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Abstract 
World Health Organization through tuberculosis (TB) control averted up to six million deaths and 
cured thirty-six million people in 1995-2008, but had less success in reducing TB incidence, espe- 
cially in thirteen high burden countries, including Indonesia. Therefore, TB control will need to 
have more emphasis on the issues of social determinants, as social determinants affect TB’s inci- 
dence directly and/-or through TB’s risk factors. This study aimed to identify a significant effect of 
social determinants and the risk factors of TB incidence. The research setting was at twenty-seven 
primary health centers and one hospital that have implemented the Directly Observed Treatment 
Short Course (DOTS) strategy in Bandar Lampung municipality, Indonesia. Respondents of this re- 
search were 238 smear-positive TB patients as case group and 238 patients without TB as control 
group. Research variables consisted of “social determinants”, “housing condition”, “household 
food security” and “health access” which were set as latent variables and measured through their 
indicators. Data had been collected by using questionnaire and then was analyzed with Structural 
Equation Modeling using SmartPLS 2.0 software. The result showed that “social determinants” 
through “housing condition” and “household food security” affected “TB incidence”. Moreover, 
“social determinants”, “housing condition” and “household food security” can be used to explain 
34.1% variation of “TB incidence”. In conclusion, the knowledge can be used to support the TB 
control program, particularly to implement the DOTS strategy together with improving social de-
terminants, housing condition and household food security. 
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1. Introduction 
Since 1947-now, World Health Organization (WHO) has been conducting tuberculosis (TB) control through 
various interventions, such as mass Bacillus Calmette-Guérin (BCG) vaccination, improved chemotherapy, 
management and service program as well as the implementation of the Directly Observed Treatment Short 
Course (DOTS) strategy. Moreover, since 2000, WHO has initiated the Stop-TB Partnership in order to improve 
the effectiveness of the TB control program globally. The Stop-TB Partnership targets, included in the Millen-
nium Development Goals (MDGs), is to halve prevalence and mortality by 2015 compared with their levels in 
1990 [1]-[4].  

TB control averted up to six million deaths and cured thirty-six million people in 1995-2008. Unfortunately, 
the control had less success in reducing TB incidence. TB incidence only declined in 0.7% per year during 
2004-2008. Moreover, the decline only occurred in some American and European countries. None of them are 
among the thirteen WHO high burden countries, which are mainly in Sub-Saharan and South East Asia [3] 
[5]-[7]. Globally, in 2010, there were estimated of 8.8 million TB incidences. The number was equivalent to 128 
cases/100,000 populations. Most of cases occurred in Asia (59%) and Africa (26%), meanwhile smaller propor- 
tions of cases occurred in the Eastern Mediterranean region (7%), European (5%) and Americas (3%). Indonesia is 
one of the five countries with the highest number of TB incidence in 2010 (0.37 - 0.54 million incidences). In addi-
tion to that, the number increased compared to TB incidence during 2009 (0.35 - 0.52 million incidences) [3] [6]. 

Therefore, in order to reduce the incidence of TB further, TB control will need to “move out of the TB box” 
with more emphasis on the issues of social determinants [8] as, social determinants affect TB’s incidence di- 
rectly and/-or through TB’s risk factors, those are household food security, housing condition and health access 
[5] [9]-[12]. In addition, it has been proven that social determinants and TB risk factors are latent variables that 
couldn’t be measured directly but measured through their indicators (manifest variables). Previous studies have 
shown that TB incidence in some countries such as Philippines, Bangladesh, Vietnam, India, South Africa and 
Gambia is closely related to some indicators of social determinants as well as some indicators of TB risk factors 
[13]-[16]. In those studies, however, social determinants and TB risk factors have not been studied as latent va-
riables. 

Bandar Lampung is the capital city of Lampung Province in Indonesia. Based on Bandar Lampung Munici- 
pality Health Office TB report 2010-2011, although TB cure rate in 2009 and 2010 had reached 80% - 85%, TB 
incidence in the city during that period increased, from 112/100,000 population in 2009 to 114/100,000 popu- 
lation in 2010. Moreover, based on statistical data in the year of 2011, Lampung is one of the poorest provinces 
as well as the province with poorest housing condition in Indonesia. Those two factors, poverty and housing 
condition, are well known to directly correlate with social determinants and TB risk factors.  

This study aimed to identify the significant effect of social determinants and TB risk factors again TB inci- 
dence. Since social determinants and TB risk factors were latent variables which couldn’t be measured directly, 
Structural Equation Modeling (SEM) was then required to analyze the effect rather than the ordinary regression 
model. The knowledge of how social determinants and TB risk factors influence the TB incidence will then be 
useful to support a more effective TB control program. 

2. Methods 
2.1. Study Site and Sample 
This study has been conducted in one hospital and twenty-seven Primary Health Centers (PHC) across the Ban- 
dar Lampung City that have been implementing the DOTS strategy. Population of this research consisted of case 
population and control population. Case population was consisted of 628 smear-positive TB patients recorded 
during January-July 2012 at the study site. Meanwhile, control population was TB suspects that were recorded 
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during period of January-July 2012 who did not suffer from TB. The control population, were confirmed by 
negative result of TB laboratory test or X-ray examination. The sample size of both the case group and control 
group was decided based on the sample size calculation method for case and control group [17]. In this study, a 
sample size of 238 were used for both case and control groups to clarify a statistically significance influence of 
research variables, with 80% power and 95% significance level. 

2.2. Research Variables 
Research variables in this study were latent variables, which cannot be measured directly and must be measured 
through their indicators. The dependent variable was TB, which was measured by one indicator namely suffer- 
ing TB (yes and no). The independent variables consisted of “social determinants”, “housing conditions”, 
“household food security” and “health access”. Latent variable of “social determinants” was measured by four 
indicators: education (length of education that has been received: less than nine years, nine years, more than nine 
years), occupation (unemployed, temporary employee, permanents employee), income (income per-capita: less 
than US$ 804; US$ 804 – 1639; more than US$ 1639) and social classes ( having none productive asset, having 
one productive assets, having more than one productive assets) [11] [12] [18] [19]. “Housing conditions”, as la- 
tent variable, was measured by three indicators: house density index (house area divided by number of person: 
less than 5.6 m2, 5.6 - 8 m2, more than 8 m2), ventilation (percentage of ventilation area of house width: less than 
13.75%, 13.75% - <20.00%, more than 20%) and indoor air pollution (number of indoor air pollution sources: 5, 
4, 3, 2, 1,0) [14] [20]. “Household food security”, as latent variables, was measured by three indicators: food 
budget (monthly food budget for each person: less than US$ 13, US$ 13 - 30, more than US$ 30), diet diversity 
(number of diet type of daily consumption: 1, 2, 3, 4) and food sufficiency (ever missed meal time and reduced 
meal portion for one—four weeks, ever missed meal time less than one week and ever reduce meal portion for 
one—four weeks; ever reduced meal portion for one—four weeks; ever reduced meal portion for less than one 
week) [21] [22]. Meanwhile, “health access” was measured by two indicators: distance to health facility (more 
than five kilometer, one—five kilometer, less than one kilometer) and transportation needs (availability of 
transportation: public transportation, private transportation, no transportation needed) [23]. 

2.3. Data Collection and Analysis 
In-depth interview using questionnaire was performed in order to collect data in this research. The data collected 
were then analyzed using SEM. It has been known that SEM is a statistical method which can be used to meas- 
ure not only relationship among all latent variables involved but also measure relationship between latent va- 
riables and their indicators. This method provides relationship significance among latent variables simulta- 
neously. In the other hand, both using ordinary regression and only using indicators without latent variables to 
analyze latent variables will be able to cause a parametric measurement false [24].  

Partial Least Square (PLS) algorithm was chosen to set up SEM since the data was considered as non-normal 
distribution and due to its multi-co-linearity. SmartPLS version 2.0M3 was chosen as software to conduct the 
SEM analysis. The SmartPLS supports graphical modeling and carries out the bootstrapping procedure to gener- 
ate significance measurements. Evaluation within the PLS algorithm consists of measurement-model evaluation 
(outer model) and structural-model evaluation (inner model). Measurement-model evaluation was performed to 
evaluate goodness of concerned indicators to represent their latent variable signified by loading indicator values. 
Meanwhile structural-model evaluation was done to evaluate goodness of relationship between indepen- 
dent-latent variable and dependent-latent variable signified by value of both the path-model coefficient and R2. 
In this research, the PLS analysis was performed by specifying the sampling number of 1000 for bootstrapping. 
Furthermore, the latent variables namely TB, social determinants and risk factors scores were estimated for fur- 
ther analysis. 

2.4. Ethical Clearance 
We obtained ethical clearance for the study from the Medical and Health Research Ethics Committee, Faculty of 
Medicine, Gadjah Mada University. In addition to that, all of respondents involved in this research were 
asked to participate on voluntary basis and received sufficient information to consider consent prior to the in- 
terview. 
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3. Result 
PLS path model of TB incidence has been developed, to identify relationship between latent variable and its in- 
dicators as well as correlation among the concerned latent variables namely TB risk factors, “social determinants” 
and “TB incidence” (Figure 1). In this path model, “social determinants” is predicted to affect “TB incidence” 
directly and/or- through other latent variable namely “housing condition”, “food security” and “health access” of 
concerned household [9]. The significances of predicted each and or simultaneous paths were then analyzed 
during the model running (measurement-model and structural-model evaluation). The path coefficient of the 
structure model and bootstrapping test results for outer loading of the measurement model are presented at 
Table 1 and Table 2 respectively. 
 

 
Figure 1. PLS path model of TB incidence, social determinants and risk factors.                                  

 
Table 1. Bootstrapping test for path coefficients.                                                             

Indicators Original Sample Mean Standard Deviation Standard Error T statistics 

Social determinants  Household food security 0.456 0.463 0.075 0.075 6.088* 

Social determinants  Housing condition 0.445 0.450 0.076 0.076 5.821* 

Social determinants  Health access 0.112 0.156 0.086 0.086 1.299 

Social determinants  TB incidence 0.094 0.112 0.103 0.103 1.233 

Housing condition  TB incidence 0.266 0.272 0.108 0.108 2.467* 

Household food security  TB incidence 0.328 0.328 0.096 0.096 3.427* 

Health access  TB incidence 0.067 0.095 0.066 0.066 1.008 

*p value < 0.05. 
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Table 2. Bootstrapping test for outer loadings.                                                               

Indicators Original Sample Mean Standard Deviation Standard Error T statistics 

Education  Social determinants 0.701 0.684 0.077 0.077 9.094* 

Occupation Social determinants 0.626 0.494 0.149 0.149 3.622* 

Income  Social determinants 0.172 0.174 0.064 0.064 2.696* 

Social class  Social determinants 0.158 0.165 0.103 0.103 1.636 

Crowding  Housing condition 0.481 0.480 0.060 0.060 8.057* 

Indoor air pollution  Housing condition 1.051 1.345 0.082 0.082 16.478* 

Ventilation  Housing condition 0.436 0.436 0.049 0.049 8.920* 

Food budget  Household food security 0.627 0.620 0.042 0.042 15.109* 

Food sufficiency  Household food security 1.116 1.106 0.057 0.057 19,623* 

Food diversity  Household food security 0.843 0.836 0.058 0.058 14.629* 

Distance to health facility  Health access 0.314 0.349 0.182 0.182 1.780 

Transportation needed  Health access 0.561 0.472 0.139 0.139 4.039* 

Suffering TB smear-positive TB incidence 0.500 0.497 0.004 0.004 133.679* 

*p value < 0.05. 
 

Table 1 shows that four out of seven paths in the model are considered significant indicated by their t value 
which higher than 1.96 (at 0.05 of significant level) and the remaining three path lines within the model are con- 
sidered as insignificant. Those three path lines have origin and destination respectively as the following: “social 
determinants”—“TB incidence”, “social determinants”—“health access” and path from “health access” to “TB 
incidence”. The four significant paths consist of: “social determinants”—“food security”, “social determinants”— 
“housing conditions”, “food security”—“TB incidence” and “housing conditions”—“TB incidence”. Two paths 
that originated from “social determinants” which are connecting to both “food security” and “housing condition” 
of concerned household have t value of 6.088 and 5.821 respectively. Meanwhile, paths from both food security 
and housing condition of concerned household which are connecting to “TB incidence” as their destinations 
have t value of 2.467 and 3.427 respectively.   

Refer to the results above which are schematized in Figure 1, it can be learned that “social determinants” has 
no direct effects to “TB incidence”. Paths of “social determinants” through “health access” also found insignifi- 
cant influence to the “TB incidence”. Meanwhile, path of “social determinants” through other two latent va- 
riables, “food security” and “housing condition” of the concerned household, present strong effects to “TB inci- 
dence”.  

Figure 1 and Table 1 also show that standardized path coefficients of “social determinants”, “household food 
security” and “housing condition” are positive, which mean that effect of social determinants to “TB incidence” 
through “household food security” and “housing condition” are also associated as positive. The path coefficient 
of connecting paths originated from “social determinants” to “TB incidence” through “household food security” 
is 0.149 which was provided by multiplication among all paths coefficient involved, in this case 0.456 multip- 
lied by 0.328. Meanwhile, with the same method, the path coefficient of “social determinants” to “TB incidence” 
through “housing condition” was calculated as 0.456 multiplied by 0.266 which is 0.118.  

The resultant effect of “social determinants”, “household food security” and “housing condition” can explain 
34.1% variation of TB incidence, as showed in Figure 1. Meanwhile, the remaining variation can be explained 
by other variables which are not studied in this research.  

Both Figure 1 and Table 2 show that most of loading factors, except social class and distance to health fa- 
cility, are considered prominent to explain their latent variable at 0.05 significant level (t value is more than 
1.96). It means that most of the indicators, ten out of twelve, represent or can be used to explain their latent va-
riable. Figure 1 and Table 2 also show that education is indicator with the highest loading factor value (λ = 
0.702), compared to other indicators in “social determinants” latent variable. Indicator with the highest loading 
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factor value indicates that the indicator also has the strongest correlation to its latent variable. Meanwhile, in- 
door air pollution (λ = 1.051) and food sufficiency (λ = 1.116) are indicators which have strongest correlation to 
their latent variables, those are “housing condition” and “household food security” respectively. 

4. Discussion 
Our findings suggest that “social determinants” through “household food security” and “housing condition” af- 
fect “TB incidence” significantly. The result indicates that people with lower education, occupation, income and 
social class, tend to have house with an overcrowded, inadequately ventilation, and indoor air pollutions. The 
people also tend to have lack of food budget, food diversity and food sufficiency. Those factors will increase 
risk of TB. The result concur with some reviews which stated that social determinants through TB risk factors 
(“housing condition” and “household food security”) affect TB incidence [5] [9] [25]. Since found no particular 
published studies about “social determinants”, “housing condition”, “household food security” and “TB inci- 
dence” as latent variables, it was difficult to have a significant comparison that can be performed. In the other 
hand, there were some researches which studied relationship between indicators of the three concerned latent 
variables (“social determinants” and “housing condition” or “household food security”) and they provided simi- 
lar results. Similar result also presented on number of works studied about interaction between “housing condi- 
tion” and “TB incidence” as well as “household food security” and “TB incidence” [14]-[16].  

Our findings suggest that latent variable of “social determinants” have no direct effect to “TB incidence” or 
indirect effect through “health access”. The result, however, is not in line with some reviews which stated that 
social determinants have direct effect to TB incidence, as well as indirect effect through “health access” [5] [9] 
[25]. The insignificant could be caused by the fact that there is no difference of social class between control 
group and case group, which can be resulted from the same sources of control and case group [16]. It also could 
be caused by fact that basically distance from their address to health service both for control group and case 
group are relatively the same. The fact was mainly due to regional conditions of the Bandar Lampung. Distance 
from one health-service unit to the other health-service unit in the Bandar Lampung, as a research location, is 
only about two kilometers, in perpendicular line, and the farthest respondent from health service is only 6 kilo- 
meters. Moreover, the non-concurrence of the findings is also caused by other independent latent variables 
which have stronger relationships to TB. On the path model, it can be seen that all indicators of both “housing 
conditions” and “household food security” are significant at 0.05 level and have high loading factor (λ) values, 
which means that those variables represent their latent variables and have a stronger relationship to “TB inci-
dence” compared to “social determinants” and “health access” [26].  

Our findings show that education, indoor air pollution and food sufficiency are indicators which have the 
strongest correlation to social determinants, housing condition and household food security respectively. The 
knowledge suggests that improvement in education would have the strongest effect in social determinants im- 
provement. The result in line with “fighting Poverty to Control TB Project” in Lima, Peru, which demonstrated 
that improving access to the work education has a significant effect in improving social determinants as well as 
the tuberculosis control [27]. In spite of improvement in education, our findings also suggest that improvement 
in indoor air pollution and food sufficiency would have the strongest effect in housing condition and food secu-
rity, respectively. 

Our finding also shows that “social determinants” through “housing condition” and “household food security” 
all together represent 34.15% of “TB incidence”. Meanwhile, the remaining 65.85% should be explained by 
other variables which are not studied in this research. The remaining variables are strong related to human beha- 
vior that could be measured by its indicators namely: HIV, diabetes mellitus, smoking and malnutrition [10]. 

5. Conclusion 
We have demonstrated that TB incidence is closely related to the insufficiency of social determinants (education, 
occupation, income and social status) which then also affect TB risk factors namely inadequate of housing con- 
dition and food security of the concerned household. The findings of social determinants and risk-factors signi- 
ficance can be used to support TB control program in low and middle countries that have social determinants as 
main issue causing TB incidences, including Indonesia. The knowledge also implies that the implementation of 
the DOTS-strategy should be combined with promotion and improvement effort upon all aspects regarding “so-
cial determinants”, “housing condition” as well as “household food security”. Indicators suggested in the im-
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provement are education, indoor air pollution and food sufficiency. To be more effective, the effort must be 
supported by other health sectors and other institutions [25] [28]. Therefore, social determinants, housing condi-
tion as well as household food security improvement should be elaborated into the implementation of the DOTS 
strategy as an integrated TB control program. 
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