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Abstract - Non-communicable diseases (NCDs) are seriously affecting poor countries, posing challenges of double burden 
of communicable and NCDs diseases. This paper examined the behavioral risk factors, health spending gap and social 
determinants of health on burden of NCD-related health outcomes in developing countries. Using 2008 data from a sample 
140 countries in six World Health Organization regions, I estimated an aggregate health production function. Results show 
tobacco use, pollution, urbanization, and prevalence of low birth weight significantly contribute to burden of NCD-related 
health outcomes in developing countries. The results demonstrate no statistical significance effect of alcohol use, obesity, 
literacy, and health spending on burden of NCDs. While health spending has no statistical significance, there is evidence of 
differential effect of behavioral risk factors on YLL, especially when countries are split based on size of health spending. 
Behavioral risk factors contribute more to burden of NCDs in relatively higher health spending developing countries as 
compared to low health spending countries. Furthermore, NCD-related health outcomes are on average highest in Eastern 
European region and lowest in Africa compared to other regions. The study controlled for potential endogeneity of health 
spending with health outcomes and found health spending to be exogenous. 
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I. INTRODUCTION 
 
Burden of non-communicable diseases (NCDs) has 
been on the rise in developing countries in the past 
decade [1-7]. NCDs, also known as chronic diseases, 
mainly consist of cardiovascular diseases such as 
heart attacks/stroke, cancer, chronic respiratory 
diseases, and diabetes. Chronic diseases are of long 
duration, but generally of slow progression, and 
major cause of adult mortality and morbidity 
worldwide [8]. Premature mortalities have been 
recognized in low-income countries, drawing 
attention to the world [1-7].a According to World 
Health Organization (WHO) global status report on 
NCDs, two-thirds of the 57 million deaths that 
occurred globally in 2008 were due to NCD [4]. Of 
the 57 million global deaths in 2008, 36 million, or 
63%, were due to NCDs and low-and middle-income 
countries bore nearly 80 percent of the burden [4]. 
Deaths and illnesses due to chronic diseases in low 
and middle-income countries are projected to rise by 
2030 [2], adding to the double burden of 
communicable diseases and NCDs. According to 
WHO, there has long been acknowledgment of the 
need to deal with the new pandemic of NCDs in the 
wake of challenges of childhood malnutrition, non-
disappearing tuberculosis (TB), escalating malaria 
rates, and the scourge of human immune-deficiency 
diseases HIV/AIDS among other communicable 

diseases in developing countries [9]. This has created 
a ‘double burden’ of disease that threatens to 
overwhelm the health services of many resource-poor 
countries. Premature death nearly accounts for 44% 
of all NCD mortalities occurring before the age of 70 
years [4]. Developing countries have higher 
proportions, standing at 48% of all NCD, compared 
with 26% in high-income countries. By 2020, the 
economic burden of incidence of NCDs in low and 
middle-income countries in Africa, South East Asia, 
and Eastern Mediterranean region could be 
catastrophic, including 20 percent increase in NCD-
related deaths, as their population age [4]. 
The alarming statistics means that NCDs burden is 
affecting poor countries hard [4, 5]. The implications 
and consequences of NCDs in developing countries 
are many, ranging from burdening the workforce [10] 
to impeding poverty reduction initiatives by curtailing 
progress towards the UN Millennium Development 
Goals [5]. In addition, NCDs are associated with 
increased medications [11] and higher health 
expenditures [12], and competition for limited funds, 
especially in the wake of unfinished agenda 
of infectious diseases [13]. These facts are linked to 
NCDs’ catastrophic health expenditure in developing 
countries [14]. 
The literature shows combinations of various sets of 
health inputs, including health spending, behavioral 
modifiable risk factors, physical environment, and 
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social determinants of health among other factors as 
influencing burden of NCDs. Widespread aspects of 
economic transition, rapid urbanization, and 21st-
century lifestyles are considered part of behavioral 
risk factors for NCDs [4]. Tobacco use remains the 
leading cause of various types of cancer [15, 16], 
while tobacco and alcohol use cut across all the 
chronic diseases [4]. Epidemiological data link 
smoking with relatively increased risk of mortality 
from various cancer types [17]. Though smoking 
prevalence is highest among upper-middle-income 
countries, the highest incidence of smoking among 
men is in lower-middle-income countries [4]. 
Tobacco-related deaths are estimated to increase from 
3.4 million to 6.8 million between 2010 and 2030 in 
developing countries [18]. Alcohol use is another 
leading risk factor that contributes significantly to 
heart disease, and cancer [19]. 
There is evidence that lack of nutrients 
physiologically alters genes that increase the risk of 
cardiovascular, metabolic, and renal disorders such as 
diabetes mellitus in adults with obesity [20]. 
Inadequate diet in childhood may trigger heightened 
sensitivity to the lifestyle-related risk factors, leading 
to cardiovascular diseases in developing countries, 
where under-nutrition and urbanization co-exist [21, 
22]. Vulnerability to inadequate pre-natal, infant and 
young child nutrition and lower nutrient quality foods 
have been shown to increase obesity (a risk factor for 
chronic diseases) among children in developing 
countries [23]. Obesity-associated inflammations are 
on the rise due to efficient innate immune responses 
[20]. Thus, inadequate and improper dieting cause 
lack of nutrients, leading to malnutrition or associated 
conditions like low birth weights, which are risk 
factors for NCDs. 
Urbanicity has a link to prevalence of several NCD 
risk factors [24, 25] and as a result, urban poor in 
developing countries suffer from higher mortality. 
Environmental factors such as carbon dioxide (CO2) 
also affect health outcomes by exposing populations 
to harmful physical, chemical, and biological risk 
factors [4]. In fact, The Organization for Economic 
Co-operation and Development (OECD) better life 
index stipulates that the quality of local living 
environment such as air and water quality have a 
direct impact on our health and well-being [26]. The 
question of environment and its impact on health 
outcomes is more pronounced in middle-income 
countries such as China and India. Outdoor air 
pollution in China, for example, is a serious 
environmental problem and a major concern for 
public health [27], with health costs 3.3 percent of 
gross domestic product (GDP) [28]. In addition, 
studies have long associated indoor burning 
coal air pollution with lung cancer [29]. In India, 
respiratory tract cancers, including both 
nasopharyngeal cancer and lung cancer, are strongly 
associated with pollution and solid fuels [30]. 

In addition to noting rising living standards, 
environmental improvements, lifestyle changes and 
education as determinants of health outcomes, a 
recent analysis by OECD) suggests health care 
spending growth has had positive impact of improved 
life expectancy [26]. Other studies however, argue 
that while health spending is low in emerging and 
developing economies relative to advanced 
economies and health outputs and outcomes need to 
be substantially improved, simply increasing public 
expenditure in the health sector may not significantly 
affect health outcomes if the efficiency of this 
spending is low [31]. The rise in NCDs dramatically 
shifts health spending in developing countries in 
favor of NCDs, resulting in significant reduction of 
non-medical related spending on necessities like food 
and education [32]. Yet, health spending is a form of 
direct public health intervention and has long been 
associated with improved life expectancy [33]. 
Although NCDs burden is a threat, significant 
component of health spending has been used to fight 
against communicable diseases in developing 
countries, marginally improving life expectancy. 
While most studies used health expenditures as input 
measure and life expectancy or other outcomes such 
as mortality as output [34], the direction and 
significance of the impact of health spending on 
health outcome is mixed in the literature. On the one 
hand, health spending positively contributes to health 
outcomes [35-38], while on the other hand, it has 
been shown to have marginal or no influence [34-36, 
39]. Empirically, studies show that independent 
variation of public spending explains less than one-
seventh of 1% of the observed differences in 
mortality across countries and the effect is 
statistically insignificant [39]. On the contrary, there 
is evidence that health spending is effective in 
reducing incidence and outcome of diseases even 
though the level of expenditure is likely to be 
partially determined by health outcomes [35-36]. In 
fact, some studies show that while most countries 
with above-average spending growth demonstrated 
above-average reductions in avoidablemortality, there 
is a negative relationship between health care 
spending and avoidable mortality[37], implying that 
more health spending is associated with less 
mortality. Yet, other studies establish that lower 
health care spending is associated with a statistically 
significant increase in infant mortality and a decrease 
in life expectancy [38]. 
The present study is motivated, in part by the recent 
developments such as the political declarations and 
developments that attempt to translate the Global 
Strategy for the Prevention and Control of NCDs into 
concrete action by reducing modifiable risk factors 
for NCDs and social determinants through health-
promoting environments. Albeit belatedly, The 
September 2011 Heads of States and governments 
Political Declaration on NCDs (Resolution 
A/RES/66/2) at the United Nations General Assembly 
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and the Action Plan (the 2008-2013) is a case in 
point. Implicit in the moderate attention and 
developments in low- and middle-income countries is 
the lack of understanding and absence of evidence of 
the impact of various health inputs on NCD-related 
health outcomes. In particular, while studies conclude 
that macro-level healthcarespending increases 
provide  value for money insofar as certain disease 
groups in certain countries [37], there dearth of 
evidence on NCD-related health outcomes. There is 
no study, at least in the context developing countries, 
that has hitherto looked jointly at the impact of health 
inputs on burden of NCD-related health outcomes 
and how effect of behavioral risk factors gap vary 
with size of health spending in developing countries. 
These gaps add to the general paucity of empirical 
work on the burden of NCDs in developing countries 
where sketchy anecdotal evidence is a 
commonplace.b This raises several pertinent 
questions: How do behavioral risk factors, physical 
environment, social determinants of health, and 
health spending per capita GDP affect NCD-related 
health outcomes? Do the effects of behavioral risk 
factors on NCD-related health outcomes vary 
according to relative size of health spending? What 
are the direction and magnitudes of these effects? 
This paper contributes to the limited literature and 
methodological approaches of assessing burden of 
NCD-related health outcomes in developing 
countries. This paper does not only investigate the 
impact of various health inputs on NCD-related 
health outcomes, but uniquely captures how effect of 
behavioral risk factors gap vary with size of health 
spending in developing countries. 
The organization of the rest of the paper is as follows: 
next section presents methods including conceptual 
framework, estimable model, estimation issues and 
model identification, parameter interpretation and 
hypothesis testing, and data; the paper then presents 
results, discussion, and conclusion. 
 
II. METHODS 
 
2.1 Conceptual framework 
The theoretical framework for analyzing the 
relationship between health inputs and health 
outcome is based on health economics theory. The 
underlying micro theory is such that an individual in 
a household maximizes a utility from the 
consumption of goods and services, including 
medical/health services. Some of these goods and 
services may not necessarily affect health, but 
consumption of medical care is assumed to yield 
moderate health that gives the individual utility. The 
production of health is also influenced by other 
factors such as socioeconomic status, lifestyle, 
environmental, biological factors, and social 
determinants of health. The individual is assumed to 
maximize her utility subject to individual health 
production function and household means. 

There are various literature about these factors, 
including health expenditure as an input measure [34, 
40-43] and non-healthcare factors such as behavioral, 
physiological, and metabolic risk factors, 
environmental, socioeconomic factors, medical care 
consumption, and state of medical technology, among 
other determinants of health outcomes [44-46]. Thus, 
a generic health production function is used to 
represent the conceptual framework of various health 
inputs and health outcomes such as life expectancy 
[32]. Although this generic functional form is an 
aggregate health production model, it is conceivable 
that it also is consistent with individual and 
household models. Macro models use microeconomic 
foundations to get a good understanding of the 
relationships between aggregate outcomes and 
individual and household decisions. 
Figure 1 depicts a schematic framework for analyzing 
the relationship between various health inputs and 
burden of NCD-related health outcome. In this case, 
burden of NCDs as measured by YLL represents 
health outcome. While YLL is an indicator of 
premature mortality due to NCDs, I use the percent of 
population in a country that die of NCDs as the 
dependent variable in the estimations.c As shown, 
health spending as a percent of GDP only has direct 
effect on outcome, but it is assumed that the 
magnitude of the effect of behavioral risk factors on 
YLL is dependent on relative size of health spending. 
 
Figure1: Conceptual framework for analyzing the 
relationship between health inputs and burden of 
NCD-related health outcome. 
 
 
 
2.2 Estimable model 
Based on the conceptual framework, I formulate the 
following aggregate health production function for 
populations of a developing country:d 
 
Y = F (L, E, S, H)  ………………… (1) 
where Yis a measure of health outcome as a function 
of health inputs to the health production function, 
including represents lifestyle/behavioral modifiable 
risk factors of NCDs, L; physical environment 
factors, E; socio-economic conditions or 
determinants, S; health spending, measuring the 
provision of health services, including preventive and 
curative among other services and activities), H. 
Although this generic functional form is an aggregate 
health production model, it is conceivable that it also 
is consistent with individual and household models. 
Macro models use microeconomic foundations to get 
a good understanding of the relationships between 
aggregate outcomes and individual and household 
decisions. 
Specifically, I formulate the health outcome variable 
as a constant elasticity model (Cobb-Douglas). 
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Y = ΩL α1E α2S α3H α4 ……..……………… (2) 
whereΩ captures a general level of health production 
and may correspond with the initial health stock [47]. 
It measures the health status that would have been 
observed had there been no health decline or health 
enhancement due to changes in the determinants. 
Each α is the respective factor’s contribution to health 
outcome or share. In theory, these sharesare either 
positive or negative. In practice the shares are 
interpreted as elasticities, or the percentage changes 
in the health outcome due to varying levels of the 
determinants depicted in equation (1). 
The constant elasticity model is appropriate because 
it has both substantive and statistical appeals. 
Substantively, parameter estimates of the factors 
correspond with their respective share of 
contributions to burden of NCD-related health 
outcomes. The choice of the model permits 
logarithmic transformation of the variations, which 
makes the parameter estimates of the health inputs to 
be interpreted as elasticities, or percentage changes, 
eliminating yet any possibility of non-normality and 
nonlinearity. 
 
 
2.3 Baseline estimation 
Logarithmic transformation of equation (2) yields an 
explicit baseline statistical equation that is linear in 
parameters as follows:e 
 
ln(YLLj) = α0 + α1ln(Tobaccoj) + α2ln(Alcoholj) 
+ α3ln(Obesityj) + α4ln(LowBirthWt.j) 
+ α5ln(CO2j) + α6(Urbanizationj) 
+ α7(Literacyj) + α8ln(HealthExp%GDPj) 
+ εj ……………………………..(3) 
 
whereln is the natural logarithm of the variables; εj is 
a normally distributed error term that accounts for all 
unobserved variables;and j indexes a country. Table 
1A and 1B show the definitions of all the variables of 
the data originally extracted and included in the 
analysis.f 
 
2.4 Estimation issues and model identification 
The baseline equation (3) naively assumes that health 
spending is exogenous. However, there is evidence 
that while health spending is effective in reducing 
incidence and outcome of diseases, the level of 
expenditure is likely to be partially determined by 
health outcomes [34-35]. Because of this reverse 
causality with health outcome and other unobserved 
effects, I assume that health spending is potentially 
endogenous, that is, it is correlated with the error 
term. 
In order to identify potential endogeneity of health 
spending, I identify the levels of development of 
countries as possible exclusion restrictions or 
instrumental variables (IV). I adapted categorization 
of developing countries on income as per World Bank 
definition – upper middle, lower middle, and low-

income.g I assume that for each level of development 
variables to be a good IV, it must be (a) as good as 
randomly assigned (b) valid, in which case it must 
satisfy the exclusion restriction, that is, not appear as 
an explanatory variable in the structural equation 
(health outcome) or be correlated with its stochastic 
error term, and (c) relevant, that is, correlated with 
endogenous variable (health spending) in the 
structural equation (health outcome) [48]. 
I chose the levels of development of countries as an 
instrumental variable for health spending because a 
priori expectation is such that the level of 
development of a country does not affect health 
outcome. However, studies indicate that national 
health spending is highly related to a country’s state 
of economic development and per capita GDP [49]. I 
expect that countries in the upper or lower middle-
income categories to have relatively higher health 
spending in minimizing YLL associated NCDs 
compared with low-income countries and vice-versa. 
Consequently, I specify endogenous health spending 
variable as: 
 

)D; S, , ,( uELFH   ………….. (4) 
 
whereH is health spending as percent of GDP, u is the 
error term capturing unobservable influences on level 
of health spending, and D is defined as follows: 
 















 
category income middle 

-upperin  iscountry  if   3
category income 

-middlelower in  iscountry  if  2
category income lowin  iscountry  if  1

D

 

  

………..…………………… (5) 
Notice that health spending is the only potential 
endogenous variable, while the IVs contain, at least 
the three levels of developments. This means that the 
number of IVs is greater than the number of 
endogenous variables, hence the model is over-
identified [48].h In order to control for potential 
endogeneity, I implemented Two-Stage Least Square 
(2SLS) technique by instrumenting for health 
spending.i The results of this implementation is 
presented in Table 5. 
Next is an adaptation of equation (3) in which I 
examine behavioral risk factors gap and health 
spending. I define health spending as a policy or 
health input indicator that affects a country’s 
modifiable behavioral risk factors/lifestyles. In other 
words, I investigated differential effect of behavioral 
risk factors/lifestyles on burden of NCD-related 
health outcomes in developing countries based on 
health spending as a percent of GDP. For estimation 
purposes, I split developing countries into relatively 
low and high health spending categories based on the 
mean of health spending per GDP of the sampled 
countries as the threshold. I expect this partition to 
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reveal differential effect of high lifestyles on YLL 
due to NCDs in developing countries based on health 
spending. I then use the results of this analysis to 
draw some policy implications. Specifically, I let DH 
to take a value of one for countries with relatively 
high health spending, and zero otherwise. 
Conversely, I let DL take a value of one for countries 
with relatively low health spending, and zero 
otherwise. I apply these definitions to derive an 
extended variation of equation (3). Notice that this 
extended version is nonlinear in variables as they 
contain interaction terms. The interacting terms are 
higher behavioral risk factors and higher health 
spending on one hand and lower behavioral risk 
factors and higher health spending on the other hand. 
The idea is that the health-spending gap has a 
differential effect, that is, magnitude of the effect of 
behavioral risk factors varies as a function of size of 
health spending. Thus, I specify a variant of equation 
(3) as follows: 
 
ln(YLLj) = β0HDH + β0LDL + β1ln(Obesityj) 
+ β2ln(LowBirthWt.j) + β3ln(CO2j) 
+ β4(Urbanizationj) + β5(Literacyj) 
+ β6HiLifestyles + β7(DH×HiLifestylesj) 
+ β8(DL×HiLifestylesj ) + τj 
..………….…………..……….(6) 
 
Where Hilifestyles is an indicator that denotes 
whether a developing country has relatively higher 
tobacco use prevalence and alcohol consumption, 
defined here as higher than mean average of all the 
sampled developing countries. Equation (4) allows 
for the effects of health spending on YLL (via the 
intercept terms) and on modifiable behavioral risk 
factors/lifestyles, notably tobacco and alcohol use 
(via the slope-interaction terms). 
Next, I account for regional variation of burden of 
NCDs based on World Health Organization 
classification. I include regional dummies using 
Eastern Europe as the base category. 
 
ln(YLLj) = π0HDH + π0LDL + π1ln(Obesityj) 
+ π2ln (LowBirthWt.j) + π3ln (CO2j) 
+ π4(Urbanizationj) + π5(Literacyj) 
+ π6HiLifestyles + π7(DH×HiLifestylesj) 
+π8(DL×HiLifestylesj)+πi R

i 

6

1
+γj  

  …….…….…… (7) 
 
where the regions are, dummy variables taking a 
value 1 if a country belongs to a region as per WHO 
classification (see Table 7); γjis a normally distributed 
error term; and all other variables are as defined 
earlier in equation (3) and (6). 
 
2.5 Parameter interpretation and hypothesis 
testing 
Equations (3), (6), and (7) are estimations of NCD-
related health outcome specifications. Equation (3) is 

essentially a baseline. Here, the particular interest is 
the parameter estimates on the measures of 
behavioral risk /lifestyle, physical environment, 
social determinants of health, and health spending 
factors. I expect these estimates of lifestyles and/or 
behavioral factors, low birth weight, environmental 
factors, and urbanization factors to be positive and 
significant, implying they increase YLL due to NCDs 
in developing countries. Conversely, I expect the 
parameter estimates of literacy and health spending to 
be negative and significant, implying they lower 
burden of NCD-related health outcomes in 
developing countries. Using equation (3), I test the 
hypothesis 
 
Hypothesis 1: A developing country’s behavioral 
shared modifiable risk/lifestyle factors, poor physical 
environment, and social determinants of health to 
increase burden of NCD-related health outcomes. 
Equation (6) extends the baseline by examining the 
shift effects of health policies on NCD-related health 
outcome LL across developing countries with 
relatively higher or lower health spending. In this 
regard, I focus on the estimates α0H and α0L and 
expect α0H<α0L if high health spending policies lower 
burden of NCD-related health outcomes. 
Next, I examined whether the effect of behavioral 
risk/lifestyles factors on NCD-related health outcome 
differ across developing countries with relatively 
higher health spending versus those with relatively 
lower health spending. There is a literature showing 
that tobacco use, for instance, and other high risk for 
poor health outcomes are associated with higher 
health expenditures than do subjects at lower risk 
[11]. In addition, literature shows that smoking is 
associated with increase in medications [10]. In this 
regard, I focused on the slope parameters of equation 
(6). Other things being equal, if higher health 
spending decreases the effect of behavioral 
risk/lifestyles factors on YLL, then I expect the slope 
parameters for relatively higher health spending 
developing countries to be larger than the 
corresponding parameters for relatively lower health 
spending countries. Using this equation, I tested the 
hypothesis: 
 
Hypothesis 2:  A developing country’s high 
behavioral risk factors/lifestyles contribute more to 
burden of NCD-related health outcomes in relatively 
higher health spending countries compared to lower 
health spending countries. 
Equation (7) is an extension of (3) and (6). Here I 
examine the extent of the World Health Organization 
regional differences in the prevalence of YLL due 
NCDs by testing the following hypothesis. 
 
Hypothesis 3:  There are no regional differences in 
the magnitudes of burden of NCD-related health 
outcomes in developing countries. 
Table 2 summarizes the expected signs and 
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magnitudes of the parameter estimates corresponding 
to the hypotheses based on the underlying theory. 
 
2.6 Data 
Considering percent of population dying prematurely 
due to NCDs as an outcome, the method involves 
estimating the health production function using cross-
section data for a sample of 140 developing countries 
in six regions: South America, Africa, Eastern 
Europe, Eastern Mediterranean, South East Asia, and 
West Pacific. I constructed macro dataset such that all 
measures are comparable. All data in this study are 
for the year 2008 due to lack of newer data with 
complete variables of interests for all countries 
considered. Table 6 in the appendix section describes 
the data sources, while Table 7 shows sampled 
countries and their respective regions. However, one 
measure warrants elaboration. I used developing 
countries’ profiles of health spending (as percent of 
GDP) to construct dummy variables: higher health 
spending (DH) and lower health spending (DL). I 
define a developing country as having a relatively 
high health spending if her comparable estimate of 
health expenditure, constituting both public and 
private health expenditure is greater than mean health 
expenditure of the sampled developing countries. 
Conversely, a developing country has a relatively low 
health spending if her comparable estimate of health 
expenditure, constituting both public and private 
health expenditure is smaller than mean health 
expenditure of the sampled developing countries. I 
also construct a limited measure of higher behavioral 
risk factors/lifestyles from prevalence of tobacco use 
and alcohol consumption. 
 
III. RESULTS 
 
This section reports results of various model 
specifications, but first begins with descriptive 
statistics. 
 
3.1 Descriptive statistics 
The descriptive statistics are shown in Table 3. The 
summary indicates that nearly a third (32%) of the 
developing countries included in the analysis are 
from African region, 11% from Mediterranean 
region, 16% Easter European, 8% South East Asia 
region, 12% West Pacific region, and 21% Americas 
region. Additionally, countries on average have 18% 
prevalence of current daily tobacco smoking and 
daily cigarette smoking in adults aged 15+- years and 
5.69% projected estimates of adult per capita 
consumption in liters of pure alcohol. Of these 
estimates, 27% of the countries have relatively higher 
than average behavioral risk factors/lifestyles in 
developing countries. Moreover, countries on average 
have 41% low-birth weight babies of newborns 
weighing less than 2,500 grams and  8% prevalence 
of overweight and obesity in adults aged 20+ years. 
Urbanization rate ranges from 10 % to 93% with an 

average of 48% while literacy rate ranges from 21.8% 
to 99.8% with an average of 80.33%. Slightly more 
than half (51%) and three-fifth (60%) of the countries 
have relatively high urbanization and literacy 
respectively.Finally, countries on average spend 
6.17% of the GDP on health.Of these estimates, 33% 
of the countries have relatively higher than average 
health spending per GDP in developing countries. 
Prevalence of YLL due to NCDs ranges from 8% to 
88% with an average of 43%. Eastern European has 
the highest average YLL due to NCDs while Africa 
has the lowest. 
 
3.2 Regression results 
This section reports the results of base regression and 
various extensions. Estimating equations (3) to test 
hypothesis 1 reveals that tobacco, CO2, low birth 
weight, and increased urbanization contribute 
significantly more to YLL due to NCDs in a 
developing country. As shown in Table 4, tobacco, 
CO2, and low birth weight account for 25 percent, 21 
percent, and 16 percent respectively of NCD-related 
health outcome in developing countries. In addition, 
the results also reveal that developing countries with 
high urbanization have higher YLL due to NCDs in 
developing countries compared to countries with 
lower urbanization rates. The results further reveal 
that while alcohol use and obesity increase YLL due 
to NCDs, health spending does lower YLL in 
developing countries. However, there does not seem 
to be evidence of statistical significance about these 
suggestions in developing countries. Literacy does 
appear to be of no statistical significance even though 
the direction of impact surprisingly shows it 
contributes to burden of NCD-related health outcome. 
The results further revealed that instrumenting for 
health spending led to a coefficient that is not 
significantly different from zero, -0.85 (p=0.394). As 
shown in Table 5, the 2SLS technique reveals that 
indeed health spending is exogenous, that is, it is not 
correlated with the structural or population equation 
error.jThis means that the parameter estimates of the 
baseline equation (3) are both efficient and consistent 
relative to 2SLS technique.k 
Next, I revisit equation (6) to assess the hypothesis 
that there is differential effect of high behavioral risk 
factors/lifestyles on burden of NCD-related health 
outcome in developing countries based on health 
spending. The results are reported in column 2 of 
Table 4, which reveal that relatively higher 
behavioral risk factors contributes more to burden of 
NCD-related health outcome in relatively higher 
health spending developing countries compared to 
lower health spending countries. 
Finally, I revisit equation (7) to assess the hypothesis 
that there are no regional differences in the 
magnitudes of burden of NCD-related health 
outcomes in developing countries. I use Eastern 
European as a reference region because it has the 
highest NCD-related YLL percent compared with 
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other regions. Results show that all, but one region 
exhibited significant difference in YLL due to NCDs. 
Specifically, burden of NCD-related health outcome 
is lower on average in Africa, Eastern Mediterranean, 
Americas, and South East Asia regions (in that order) 
than in Eastern European region. Although not 
statistically significant, the parameter estimate of 
West Pacific region implies that it also has a lower 
burden of NCDs than Easter European region. This 
would suggest that Eastern European region has the 
highest prevalence of YLL due NCDs across all the 
regions. Further, the result shows that the regions are 
significantly different from one another (F5, 101 = 
8.57, p< .0000), implying that the null hypothesis of 
no regional differences of the prevalence of YLL due 
to NCDs does not hold. 
 
DISCUSSION 
 
The finding that prevalence of tobacco use increases 
NCD-related YLL in developing countries is both 
statistically and substantively salient, implying that 
indeed tobacco use leads to higher burden of NCD-
related health outcome in developing countries. The 
finding is consistent with existing literature. Tobacco 
use, for instance, is considered as one of the main 
shared modifiable risk factors, cutting across all the 
four leading chronic diseases - cardiovascular, cancer, 
respiratory and diabetes [5]. 
As expected, the results also show that rise in 
pollution (such as carbon dioxide emission) increases 
burden of NCDs in developing countries. This result 
is consistent with expectation given that 
environmental issues have long been documented as 
influencing human health through exposures to 
physical, chemical, biological risk factors, and related 
changes in human behavior in response to these 
factors [5]. 
The finding that low birth weight contributes more to 
YLL in the sampled developing countries is not 
surprising given that under-nutrition in utero and low 
birth weight, particularly prevalent among low-
income populations increases the subsequent risk of 
cardiovascular disease and diabetes [5, 23,]. It is also 
consistent with studies associating nutrition and 
growth in early childhood to long-term consequences 
of NCDs [40-42]. This result is also consistent with 
studies linking infants’ Low Birth Weight Low-
Income Mothers’ Chronic Stress [43] and ‘fetal 
origins of adult disease’ and ‘developmental origins 
of adult disease’ hypotheses literature in which low 
birth weight is linked to later risk of cardiovascular 
disease [21, 22]. These studies advanced the “idea 
that inadequate diet in early life may result in some 
form of heightened sensitivity to the lifestyle-related 
risk factors for cardiovascular disease epidemic in 
low- and middle-income countries, where under-
nutrition and urbanization now frequently co-exist 
[21, 22]. 

The finding that developing countries with relatively 
higher urbanization rates have higher YLL due to 
NCDs compared to countries with lower urbanization 
further appears to be consistent with studies that link 
higher mortality from NCDs to urban poor in 
developing countries [24] and urbanicity with 
prevalence of several NCD risk factors [25]. 
Moreover, the results show that obesity and literacy 
do not appear to have statistical significance on YLL 
in developing countries. This result notwithstanding 
there is evidence of emerging epidemic of obesity in 
developing countries and its consequence on health 
outcomes [38]. Further, the results show that literacy 
does not appear to have statistical significance on 
YLL due to NCDs in developing countries. This may 
be consistent with studies showing that improving 
health outcomes may be ineffective unless 
accompanied by successful health promotion 
campaigns engaging people and activating or 
changing their social norms [50]. 
The base results show that health spending does not 
have statistical significance even though direction of 
impact suggests that it lowers burden of NCDs in 
developing countries. This may be explained 
according to the literature by potential trade-offs 
between equity and efficiency in light of the rising 
double burden of communicable and NCDs. With low 
efficiency, an increase in public expenditure in the 
health sector may not necessarily affect health 
outcomes [31].In addition, although disease patterns 
change constantly, communicable diseases remain the 
leading cause of mortality and morbidity in least and 
less developed countries [51]. In developing 
countries, prioritization is especially critical if one 
accepts the global public good character of 
communicable diseases [52]. However, there is 
evidence of differential effect of higher behavioral 
risk factorson burden of NCD-related health 
outcomes in developing countries with relatively 
higher health spending compared to countries with 
lower health spending countries. This evidence of 
statistical discrimination implies that increases in the 
percentage of YLL due to NCDs in developing 
countries do appear to be related to health spending. 
This evidence might suggest that an underlying 
indirect relationship between health spending and 
higher behavioral risk factors. The result, here, is 
consistent with studies showing noticeable impact of 
healthcare spending on health outcomes [34, 35]. 
Overall, this result is somewhat consistent with 
literature showing that tobacco use, for instance, and 
other high risks for poor health outcomes are 
associated with higher health expenditures than do 
subjects at lower risk [12]. In addition, the result is 
consistent with literature showing that smoking is 
associated with increase in medications and hence 
more expenditure [11]. Further, this result is 
somewhat consistent with literature in developed 
countries attributing much of high health 
expenditures to the diagnosis and treatment of 
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chronic diseases and conditions such as diabetes, 
obesity, cardiovascular disease, and asthma [44]. The 
overall fit of the models are robust, implying that they 
are well specified including the relevant variables as 
guided by theoretical and conceptual frameworks. 
The findings and analysis of this paper contribute to 
the literature by uniquely accounting for not only the 
impact of behavioral risk factors, physical 
environment, social determinants of health, and 
health spending on the burden of NCD-related health 
outcome in developing countries, but also explains 
effect of behavioral risk factorsgap varies with health 
spending. It is important to note several limitations, 
however. First, the study only considered a limited 
definition of NCD-related health outcome as proxied 
by YLL due to premature mortality due to NCDs in 
the populations of developing countries. It was not 
feasible to capture full burden of NCD-related health 
outcome given data limitation, hence consideration of 
YLL due to premature NCD deaths and not years of 
life lost to disability. However, given YLL partially 
measures the gap between current health status and an 
ideal health situation where the entire population 
lives to an advanced age, free of disease and 
disability [45], this study did not fully analyze lost 
years of "healthy" lives as measures of years of life 
lost to disability (YLD) were not captured. 
Additionally, this study relied much on macro data 
from multiple sources, including country profiles by 
WHO.Thus, unavailability of more reliable and recent 
data somewhat limited the analysis and causal 
relationships of the health inputs and NCD-related 
health outcome. It is envisaged that the limitations of 
this study can be minimized by obtaining adequate 
and newer indicator variables of panel data type. This 
way the dynamics of NCD-related health outcomes in 
developing countries can be captured while at the 
same time better providing a means of teasing out 
econometric estimation issues such as endogeneity, or 
effects of presence of omitted variables that are 
correlated with explanatory variables. 
 
CONCLUSION 
 
In conclusion, I revisit my research questions. (1) 
How do behavioral risk factors, physical 
environment, social determinants of health, and 
health spending per capita GDP affect NCD-related 
health outcomes? Do the effects of behavioral risk 
factors on NCD-related health outcomes vary 
according to relative size of health spending? What 
are the direction and magnitudes of these effects? I 
considered these questions using aggregate health 
production function that I modify to tease out 
existence of differential effect of behavioral/lifestyle 
risk factors on burden of NCDs based on countries 
health spending. The findings reveal that prevalence 
of tobacco use, prevalence of low birth weight, 
pollution such as CO2 emissions, and urbanization 
significantly add to the burden of NCDs in 

developing countries. In addition, although findings 
show no evidence of statistical significance, alcohol 
use and obesity increase the burden of NCDs while 
health spending lowers YLL in developing countries. 
These findings reinforce that modifiable behavioral 
risk factors such as tobacco use add to burden of 
NCDs in developing countries much the same way in 
developed countries. Further, the findings show the 
existence of differential effect of behavioral/lifestyle 
risk factors on burden of NCDs in the sense that 
higher behavioral risk factors/lifestyles contribute 
more to burden of NCDs (as measured by YLL) in 
relatively higher health spending countries compared 
to lower health-spending countries. 
The findings also suggest statistically significant 
regional differences of the prevalence of YLL due to 
NCDs with Eastern European region exhibiting the 
highest prevalence of YLL due NCDs across all the 
regions considered: Africa, Eastern Mediterranean, 
Americas, South East Asia, and West Pacific. The 
following conclusions are made with 
recommendations for future research. The finding 
that behavioral risk factors such as tobacco use 
contribute more to burden of NCDs in developing 
countries, as is the case in developed countries is a 
clear pointer that low and middle income countries 
need a health system-wide clear policies and 
frameworks to combat NCDs. Additionally, studies 
on country-specific ‘best buy’ practices need to be 
conducted. A further recommendation is the need for 
research on health literacy and health information 
about NCDs in developing countries. My 
assumptions here are twofold: developing countries 
need to improve health literacy and health 
information about NCDs; and that health literacy 
might play a more relevant role in combating and 
minimizing modifiable risk factors for the burgeoning 
of NCDs. For example, I find that literacy rate in 
developing countries does not contribute to lowering 
burden of NCDs contrary to expectation. Thus, a 
study that empirically teases out the role of health 
literacy and health information is in order, especially 
successful health promotion campaigns engaging 
people and activating or changing their social norms. 
The evidence found in this study about the 
relationship between health spending and 
behavioral/lifestyle risk factors in developing 
countries may have far-reaching implications. The 
finding that higher prevalence of behavioral risk 
factors  contributing more to burden of NCDs in 
relatively higher health spending developing 
countries may imply spending more to combat these 
risks and improve health outcome may jeopardize 
their meeting other non-health/medical issues and 
development agenda, especially in the wake meager 
resources. Spending resources to combat NCDs 
denies populations of these resource-constrained 
countries basic foodstuff and other essential goods 
and services, leading to catastrophic situations. Thus, 
with availability of data, there is need for further 
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research to examine the nexus between poverty and 
burden of NCDs, empirically unraveling out 
distributional issues, potential trade-offs between 
equity and efficiency in light of the rising double 
burden of communicable and NCDs. 
 
______________ 
Endnotes 
 
a NCDs, also known as chronic diseases, mainly 
comprise of cardiovascular diseases (like heart 
attacks and stroke), cancers, chronic respiratory 
diseases (e.g. chronic obstructed pulmonary disease 
and asthma), and diabetes. Chronic diseases are 
defined as diseases of long duration, generally of 
slow progression and are the major cause of adult 
mortality and morbidity worldwide [1] [8]. 
bLack of appreciation of the gravity of burden of 
NCDs by national governments and absence of strong 
empirical methodologies contribute to the dearth of 
empirical studies in developing countries. Veracity of 
countries’ data notwithstanding, WHO has been 
making efforts to piece together data during the 
recent years leading to millennium development goals 
(MDGs) milestones. Consequently, empirical work 
on burden of NCDs in developing countries remains 
simply a 'forgotten literature', often masked by 
numerous anecdotal reports. 
c Disability-adjusted life years (DALYs), a composite 
metric that captures both premature mortality and the 
prevalence and severity of ill-health is used to 
measure disease burden. DALYs is calculated as the 
sum of years of life lost (YLLs) and years lived with 
disability (YLDs). 
d Macro-level efficiency studies typically estimate a 
health production function that represents the 
relationship between the inputs consumed and the 
outputs produced by the healthcare system [34]. 
e This specification along with subsequent ones are all 
estimated using Huber-White sandwich estimators, 
yielding robust standard errors that can deal with any 
minor underlying economic problems such as 
normality, heteroscedasticity, or some observations 
that exhibit large residuals. 
f While the included factors are guided by conceptual 
framework, I also tested for misspecification using 
Stata 12 Linktest. Hence, I find the model to be well-
specified and additional factors to be insignificant. 
g See The World Bank Development Indicators for 
the income per capita categorization thresholds. 
hHansen’s J statistic indicates some confidence in the 
choice of instruments as the instrumental variables 
passed the test of overidentifying restrictions (Score 
chi2(1) = 0.177123  (p = 0.6739)). 
i For exposition on testing for endogeneity, see [36]. 
Pp. 220-221 
j Although, Hansen’s J statistic indicates some 
confidence in the choice of instruments i.e. 
instrumental variables passed the test of 
overidentifying restrictions (Score chi2(1) = 0.177123  

(p = 0.6739)), implementation of the Durbin-Wu-
Hausman test fails to reject the null hypothesis that 
health spending is exogenous, that is, not correlated 
with the structural or population equation error 
(Robust score chi2(1) = 0.320011  (p = 0.5716); 
Robust regression F(1,84) = .271183  (p = 
0.6039)).[46]. 
k See [48] p. 183 for more exposition on instrumental 
variable techniques. 
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