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HEE Study Designs

1. Prospective: alongside clinical trial

2. Model based

Combining different sources e.g. a model, based 
on input from clinical trials, retrospective data, 
expert opinion.

1.1 Decision trees

1.2 Markov models

3



CEA & CUA: Example
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ขันตอนการวิเคราะห์ CEA และ CUA
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กําหนดปัญหา

กําหนดทางเลือกทีใช้ในการเปรียบเทียบ

กําหนดต้นทุนและประสิทธิผลทีจะวดั

ประเมินค่าของต้นทุนและประสิทธิผล

แปลผลและรายงานผล



กําหนดปัญหา
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การรับรู ้ ถึงปัญหาและกําหนดวัตถุประสงค์



กําหนดปัญหา
7

มุมมอง
 Society, hospital, insurer, patient, pharmaceutical company
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Cost Valuation by perspective 
Category Subcategory Patient Provider 3rd -party 

payer 
Health 
system 

Public/ 
government 

Societal 

Direct 
medical 

Treatment/ 
health care: 
Study setting 

charge cost Reimburse 
Copay 
premium 

- cost cost  

 Other health 
facilities 

charge - -/+ 
reimburse 

charge  charge charge  

Direct 
non 
medical 

Personal 
facilities 

charge - - - - charge 

 Travel charge  - - - - charge  
 Food charge - - - - charge 
 House charge - - - - charge 
 Time loss  income loss - - - - Productivity cost 
 Informal care income loss - - - - Productivity cost 
 Personal care charge - - - - charge 
Indirect Morbidity cost income loss - - - - Productivity cost 

 Mortality cost income loss  - - -  Productivity cost 

Other 
sectors 

Welfare travel/food/ 
fee/material 

- -/+ 
reimburse 

- cost cost 

 Education  travel/food/ 
fee/material 

- -/+ 
reimburse 

- cost cost 

 



กําหนดทางเลือกทีใช้ในการเปรียบเทียบ
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กําหนดต้นทุนทีจะวัด
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 Sources of cost data

 Hospital (charges, unit 

cost)

 Ministry of Public Health

 Standard Costing Menu

 Survey

Direct medical costs

Direct  non-
medical costs 
and indirect cost



Standard Costing Menu
http://www.hitap.net/costingmenu/
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The database includes direct-medical costs and direct non-medical 
costs for prevention, treatment and rehabilitation in various levels 
of health facilities in Thailand
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กําหนดประสิทธิผลทีจะวัด
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Quality Adjusted Life Years (QALYs)
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 Epileptic Patient 1: 
 In good control has a utility = 0.9
Number of years = 10
 QALYs = 0.9 x 10 = 9 QALYs

 Epileptic Patient 2:
 In poor control has a utility = 0.5
Number of years = 10
 QALYs = 0.5 x 10 = 5 QALYs

QALY = number of years lived x utility



ประเมินค่าของต้นทุนและประสิทธิผล
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Model based
Decision tree model
Markov model

Discounting
Uncertainty analysis
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Sclerotherapy

No Sclerotherapy

Well

Die

Well

Die
GI Bleeding



Limitations of Simple Decision Tree
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Can the event recur?
When does the event recur?
What is the average time of occurrence 

of event in the model?
 Timing is not explicit
the events happen immediately, just like in 

all “simple decision trees”
How to assign values to end notes?
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Russian mathematician

He is best known for his 
work on theory of stochastic 
processes

Stochastic process: there is 
some indeterminacy in its 
future evolution described by 
probability distributions. 

His research later became 
known as Markov chains.



Markov / Recursive (Repetitive) Model
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Markov chains
future states depend only on the 

present state, and are independent of 
past states. 



Markov / Recursive (Repetitive) Model
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The description of the present state fully 
captures all the information that could 
influence the future evolution of the process. 

All state transitions are probabilistic 
(determined by random chance and thus 
unpredictable in detail, though likely 
predictable in its statistical properties).



Markov Model
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 A recursive model, allowing movement back and forth between 
points in a model

 Used to 

 Examine scenarios that involve transitions between various 
states of health

 Introduce more complex interactions between health states

 Identify when events occur in the simulation

 Markov model simplifies reality (in our case = disease processes) 
by representing it as a series of successive “Health States”

 Markov model consists of health states, transitional probability 
and cycle length.



Markov model
22
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 At any given time, all patients must be in one of
 mutually exclusive (i.e., patients can only be in one state at a 

time)
 collectively exhaustive states (i.e., all patients are assigned to a 

state)

 Patients move from one state to the other at each cycle.

 Time is divided into cycles (Markov cycles) of fixed 
durations (i.e., cycle length)

Markovian Assumption
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Markovian Assumption

 Transitional probability
 Essentially an “input/output matrix” governing how and when 

patients “enter” and “exit” the various health states
 Ultimately determine time spent by patients in each Markov 

health state

 Transitional probability depends only on current health 
state residence, not on past states = no memory of 
earlier cycles
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Well

Well Bleed Die

Well Bleed Die

Well Bleed Die

Well Bleed Die

Time 0

Time 1

Time 2

Time 3

Time 4



26

State Transition Diagram

Well

Bleed Die
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State Transition Diagram

Well

Bleed Die
Temporary state:

Absorbing state

Transient state:

Transitional probability
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 Markov health states characterized by:
QOL = utility (QALY)
Cost
 Transition probabilities

 Markov models compile outcomes (cost, survival, 
QALY based on the progression over time of 
subjects into the various Markov health states
and their experience in terms of accumulated 
cost, survival, and QALY)

All persons residing in a health state are 

Markov Model: A Convenient Tool



Components of Markov Models
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Efficacy & Safety 
of Therapies

Adherence Cost of therapies

Transition 
Probabilities

Incidence & 
Prognosis

Cost QOL

Health
States

Health Outcomes: 
LY Saved

QALYs Saved

ICER
Cost/QALY saved

Cost/LY saved

Economic Outcomes:
Remaining Lifetime

Costs

Markov
Model

Cycle length
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 Address the question of 
whether an event can recur
when the event occurs

 Allows assignment of values to terminal 
nodes

 Most solutions of Markov models allow research 
analysts to handle 
Cost, Survival, Quality of life, Discounting

Markov Model: Advantages



When Are Markov Model Not Needed?
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When the horizon is short
Number of cycles is small
Number of state is small

Easier to use the simple decision tree models



Steps to Develop Markov Model
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1. Identify Markov health states
2. Identify cycle length
3. Identify allowable transitions
4. Identify transition probabilities/Identify 

outcome values (cost and QALY)
5. Program the model/Run the simulation
6. Interpret results



1) Identify Markov Health States
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 Use the literature and expert opinions to identify health states

 It may be better to define health state according to what 
makes sense from a disease progression perspective.

 If data are not available, then it is needed to determine 
whether a specific data collection effort is required.

 Availability of data should not necessarily dictate the definition 
of health states



Example: Markov model of a simple 
version of diabetes model



Example: Markov model of a simple 
version of diabetes model

 The Markov model consists of three health states, i.e. 
‘No progress’, ‘Progress’ and ‘Dead’. 

 All of the patients were in the no progress health state 
where all patients do not have any diabetes related 
complications [No progress]. 

 For those who cannot control their blood glucose level, 
they will develop diabetes related complications 
[Progress]. 



2) Identify Cycle Length
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Cycle length must match the definition of 
the health states

 To ensure that the length of the cycle 
reflects
The nature of the disease and the timing of 

outcomes
Acute disease require short cycles
When events can repeat frequently, a short cycle 

is also appropriate.
Chronic disease may require longer cycles.



 All patients were treated either with standard 
medication (Drug A) or new medication (Drug B). 

 These medications help slow the rate of developing any 
diabetes related complications.

 In addition, all patients would die from either disease 
progression or other causes. 

 The time horizon used is a 35-year period and the 
length of each cycle is one year. 

Example: Markov model of a simple 
version of diabetes model



3) Identify Allowable Transitions 
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 Focus is on 
 Structure of the model
 Relationships between model states

 This is one of the most difficult and critical steps of 
model development.

 Requires abstract/conceptual thinking while at the 
same time keeping clinical reality in mind

 The best approach may be to 
 Develop comprehensively the entire clinical pathway from 

the initial to the final states
 Create synthetic summary and representation of the model



Example: Markov model of a simple 
version of diabetes model



Representation of Markov 
Models
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Markov Tree
State Diagrams



Markov Tree



State Transition Diagram



Markov and Decision Tree

SCID = Severe combined immunodeficiency, a rare genetic disorder characterized by the disturbed development of functional T cells and B 
cells caused by numerous genetic mutations that result in heterogeneous clinical presentations



4) Identify Transition Probabilities
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 Transition probabilities can be estimated from 
primary or secondary data sources.
Mortality: life tables and actuarial databases
Clinical trials, registries, retrospective databases
 Literature
Subjective opinions from experts
Pure assumptions

 The probabilities of developing each event within a 
year [transitional probabilities]



Example: Markov model of a simple 
version of diabetes model



4. Identify outcome values 
(cost and QALY)

 There are four sets of 
parameters used in this 
model: 
 transitional probabilities
 efficacy of medicines
 costs 
 utility 



4. Identify outcome values (cost and 
QALY)

 When patients take medicine, either drug A or drug B, 
the disease progression decreases. 

 Efficacy of each medicine, [RR_A] or [RR_B], 
 The standard treatment cost for existing treatment is 

5,000 Baht per year [Cost_A] while the new 
medication would costs 50,000 Baht per year 
[Cost_B]. 

 Disease progression affects patient’s quality of life; 
therefore, the utility values of each health state 
represents as [Utility_no_progress] and
[Utility_progress]. 



5. Program the model/Run the 
simulation

RR: Relative risk of Drug A (or B) 
compared to placebo



5. Program the model/Run the simulation
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6) Interpret results
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Survival
QALY
Costs

Results Unit

Total cost A 21,677 Baht

Total cost B 243,103 Baht

Total outcome A 2.85 QALY

Total outcome B 3.28 QALY

ICER B VS A 517,827 Baht/QALY 
gained



Concerns about modeling
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 Bias used of input information of the model 
systematic review of evidences

 Lack of transparency  trade-off between 
building complicated model (‘black boxes’) vs. 
simple model

- Careful documentation of the model inputs
- Performing extensive sensitivity analysis



Thank you very much, Any question?

usa.chi@mahidol.ac.th


