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SUMMARY

SETTING: Fifty-six public clinics in Limpopo Province, South Africa.

OBJECTIVE: To evaluate the association between tuberculosis (TB) patient costs and poverty as 

measured by a multidimensional poverty index.

DESIGN: We performed cross-sectional interviews of consecutive patients with TB. TB episode 

costs were estimated from self-reported income, travel costs, and care-seeking time. Poverty was 

assessed using the South African Multidimensional Poverty Index (SAMPI) deprivation score, a 

12-item household-level index, with higher scores indicating greater poverty. We used 

multivariable linear regression to adjust for age, sex, HIV status and travel time.

RESULTS: Among 323 participants, 108 (33%) were ‘deprived’ (deprivation score>0.33). For 

each 0.1-unit increase in deprivation score, absolute TB episode costs were 1.11 times greater 

(95% confidence interval, CI 0.97–1.26). TB episode costs were 1.19 times greater with each 

quintile of higher deprivation score (95%CI 1.00–1.40) but 0.54 times lower with each quintile of 

lower self-reported income (higher poverty, 95%CI 0.46–0.62).

CONCLUSION: Individuals experiencing multidimensional poverty faced equal or higher costs 

of TB than non-impoverished patients. Individuals with lower self-reported income experienced 

higher costs as a proportion of household income but lower absolute costs. Targeted interventions 

are needed to reduce the economic burden of TB on patients with multidimensional poverty.
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INTRODUCTION

Tuberculosis (TB) is the leading infectious cause of mortality worldwide.1 In addition to 

morbidity and mortality, an economic cost is shouldered by people affected by TB, 

particularly the poor. A primary aim of the END TB strategy of the World Health 

Organization (WHO) is zero TB-affected families facing catastrophic costs due to TB 

(defined as ≥20% of the annual household income) by 2020.1 Catastrophic costs include out-

of-pocket payments for clinic costs, reductions in income and lost wages as a result of time 

spent care-seeking. In pursuing this ambitious goal, it is important to understand 

associations between these costs and poverty.

Although many studies have measured patient costs of TB illness, few have analyzed the 

relationship between poverty and TB costs.2–5 While some studies suggest that absolute 

costs are higher for those with lowest income,6 most highlight that costs for lower-income 

families represent a larger proportion of their household income.4,7,8 Nearly all investigators 

agree on the need for interventions (e.g. social protection) to mitigate the effects of high TB 

costs on those at highest financial risk.2–4,6,7 Specific policy approaches may depend on 

absolute costs of illness faced by the most impoverished rather than costs as a proportion of 

income. Self-reported income – the most widely used measure of poverty in assessing TB 

illness costs – may not capture all elements of poverty such as access to education and 

public utilities, and costs of living. Self-reported income can be difficult to assess in settings 

with informal economies.9–11 Multidimensional poverty indices offer an alternative measure 

of poverty that could identify individuals who might benefit most from social protection.

Here we used the South African Multidimensional Poverty Index (SAMPI)12 to evaluate the 

relationship between poverty and cost of TB illness in rural South Africa.

METHODS

Study setting and participants

This study was nested in Kharitode TB, an ongoing cluster-randomized trial of active TB 

case finding strategies in 56 public clinics in the Vhembe and Waterberg districts of 

Limpopo Province, South Africa.13

Limpopo is a largely rural province of northern South Africa with the second highest 

proportion of households involved in agriculture.14 It has the lowest average annual 

household income (56,844 South African Rand [ZAR] = 4,213 US dollars per year)15 and 

the lowest provincial annual TB incidence in South Africa (301 per 100,000 population in 

2016).16

Potential participants were identified consecutively from presumptive TB case registries in 

the study clinics. Inclusion criteria were: enrollment within two months of diagnosis of 

Erlinger et al. Page 2

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



active TB; initiation of TB treatment; age 18 years or older; proficiency in English, Sepedi, 

Xitsonga, or Tshivenda; and presentation to study clinics between October 2017 and January 

2018. Patients transferred from other healthcare facilities to study clinics for treatment of 

active TB were also included. As a reference group, a random sample of individuals who 

presented to the same clinics for TB evaluation but were negative on sputum Xpert 

MTB/RIF testing and not started on TB treatment were interviewed in the same time period.

Cost estimates

Participants were asked to self-report income, travel costs to the clinic, and time spent at the 

clinic. We used a shortened version of the 2015 World Health Organization (WHO) tool for 

assessing TB-related catastrophic costs, streamlined to reflect participants’ time constraints.
17 Further details of costing methods are provided elsewhere.18

The total cost of each TB episode was estimated based on three components: 1) out-of-

pocket (OOP) costs, 2) lost wages resulting from time spent in care-seeking and treatment 

and 3) decreased monthly household income as a result of illness.

OOP costs were based on self-reported expenses related to clinic visits including 

transportation and other costs. Lost wages due to time spent in care-seeking and treatment 

were estimated from patient-reported door-to-door time between leaving and returning 

home, with time valued as described below. The OOP costs and lost wages were summed to 

provide an estimated diagnostic visit cost. Based on a prior costing study in South Africa, 

the cost of subsequent intensive-phase treatment visits was estimated at 24% of the 

diagnostic visit cost, and continuation-phase visits were estimated at 8% of the diagnostic 

visit cost, assuming four intensive phase and eight continuation phase visits to complete 

therapy.6 The reference group (patients without TB) were assumed not to incur any costs for 

TB treatment. Pre-diagnostic costs were estimated from the number of patient-reported care-

seeking visits prior to the diagnostic visit (for the same episode of illness), multiplied by the 

cost of the diagnostic visit as estimated by the patient.

In the primary analysis, lost wages were based on time spent seeking care and was valued by 

dividing the participant population into quintiles of self-reported hourly wages and assigning 

each participant a wage corresponding to the median hourly wage of her/his corresponding 

income quintile. Several other estimates of time value were used for sensitivity analyses, 

including: (a) the median hourly wage for all study participants, (b) zero lost wages, and (c) 

self-reported estimates of lost wages and income-earning opportunities during health care-

seeking.

Decreased monthly income as a result of illness was estimated as the difference between 

participants’ reported current monthly household incomes at the time of survey (during the 

intensive phase of treatment) and their reported monthly incomes prior to the onset of TB 

symptoms. This monthly income differential was multiplied by half of the total self-reported 

duration of symptoms and estimated duration of treatment, based on the assumption that 

participants’ symptoms would be sufficiently severe to affect income halfway into their 

disease course and would, on average, recover sufficiently to allow resumption of work 

halfway through TB treatment.
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The total estimated cost for TB patients was therefore the sum of these three components:

Total TB cost = diagnostic clinic visit cost+visit cost * prediagnostic visits + visit cost * 4 * 0.24 + visit cost * 8
* 0.08 + income reduction * 0.5 * total episode duration

The conversion rate between US Dollars (USD) and South African Rand (ZAR) was 

estimated using International Monetary Fund archives from October 2017 (1 USD = 13.6 

ZAR).19

SAMPI deprivation score calculation

Participants answered questions based on the South African Multidimensional Poverty Index 

(SAMPI) – a 12-item index including health, education, employment, and standard of living.
12 As recommended by Statistics South Africa,12 participants were asked questions at the 

household level, and a household deprivation score was calculated ranging from 0 to 1. A 

higher score indicates greater poverty, and a score ≥ 0.33 defines a household as “deprived”.
12 At this threshold, 10.1% of Limpopo’s population was deprived in 2011, compared to 

8.0% of the entire country.12

Our questions reflected the official SAMPI questions with one exception: we asked if one or 

more household members ≥15 years old had not completed 5 years of schooling, whereas 

the official SAMPI asks if no household member ≥ 15 years old had completed 5 years of 

schooling. This led to higher scores than the validated SAMPI. To resolve this issue, we 

used other survey questions about highest grade completed by the participant and head of 

household, if different from the participant. Only those households where neither the 

participant nor head of household had achieved at least a 5th grade education were counted 

as deprived in the dimension of adult education access. We performed sensitivity analyses 

using the original questionnaire item, which did not affect the value of any primary result by 

more than 5%.

Statistical analysis

From the eligible participants, we included in our analysis any individual with a TB 

diagnosis who was not missing cost or poverty data. For univariate comparisons, we used 

Mann-Whitney U tests for continuous variables and Fisher’s exact tests for categorical 

variables. Our a priori primary analysis was the association between poverty, measured 

continuously using the SAMPI deprivation score, and cost of TB illness, measured as 

described above. Our primary measure of association was the relative cost per 0.1 increase in 

SAMPI score. The estimates of total TB cost were log transformed to better meet the 

assumption of normality based on the positively skewed distribution and to generate 

coefficients interpretable as relative costs per unit increase in poverty. Age, sex, HIV status, 

and travel time (categorized based on distributions in exploratory data analysis) were chosen 

as covariates based on a priori selection as potential confounders of the poverty-cost 

relationship. Analyses were performed using linear regression.

We performed a post hoc secondary analysis using self-reported (pre-illness) income rather 

than SAMPI score as the measure of poverty. Since self-reported income contained notable 

outlier values, we modeled self-reported income by creating quintiles of equal size based on 
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self-reported pre-illness income. We performed sensitivity analyses to ensure that 

associations persisted when modeling self-reported income as a continuous variable. To 

ensure a fair comparison of this analysis with that of SAMPI scores, we performed a 

regression in which SAMPI score was modeled in quintiles. All analyses were performed in 

Stata v15 (StataCorp, College Station, TX, USA).

Ethical approval

The study protocol was approved by the University of the Witwatersrand’s Human Research 

Ethics Committee and the Limpopo Health Research Committee. Informed consent was 

provided by all study participants.

RESULTS

From October 1, 2017 to January 31, 2018, we interviewed 336 TB patients; 323 (96%) 

provided complete cost data (Table 1, Figure 1) and were included in the analysis. Of these 

patients, 108 (33%) were deprived as defined by a SAMPI deprivation score >0.33. The 

deprived group was younger (median age 38 vs 41 years) and more likely to have HIV (67% 

vs 50%) than the non-deprived group. The monthly income did not differ significantly 

between these two groups (median ZAR 1,920 [141 USD] versus ZAR 2,360 [174 USD]).

In univariate analysis, the absolute TB episode cost was 1.14 times greater (95%CI 1.01–

1.29) for each 0.1 unit increase in SAMPI deprivation score. Other variables associated with 

increased costs included clinic travel times over 60 minutes (relative cost 2.05, 95%CI 1.11–

3.78) and HIV co-infection (relative cost 1.76, 95%CI 1.11–2.79) (Table 2). After 

multivariable adjustment, the relative cost per 0.1 unit increase in SAMPI deprivation score 

was 1.11 (95%CI 0.97–1.26).

Similar results were found when measuring SAMPI scores in quintiles (relative cost per 

quintile of increasing deprivation 1.19, 95%CI 1.00–1.40). However, when modeling poverty 

according to quintiles of self-reported income, each quintile of lower income (higher 

poverty) was associated with significantly lower absolute TB-related costs (0.54, 95%CI 

0.46–0.62, Figure 2). In each quintile of self-reported income, those with a SAMPI score 

>0.33 (i.e., “deprived”) had equal or higher costs of illness, both absolute and proportional 

(Figure 3). The most deprived quintile of patients suffered the greatest absolute costs of TB 

disease, just as the lowest-income quintile suffered the greatest costs as a proportion of 

household income (Figures 2 and 3).

Relative cost estimates were similar regardless of time valuation method for lost wages 

(Figure 4). Among individuals presenting to the same clinic but negative for TB and able to 

provide complete cost data (n = 260), there was no association between diagnostic episode 

cost and quintiles of increasing SAMPI deprivation score (0.96, 95%CI 0.80–1.15), but there 

was a positive association with quintiles of decreasing self-reported income (0.50, 95%CI 

0.34–0.66).

Erlinger et al. Page 5

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

This cross-sectional analysis of 323 TB patients in rural South Africa found that, in addition 

to proportional costs being higher for those with the lowest income, absolute TB costs were 

equal or greater for patients with greater poverty as measured by SAMPI deprivation score. 

These findings suggest that a multidimensional poverty index may identify a population of 

TB patients who are at risk of catastrophic economic consequences resulting from TB 

illness. Long travel times to the clinic and infection with HIV were also significant 

predictors of mean TB costs. This understanding may be important in refining appropriate 

definitions of TB-related catastrophic costs and setting social protection policies for people 

affected by TB and their households.

One important finding from our study is that the estimated association between poverty and 

cost of TB illness differed qualitatively according to how poverty was measured. When 

measured by self-reported income, we found that although TB illness costs were higher as a 

proportion of income among the lowest income quintiles – consistent with previous findings 

in urban Malawi – the absolute costs of TB illness were lower among these patients.20 

However, when measuring poverty according to a multidimensional poverty index, we found 

that those who were most poor faced equal if not higher absolute costs. This is consistent 

with previous findings using self-reported income in a South African setting.6 Given the 

paucity of studies that have stratified TB costs by poverty status,4,7 additional efforts should 

elucidate the relationship between poverty and costs of TB illness in a variety of settings.

In designing further studies of TB costs and poverty, one must understand the differences 

between self-reported income and multidimensional poverty indices. The Oxford Poverty 

and Human Development Initiative (which led to the development of the multidimensional 

poverty index) cites numerous examples in which these two measures of poverty disagree.21 

For example, 13% of income-poor households in Uruguay did not face unmet economic 

needs, 53% of malnourished Indian children did not live in income-poor households, and 

69% of multi-dimensionally poor households in China were not income-poor.21,22 In 2015, 

the National Statistics Service of South Africa estimated poverty in Limpopo province to be 

15.4% according to income measures but 10.1% according to SAMPI measures.23 We found 

little correlation between self-reported income and SAMPI deprivation (Figure 3). This 

discrepancy highlights the difference in these two measures, and is likely related to local 

variations in assets and costs of living. In considering the goal of eliminating catastrophic 

costs due to TB worldwide,1 future high-level policy discussions should consider whether 

catastrophic costs are better benchmarked as a proportion of annual household income or 

considered in light of multidimensional poverty. Longitudinal changes in multidimensional 

poverty might also be a useful measure for tracking future impoverishment resulting from 

catastrophic costs of TB disease.

Our study had three main limitations. First, our data were cross-sectional, self-reported, and 

collected using tools (e.g. SAMPI) that are intentionally simple. As a result, our results are 

susceptible to recall bias, unmeasured confounding, and potential misclassification of 

poverty or cost of illness. Future studies could evaluate these measures in more detailed, 

longitudinal fashion. Nevertheless, our data may better reflect those that could be collected 
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in the context of interventions (e.g., social protection) designed to alleviate catastrophic TB 

costs. Second, our findings are specific to rural South Africa and may not generalize to other 

settings. Finally, the ultimate goal of measuring TB costs in the context of poverty is to 

design interventions to ameliorate the economic burden imposed by TB on the most 

economically vulnerable,24,25 and our analysis cannot be interpreted as supporting the effect 

of any specific intervention.

In summary, our study findings suggest that the absolute cost of TB illness is similar (if not 

higher) for rural South African adults who are most deprived on a multidimensional poverty 

index. By contrast, using self-reported income to measure poverty resulted in a strong 

negative correlation between poverty and absolute TB costs. Our results highlight the 

importance of considering appropriate metrics of poverty as we seek to alleviate the 

economic burden of TB for the most vulnerable patients.
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Figure 1. 
Study flowchart. Of the nine TB patients excluded for missing cost data, five could not 

provide sufficient income information, three were unable to provide transportation costs, and 

one was missing both types of data. Of the 23 reference patients (i.e., those without TB) 

excluded for missing cost data, 15 were unable to provide sufficient income information, 

seven were unable to provide transportation costs and 1 was missing both types of data. TB 

= tuberculosis.
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Figure 2. 
Mean costs of TB episode in US Dollars (USD) by SAMPI deprivation score and income 

quintile in order of decreasing poverty (defined as either decreasing SAMPI deprivation 

score or increasing self-reported pre-illness income). Error bars represent 95% confidence 

intervals. Income given as annual US Dollars. For October 2017, 1 US Dollar = 13.6 South 

African Rand19. SAMPI = South African multidimensional poverty index
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Figure 3. 
Absolute (panel A) and proportional (panel B) TB costs by income quintile and deprivation 

status. Absolute costs are given in US Dollars (1 US Dollar = 13.6 South African Rand).19 

Sample size n is listed for each subgroup. Income was assessed at the household level prior 

to the onset of illness by self-report. Deprivation was defined as a SAMPI deprivation score 

≥ 0.33. TB = tuberculosis; USD = US dollar; SAMPI = South African Multidimensional 

Poverty Index; ZAR = South African rand
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Figure 4. 
Relative cost estimates based on different methods of time valuation for lost wages. Relative 

cost represents the relative change in absolute disease cost for each quintile of increasing 

poverty in either SAMPI deprivation score or income. The y-axis is on a log scale. Error bars 

represent 95% confidence intervals. “Income adjusted” denotes valuation of time as median 

hourly wage of the patient’s income quintile (primary analysis). “Equal income” denotes 

equal valuation of time for all patients using the study median as the hourly wage. “Patient 

estimates” denotes valuation of time based directly on patient estimates rather than an hourly 

wage. “No time value” refers to ignoring lost wages due to time loss and considering only 

out-of-pocket costs and changes to income as a result of illness. SAMPI = South African 

Multidimensional Poverty Index

Erlinger et al. Page 12

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Erlinger et al. Page 13

Table 1

Demographics of study participants, stratified by deprivation based on a SAMPI score of 0.33 (n = 323)

Characteristic Deprived
†
 (n = 108, 33%) n(%)

Not deprived (n = 215, 67%) 
n(%) P-value

‡

Age, years, median [IQR] 38 [31–45] 41 [30–50] 0.124

Female sex 50 (46) 81 (38) 0.150

Black African ethnicity 108 (100) 214 (100) 1.0

HIV positive 72 (67) 107 (50) 0.004

Travel time to clinic 0.027

 <20 minutes 33 (31) 98 (46)

 20–60 minutes 50 (46) 73 (34)

 >60 minutes 25 (23) 44 (20)

TB symptoms
§

  Number of symptoms, n, median [IQR] 5 [3–6] 4 [2–5] 0.001

  Duration of symptoms and treatment, months, 
median [IQR]

7.0 [6.5–9.0] 7.0 [6.5–9.0] 0.971

Monthly income, South African Rand
#
, median [IQR]

1920 [790–3500] 2360 [1160–4260] 0.128

Smoking status 0.911

 Current 23 (21) 43 (20)

 Ever 27 (25) 51 (24)

 Never 58 (54) 121 (56)

Education, highest grade, median [IQR] 10 [7–11] 10 [7–12] 0.371

†
Deprived as defined by SAMPI deprivation score ≥ 0.33

‡
p-values were calculated using the Mann-Whitney U test for continuous variables and Fisher’s exact test for categorical variables

§
Of 10 possible symptoms: cough, fever, weight loss, night sweats, chest pain, body pain, skin, GI, urogenital, other

#
1 USD = 13.6 ZAR (October 2017)19

SAMPI = South African Multidimensional Poverty Index; IQR = interquartile range; HIV = human immunodeficiency virus; TB = tuberculosis; 
ZAR = South African Rands
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Table 2

Association between poverty and mean cost of a TB episode

Relative cost of TB episode

Unadjusted Adjusted*, by poverty measure

SAMPI continuous
†

SAMPI quintile
‡

Income quintile
§

Predictors

SAMPI deprivation score (per 0.1 unit) 1.14 (1.01–1.29) 1.11 (0.97–1.26)

SAMPI deprivation score (per quintileˆ) 1.24 (1.06–1.46) 1.19 (1.00–1.40)

Self-reported income (per quintileˆ) 0.54 (0.47–0.63) 0.54 (0.46–0.62)

Age (per year) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.01 (0.99–1.03) 1.01 (0.99–1.02)

Female sex (vs male sex) 1.13 (0.71–1.81) 1.01 (0.63 – 1.62) 1.02 (0.64–1.63) 1.06 (0.69–1.63)

HIV positive (vs negative or unknown) 1.76 (1.11–2.79) 1.68 (1.05–2.70) 1.64 (1.02–2.62) 1.89 (1.24–2.88)

Trip duration

 <20 minutes 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

 20–59 minutes 1.39 (0.83–2.34) 1.21 (0.72–2.04) 1.19 (0.70–2.00) 1.40 (0.88–2.24)

 ≥60 minutes 2.05 (1.11–3.78) 1.92 (1.04–3.55) 1.85 (1.00–3.42) 2.34 (1.35–4.06)

*
Adjusted for age (continuous), female sex (binary), HIV positive (binary), and trip duration (binary per category)

†
SAMPI deprivation score modeled as a continuous variable

‡
SAMPI deprivation score modeled as a quintile

§
Income modeled as a quintile

ˆ
Per quintile of increasing poverty (increasing SAMPI deprivation score or lower self-reported income)

TB = tuberculosis; SAMPI = South African multidimensional poverty index; HIV = human immunodeficiency virus
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