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ABSTRACT 
 

 

Background 

[Childhood obesity leads to Non communicable 

diseases necessitating childhood obesity 

prevention programme.] 

 

Aims 

[To Assess the lifetime cost-effectiveness of 

childhood obesity health promotion program.] 

 

Methods  

 [A Markov model was developed, comparing two 

health promotion programs (Sahabat Sihat and Be 

Best 2012) from Payor’s perspectives with no 

program for obese and non-obese school children. 

Changes in weight and cardiovascular risk factors 

were modelled from a six-month active health 

promotion programs extrapolated to a lifetime 

study for childhood obesity. A probabilistic 

sensitivity analysis was conducted. Two groups of 

people were followed in the analysis: obese and 

non-obese school children. The cost-effectiveness 

was compared using incremental cost-

effectiveness ratio (ICER).] 

 

Results  

 [Be Best 2012 health promotion programs resulted 

in increased lifetime survival duration and quality 

of life. Sahabat Sihat is in extended dominance and 

Be Best 2012 is not cost effective at the Willingness 

to Pay ratio of RM 32000. One-way sensitivity 

analysis and probabilistic sensitivity analysis (PSA) 

showed that Be Best 2012 is more effective as a 

health promotion program compared to Sahabat 

Sihat. ] 

 

Conclusion 

 [This economic analysis suggests that health 

promotion program that is more effective or cost 

saving than Be Best 2012 is needed in the long run 

for childhood obesity.] 

 

Figures and Tables: [11] 

 

Key Words 

[Cost Effectiveness, Childhood obesity, Markov 

model] 

 

What this study adds:  

 

1. What is known about this subject?  

[Childhood obesity leads to cardiovascular diseases 

necessitating an early prevention strategy at 

childhood.]  

 

2.  What new information is offered in this study? 

[There is a lack of evaluation based on Cost 

Effectiveness of Health Promotion Programs for 

childhood obesity in Malaysia.]  

 

3. What are the implications for research, policy, 

or practice?  

[Cost Effectiveness evaluation will allow proper 

funding for efficient program from payor’s 

perspectives in Malaysia.]  

 

Background 

[Percentage of obese or overweight children in 

Malaysia increased drastically from 20.7% in 2002 

to 26.4% in 2008 (1). Other studies showed that 

the prevalence of childhood obesity in United 

States increased at triple rate in 21st century 

compared to 1960s (2).  

Based on current scenario, most obese adolescents 

(70%) will become obese adults (3) with increased 

risk of cardiovascular risk factors (hypertension, 

diabetes mellitus and hyperlipidemia) and diseases 

(stroke and myocardial infarction)  (3, 4). Hence, it 

is not surprising that even in Malaysia, the 
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prevalence of cardiovascular diseases has 

increased nearly fourfold from 7.5% in 1965 to 

27.8% in 1997 (5), whilst mortality rates because of 

CVD in Malaysia doubled from 24.1 in 1970 to 54.8 

in 1996 per 100000 inhabitants (5). 

Lifestyle interventions lead to improvements in 

clinical events like hypertension, diabetes, 

hypercholesterolemia and cardiovascular diseases 

(6). However, long term effects of health 

promotion programs for childhood obesity are 

rarely evaluated. Health promotion programs for 

childhood obesity are multi-factorial, which include 

promotion of a healthy lifestyle habits, dietary 

counselling, physical exercise training and 

behavioural change targets.] 

 

Method 

[Study question 

 

Is Be Best (BB) more effective and efficient 

compared to Sahabat Sihat (SS) to prevent 

childhood obesity?  

 

Relevance of these studies for health policy or 

practice decisions making. 

 

Based on studies done for economic evaluation for 

childhood obesity, most of the intervention was 

not effective in preventing childhood obesity 

though some studies showed slight improvement 

with intervention particularly in physical activities. 

Furthermore, it is essential to note that most 

studies evaluated only short term intermediate 

outcome. Longer time horizon is needed to capture 

preventable health outcomes associated with 

obesity. This is reflected where a more positive 

outcomes are observed in studies that cover a 

horizon of more than two years like APPLE studies 

in New Zealand (7). Even though obesity 

prevention program is vital, there is scarce 

evidence of optimum mix of program structure 

that could provide the maximum effectiveness at 

the lowest cost. Most available evidence only 

analyze short term outcome which would 

underestimate the whole spectrum of a prevention 

program outcome. 

Therefore, intermediate and long term 

economic evaluation of health promotion 

program with Markov model, based on 

incremental cost effectiveness ratio (ICER) for 

the respective program followed by 

deterministic and stochastic analysis was 

conducted.  

Study Designs 

Intermediate economic evaluation was 

conducted based on prospective data collected 

for both cost and effectiveness from SS and BB. 

Study Population and Sampling Frame 

All participants in the program were included in 

the intermediate economic evaluation. For 

lifetime economic evaluation, 10000 

hypothetical cohort projected from the 

respective intermediate study with 

hypothetical age from 30-75 years old and a 

BMI more than 30 was used as input in the 

Markov model. 

Markov model description 

A Markov decision model (8) was developed to 

evaluate the lifetime effect of a six month 

health promotion program compared with no 

program for obese and non-obese 

participants.Seven states were modeled: 

“obese or non-obese children”, “obese or non-

obese adults free of complications”, 

“hypertension” if patients developed 

hypertension (systolic blood pressure above 

140 mmHg and diastolic blood pressure above 

90 mmHg)  (9), “diabetes” if fasting glucose 

above 7.0 mmol/l or 2-hour glucose above 11.1 

mmol/l  (10),  “hypercholesterolemia” if total 

serum cholesterol  ≥ 5.18 mmol/l  (11), 

“cardiovascular disease”, if patient developed 

stroke or myocardial disease and “death” 

whereby patients die.Obese and non-obese 

subjects that participate in the respectives 

health promotion programs (SS and BB)  

entered into the model in the ‘obese’ health 
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state at age 30. The cycle length was one year. 

At the end of each one year period, cohort can 

move from one disease state to another or 

maintain the status quo. Transition 

probabilities were based on cardiovascular 

events depending on age, obesity status and 

cycle number. It is assumed that  obesity status 

in childhood is maintain up to 30 years old in 

adulthood. Lifetime, 45 years of annual cycles 

(30-75 years old) for obese male was used in 

the Markov model  to estimate the lifespan, 

lifetime costs and health effects of  childhood 

obesity health promotion programs. The 

lifetime of the model is approximate to  the 

average life expectancy of male in Malaysia 

(71.9 years old) (12). 

In the cost-effectiveness model, all patients that 

developed hypertension, diabetes and 

hypercholesterolemia were assumed to be 

diagnosed and treated. Patients also remain in 

cardiovascular risk factors states once they entered 

before progressing to cardiovascular disease or die. 

Markov model develop also assumed that 

cardiovascular risk factors (diabetes, hypertension 

and hypercholesterolemia) and cardiovascular 

diseases are not interrelated and no additive effect 

on lifetime health and costs. However, this 

assumption will underestimate the burden of co-

morbidities associated with obesity.  

Data Analysis 

Data was analyzed based on Incremental Cost 

Effectiveness Ratio (ICER). 

cost program A  cost program B
t t

t

t t

ICER
effectivenessA effectivenessB

−
=

−
 

Whereby 

t = lifetime 

effectiveness = QALY 

 

A Markov trace of Markov cohort was obtained. 

Deterministic study was based on ICER value, 

whilst, stochastic study was based on one-way 

analysis, threshold analysis and Probabilistic 

Sensitivity Analysis (PSA). PSA was presented in a 

scatter plane and cost effectiveness acceptability 

curve (CEAC) (13). 

 

Characteristic of the base case population 

Ninety eight and 112 obese and non-obese 

school children between 7 - 19 years old within 

the vicinity of Penang (SS) and  Tobiah, Kedah 

(BB) were chosen for this study.  Students were 

obese and non-obese respectively without any  

severe disability/illness nor illiterate in either 

Malay and English language. 

 

 

Study perspective 

 

Payor’s perspectives were chosen because both 

health promotion programs (SS and BB) for 

childhood obesity was funded by grant from “My 

Sihat” 

 

Relation to cost 

 

Cost of the programs was funded by “My Sihat” for 

intermediate study. However, cost for the final 

study was based on the published study on cost to 

treat cardiovascular risk factors and diseases. Data 

from Malaysian study was given top priority 

compared to other available data worldwide. 

 

Parameter estimates and data sources 

 

Data for cardiovascular diseases was based on 

literature review, census data and government 

survey in Malaysia 

 

Summary of Parameters and Values Used in the 

Base-Case Markov Model  

 

Markov model was developed from various 

secondary sources. The relationship between 

obesity and annual risk of hypertension, diabetes, 

and hypercholesterolemia was adjusted based on 

study conducted by National Health and Morbidity 

Survey  (14). The annual risk of developing 

cardiovascular diseases were based on risk 
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equations created for the Framingham cohort 

study (15). Mortality rates of both obese and non-

obese subjects in normal health state and those 

with hypercholesterolemia were assumed to be 

equivalent to natural death rate in the general 

population. 

Age specific mortality data were obtained from 

Death statistic data in Malaysia (16). The yearly 

probability for diabetes, hypertension, coronary 

heart disease and stroke were obtained from 

National Health and Morbidity Survey 2012 (14), 

Framingham study (15) and  the actual number of 

death in Malaysia (16). 

EQ-5D Utility score represented the strength of 

patients’ preferences for their own health with a 

scale ranging from 0.0 (death) to 1.0 (perfect 

health). EQ-5D were chosen as the outcomes 

measures of benefit, as EQ-5D was based on 

patients’ perception of their disease and  EQ-5D 

values for cardiovascular risk factors and related 

diseases were available from published literature. 

Meta analysis of EQ-5D studies for clinical events 

for childhood obesity were conducted to obtain 

the HRQoL utilities for obesity and clinical events 

associated with the complications of obesity. 

For obese and non-obese children, health 

promotion costs consisted of activity conducted by 

SS and BB.  Cost of obesity medications are not 

included in standard treatment of obesity even if 

they are available (17) as they are not part of 

standard care. Data for cost of treatment for 

cardiovascular risk factors and diseases were taken 

from adapted published study in Malaysia (18, 19) 

and worldwide (20, 21) and adjusted to 2013 

Malaysia prices using the 3% inflated rate. This 

included only the direct cost of the disease.  

Based on current Markov models, transition 

probabilities to the cycle time of the model were 

based on actuarial method with a half-cycle 

correction.  

Assumptions and methods of extrapolation of 

intermediate study to the long term study in 

Markov model were described and justified.  

 

Table 1 is the source of data input for Markov 

model.  

 

Discount rate 

 

Discount rate for costs and the outcome were 

based on 3% respectively. 

 

Currency, price data and conversion 

 

Unit cost was based on Malaysia Ringgit (MYR) in 

the current Malaysian study and adjusted up to the 

base year 2013. Cost that was not dominated in 

MYR was converted to MYR based on purchasing 

power parity (PPP) published by World Bank.  

 

Choice of model 

 

Cost-utility analysis (CUA) was selected and 

Markov model was used to model the lifetime 

effectiveness of health promotion program for 

obese children as it would be tedious and time 

consuming to conduct a conventional cohort study 

for health promotion for childhood obesity. 

  

Analytical methods 

 

Markov model was validated based on systematic 

review of available model, expert opinion, internal 

verification and both internal and external 

validation.  

 

Model validation 

 

Validation is the process of checking the accuracy 

of results when extrapolating intermediate study 

to long term study (22).Weinstein categorized 

validation into internal validation, between model 

validation and external validation (23). 

 

Internal validation 

 

In order to verify childhood obesity model 

constructed for internal consistency, different 

sensitivity analyses in terms of model parameters 

and modelling assumptions were carried out. 

Verification ensure the accuracy of mathematical 

calculations in producing the expected output (23). 

One of the methods for verifications is Debugging. 

Debugging was conducted to verified the accuracy 
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of data input for included parameters (23). In 

debugging, consistency of survival will be tested, 

whereby, transition probability for death state will 

be check whether it sum to “1” if transition 

probabilities for all other health state were to be 

set as “0”. 

Verification of the model against null or extreme 

input value for sensitivity analysis was conducted 

as well to check whether they produced the 

expected output. This includes examination of the 

program codes for syntactical errors and tests of 

replication using equivalent input values (23). 

Verifying also involved verifying the individual 

equations, coding and validating against the data 

sources (23) by the main researcher and an 

independent expert.   

 

Between model validation 

 

In dependent validation, same source of data input 

was used to estimate and validate the model’s 

equation (24).  

Model are valid if they are able to reproduced 

results from the data sources used to create it (25). 

The prevalence of obesity for 30 years old cohort in 

Malaysia predicted from the present model was 

compared to survey data conducted by National 

Health and Morbidity Survey 2011 in Malaysia (26).  

Dependent validation for this study was confirmed 

by comparing the lifespan of obese individuals 

predicted from the model constructed with 

estimated lifespan of obese individuals derived 

from the cohort of Framingham Study as 

Framingham study was used to construct the 

current model.  

 

External Validation 

 

In independent validation, the model is compared 

to independent study that was not used to build 

the model (27, 28) and the calculated outcome is 

compare to the real world one to established 

validity and credibility of the model (25).  

Between-model consistency was assessed by 

simulating some criteria of present model with 

those of similar models published and comparing 

the results from both studies (23). 

Lifespan for obese subjects was compared with 

other studies worldwide.  

 

 

 

Face validity 

 

Face validity of the model addresses how well the 

model were able to represents the diseases of 

interest, settings, populations, interventions and 

relevant outcome. 

Expert opinion can be utilized to ensure face 

validity of the developed model and whether they 

were true in real-world practices (29). 

In expert opinion, selection of expert, expert 

credibility and diverse expertise between experts 

in the field of interest is essential to avoid bias 

opinion in the intervention (30). 

One of the methods for expert opinion utilized 

group meetings, whereby five to eight experts is 

consulted. If fewer experts were present, a single 

expert will dominate the meeting and too many 

experts will results in disability of participants to 

express their opinions optimally (30).  

Expert panel for childhood obesity involved 

general physicians and public health experts to 

provide the necessary bio-clinical knowledge and 

one health technology assessor to give guidance on 

the parameters and structure of the model.  Two 

sessions of meetings of one hour each was 

conducted.  

 

First meeting 

 

The first meeting started with the development of 

a framework for childhood obesity. This was 

followed by the aim of the research and the 

objective of the study. Next, questions on decision 

problems, perspectives and assumptions were 

discussed. 

 

Process 

 

The questions were open-ended to allow the 

expert to give their opinion based on their 
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expertises; whereby five minutes were devoted to 

each question.  Adequate time was given to other 

questions or opinions subject to the need and 

availability of time. 

 

Output 

 

A list of assumptions about the natural course of 

childhood obesity, measurement outcomes and 

time horizon resulted from the discussions with 

the experts.   

Interim 

 

A preliminary structure of the model was 

developed from the assumptions generated.  Once 

a proper structure was developed based on the 

assumptions, a systematic search of the published 

literature was performed to assess whether a 

similar model structure already exists. If available, 

a good model was incorporated into the present 

model.  

 

Second meeting 

 

Input 

 

The second meetings started with a brief overview 

of the modelling process and discussions were 

based on the general types of economic models 

available for this study from systematic review 

conducted.  Finally, the suggested model was 

presented to the experts. 

 

Process 

Based on the guiding questions from this meeting, 

the systematic review’s model was compared to 

the developed model to see which model best 

represent the assumptions made in the first 

meeting.  It allowed the experts to refine the 

model structure of both systematic and developed 

model. 

 

Output 

At the end of the second meeting, the experts 

made a choice between the systematic or 

developed model and determined how the model 

would look in its final form.  The product of the 

model was a figure or other schematic 

representation. 

 

Methods conducted for dealing with skewness, 

missing or censored data.  

 

Missing or censored data from the intermediate 

study for both obese and non-obese children was 

excluded from intermediate and final studies. 

 

Extrapolation methods 

 

Primary data from intermediate study was 

extrapolated to the long term study, while, 

secondary data for the model was based on 

literature review of published article.  

 

Methods for handling population heterogeneity 

 

Populations were assumed to be uniform as 

intermediate study utilized primary data from 

healthy obese and non-obese school children at 

the initial of the study. 

 

Cost-effectiveness analysis 

 

In this study, obese and non-obese adults from the 

cohort of school children were followed. Subjects 

in the obese cohort have a BMI more than 30 

kg/m2. Differences in mean costs, life-years (LY) 

and quality adjusted life-years (QALY) were 

compared between SS and BB intervention 

respectively with no program. The cost-

effectiveness of interventions was evaluated using 

incremental cost-effectiveness ratio (ICER). 

Numerator for ICER is lifetime cost of obesity and 

denominator for ICER is survival or Quality 

Adjusted Life Years (QALY). Incremental costs were 

reported in Malaysia Ringit (MYR). The analysis was 

discounted at 3 % rate for cost and effect 

respectively.  
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Uncertainty 

 

In order to assess the impact of statistical 

uncertainty around key model inputs, a series of 

one-way sensitivity analyses and probabilistic 

sensitivity analysis (PSA) was conducted. Scenario 

analyses were used to assess the impact of 

additional assumptions not primarily related to 

statistical uncertainty. 

In one-way sensitivity analysis, parameters for 

transition probabilities, utility and costs of 

childhood obesity was analysed using a range of 

extreme valuation from their base case.  

 

Sensitivity analysis 

 

A probabilistic sensitivity analysis (13) (PSA), was 

used to study the effect of uncertainty in data 

inputs for transition probabilities, cost and utility 

values. 

In order to propagate uncertainty, distributions 

were assigned to all parameters that were 

estimated with uncertainty. The distributional 

forms of the model parameters are: beta 

distribution for both transition probability and 

utility scores, lognormal distribution for relative 

risk.and gamma distributions for costs of 

interventions. Values were drawn at random from 

specified distributions using a random number 

generator for the chosen parameter. 

Second order Monte Carlo simulation was used to 

propagate these distributions through the model in 

Probabilistic Sensitivity Analysis (PSA) by 

recalculating the results over a large number of 

iterations. The results of running PSA randomly 

from the parameter distributions were then 

presented on the cost-effectiveness plane (13) and 

cost-effectiveness acceptability curve (CEAC) (31). 

 

Technical implementation 

 

Markov model, Markov trace and Monte Carlo 

simulation were analyzed using Excel 2007 

(Microsoft Excel, Microsoft Corporation, USA). 

Probabilistic Sensitivity Analyses were based on 

one thousand sets of randomly drawn input 

parameters.] 

 

Results 
[Health Promotion Program (SS and BB) 

 

Basically, there were 0% and 28% reduction in the 

number of obese cohort after six months of health 

promotion program for SS and BB cohort 

respectively compared to baseline. 

 

Internal validation 

 

Results from debugging showed consistency of 

survival. Result of sensitivity analysis for null and 

extreme input value for lifespan of obese 

individuals was described as in Table 5.  

Results of Table 2 showed that the lifespan of 

obese children was within plausible range of 53.7 

to 68.6 years old with extreme input of 

parameters. 

 

< Insert Table 2 > 

 

Internal validation was documented systematically 

in this study and the results were consistent for 

individual equations, coding and data sources as 

elicited by both the main researcher and an 

independent expert. 

 

Between Model validation 

 

Based on table 3, the prevalence of obesity in 

Malaysia predicted from the present model was 

7.7%, which was comparable to obesity prevalence 

of 7.4% obtained by National Health and Morbidity 

Survey 2011 (NHMS) in Malaysia (26).   

 

Absolute lifespan for obese male children was 

estimated to be 68.2 years old, which is 3.8 years 

shorter than non-obese individuals (average 

lifespan of 72 years old) in Malaysia in 2011 (12). 

Obese male in Framingham study’s cohort also 

have a shorter lifespan of 5.8 years old (32) 

compared to non-obese male. This showed that 

the childhood obesity model developed was able 

to predict the shorter lifespan for obese individuals 

as in Framingham’s cohort with slight different in 

lifespan due to input of data for cardiovascular risk 
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factors in the current obesity model with local 

Malaysian data (26). 

External validation 

 

Based on table 4, independent studies conducted 

by Fontainne and Reuser in US confirmed that the 

year of Life Losts (YLLs) due to obesity was 4 and 3 

years respectively for adult white male (33). This 

was similar with the shorter lifespan of 3.8 years 

predicted for the obese male cohort from the 

current childhood obesity model. 

Life expectancy of obese cohort for the present 

model was 68.2 years old, compared to life 

expectancy of 71.5 for obese cohort obtained by 

2000 Medical Expenditure Panel Survey (2000 

MEPS) conducted in US (34). The lower life 

expectancy was due to lower average life 

expectancy of 72 years old for Malaysian (12) 

compared to average life expectancy of 74 years 

old in US (34).  

 

Face validity  

 

Expert opinion conducted had concluded that the 

final childhood obesity model was as Figure 1.  

 

Base case analysis 

 

In the base case analysis, the model indicated that 

SS and BB  would lead to a gain of 0 and 0.01 

QALYs per patient at an additional cost of MYR 503 

and MYR 411 respectively. 

SS is in extended dominance and BB  is not 

cost-effective at the WTP ratio of RM32000. 

 

 

Uncertainty Analysis (Deterministic Study) 

One Way Analysis 

In one-way sensitivity analysis, variation of 

transition probabilities, cost, utility parameters and 

relative risk were carried out. As no confidence 

intervals were available for most of these 

parameters, extreme value was used in one-way 

analysis. Results of one-way analysis for 

incremental cost-effectiveness ratio (ICER) for BB 

and SS were presented as a tornado diagram. 

 

 

Tornado diagram were summarized as in Figure 2. 

Change in yearly transition probability of childhood 

obesity to obesity for BB’s cohort to 1 had the 

biggest impact on ICER for BB cohort, whilst 

change in EQ-5D health utilities for 

hypercholesterolemia to 1 had the second-biggest 

influence overall on ICER value for BB and change 

in other parameters had only marginal impact on 

ICER value for BB. Most of the performed analyses 

resulted in an ICER above the WTP threshold of 

MYR 32000/QALY. 

Threshold Analysis 

 

As in Figure 3, cost-effectiveness of BB’s will 

remain below the Willingness-to-Pay (WTP) value 

of MYR 32000 only if the cost of BB Health 

Promotion Program is below MYR 300. The 

incremental differences in costs and effects between 

both SS and BB intervention and no program 

respectively from PSA were presented in Table 5. 

 

Probabilistic Sensitivity Analysis (PSA) 

 

 

SS health promotion program resulted in marginal 

or no increase in survival and quality of life 

compared to no program. While, BB resulted in an 

increase in quality of life, which is equivalent to a 

difference of 0.01 QALY (compared to no 

program) per person gained over the lifetime study. 

Based on PSA result, BB dominated SS in the Cost-

effectiveness plane.  

 

Cost Effectiveness Scatter-plane 

 

 

To reflect the uncertainty analysis in Figure 4, a 

scatter plot of the mean differences in costs and 

QALY gained between both SS and BB compared 

to no program, derived from the Monte Carlo 

simulation were presented.  
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The concentration of BB in Quadrant I indicate that 

BB is 50% more effective than no program at RM 

32,000 willingness to pay ratio. 

Cost Effectiveness Acceptability Curve 

The cost-effectiveness acceptability curves were 

shown in Fig. 5. BB effectiveness is nearly equal to 

no program at value of Ceiling ratio of RM32000.  

Discussion 

[It was assumed that students with (BMI > 95th 

percentile) for age group is obese. As the children 

become adults, BMI was defined as follow: obese 

(BMI > 30 kg/m2) and non-obese (BMI < 30 

kg/m2). In the current study, students were assumed 

to have a status-quo of obesity until 30 years old if 

at the end of health promotion program they were 

obese. 

Based on health promotion program conducted for 

obese and non-obese children a Markov model was 

developed to study the long term benefit related to 

weight loss. The benefit of weight loss was 

described as a reduction in the cardiovascular risk 

factors and diseases, increased life expectancy and 

quality of life as well as a reduction in costs of 

treatment due to sequel of obesity. 

BB shows a positive effect after six months of 

health promotion programs for cohort of school 

children compared to SS which does not resulted in 

increased survival and improved quality of life 

compared with no program. 

One important issue in the cost-effectiveness 

analysis is that the maximum willingness to pay for 

one unit of increased quality of life is not known. It 

has been suggested that incremental costs of less 

than MYR 32000 per QALY are cost-effective as 

the threshold represent 1 time Malaysia’s GDP in 

2012. 

The results of the current study were compared with 

published economic evaluation literature for 

overweight and obese children worldwide. 

For Instance, studies like Planet Health performed 

an economic analysis on the effect of health 

intervention on obese secondary school children. 

Compared with standard care intervention, lifestyle 

intervention in Planet Health resulted in an ICER of 

approximately USD 4305 (35).    

Another modelling study performed by ACE-

obesity project in Australia, estimated the DALY 

saved with various lifestyle intervention compared 

with no program (36). The effectiveness was found 

to be varied between lifestyle interventions (36).   

 

In the US, a mathematical model was used by  

Wang et al., 2010 to study the effect of a 1% 

reduction in both overweight and obesity status at 

childhood on obesity status, burden of diseases and 

mortality in adult. This study showed that lifetime 

medical care costs after 40 years old (for current 

obese children) would reduce by $586 million and 

lifetime QALYs would improved by 47,138 with a 

projection of a 1% reduction in childhood obesity 

status (37). 

Studies conducted based on UK National Health 

Services perspectives showed that childhood 

obesity intervention was cost-effective with cost per 

life year gain of £13589 (4).  

These studies showed that the success of health 

promotion programs for childhood obesity in the 

long run varied. Therefore, a better understanding 

of evident based health promotion program for 

childhood obesity is essential to design a more 

effective and efficient health promotion programs 

in the future.  

This cost-effectiveness study illustrates from a 

Malaysian perspective the lifetime impact of health 

promotion programs for childhood obesity. The 

obtained results necessitate a more effective or 

more cost saving compared to BB to justify the 

funds allocated for health promotion program for 

BB.] 

 

Conclusion 

[In summary, health promotion program conducted 

by BB is not cost-effective in the long-term for 

childhood obesity. Our economic analysis suggests 

that more effectively conducted or more cost saving 

health promotion program than BB is required for 

the long-term prevention of childhood obesity in 

Malaysia.] 

 

References 

 
 [1. Poh BK, Ng BK, Haslinda MDS, Shanita SN, 

Wong JE, Budin SB, et al. (2013). Nutritional status 

and dietary intakes of children aged 6 months to 

12 years: findings of the Nutrition Survey of 

Malaysian Children (SEANUTS Malaysia). British 

Journal of Nutrition, 110(S3):S21-S35. 



 
Journal of Science and Management Research Vol. 10 Issue 2; October 2022  

2600-738X  

 

 

 

170 
JSMR Vol. 10 (2); October 2022. ISSN: 2600-738X 

 

 

2. Franks PW, Hanson RL, Knowler WC, Sievers ML, 

Bennett PH, Looker HC. (2010). Childhood obesity, 

other cardiovascular risk factors, and premature 

death. New England Journal of Medicine, 

362(6):485-93. 

3. Dehghan M, Akhtar-Danesh N, Merchant AT. 

(2005). Childhood obesity, prevalence and 

prevention. Nutrition Journal, 4(1):24-33. 

4. Hollingworth W, Hawkins J, Lawlor D, Brown M, 

Marsh T, Kipping R. (2012). Economic evaluation of 

lifestyle interventions to treat overweight or 

obesity in children. International Journal of 

Obesity. 

5. Noor MI.(2002).The nutrition and health 

transition in Malaysia. Public Health Nutrition 

,5(1A):191-6. 

6. Pritchett AM, Mann DL. (2005). Treatment of the 

metabolic syndrome: the impact of lifestyle 

modification. Current Atherosclerosis Reports, 

7(2):95-102. 

7. McAuley KA, Taylor RW, Farmer VL, Hansen P, 

Williams SM, Booker CS, et al. (2009). Economic 

evaluation of a community-based obesity 

prevention program in children: the APPLE project. 

Obesity,18(1):131-6. 

8. Sonnenberg FA, Beck JR. (1993). Markov models 

in medical decision making a practical guide. 

Medical Decision Making,13(4):322-38. 

9. Carretero OA, Oparil S. (2000). Essential 

hypertension part I: definition and etiology. 

Circulation,101(3):329-35. 

10. Alberti KG, Zimmet PZ. (1998). Definition, 

diagnosis and classification of diabetes mellitus 

and its complications. Part 1: diagnosis and 

classification of diabetes mellitus. Provisional 

report of a WHO consultation. Diabetic Medicine, 

15(7):539-53. 

11. Arnett DK, Jacobs DR, Luepker RV, Blackburn H, 

Armstrong C, Claas SA. (2005). Twenty-year trends 

in serum cholesterol, hypercholesterolemia, and 

cholesterol medication use. The Minnesota Heart 

Survey, 1980–1982 to 2000–2002. Circulation, 

112(25):3884-91. 

12. Department of Statistics (2011). M. Abridged 

Life Tables of Malaysia 2008-2010. Kuala Lumpur: 

Department of Statistics, Malaysia. 

13. Briggs AH, O'Brien BJ, Blackhouse G. (2002). 

Thinking outside the box: recent advances in the 

analysis and presentation of uncertainty in cost-

effectiveness studies. Annual Review of Public 

Health, 23(1):377-401. 

14. Health IfP(2011). The National Health and 

Morbidity Survey 2011 (NHMS 2011). In: National 

Institutes of Health MoHM, editor. Kuala Lumpu,  

p. 188 pages. 

15. D’Agostino RB, Vasan RS, Pencina MJ, Wolf PA, 

Cobain M, Massaro JM, et al. (2008). General 

cardiovascular risk profile for use in primary care. 

Circulation, 117(6):743-53. 

16. Statistics Do. (2008). Statistics on Causes of 

Death. Putrajaya, Malaysia. 

17. Padwal RS, Majumdar SR. (2007). Drug 

treatments for obesity: orlistat, sibutramine, and 

rimonabant. The Lancet, 369(9555):71-7. 

18. Ibrahim WN, Aljunid S, Ismail A. (2010). Cost of 

Type 2 Diabetes Mellitus in Selected Developing 

Countries. Malaysian Journal of Public Health 

Medicine, 10(2):68-71. 

19. Al-Efan QM. (2009). Cost of treating 

hypertension in Malaysia. Asian Journal of 

Pharmaceutical and Clinical Research, 2(1):1-5. 

20. Thompson D, Edelsberg J, Colditz GA, Bird AP, 

Oster G. (1999). Lifetime health and economic 

consequences of obesity. Archives of Internal 

Medicine, 159(18):2177-88. 

21. Clarke PM, Glasziou P, Patel A, Chalmers J, 

Woodward M, Harrap SB, et al. (2010). Event rates, 

hospital utilization, and costs associated with 

major complications of diabetes: a multicountry 

comparative analysis. PLoS Medicine, 7(2):236-44. 

22. Welsing PMJ, Severens JL, Hartman M, Gestel 

AM, van Riel PL, Laan RF. (2006). The Initial 

Validation of a Markov Model for the Economic 

Evaluation of (New) Treatments for Rheumatoid 

Arthritis. Pharmacoeconomics, 24(10):1011-20. 

23. Weinstein MC, O’Brien, B J, Hornberger, J. 

(2003). Principles of good practice for decision-

analytic modeling in health-care evaluation: report 

of the ISPOR Task Force on good research 

practices—modeling studies. Value in health, (6):9-

17. 



 
Journal of Science and Management Research Vol. 10 Issue 2; October 2022  

2600-738X  

 

 

 

171 
JSMR Vol. 10 (2); October 2022. ISSN: 2600-738X 

 

 

24. Eddy DM, Schlessinger L. (2003). Validation of 

the Archimedes diabetes model. Diabetes Care, 

26(11):3102-10. 

25. Janicke DM, Sallinen BJ, Perri MG, Lutes LD, 

Silverstein JH, Brumback B. (2009). Comparison of 

Program Costs for Parent‐Only and Family‐Based 

Interventions for Pediatric Obesity in Medically 

Underserved Rural Settings. The Journal of Rural 

Health, 25(3):326-30. 

26. Suzana S, Kee CC, Jamaludin A, Safiza MN, Khor 

GL, Jamaiyah H, et al. (2012). The third national 

health and morbidity survey prevalence of obesity, 

and abdominal obesity among the Malaysian 

elderly population. Asia-Pacific Journal of Public 

Health, 24(2):318-29. 

27. Berg AT, Walczak T, Hirsch LJ, Spencer SS. 

(1998). Multivariable prediction of seizure 

outcome one year after resective epilepsy surgery: 

development of a model with independent 

validation. Epilepsy Research, 29(3):185-94. 

28. Siebert U, Sroczynski G, Hillemanns P, Engel J, 

Stabenow R, Stegmaier C, et al. (2006). The 

German cervical cancer screening model: 

development and validation of a decision-analytic 

model for cervical cancer screening in Germany. 

The European Journal of Public Health, 16(2):185-

92. 

29. Ramos GF, Kuiper S, Dompeling E, van Asselt A, 

de Grauw W, Knottnerus J, et al. (2011). 

Structuring and validating a cost-effectiveness 

model of primary asthma prevention amongst 

children. BMC Medical Research Methodology, 

11(1):150-9. 

30. Halpern MT, Luce BR, Brown RE, Geneste B. 

(1998). Health and economic outcomes modeling 

practices: a suggested framework. Value in Health, 

1(2):131-47. 

31. Fenwick E, Claxton K, Sculpher M. (2001). 

Representing uncertainty: the role of cost 

effectiveness acceptability curves. Health 

Economics, 10(8):779-87. 

32. Peeters A, Barendregt JJ, Willekens F, 

Mackenbach JP, Al Mamun A, Bonneux L. (2003). 

Obesity in adulthood and its consequences for life 

expectancy: a life-table analysis. Annals of Internal 

Medicine, 138(1):24-32. 

33. Finkelstein EA, Brown DS, Wrage LA, Allaire BT, 

Hoerger TJ. (2010). Individual and Aggregate 

Years‐of‐life‐lost Associated with Overweight and 

Obesity. Obesity, 18(2):333-9. 

34. Muennig P, Lubetkin E, Jia H, Franks P. (2006). 

Gender and the burden of disease attributable to 

obesity. American Journal of Public Health, 

96(9):1662-8. 

35. Wang LY, Yang Q, Lowry R, Wechsler H. (2003). 

Economic analysis of a school-based obesity 

prevention program. Obesity, 11(11):1313-24. 

36. Haby M, Vos T, Carter R, Moodie M, Markwick 

A, Magnus A, et al. (2006). A new approach to 

assessing the health benefit from obesity 

interventions in children and adolescents: the 

assessing cost-effectiveness in obesity project. 

International Journal of Obesity, 30(10):1463-75. 

37. Wang LY, Denniston M, Lee S, Galuska D, Lowry 

R. (2010). Long-term health and economic impact 

of preventing and reducing overweight and obesity 

in adolescence. Journal of Adolescent Health, 

46(5):467-73. 

38. Flegal KM, Graubard BI, Williamson DF, Gail 

MH.(2005). Excess deaths associated with 

underweight, overweight, and obesity. JAMA: 

Journal of the American Medical Association, 

293(15):1861-7.] 

 

ACKNOWLEDGEMENTS 
[MySihat (Health Promotion Board of Malaysia)] 

 

PEER REVIEW 

Not commissioned. Externally peer reviewed. 

 

CONFLICTS OF INTEREST 
The authors declare that they have no competing 

interests.  

 

FUNDING 
[MySihat] 

 

ETHICS COMMITTEE APPROVAL 

[MySihat ethics committe confirmed that ethics 

approval is not needed in this study] 

 

Figures and Tables 



 
Journal of Science and Management Research Vol. 10 Issue 2; October 2022  

2600-738X  

 

 

 

172 
JSMR Vol. 10 (2); October 2022. ISSN: 2600-738X 

 

 

[Figure 1 Childhood Obesity model developed from expert 

opinion. 

 
Figure 2 Cost Effectiveness Scatter Plane for Health Promotion 

Program for Childhood Obesity 

 
Figure 3 Tornado Diagram for Percentage (%) change in ICER 

with extreme value for input parameters for BB 
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Figure 4 Threshold Analysis for cost of BB program. 

 

Figure 5 Cost Effectiveness Scatter Plane for Health Promotion 

Program for Childhood Obesity  

 
 

Figure 6 Cost Effectiveness Acceptability Curve for Childhood 

Obesity model 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Table 1 Source of data input for Markov model 

Items Data Source Descriptions 

Transition Probability 

for childhood obesity 

Health Promotion 

Program 

Data source from 

NGOs (SS and BB) 

Transition Probability 

for obesity in adult, 

cardiovascular risk 

factors and 

cardiovascular 

diseases. 

National Health and 

Morbidity Survey in 

Malaysia (NHMS 

2011), Framingham 

study, census and 

death statistics of 

Data source from 

study with large 

sample size or local 

data  



 

174 
 

 Malaysia 

Cost data source Published study in 

Malaysia and 

worldwide 

Study with large 

sample size 

HRQoL (EQ-5D) Meta Analysis of 

available literature  

Combined mean and 

standard error were 

included 

Relative Risk Published literature 

worldwide 

Published Meta 

Analysis study 

*NGOs – Non-Governmental Organizations, SS – Sahabat Sihat, BB – Be 

Best, HRQoL – Health Related Quality of Life 

 

 

Table 2 Lifespan of obese individuals with extreme value input for 

parameters. 

Input for Parameters 

Lifespan 

of obese 

children  

(years) 

Transition probability of obesity to cardiovascular diseses = 0 68.2 

Transition probability of obesity to cardiovascular diseses = 1 67.0 

Transition probability from hypertension to death = 0 68.3 

Transition probability from hypertension to death = 1 53.7 

Transition probability from diabetes mellitus to death = 0 68.6 

Transition probability from diabetes mellitus to death = 1 57.9 

Transition probability from cardiovascular disease to death = 0 68.4 

Transition probability from cardiovascular disease to death = 1 62.1 

 

 

 

Table 3 Results of dependent validation conducted for childhood obesity 

model. 

Parameters  Obesity Model 

for Malaysian 

children  

Other studies  Studies for 

comparisons  

Prevalance of 

obesity  

7.7 %  7.4 %  National Health 

and Morbidity 

Survey 2011 

(NHMS) in 

Malaysia (Suzana 

et al., 2012)  

Years of Life 

Losts (YLLs) due 

to obesity  

3.8 years  5.8 years  Framingham 

study (Peteers  et 

al., 2003)  

 

 

 

 

 

Table 4 Results of independent validation conducted for childhood obesity 

model.  

Parameters  Obesity Model 

for Malaysian 

children  

Other 

studies  

Studies for comparisons  

Years of Life 

Losts (YLLs) 

due to obesity  

3.8 years  4 years  Fontainne  

(Finkelstein et  al., 

2010).  

Years of Life 

Losts (YLLs) 

due to obesity 

3.8 years  3 years  Reuser 

(Finkelstein et al., 2010).  

Life Expectancy 

  

70.2 years old  71.5 years 

old  

2000 Medical 

Expenditure Panel 

Survey conducted in US 

(Muennig et al., 2006).  

 

 

Table 5 Incremental differeneces in costs and effects between SS and BB.  

  ∆Cost ∆QALYs ICER 

SS MYR 503 0.00 MYR 132,538,682.63 

BB MYR 411 0.01 MYR 41,437.84 

*SS – Sahabat Sihat, BB – Be Best , QALY – Quality Adjusted Life Years, ICER 

– Incremental Cost Effectiveness Ratio] 
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