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Tuberculosis in the context of changing social 

determinants



Overview of talk

 Ecologic analysis of  TB trends and population health/health 

service indicators

 Describe the development of a TB transmission model that 

includes an indicator that captures changes in “population 

health”

 Application of the model to the setting of Peru

 Discuss the importance of including SDs in models in other 

contemporary settings



Objective: To explore determinants of modern TB trends 

including TB specific and more general health and health 

service indicators  (vaccine coverage etc)



Methods:

 Ecologic analysis (country level data for 160 countries) 

 Examined  the association between modern changes in TB incidence 

and concomitant changes in general health and health service 

indicators

 Key independent variables: life expectancy, measles vaccination levels 

and under 5 mortality, HIV prevalence

 Univariate and multiple linear regression 



Results:
 Improvements in population health and health services were statistically 

significantly associated with improvements in TB outcomes 

In adjusted analyses:

• increase in life expectancy was associated with a decline in TB incidence

• decrease in mortality rate in children under 5 was associated with a decrease 
in TB incidence

• increase in measles vaccination coverage (serving as a general health services 
indicator) was associated with a decrease in TB incidence.  

• HIV prevalence was strongly associated with an increase in TB incidence in 
all models

• Improvements in treatment success were only associated with a decrease 
in incidence in lower HIV prevalence countries





Implications

 Population health may be important in shaping modern TB 

trends

 This parameter should be included in models of TB 

prevention:

 To enhance accuracy of model predictions 

 And quantify the contribution of population health to TB 

prevention



 Build a TB transmission model that incorporates  changing 

“population health”

 Choose the best proxy for population health- meant broadly 

to capture background social determinants

 Be sure that there is data available for the indicator over 

multiple time periods and across different geographic 

locations

 Be sure that there is useful TB outcome data for these same 

time periods and locations

 Validate the model and apply it in different settings

The Challenge!



Objective: “To develop and validate a TB transmission model [using 

decision analysis] that explicitly incorporates a) a dynamic risk of TB 

infection and b) the changing general health of a population”

(Medical Decision Making 2011;31:53–68)



Methods:

Deterministic decision tree model with a cohort structure 
(TreeAge® Professional 2009)
Markov state-transition model developed to predict outcomes of 
an untreated TB epidemic in a period of improving population 
health

General steps in model development:

Parameterization   

Fitting/Calibration using observed data set

Validation using different observed data set

Sensitivity analysis



Methods:

Model setting:  Western Europe, pre-antibiotic era (ie. 1901-1949)

Model Development: data from England and Wales

Model Validation: data from the Netherlands

Application of Model: modern setting of Peru  (where a good TB 
control program was implemented in the 1990s, and accurate data from 
1980 until 2005 is available)

Key Inclusions in Model:

1) Transmission from both smear positive and smear negative 
active TB cases- captured on a population level to generate a 
dynamic annual risk of TB infection

2) Changing background population health



Incorporating changing background 

population health: 

To incorporate population health we needed an indicator that captured 
changes in the “health and well being of groups of individuals”

Indicator selected: life expectancy  from birth

Selected as a proxy because:

• Detailed year by year data were available for more than 40 years in 
the relevant period in both the UK and Netherlands;

• Data are available from all countries nowadays – allowing application 
of the findings to modern settings

• It is considered a valid indicator of general health, e.g. the World 
Bank, states “changes in life expectancy reflect changes in the overall health 
of a country’s population, in people’s living conditions (environmental, 
economic, social) and in the quality of health care” (Soubbotina, 2004)



Incorporating changing background 

population health: 

We adjusted life expectancy for TB mortality

Once adjusted- the ratio between the rate of increase in LE and the 
rate of decline in TB infection was used to estimate the concomitant 
change in five key TB pathogenetic parameters:

1) reactivation rate (from long standing infection)

2&3) progression rate after initial or re-infection

4&5) infectivity of smear positive and smear negative active 
cases



Results- Western Europe in Pre-antibiotic era

 Model Developed in setting of England and Wales



Results- Western Europe in Pre-antibiotic era

 Predicted TB annual risk of infection and mortality in the Netherlands 

accurately 



Peru Models



PERU: Life expectancy by year



Results

 When the model was re-calibrated and applied to Peru the 
predicted decline in incidence prior to the expansion of the DOTS 
strategy was 3.7%/year (vs. observed of 3.9%/yr)

 Post DOTS expansion (ie. TB treatment scale up post 1990), the 
predicted decline in TB incidence was 5.7%/yr - very similar to 
the observed decline of 5.8%/yr



Results-Peru

 Estimated the rate of decline in the absence of treatment scale up 
(ie. with improving population health only) 

- decline in incidence with improved population health 
alone=4.0%/yr 

 Suggests that improvements in general health may have been 
responsible for approximately 70% of the total decline in TB 
incidence between 1990-1999



Implications of findings

 Models that incorporated population health (using life 

expectancy as a proxy) could accurately predict TB outcomes 

such as TB infection

 In the setting of Peru, where there were concomitant 

improvements in population health and DOTS expansion, 

models predicted that improved population health could have 

been responsible for much of the observed gains in TB 

outcomes



What about other settings where 

social determinants are important 

(and changing)?



Relevanc

Declining tuberculosis 
notification rates were 
significantly associated with 
increased life 
expectancy and decreased infant 
mortality in all six Indigenous 
populations



Indicators over time in Indigenous 

populations
Infant mortality rate over time, in 6 
indigenous populations 

Proportion of current smokers over 
time, in 6 indigenous populations 

Years





Key messages

1) The  “general health” of the population captures important 

background social determinants which are key contributors to 

modern TB trends, as was the case in the pre-antibiotic era

2) “General health” may be especially important to take into 

account in models in settings where social determinants are 

changing

3)     Their effect could counter, or enhance, ongoing TB prevention 

efforts and thus should be explicitly taken into account when 

evaluating and modeling TB prevention efforts


