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Abstract  

The paper aims to examine the association between information and communication technology (ICT), economic growth and population health 

based on health production model in Malaysia. This theoretical health production function is represented as follows: where the output is an 

individual health outcome, and the inputs are determinants of health, such as income, education, health care costs, medical facilities, the 

environment, and lifestyle. The development of information and communication technologies are represented as of mobile cellular subscriptions 

(per 100) and fixed telephone subscriptions (100) using time series data from 1993–2017 from the World Bank database. Using the bound testing 

technique of cointegration, this study finds that ICT affects population health significantly and positively in the long- and short-run. This is 

because ICT inclusion improves human health and longevity. Whereas, economic growth has no significant impact on the population‟s health 

both in the short- and long-run. The findings indicate that a weak global economy affects Malaysia‟s economic growth and reduces the health 

expenditure per capita. The results of this study suggest that policymakers must develop policies that improves public health by increasing health 

literacy, disseminating health information and facilitating medical facilities. This study also suggests that health care systems should to 

concentrate on digital inclusion. 
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Malaysia‟s health care system has achieved remarkable 

results in improving the health of the population, as 

demonstrated by a significant reduction in infant mortality 

by 90%, mortality in children under 5 years by 88% and 

maternal mortality by 89%. This has led to a higher survival 

rate (72.5 years for men and 72.5 years for women). In 

2017, life expectancy at birth in Malaysia was 72.7 years 

for men and 77.4 years for women (Department of Statistics 

Malaysia, 2017). The infant mortality rate in Malaysia 

decreased from 6.8% in 2007 to 6.7% in 2017 (Statista, 

2018). The limited number of health professionals indicates 

that there will be a problem in the future. For example, it 

will be assumed that a doctor will treat 1,300 patients. 

Worse still, the proportion of pharmacists concerning the 

population of Malaysia is 1: 1,600, which is lower than the 

ideal rate of 1: 1,200 (The Star Online, 2017). According to 

the National Immunisation Programme, children are 

subsidised by the federal government as a global strategy to 

combat infectious but preventable diseases. This vision is 

an inspiration for the development of health services and 

provides the basis for the development and use of medical 
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informatics in the provision of medical services. In this 

article, we explore the relationship between health care and 

the development of information and communication 

technologies using data from two intermediate variables 

taken from the World Bank database. These variables are 

mobile cellular subscriptions (per 100) and fixed telephone 

subscriptions (100). The paper attempts to answer the 

following two questions:  

 

(1) Do ICTs lead to better health outcomes in Malaysia?  

(2) Does Malaysia's economic growth affect health? 

 

 

2. Literature Review 

 
Information and communication technologies (ICT) play 

the most important part in improving public health. There 

exist several methods in which technology improves health 

care and other health consequences.It develops access for 

geologically remote societies, delivers funding to healthcare 

employees, expands information distribution, and deals 

graphic apparatuses for gathering information on the people 

and the atmosphere on recognised illnesses, as well as 

keeping and handling information. Lucas (2008) evaluates 

the possible positive effects of ICT invention in emerging 

countries‟ well-being schemes. The author determines that 

ICT solicitations can advance the performance of current 

health schemes. 

 Awan, Afzal, Majeed, Waqas, and Gilani (2017) 

observed that the development of ICT technologies 

recovers the health of the people by increasing life 

expectancy and reducing infant mortality. This is due to the 

fact that the inclusion of ICT leads to good relationships 

and healthy behavior, thereby improving human health and 

longevity. West (2015) trusts that the usage of a mobile 

phone helps studied group of African countries because 

mobile phone equipment delivers a chance to recover the 

abilities of doctors and advance the services provided in 

critical cases for mothers and children in due time. Tsai, 

Mendenhall, Trostle, and Kawachi (2017) delivered 

evidence that the e-learning system (BELS), which 

combines face-to-face classes with e-learning modules, has 

improved health education for nurses in the hospitals. Cole-

Lewis and Kershaw (2010) deliver a organized evaluation 

of text messaging by phone as a tool for behavioural change 

in disease management and hindrance. They note positive 

signs of weight loss, smoking cessation and diabetes 

treatment. They argue that text messaging can be an 

important tool for reducing the global burden of healthcare, 

providing more effective support for disease prevention and 

treatment. Déglise, Suggs, and Odermatt (2012) discuss that 

mobile phones perform as an operational instrument for 

fighting diseases in developing countries. They contend that 

mobile phones are a inexpensive method to encounter the 

particular requirements of health systems and can deliver 

new chances for good health of people in developing 

countries. 

In contrast to the positive results regarding medical 

information on the Internet, Kiley (2002) argues that 

deception can cause redundant nervousness, avoidable 

illness, or even child death. Secondly, some socioeconomic 

groups do not have satisfactory entrance to the net. In this 

case, the Internet may aggravate existing socioeconomic 

dissimilarities in health status (Awan et al., 2017). Third, 

health statistics can lead to avoidable appointments by 

patients who take time from their doctors. In a study 

conducted in America, 39% of respondents approved that 

info on the Internet are the sources for unnecessary visits to 

doctors (see Murray, Lo, Pollack, Donelan, Catania, White, 

& Turner, 2003; Lee, 2017). Likewise, other studies have 

critiqued the usage of ICT for improving health systems. 

Bend (2004) found that “given the quantity and extent of 

projects and valuations that we deliberate, we found a 

astonishingly minor quantity of conclusive indication that 

ICTs can pass additional significance to public health”. 

Real gross domestic product (GDP) per capita, which 

regulates the average of living, is also reflected one of the 

well-known causes of public health. O‟Hara and McCabe 

(2013) show that a 10% growth in average per capita GDP 

heads to a 10% reduction in child death if the crucial child 

mortality rate in the country is 50 per 1000 live births. 

Medical organisations are additional significant determinant 

of health (Singh, Singh, Gupta, & Kumar, 2014; Mohapatra, 

Palo, & Mohanty, 2017). If the quantity of doctors is large, 

admission to medical amenities and facilities will be 

superior. This will increase the life expectancy of the 

population. Likewise, if the quantity of children vaccinated 

compared to measles increases, the number of children 

dying before their first birthday will decrease (Mohapatra et 

al., 2017; Awan et al., 2017). Lee and Xuan (2019) 

suggested that promoting technology and innovation 

management and supporting R&D subsidies may reduce the 

marginal cost of conducting R&D and increase the rate of 

technology and innovation management and R&D activity 

and therefore, the total factor productivity growth rate. 

In recent years, the results of health investigation 

connected to the overview of ICT structure have been the 

topic of close thoughtfulness of investigation researchers 

and politicians. However, theoretical relationships forecast 

contradictory health effects for ICT systems. Therefore, an 

empirical assessment of the association among economic 

growth, health and ICT is necessary for a deeper 

understanding of the relationship. Since the theoretical 

association of ICT with health consequences suggests both 

positive and negative effects, it becomes necesary to 

determine empirically whether positive or negative effects 
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of ICT affect health outcomes and assess whether these 

effects differ depending on the ICT measures used. To this 

end, this study examines the association among the growth 

of ICT technologies, economic growth and the health of the 

population in Malaysia using small sample data.  

 

 

3. Methodology 
 

A nation‟s health production function shows the health 

statistics of the nation. It illustrates the relationship between 

inputs and outputs for a specific period. According to 

Grossman (1972), health is created by people according to 

their behaviour, medical care, and the limitations they face. 

This theoretical health production function is represented as 

follows: 

 

H=f(inputs to health)                      (1) 

    

where H is an individual health outcome, and input is a 

determinant of health, such as income, education, health 

care costs, medical facilities, the environment, and lifestyle. 

This model was developed to study the production function 

of health at the micro level. To transform this model at the 

macro level, health care costs are presented in per capita 

form and reorganised into three categories; social, 

economic and environmental factors after Fayissa and 

Gutema (2005). 

 

H=f (Y, S, V)                             (2) 

     

where Y, S and V represent vectors of economic, social 

and environmental variables, respectively. Several variables 

come under each vector, but each study has used different 

variables because of reliable and sufficient data availability 

and other limitations. 

In this study, social and environmental factors are 

excluded from the model. Only economic and ICT factors 

are included in the model. For our empirical research, the 

variables in the vector of economic factors here include 

economic growth and medical institutions, and the variables 

in ICT factors include subscriptions to mobile cellular 

networks (by 100) and subscriptions to fixed phones (100). 

The Internet can facilitate the provision of services, 

including medical services, to expectant and nursing 

mothers. Moreover, it can facilitate communication 

between patients and health systems (Bankole & Ajila, 

2013; Khan & Majeed, 2018). This can improve the 

management and efficiency of government, public utilities 

(such as public transport, water delivery). For this reason, 

we added ICT to our model. 

 

H=f(Economic growth, health facilities, ICT)     (3)          

  

In this analysis, we used real gross domestic product 

(GDP) as indicators of economic growth, the number of 

doctors and measles vaccinations as indicators of medical 

institutions, life expectancy and infant mortality as 

indicators of health. We expect a positive (negative) growth 

rate with life expectancy (infant mortality). This study uses 

a log of all variables for analysis. Table 1 lists the model 

variables and data sources. Descriptive statistics of 

variables are presented in Table 2. 

 
Table 1: Data and Variables 

Data / Variable Measurement Sources of data 

Real Gross Domestic Product 

Per capita (GDP) 
US$ World Bank 

Mobile Cellular Subscription 

(MOB) 
Unit World Bank 

Fixed Broadband 

Subscription (BB) 
Unit World Bank 

Immunization, measles 

(IMM) 

% of children 

ages 12–

23 months 

World Bank 

Physicians  (per 1000 people) World Bank 

Life expectancy (LIFE) 

life expectancy at 

birth, total 

(years) 

World Bank 

Infant mortality rate, infant 

(MR) 

per 1000 live 

births 
World Bank 

 

Table 2: Descriptive statistics 

 lnMR lnLIFE lnGDP lnMOB lnBB lnIMM lnPHY 

Mean 3.68 4.29 2.80 1.29 1.86 4.43 1.08 

Minimum 0.54 4.26 2.50 1.10 1.54 3.55 0.43 

Maximum 5.01 4.33 2.98 1.45 2.08 4.58 1.81 

Standard deviation 1.38 0.01 0.12 0.12 0.18 0.236 0.41 

Observations 25 25 25 25 25 25 25 
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The cointegration technique for analysing the 

relationship between variables is widely used in 

macroeconomics. Many studies have used the cointegration 

test based on the F-test for the joint value of the members 

of the levels in the error correction model. Some studies 

have tested cointegration between variables using a one-

member t-test for error correction. Pesaran, Shin, and Smith 

(2001) (PSS) approached another cointegration test, without 

considering the order of integration of variables for large 

sample data. Narayan (2004) accepted a similar test by 

developing new critical values for small sample data from 

30 to 80. Later, Carreras et al. (2006) expanded the Narayan 

(2004) approach to improve the cointegration test, 

introducing response surfaces for the F-test cointegration 

model. The advantage of this test is that it allows the user to 

generate critical test values for very small sample data. 

This study adopted the F-test of the cointegration method 

developed by Pesaran et al. (2001). Critical test values were 

calculated using the surface response method proposed by 

Carreras et al. (2006). You can test cointegration between 

variables by checking the joint significance of the level 

members in the error correction equation by associating two 

or more variables of interest, as shown below: 

 

∆yt = αo + α1∆xt + α2yt−1 + ∑ α2+1xjt−1
k−1
j=1 + α2+kt +

              ut                               (4) 

 

where k-1 is the number of variables in the regression 

and t is the trend. The null hypothesis of this test is Ho: α2 = 

α3 ………….= α2+k-1 = 0. The critical values for the 

cointegration test suggested by Pesaran et al. (2001) show 

that it is possible to set the bounds for them. The upper 

bound is determined by the case in which x variables are all 

integrated of order one, and there is no cointegrating 

relationship between them. The lower bound is determined 

by the case in which x variables are stationary or I(0). It is 

possible to reject the null hypothesis of no cointegration if 

the test statistics is above the upper bound and it is not 

possible to reject it if the statistic is below the lower bound. 

If it lies between the upper and lower bounds, then more 

information is required before one can either accept or 

reject the null. PSS provides a range of asymptotic critical 

values based on Monte Carlo analysis which correspond to 

different assumptions concerning the underlying data 

generation process (inclusion or exclusion of the constant 

and time trend in the model). So, following Pesaran et al. 

(2001) general model, the error correction version of the 

ARDL model for health outcome is used in this study. 

Various econometric approaches have been used for short-

run and long-run estimations such as an approach by Engle 

and Granger (1987), Johansen and Juselius (1990), 

Johansen (1996). The ARDL approach has some 

advantages, as follows: First, the estimations are unbiased 

and even in the case of small sample size; Second, it can 

apply in all three cases whether the variables are stationary 

at I(0) or stationary at I(1) even there is a mixture of both. 

Third, if cointegration confirms among variables, then it is 

a useful approach for both short-run and long-run dynamics. 

Fourth, this is the only approach that provides us with some 

explicit tests through which we can explore that exclusive 

cointegration exists or not instead of assuming vector 

existence (Nkoro & Uko, 2016; Nguyen, & Ngoc, 2020; 

Qamruzzaman, Karim, & Wei, 2019; Le, Duy, & Ngoc, 

2019; Ali & Fei, 2016). The ARDL model can be specified 

as: 

 

Δ ln(H)t = α0 +∑ φi
p
i=1 Δ ln(H)t−i +

∑ φi
p
i=0 Δ ln( Y)t−i +∑ φi

p
i=0 Δ ln(HF)t−i +

∑ φi
p
i=0 Δ ln( ICT)t−1 + δi ln(H)t−1 +
δi ln( Y)t−1 + δi ln( HF)t−1 + δi ln( ICT)t−1 +
υt                            (5)

           

H is health status measured by life expectancy at birth, 

total (years), and infant mortality per 1000, Y is GDP per 

capita (constant 2005 US$), HF is health facilities 

(immunisation measles), and ICT is ICT technologies. We 

have estimated two models. Furthermore, in model 1, life 

expectancy at birth is used as the dependent variable, and in 

model 2, infant mortality is used as the dependent variable. 

This study uses physicians supply as one of the independent 

variables measured by “physicians (per 1000 people)” for 

model 1 and immunisation as one of the independent 

variables measured by “Immunisation, measles (% of 

children ages 12–23 months)” for model 2. Also, GDP per 

capita and ICT variables are used as independent variables 

in both models. Schwarz Bayesian Criterion (SBC) is used 

to select the lag length of the model.  

As for this present study, the F-test statistics are 

compared against the critical values which are self-

calculated based on response surface (Carreras et al., 2006) 

of the form: 

 

Ci(p) =  β0 +
β1

T
+
β2

T2
+ εi        (6)                                                                

 

Where Ci(p) denotes the p% quantile estimate for the ith 

experiment, β‟s values are based on response surface 

estimates produced by Carreras et al. (2006), T is sample 

size, and εt is a random walk. If there is evidence of long-

run relationship (cointegration) of the variables,   the 

long-run model is estimated, and the ARDL specification of 

the short-run dynamics can be derived. 

As for this present study, the F-test statistics are 

compared against the critical values which are self-

calculated based on response surface
9
 of the form: 

 



Rafia AFROZ, Md. MUHIBBULLAH, Mohammad Niaz MORSHED / Journal of Asian Finance, Economics and Business Vol 7 No 4 (2020) 155- 162   159 

 

Ci(p) =  β0 +
β1

T
+
β2

T2
+ εi       (7) 

 

Where Ci(p) denotes the p% quantile estimate for the ith 

experiment, β‟s values are based on response surface 

estimates produced by Carreras et al. (2006), T is sample 

size, and εt is a random walk. If there is evidence of long-

run relationship (cointegration) of the variables, the long-

run model is estimated, and the ARDL specification of the 

short-run dynamics can be derived. 

 

 

4. Empirical Results and Discussion 
 

It is necessary to test the unit root before checking for the 

presence of integration. Consequently, Enders (1995) 

proposed to conduct a unit root test to ensure the degree of 

stationarity using standard tests ADF and PP. The unit root 

test results are shown in Table 3. The unit root test results 

presented in Table 3 show that all variables are stationary, 

either in levels or in terms of the first difference. Thus, the 

results of Table 3 are consistent with the hypothesis that the 

variables are integrated first order I (0) and I (1). 

Table 3: Unit Root Tests 

Variable 

ADF test statistics 

(with trend and intercept) 

P-P test statistics 

(with trend and intercept) 
Order of Integartion 

Level First Difference Level First Difference  

lnLIFE -1.29
 

-3.37** -1.05
 

-3.81
*** 

I(1) 

lnMOR -3.27
** 

-1.49
 

-3.30
** 

-1.02
 

I(0) 

lnPHY -1.46
 

-3.69
*** 

-1.46
 

--3.24
*** 

I(1) 

lnGDP -1.73 -3.18
*** 

-1.84 -3.86
*** 

I(1) 

lnIMM -1.47
 

-3.19
*** 

-1.44
 

-3.05
*** 

I(1) 

lnFIX -1.39 -4.50
*** 

-1.70 -3.55
*** 

I(1) 

lnMOB -1.39 -4.53
*** 

-0.70 -4.55
*** 

I(1) 

Note: *** significant at 1%, ** significant at 5%, * significant at 10% 

Table 4: F-statistics for cointegrating relationship in model 1 

F-test  

statistics 
Lag 

Sig. 

level 

Adjusted Bound Critical Values* 

(unrestricted intercept and no trend) 
Outcome 

1.82 2 

 I(0) I(1) 

There is no 

cointegration        

(reject  H0) 

1% 6.328 7.993 

5% 4.260 5.538 

10% 3.416 4.532 
 

Note: * Critical values are calculated based on response surface (Carreras et al., 2006) 

 
Table 5: F-statistics for cointegrating relationship in model 2 

F-test  

statistics 
Lag 

Sig. 

level 

Adjusted Bound Critical 

Values*(unrestricted 

intercept and no trend) 

Outcome 

6.33 2 

 I(0) I(1) 

There is cointegration 

(Do not reject H0) 

1% 6.328 7.993 

5% 4.260 5.538 

10% 3.416 4.532 
 

Note: * Critical values are calculated based on response surface (Carreras et al., 2006) 

 

To analyse the long-term interaction between the 

estimated variables for this study, equation (1) is estimated. 

Table 4 presents the results of the F-test for cointegration 

for model 1. The results of Table 4 show that the calculated 

F-statistics is 3.81, which is below the upper limit at all 

levels of significance 1%, 5% and 10% using levels of 

significance unlimited interception and no trend for model 

1. Corrected critical values are calculated based on the 

response surface developed by Carreras et al. (2006). This 

indicates that the null hypothesis of the absence of 

cointegration between variables is not rejected, and 

therefore it can be concluded that there is no cointegration 
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between variables in model 1. The results presented in 

Table 5 imply that there is cointegration among the 

variables in model 2 since the F-statistic is greater than the 

upper limit of the critical value at 5% and 10% significance 

levels. For further analysis, we mainly focus on model 2, 

since there is cointegration between variables. 

Since long-term relationships are established, we then 

evaluate equation 2 to get long-term coefficients. Table 6 

presents the estimated results. The immunisation variable 

has a negative and significant relationship with infant 

mortality since an increase in immunisation of 1% leads to 

a decrease in infant mortality of 0.04%. These results are 

consistent with Kwong, Stukel, Lim, McGeer, Upshur, 

Johansen, and Svenson (2008) and Majeed and Khan 

(2019). This explains that if the number of children 

immunised against measles increases, the number of 

children dying before their first birthday will decrease. The 

results for the error correction model (ECM) are presented 

in Table 7.  

The short-term dynamics of the variables indicate that 

immunisation and mobile phone have a negative and 

significant effect on infant mortality. The significance and 

negative sign of the term error correction (ECT) indicate a 

causal relationship in at least one direction. The delayed 

error term (ECTt-1) in our result is negative and significant 

at the 1% level in both models. A coefficient of -0.76 

indicates that any deviation from the long-run equilibrium 

between variables is adjusted by about 76% for each period 

in order to return to the level of long-run equilibrium. In 

addition, the diagnostic tests in the model do not indicate 

the presence of serial correlation or heteroscedasticity. To 

confirm the consistency and effectiveness of the model, a 

diagnostic test is carried out, and the result is also shown in 

Table 7. The results of three diagnostic tests of the 

Lagrange multiplier for sequential correlation, Jacques-Berr 

for normality and autoregressive conditional 

heteroscedasticity show that our model has passed all four 

diagnostic tests, because we cannot reject any hypothesis, 

and this demonstrates the consistency and effectiveness of 

our model.  

 
Table 6: Estimated Long Run coefficients based on SBC 

(dependent variable = ln(MOR) 
 

Model 3 

Variables Coefficients T-ratio (p values) 

ln(GDP) 0.11 1.21 (0.25) 

ln(IMM) -0.04 -2.55 (0.05)** 

ln(FIX) 0.16 1.47 (0.17) 

ln(MOB) -0.05 2.95 (0.05)** 

 

*** significant at 1 % level, **   significant at 5 % level, * significant at 

10 % level 

 

Table 7: Error Correction Regression model (dependent variable= 

D(lnMOR) 

Variables 
Model 3 

Coefficients T-ratio (p values) 

D(lnGDP) 0.12 1.64(0.15) 

D(IMM)t-2 -0.18 -2.34(0.05)** 

D(lnFIX) -0.07 -0.75(0.48) 

D(lnMOB) -0.08 -3.92(0.00)*** 

ECTt-1 -0.76 -4.17(0.005)*** 

Adjusted R-square 
0.98 

38.02 

2.56 

 

0.06(0.83) 

0.054(0.93) 

0.553(0.82) 

F-statistic 

DW-statistic 

Diagnostic Test: 

Jarque-Bera 

Fhet 

LM 
 

*** significant at 1 % level, **   significant at 5 % level, * significant at 

10 % level 

 

 

5. Conclusion and Policy Recommendation 
 

This study expands the existing literature on the 

determinants of health, empirically exploring the impact of 

ICT on public health, using the methodology of joint testing. 

New test critical values are recalculated to match small 

sample data based on the response surface proposed by 

Carreras et al. (2006). Data for several proxy variables of 

interest are taken for Malaysia for the period 1993–2017. In 

this study, life expectancy at birth and infant mortality are 

used as dependent variables. We measured ICT 

infrastructure using two proxy servers (1) cellular 

subscribers (per 100), (2) fixed telephone subscribers (per 

100).  

This study confirms that increasing ICT improves 

people‟s health in terms of increasing life expectancy and 

reducing infant mortality. This is due to the fact that digital 

integration leads to good relationships and healthy 

behaviour, thereby improving human health and longevity. 

In addition, immunisation significantly reduces infant 

mortality. On the other hand, GDP does not have a 

significant impact on public health. This study is limited to 

two indicators of health effects, which include life 

expectancy and infant mortality. In future studies, various 

health indicators may be used, such as maternal health, 

mental health and various diseases. 
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