
International Journal of Statistics and Systems 

ISSN 0973-2675 Volume 12, Number 3 (2017), pp. 485-497 

© Research India Publications 

http://www.ripublication.com 

 

 

Bayesian Structural Equation Modeling for the 

Factors Affecting Rural Health in India 

 

 Senthamarai Kannan. K and  Sathiya. V 

 

Department of Statistics, ManonmaniamSundaranar University, Tirunelveli, India.  
Department of Statistics, ManonmaniamSundaranar University, Tirunelveli, India.  

 

Abstract 

 Rural Health is an important aspect of India’s development vision as 

envisaged by the National Rural Health Mission. Several factors affecting 

rural health are captured in a structural equation model of rural health index. 

Three main categories of causes namely access, awareness and personal habits 

are identified. Bayesian analysis is used to test the hypothesis and solve the 

model. The Gibbs sampler algorithm is used in the implementation of 

Bayesian modeling. District wise data on health factors and indicators are 

used. The data is a part of the District Level-IV on all the districts of India. 

Several factors of rural health such as access to health facilities, safe drinking 

water, sanitation, awareness of health issues and personal habits are studied. A 

simple model is constructed to provide valuable insight into identifying 

effective thrust areas in health policy. The rural health index is observed to be 

greatly dependent on access to basic health facilities, toilets and safe drinking 

water. The importance of the awareness about Diarrhea and its first aid is also 

brought out in this study. 

Keywords: Bayesian SEM, rural health index , access, awareness and 

personal habits . 

 

1. INTRODUCTION 

India has made tremendous progress independence in all human endeavors.  Public 

health is a vital area that offers the most potential for development.  The responsibility 

of public health lies with the state governments in India as per the constitution rather 
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than the central government.  This has led to large variation in the level of health in 

Indian states . There are large variation in health indicators across the length and 

breadth of India.  This is caused by variation in the level of implementation of health 

policies, variation in health awareness, cultural issues etc., in different regions.  For 

example Kerala has the lowest child malnutrition of 27% and Madhya Pradesh, the 

highest of 50% Child mortality varies from 12 per thousand live births in Kerala to 56 

in Assam .  The National Health Mission (NHM) is an integrated effort in tacking 

health issues in India .  NHM was launched in 2005 with the vision to provide 

accessible, affordable and quality health care to the Indian population with particular 

emphasis on rural population.  The National Rural Health Mission (NRHM), part of 

NHM aims to address the issue of health in rural population.  Poor sanitation, lack of 

access to safe drinking water and malnutrition are leading causes of poor health 

among the rural areas . 

India spends a large part of its Gross Domestic Product (GDP) on health. Most of the 

spending is due to preventable diseases resulting from poor sanitation. It is vital for 

India’s economic development goals that public health issues are tackled. Many 

factors beside economic status affect public health. In this work, the relationship 

between many causal factors to rural health in particular is explored in the context of 

India. The rural health is measured by a rural health index. Three categories namely 

access, awareness and personal habits are identified as the causes of rural health 

index. The interrelationships among these factors are analysed using SEM. This 

analysis will empower the policy makers to focus the public spending to be more 

effective and specific to yield maximum results. 

SEM provides a way for powerful modeling of relationships among factors affecting a 

measures variables in complex fashion. It is a robust modeling tool and can 

accommodate minor errors in data. In classical SEM, the observations are assumed to 

be independent and identically distributed according to the multivariate normal 

distribution. Bayesian SEM is free from this assumption and therefore more robust 

and expansive. Gibbs sampler is used in Scheines et al. to obtain samples of arbitrary 

sizes that summarize the posterior distribution of the parameters. Prior information 

about the parameters can be incorporated and updated . Lee provides a comparison 

between classical SEM and Bayesian SEM. Ansari et al. explored Bayesian SEM in 

multilevel data. 

This work presents a Bayesian SEM study of the rural health index in Indian context. 

The objective of this work is to determine the relationships among the causal factors 

of rural health. The data is obtained from publicly accessible data.gov.in.website and 

is briefly described in the next section. 

 

 



Bayesian Structural Equation Modeling for the Factors Affecting Rural Health.. 487 

2. METHODOLOGY 

The data on rural health was obtained from the District Level Household and Facility 

Survey – IV (DLHS-IV) hosted on the data.gov.in website.  The DLHS – IV is a 

nationwide survey conducted during 2012-13 by the Ministry of Health and Family 

Welfare, Government of India.  It covers 274 districts in India.  It contains data on 

access to health facilities, drinking water, toilets etc.  It also contains data on the 

spread of awareness of health related issues.  The overall status of health in all 

districts on several parameters is also assessed.  The data is available to the public 

under the National Data Sharing and Accessibility policy.  In this work, some of the 

important parameters both causes and indicators of rural health was selected and their 

relationship is studied using structural equation modeling.  The parameters that have a 

causal relationship with rural health index  are classified into three broad categories 

namely Access Awareness and Personal Habits.  A brief explanation of the categories 

are given in the following section.  

The Access category refers to the access to rural health facilities, safe drinking water, 

sanitation by way of toilets and clean fuel.  The majority of healthcare facilities in 

India is provide by the private sector and health insurance is not widely utilized.  The 

National Rural Health Mission (NRHM) was launched on April 2005 by the 

Government of India with the goal of providing effective healthcare to rural people.  

The National Health Assurance Mission was launched in 2014 with the aim of 

improving health insurance and access to drugs and diagnostic treatments.  The access 

to health facilities is expressed by a parameter (X11) in the range of (0,2) based on the 

access to drinking water is expressed by a parameter (X12) in the range of (0,2) based 

on percentage of the population having access to safe and improved drinking water. 

The parameter (X13) in the range of (0,2) expresses the access to to clean fuel.  Open 

defecation is cited as an important cause of disease, mortality and malnutrition in 

children.  The Swachh Bharat Abiyan (Clean India Plan) aims to construct 120 

million toilets and make India open defecation free by the year 2019.  Dirty fuels like 

wood cause respiratory illness and access to clean fuel such as Liquefied Petroleum 

Gas (LPG) and electricity is also a factor in rural health. 

The second category of caused of rural health index is the Awareness.  Three 

parameters are used in this category namely Awareness of Diarrhea, Female literacy 

and Family Planning.  Diarrhea is third leading cause of childhood mortality and 

accounts for 13% of death in children under the age of 5.  A basic awareness of 

handling diarrhea in children can easily save children’s lives without much effort or 

expense.  The parameter Diarrhea (X21) expresses the awareness of diarrhea in the 

range of (0,3) with 3 indicating above 80%, 2 indicating above 50% and below 80%, 

1 indicating above 30% and below 50% and 0 indicating below 30%.  Female literacy 

in India is 65.46% opposed to 82.14% of Male Literacy.  This wide gender disparity 

has an impact on health because women play a pre-eminent role in childcare and 
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household health.  The parameter Female Literacy (X22) expresses female literacy in 

the range of (0,2) with the same percentage thresholds.  Although access to family 

planning has improved tremendously in the past few decades, people often are 

misinformed especially in rural areas.  A proper awareness of the benefits and 

methods of family planning leads to smaller families with better healthcare.  The 

parameter Family Planning (X23) expresses the awareness of family planning based on 

the household size is the average household size in the district and it takes continuous 

values in the range (2,10). 

The third category is the personal habits where negative health habits such as tobacco 

and alcohol usage is taken into account.  Tobacco usage is constantly rising in India as 

of 2015 and accounts for 9,00,000 deaths annually.  The effects of alcohol usage is 

widely disputed but abuse of alcohol in excess quantities certainly leads to chronic 

diseases and death.  The parameter Tobacco (X31) expresses tobacco usage in the (0,3) 

range based on percentage of users in the district population with 3 indicating more 

than 70% users, 2 indicating  50% to 70%, 1 indicating 30% to 50% and 0 indicating 

below 30%.  The parameter Alcohol (X32) expresses alcohol usage in the same range 

and percentage thresholds system.  X31 and X32 are expected to be negatively 

correlated with the rural health index.  All the factors are categorical variables taking 

values from the set {0,1,2}. 

In order to measure the rural health index, five indicators are used in our study.  

Morbidity (X41) expresses the number of deaths due to acute and chronic illnesses.  

Anemia (X42) expresses the prevalence of deficiency of red blood cells and is a health 

indicator.  Blood sugar (X43) expresses the prevalence of abnormal levels of blood 

sugar and is an indicator of healthiness of individuals.  Chronic disease (X44) 

expresses the prevalence of chronic diseases which can dramatically reduce the 

quality of life.  Hypertension (X45) expresses the presence of hypertension which also 

indicates lower healthiness and reduced performance.  The indicators are expressed in 

the points range of (0,4) such that higher the parameter indicates lower the negative 

effect and better health. 

The overall distribution of data is shown in table 1 for all the 9 factors and table 2 

displays the distribution for the 5 indicators.  The cross correlation between the 

indicators and the factors are displayed in table 3.  The MATLAB function crosstab 

was used to obtain the chi-square and p-value for the test of independence between 

the factors and indicators.  This was done as a preliminary analysis. 
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Table 1.Distribution of Factors 

_____________________________________________________________ 

Factor Name   Values 

   0 1 2 

  Health Facilities X11 52 43 179  

  Drinking Water X12 22 41 211 

  Toilets   X13 127 100 47 

  Clean Fuel  X14 243   26  5 

  Diarrhea Awareness X21  87 137 50 

  Female Literacy X22 156 113  5 

  Family Planning X31  35 156 83 

  Alcohol  X31 209  26 39 

  Tobacco  X32 250   7 17 

______________________________________________________________ 

 

Table 2. Distribution of Indicators 

______________________________________________________________ 

  Indicator Name    Values 

      0 1 2 3 4 

  Morbidity  X41 49 42 45 56 82 

  Anemia  X42 29 79 102 56   8 

  Blood Sugar  X43   4 11 182 66 11 

  Chronic Disease X44   8 33 212 18   3 

  Hypertension  X45 20 34  83 105 32 

_______________________________________________________________ 
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Table 3. Cross Tabulation Preliminary Analysis Results 

 

 

The preliminary analysis by categorical chi-square tests indicate the following 

statistically significant (above 99%) dependence among the indicators and factors.  

Morbidity is dependent on health facilities, awareness of diarrhea, family planning and 

tobacco consumption.  Anemic conditions do not show any significant dependence.  

Blood sugar is dependent on all the indicators except drinking water, clean fuel and 

family planning.  Chronic disease shows dependence on Diarrhea awareness and to 

some extent on Tobacco.  Hypertension is related to most of the factors.  The rural 

health index is expected to show strong dependence on health facilities and diarrhea 

awareness more than any other factors.  Clean Fuel does not have strong correlation 

with any of the indicators in this study.  The Chi-square test can predict the 

dependence of variables but SEM is needed to fully understand the interrelationships 

among the model variables.  The advantages of Bayesian SEM over classical SEM are. 

1. Natural way of incorporating knowledge of prior distributions of the 

parameters. 

2. The results do not depend on asymptotic assumption which requires large 

samples. 
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3. It gives an estimate of error in the results of the parameters. 

Since the data is not large in present study, Bayesian SEM is used. 

 

2.1. THE BAYESIAN SEM MODEL 

The correlations between the latent variables 321 ,,    and the causal variables X11, 

X12, X13, X14, X22, X23, X31, X32 are captured by the loading 

coefficients 323123222114131211 ,,,,,,  respectively.  The rural health index   is 

a latent variable correlated to the indicator vector X41, X42, X43, X44, X45.  SEM 

involves four stages namely model specification, model estimation, model evaluation 

and model modification. 

The measurement equation is given by 

  14,..1,  iiii       …..(1) 

The matrix  contains the loading coefficients, the latent variables  includes 

321 ,,   and  .  The random variables i represent the measurement errors which 

follow N(0,  ).  The latent variables are independent and uncorrelated with i .  The 

rural health index   is modeled as an endogenous latent variable and Access )( 1 , 

Awareness )( 2 and Personal Habits )( 3 are modeled as exogenous latent variables.  

The model is given by the equation. 

                  =   i        …… (2) 

Where   is a 1 X 3 regression parameter matrix for relating the endogenous and 

exogenous variables.   δ   is the disturbance variable assumed to be distributed as 

N(0,  ).  The Gamma distribution is used as the prior for  1

  and Wishart distribution 

for 1

  .  The model is solved using win BUGS version 1.4 with these hypotheses.  The 

fit of the model was analyzed using the plots of Bayesian estimates of the regression 

variables. 

 Here    is the endogenous latent variable and ξi  are the exogenous latent variables.  

Equation 2 can be also be written as 

                                         332211                                                                                           ….(3) 

The  regression parameters  321 ,,    are the measures of the impact of the three 

categories of factors on rural health index.  The individual factors may be assessed using 

i   .  Note that there may be dependence among the three categories of factors but in this 

study, the primary focus is on the impact of the factors on rural health index.  The 

complete model of rural health index is shown in figure 1. 
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Figure 1: Rural health index SEM model 

 

3. RESULTS AND DISCUSSION 

This section presents the results of Bayesian Simulation in WinBUGS 1.4.  The solution 

is implemented using the Markov Chain Monte Carlo (MCMC) method (23).  Three 

chains with 1000 iterations each was used.  The statistics for the regression parameters 

are shown in table 4.  As expected the factor loadings for alcohol and Tobacco are 

negative. 
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Table 4. The statistics for the regression parameters 

______________________________________________________________________ 

Node  Mean SD MC error 2.50% Median

 97.50% 

tau 1  1.4960 0.9835 0.01305 -1.907  0.01681 1.924 

tau 2  0.3708 1.018 0.01327 -2.028  -0.00579 1.953 

tau 3  -7.23E-04 0.9945 0.01263 -1.938  0.003415 1.969 

delta  0.009 0.9938 0.01828 0.0296 0.7093  3.669  

 

lambda 1 1.549 0.08499 0.004212 1.402  1.549  1.712 

lambda 2 1.732 0.08948 0.00478 1.578  1.73  1.905 

lambda 3 0.6493 0.05802 0.00184 0.54  0.6475  0.7665  

lambda 4 0.1476 0.02522 4.76E-04 0.09931 0.1477  0.1965 

lambda 5 0.01086 1 0.01273 -2.01  0.02063 2.003 

lambda 6 0.01112 0.9868 0.01346 -1.911  0.0133  1.955 

lambda 7 0.005709 0.9993 0.01292 -1.966  0.01543 1.95 

lambda 8 -0.0158 0.9931 0.01247 -1.919  -0.03143 1.973 

lambda 9 0.00119 1.002 0.01102 -1.94  0.00906 1.976 

lambda 10 0.008988 1.003 0.01285 -1.978  0.01229 1.968 

lambda 11 0.009496 1.006 0.01225 -1.957  0.00102 1.984 

lambda 12 0.006102 0.9904 0.01443 -1.934  0.004196 1.976 

lambda 13 0.02218 1.012 0.01253 -2.027  0.01512 1.984 

lambda 14 0.001223 1.011 0.01386 -2.008  0.01509 2.2002 

epsilon 1 2.797 0.4794 0.02636 2.094  2.737  3.904 

epsilon 2 4.867 1.376 0.07773 2.844  4.644  8.196 

epsilon 3 1.585 0.145 0.001912 1.32  1.581  1.874 

epsilon 4 6.555 0.5869 0.007277 5.495  6.537  7.756 

epsilon 5 1.041 1,052 0.01406 0.02842 0.7145  3.845 

epsilon 6 1.011 1.003 0.0125 0.02559 0.7041  3.74 

epsilon 7 0.9869 1.002 0.01282 0.02525 0.6755  3.619 

epsilon 8 0.9958 1.008 0.01394 0.02724 0.6866  3.797 

epsilon 9 0.9962 0.9937 0.0139 0.02303 0.685  3.845 

epsilon 10 1.017 0.9835 0.01642 0.02844 0.7372  3.603 

epsilon 11 0.9816 1.003 0.01235 0.02936 0.6816  3.76 

epsilon 12 0.997 1.011 0.01305 0.02671 0.683  3.704 

epsilon 13 0.985 1.011 0.01219 0.02373 0.6694  3.811 

epsilon 14 0.992 0.9849 0.01272 0.02552 0.6865  3.621 
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The solved structural equation is given as 

)4(.......000723.03708.0496.1 321    

The scatter plots of the regression coefficients against the regression errors are shown 

in figure (2-4). 
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The plots in figures (2-4) show that the regression has reasonable goodness of fit. The 

model has included most of the factors that vary with each other. The computational 

requirements are moderate considering the small size of the data. The MCMC algorithm 

took 4-5 seconds on a Corei5 System with 4GB memory. The next section a brief 

discussion the results. 

Among the three categories of factors, the most influential is the Access factor as 

evidenced by the value of tau 1.  Awareness comes next with Personal habits playing 

little role.  Access to Health facilities, Drinking water and Toilets are significant in that 

order.  The presence of primary health center and large number of sub centers has 
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improved the rural health more than any other factor. The number of districts that have 

villages with poor access to toilets is 127.  So the most potential to Diarrhea plays the 

most significant role.  This is due to the fact that awareness of the dangers of diarrhea in 

children and the knowledge of simple measures can prevent child deaths female literacy 

also influence positively on the rural health index.  The personal habits do not have 

strong influence in this study.  This may be explained due to the fact that there are not 

much variation in Alcohol and Tobacco among the districts.  Still, the absence of these 

negative health habits in the few districts have impacted the health index positively. 

 

4. CONCLUSION 

The study presented an analysis of various categories of factors affecting rural health.  A 

rural health index is developed with dependence on Access, Awareness and Personal 

Habits.  Data on 274 districts in India was used.  Bayesian Structural Equation Modeling 

is used to solve the regression.  Bayesian SEM allows the use of prior knowledge about 

the distribution of the parameters.  It handles the missing values seamlessly.  Markov 

Chain Monte Carlo solution was found using win BUG 1.4 software.  The solution is 

presented for 3 chains and 1000 iterations each.  The standard error of the parameters 

were found to be low.  Among all the factors, access to primary impact on rural health 

index.  Awareness of Diarrhea and Female Literacy also played an important role.  The 

goodness of fit was observed to be reasonable.  The results also confirmed the findings of 

the preliminary analysis by Chi-Square hypothesis testing.  Data on more districts and 

other factors such as per capita income, dietary habits etc may be included for further 

study. 
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