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The impact of social protection on tuberculosis rates: a global 
analysis

Andrew Siroka, BS1,2, Knut Lönnroth, PhD2, and Ninez Ponce, PhD1

1 UCLA Fielding School of Public Health, Los Angeles, CA, United States 2 Global TB 
Programme, World Health Organization, Geneva, Switzerland

Introduction

Tuberculosis (TB) is a major global health problem with over 9 million new cases and 1·5 

million TB-related deaths in 2013.1 The Stop TB Strategy 2006-2015 focused on six 

strategic areas with an aim to reduce TB prevalence and mortality by 50% relative to 1990 

levels.2 The centerpiece of this strategy was to expand and enhance access to quality TB 

diagnosis and treatment, addressing MDR-TB and TB/HIV coinfection, strengthening health 

systems, engaging public and private providers, empowering patients, and promoting 

research.

The ambitious goals set forth in the Stop TB Strategy are within reach. The TB mortality 

rate fell by an estimated 45% between 1990 and 2013 and the TB prevalence rate fell by 

41% during the same period.1 Despite this progress, the decline in TB incidence has been 

very slow – with an estimated 1·5% per year decrease in global TB incidence during 2000 – 

2013. This stagnation has led to a greater focus on programs and policies to expand the 

strategy to also include interventions outside of the traditional curative approach within the 

health care delivery sphere.

The new “End TB Strategy” was adopted in May 2014 by the World Health Assembly and 

sets the required interventions to end the global TB epidemic by 2035.3 This strategy places 

a greater emphasis on preventing TB through addressing social determinants of TB, 

including poverty alleviation policies and social protection programs. The ILO describes 

social protection as “nationally defined sets of basic social security guarantees which secure 
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protection aimed at preventing or alleviating poverty, vulnerability and social exclusion”.4 

This definition covers protection against: general poverty and social exclusion, lack of 

affordable access to health care, lack of labor market protections, as well as a lack of work-

related income. Examples of social protection programs are cash transfers (both conditional 

and unconditional), free or subsidized health care, food rations, disability pay, maternity 

leave, housing subsidies and labor market protections.

In order to achieve long-term epidemiological targets more emphasis is needed on preventive 

interventions that reduce peoples’ vulnerability for TB infection and for progressing from 

infection to active TB.5 Despite a call for further research, there is a limited amount of work 

on the relationship between social protection and tuberculosis, especially in developing 

countries that have the highest disease burden.

Bhargava et al. reanalyzed data from a social experiment conducted during 1918-1943 in 

Papworth Village Settlement, England where TB patients were assured stable employment 

as well as adequate nutrition and housing.6 They found that the children of these patients 

faced substantially lower risks of developing TB relative to children of TB patients who 

lived outside of the village. A recent study in The Lancet Infectious Diseases by Reeves et 

al. examined the relationship between social protection levels and national TB rates.7 The 

authors examined 21 European nations from 1995 to 2012 using TB statistics from WHO 

and social protection data from EuroStat. The country-year analysis showed an inverse 

relationship between social protection spending and TB incidence and mortality rates (r=

−0·65 and r=−0·63 respectively), however, an association with TB prevalence rate was not 

found. Reeves et al. showed the relationship between social protection and TB in relatively 

wealthy nations with sizeable social protection systems and secure welfare mechanisms. 

This paper builds upon this work by analyzing this association with a global purview.

Methods

We aim to show the association between levels of social protection, measured as the 

percentage of national GDP spent on social protection programs (excluding health) and 

national tuberculosis prevalence, incidence, and mortality rates. Social protection data were 

obtained from the International Labor Organization (ILO) Social Protection Department's 

publicly available database.8 In order to produce its World Social Protection Report, ILO 

provides a global overview of social protection systems, their coverage, benefits, and public 

expenditures. This data covers the years 2000 – 2012, the dates for which complete and 

reliable data social protection expenditure are available, and includes over 190 countries.

TB burden is expressed in terms of annual incidence and mortality, as well as disease 

prevalence, which represents the number of cases per population at one point in time. These 

rates are generally expressed per 100,000 people. Estimates from the World Health 

Organization are derived from population-based national surveys of the prevalence of TB 

disease, time-series of TB case notification and mortality data from vital registration systems 

with standard coding of causes of death. Scarcity of data in some countries and incomplete 

coverage of surveillance are the primary reason for uncertainty in published estimates. In 

this paper, TB mortality includes deaths due to TB as well as deaths attributed to the 
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combination of TB/HIV, in cases where TB is ruled to be the more immediate cause of 

death. The Global TB database is publicly available on the WHO website and continuously 

updated when new data becomes available.9 The method by which WHO estimates these 

statistics are described in detail in an online technical appendix and are reviewed annually 

by an expert panel.10

We first examined levels of social protection by each country and then investigated the 

association between this level and TB rates, without adjusting for any other factors. This 

descriptive analysis used the most recent year of available data for each country and gives a 

global picture of the most up to date social protection data. The analysis includes national-

level factors that could also influence TB rates. These include a measure of national 

economic strength measured by GDP per capita (in US$), HIV rates (of those aged 15-49) as 

HIV is a key co-infection with TB and the strength of the health system, with percentage of 

GDP spent on health as a proxy.11,12 Further control variables are population density, 

percentage of foreign-born residents as a way of controlling for levels of immigration, and 

TB treatment success rate among new cases. This last control variable is meant to represent 

the strength of the national TB treatment program. We did not include national measures of 

more proximal risk factors such as alcohol use, malnutrition, or overcrowding despite the 

evidence of their association with TB.13-15.This was done because we believe these putative 

risk factors to be downstream on the causal pathway from social protection to tuberculosis.

We were limited by the data availability of these covariates and the model, which relies on 

complete case analysis, drops down to 664 country-years when these six covariates are all 

included. This is in comparison to the univariate model of social protection on TB rates, 

which includes 803 country-years. Nevertheless, the majority of countries that are excluded 

from the multivariate analysis are small island states that do not have a large TB burden. The 

664 observations in the multivariate model include 146 countries, which accounted for over 

98% of global TB notifications in 2013.

To account for the clustering of data points within countries we used a country-level fixed 

effects model. This is preferable to only using robust standard errors as it is able to purge 

omitted variable bias of time-invariant factors that are not included in the model such as 

health care delivery models. We were also concerned with the potential colinearity of GDP 

and levels of social protection in the model (r=0·55). However, all measures in the model 

have variance inflation factors below 2·5 and the coefficients of these two variables do not 

change markedly when one variable is excluded from the model.

We examined both first and second order effects of social protection to see if the predicted 

relationship was linear. Conceptually, the relationship was hypothesized to be curvilinear 

and thus a model with a squared social protection term was employed. Having a non-linear 

relationship allows for the marginal change resulting from a one percent of GDP increase in 

social protection to vary depending on the starting level of social protection in a particular 

country. This “U-shaped” relationship is helpful as it allows for interpretation of social 

protection level changes more accurately for individual countries.
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We also conducted a sensitivity analysis to test the robustness of this relationship. In order to 

see if the level of social protection spending took time to affect TB burden rates we tried the 

same model specifications as described above but lagged (by one year) the measure of social 

protection levels.

Role of the funding source

None. The corresponding author confirms that he had full access to all the data in the study 

and had final responsibility for the decision to submit for publication

Results

Table 1 describes the average values of the model covariates by WHO region. These 

statistics represent average values weighted by each country's population over the years 

2000-2013. This table highlights the relatively high burden of HIV in the African region as 

well as higher percentages of foreign-born persons in Europe and the Americas. Also 

evidenced by Table 1 are the higher levels of GDP per capita and social protection spending 

in these two regions.

Figure 1 shows individual countries’ social protection levels as a percent of national GDP. 

The data reflects the latest available year's data for each country in the ILO Social Protection 

database. The size of the country bubble is relative to its 2013 case notifications with all 

countries having less than 40,000 cases set to the minimum size in order to properly display 

the burden in India and China. BRICS and some countries with extreme values were labelled 

to highlight variations. In general, high-income countries tend to allocate a greater 

proportion of their GDP to social protection programs. Western Europe is especially 

generous with several countries expending more than 20% of their GDP on social protection. 

On the other hand, low-income countries tend to spend very small amount (proportionally) 

on social protection. Some notable exceptions are Egypt and Brazil which both have notable 

cash transfer programs (Minhet El-Osra and Bolsa Familia, respectively). The majority of 

high-burden TB countries, located in sub-Saharan Africa and South-east Asia, allocate less 

than 10% of their GDP on social protection.

Figure 2 presents the relationship between TB prevalence and social protection levels. The 

majority of the high – burden countries are grouped in the top-left corner with high 

prevalence and low levels of social protection. South Africa is a notable outlier, which 

strengthens the support that this data is best analyzed in a multivariable analysis that 

includes HIV rates. The figure highlights clear regional effects and a strong inverse 

relationship between social protection levels and TB Prevalence rates, as shown by the line 

of best fit and 95% confidence band. The figure also shows that the relationship may not be 

linear, particularly at very low levels of social protection.

In multivariate models, social protection levels were significantly inversely associated with 

all three measures of TB burden. This was formally tested using a joint significance test of 

social protection and its squared term. This effect was observed even when controlling for 

country-year level covariates and country level fixed effects (Table 2). The sensitivity 

analysis using a lagged value of social protection did not have a significant between social 
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protection spending and TB prevalence, incidence, or mortality (at the 5% level), however, 

this modification did not significantly change our model coefficients. (see technical 

appendix).

Higher GDP was associated with lower TB prevalence, incidence, and mortality rates, 

although only statistically significant in the TB prevalence model. Population density, 

percent foreign-born, and year were also inversely associated with TB burden rates, 

however, were not significant in the model. Country-year treatment success rates of new TB 

patients were inversely related to TB burden but only significant in the mortality model. The 

percent of the population foreign-born and adult HIV rate positively associated with higher 

TB rates, although only the latter was significant. Within a country, a one per 1,000 persons 

drop in the adult HIV rate was associated with a 5·44 per 100,000 reduction in TB 

prevalence, while holding other factors in the model constant. The effect on incidence is 

even greater with an equivalent decrease in HIV rate leading to a 7·22 per 100,000 decrease 

on the rate of new TB cases.

Figure 3 examines the marginal effects of increased social protection level on TB. The 

greatest predicted impact comes at low levels of social protection. For example, moving 

from 0% to 1% within a country is associated with an 18·33 person per 100,000 decline in 

the TB prevalence rate. This same increase in social protection is associated with an 8·16 

and 5·48 drop in TB incidence and mortality rates, respectively. However, this relationship is 

quickly attenuated once a country reaches higher levels of social protection spending. At the 

12% of GDP level, the marginal impact of a one percent of GDP increase on social 

protection spending is no longer significantly related to a drop in TB prevalence, incidence, 

or mortality. Nevertheless, less than 8% of 2013 TB case notifications derive from countries 

at or above the social protection spending level of 12% of GDP.

Limitations

Due to the ecological nature of this study we cannot show a causal relationship between 

social protection levels and TB rates. However, the clear association found in this analysis 

supports further research in this area. Bolstering this relationship is the vast amount of 

evidence on the more proximal poverty-driven risk factors of TB such as malnutrition, 

overcrowding, and air pollution, as well as poverty as a risk factor for TB itself.14-18 We 

chose not to control for these measures because we believe them to be on the causal pathway 

between social protection and TB. To more conclusively explain this causal pathway, we 

recommend the inclusion of detailed social protection questions to be included in future 

national tuberculosis prevalence surveys as well as in stand-alone studies on tuberculosis 

prevention. Furthermore, there is a need for better national social protection data that not 

only provides overall levels of social protection but also breakdowns of these amounts by 

type of social protection program.

Incomplete longitudinal country-level data limited us in two ways. Primarily, it mitigated 

our ability to add more national-level measures related to TB to our models without 

sacrificing sample size. As our covariates were often derived from disparate sources, each 

additional merging of datasets resulted in the loss of observations and thus statistical power. 
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This limited sample size also affected our abilities to include interaction terms to see if the 

effect of social protection on TB rates differs in different settings. One example we would 

have liked to include would be an interaction between social protection and WHO region; 

however, we did not have the statistical power to do so.

This analysis relies on the ILO's broad definition of social protection described above. It 

would be beneficial to split social protection spending into programmatic areas to investigate 

how each program's expenditures are associated with TB rates. For example, social 

protection includes labor protections, which may not be as beneficial at reducing TB burden 

in countries with a larger informal economy, compared to cash transfer programs. This 

information was available in the work put forth by Reeves et al. as a result of more 

sophisticated data in Eurostat, the European Union's statistical office.7 A more refined 

measurement of social protection on a global scale would be helpful in determining which 

programs or policies are best at reducing the morbidity and mortality burden associated with 

TB.

Discussion

There is a clear ecological association between social protection spending (as a percentage 

of GDP) and TB prevalence, incidence, and mortality. This is especially true in setting with 

low levels of social protection spending. This work gives support to increased funding for 

upstream interventions that target the social determinants of tuberculosis, especially poverty 

alleviation. Although the main responsibility for social protection programs or policies 

belongs to larger divisions of government, the NTP and its international technical partners 

could also provide support for these efforts from within their budgets in an effort to control 

TB.

The results from this analysis could also be used as inputs to dynamic mathematical models 

that predict the effects of social protection interventions on tuberculosis burden as set forth 

by Murray et al.19 These parameters will be especially useful when there is sparse data on 

more proximal poverty-driven risk factors such as overcrowding, malnutrition, or indoor air 

pollution.

The benefits of increased social protection spending go well beyond tuberculosis and would 

likely effect rates of other communicable and non-communicable diseases, especially those 

with a well-documented association with poverty. In fact, a study of OECD countries from 

1995 to 2005 found that social expenditure was more closely tied to indicators of health than 

direct health services expenditure.20 The authors also found that a higher ratio of social 

spending to health spending was predictive of improved infant mortality and life expectancy 

after controlling for GDP and the overall level of health expenditures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed for publications within the last ten years with the MeSH terms 

“social protection AND tuberculosis” or “tuberculosis AND poverty”. A great deal of 

work studies the link between poverty and TB, however, few publications were identified 

analysing the relationship between social protection and TB. Other than this literature 

search, we relied on the methods employed by the Reeves et al. article on social 

protection and TB in Europe. Furthermore, our conceptual model was heavily driven by 

previously published work on the link between poverty and malnutrition and 

overcrowding, as well as research on these conditions as risk factors for TB.

Added value of this study

This study shows that there is an inverse relationship between social protection spending 

and TB prevalence, incidence, and mortality. It is the first paper to do so with a global 

perspective and to comment particularly on the effect of increased social protection 

spending on TB in settings with minimal social protection programmes in place.

Implications of all the available evidence

National TB programmes (NTPs) may consider further integration with national social 

protection programmes run by other divisions of government or NGOs. This work also 

supports NTPs direct role in introducing TB-sensitive social protection schemes aimed at 

prevention, in combination with patient support policies. This research gives evidence for 

TB donors, such as the Global Fund to Fight AIDS, TB, and Malaria, to fund social 

protection interventions outside of the medical sphere in an effort to control TB.
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Figure 1. 
Levels of social protection (excluding health) expenditure as a percentage of national GDP
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Figure 2. 
Bivariate relationship between social protection and TB prevalence rate*
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Figure 3. 
Effect of a one percent of GDP increase in social protection spending with 95% confidence 

bands (N=664)*
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