to self-reported behavioural and disease outcomes. The results of this study will
inform clinicians, managers and policy makers seeking to enhance the delivery of DSME
programmes. The findings highlight the benefits of adopting a TDABC approach to understanding the
drivers of the cost of DSME programmes in a multi-country study to reveal opportunities to bend the
cost curve for DSME.

Article Summary
Strengths and limitations of this study
e Time Driven Activity Based Costing (TDABC) has rarely been applied to care pathways within
non-acute settings and as such offers a novel perspective on understanding the costs of
providing chronic disease self-management education.
e This is the first multi-country study to compare the costs of DSME across a number of
countries within the EU and Asia.
e Qutcomes of programme participation were measured through self-reported changes,
making it difficult to establish if any clinical improvement occurred. Future studies should
combine TDABC analysis with clinical outcomes to further assess value in DSME.
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1.0 Introduction
Type 2 diabetes mellitus is one of the major public health threats of the 21* century, currently

affecting approximately 59.8 million people within Europe and 415 million worldwide *. Further, it
has been reported that diabetes medical care accounts for a disproportionate allocation of health
service resources across the western world *. Developing the self-care capacity of patients is critical
to determining optimal clinical, behavioural and psychosocial outcomes and therefore reducing costs
’. Diabetes self-management education (DSME) has been shown to improve patient outcomes by
reducing the onset and/or advancement of diabetes related complications; by improving quality of

life; strengthening self-efficacy and personal empowerment; assisting with the development of

healthy coping skills; and by reducing diabetes related distress and depression .

The operation and delivery of DSME varies across the international landscape. They can be either
professionally led or peer led. Further, they can be group based, individually based, and increasingly
IT based. In addition, DSME curricula, duration and delivery may vary substantially, both within and
between countries®. It is well established that DSME programmes are a low cost intervention per
patient and cost effective from a payer perspective. For example, a recent report published by The
Center For Health Law And Policy Innovation (Harvard Law School) argues that cost savings can be
made by public and private insurers in the United States if cost sharing were eliminated and DSME
were provided free of charge to patients °. However, little research has explored why the costs of
running such interventions vary across different health care systems and jurisdictions, or why these

costs may differ. This study addresses this gap in the prior literature.

Indeed most of the economic analyses has thus far focused on establishing the cost effectiveness of
DSME by comparing the cost of programmes relative to their clinical effectiveness. Such evaluations
are usually based on economic modelling, carried out alongside randomised control trials and the
findings typically suggest that DSME interventions are cost effective relative to usual care ®*.
Despite this, a recent report published by the Health Information and Quality Authority (HIQA) 2 in
Ireland highlights the large degree of heterogeneity in the methodological approaches used in such
economic evaluations. This, in turn, makes results difficult to compare in any meaningful way. In
addition, these approaches tend to focus solely on overall cost of running the programmes and
neglect to explore potential mechanisms through which DSME programmes could be made more
efficient whilst also maintaining high standards of effectiveness. Furthermore, the majority of

studies are based on interventions within a US population, and as such may not be generalizable

across differing health care, social and cultural contexts.
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This study seeks to address these existing gaps in the literature through an economic evaluation of
DSME delivery across a number of EU and non-EU countries, namely Austria, Denmark, Germany,
Ireland, Israel, Taiwan and the UK. The selection of these countries was based on access of the
Diabetes Literacy Consortium® to local knowledge and networks required to carry out the necessary
fieldwork. These countries also represent a diversity of contrasting approaches to the delivery of
DSME tailored to each country *. The findings are part of a wider study conducted by the Diabetes
Literacy Consortium, the overall purpose of which was to examine the (cost)-effectiveness of
diabetes education across Europe, Israel, Taiwan and the US>. The objective of this study is to
examine the value of Time Driven Activity Based Costing (TDABC) in understanding the process and
costs of delivering Diabetes Self-Management Education programmes (DSME) in multiple countries
and sites (7 countries, 16 sites) and to identify potential process improvements in the delivery of

such programmes to reveal opportunities to bend the cost curve for DSME.

2.0 Method
A Time Driven Activity Based Costing (TDABC) method was used to map the process of programme

14 15

delivery and to derive patient level costs™ . TDABC has been developed as a viable costing method

617 anabling detailed patient level costs to be

with the health care sector by Kaplan and Porter
computed alongside the identification of possible process improvements resulting in potential cost
savings. TDABC is particularly compatible with type 2 diabetes care as the model can be applied to
diverse care pathways, particularly chronic disease management. Adopting a TDABC approach in this
study therefore gave increased visibility into areas of DSME delivery where process improvements
and cost savings could be made, while still maintaining a high quality of patient education. Examples
of the application of TDABC have been mostly confined to medical conditions and to acute clinical

Y19 This study seeks to add to this body of knowledge on the costs of care within outpatient

settings
environments through identifying the patient level cost of a variety of DSME programmes both
cross-nationally and Intranationally”®>. A primary objective was to provide a robust costing
framework within which future studies could include clinical and quality of life outcomes to

determine the economic value added to diabetes care through the use of DSME.

The TDABC method involves seven steps ™ 1) select the medical condition and/or patient population

to be examined; 2) define the care value chain; 3) develop process maps of each activity in patient

' The Diabetes Literacy Consortium represents a group of countries funded by the European Commission
under the Seventh Framework research programme (Grant Agreement Number: 306186).
% http://www.diabetesliteracy.eu
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care delivery; identify the resources involved and any supplies used for the patient at each process
step; 4) obtain time estimates for each process step; 5) estimate the cost of supplying each patient
care resource; 6) estimate the practical capacity of each resource provided and calculate the
capacity cost rate; 7) compute the total costs over each patient’s cycle of care. By constructing a
sequential activity and process step map and care value chain the researcher can analyse the
maps/care pathway for duplication. These areas can then be explored further to establish if changes
in the pathway would add value by maintaining/increasing the level of care to the patient whilst
decreasing the economic cost to the overall health care system in terms of providing DSME

programmes.

Each international study team identified the care value pathway in their country and collected the
activity and time data related to the care value pathway, through qualitative semi-structured
interviews of health care providers from each education programme (N=16). These included
physicians, nurses, educators and managers. This information was then entered into an aggregated,
de-identified database for analysis. All study teams then collected resource and financial data,
utilising a standardised costing worksheet related to the activities, which were then incorporated
into the aggregated database for analysis. This methodology was applied to each education
programme across each country included in the study. The topic guide was developed in the English
language and was then subsequently translated into the local language by the local research teams

in each of the participating countries.

All activities associated with the DSME pathway were entered into an aggregated Excel database. All
activity and time data was collected via the survey instrument, and cost estimates were assigned to

these activity variables using financial data provided by the local provider organizations.

DSME programme costs were derived specifically from the cost of performing each activity in the
delivery of the programme. All cost data was entered into activity spread-sheets and therefore the
data collected did not contain any information relating to identifiable individual service providers. In
the resulting database, all cost information was linked to activities and not to individuals. All activity

and cost information is reported per DSME programme.

To compare the outcomes of the DSME programmes, a multi-centre observational pre-post study

design was used involving diabetes patients enrolled in each of the DSME programmes. Data from

the participants were collected at the beginning of the programme and after three to six months.
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The programmes included in the study were existing programmes using five different modes of
delivery: individual education in one-on-one sessions, beyond routine treatment provided, group
education, self-help groups, or a combination of some of the above delivery modes. The content of
peer-led and structured DSME programmes was not comparable. Therefore the two peer-led

programmes were excluded from our data analysis.

2.1 Study Sample
To be selected for inclusion, programmes had to: (1) target type 2 diabetes patients; (2) be

conducted among the general patient population rather than tailored to the needs of a specific age
cohort, needs or gender group; (3) include (but not be limited to) newly diagnosed patients; (4) be
stand-alone programmes rather than an add-on to another programme or part of a wider curriculum
with (multiple) parallel programs; (5) admit new patients during the time of the baseline data
collection. The study sample size was driven by the number of programmes involved in the delivery
of the specific DSME programmes in each country. Costs were collected for the duration of each

programme, which ranged in duration from one day to those spanning a 12-month timeframe.

2.2 Analytic approach
The Time Driven Activity Based Costing (TDABC) model was utilised to calculate a cost per

programme. Significant variations in programme costs prevailed despite broadly similar programme
curricula across countries and programmes. Data collected revealed significant variation in number
of education hours across the programmes, number and types of personnel delivering the
programmes, practitioner hours and number of participating patients.

I*®, the unit cost of

Two concepts and measures were drawn upon to develop the TDABC mode
supplying capacity and the time it takes to undertake an activity. First, the model was used to
calculate the cost of all the resources supplied to each programme. This included personnel,
supervision and overheads including rent, equipment and software and insurance. The total cost was
then divided by the actual capacity in order to calculate the cost rate. Second, the capacity cost rate
was used to assign the programme costs to objects by estimating demand on the resource. Two

variables were estimated: the capacity cost rate for the programme and the capacity use by each

patient. The capacity cost rate was calculated by:

Cost of Capacity Supplied

C ity Cost Rate =
apacity Cost Rate Practical Capacity of Resource Supplied
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Practical capacity was used as the denominator in the capacity cost rate equation. Estimating the
practical capacity required two time estimates which were gathered from Human Resources and
other administrative records: the total number of days that each employee actually worked each
year; the total number of hours per day that the employee was available for work. Practical capacity
was calculated as 80% of this working time '°. Therefore 20% was attributed to breaks, training and
annual leave. This was applied to all countries to ensure consistency and comparability of the

computed programme costs.

In order to calculate the total cost of each DSME programme per patient, the capacity cost rates
(including associated support costs) for each resource used was multiplied by the amount of time
attributed to each patient. This calculation was based on the number of patients enrolled at the
outset of the programme. The total cost of each programme per patient was the sum of all the costs
across all the processes within the DSME programme. The costs were collected in the local currency
and then expressed in international dollar to ensure comparability of the costs by using the
Purchasing Power Parity conversion factors, to control for different standards of living, different

wage levels across countries and for the particular exchange rate.

As suggested by Erhun et al. we performed a quantitative investigation of the differences in
consumption and pricing of labour resoucres using cost variance analysis on labour costs. This
analysis enabled us to quantitatively discern differences between processes at selected sites. The
cost difference can be divided into two effects, a price (due to different capacity cost rates of labour
resource (CCR)) and a quantity variance (due to different use of the labour resource across the sites).
We performed this variance analysis to understand the differences in consumption and pricing of
labour resources and to understand the drivers of cost variation across capacity cost rate variances,

mix of personnel and efficiency variances'’

To understand the association between programme cost and health outcomes achieved, we mapped
the cost per programme to self-reported patient outcomes. Due to the significant difference in
access to clinical data across the participating countries in this study, it was not possible to collect
comparable clinical data for each country. Therefore comparable data was collected to measure
outcomes at behavioral and disease/health outcome levels for existing diabetes self-management
programs. Health outcome data was collected at three levels; individual diabetes self-management
disposition, behaviour and disease/health related outcomes. (The outcome framework employed in

this study is summarised in the supplemental file attached.)
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A statistically significant improvement was found for six behavioral outcomes (general diet, exercise,
medication use, problem areas in diabetes, foot care and appraisal of diabetes) and three
disease/health outcomes (BMI, health related quality of life and affective well-being) in the total

sample. We analyse these self-reported patient outcomes to the cost per programme.

3.0 Results

Findings highlight that the programmes included in this study provide similar educational content
when delivering diabetes education. Further, we found similar changes in self-reported

behavioural and disease outcomes across programmes. This suggests that factors other than
educational content drives cost variation across programmes and despite reported cost variation,
outcomes appear broadly similar. The cost difference between two sites can be analysed into two
effects: a price variance due to different capacity cost rates of resource and a quantity variance due

to different use of resource:

Np, Ny,
i i i i
A12—2‘11 X1 _ZQZ X1
i=1 i=1

Figure 1 presents the price variance across the sites®.

Insert Figure 1 here.

There are a number of factors which were found to influence cost variation. Firstly, programmes
differed in duration and hours of practitioner time spent on each programme delivery. This reflects
the efficiency variance due to different quantities of total personnel used. For example, Figure 2
highlights that the ‘Ireland 2’ programme utilises 78 hours of personnel, whereas ‘Austria 3’ only
uses 5.25 hours of personnel time, yet patient self-reported outcomes are broadly similar. This
suggests that total personnel time is a strong cost driver but not an outcome driver. This efficiceny

variance across two sites is expressed as:

= Zrzixg_z X (Q1— Q2)
i=1 2

® For each Figure 1-6 the associated data is included in Supplemental Files attached.
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Insert Figure 2 here.

Secondly, mix of personnel skill used in providing the education is a cost driver. For example, the
high salary cost for a consultant physician in Germany and social worker cost in Israel (Figure 3) did
not produce any significant improvement in patient self-reported outcomes. These findings suggest
that personnel skill used is a strong cost driver but does not significantly alter patient self-reported

outcomes. When comparing two sites this mix variance is measured as follows:

N ¢ g
1 2 i
= ——— X1y | XQ
;<Ql Qz) i M

Insert Figure 3 here.

Figure 3 highlights that for most countries the salaries and practical capacity cost rates for those who
provide DSME are broadly similar. The exceptions to this include Germany who use a consultant
physician for part of the education programme, Israel who have a high salary scale for social workers

and Taiwan who have a low salary rate for the hospital nurses providing patient education.

Thirdly, the number of patients who attended each programme was a strong per-patient cost driver

(Figure 4) the more patients who attended the programme the lower the per-patient cost.

Insert Figure 4 here.

Taking total cost per programme, the median programme was identified as Israel Programme 1. The
key cost drivers identified were then compared to this base programme to explore the behaviour of
these variances. Figure 5 summarises this comparison with the base country and reveals that there is
a non-linear relationship between the cost of a programme and each of the key cost drivers,
practitioner hours used, the practical capacity rate of the skill mix used and the number of patients

participating on the programmes. This reveals the complexity of the cost behaviours and of the cost
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variations between the programmes despite offering similar curricula and resulting in similar health

outcomes.

Insert Figure 5 here.

Figure 6 maps the health outcomes observed with the cost per programme. Very modest
improvements in each of the self-reported variables were found. More significantly, there was very
little variation in outcomes across each of the programmes, both within and between countries,
whatever the mode of delivery, mix of personnel skill used, quantity of total personnel hours,

quantity of education hours or quantity of participating patients.

Insert Figure 6 here.

4.0 Discussion
The data illustrates that Diabetes Self Management Education programmes are provided at a low

cost in every country studied. The data provides evidence that while these costs are low, significant
cost variations exist both within and between countries. This is due to a combination of cost
variations between the programmes; the capacity cost rate, the mix of personnel delivering the
education, the different quantities of total personnel used and the number of patients participating
in these programmes. This is the first time that such multi-country comparative data has been

collected.

The variance analysis performed surrounding costs and outcomes illustrates total personnel hours as
a strong cost driver (Figure 2). Practitioners such as nurses and diabetes nurse specialists can
produce similar outcomes to physicians but at a lower salary and practical capacity cost. This is likely
to be a more effective use of resources, particularly in relation to optimizing use of personnel at
their level of expertise. Further research is needed to explore the most appropriate level of expertise
required to deliver the programme for optimal patient health outcomes. For example, instead of
having a consultant physician or a Clinical Nurse Specialist delivering the education programmes it

may be more appropriate to have well trained experienced nurses or the equivalent performing this

10
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role. A pilot study conducted by Kaplan et al. at The University of Texas Cancer Centre revealed that
matching clinical skills to the processes led in a 16% reduction in process time, a 12% decrease in
costs for technical staff, and a 67% reduction in costs for professional staff'®. However clinical
outcomes, in addition to behavioural and psychosocial outcomes, are necessary to determine fully

whether the educators’ level of expertise really influences all DSME health outcomes®®.

In some countries the cost of the same programme varied by site. For these programmes, we
observed significant variation in administrative hours and this was not associated with the number
of participating patients. This finding is similar to that of Munoz et al. who used TDABC in a cost-effectiveness
analysis of a red blood cell salvage post total-knee arthroscopy in the US, Switzerland and Austria
and suggest that tighter control of administrative costs may reduce what appear to be non-value

added hours for the patients?'.

Integrating data on the number of patients participating on each programme (Figure 4) with the
outcome data suggests that the number of patients in attendance did not impact on patient self-
reported outcomes. These findings suggest that there is room for cost savings in DSME regarding
the amount of hours of education provided, who provides the education and the number of patients

in attendance at each programme, without negatively impacting patients self-reported outcomes.

A number of learnings emerged from this study: firstly, all programme curricula covered similar
topics, this suggests that there is a shared consensus on what information requires dissemination
and highlights that variation relates to process delivery rather than curricula; secondly, the
administrative burden on programmes varies greatly and as such is an area of programme
development which requires planning and streamlining; thirdly, the skill mix of professionals
delivering the programme varies greatly suggesting a lack of empirical knowledge surrounding the
most effective educator; fourthly, the duration and hours of education varies significantly across
sites, again highlighting a lack of consensus in terms of the most efficacious course construct; and
finally, such cost variation exists across sites despite the programme content being broadly similar.
The granular mapping of the DSME programmes and the derivation of a cost per programme is the

first step in generating a better understanding of the DSME arena internationally.

Analysis of the self-reported outcome data found that these outcomes were similar irrespective of
the education programme or the country (albeit that the sample size was small and the standard

deviation high). Across each programme, a statistically significant improvement was found for six

11

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

y6uAdoo Aq pajaalold 1senb Aq £Z0oz ‘8T |udy uo /wod'fwg uadolwigy/:dny wolj papeojumod ".TOZ uNnf ¥ U0 G08ETO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414

415
416
417
418

419
420
421
422
423
424
425
426
427
428

BMJ Open

behavioral outcomes (general diet, exercise, medication use, problem areas in diabetes, foot care
and appraisal of diabetes) and three disease/health related outcomes (BMI, health related quality of

life and affective well-being).

The costing and provision of DSME is at an early stage of development globally with limited empirical
knowledge of the most efficient and effective mode of delivering DSME. Thus this study has gone
some way to remedying this problem whereby it has outlined a bottom up/patient level cost using
estimates of the actual resource costs used to educate patients through self-management programs
and therefore a more accurate cost than heretofore of providing various education programmes.
Thus, it has provided a first layer of information, which in the future will be required to establish
whether this model of care/intervention can add value to the health care system once clinical
effectiveness outcomes have been determined for each programme. Storfjell et al., show that the
application of TDABC in the context of nursing care can facilitate the identification and elimination of
non-value added time (NVA) and related the increase in time spent on psychosocial intervention,
support and patient education®’. However, there is a long way to go, whereby clinical and Quality of
Life outcomes are required to measure the effectiveness of DSME programmes before a thorough
understanding of their added value to patients can be estimated. The methods and results of the
current study will inform future research to achieve a better understanding of the added value
derived from providing DSME interventions. We suggest that future studies include a rigorous

collection of clinical outcomes pre and post DSME.

5.0 Limitations
The TDABC method is a relatively new method in terms of healthcare costing and to the best of the

authors’ knowledge has yet to been applied to investigate the costs of a health education
intervention. As a result there were limited guidelines surrounding the collection of activity and
process step data in non-acute settings and thus it was necessary for the research team to develop
such a protocol that was fit-for-purpose across different international study sites. In practice, many
participants were unfamiliar with the costing and activity terminology and the level of detail
required on all forms of activity, for TDABC. We observed that participants appeared to provide less
detail on administrative and programme preparation activity compared with education activity. This
detailed information would have provided greater insight into the reasons why administrative costs

were found to be so high in some countries while not in others.
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In addition, some of the local research teams also experienced difficulties in collecting the required
financial data. For example, in Belgium, the staff involved in the delivery of DSME programmes
taking part in this study were unwilling to share salary information at the level of granularity that
was required to compute a programme cost. For this reason, the Belgian data had to be excluded

from this particular study.

The study is also limited by a lack of available clinical outcome data from each of the education
programmes. While important self-reported health and psycho-social outcome data was collected in
each country it was not possible to determine the clinical-effectiveness of these DSME programmes
in terms of glycemic control due to the absence of any clinical measures. As Kaplan and Porter point
out™®, value in health care can only be determined when there is visibility into both costs and clinical
outcomes. Furthermore, the reliability of self-reported outcomes data was undermined by small
sample sizes in each country. Secondly, self-reported measures of health behavior are susceptible to

(2324 Nonetheless, the

social desirability bias, and response styles can vary by culture and setting
similarity in outcomes across each of the sites regardless of the amount of money invested in each

programme raises questions surrounding the value being achieved per Euro/ dollar spent.

The peer-led programmes found in Denmark and Germany were excluded from the analysis.
However, they were provided at the lowest cost of Int $0.15 and Int $0.74 per patient per hour of
education respectively. When self-assessed outcome data was measured for each programme, the
outcomes were similar for peer-led and specialist-led programmes. We suggest that further research

is needed surrounding peer-led education and measurement of associated clinical health outcomes.

6.0 Conclusion
This paper has demonstrated the variances in the cost of delivering different types of diabetes

education programmes, both within and across countries in the EU and Asia. Developing cost
effective lifestyle interventions to improve the diabetes knowledge and self-management skills and
quality of life for patients may be an important step in preventing the onset of complications
associated with type 2 diabetes. The imperative to do so from an economic perspective cannot be
underestimated when consideration is given to the implications for health care systems associated
with the treatment of diabetes related morbidities such as active foot disease, chronic kidney

disease, retinopathy and myocardial infarction®.
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This study offers the first application of a TDABC approach to evaluate the cost of delivering DSME
programmes and as a means of comparing the costs of running a healthcare intervention cross-
nationally. It contributes to the extant literature by highlighting and describing the vast
combinations and permutations of delivery of DSME curricula, practitioner hours, hours of
education, mix of educators, numbers of attendees and how these variations lead to substantial cost
differences. Our variance analysis revealed that the key drivers of cost variation arose from differing
capacity cost rates, the mix of personnel delivering the education, the different quantities of total
personnel used and the number of patients participating in these programmes. In the process, we
identified how there could be potentially unnecessary process steps that, if eliminated, could lead to
cost savings in the delivery of DSME programmes, including vast differences in administration time,

and exploring the mix of personnel skill alongside the total personnel time used.

While it is already established that diabetes education is a low cost intervention and is cost-effective,
given the sheer numbers of education programmes that need to be made available to meet the
demands resulting from increasing levels of diabetes worldwide, even small process improvements
could lead to overall cost savings for healthcare providers. Future studies focusing on the cost-
effectiveness of healthcare interventions may consider adopting TDABC principles and variance

analysis as a means of identifying efficiencies in other chronic disease education programmes.

The study has highlighted the strengths of TDABC as a method of bottom up costing in outpatient
care and recommends utilising this method in future studies so as to allow for a comprehensive
literature to develop in the area, enabling comparative studies to be performed. By developing such
literature a comprehensive understanding of the cost of patient education programmes can be
developed and compared cross nationally and across time. Health care practitioners and educators
who wish to convince policy makers and health insurers to reimburse the cost of DSME delivery can
adopt a TDABC approach in order to demonstrate that such programmes are run efficiently and
effectively especially when combined with measures of consequent clinical health outcomes to

represent value for money.
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Data to Support Figures 1-5

Programme Total Cost per- Total Cost per-
programme (home programme (IntS)
currency)
UK1 £1201.83 1697.50
Uk 2 £883.60 1248.02
UK 3 £402.03 567.83
Taiwan 227.71INTD 14.01

Israel 1 4196.90 INS 1046.61
Israel 2 8196.08 INS 2043.91
Ireland 1 €923.38 1099.26
Ireland 2 €3918.31 4664,65
Ireland 3 €2682.40 3193.33
Germany 2 €451.52 573.72
Austria 1 €619.68 766.93
Austria 2 €536.28 663.71
Austria 3 €109.97 136.10

Figure 1 Data: Cost Per Programme (Salary and Overheads)
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1

2

3

g Cost Driver 1: Number of Practitioner Hours Spent on each programme

? Staff (hrs) Consultant GP DSN Nurse AHP Dietician Social Trained Administra | Total time
8 Worker Educator tor

9 Programme

10

11 UK 1 - - 6 - 8 4 - - 39 57
12

13 UK 2 - - - - - - - 7.5 5.5 13
14

15 UK 3 - - 55 - 2 3 - - 15 12
16

17 Taiwan - - - - - 2.4 - 2.4 - 4.8
18

19 Israel 1 - - - 11.5 - - - - 3 14.5
20

21 Israel 2 - .75 - .75 4 1.5 9 - 9 25
22

23 Ireland 1 - - - - - - - 14 4.5 18.5
24

gg Ireland 2 - - 56 - - - - - 22 78
% Ireland 3 - - 60.6 - - ” - - - 60.6
29

30 Germany 2 .75 - - 13 2.5 - - - 2.25 18.5
g; Austria 1 - 4 - - - - - 8 11 23
33 -

34 Austria 2 - 4 - - - - - 8 7 19
35

36 Austria 3 - - - - - - - 4 1.25 5.25
37

38 Figure 2 Data: Number of Practitioner Hours Spent on each Programme Course
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Cost Driver 2: Practitioner Type and Hourly Practical Capacity Salary (in Int S)

Staff (PC Consultant GP DSN | Nurse AHP Dietician | Social Worker | Trained Educator | Administrator Total
Salary)

Programme

UK1 - -| 44.10 -| 25.24 25.24 - - 25.44 | 120.02
Uk 2 - - - - - - - 44.10 22.10 | 66.20
UK 3 - -| 44.10 -| 25.24 25.24 - - -| 94.58
Taiwan - - - - - 1.26 - 1.26 - 2.52
Israel 1 - - -| 47.73 - - - - 16.03 | 63.76
Israel 2 -| 47.73 -| 47.73 | 47.73 47.73 95.45 - 16.03 | 302.40
Ireland 1 - - - - - - - 47.51 -| 4751
Ireland 2 - -| 51.74 - - - - - 42.15| 93.89
Ireland 3 - -| 4150 - - - - - -| 4150
Germany 2 144.65 - -] 2032 | 17.84 - - - - | 182.81
Austria 1 -| 36.26 - - - - - 30.45 21.09/37.66 | 104.37
Austria 2 -| 36.26 - - - - - 30.45 21.09 | 87.80
Austria 3 - - - - - - - 30.45 21.09 | 51.54

Figure 3 Data: Practitioner Type and Hourly Practical Capacity Salary in Int$ for comparison
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1

2

3

g Cost Driver 3: Number of Attendees at Each Programme
? Programme Number of participants
g UK 1 13

10

11 UK 2 10

12

13 UK 3 9

14

15 Taiwan 1

16

17 Israel 1 10

18

19 Israel 2 15

20

21 Ireland 1 9

22

23 Ireland 2 11

24

25 Ireland 3 20

26

27 Germany 2 8

28

gg Austria 1 12

g; Austria 2 6

33 .

34 Austria 3 7*

35

36 Figure 4 Data: Number of Patients who Attend each Programme Course
37

38 *This programme runs for insulin and non-insulin users — insulin typically have 4 patient attendees and non-insulin typically have 9 patient attendees. We
39 took the median number = 6.5 rounded to 7.
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Price . Prac Hrs Skill Mix Hourly Skill Mix Practical ) .
Programme Total Variance Practitioner Variance from Practical Capacity Salary Variance ch' of No. Patients V:arlance

Cost from Median Hours Median Capacity Salary from Median Patients from Median
Ire 2 4664 3,618 78 63 94 30 11 1
Ire 3 3193 2,147 61 46 42 -22 20 10
Israel 2 2043 997 25 10 302 238 15 5
UK1 1697 651 57 42 120 56 13 3
Uk 2 1248 202 13 -2 66 2 10 0
Ire 1 1099 53 19 4 48 -16 9 -1
Israel 1 1046 0 15 0 64 0 10 0
Aus 1 766 -280 23 8 104 40 12 2
Aus 2 633 -413 19 4 88 24 6 -4
Germany 2 573 -473 19 4 183 119 8 -2
UK 3 567 -479 12 -3 95 31 9 -1
Aus 3 136 -910 5 -10 52 -12 7 -3
Taiwan 14 -1032 5 -10 3 -61 1 -9

Median Programme = Israel 1

Figure 5 Data: Variances from the median programme (Israel 1) — variances in practitioner hours, practical capacity rate and number of patients
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Program form

Diabetes Self-Management Outcomes Framework

Outcome I.

Individual DSM
dispositions

BMJ Open

Outcome II.

AADE?7

Behavior

1. Program Context

2. Program characteristics

3. Characteristics of program participants

(Specifically health literacy)

4. Increase diabetes
specific self-efficacy,
focus of control

11. Healthy Eating

5. Increase diabetes
knowledge

12. Being Active ‘

6. Change attitudes,
believes towards

%

7. Raise diabetes
awareness

8. Increase perceived
social
support/desirability of
DSM behaviors

13. Self-Monitoring ‘

Medication

14. Taking ‘
|

15. Problem Solving

9. Enhance self-
reflection on DSM

10. Improve DSM skills

16. Reduced Risk
Behavior

17. Healthy coping

Outcome III.

Disease/Health

18. Disease related
Outcomes

19. Reduced health
risks

20. Health related
quality of life

21. Mental
comorbidity
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N | Gen SD | Special SD Problem SD Reduced SD Health SD Diabetes SD Fdhl SD CrDhl SD

Diet Diet Solving Risk Coping Health

Behaviour Literacy
UK 1 2 0 0 1.33 .94 0.5 3.54 1.25 0.17 -1 2.83 0.07 0.2 0 0.28 0.25 0
UK2 21 | 0.02 .73 -0.21 1.75 0.81 2.89 0.11 0.94 1.33 3.23 -0.19 0.37 -0.3 0.48 -0.17 0.59
UK3 27 | 0.09 1.26 0.32 1.01 1.81 4 0.49 0.84 0.85 3.45 -0.04 0.35 | -0.09 0.46 -0.01 0.69
GER2 5 0 1.87 0.07 1.44 2.6 1.5 0.89 1.11 3.14 3.58 0.13 0.11 0.11 0.3 0.26 0.5
IS1 11 | 0.59 1.11 -0.39 2.33 4.18 5.96 0.41 1.4 3.73 3.93 -0.03 0.27 0.07 0.59 -0.25 0.8
IS2 64 | 0.38 3 -0.22 2.33 0.58 5.34 0.23 1.75 1.17 4.53 0.07 0.52 0.05 0.91 0.04 0.8
IR1 13 | 0.73 1.59 -0.74 1.42 5 4.28 0.17 1.71 3 4.08 0.21 0.59 | -0.12 0.74 0.35 0.85
IR2 5| -02 0.45 -0.07 1.83 4.6 5.98 0.55 1.05 3 2.74 0.2 0.45 0.36 0.26 -0.05 0.59
AUS1 6 0.5 1.1 1.48 1.5 3.62 1.38 0.92 3.5 3.08 0.07 0.25 -0.3 0.37 0.42 0.47
AUS2 2 1.5 1.12 1.83 4.95 -1.5 4.95 3 1.77 0.5 4.95 0.25 0.25 -0.2 0.42 0.5 0.28
AUS3 5 0.3 72 0.93 3.49 1.2 3.49 0.3 1.2 4.4 3.44 -0.43 042 | -0.28 0.46 -0.75 0.41

Figure 6 Data: Self-Reported Patient Outcomes (SD=Standard Deviation)

For Figure 6, General Diet was taken as one example of the health outcome data achieved when mapped with cost per programme. To include each health
outcome would make Figure 6 too complex and the main finding that health outcomes were similar across all programmes would not be clear to the reader.
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Consolidated Health Economic Evaluation Reporting Standards — CHEERS Checklist 1

CHEERS Checklist

Items to include when reporting economic evaluations of health interventions

The ISPOR CHEERS Task Force Report, Consolidated Health Economic Evaluation Reporting
Standards (CHEERS)— Explanation and Elaboration: A Report of the ISPOR Health Economic Evaluations
Publication Guidelines Good Reporting Practices Task Force, provides examples and further discussion of
the 24-item CHEERS Checklist and the CHEERS Statement. It may be accessed via the Value in Health or
via the ISPOR Health Economic Evaluation Publication Guidelines — CHEERS: Good Reporting Practices

webpage: http://www .ispor.org/TaskForces/EconomicPubGuidelines.asp

Section/item Item Recommendation Reported
No on page No/
line No

Title and abstract
Title 1 Identify the study as an economic evaluation or use more

specific terms such as “cost-effectiveness analysis”, and

describe the interventions compared. p.4/ 131
Abstract 2 Provide a structured summary of objectives, perspective,

setting, methods (including study design and inputs), results

(including base case and uncertainty analyses), and

conclusions. p-2/50-78
Introduction
Background and 3 Provide an explicit statement of the broader context for the
objectives study.

Present the study question and its relevance for health policy or

practice decisions. p.4/ 138-142
Methods
Target population and 4 Describe characteristics of the base case population and
subgroups subgroups analysed, including why they were chosen. p.6/ 204-211
Setting and location 5 State relevant aspects of the system(s) in which the decision(s)

need(s) to be made. p.2/ 54-55
Study perspective 6 Describe the perspective of the study and relate this to the

costs being evaluated. -6/ 188-201
Comparators 7 Describe the interventions or strategies being compared and

state why they were chosen. 0.6/ 204-211
Time horizon 8 State the time horizon(s) over which costs and consequences

are being evaluated and say why appropriate. 0.6/ 211
Discount rate 9 Report the choice of discount rate(s) used for costs and

outcomes and say why appropriate. N/A
Choice of health 10  Describe what outcomes were used as the measure(s) of
outcomes benefit in the evaluation and their relevance for the type of

analysis performed. p.5-6/ 194-201
Measurement of 11a  Single study-based estimates: Describe fully the design

effectiveness

features of the single effectiveness study and why the single
study was a sufficient source of clinical effectiveness data.

p.6-8/ 213-269
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Measurement and
valuation of preference
based outcomes
Estimating resources
and costs

Currency, price date,
and conversion

Choice of model

Assumptions

Analytical methods

Results
Study parameters

Incremental costs and

outcomes

Characterising
uncertainty

BMJ Open
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Consolidated Health Economic Evaluation Reporting Standards — CHEERS Checklist 2

11b

12

13a

13b

14

15

16

17

18

20a

identification of included studies and synthesis of clinical
effectiveness data.

If applicable, describe the population and methods used to
elicit preferences for outcomes.

Single study-based economic evaluation: Describe approaches
used to estimate resource use associated with the alternative

interventions. Describe primary or secondary research methods

for valuing each resource item in terms of its unit cost.
Describe any adjustments made to approximate to opportunity
costs.

Model-based economic evaluation: Describe approaches and
data sources used to estimate resource use associated with
model health states. Describe primary or secondary research
methods for valuing each resource item in terms of its unit
cost. Describe any adjustments made to approximate to
opportunity costs.

Report the dates of the estimated resource quantities and unit
costs. Describe methods for adjusting estimated unit costs to
the year of reported costs if necessary. Describe methods for
converting costs into a common currency base and the
exchange rate.

Describe and give reasons for the specific type of decision-
analytical model used. Providing a figure to show model
structure is strongly recommended.

Describe all structural or other assumptions underpinning the
decision-analytical model.

Describe all analytical methods supporting the evaluation. This

could include methods for dealing with skewed, missing, or
censored data; extrapolation methods; methods for pooling

data; approaches to validate or make adjustments (such as half

cycle corrections) to a model; and methods for handling
population heterogeneity and uncertainty.

Report the values, ranges, references, and, if used, probability
distributions for all parameters. Report reasons or sources for
distributions used to represent uncertainty where appropriate.
Providing a table to show the input values is strongly
recommended.

For each intervention, report mean values for the main
categories of estimated costs and outcomes of interest, as well
as mean differences between the comparator groups. If
applicable, report incremental cost-effectiveness ratios.

Single study-based economic evaluation: Describe the effects
of sampling uncertainty for the estimated incremental cost and

NA
Synthesis-based estimates: Describe fully the methods used for

N/A

p.5-6/ 194-201

p.4-5/ 146-201

N/A

p.7/ 243-206

N/A

N/A

p.6-8/ 214-269

N/A

p 8-13/272-348

incremental effectiveness parameters, together with the impact N/A
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Consolidated Health Economic Evaluation Reporting Standards — CHEERS Checklist = 3

20b
Characterising 21
heterogeneity
Discussion
Study findings, 22
limitations,

generalisability, and
current knowledge

Other
Source of funding 23

Conflicts of interest 24

of methodological assumptions (such as discount rate, study
perspective). N/A
Model-based economic evaluation: Describe the effects on the
results of uncertainty for all input parameters, and uncertainty
related to the structure of the model and assumptions. N/A
If applicable, report differences in costs, outcomes, or cost-
effectiveness that can be explained by variations between
subgroups of patients with different baseline characteristics or
other observed variability in effects that are not reducible by

more information. p.8-13/ 272-348

Summarise key study findings and describe how they support

the conclusions reached. Discuss limitations and the

generalisability of the findings and how the findings fit with

current knowledge. p.13-17/ 350-495

Describe how the study was funded and the role of the funder

in the identification, design, conduct, and reporting of the

analysis. Describe other non-monetary sources of support. p.17/ 498-501
Describe any potential for conflict of interest of study

contributors in accordance with journal policy. In the absence

of a journal policy, we recommend authors comply with

International Committee of Medical Journal Editors

recommendations. p.18/ 530

For consistency, the CHEERS Statement checklist format is based on the format of the CONSORT

statement checklist

The ISPOR CHEERS Task Force Report provides examples and further discussion of the 24-ite—-
CHEERS Checklist and the CHEERS Statement. It may be accessed via the Value in Health link
ISPOR Health Economic Evaluation Publication Guidelines — CHEERS: Good Reporting Practices
webpage: http://www.ispor.org/TaskForces/EconomicPubGuidelines.asp

The citation for the CHEERS Task Force Report is:

Husereau D, Drummond M, Petrou S, et al. Consolidated health economic evaluation reporting standards
(CHEERS)—Explanation and elaboration: A report of the ISPOR health economic evaluations publication
guidelines good reporting practices task force. Value Health 2013;16:231-50.
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Abstract

Objectives: The objective of this study was to examine the value of Time Driven Activity Based
Costing (TDABC) in understanding the process and costs of delivering Diabetes Self-Management
Education programmes (DSME) in a multi-country comparative study.

Setting: Outpatient settings in five European countries (Austria, Denmark, Germany, Ireland, United
Kingdom) and two countries outside Europe, Taiwan and Israel.

Participants: Providers of DSME programmes across participating countries (N=16) including health
care professionals, administrators and patients taking part in DSME programmes.

Primary and secondary measures: Primary Measure: Time spent by providers in the delivery of
DSME and resources consumed in order to compute programme costs. Secondary measures: self-
report measures of behavioural self-management and diabetes disease/health related outcomes.

Results: We found significant variation in costs and the processes of how DSME programmes are
provided across and within countries. Variations in costs were driven by a combination of price
variances, mix of personnel skill and efficiency variances. Higher cost programmes were not found to
have achieved better relative outcomes. The findings highlight the value of TDABC in calculating a
patient level cost and potential of the methodology to identify process improvements in guiding the
optimal allocation of scarce resources in diabetes care, in particluar for DSME that is often
underfunded.

Conclusions: This study is the first to measure programme costs using estimates of the actual
resources used to educate patients about managing their medical condition and is the first study to
map such costs to self-reported behavioural and disease outcomes. The results of this study will
inform clinicians, managers and policy makers seeking to enhance the delivery of DSME
programmes. The findings highlight the benefits of adopting a TDABC approach to understanding the
drivers of the cost of DSME programmes in a multi-country study to reveal opportunities to bend the
cost curve for DSME.

Article Summary
Strengths and limitations of this study
e Time Driven Activity Based Costing (TDABC) has rarely been applied to care pathways within
non-acute settings and as such offers a novel perspective on understanding the costs of
providing chronic disease self-management education.
e This is the first multi-country study to compare the costs of DSME across a number of
countries within the EU and Asia.
e Qutcomes of programme participation were measured through self-reported changes,
making it difficult to establish if any clinical improvement occurred. Future studies should
combine TDABC analysis with clinical outcomes to further assess value in DSME.
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1.0 Introduction
Type 2 diabetes mellitus is one of the major public health threats of the 21* century, currently

affecting approximately 59.8 million people within Europe and 415 million worldwide *. Further, it
has been reported that diabetes medical care accounts for a disproportionate allocation of health
service resources across the western world . A recent US study performed an analysis of the
spending on personal and public health across 155 conditions across time (1996-2013) and found
that spending on diabetes (alongside low back and neck pain) increased the most over this period
($64.4 billion). Furthermore the study found that diabetes had the highest health care spending in
2013 ($101.4 billion), a disease attributable to behavioural or metabolic risk factors including diet,
obesity, high fasting plasma glucose, tobacco use and low physical activity. > Developing the self-care
capacity of patients is critical to determining optimal clinical, behavioural and psychosocial outcomes
and therefore reducing costs®. Diabetes self-management education (DSME) has been shown to
improve patient outcomes by reducing the onset and/or advancement of diabetes related
complications; by improving quality of life; strengthening self-efficacy and personal empowerment;
assisting with the development of healthy coping skills; and by reducing diabetes related distress

and depression *.

The operation and delivery of DSME varies across the international landscape. They can be either
professionally led or peer led. Further, they can be group based, individually based, and increasingly
IT based. In addition, DSME curricula, duration and delivery may vary substantially, both within and
between countries’. It is well established that DSME programmes are a low cost intervention per
patient and cost effective from a payer perspective. For example, a recent report published by The
Center For Health Law And Policy Innovation (Harvard Law School) argues that cost savings can be
made by public and private insurers in the United States if cost sharing were eliminated and DSME
were provided free of charge to patients °. However, little research has explored why the costs of
running such interventions vary across different health care systems and jurisdictions, or why these

costs may differ. This study addresses this gap in the prior literature.

Indeed most of the economic analyses has thus far focused on establishing the cost effectiveness of
DSME by comparing the cost of programmes relative to their clinical effectiveness. Such evaluations
are usually based on economic modelling, carried out alongside randomised control trials and the
findings typically suggest that DSME interventions are cost effective relative to usual care "%.
Despite this, a recent report published by the Health Information and Quality Authority (HIQA) ** in

Ireland highlights the large degree of heterogeneity in the methodological approaches used in such

economic evaluations. This, in turn, makes results difficult to compare in any meaningful way. In

3
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addition, these approaches tend to focus solely on overall cost of running the programmes and
neglect to explore potential mechanisms through which DSME programmes could be made more
efficient whilst also maintaining high standards of effectiveness. Furthermore, the majority of
studies are based on interventions within a US population, and as such may not be generalizable

across differing health care, social and cultural contexts.

This study seeks to address these existing gaps in the literature through an economic evaluation of
DSME delivery across a number of EU and non-EU countries, namely Austria, Denmark, Germany,
Ireland, Israel, Taiwan and the UK. The selection of these countries was based on access of the
Diabetes Literacy Consortium'to local knowledge and networks required to carry out the necessary
fieldwork. These countries also represent a diversity of contrasting approaches to the delivery of
DSME tailored to each country °. The findings are part of a wider study conducted by the Diabetes
Literacy Consortium, the overall purpose of which was to examine the (cost)-effectiveness of
diabetes education across Europe, Israel, Taiwan and the US'. The objective of this study is to
examine the value of Time Driven Activity Based Costing (TDABC) in understanding the process and
costs of delivering Diabetes Self-Management Education programmes (DSME) in multiple countries
and sites (7 countries, 16 sites) and to identify potential process improvements in the delivery of

such programmes to reveal opportunities to bend the cost curve for DSME.

2.0 Method

A Time Driven Activity Based Costing (TDABC) method was used to map the process of programme

15-16

delivery and to derive patient level costs™ ™. TDABC has been developed as a viable costing method

7 18anabling detailed patient level costs to be

for the health care sector by Kaplan and Porter
computed alongside the identification of possible process improvements resulting in potential cost
savings. TDABC is particularly compatible with type 2 diabetes care as the model can be applied to
diverse care pathways, particularly chronic disease management. Adopting a TDABC approach in this
study therefore gave increased visibility into areas of DSME delivery where process improvements
and cost savings could be made, while still maintaining a high quality of patient education. Examples
of the application of TDABC have been mostly confined to medical conditions and to acute clinical

18-20

settings™ . This study seeks to add to this body of knowledge on the costs of care within outpatient

environments through identifying the patient level cost of a variety of DSME programmes both

' The Diabetes Literacy Consortium represents a group of countries funded by the European Commission under
the Seventh Framework research programme (Grant Agreement Number: 306186).
" http://www.diabetesliteracy.eu
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cross-nationally and Intranationally’’. A primary objective was to provide a robust costing
framework within which future studies could include clinical and quality of life outcomes to

determine the economic value added to diabetes care through the use of DSME.

The TDABC method involves seven steps '’ 1) select the medical condition and/or patient population
to be examined; 2) define the care value chain; 3) develop process maps of each activity in patient
care delivery; identify the resources involved and any supplies used for the patient at each process
step; 4) obtain time estimates for each process step; 5) estimate the cost of supplying each patient
care resource; 6) estimate the practical capacity of each resource provided and calculate the
capacity cost rate; 7) compute the total costs over each patient’s cycle of care. By constructing a
sequential activity and process step map and care value chain the researcher can analyse the
maps/care pathway for duplication. These areas can then be explored further to establish if changes
in the pathway would add value by maintaining/increasing the level of care to the patient whilst
decreasing the economic cost to the overall health care system in terms of providing DSME

programmes.

Each international study team identified the care value pathway in their country and collected the
activity and time data related to the care value pathway, through qualitative semi-structured
interviews of health care providers from each education programme (N=16). These included
physicians, nurses, educators and managers. This information was then entered into an aggregated,
de-identified database for analysis. All study teams then collected resource and financial data,
utilising a standardised costing worksheet related to the activities, which were then incorporated
into the aggregated database for analysis. This methodology was applied to each education
programme across each country included in the study. The topic guide was developed in the English
language and was then subsequently translated into the local language by the local research teams

in each of the participating countries.

All activities associated with the DSME pathway were entered into an aggregated Excel database. All
activity and time data was collected via the survey instrument, and cost estimates were assigned to

these activity variables using financial data provided by the local provider organizations.
DSME programme costs were derived specifically from the cost of performing each activity in the

delivery of the programme. All cost data was entered into activity spread-sheets and therefore the

data collected did not contain any information relating to identifiable individual service providers. In
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the resulting database, all cost information was linked to activities and not to individuals. All activity

and cost information is reported per DSME programme.

To compare the outcomes of the DSME programmes, a multi-centre observational pre-post study
design was used involving diabetes patients enrolled in each of the DSME programmes. Data from
the participants were collected at the beginning of the programme and after three to six months.
The programmes included in the study were existing programmes using five different modes of
delivery: individual education in one-on-one sessions, beyond routine treatment provided, group
education, self-help groups, or a combination of some of the above delivery modes. The content of
peer-led and structured DSME programmes was not comparable. Therefore the two peer-led

programmes were excluded from our data analysis.

2.1 Study Sample
To be selected for inclusion, programmes had to: (1) target type 2 diabetes patients; (2) be

conducted among the general patient population rather than tailored to the needs of a specific age
cohort, needs or gender group; (3) include (but not be limited to) newly diagnosed patients; (4) be
stand-alone programmes rather than an add-on to another programme or part of a wider curriculum
with (multiple) parallel programs; (5) admit new patients during the time of the baseline data
collection. The study sample size was driven by the number of programmes involved in the delivery
of the specific DSME programmes in each country. Costs were collected for the duration of each

programme, which ranged in duration from one day to those spanning a 12-month timeframe.

2.2 Analytic approach
The Time Driven Activity Based Costing (TDABC) model was utilised to calculate a cost per

programme. Significant variations in programme costs prevailed despite broadly similar programme
curricula across countries and programmes. Data collected revealed significant variation in number
of education hours across the programmes, number and types of personnel delivering the

programmes, practitioner hours and number of participating patients.

Two concepts and measures were drawn upon to develop the TDABC model'’/, the unit cost of
supplying capacity and the time it takes to undertake an activity. First, the model was used to
calculate the cost of all the resources supplied to each programme. This included personnel,
supervision and overheads including rent, equipment and software and insurance. The total cost was
then divided by the actual capacity in order to calculate the cost rate. Second, the capacity cost rate

was used to assign the programme costs to objects by estimating demand on the resource. Two
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variables were estimated: the capacity cost rate for the programme and the capacity use by each

patient. The capacity cost rate was calculated by:

Cost of Capacity Supplied

C ity Cost Rate =
apacity Lost Rate Practical Capacity of Resource Supplied

Practical capacity was used as the denominator in the capacity cost rate equation. Estimating the
practical capacity required two time estimates which were gathered from Human Resources and
other administrative records: the total number of days that each employee actually worked each
year; the total number of hours per day that the employee was available for work. Practical capacity
was calculated as 80% of this working time *’. Therefore 20% was attributed to breaks, training and
annual leave. This was applied to all countries to ensure consistency and comparability of the

computed programme costs.

In order to calculate the total cost of each DSME programme per patient, the capacity cost rates
(including associated support costs) for each resource used was multiplied by the amount of time
attributed to each patient. This calculation was based on the number of patients enrolled at the
outset of the programme. The total cost of each programme per patient was the sum of all the costs
across all the processes within the DSME programme. The costs were collected in the local currency
and then expressed in international dollar to ensure comparability of the costs by using the
Purchasing Power Parity conversion factors, to control for different standards of living, different

wage levels across countries and for the particular exchange rate.

As suggested by Erhun et al. we performed a quantitative investigation of the differences in
consumption and pricing of labour resoucres using cost variance analysis on labour costs. This
analysis enabled us to quantitatively discern differences between processes at selected sites. The
cost difference can be divided into two effects, a price variance (due to different capacity cost rates
of labour resource (CCR)) and a quantity variance (due to different use of the labour resource across
the sites). We performed this variance analysis to understand the differences in consumption and
pricing of labour resources and to understand the drivers of cost variation across capacity cost rate

variances, mix of personnel and efficiency variances®

To understand the association between programme cost and health outcomes achieved, we mapped

the cost per programme to self-reported patient outcomes. Due to the significant difference in
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access to clinical data across the participating countries in this study, it was not possible to collect
comparable clinical data for each country. Therefore comparable data was collected to measure
outcomes at behavioral and disease/health outcome levels for existing diabetes self-management
programs. Health outcome data was collected at three levels; individual diabetes self-management
disposition, behaviour and disease/health related outcomes. (The outcome framework employed in

this study is summarised in the Supplemental File attached.)

3.0 Results

Findings highlight that the programmes included in this study provide similar educational content
when delivering diabetes education. Further, we found similar changes in self-reported

behavioural and disease outcomes across programmes. This suggests that factors other than
educational content drives cost variation across programmes and despite reported cost variation,
outcomes appear broadly similar. The cost difference between two sites can be analysed into two
effects: a price variance due to different capacity cost rates of resource and a quantity variance due

to different use of resource:

Ny Ny
_ i i i i
A1,2—2‘11 X1y _Z‘h X1
i=1 i=1

Figure 1 presents the price variance across the sites".

Insert Figure 1 here.

There are a number of factors which were found to influence cost variation. Firstly, programmes
differed in duration and hours of practitioner time spent on each programme delivery. This reflects
the efficiency variance due to different quantities of total personnel used. For example, Figure 2
highlights that the ‘Ireland 2’ programme utilises 78 hours of personnel, whereas ‘Austria 3’ only
uses 5.25 hours of personnel time, yet patient self-reported outcomes are broadly similar. This
suggests that total personnel time is a strong cost driver but not an outcome driver. This efficiceny

variance across two sites is expressed as:

For each Figure 1-6 the associated data is included in Supplemental Files attached.
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Insert Figure 2 here.

Secondly, mix of personnel skill used in providing the education is a cost driver. For example, the
high salary cost for a consultant physician in Germany and social worker cost in Israel (Figure 3) did
not produce any significant improvement in patient self-reported outcomes. These findings suggest
that personnel skill used is a strong cost driver but does not significantly alter patient self-reported

outcomes. When comparing two sites this mix variance is measured as follows:

NLo i
a1 4z i
= ——=|xri|xQ
;<Ql Qz) i M

Insert Figure 3 here.

Figure 3 presents the weighted average capacity cost rate, the weights representing the percentage
of total time used of each personnel type. This highlights both the variety of personnel type used
across DSME programmes and countries in addition to the differing percentage of total time used of

each personnel type.

Thirdly, the number of patients who attended each programme was a strong per-patient cost driver

(Figure 4), generally the more patients who attended the programme the lower the per-patient cost.

Insert Figure 4 here.

Taking total cost per programme, the median programme was identified as Austria Programme 1.
The key cost drivers identified were then compared to this base programme to explore the
behaviour of these variances. Figure 5 summarises this comparison with the base country and
reveals that there is a non-linear relationship between the cost of a programme (dependent

variable) and each of the key cost drivers (independent variables); practitioner hours used, the
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weighted average capacity cost rate and the number of patients participating on the programmes.
In general for practitioner hours, weighted average CCR and patient numbers, as the price variance
from the median increases, so too do of these independent variables. However there are some
exceptions to this general trend; UK 2 and Ireland 1 where a lower number of practitioner hours are
used, Israel 2 and UK 2 where a lower weighted average CCR can be observed and Ireland 2 and UK 2

where there is a lower number of participating patients.

All programmes with a lower cost than the median do have lower practitioner hours, lower weighted
average CCR and a lower number of patients, but not proportionately lower. Programme UK 2
appears to be the programme which has a cost higher than the median and yet consistently has a
lower number of practitioner hours, lower weighted average CCR and lower patient numbers than
the median. This reveals the complexity of the cost behaviours and of the cost variations between

the programmes despite offering similar curricula and resulting in similar health outcomes.

Insert Figure 5 here.

There was very little variation in outcomes across each of the programmes, both within and
between countries, whatever the mode of delivery, mix of personnel skill used, quantity of total
personnel hours, quantity of education hours or quantity of participating patients. For simplicity,
Figure 6 maps the health outcomes of one particular variable only, general diet, alongside the cost
per programme (Figures 6a and 6b). Very modest improvements in general diet were achieved after
participation in DMSE and higher cost programmes did not result in better health outcomes. For
example, Israel 2 programme recorded the largest change in health outcomes at a low cost in
comparison with the most expensive programme, Ireland 2, which resulted in a very small change in
health outcomes. Although only general diet is illustrated here, other outcome data show that
DSME was only weakly helpful or in some cases had no effect at all on the health outcomes of
participants. (Supplemental File Outcomes Framework and Outcomes Data: Table 2: Self-reported

Patient Outcomes.)

Insert Figures 6a and 6b here.

4.0 Discussion
The data illustrates that Diabetes Self Management Education programmes are provided at a low

cost in every country studied. The data provides evidence that while these costs are low, significant
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cost variations exist both within and between countries. This is due to a combination of cost
variations between the programmes; the capacity cost rate, the mix of personnel delivering the
education, the different quantities of total personnel used and the number of patients participating
in these programmes. This is the first time that such multi-country comparative data has been

collected.

The variance analysis performed surrounding costs and outcomes illustrates total personnel hours as
a strong cost driver (Figure 2). Practitioners such as nurses and diabetes nurse specialists can
produce similar outcomes to physicians but at a lower salary and practical capacity cost. This is likely
to be a more effective use of resources, particularly in relation to optimizing use of personnel at
their level of expertise. Further research is needed to explore the most appropriate level of expertise
required to deliver the programme for optimal patient health outcomes. For example, instead of
having a consultant physician or a Clinical Nurse Specialist delivering the education programmes it
may be more appropriate to have well trained experienced nurses or the equivalent performing this
role. A pilot study conducted by Kaplan et al. at The University of Texas Cancer Centre revealed that
matching clinical skills to the processes led to a 16% reduction in process time, a 12% decrease in
costs for technical staff, and a 67% reduction in costs for professional staff"’. However clinical
outcomes, in addition to behavioural and psychosocial outcomes, are necessary to determine fully

whether the educators’ level of expertise really influences all DSME health outcomes®’.

In some countries the cost of the same programme varied by site. For these programmes, we
observed significant variation in administrative hours and this was not associated with the number
of participating patients. This finding is similar to that of Munoz et al. who used TDABC in a cost-
effectiveness analysis of a red blood cell salvage post total-knee arthroscopy in the US, Switzerland
and Austria and suggest that tighter control of administrative costs may reduce what appear to be

non-value added hours for the patients®%.

Integrating data on the number of patients participating on each programme (Figure 4) with the
outcome data suggests that the number of patients in attendance did not impact on patient self-
reported outcomes. These findings suggest that there is room for cost savings in DSME regarding
the amount of hours of education provided, who provides the education and the number of patients
in attendance at each programme, without negatively impacting patients self-reported outcomes.

A number of learnings emerged from this study: firstly, all programme curricula covered similar

topics, this suggests that there is a shared consensus on what information requires dissemination
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and highlights that variation relates to process delivery rather than curricula; secondly, the
administrative burden on programmes varies greatly and as such is an area of programme
development which requires planning and streamlining; thirdly, the skill mix of professionals
delivering the programme varies greatly suggesting a lack of empirical knowledge surrounding the
most effective educator; fourthly, the duration and hours of education varies significantly across
sites, again highlighting a lack of consensus in terms of the most efficacious course construct; and
finally, such cost variation exists across sites despite the programme content being broadly similar.
The granular mapping of the DSME programmes and the derivation of a cost per programme is the

first step in generating a better understanding of the DSME arena internationally.

A separate analysis of the self-reported outcome data was conducted by Peer et al. analysing the
DSME data for all programmes in aggregate®®. They found that these outcomes were similar
irrespective of the education programme or the country (albeit that the sample size was small and
the standard deviation high). When the programmes were analysed in aggregate, a statistically
significant improvement was found for six behavioral outcomes (general diet, exercise, medication
use, problem areas in diabetes, foot care and appraisal of diabetes) and three disease/health related
outcomes (BMI, health related quality of life and affective well-being). (Please see the Supplemental
File Outcomes Framework and Outcomes Data Table 3 and related note explaining the precise scales

used.)

The costing and provision of DSME is at an early stage of development globally with limited empirical
knowledge of the most efficient and effective mode of delivering DSME. Thus this study has gone
some way to remedying this problem whereby it has outlined a bottom up/patient level cost using
estimates of the actual resource costs used to educate patients through self-management
programmes and therefore a more accurate cost than heretofore of providing various education
programmes. Thus, it has provided a first layer of information, which in the future will be required to
establish whether this model of care/intervention can add value to the health care system once
clinical effectiveness outcomes have been determined for each programme. Storfjell et al., show
that the application of TDABC in the context of nursing care can facilitate the identification and
elimination of non-value added time (NVA) and related the increase in time spent on psychosocial
intervention, support and patient education*’. However, there is a long way to go, whereby clinical
and Quality of Life outcomes are required to measure the effectiveness of DSME programmes before
a thorough understanding of their added value to patients can be estimated. The methods and

results of the current study will inform future research to achieve a better understanding of the
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added value derived from providing DSME interventions. We suggest that future studies include a

rigorous collection of clinical outcomes pre and post DSME.

5.0 Limitations
The TDABC method is a relatively new method in terms of healthcare costing and to the best of the

authors’ knowledge has yet to been applied to investigate the costs of a health education
intervention. As a result there were limited guidelines surrounding the collection of activity and
process step data in non-acute settings and thus it was necessary for the research team to develop
such a protocol that was fit-for-purpose across different international study sites. In practice, many
participants were unfamiliar with the costing and activity terminology and the level of detail
required on all forms of activity, for TDABC. We observed that participants appeared to provide less
detail on administrative and programme preparation activity compared with education activity. This
detailed information would have provided greater insight into the reasons why administrative costs

were found to be so high in some countries while not in others.

In addition, some of the local research teams also experienced difficulties in collecting the required
financial data. For example, in Belgium, the staff involved in the delivery of DSME programmes
taking part in this study, were unable to disclose personal salary information, which was not
otherwise available from a public source, as in other countries. This related to data protection
legislation (enacted 1992, subsequently amended 1998, 2003), together with the fact that there
is no professional category of diabetes educator in Belgium. For these reasons, the Belgian data had

to be excluded from this particular study.

The study is also limited by a lack of available clinical outcome data from each of the education
programmes. While important self-reported health and psycho-social outcome data was collected in
each country it was not possible to determine the clinical-effectiveness of these DSME programmes
in terms of glycemic control due to the absence of any clinical measures. As Kaplan and Porter point
out"’, value in health care can only be determined when there is visibility into both costs and clinical
outcomes. Furthermore, the reliability of self-reported outcomes data was undermined by small
sample sizes in each country. Secondly, self-reported measures of health behavior are susceptible to

%526 Nonetheless, the

social desirability bias, and response styles can vary by culture and setting
similarity in outcomes across each of the sites regardless of the amount of money invested in each

programme raises questions surrounding the value being achieved per Euro/ dollar spent.
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The peer-led programmes found in Denmark and Germany were excluded from the analysis.
However, they were provided at the lowest cost of Int $0.15 and Int $0.74 per patient per hour of
education respectively. When self-assessed outcome data was measured for each programme, the
outcomes were similar for peer-led and specialist-led programmes. We suggest that further research

is needed surrounding peer-led education and measurement of associated clinical health outcomes.

6.0 Conclusion
This paper has demonstrated the variances in the cost of delivering different types of diabetes

education programmes, both within and across countries in the EU and Asia. Developing cost
effective lifestyle interventions to improve the diabetes knowledge and self-management skills and
quality of life for patients may be an important step in preventing the onset of complications
associated with type 2 diabetes. The imperative to do so from an economic perspective cannot be
underestimated when consideration is given to the implications for health care systems associated
with the treatment of diabetes related morbidities such as active foot disease, chronic kidney

disease, retinopathy and myocardial infarction®’.

This study offers the first application of a TDABC approach to evaluate the cost of delivering DSME
programmes and as a means of comparing the costs of running a healthcare intervention cross-
nationally. It contributes to the extant literature by highlighting and describing the vast
combinations and permutations of delivery of DSME curricula, practitioner hours, hours of
education, mix of educators, numbers of attendees and how these variations lead to substantial cost
differences. Our variance analysis revealed that the key drivers of cost variation arose from differing
weighted average capacity cost rates representing the percentage of total time used of each
personnel type, the mix of personnel delivering the education and the number of patients
participating in these programmes. In the process, we identified how there could be potentially
unnecessary process steps that, if eliminated, could lead to cost savings in the delivery of DSME
programmes, including vast differences in administration time, and exploring the mix of personnel

skill alongside the total personnel time used.

While it is already established that diabetes education is a low cost intervention and is cost-effective,
given the sheer numbers of education programmes that need to be made available to meet the
demands resulting from increasing levels of diabetes worldwide, even small process improvements

could lead to overall cost savings for healthcare providers. Future studies focusing on the cost-
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effectiveness of healthcare interventions may consider adopting TDABC principles and variance

analysis as a means of identifying efficiencies in other chronic disease education programmes.

The study has highlighted the strengths of TDABC as a method of bottom up costing in outpatient
care and recommends utilising this method in future studies so as to allow for a comprehensive
literature to develop in the area, enabling comparative studies to be performed. By developing such
literature a comprehensive understanding of the cost of patient education programmes can be
developed and compared cross nationally and across time. Health care practitioners and educators
who wish to convince policy makers and health insurers to reimburse the cost of DSME delivery can
adopt a TDABC approach in order to demonstrate that such programmes are run efficiently and
effectively especially when combined with measures of consequent clinical health outcomes to

represent value for money.
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Figure Legend:

Figure 1: Cost Per Programme (Salary and Overheads) in International $
Figure 2: Percentage of total personnel time used per site

Figure 3: Weighted Average Capacity Cost Rate per Site

Figure 4: Number of Participants per Programme

Figure 5: Variance from Median Programme (Austria 1)

Figure 6a: Total Cost per Programme

Figure 6b: Change in Health Outcomes (General Diet) Following Participation across different

DSME Sites
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Data to Support Figures 1-5

Programme Total Cost per- Total Cost per-
programme (home programme (IntS)
currency)
UK 1 £1201.83 1697.50
UK 2 £883.60 1248.02
UK 3 £402.03 567.83
Taiwan 227.71 NTD 14.01

Israel 1 2532.47 LS 633.11
Israel 2 5952.05 ILS 1484.52
Ireland 1 €923.38 1099.26
Ireland 2 €3918.31 4664.65
Ireland 3 €2682.40 3193.33
Germany 2 €451.52 573.72
Austria 1 €619.68 766.93
Austria 2 €536.28 663.71
Austria 3 €109.97 136.10

Figure 1 Data: Cost Per Programme (Salary and Overheads)
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Cost Driver 2: Percentage of total salary cost (Int S) across personnel type and site

Page 28 of 36
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Cost Driver 3: Number of Attendees at Each Programme
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Figure 4 Data: Number of Patients who Attend each Programme Course

*This programme runs for insulin and non-insulin users — insulin typically have 4 patient attendees and non-insulin ty

median number = 6.5 rounded to 7.
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cally have 9 patient attendees. We took the
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N
2
. Practitioner 2 .
Price Prac Hrs . . = No. of Patients
Total . Hours . Weighted Weighted Average CCR | $No. of .
Programme Variance Variance from ; ] o Variance from
Cost . . Average CCR Variance from Median ;Patlents ]
from Median Median 3 Median
N
Ire 2 4664 3,898 78 55 3,825 3,022 § 11 -1
(¢}
N
Ire 3 3193 2,427 61 38 2,515 1,712 E 20 8
)
UK 1 1697 931 57 34 1,560 757 % 13 1
o
Israel 2 1485 719 25 2 482 -321 % 15 3
UK 2 1248 482 13 -10 452 -351 S 10 -2
>0
Irel 1099 333 19 -4 879 76 § 9 -3
3
Aus1 766 0 23 0 803 0 '(8D 12 0
>
Israel 1 633 -133 15 -8 346 -457 3 10 -2
(@]
o
Aus 2 633 -133 19 -4 536 -267 g 6 -6
]
Germany 2 573 -193 19 -4 417 -386 s 8 -4
(=Y
Q
UK 3 567 -199 12 -11 369 -434 8 9 -3
N
N
Aus 3 136 -630 5 -18 148 -655 g 7 -5
Q
c
Taiwan 14 -752 5 -18 6 -797 @ 1 -11
LY
Median Programme = Austria 1 E’
5]
o
Figure 5 Data: Variances from the median programme (Austria 1) — variances in practitioner hours, weighted average capacity cost rate and number of patients
8
©
<
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1
2
3
4 .
5 Table 1: Diabetes Self-Management Outcomes Framework
6
573 Outcome I. Outcome II. Outcome III.
9
Program form
10 9 Individual DSM AADE?7
11 dispositions ) )
12 Behavior Disease/Health
13
14
15 4. Increase diabetes
16 specific self-efficacy, 11. Healthy Eating
17 focus of control
1
8 " 5. Increase diabetes 12. Being Active
19 = knowledge ’ 9 .
20 " g 18. Disease related
cllg= Outcomes
21 L @ 5 §’ 6. Change attitudes, o
22 9 o 25 believes towards 13. Self-Monitoring
23 < Sl 55| L——iabetes __| 19. Reduced health
24 © o &= risks
25 % S &2 7. Raise diabetes 14, Taking
L S > awareness icati
26 5 g 88 Medication 20. Health related
o ol|lz& ality of life
g; - g ; o 8. Increase perceived “ dualy :
- S & social 15. Problem Solving
29 o~ 5 support/desirability of 21. Mental
= :
30 © RSN behaviors comorbidity
o
31 9. Enhance self- 16. Reduced Risk
32
34
35 10. Improve DSM skills 17. Healthy coping
36
37
38
39
40
41
42
43
44
4 ote:

4 . . .

4ghe sub-categories of the DSMOF served as a basis for the selection of outcome measures for the study. Items were selected
480 measure diabetes self-management behaviors, health indicators, health literacy measures and program information as well
49s socio-demographic information. Thereby all outcome measures are self-reported, i.e. no biomarkers and no HbAlc was

50
5{neasured.

52
53
54
55
56
57
58
59
60
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3
3
Table 2: Self-Reported Patient Outcomes N
%
N | Gen SD Special SD Problem SD Reduced SD Health SD Diabetes =SD Fdhl SD CrDhl SD
Diet Diet Solving Risk Coping Health %
Behaviour Literacy a
S
UK 1 2 0 0 1.33 94 0.5 3.54 1.25 0.17 -1 2.83 0.07 20.2 0 0.28 0.25 0
UK2 21 | 0.02 .73 -0.21 1.75 0.81 2.89 0.11 0.94 1.33 3.23 -0.19 8.37 -0.3 0.48 -0.17 0.59
1L\
UK3 27 | 0.09 1.26 0.32 1.01 1.81 4 0.49 0.84 0.85 3.45 -0.04 &35 -0.09 0.46 -0.01 0.69
~l
GER2 5 0| 187 0.07 1.44 2.6 1.5 0.89 1.11 3.14 3.58 013 | #.11 0.11 0.3 0.26 0.5
IS1 11 | 0.59 1.11 -0.39 2.33 4.18 5.96 0.41 1.4 3.73 3.93 -0.03 g.27 0.07 0.59 -0.25 0.8
1S2 64 | 0.38 3 -0.22 2.33 0.58 5.34 0.23 1.75 1.17 4.53 0.07 g’.SZ 0.05 0.91 0.04 0.8
IR1 13 | 0.73 1.59 -0.74 1.42 5 4.28 0.17 1.71 3 4.08 0.21 g.59 -0.12 0.74 0.35 0.85
IR2 5| -0.2 0.45 -0.07 1.83 4.6 5.98 0.55 1.05 3 2.74 0.2 §.45 0.36 0.26 -0.05 0.59
3
AUS1 6 0.5 1.1 1.48 1.5 3.62 1.38 0.92 3.5 3.08 0.07 Q.ZS -0.3 0.37 0.42 0.47
AUS2 2 1.5 1.12 1.83 4.95 -1.5 4.95 3 1.77 0.5 4.95 0.25 @25 -0.2 0.42 0.5 0.28
AUS3 5 0.3 .72 0.93 3.49 1.2 3.49 0.3 1.2 4.4 3.44 -0.43 B.42 -0.28 0.46 -0.75 0.41
(@]
Figure 6 Data: Self-Reported Patient Outcomes (SD=Standard Deviation) E
o
3

For Figure 6, General Diet was taken as one example of the health outcome data achieved when mapped with cost p& programme. To include each health
. e o o
outcome would make Figure 6 too complex and the main finding that health outcomes were similar across all progra@mes would not be clear to the reader.

dy uo

Note:
Behavioral outcomes: Behavioral self-management was assessed by selected subscales of the Summary of Diabet%s Self-care Activities questionnaire (SDSCA).
Participants thereby specified how many days in the last week they have followed a general and diabetes specifif.‘;diet, exercised, checked their blood glucose
level, took their prescribed medication and cared for their feet properly. In addition the reversed scores of the Prob¥em Areas in Diabetes questionnaire (PAID20)
and the Appraisal of Diabetes Scale (ADS) were used as indicators to operationalize diabetes specific problem solvingc%nd healthy coping respectively.

c

2
Covariates: In addition to the behavioral and health outcomes, socio-demographic variables and health literacy Wé‘fe measured as potential covariates likely to
influence the effectiveness of DSM interventions. For socio-demographic variables, information on gender, age, y%rs of education, self-perceived social status
measured on a ten point scale, and ethnicity measured by own or parental migration experience was collected. Hea@'_h literacy was assessed using a six item short
form of the HLS-EU questionnaire and a diabetes specific health literacy (DHL) scale. The intervention dose in term& of attended sessions was also assessed, but

had to be excluded from the analysis, since some respondents had difficulty in providing this information.

1ybuAdoo
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Page 33 of 36Tab|e 3: Overall effectiveness of DSME programs in Aggregate (NumberBoygaorg?ﬂoants =366)

uadolwaq/9

1 Indicator Baseline Follow-Up X2or t P Cohen’s d
2 >
3 Behavioral outcomes Q
4 &
5 Diet (mean = SD) 449 +218 485+ 1.92 3B7 <.001 0.187
6 S
7 Diabetes specific diet (mean + SD) 4.26 +1.49 434 +1.42 0@8 .163
8 c
9 Exercise 2 1 d/wk (%) 78 84 782 < .001
10 =
11 Blood glucose monitoring = 6 d/wk (%) 28 32 352 .068
o]
12 o
13 Taking medication 7 d/wk (%) 88 92 530 .021
o
14 o
15 Problem areas (mean £ SD) 12.63 £ 5.49 13.76 £ 5.44 5@1 <.001 0.262
16 F
17 Foot care (mean £ SD) 4.18 +1.53 472 +1.53 653 <.001 0.362
0
ig Appraisal of diabetes (mean + SD) 2477 £ 4.56 2583 +£4.71 5@4 <.001 0.269
o
20 : 3
21 Disease/health outcomes }8.3
5:23 BMI (mean + SD) 30.11 + 6.60 29.89 + 6.43 35 < .001 0.181
gg Health related quality of life (mean + SD) 53.73 £ 19.33 57.90 + 19.54 438 < .001 0.255
g? Affective well-being (mean + SD) 59.24 + 24.82 61.78 + 23.87 221 014 0.115
28 £
29 jgo‘
30 N
31 Figure 6 Data: Overall effectiveness of DSME programs in Aggregate (Source: Peer et al., 2016) §
s E
=
34 &
gg Note: Y
o
37 Disease/Health outcomes: Three disease and health outcomes were assessed: (1) the BMI was calculated to assess fiealth risks, (2) the general health perception
38 subscale of the SF36 was used to quantify health related quality of life, and (3) the WHO-5 was used to operationafize affective well-being as a reverse indicator
39 for mental comorbidity. 2
40 g
41 g
42 Q
43 =
44 . . . . -
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Consolidated Health Economic Evaluation Reporting Standards — CHEERS Checklist 1

CHEERS Checklist

Items to include when reporting economic evaluations of health interventions

The ISPOR CHEERS Task Force Report, Consolidated Health Economic Evaluation Reporting
Standards (CHEERS)— Explanation and Elaboration: A Report of the ISPOR Health Economic Evaluations
Publication Guidelines Good Reporting Practices Task Force, provides examples and further discussion of
the 24-item CHEERS Checklist and the CHEERS Statement. It may be accessed via the Value in Health or
via the ISPOR Health Economic Evaluation Publication Guidelines — CHEERS: Good Reporting Practices

webpage: http://www .ispor.org/TaskForces/EconomicPubGuidelines.asp

Section/item Item Recommendation Reported
No on page No/
line No

Title and abstract
Title 1 Identify the study as an economic evaluation or use more

specific terms such as “cost-effectiveness analysis”, and

describe the interventions compared. p.4/ 131
Abstract 2 Provide a structured summary of objectives, perspective,

setting, methods (including study design and inputs), results

(including base case and uncertainty analyses), and

conclusions. p-2/50-78
Introduction
Background and 3 Provide an explicit statement of the broader context for the
objectives study.

Present the study question and its relevance for health policy or

practice decisions. p.4/ 138-142
Methods
Target population and 4 Describe characteristics of the base case population and
subgroups subgroups analysed, including why they were chosen. p.6/ 204-211
Setting and location 5 State relevant aspects of the system(s) in which the decision(s)

need(s) to be made. p.2/ 54-55
Study perspective 6 Describe the perspective of the study and relate this to the

costs being evaluated. -6/ 188-201
Comparators 7 Describe the interventions or strategies being compared and

state why they were chosen. 0.6/ 204-211
Time horizon 8 State the time horizon(s) over which costs and consequences

are being evaluated and say why appropriate. 0.6/ 211
Discount rate 9 Report the choice of discount rate(s) used for costs and

outcomes and say why appropriate. N/A
Choice of health 10  Describe what outcomes were used as the measure(s) of
outcomes benefit in the evaluation and their relevance for the type of

analysis performed. p.5-6/ 194-201
Measurement of 11a  Single study-based estimates: Describe fully the design

effectiveness

features of the single effectiveness study and why the single
study was a sufficient source of clinical effectiveness data.

p.6-8/ 213-269
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Measurement and
valuation of preference
based outcomes
Estimating resources
and costs

Currency, price date,
and conversion

Choice of model

Assumptions

Analytical methods

Results
Study parameters

Incremental costs and

outcomes

Characterising
uncertainty

BMJ Open

Consolidated Health Economic Evaluation Reporting Standards — CHEERS Checklist 2

11b

12

13a

13b

14

15

16

17

18

20a

identification of included studies and synthesis of clinical
effectiveness data.

If applicable, describe the population and methods used to
elicit preferences for outcomes.

Single study-based economic evaluation: Describe approaches
used to estimate resource use associated with the alternative

interventions. Describe primary or secondary research methods

for valuing each resource item in terms of its unit cost.
Describe any adjustments made to approximate to opportunity
costs.

Model-based economic evaluation: Describe approaches and
data sources used to estimate resource use associated with
model health states. Describe primary or secondary research
methods for valuing each resource item in terms of its unit
cost. Describe any adjustments made to approximate to
opportunity costs.

Report the dates of the estimated resource quantities and unit
costs. Describe methods for adjusting estimated unit costs to
the year of reported costs if necessary. Describe methods for
converting costs into a common currency base and the
exchange rate.

Describe and give reasons for the specific type of decision-
analytical model used. Providing a figure to show model
structure is strongly recommended.

Describe all structural or other assumptions underpinning the
decision-analytical model.

Describe all analytical methods supporting the evaluation. This

could include methods for dealing with skewed, missing, or
censored data; extrapolation methods; methods for pooling

data; approaches to validate or make adjustments (such as half

cycle corrections) to a model; and methods for handling
population heterogeneity and uncertainty.

Report the values, ranges, references, and, if used, probability
distributions for all parameters. Report reasons or sources for
distributions used to represent uncertainty where appropriate.
Providing a table to show the input values is strongly
recommended.

For each intervention, report mean values for the main
categories of estimated costs and outcomes of interest, as well
as mean differences between the comparator groups. If
applicable, report incremental cost-effectiveness ratios.

Single study-based economic evaluation: Describe the effects
of sampling uncertainty for the estimated incremental cost and

NA
Synthesis-based estimates: Describe fully the methods used for

N/A

p.5-6/ 194-201

p.4-5/ 146-201

N/A

p.7/ 243-206

N/A

N/A

p.6-8/ 214-269

N/A

p 8-13/272-348

incremental effectiveness parameters, together with the impact N/A
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20b
Characterising 21
heterogeneity
Discussion
Study findings, 22
limitations,

generalisability, and
current knowledge

Other
Source of funding 23

Conflicts of interest 24

of methodological assumptions (such as discount rate, study
perspective). N/A
Model-based economic evaluation: Describe the effects on the
results of uncertainty for all input parameters, and uncertainty
related to the structure of the model and assumptions. N/A
If applicable, report differences in costs, outcomes, or cost-
effectiveness that can be explained by variations between
subgroups of patients with different baseline characteristics or
other observed variability in effects that are not reducible by

more information. p.8-13/ 272-348

Summarise key study findings and describe how they support

the conclusions reached. Discuss limitations and the

generalisability of the findings and how the findings fit with

current knowledge. p.13-17/ 350-495

Describe how the study was funded and the role of the funder

in the identification, design, conduct, and reporting of the

analysis. Describe other non-monetary sources of support. p.17/ 498-501
Describe any potential for conflict of interest of study

contributors in accordance with journal policy. In the absence

of a journal policy, we recommend authors comply with

International Committee of Medical Journal Editors

recommendations. p.18/ 530

For consistency, the CHEERS Statement checklist format is based on the format of the CONSORT

statement checklist

The ISPOR CHEERS Task Force Report provides examples and further discussion of the 24-ite—-
CHEERS Checklist and the CHEERS Statement. It may be accessed via the Value in Health link
ISPOR Health Economic Evaluation Publication Guidelines — CHEERS: Good Reporting Practices
webpage: http://www.ispor.org/TaskForces/EconomicPubGuidelines.asp

The citation for the CHEERS Task Force Report is:

Husereau D, Drummond M, Petrou S, et al. Consolidated health economic evaluation reporting standards
(CHEERS)—Explanation and elaboration: A report of the ISPOR health economic evaluations publication
guidelines good reporting practices task force. Value Health 2013;16:231-50.
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