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Abstract

Aims: To evaluate the long-term cost-effectiveness of a Patient Empowerment Programme

(PEP) for Type 2 Diabetes Mellitus (DM) in primary care

Materials and methods: PEP participants were subjects with Type 2 DM who enrolled into
Q) PEP in addition to enrolment in the Risk Assessment and Management Programme for DM
(RAMP-DM) at primary care level. The comparison group was subjects who only enrolled
into RAMP-DM without participating in PEP (non-PEP). A cost-effectiveness analysis was
conducted using a patient level simulation model (with fixed-time increments) from a societal
perspective. We incorporated the empirical data from a matched cohort of PEP and non-PEP
group to simulate lifetime costs and outcomes for subjects with DM with or without PEP.
Incremental cost-effectiveness ratios (ICER) in terms of cost per quality adjusted life year
(QALY) gained were calculated. Probabilistic sensitivity analysis was conducted with results
presented as a cost-effectiveness acceptability curve.
Results: With an assumption that the PEP effect would last for 5 years as shown by the
empirical data, the incremental cost per subject was US$197 and the incremental QALY

gained were 0.06 per subject, which resulted in an ICER of US$3,290 per QALY gained
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compared with no PEP across the life time. Probabilistic sensitivity analysis showed 66%
likelihood that PEP is cost-effective compared with non-PEP when willingness-to-pay (WTP)

for a QALY is US$46,153 or above (based on per capita GDP 2017).

PEP could be highly cost-effective from a societal perspective as an adjunct intervention for

O Conclusions: Based on this carefully measured cost of PEP and its potentially large benefits,

patients with DM.
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INTRODUCTION

Diabetes mellitus (DM) affects 422 million people in the world and is responsible for an
increasing burden to healthcare spending.! In US and Europe, around 40 to 60% of the costs
of DM management are attributable to inpatient care for complications.*®* The morbidity
reflected by this economic burden is a strong motivation to develop effective interventions to

prevent diabetic complications.

Apart from DM treatment, self-care and lifestyle changes are at the core of DM
management.* A variety of self-management education programmes have been developed
and shown to be effective.”® The next question for decision makers is whether it is efficient
to allocate resources to self-management programmes, given limited health care resources.
Our recent systematic review identified 12 cost-effectiveness studies on self-management
education programmes from 2003 to 2015.° Eight of the 12 studies had good quality
estimations on both effectiveness and costs. Among these 8, four studies'®*® found that the
cost of an effective programme was modest at the 6- or 12-month follow up, three studies***®
found programmes likely to be cost-effective over the participants’ life times and one study
did not demonstrate cost-effectiveness at the 12-month follow up.!” This review also showed

that there were very few studies with good quality data and even then the clinical evidence

for the simulation of cost-effectiveness over the lifetime was rarely sourced from patient-
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level population data. None of these studies were carried out on an Asian population so a
population-based, cost-effectiveness study on an Asian population should be a useful addition

to the literature.

The Hong Kong (HK) Hospital Authority (HA), which manages all publicly funded hospitals

in HK, launched a Patient Empowerment Programme (PEP) in 2010 for subjects with Type 2
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DM who attend public general outpatient clinics (GOPCs) for their diabetes care. A detailed
description of the PEP has been published elsewhere.’®2* Briefly, enrolled subjects attend
generic education sessions that cover the importance of self-management and behaviour
modification, diet, exercise, stress, coping skills and problem solving. They also attend
disease-specific sessions covering knowledge of DM as well as DM management and self-
care. Each PEP session is facilitated by an appropriately trained health care professional such
as nurse or social worker but the non-government organizations (NGO) who run the sessions
can choose their own level of staff and have some freedom in the style of their programme.
Apart from the PEP, most of the subjects with Type 2 DM who attend public clinics have also
been enrolled in a DM Risk Assessment and Management Programme (RAMP-DM) which
provides regular check-ups and screening for complications and serves as their routine DM
care.®® We previously conducted a five-year cost-effectiveness analysis (CEA) based on
empirical data which estimated that the cost to prevent one death from any cause for someone

in the PEP programme was US$14,465 (HK$112, 827) when compared with those enrolled

only in RAMP-DM.? This cost to prevent one death is far below estimates of the statistical
value of life in HK — at least HK$10 million?” — which itself is a relatively low statistical
value of life. However, this previous CEA did not evaluate the longer-term impact of PEP on
healthcare costs over the lifetime (i.e. from subject’s current age until death). In the current
study we aimed to conduct a simulation study based on empirical data to estimate the long-

term cost-effectiveness of PEP.

MATERIALS AND METHODS
We used empirical data on the programme cost, incidence of diabetic complications and
mortality during the five-year PEP follow up, obtained other parameters from the RAMP-DM

programme and incorporated these into a long-term model to simulate the lifetime impact of
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PEP plus RAMP-DM on the health care costs and health related quality of life of participants
versus those who participated in RAMP-DM only but not PEP. These empirical data were
derived from a matched cohort of subjects with RAMP plus PEP and subjects with RAMP

26

only, whose characteristics did not differ between the groups.” A societal perspective was

taken in this CEA. All the costs are in US dollars (1 US$=7.8 HK$).

The long-term model structure

A patient level simulation model was used to simulate lifetime outcomes for subjects with
DM with or without PEP. The model simulates the transitions between different disease states
until estimated time of death, based on the average mortality rates of someone with the
individual’s profile and with a cycle length of one year. The main advantage of an individual-
based model is that the transition probabilities can reflect disease history and so multiple
complications can be included in the model. The United Kingdom Prospective Diabetes
Study (UKPDS) outcome model was used as a reference to develop our model structure.”®
Each individual began in the no complication state, with age and sex randomly allocated from
the distributions in the empirical data of a matched group of PEP and non-PEP subjects
(Figure 1). Each yearly transition could include an initial occurrence of any of the six DM
complications, i.e. acute myocardial infarction (AMI), other ischemic heart disease (IHD),
heart failure, stroke, end-stage renal disease (ESRD) or sight-threatening diabetic retinopathy
(STDR). In each year, an individual’s probability of developing any of the complications or
of dying were calculated based on the individual’s profile. After developing any
complication(s), the subject would have a higher risk of death in the event year, according to
the risk associated with that complication, or they would survive the event year but enter the
next cycle with the history of the complication for all subsequent years. Subjects with a

history of a complication had a higher chance of death compared to those without. If a death
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event occurred, the accumulated quality-adjusted life years (QALYsS) and cost were
calculated for that subject, while a subject who survived that cycle would carry on to the next
with an updated age and complication history, if relevant. We simulated only the first
development of any specific complication but a subject could have a first event of a different
complication, even in the same year. All transition probabilities were estimated from the

empirical data as described in more detail later.

Costs of healthcare utilisation and utility values were applied in each cycle (i.e. each year)
according to the health states of individual subject (see later). When every individual in the
model had died, total costs and QALYs gained were summed across the group. The
simulation was repeated 10,000 times for both PEP and non-PEP groups. The model was

developed in TreeAge Pro Suite 2013 (TreeAge Software, Inc, Williamstown, MA).

Estimation of transitional probabilities

Diabetic complications

The probabilities of developing the six DM complications were based on the incidence rates

from matched PEP and non-PEP cohorts over a five-year follow up. The detailed subject

selection and propensity score matching has been reported elsewhere.?®

Sex-specific incidence rates of complications per person-year were calculated by dividing the

five-year cumulative number of events by the total person-years at risk in the follow up

period for each type of complication in the PEP and non-PEP groups (Table 1). The incidence

rates were converted into an average annual transitional probability (P) for a subject aged 65

i.e. average age in the middle year of the follow-up period, by the equation (1):
P=1-exp(-rt), (1)

where r is the average incidence rate over 5 years and t=1 for annual probability.”®
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Since age and sex were found to be associated with different risks of DM complications,?3"-

% \we investigated the association between age and the development of each complication by
sex for the matched PEP and non-PEP groups using multivariable Cox proportional hazard
regression models (Table 1). The hazard ratios for age were applied to the incidence rate (r)
to estimate age-specific rates (rage) using the equation (2):

Fage = I X HR™(¢ %) (2)
and, the transitional probability (P) for a specific age would be:

Page = 1 - €XP(-Tage 1), 3)

where t is the period of time, which t=1 for annual probability estimation.

Mortality

The mortality rates used in the model were based on the subject’s age, sex, and presence of
complications and the coefficients for the association with mortality were from the RAMP-
DM data using four statistical models to estimate mortality rates: 1) rate of death in each
year for subjects who have not yet developed any of the six complications; 2) rate of death in
an event year for subjects without history of complications; 3) rate of death in an event year
for those who have other pre-existing complications; and, 4) rate of death in a non-event year
for subjects who have developed complications previously (Supplemental Table S1).%*

Probability of death occurring in non-event years (models 1 and 4) was estimated using
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Gompertz models. The probability of death at age (t) for a subject was estimated by equation
(4):

1—exp [(H(t|x;) - H(t+1 | x))], (4)
where the H(t | xj) = ho(t) exp(Bi X;), with baseline hazard ho(t) = exp(yt) exp(Bo) and the
parameters v, o, and [; were the coefficients for each factor as shown in Supplemental Table

Sl
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For probability of death in event years (models 2 and 3), logistic models were used. The
probability of death was estimated by the equation (5):

P =1-(exp(-2))/(1+exp(-2)), (5)
where z = o+ B1 X1+ B2 X2+ ... + Bn X, and B was the coefficient for each factor.
Estimation of health utility scores
QALY's were used as the long term outcome in the CEA model. The disease-related health
state utility values were taken from RAMP-DM data and the same cross sectional sample as
used for the private medical costs (see later).*® The health-related quality of life (HRQOL)
data were collected using the SF-12v2 health survey and were transformed into SF-6D health
utility scores using a local algorithm.***’ Ordinary least squares (OLS) regression was used to
estimate the association between each type of DM complication and SF-6D health utility
scores, adjusted for socio-demographic factors and clinical parameters (Table 1). We applied
the utility value of DM without complications and utility decrements according to individual
health status. The loss in utility due to multiple complications was assumed to be additive. No
age-related health utility values were applied. The QALY were calculated by multiplying the
utility values with the time spent in that health state. Details of utility decrements associated

with DM complications were obtained from published literature.*®

Estimation of costs

Programme cost

An in-depth costing of the PEP was conducted from a societal perspective and is described
elsewhere.?® The costs included the operation costs of the NGOs providing service, the
administrative cost of HA head office and cluster office, subjects’ and accompanying
persons’ travel and time cost for attending the PEP sessions and community resources needed

to run the programme which covers the value of volunteer workers’ time and of ‘free’ venues
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for holding sessions. The average of the annualized costs during the study period was
converted to the year 2017 cost using the Consumer Price Index (CPI) rate®® and was US$276
per subject. It was assumed to be a one-off cost and was applied to each PEP subject at the
initial stage of the model.

Cost of health service utilization

The cost of public health service utilization included the costs of hospitalization, GOPC
visits, specialist outpatient clinic (SOPC) visits, allied health clinic visits, and accident and
emergency department visits. Data from the RAMP-DM cohort of 128,309 subjects over five
years were used to estimate the incremental cost due to DM complications in the event and
subsequent years and corresponding cost multipliers (Table 2).*> The cost multipliers were
applied to the baseline cost to calculate the extra cost due to increases in age as well as sex
grouping and presence of complications. For example, the annual utilization cost for a 65-
year old female with a new MI and history of heart failure was calculated as: US$1,650 x
1.02 %3 x 1,01 x 450 x 2.10 = US$16,385. It was assumed that the age and sex-related

utilization cost was the same for PEP and non-PEP subjects.

The cost of private medical care included out-patient clinics, inpatient stays and self-financed
drugs and was estimated from a cross-sectional survey of 1,275 RAMP-DM subjects.®® Cost
multipliers for age, sex and DM complications were generated using the same methods as
described for the public health care costs and the values are shown in Table 2. The cost
multipliers were derived from the empirical data from people who may or may not have used
private care so it reflects the frequency of use and the costs of each episode and was applied

to every individual in the model.

Cost-effectiveness analysis
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All future costs and QALY's were discounted at 3.5% per year. In the base case model. The
effect of PEP was assumed to last for 5 years after the baseline as observed from the
empirical data and assumed to have no further effect after 5 years i.e. have the same transition
probabilities of complications as the non-PEP group. Although the effectiveness of PEP last
for 5-year, the impact on the health care cost could be long-term across people’s life time as a
results from the prevented or postponed complication and death. For example, overall there
would be fewer subjects with complications developed during their lifetime in the PEP group,
which would result in reduced risk of mortality which is associated with the history of
complication(s) compared with subjects in the non-PEP group. This is a conservative
approach. Incremental cost-effectiveness ratios (ICER) between the PEP and non-PEP groups
were calculated by dividing the difference in cost by the difference in QALYs. The ICERs
were compared with the willingness to pay (WTP) threshold for a QALY according to the
WHO guideline that interventions with a cost per QALY gained of less than 1 x GDP per
capita (HK$359,996 in year 2017; at US$1=HK$7.8 = US$46,153) would be considered

highly cost-effective.***®

Sensitivity analyses

Sensitivity analyses were conducted to test assumptions on the duration of PEP effect and
uncertainties around the parameters. Two alternative assumptions about duration of effect
were: 1) a 3-year effect and 2) a lifelong effect. One-way sensitivity analyses were used to
identify which parameters had the largest effects on cost-effectiveness. One model parameter
was varied at a time while the others remained unchanged. The variables tested included
discount rates, programme cost, cost multipliers for public and private health service use,
effectiveness of PEP versus non-PEP for each complication, and utility values (Table 1 and

2). The results are displayed as Tornado Charts. Probabilistic sensitivity analysis was
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conducted to capture the uncertainties around some of the parameters using the same
variables and ranges as in the one-way sensitivity analyses (Table 1 and 2). Random values
from the distribution of the selected parameters were used in each iteration of the model. The
model was repeated 1,000 times for 1,000 individuals simulated in the model, selecting
random values for each parameter each time. The results were plotted on a cost-effectiveness
plane and are displayed with cost-effectiveness acceptability curves. All the above sensitivity

analyses were based on the CEA model from a societal perspective.

RESULTS

Base case results

The lifetime cost, from a societal perspective and assuming a 5-year intervention effect, for
the PEP group was US$30,621 with nearly 90% of the cost derived from public health service
use. For the non-PEP group, the lifetime cost was US$30,423 (Table 3). The incremental cost
and QALYs gained for the PEP versus non-PEP group were US$197 and 0.06 QALYs

respectively per subject. This gives an ICER of US$3,290 per QALY gained for PEP.

Sensitivity analysis

The scenario analysis showed that PEP remained consistently cost-effective when a shorter
(3-year) duration of effect was assumed. The ICER for the 3-year effect model slightly
increased to US$6,675 per QALY gained from the base case scenario of a 5-year effect while

that for the lifelong effect model reduced to US$478 per QALY gained (Table 3).

The results of other one-way sensitivity analyses showed that the ICER varied from US$478

to US$7,897 (Figure 2). Varying staff cost had the greatest impact on the ICER among those

cost parameters tested and the assumed duration of the PEP effect had the biggest impact
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among the effectiveness parameters tested. However, none of the above analyses would
change the conclusion that PEP was cost-effective at the stated threshold value of US$46,153

per QALY.

The results of the probabilistic sensitivity analysis are shown a cost-effectiveness plane
(Supplemental Figure S1). More than half of the estimated ICERs fall below the WTP
threshold of US$46,153 (dotted line) but 15.6% of the simulations are located in the south
east quadrant, indicating that PEP is cost saving with QALY's gained compared with no PEP.
The cost effectiveness acceptability curve (Figure 3) shows that the PEP intervention had a
37% probability of being cost-effective even under the assumption of zero willingness to pay
(US$0) for a QALY gained, increasing to 66% probability of being cost-effective at the WTP
threshold of US$46,153 for a QALY. The likelihood of PEP being cost-effective remains even

when the value of a QALY is lowered to US$40,000 or raised to US$80,000.

DISCUSSION

In this lifetime model, we found that, if the PEP effect lasted for five years, PEP was highly
cost-effective from a societal perspective with an ICER of US$3,290 per QALY gained
compared with no PEP. This value is far below the WHO recommended WTP threshold for a

QALY of 1 x per capita GDP (US$46,153). Even if our threshold were half of that
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recommended by WHO, the intervention would still be highly cost-effective. The PEP group
would have higher lifetime costs than the non-PEP group, including those costs resulting
from longer survival, but would also have higher lifetime QALYs from the prevention of DM

complications.

One strength of this study is that all the parameters were based on local population data,
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either from our PEP cohort or from the RAMP-DM data, which eliminates the uncertainty of
adapting overseas data to the local population. To validate the model, we compared the
observed complication events in the empirical data with the events predicted in the first 5
years from the CEA model. This showed that the probability of developing heart failure could
have been overestimated in the model for both the PEP and non-PEP groups but the overall
validity of the model was reasonable with overlapping of the 95% ClIs for predicted and

actual complication rates (Supplemental Table S2).

There were some limitations in our model. The transition probabilities of complications were
based on empirical data from the cohort and some of the complication incidence rate s were
not significantly different between the PEP and non-PEP groups because the number of cases
was small e.g. for ESRD. Also, in order to identify two comparable groups of PEP and non-
PEP subjects, we matched two larger groups on several criteria. Although these matched
groups were similar in all observed demographic and clinical risk factors at baseline, we
cannot exclude differences in unobserved characteristics but we have no reason to think these

existed.

PEP was a one-off intervention which aimed to empower patients with knowledge and skills
to facilitate their self-management of their chronic condition. There is always uncertainty
about the length of any effect of this kind of lifestyle or behaviour change intervention
especially if there is no continuing intervention. Assuming that the effect of PEP would be
completely gone within a 3-year period (more conservative assumption) the ICER doubled
compared with the base case model but was still cost-effective (US$6,675 per QALY gained).

When the effect of PEP was assumed to be lifelong (optimistic assumption), the ICER was
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less than US$500 per QALY gained. These results indicated that the finding of cost-

effectiveness of PEP is robust.

The cost drivers can be seen in the Tornado diagram. The per-subject cost of PEP is the cost
which causes the greatest change in ICER, particularly the staff cost component, although
none of the cost parameters tested changed the conclusion on the cost effectiveness of PEP.
The different NGOs used different types of staff which generated a wide range of costs. At
present, we have no information on whether there was any association between the use of
more senior and/or more expensive staff and better outcomes and so we cannot present

further analyses on these variables at present.

In general, the results show that PEP is probably cost-effective but with a 66% likelihood at
the threshold of US$46,153 per QALY. This indicates that there are wide ranges for some
parameters used in the model and some sets of estimates result in PEP not being cost-
effective. One important set of parameters that contributes to this uncertainty is the hazard
ratios for the diabetic complications suffered by the PEP and non-PEP groups. Several of the
estimates were not significantly different between the groups and the 95% ClIs were wide.
The impact of uncertainty on the hazard ratios was also reflected in the cost-effectiveness
plane which shows a number of ICERs located in the north-west or south-west quadrant,
indicating no benefit for the PEP group compared with the non-PEP group. Future research
will be worthwhile to identify any sub-group that is less likely to benefit from PEP, e.g. by
sex, or smoking status, and also to see whether there might be an optimum number of PEP

sessions to generate an effect on outcomes.

Compare to the three long-term cost-effectiveness studies identified from our systematic
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review,41°

our PEP programme were different in educational components and educators.
Also, unlike our study which applied the observed transition probabilities of the development
of complications derived from our empirical data into a long-term model, all three studies
applied the observed changes in surrogate outcomes (HbAlc, blood pressure) from RCTs to
predict the transition probabilities of diabetic complications. These three studies also found
the self-management education programmes were likely to be cost-effective in the long term.
Similar to us, Gillett et al.** found that their diabetes education and self-management

programme (DESMOND) for ongoing and newly diagnosed cases of type 2 diabetes had a

66% (based on trial) to 70% probability of being cost-effective, when compared to usual care.

In conclusion, given the carefully measured cost of PEP and the potentially large benefits,

PEP could be highly cost-effective from a societal perspective with ICERs below the WTP

threshold of 1 x per capita GDP.
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Table 1. Parameters on effectiveness in CEA model

Range for one-way  Sources of the

Distribution for

Accepted Article

Parameters Base-case sensitivity analysis tested range proba_b?li_stic
sensitivity

Annual transition probabilities of DM complications

PEP group (Male)
AMI 0.332% NA NA NA
Other IHD 0.795% NA NA NA
Heart failure events 0.406% NA NA NA
Stroke events 0.706% NA NA NA
STDR events 0.129% NA NA NA
ESRD events 0.359% NA NA NA

PEP group (Female)
AMI 0.178% NA NA NA
Other IHD 0.520% NA NA NA
Heart failure events 0.246% NA NA NA
Stroke events 0.606% NA NA NA
STDR events 0.065% NA NA NA
ESRD events 0.147% NA NA NA

Non-PEP group (Male)
AMI 0.384% NA NA NA
Other IHD 0.774% NA NA NA
Heart failure events 0.383% NA NA NA
Stroke events 0.900% NA NA NA
STDR events 0.097% NA NA NA
ESRD events 0.281% NA NA NA

Non-PEP group (Female)
AMI 0.234% NA NA NA
Other IHD 0.516% NA NA NA
Heart failure events 0.409% NA NA NA
Stroke events 0.652% NA NA NA
STDR events 0.090% NA NA NA
ESRD events 0.214% NA NA NA

Sex specific hazard ration for age on incidence rate

PEP group (Male)
AMI 1.047 NA NA NA
Other IHD 1.030 NA NA NA
Heart failure events 1.114 NA NA NA
Stroke events 1.052 NA NA NA
STDR events 0.933 NA NA NA
ESRD events 1.104 NA NA NA

PEP group (Female)

This article is protected by copyright. All rights reserved.
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AMI

Other IHD

Heart failure events

Stroke events

STDR events

ESRD events
Non-PEP group (Male)

AMI

Other IHD

Heart failure events

Stroke events

STDR events

ESRD events
Non-PEP group (Female)

AMI

Other IHD

Heart failure events

Stroke events

STDR events

ESRD events
Effectiveness of PEP

Male

Hazard ratio of AMI

Hazard ratio of other IHD

Hazard ratio of heart failure

Hazard ratio of stroke

Hazard ratio of STDR

Hazard ratio of ESRD
Female

Hazard ratio of AMI

Hazard ratio of other IHD

Hazard ratio of heart failure

Hazard ratio of stroke

Hazard ratio of STDR

Hazard ratio of ESRD

Health utility decrements

Utility of DM subjects without
complications

Female
AMI
Other IHD
Heart failure
Stroke

1.089
1.048
1.124
1.089
0.994
1.109

1.067
1.031
1.108
1.079
0.991
1.122

1.096
1.057
1.129
1.080
0.968
1.097

0.858
1.027
1.061
0.799
1.308
1.338

0.746
1.001
0.610
0.929
0.747
0.693

0.883

-0.024
-0.017
-0.017
-0.017
-0.042

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

(0.627, 1.173)
(0.831, 1.269)
(0.788, 1.428)
(0.647, 0.988)
(0.748, 2.287)
(0.957, 1.870)

(0.521, 1.068)
(0.799, 1.254)
(0.455, 0.817)
(0.757, 1.140)
(0.413, 1.353)
(0.471, 1.022)

(0.778, 0.989)

(-0.041, -0.007)

(-0.042, 0.008)
(-0.042, 0.008)
(-0.042, 0.008)

(-0.072, -0.012)
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NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

95% Cl

95% CI

95% ClI

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Log-normal
distribution

Log-normal
distribution

Normal
distribution



ESRD -0.055 (-0.093, -0.017)
STDR -0.043 (-0.075, -0.010)

AMI= Acute Myocardial Infarction; IHD= Ischaemic Heart Disease; STDR=Sight Threatening Diabetic
Retinopathy; ESRD= End Stage Renal Disease; Cl= confidence interval; QALYs= quality-adjusted life-years;
NA=Not applicable;

Accepted Article
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Table 2. Parameters on cost in CEA model
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Range for one- Sources of Distribution
Base- way for
Parameters 7 the tested I
case sensitivity probabilistic
. range -
analysis sensitivity
Discount rate
Discount on both cost and o on E0
QALYs 3.5% (0%, 5%) NA
Cost, US$
Cost of PEP (societal 276 (213, 332)
perspective)
Cost of PEP (extreme case) ' 276 (138, 553)
NGO resource cost 98 (48, 155) -
5 (1, 13) Minimum and
NGO setup cost ' maximum
Staff 7 (43, 97) among Uniform
Staff (extreme case) " (0, 289) ef:gg;irfs o,r distribution
Venue rental 5 (0, 14) extreme
Equipment 1 0.2 cases
Other operating expenses 10 (2, 55)
Cost to the community 14 (3,51)
Cost to subjects 105 (95,118)
Public cost multipliers
Baseline cost’, US$ 1650 NA NA NA
Age — 63 1.02 NA NA NA
New complication
AMI 4.50 (3.50, 5.79)
other IHD 2.88 (2.47, 3.37)
Heart failure 4.56 (3.77,5.51) 95% Cl Log-normal
Stroke 7.04 (6.22, 7.97) distribution
STDR 1.52 (1.13, 2.05)
ESRD 9.24 (7.29, 11.71)
Existing complications
AMI 2.01 (1.44, 2.82)
other IHD 1.33 (1.17, 1.51)
Heart failure 2.10 (1.74, 2.53) 95% C| Log-normal
Stroke 2.43 (2.20, 2.69) distribution
STDR 1.22 (0.99, 1.50)
ESRD 2.56 (1.95, 3.37)
Private cost multipliers
Baseline cost®, US$ 218 NA NA NA
Age — 65 0.97 NA NA NA

This article is protected by copyright. All rights reserved.



Female 1.30
Macrovascular complications

Heart disease 2.34

Stroke 1.52
Microvascular complications

STDR 2.08

ESRD 1.93

NA

(1.21, 4.52)
(0.68, 3.38)

(0.91, 4.74)
(0.79, 4.73)

NA NA
95% Cl Log-normal
distribution

Accepted Article

AMI= Acute Myocardial Infarction; IHD= Ischaemic Heart Disease; STDR=Sight Threatening Diabetic
Retinopathy; ESRD= End Stage Renal Disease; Cl= confidence interval; QALYs= quality-adjusted

life-years; NA=Not applicable;

Textreme case — from half of the base cost up to double the cost
*for a male patient with diabetes, age 63 with no complication

Sfor a male patient with diabetes, age 65 with no complication
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Table 3. Cost-effectiveness of PEP versus Non-PEP (from societal perspective)

Accepted Article

Cost' QAL Incremental cost Incremental ICER
(US$) 4 (US$) QALYs (US$)
@) (b) () (d) (€)/(d)
Base case 5-year intervention effect
10.0
No PEP 30,423 6
- public health service
cost 27,315
- private health
service cost 3,108
10.1
PEP 30,621 2 197 0.06 3,290
- PEP programme
cost 276
- public health service
cost 27,227
- private health
service cost 3,118

Scenario analysis 3-year intervention effect

10.0
No PEP 30,423 6
- public health service
cost 27,315
- private health
service cost 3,108
10.1
PEP 30,690 0 267 0.04 6,675
- PEP programme
cost 276
- public health service
cost 27,298
- private health
service cost 3,116
Scenario analysis lifelong effect
10.0
No PEP 30,423 6
- public health service
cost 27,315
- private health
service cost 3,108
10.3
PEP 30,538 0 115 0.24 478
- PEP programme
cost 276
- public health service
cost 27,126
- private health
service cost 3,135
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"Discounted at 3.5% per year
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Start: define patient characteristics
- with no diabetes-related complications
- define age and sex

Update individual profile on:
- Age
- Disease history on AMI, IHD,

Heart disease, stroke, ESRD,
STDR Commence model cycle

Calculate QALYs -
& costs No Calculate probability for:

- Acute Myocardial infarction (AMI)

- Other Ischemic heart disease (IHD)

- Heart failure

- Stroke

- End stage renal disease (ESRD)

- Sight threatening diabetic retinopathy

Dead? (STDR)

- Mortality (conditional on the
occurrence of AMI, other IHD, Hear
failure, stroke, ESRD)

Yes

Figure 1. Structure of long-term CEA Model
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One-way sensitiviy analyses of cost and effectiveness parameters

Cost of PEP (extreme case)
Duration of PEP effect |
HR of stroke (female) |
NGO cost - Staff (extreme case)
HR of stroke (male)
HR of ESRD (male)
Cost of PEP |
HR of heart failure (female)
NGO resource cost
HR of heart failure (male)
Discount rate
HR of other IHD (male)
HR of AMI (male)
HR of ESRD (female)
Public cost multipliers - CHF (old)
NGO cost - Staff
NGO cost - Other operating expenses
HR of other IHD (female)
HR of STDR (male)
Public cost multipliers - AMI (old)
Cost to the society
Private cost multipliers - STDR
HR of AMI (female) |
Public cost multipliers - ESRD (old)
HR of STDR (female) |
Public cost multipliers - STDR (old)
Public cost multipliers - Stroke (old)
Cost to subjects
Public cost multipliers - Stroke (new)
Private cost multipliers - Heart disease
NGO cost - Venue rental
Private cost multipliers - Stroke
Public cost multipliers - AMI (new) |
NGO setup cost
Private cost multipliers - ESRD
Public cost multipliers - CHF (new)
Public cost multipliers - ESRD (new)
Health utility for STDR
Health utility for heart failure |
Health utility for stroke
Public cost multipliers - other IHD (new)
Public cost multipliers - other IHD (old)
NGO cost - Equipment |
Health utility for ESRD
Public cost multipliers - STDR (new)
Health utility for AMI
Health utility for other IHD |
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Figure 2. Tornado diagram for one

-way sensitivity analyses
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Figure 3. Cost-effectiveness acceptability curve
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