CHAPTER li

REVIEWS OF RELATED LITERATURE AND RESEARCH

1. Diabetes care

1.1, Basic knowledge about diabetes

Diabetes meilitus is a group of metabolic disease characterized by hyperglycemia
resulting from insulin resistant, abnormal insulin secretion, or both. The main ciinical
symptorns of diabetes include weight loss, polyphagia (frequently hungry), polyuria
(frequently urinating), pelydipsia (frequently thirsty), blurred vision, severe fatigue, poor
wound healing, dry or itchy skin, and recurrent infections [23]. The chronic high blood
glucose level is asscciated with the damage in various organs and body systems
including eyes, kidneys, nervous system, and Cardiovasca}far systern which result in
many long-term complication including retinopathy, nephropathy, neuropatiy,
cardiovascular symptoms [23]. The clinical effects from diabetes which are defined as
acute life-threatening are hyperglycemia with ketoacidosis or the nonketotic
hyperosmotar syndrome [23].

The most common type of diabetes is type 2 diabetes. The cause of type 2
diabetes is a combination of resistance to insulin action and an insutin secretion defect,
while Type 1 diabetes, the less prevaient category, is an absolute deficiency of insulin
secretion. There are the other types of diabetes which are rare including gestational
diabetes mellitus{GDM), malnutrition-retated diabeles and‘other types(e.g. drug induced,

genetic defects) [23]

1.2. Importance of glycemic control

The American Diabetes Association (ADA} recommends that the patients with
diabetes should control their Alc <7% [24].Asian-Pacific Type 2 Diabetes Policy Groups
and Internationai Diabetes Federation(IDF) also recommends that Alc target for
glycemic control should not be more than 6.5% [9]. Both diabetes organization

recommend like that because glycemic control is important not only for preventing acuie



hyper- or hypoglycemia but aiso for helping the diabetes patient to reduce their iong-
term complication relating to diabetes progression. The result from the United Kingdoem
Prospective Diabetes Study (UKPDS) was shown that the median Alc values of 7%over
10 years controlled had significantly 25% risk reduction in aggregate microvascular
endpoints{mainly different in cases of retinal photocoagulation) compared with another
group(the median Alc ~7.9%) [8]. The diabetes control and complication trial (DCCT)
have also shown that the treatment regimens that reduced average Alc to 7% was
associated with fewer retinopathy, nephropathy, and neurcpathy [25]. Furthermore, the
result from a meta-analysis about Alc and cardiovascular diseases in 2004 [14]
showed that an increase in Alc trend to increase cardiovascular disease. Therefore, itis
important that all clinicians should try 1o control blood glucose of their diabetes patient

for both short term and long-term outcome.

1.3. Assessment of glycemic control

Tne objective of diabetes therapy is to control the amouht of blood glucose and
maintain it ike normal people. Blood glucose testing is the commonly used methoed but in
some area that the blood testing is not available, so that urine testing is used. However, it
can not detect hypoglycemia, and is not useful when the patients have scme renal defect
(9]

American Diabetes Asscciation (ADA) recommends two techniques to assess the
blood glycernic control including self-monitoring of blood glucose and glycosylated

hemoglobin (Alg) test [24].

1.3.1. Self-monitoring of blood giucose

Self-monitoring of blood glucose is important because it can prevent
asymptomatic hypo- and hyperglycemia. In addition, result of hon%toring plood glucose
can be usefut in adjusting medical nutrition therapy and physical activity. The patienis
who use insulin usually need daily self glucose monitoring. However, as the accuracy of
self-monitoring of blood glucose depends on user and instrument, health care providers

have to carefully instruct the patients about technique in using the instrument. The heaith



care providers also need fo teach the patients how 1o use the data from self-manitoring
of blood glucose to adjust their dietary, physical activity and may be their medication

therapy,

1.3.2. Glycosylated hemoglobin test

Glycosylated hemoglobin (A1c) is one of the standard parameter 10 determing
the glycemic control in diabetes patient because it directly cor%eiates with plasma
glucose level. Rohfing et ai [26] analyzed the result from the Diabetes Control and
Complication Trial (DCCT) about the correlation between A1C level and mean plasma

glucose. The results are shown in the table below.

Tablel Correlation betwean Alc level and mean plasma glucose levels on multiple

testing over 2-3 months based on data from DCCT.

Atc Mean plasma glucose
(%) mg/dl mmol/l
4 65 N r

5 100 55

6 135 Y 5

! 170 9.5

8 205 11.5

9 240 135
10 275 A

ADA has recommended that A1c should be tested approximately every 3
months to determine whether the patients can controt their glycemic level within the
target range [24). However, the frequencies of testing depend on the clinical symptoms

of the patients, and the determination of the clinicians.



1.4. Therapeutic options in diabetes

Therapeutic options in diabetes are both non-pharmacological treatment and
pharmacological treatment targeted on glycemic control. Nenpharmacological treatment
includes dietary control and exercise. Exercise improves insulin sensitivity or the ability ¢
drive glucose into the cell [27]. It aiso decreases blood glucose by allowing glucose to
penetrate to the muscle cell and e metabolized without the assistance of insutin,
whereas dietary control is targeted on improved metabolic contral. Pharmacologic
treatments can be oral hypoglycemic agents, insulin, or pboth combinaticns. The oral
nypoglycemic drugs can be categorized into 5 groups including metformin, sulfenyiurea,
CL-giucosidase inhibitors, meglitinides (glinides), and thiazolidinediones (glitazones).
Each of them has different mechanism and glycemic effect as summarized in tablez. In
addition to the oral hypogiycemic agent, %nsul'm is usually added when the patients can
not control their biood glucose. Moreover, insulin can use as a first-ling therapy in
patients whose diagnosis is not certain about their diabetes type.

However, commonty insulin should be combined with oral agent because the
oral agent can limit weight gain, and reduce hypoglycemia associated with insulin

therapy [24].

1.5, Guideline for diabetes management

Both ADA and IDF recommend that type 2 diabetes patients should start the
therapy with non-pharmacological treatment (dietary control and exercise). |f the
glycemic target is not met, the patients should be added the oral hypoglycemic drugs.
IDF recommends metformin for the overweight patients, whiie one or more of the five
groups of the oral hypoglycemic drugs shouid be added in the nen-cbese. ADA
recommends that only one of the hypoglycemic drugs should be added firsthy but not
recommends the specific drugs for the specific patient groups. If the patients can not
control their blood glucose, the second one in the other groups should be added.
Switching from an oral hypoglycemic drug to another is not recommended because it is
not as effective as addir&g anather group of nypoglycemic drugs. When the disease

progress and glycemic target is not met again, insulin is recommended to be added.



After the final step of adding insulin, if the patients still have to take their oral
hypog%ycem(c agent, insulin dosage should be adjusted until fasting plasma glucose
(FPG) target is met. in addition, the oral hypoglycemic drugs may not work in everyone,
Although most people can decrease their blood glucose level when they start to taie an
oral hypoglycemic drug, their blood glucose level may not be met the térget. If the
patient have had diabetes for more than 10 years or already taken more than 20 units per
day of insulin, the oral hypoglycemic drugs may not help conlrol blood giucose level

[24].
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ADA also recommends that there are no best drugs for every diabetes patient.

The patients who start to have pharmacological therapy may need to try more than one

type of the oral hypoglycemic drugs, combination oral hypoglycemic drugs, or

combination the oral drugs with insulin. Both ADA and IDF have recommendations about

the goat of controliing parameters for diabetes patients that are shown in table3.

Table 3 Recommendations for diabetes patients

Parameter ADA recommendations IDF recommendations
Alc <7.0% <6.5%
Pre-prandial 30-130 mg/dl 80-110 mg/d!

plasma glucose

(5.0-7 .2mrmol/)

(4.4-6.1tmmol/i}

Peak post prandial

plasma glucose™

<180mg/dl{<10.0mmol/})

2-hour post prandial 80-145 mg/dl
plasma giucose (4.4-8.0 mmolf)
Biood pressuie <130/80 mmHg <130/80 mmg

LW

<100 mg/di{(=<2.6 mmolll)

<97 mg/di{<2.5 mmol/)

Triglycerides

<150 mg/ci(<1.7 mmacl)

<133 mg/di(<1.5 mmolfl)

HDL

40 mgldi(>1.1 mmoli)

>39 mg/di{(=1.0 mmoll)

*Peak post prandial mean 1-2 h after the beginning of the meatl.

2.

Thiazolidinediones

2.1, Mechanism of action

Triazolidinediones are oral antihyperglycemic agents that reduce insulin resistance

in peripheral tissues and decrease hepatic giucose production [13] . In other words,

there are insulin sensitizers that act as the agonists of the peroxisome proliferator-

activated receptors-gamma (PPARgamma) (Figure1). Thiazolidinediones enhance the

sensitivity to insulin in the tiver, adipose tissue and muscle. This contrasts with

suifonytureas, which reduce blood glucose levels by stimulating the pancreas to secrete

more insulin, and with metformin, which reduces blood glucose levels primarily by
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lowering the rate at which glucose enters the circulation from the fiver. Thiazolidinediones
aiso have important non-glycemic effects such as modutation of lipid metabolism [13] .

The drugs in this group for today market are rosiglitazone and pioglitazone.

Thiazolidinediones

Enhanced response
to insulin

.,
e

‘Nuclear ™.
receptors

Figured Action of the thiazolidinediones on activation of the PPARY receptor
(This picture is copyright 2005 of Lippincott Williams & Witkins. Retrieved

from http//connection.lww.com /Products /porth7e/Ch43.asp)

2. 2. Therapeutic effect of thiazolidinediones

Chiquette et al [14] conducted the meta-analysis comparing the effect of
thiazolidinediones on cardiovascular risk factors including.m ¢ and lipid profiles. The
result showed that both of thiazolidinediones had simiiar HbA1lce decreases (1.0%-1.5%})
and similar body weight increase approximately 3.0 kg. However, pioglitazone was more
favorabie in lipid profiles. Pioglitazone significantly decreased trig&;kceride level,
inoreased HDL cholesterol (+4.6 mg/dL), and did not affected to LDL cholesterol and
total cholesterol. Rosiglitazone significantly increased HDL cholestero! (+2.7 mg/dL),
increased LDL cholesterol and fotal cholesterol, and neutral effect on triglyceride level

{Table 4).



Table 4 Mean% change of Alc from baseline of thiazolidinediones

~in the Meta-analysis [14].

Drug

A1c(Mean% Change from baseline)

Monotherapy

Combination

rosigiitazone 4 mg
rosiglitazone 8 mg
pioglitazone 30 mg

pioglitazone4s mg

-0.90%(-1.42%t0-0.38%)
-1.50%(-1.75%!0-1.24%)
-0.99%(-1,32%t0-0.66%)
-1.21%(-1.79%t0-0.62%)

-1.05%(-1.19%:t0-0.90%)
-1.26%(-1.48%to-1.04%)
-1.16%(-1.41%t0-0.90%])
-1.56%(-1.96%t0-1.16%)

Table 5 Mean% change of Aic from baseline of the thiazolidinediones combination

therapy in the Meta-analysis[14].

12

Treatment Alc(Mean% Change from baseline) | Treatment
Control
(Glitazones Length,
W (Comparators) | Treatment Control

combinations) wk
Pio+ins Ing+placebo -1.3 0.3 16
Piotmet mei+placebo 0.7 (+0.2) 16
Pio+su su+placebo -1.2 (-0.1)-(+0.5) 16
Rositins Ins-+placebo -0.6 (+0.1) 26
Rosi+met met+placebo | (-0.6)-(-0.7) (+{J.'C:3)-(~%“{}.5) 26
Rosi+su su-tplacebo (-0.9)-(-1.4) (-0.4)-(+0.2) 26

Pio=Pioglitzone 30 mg, Rosi=Rosiglitazone 4 mg, Ins=Insuline, su=Sulfonylureas,

met=Metformin.
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Table 6 Lipid effect of thiazolidinediones in the Meta-analysis[14]

intervention L.DL 95%ClI TG 95%Cl|
Rosiglitazone | +15 mg/d! 131018 ~Tmg/dl -15t0+12
Picgtitazone -0.4 mg/dl -otod -40mg/dL -53t0-26
Conclusion Rincreased LDL R neutral effect
P neutral effect P decrease 1G
Intervention HDL 95%Ct Total Chol 95%Ci1

Rosiglitazone | +2.71mg/dL 2.0103.42 | +21.3mg/dl 17.7t024.9
Pioglitazone | +4.55 mg/dl 3.61t05.48 | -0.1mg/dl | -0.13te C.13

Conclusion Rincreased HDL R increased totat Chol

P increased HDL P neutrat affect

R=Rosiglitazone, P=Pioglitazone, Chol= Choiesterol

2.3. Cost-effectiveness study of thiazolidinediones

There are many studies about cost effectiveness of thiazolidinediones [17], [18],
(19], [20], {21], {221 . Most of study suggested that regimen using thiazolidinedione was
cost-effective. The comparators of thiazolidinedione in the cost effectiveness studies
included the treatment strategies using metformin, sulfonylurea, and acarbose
(Appendix1-3). There was no study comparing between triple oral therapias. Dual
combinations therapy was the most commonly used to coméc}are. However, most of study
stated that the evidence on long-term study of thiazolidinediones was rare. Therefore, the
decision model projected the long-term outcome of th%azoiidiaedio&es was ca%nmoniy
used.

The incremental cost-effectiveness between both of thiazolidinediones was found
in 2 studies [19], [22]. Both of studies suggested that pioglitazone was cost-effective.
The using of pioglitazone was less expensive and more effective. In the study of
Veenstra et al. [22], the result of the model suggested that both monotherapy and
combined therapy of pioglitazone dominated rosiglitazone. The other study in Henrikkson

et al. [19] did not considers the monotherapy. The study evaluated cost-effectiveness in
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patients who had failed with sulfonylurea or metformin monotherapy and
thiazotidinedione was added. Henrikkson study compared pioglitazone 15 mg
combinations with rosiglitazone 4 mg combinations and compared picglitazone 30 mg

combinations with rosigtitazone 8 mg combinations.

3. Economic evaluation in healthcare system

The limit of budget in an organization leads the policy maker to concern about
the resource usage. Ecenomic evaluation is the way to evaluate each spending budget
in the optimized value. Cost (or budget) and conseguences (or outcomes) are
considered in economic evaluation [28]. In healthcare system, cost may be the cost of
drugs or cost of interventions. Consaguences may e efficacy of the drugs or heath
quatlity of patients after receiving an intervention. Econornic evaluation will be conducted
if the interventions that we are interested have two or more choices. Cosis are
considered along with the consequences obtained from each spent cost. If the
intervention has the lower vaiue in consequences and the lower costs, it does not mean

that we have to choose it.

3.1. Importance of perspective in economic evaluation

Before we conduct economic evaluation, we have to know whao can take the
benefit from our study It is important because different perspectives are relevant to the
different details in data coliection. For example, the healthcare insurance company
perspective may concern in which interventions, for the specific disease that they have
to pay for their customer are cheaper. Therefore, costs that are related to this case are
only cost that the insurance have 10 pay. It is costs for treating the specific diseases that
do not include other cost that the patients have {0 pay themsel.ves, When you have to
conduct the cost-effectiveness study for a healthcare insurance, the cost that you have
1o coflect is the direct medical cost including cost of the intervention, cost of laboratory
tests, or other cost that thé insurance covers. it is different from societal perspective that

inctuded all of relevant costs including cost of transportation to hospital, costs of lost of
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productivity of the patient. in societal perspective, we have to collect all direct angl

indirect costs.

3.2. Types of economic evaluation

There are many types of econom.ic evaluation. The difference are in the part of
consequences or cutcome (28], If the cutcomes of to interventicns that we are interested
are shown 1o be eguivalent, the type of economic evaluation usage may be only cost
analysis or cost-minimization analysis. Cost-benefit analys:is is a ype of economic
evaluation thatconsiders the cutcome in money value such as how much patients have
the willingness to pay for the intervention. Cost-effectiveness analysis is the most
commoniy term used in economic evaluation. The outcomes used in costaeffect%véness
analysis are the effect from the intervention on the patients including life year gains,
length of stay in the hospitals, time to first event of a disease. The final type of economic
avaluation is cost-utility analysis. The outcomes used in this evaiuation type is different
from cost-effectiveness analysis in which their weight the cutcomes with utility score of
the patient. The unit that is commonly used in cost-utility analtysis is quality-adjusted life
year gain (QALY). Some economic evaluation studies are preferred to use term of cost-

effectiveness analysis representing cost-utility analysis.

3.3. Cost —estimation

Goal of cost estimation is to obtain the reasonabie estimates of the costs for
placing them in economic evaluation. There are two types of cost commonty used in
economic evaluation. Firstly, direct cost is composed of direct medical cost and direct
non-medical cost. Direc.t medical costs include cost of intervention, taboratory tests,
health care labor, and medical facilities. They are most commonly used because they
are the costs that are best understood by most health care decision makers. They have a
direct financial impact on health care organizations. Direct non-medical costs are cost
that we pay for non-health care resources. This cost is related ie the toss in the time
period that patients have to go to the hospital including cost of transportation to and from

the hospital, child care cost for parents who have to hire someone for bringing up their




16

in productivity of the patients who have morbidity or mortality isiciuding tax losses
resulting from reduced potential earnings of the patients. If we conduct an aconomic
evaluation that outcomes or effectiveness are mortality or morbidity, we shouid not
include the indirect cost of morbidity or mortality in the cost estimation to avoid a double
counting.

Step in cost estimation will start with identifying resources. if we want to know
cost of an intervention, we have to know what costs are related with the intervention. Cost
of an intervention may include taboratory cost, cost of intervention itself, and cost of
physician who provide intervention. We have to demonstrate all resources consumed
and always keep the perspective in mind because cost wili be different in different
perspective. Next, we have to know the method that we wiil usé to collect data. Cost data
can come from various sources. There are many ways {0 collect cost data. Each cost
collection method is different level of precision. Micro-costing is the most precision
method. This method is conductad by coliecting all components of the rescurce usage in
a specific disease and calculating overall cost by the summation of each component
cost, Case-mix group is the method that gives the cost for each category of disease.
Precision of this method depends on the detail in a specific category. Anexample of
case-mix group method is cofiection costs from Drug related groups {DRGs). Disease-
specific per day is the method that gives the average daily cost for broad category
disease group such as daily cost in orthopaedic surgery. The finat methoed is average
per day. This method give average cost for all categories of patients such as average
cost for out-patient visit. When we have to choose the cost estimation methods, we have
to consider which precision we need and which cost is available. In practically, a
disease may have many related costs. The mixed cost methods are commonly used.
After we coliect &l retevant data avai!abie, valuation resources is the final step. We have
to know what the value of data that we have. For example, if the data are charge, we
must change it to cost by using cost to charge ratio method. For the effect of different
time of collection data in each source, we have to adjusted ‘;:ost value to the same time

by using consumer price index.




17

3.4 Effectiveness {outcome)

Effactiveness or outcome in the economic evaluation can be expressed in many
different terms including life years gain, QALYs, case of disease prevented. Because
cost-effectiveness analysis and cost-utility analysis are the most commonly term used in
economic evaluation, the effectiveness in this part will not state the monetary vaiue. the
eifectiveness in cost-effectiveness analysis have to provide in a real practice value
hecause the result of analysis is aim to apply it in the real world, not a specific setting
situation. Therefore, the effectiveness is commoniy calculated fram different sources
combining clinical trials, observational studies, or even experts opinion. It depends on
which source is available. The effectiveness is always the final outcome of the patients
inciuding the effect of disease on morbidity of mortality. The final outcome used in the
economic evaluation is different from commonty outcome in clinical trials. The outcomes
of clinical triais are always intermediate or surrogate outcome.

in practical treatment, there are commonly found that the surrogate outcomes
can not pradict the final outcomes as in the clinical trial hypothesis [29]. The possible
pathways of relationship between surrogate outcome and true clinical outcome (final

outcome) are shown in Figure 2.
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Figure 2 The possible pathways of relationship between surrogate outcome and

final outcome.

A. The surrogate end-point is not related with the real disease progressive
pathway. B. There are several disease progressive pathways. The intervention affects
only one pathway that mediates through the surrcgate end«%aoint. C. The irtervention
affects another pathway that does not mediate through the surrogate outcome. D. The
intervention affects another pathway that does not relate with botn the surrogate
pathways and the other disease progressive pathways. E. The intervention affects the
pathway that is the ooty one pathway of the disease. Although Fig 2E represents the
pathway that surrogate outcome is the most accepted for considering the effectiveness
of the intervention, the surrogate outcome can make some error conclusions. For
example, if we measure a surrogate outcome that is considered effective to predict the
final outcome of the chronic diseases in only short-time period, we may not conclude the
resull. Some interventions can affect the surrogate outcomes in short duration but can
not affect the surrogate outcome in the long duration. Therefore, if we have final

outcomes data, it is worthwhile to use it for the effectiveness of cost-effectiveness
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analysis. However, there are the limited sources of final cutcome because it always takes
long time period to collect the data. Data from the clinical triais that report the surrogate
outcomes may be used for estimate the final outcomes. In add‘ition‘ although we have the
final outcomes directly from clinical trials such as survival, the data may require some
adjustments. For example, if the clinical study reports the final outcome as survival at one
year, extrapolation to more than one year have to use some methods to calculate and
may need some other data for adding. Thus, modeling techniques are always used in

cost-effectiveness analysis.

4. Disease modeling

Internationai society for pharmacoeconomic and outcomes research (ISPOR)
gave the definition for disease modeling or heaithcare evaluation modeling that it1s an
analytic methodology that accounts for events over time and écross populations{30]. The
data car come from both primary and secondary sources. Purpose of modeling is to
estimate the effects of intervention dn valied heaith consequences and costs that are of
interest to health-care decision makers. Sources for modeling are from clinicai trials,
observational studies, insurance claim databases, case registries, public health
statistics, and preference surveys. The value of modeling has become more widely
accepted as one of evidence for submissions for new interventions in many countries
around the world including Australia, Belgiurn, Canada, Ge;:many, taly, the UK and The

USA[31].

4.1. Types of model

Thers are many different ways i describe type of modet. In this part we will
consider in analytical aspects. Firstly, decision tree model is the simplest model. Itis the
instrument that is used to calcutate the different outcome between two or more choices.
Probabilities and expected value of having outcomes in each choice are used 10
incorporate into the model. The expected cutcomes are shown at the end of each branch
of the tree representing the expected outcome of each intervention choice. For example,

in Figure 3, there are three treatment choices for patients. The end of each branch is the
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expecied value of the final cutcome. Dead value is equal to zero. Live is equal to one.

We nave to collect the probabilities of each treatment branch o calculate the expected

value of each branch. There are many heath economic studies using decision tree

model. However, decision tree model is not suitable for recurrent everts or chronic

diseases. It is commonly used to evaluate the oulcomes for acute of short-term diseases.

Dead

Traat wivh
Inuerwantion
RS

Liwve

Tremst with Tend

racient .
ingervention

Figure 3 Decision tree modei

State-transition model or Markoy model is another modlel (Figure 4). It can be

used in

ang-term and recurrent diseases. A chronic disease commaonly has many health

states. In Markov modeling, we have to know the probabilities which patients will change

io each states or stay in the same states over a period of time. The probabilities are

called transition probabilities. Another thing that | have to know is the outcorne in each

state. After we have both transition probabilities and outcomes for each state, we can

calculate outcomes over the time period. Transition probabitities and outcomes data are

commaenly derived from the literatures.
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4.2. Sensitivity analysis

Every heaith care evaluation model has uncertainty because there are always
many assumptions for the final cutcome of the new interventions. As we stated about the
surrogate outcome in part 3.4, there may be many factors that have an impact on the
su.rrogate outcomes and also the final cutcomes. We can consider whether the factors
have an impact oo the cutcomes or not by incorporating each factor in sensitivity
analysis.

Sensitivity analysis is the method for allowing uncertainty. Drummon et ai [28] has
recommended three steps in sensitivity analysis. Firstly, we have 10 identify the factors
thal we need to analyze. Secondly, we have 1o find the possible range of each factor that
affects our outcome in the evaluation. Finally, we will calculate the analysis on the
combinations of the mast possible vaiue, the upper bound, and the lower bound of each
factor. There are two types of sensitivity analysis that are cd%nmonly seen in the
economic evaluation studies. One-way sensitivity analysis estimates that only one factor
is uncertain and calculates the different resuits of our study bylvarying the factor. Multi-
way sensitivity analysis estimates that more than one factor are uncertain. in muiti-way
sensitivity analysis, there are many uncertain factors, so that the combinations of variety
factors are very large and difficult to interpret. In practicat, multi-way sensitivity analysis

may be only iwo-way.
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4.3. Diabetes models

As we stated above that diabetes relates with many complications, cliabetes
modeling commonly has many topics to concern about their complexity. Three things
that we may concern before using the moce! are their clinécét data used in the models,
transparency of the models, and their analytical ahilities. Firstly, the clinical data that
incorporate into the model might be related with all possible complications of diabetes.
The relationships between ihe surrcgate outcomes from clinical trials and the final
outcomes may be understudied. Secondly, the models should be transparent.
Transparency of the models means that the modeis have to show all structures of the
models. The models that are considered transparent may show all data enough o
reproduce. However, in fact, most diabetes models are always oo complex too
understand all of the relevant calculating data. Finally, analytical abilities of the models
should be understood before we start to use them. The models should have flexibility for
answer varied type of diabetes questions and shouid have t-he ways to manage
uncertainly of study results, American Diabetes Association (ADA) Consensus Panel
puplished Guidelines for computer modeling of diabetes and its complications in 2004
[321. The guidelines indicated how to make users to gain confidence that a modeling
siudy, and the model itself, accurately represent the "real" world. Dascription of the
model's structure, inputs, equations, and aigorithms, assumptions, and data sources
should be provided so that others can understand how the model is built and applied.
There are many different types of models that are applicabie to diabetes [31], [33], [34],
(351, [36], (371, {38] and have been used 10 address a variety of clinical and econcmic
questions [32] . The compariscn of scmé madels has been__descr%bed in detali elsewhere

[32].

4.4. The CORE diabetes model

The CORE Diabetes Model! is the diabetes model that has been conducted by
the Center for Qutcomes Research (CORE) in Switzerland. in the model{31], studies
were selected based on the criteria that they provided the appropriate data, most recent

and largest studies available (UKPDS, DCCT, Framingham, I1SDR, etc.). The probabilities
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in the mode! can be altered without any re-programming G suit user preference or
incorporate newly published data. The mode! projects outcomes for popuiations, 'takéng
into account baseline cohort characteristics and past history of complications, current
and future diabetes management and concomitant medications, sereening sirategies,
and changes in physiological parameters over time. The development of complications,
life expectancy, quality-adjusted fife expectancy and total costs within populations can
be calculated,

One of the differences between The CORE Diabet‘es Model and other modeis is
sub-modeling. in the CORE Diabetes Model, there are 15 sub-modeis. kach sub-model
is Markov mode! using time-, state-, time-in—state and diabetes type-dependent
probabilities to simulate the progress of patients through different states. The sub-
models simulate the following complications: angina, cataract, congestive heart failure,
foot ulcers and amputation, hypoglycemia, ketoacidosis, lactic acidosis, macular edema,
myocardial infarction, nephropathy, neuropathy, peripheral vascular disease,
retinopathy, stroke and non-specific mortality. There is one additional sub-model, which
is not refated to complications. It is the type 2 diabetes treatment sequence sub-mode!.
This modei simulates changes in the treatment pathway over time due to treatment failure
and/or side effects of freatments to control hyperglycemia in simulations of type 2
diabetes. In addition, the use of Monte Carlo simulation with tracker variables allows the -
interaction between sub-models in order to simuiate accurately the relationship betwesn
the development and progression of multiple compiications within individual patients.

Altriough the ISPOR recommended that the structure of the model should be as
simple as possible[30], the CORE diabetes sub-modeling looks large and complex
compared with the previous models. However, each sub-model is reasonab!e and
understandable. Examples are eyes complications. For the previous models eyes
complication sub-model is only retinopathy, but the CORE diabetes has three sub-
maodets related with eyes complications, including retinopathy, macular edema, and
cataract. The sub-models are different to each other, including. state in each sub-model,

risk adjustments, and transition probabiliies. Based on ADA's special requirements of
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diabetes modeting [32], scme diabetes corﬁplications, such as blindness, impose smaill
costs on payers but targe indirect costs on patients and their families. Therefore, authors
and users of models should select their perspective carefutly and explicitly state it in their
analysis.

Another important topic that both ISPOR and ADA guidetines recommended is
validation. If the models are transparent and vatidated, it assures that predictions made
by the modet are correct. The CORE Diabetes Model compare results from published
epidemiclogical and clinical studies in type 1 and type 2 diabetes [39]. For the first
validation, the model was designed, programmed and validated by an experienced team
specialized in diabetes disease modeling, in cocperation With diapetologists from the
University Hospital Zurich. A total of 66 second-(internal) and third-(external) order
validation analyses are also performad. Siudies are chosen that, coliectively, spanned &
range of patient populations, treatments, detivery setlings and cutcomes, as well as a |
variety of diabetic compiications and time periods {(from 1960 to 2003).

The CORE Diabetes Model was validated with varied published studies,
including studies from Asia population (the Osaka study of type 2 diabetes in Japan).it
assured that the model is better used for Thai people than some of previous model that
do not include Asia population. In addition, the model is readily accessible over the

internet, which allows users to perform accuraie simulations as and when required.





