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Abstract

Background

Poverty drives TB rates but the current TB control approach is disproportionately biomedical. In
2015, the World Health Organisation’s End TB Strategy explicitly identified the need to address the
social determinants of TB through socioeconomic interventions. However, evidence concerning
poverty-reduction and costs-mitigation strategies is limited. My PhD research aimed to address this

knowledge gap.
Methods

During this PhD, | aimed to develop as an independent researcher while addressing the social
determinants of TB in impoverished shantytown communities of Callao, Peru, through integrated

projects. The research was divided into two phases:

1) Final follow-up, data collection, analysis, and write-up of: a case-control study defining the TB-
poverty association; an ecological study assessing poverty-related risk factors for TB infection and
disease; and a cohort study identifying TB-related costs of TB-affected families and creating a
clinically-relevant catastrophic costs threshold.

2) Conception, design, implementation, data collection, analysis, and write-up of a household-

randomized controlled study of a socioeconomic intervention to improve TB cure and prevention.
Results

The first phase showed that TB remains a disease of people living in poverty, that “free” TB care was
expensive for impoverished TB-affected families to afford, and that incurring catastrophic costs

explained as many adverse outcomes as multi-drug resistant (MDR) TB.

The second phase showed that, in households receiving the TB-specific socioeconomic intervention,
TB-affected households were less likely to incur catastrophic costs, household contacts were more

likely to start and adhere to TB preventive therapy, and TB patients were more likely to be cured.

Conclusion

In impoverished Peruvian shantytowns, poverty remains associated with TB and incurring
catastrophic TB-related costs predicted adverse TB outcome. A novel TB-specific socioeconomic
intervention reduced catastrophic costs and improved TB preventive therapy uptake and TB cure.
The impact of the intervention on TB control will now be evaluated during the Community

Randomized Evaluation of a Socioeconomic Intervention to Prevent TB (CRESIPT) study.
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General Introduction

150 years ago, Virchow recognised that TB was a social disease.! Since then, Koch’s discovery of the
bacillus and the discovery of streptomycin and other antimicrobials provided humankind with a
means to both diagnose and treat TB disease. Yet TB rates in Europe were falling during the
industrial revolution, prior to either the discovery of the TB bacillus or TB anti-microbial therapy. This
decrease was predominantly mediated through social determinants with improvements in

socioeconomic position leading to, among other factors, better living conditions?® and nutrition.*®

In the modern era, global rates of TB are declining slowly and remain unacceptably high: a third of
the world’s population is estimated to be infected with TB and 1.5 million people died of TB in 2014,
the majority of whom were impoverished people living in resource-constrained settings.® However,
the global TB control strategy and TB-related research continued to be disproportionately focused
on a biomedical rather than socioeconomic response to the epidemic. It is clear that despite helping
to cure millions of people of TB disease,” the current global response to TB alone will not be enough

to eradicate TB within this century.

Thus, 150 years on from Virchow’s astute observation, TB remains a social disease inextricably linked
in a vicious cycle with poverty. Specifically, being poor increases the risk of acquiring TB infection
and disease;”™® and having TB disease worsens poverty in TB-affected households.’®? Therefore, a
more holistic approach is required to eliminate TB globally, which addresses not only biomedical

responses but also the broader socioeconomic determinants of this disease of poverty.1313716

Addressing the social determinants of TB is not a new concept: almost 100 years ago the Papworth
study (a socio-medical experiment performed at the Papworth Village Settlement in England)
showed that stable employment and adequate housing and nutrition for households of parents with

active TB disease decreased the incidence of TB infection and disease in their children.?
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Nevertheless, since the advent of the antibiotic era, such social and economic support interventions

received less attention and the response to TB became focused almost solely on the biomedical.

In the post-2015 End TB Strategy, the World Health Organisation - for the first time in the modern
era of TB control — cited mitigation of TB-related costs and provision of socioeconomic support to
TB-affected households as key pillars in the global response to TB.® However, rigorous evidence
with which to guide TB civil society, policy-makers, and national TB programs on the implementation
of costs mitigation and TB-specific socioeconomic interventions (e.g. focused only on TB-affected
people) remains extremely limited.>'”18 In addition, the intricacies of the social determinants
mediating the causal pathway from poverty to TB disease continue to be poorly understood and
require further evaluation if socioeconomic interventions are to provide a targeted response to TB

with optimal impact on TB control.

This thesis builds on a decade of research by the Innovation For Health and Development (IFHAD,
www.ifhad.org) research group, including the Innovative Socioeconomic Interventions Against TB
(ISIAT) project.’® Generally, this PhD research aimed to identify and address poverty-related risk
factors for TB infection, disease and adverse TB treatment outcome. Specifically, this PhD research
aimed to: assess the association of TB and poverty; measure catastrophic costs of TB care and their
impact on treatment outcomes; and implement a TB-specific socioeconomic intervention to improve

TB prevention and cure in TB-affected households of shantytown communities of Callao, Peru.

In addition to the goals above, this research aimed to provide the candidate with comprehensive,
structured, training in epidemiological field research principles and practices, in order that he could
develop as an independent investigator. Therefore, the scope of the training was necessarily broad
to enhance the depth of experience for the candidate. Over the three years of this PhD research, a
planned, progressive series of six research projects was undertaken to address the existing
knowledge gaps in global TB control strategy identified above. Each project is described in detail in

its own chapter, and each chapter includes a specific, comprehensive literature review.

12
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Chapter 1: This initial project trained the candidate in data analysis and assessed the association of
TB and poverty in study site communities using data from a case-control study nested within a
previous cohort study. The project also evaluated the application of a novel composite poverty score

of stable variables of socioeconomic position, including household assets and education level.

Chapter 2: Having established that poverty was more common in TB patients than controls, this
second study went on to explore this relationship further by examining the social determinants
mediating the causal pathway from poverty to TB in the study site. To do this, an ecological analysis
of the relationship between proxy variables of poverty (including household crowding and vitamin D

deficiency), TB infection, and incident TB disease was performed using data from a cohort study.

Chapter 3: The projects detailed in Chapters 1 and 2 demonstrated the effect of poverty on
developing TB disease. We then took this further by examining the effect of poverty on outcomes of
TB treatment. To do this, final cohort follow-up was completed and - using the data collected to
measure TB-related costs of TB-affected families - an innovative, clinically-relevant catastrophic

costs threshold was created that has since been endorsed by WHO as part of global TB policy.

Chapter 4: Having identified risk factors for incident TB disease and adverse TB treatment outcomes,
the candidate worked with the multi-disciplinary IFHAD team in Peru to conceive, design, and
subsequently lead the implementation of a household-randomized controlled evaluation of a
socioeconomic intervention including conditional cash transfers to improve access to TB prevention
and cure. This chapter describes: a systematic review of the existing evidence concerning
socioeconomic and conditional cash transfers interventions to control TB; and - in order to inform
policy makers, implementers, and national TB programs — provides a practical description of the

design, implementation, and refinement of the novel socioeconomic intervention.

Chapter 5: evaluated the extent to which TB-related and catastrophic costs were mitigated by the
intervention. In addition to exploring the limitations of the intervention, this chapter also suggests
refinements to the intervention, with which to improve its impact on TB control during the larger-

scale Community Randomized Evaluation of a Socioeconomic Intervention to Prevent TB (CRESIPT).

Chapter 6: assessed the impact of the intervention on TB prevention and cure. The primary outcome
was TB preventive therapy uptake by eligible household contacts of recruited TB patients. The

secondary outcome was cure of TB patients confirmed by the Peruvian National TB Program.

In summary, this PhD research: addressed knowledge gaps concerning the association between

poverty and TB including TB-related costs of “free” TB treatment; and designed a TB-specific

13



socioeconomic intervention that improved access to TB preventive therapy and TB treatment,

mitigated the catastrophic costs of TB, and thereby improved TB cure and prevention measures.
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Chapter 1: Poverty and TB

This chapter is adapted from a section of the peer-reviewed, published paper Wingfield et al
“Defining catastrophic costs and comparing their importance for adverse tuberculosis outcome with
multi-drug resistance: a prospective cohort study, Peru.” PLOS Medicine. 2014 Jul
15;11(7):e1001675. doi: 10.1371/journal.pmed.1001675.%° The paper is bound in PDF format in
Appendix 2 of this thesis. The candidate’s contribution to this study was final data collection, data
management, data analysis and analysis strategy, study write-up and dissemination of findings. The
candidate was not involved in study design nor initial data collection, which took place as part of a
cohort study of TB-affected households in Ventanilla/Callao, Peru, that has been ongoing for the

past 15 years.

Introduction

Tuberculosis (TB) disease kills 1.5 million per year and remains a major global health problem.® Many
low and middle income countries are unlikely to meet the Millennium Development Goals for
reduction of TB disease prevalence and mortality.® This is due in part to poorer people experiencing
inequitable healthcare provision and access?® and suffering a disproportionate burden of morbidity
and mortality from TB disease.>?! Poverty increases TB risk?? and TB exacerbates poverty, affecting
the most economically productive age group.?=2°> We aimed to measure poverty in TB patients
versus healthy controls. The study hypothesis was that TB patients would be poorer than healthy

controls, thus confirming the recognised association of socioeconomic position and TB disease.
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Methods

Ethical approval

The internationally accredited ethical committees of the Universidad Peruana Cayetano Heredia,
Peru, and Imperial College London, UK, approved the project. All interviewed participants gave

written informed consent.

Study design and participants

We conducted a case-control study comparing TB patients with healthy controls. From October 2002
to November 2009, in collaboration with the Peruvian TB program, all consecutive patients with
laboratory-proven pulmonary TB were invited to participate in the study. This included those
patients starting TB treatment by the Peruvian TB Program without confirmed culture or with
confirmed smear positivity or culture; patients who were diagnosed and treated in military or non-
governmental facilities in the study site were not invited to participate as outcome data was not
available for such patients. All interactions between the research team and the participants occurred
during household visits. From December 2006 to December 2007, healthy control households were
also recruited. This was achieved using an up to date satellite map which identified
houses/residences in the study site which were all numbered sequentially by a research nurse.
Buildings known to be commercial enterprises, hospitals, offices, or government buildings were not
numbered. All identified houses were then numbered sequentially across each district map, selected
using random number tables, and a household visit made in order to invite the household members
to participate in the study as a healthy control household. If all control participants were unavailable
or declined then the nearest neighbouring household was instead invited to participate. Inclusion
criteria in both cases and healthy controls included age more than 15 years. Exclusion criteria
included declining or being unable to give informed written consent. The sample size was

opportunistic and consequently no power calculations were performed.
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Study setting

The study was conducted in Ventanilla, 16-periurban contiguous shantytowns in northern
Lima/Callao, Peru, with an estimated population of 277,895 people, and frequent poverty (32% of
inhabitants live on <1 US dollar per day). During the study period, the annual TB notification rate in
Ventanilla was 162 new cases per 100,000 people, higher than the rest of the country which was

estimated to be 106 per 100,000 people annually.?®

Data source and measurement

A questionnaire was developed locally, piloted, refined, and then used to interview patients and
collect socio-demographic data concerning household income and expenses throughout TB illness.
Interviews were conducted with both TB patients and healthy controls. Questions characterized
earnings, income, expenses, employment (paid or unpaid), days unable to work due to illness,
additional household food expenditure due to TB illness, and crowding. For all participants, height and
weight were measured and body mass index (BMI) was calculated. Poverty was measured using a
composite household poverty index in arbitrary units derived by principal component analysis from

13 variables, as described in our research group’s previous work.*®

Data analysis

Means were compared with the Student’s t-test. Categorical data were summarised as proportions
with 95% Cl and were compared with the z-test of proportions. Univariable regression analyses
examining differences between patients with MDR and non-MDR TB and controls were adjusted for

sex because of under-recruitment of male healthy controls due to their availability.
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Results

Participants

During the study period, the Peruvian TB program within the study site of Ventanilla registered 1,014
patients. We located 99% of these registered TB patients of whom 95% (n=966) met inclusion
criteria. Of these eligible patients, 1% (n=10) declined, 8% (n=80) were excluded because they
completed fewer than half of our planned research interviews. Data are presented for the remaining
91% (n=876) participants. 11% (n=93) of patients recruited had MDR TB. 487 healthy controls were
also recruited and had only a baseline interview. The characteristics of the study population are

summarized in Table 1 (Page 20).

Descriptive data

TB patients were more likely than healthy controls to be younger (31 versus 34 years old, 3 years
difference [95% Cl 2-4], p=0.001), to be male (59% versus 37% male, 22% difference [95% Cl 21-23],
p<0.001), to have a lower body mass index (21 versus 26 units of individuals, 5 units difference [95%
Cl 4-6], p<0.001), to have lower earnings (510 versus 651 Peruvian soles, 141 Peruvian soles
difference [95% Cl 114- 168], p<0.001), to not be in paid work at recruitment (81% versus 63%, 18%
difference [95% Cl 15-23], p<0.001), and to have had a previous TB episode (18% versus 5.4% of
individuals, 13% difference [95% Cl 12-13], p<0.001). Patients with MDR TB were more likely than
patients with non-MDR TB to have had a previous TB episode (40% versus 15% of individuals, 25%
difference [95% Cl 17-32], p<0.001), to have longer pre-treatment symptom duration (83 versus 52
days, 31 days difference [95% Cl 0-73], p<0.001), to not be in paid work (90% versus 80% of
individuals, 10% difference [95% Cl 7-13], p<0.03), and to have had more days not working pre-

treatment due to TB-related illness (29 versus 18 days, 11 days difference [95% CI 0-34], p=0.004).

18



Discussion

Social determinants are important in the causal pathway of TB disease.?’ Indeed, reduction of
poverty, advocating improved equity of access and universal health care, and eliminating
catastrophic costs in TB-affected households are key components of the World Health Organisation’s
post-2015 Global TB strategy.’*%73% Our results demonstrate that TB predominantly affects poorer
people.t2131 |n this study we did not find any strong evidence that non-MDR and MDR TB differed
in their association with poverty. Our poverty score used time-stable variables such as household

assets, education level, and housing;3? thus poverty can be assumed to have preceded TB disease.

The study was limited by the healthy control selection process. Using satellite maps and identifying
households to randomly select to participate may have meant that there was selection bias against
the poorest members of the communities, who may: have established residences after the satellite
map images were taken (i.e. the maps are out of date as soon as they are published with the ever-
expanding population of the Callao shantytowns); be living in buildings not identified as
residences/houses (e.g. in a room at the back of a commercial enterprise); or live in smaller,
peripheral accommodation not identified by the satellite map. In addition, the extent and effect of
poverty may be underestimated in our study given that geographical and socioeconomic barriers

and stigma may particularly preclude the poorest people from seeking healthcare.

Conclusions

In impoverished shantytowns of Callao, Peru, having TB disease was associated with being poor. This
research confirms that TB remains a social disease. Thus, in order to control TB, the global response

may benefit from socioeconomic as well as biomedical approaches.
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Table 1: Study population baseline data. Note ‘Cr’ indicates confidence intervals, ‘SD’ is standard

deviation, and IQR is interquartile range. All data are at individual level and pre-treatment except where indicated. ‘NA’
indicates not applicable. The column “Controls” refers to “Healthy Controls”.

Controls TB patients P value* Non_lzg/lDR MDR TB P value*
Participants 487 876 . 783 93
Demographics
Age; mean years 34 31 0.001 31 31 0.8
[SD] [20 - 48] [18 - 44] [30-32] [17 - 45]
Sex; % males 37 59 <0.001 59 59 0.9
[95% ClI] [33 - 41] [55 - 62] [55 - 62] [49 - 69]
Health and finances
Secondary complete;% 46 44 0.3 45 36 0.1
[95% ClI] [41-50] [41-47] [42 - 49] [26 - 46]
Household crowding
Above mean; % 66 57 0.07 57 61 0.5
[95% Cl] [59 - 72] [54 - 61] [53 - 60] [51-71]
People per house 5.1 49 0.8 4.9 4.9 0.9
[IQR] [4.6 - 5.6] [4.8-5.0] [4.7 -5.0] [4.5-5.4]
?k"gjg;;ass index; 26 21 <0.001 21 21 0.3
[95% ClI] [25 - 26] [21-22] [21-22] [20-21]
Previous TB; % 5.4 18 <0.001 15 40 <0.001
[95% ClI] [3.3-7.4] [15 - 20] [13- 18] [30-50]
Monthly earnings**
Pre-treatment 651 (1.40) 510 (1.09) <0.001 511 (1.09) 497 (1.07) 0.8
[95% CI] [595 - 707] [481 - 539] [482-540] [381-613]
During treatment . 434 (0.93) . 436 (0.94) 418 (0.90) 0.6
[95% Cl] . [415 - 453] [416-456) [341-495]
Intensive phase . 379 (0.81) . 379 (0.81) 376 (0.81) 0.9
[95% CI] . [358 - 400] [357-401] [295-457]
Continuation phase . 454 (0.97) . 457 (0.98) 424 (0.91) 0.4
[95% CI] . [431-477] [434-480] [339-509]
Debt*** 812 (1.7) 383 (0.82) 0.004 377 (0.81) 435 (0.93) 0.7
[95% ClI] [507 - 1117] [292 - 474] [283 - 471] [87 - 872]
Not in paid work; % 63 81 <0.001 80 90 <0.03
[95% ClI] [56 - 69] [79 - 84] [77 - 83] (84 - 96]
Poverty score
:‘:::;‘:s;mtm' 51 58 <0.02 58 60 0.8
[95% Cl] [47 - 56] [55 - 61] [54 - 61] [50 - 70]
Current tuberculosis
Symptom duration
Mean days . 55 . 52 83 <0.001
[SD] [0-127] [0-118] [0-192]
Too unwell to work
Mean days . 19 . 18 29 0.004
[SD] [0-51] [0-47] [0-81]
Time to health centre
Mean minutes . 13 . 13 13 0.9
[SD] [0-30] [0-30] [0-33]
MDR tuberculosis; % . 11
[95% ClI] [9-13]
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*univariable regression adjusted for sex. The central p value corresponds to comparison of controls (n=487) with all TB
patients regardless of MDR status (n=876). The right-hand column p value corresponds to comparison of non-MDR TB

patients (n=783) with MDR TB patients (n=93).

**Household earnings per month during different treatment stages represented as mean Peruvian Soles and, in
parenthesis, as a proportion of TB patients’” mean monthly household earnings throughout entire iliness. Confidence

intervals are those of mean monthly earnings in Peruvian Soles.

***Debt at recruitment represented as mean Peruvian Soles and, in parenthesis, as a proportion of TB patients’ mean

monthly household earnings. Debt at recruitment was used in the final multivariable regression model rather than total

debt (sum of debt at recruitment plus debt at 24 weeks of treatment) as only 461 patients had 24-week debt data available
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Chapter 2: Examining poverty-related TB risk factors: The seasonality
of tuberculosis, sunlight, vitamin D, and household crowding

This chapter is adapted from the peer-reviewed, published paper Wingfield et al

“The seasonality of tuberculosis, sunlight, vitamin D, and household crowding.” J Infect Dis. 2014 Sep
1;210(5):774-83. doi: 10.1093/infdis/jiu121. Epub 2014 Mar 4.°> The paper is bound in PDF format in
Appendix 3 of this thesis. The candidate’s contribution to this study was design of the ecological
study analysis, data collection concerning hours of sunlight, final follow-up and data collection, data
management, data analysis and analysis strategy, study write-up and dissemination of findings. Apart
from the data concerning hours of sunlight, which were gathered by the candidate, all other data
used for this analysis was collated from a randomized placebo-controlled trial examining the effect of
micronutrient supplementation (vitamins A, D, and zinc) on the incidence of secondary TB disease.
The candidate was not involved in the conception, design, or data collection of this micronutrient

supplementation trial, which was nested in the ongoing cohort study mentioned in Chapter 1.

Following evaluation of the association between TB and poverty, this PhD research next aimed to
assess specific poverty-related risk factors for TB infection and disease through an ecological study

examining seasonality.

Introduction

Although the incidence of certain infectious diseases is seasonal,? the seasonality of tuberculosis
(TB) is incompletely understood. TB infects approximately a third of the world’s population, causing
symptomatic disease in 8.7 million people annually.® Prior to antibiotics, spring peaks were noted in
TB illness.?® Later studies in the antibiotic era from Cameroon,® India,?” Britain,* Kuwait,*® Spain,*
America,*! Japan,** and South Africa®** also revealed TB seasonality. contrary to recognized patterns
of acute respiratory illnesses,* most studies report a nadir of new TB cases during winter and a peak

in spring and summer. This seasonal variation is presumed to relate more to recent transmission than
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TB reactivation.***¢ However, interpretation of seasonality studies is complicated by heterogeneity in

definition of season and seasonal variables studied (i.e. temperature, rainfall).363%43

Vitamin D is an important determinant of adaptive and innate immunity. The principal active
metabolite of vitamin D, 25-hydroxy-vitamin D (hereafter referred to as “vitamin D”), has
immunosuppressive effects on T-helper and dendritic cells but, conversely, an immuno-stimulatory
effect on monocytes and macrophages.*’**® Low vitamin D concentrations contribute to an increased
risk of TB contacts’ tuberculin skin test (TST) converting to positive®® and a higher likelihood of active
TB disease in people with specific vitamin D receptor polymorphisms.> Apart from diet, humans
derive a proportion of their vitamin D through synthesis from 7-dehydrocholesterol on exposure of
skin to sunlight.®! Historically, both ultraviolet light and vitamin D supplementation were used in the
treatment of pulmonary and cutaneous TB.5? More recently vitamin D supplementation during TB
treatment was investigated but did not improve treatment outcomes.>*** This TB and vitamin D
interaction has stimulated interest in seasonal variation in vitamin D concentrations as a potential

risk factor for TB susceptibility.*34623-3¢

Poverty and social determinants are associated with TB infection and disease.®>*>% In diverse
settings, household crowding (hereafter referred to as “crowding”) is associated with poverty, TB

infection, and TB disease in household contacts.>®5!

Understanding TB seasonality and its potential associations with both endogenous and exogenous
factors, including vitamin D and crowding, may inform the health effects of climate change and
influence TB prevention through interventions to reduce crowding and vitamin D deficiency. We
therefore studied the seasonal relationship between putative TB risk factors (crowding, hours
without sunlight, and vitamin D concentrations), TB infection (measured by TST and interferon-
gamma release assays, “IGRA”), and subsequent TB illness (symptom onset and disease) within

impoverished communities of Callao, Peru.
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Methods

Design overview

This was an ecological analysis of seasonality conducted during a cohort study investigating risk

factors for incident TB amongst household contacts of TB patients.™

For the current research, the TB patients had their date of symptom onset and diagnosis recorded
and their TB-exposed cohabitants were tested for TB infection and vitamin D deficiency whilst
sunlight levels were recorded. An ongoing nested trial of micronutrient supplementation also
assessed whether micronutrient supplementation prevents TB but all data reported here involved

participants who declared they had not taken micronutrient supplements.

Setting and climate data

The study took place over four years from 1st January 2003 until December 315 2006 in Ventanilla, a
periurban shantytown with high rates of poverty and TB disease (162/100,000/year) but low rates of
HIV-TB co-infection (<2%). The study time period was chosen because it was the same as the time

period over which the nested micronutrient supplementation trial and follow-up took place.

Hours without direct sunlight were studied because we hypothesised that these would be associated
with vitamin D deficiency. The Peruvian Ministry for Environment provided data defining the
presence or absence of direct sunlight in the area over the 32,640 consecutive hours of the study
period. Direct sunlight was present during daylight hours when cloud cover was minimal or absent.
Conversely, direct sunlight was absent during hours of darkness or when cloud cover prevented the
measuring apparatus from directly receiving sunlight. Northern Lima/Callao has two main seasons:
we defined winter as the six consecutive months with fewest hours of direct sunlight. Summer was

defined as the rest of the year.
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Participants

Inclusion criteria were adult TB patients with laboratory-proven (sputum smear or culture positive)
pulmonary TB and, with respect to latent TB infection and vitamin D levels, their adult TB-exposed
household cohabitants. Adults in this setting were defined as aged 16 years or older. TB-exposed
cohabitants were individuals who reported being in the same house as these TB patients for over two
hours per day at least three times per week. Exclusion criteria were declining or inability to give

informed written consent (Figure 1, Page 38).

The national TB program registered 1,058 patients with pulmonary TB during the study period. We
located 99%, and 93% (n=852) of those who met our inclusion criteria (n=912) consented to
participate. We concurrently aimed to recruit all TB-exposed cohabitants of these patients and 73%
(n=2,004) of those who met our inclusion criteria (n=2737) consented to participate. Thus 3,589
members of TB-affected households were recruited. The internationally accredited ethics
committees of the Universidad Peruana Cayetano Heredia, Peru, and Imperial College London, UK,

approved the project.

Procedures

At enrolment, a questionnaire was completed with all participants to record baseline data. For TB
patients this questionnaire included information defining the date of symptom onset (see Table 2,

Page 35) and the date of diagnosis.

For all participants, height and weight were measured and body mass index (BMI) was calculated.
Socioeconomic position was measured using a composite household poverty index incorporating 13
variables including education, housing, services and assets.'®> A household unit was defined as a
house (a building or connected buildings of the same property with walls and a roof, constructed
purposefully to accommodate people) and its occupants or members (the people who sleep at the

house for the majority of nights of the week).
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Crowding was measured by number of people per room at the initial visit within two weeks of the
patient of the household initiating treatment. This was calculated as the number of people sleeping
in the house (including household members of any age) divided by the total number of rooms in the
house. This method was felt to be appropriate as it followed existing World Health Organisation
guidance and, following research team focus groups, was felt to be the most locally-appropriate and
accurate reflection of the number of people in the household, as opposed to number of people

eating which can vary widely in the study setting.

At enrolment, all TB-exposed cohabitants were asked to undergo testing for latent tuberculosis with
TST as described.®> From 7" March 2005 to 9™ November 2006, additional resources became
available that allowed all consecutive recruited TB-exposed cohabitants who agreed to provide a
blood sample to also undergo IGRA using the QuantiFERON TB-Gold® assay (Cellestis). From this
date, 68% (n=576) of cohabitants agreed to provide a blood sample and had interpretable IGRA
results. As recommended by the manufacturer, IGRA results were reported qualitatively as positive,

negative or indeterminate, not quantitatively.

Vitamin D concentrations

Of the TB-exposed cohabitants enrolled in the micronutrient supplementation trial who had TST and
IGRA results, a subset (n=102) selected using random-number tables provided blood samples at
recruitment. These TB-exposed cohabitants stated that they were not taking micronutrient
supplements. Those TB-exposed cohabitants who did not receive micronutrient supplements also
provided blood samples one (n=48) and six months (n=45) post-recruitment. Therefore, a total of 195
(102 + 48 + 45) blood samples were taken. Vitamin D concentrations were measured by radio-
immunoassay using inductively-coupled mass spectrometry. Plasma concentrations of <50 nmol/L

vitamin D were considered to be deficient and >50 nmol/L replete.>
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Statistical analysis

Raw data and 6-month moving averages (a series of averages of time-series data subsets used to
highlight longer-term trends/cycles) were analysed to examine seasonal variation and divided into
“peak” season (3-months prior to and after the peak value for that variable) and “the rest of the
year” (the remaining 6-months). Power calculations for sample size were not performed. Continuous
data with a Gaussian distribution were summarised as means with their 95% confidence intervals (Cl)
and compared by Student’s t-test. Continuous data with a non-Gaussian distribution were converted
to categorical data above or below the median value (for crowding 2 people/room and for poverty
arbitrary units were used), summarised as proportions with their 95% Cl and compared with the z-
test of proportions. For multiple regression analyses, non-contributory variables were removed in a
backwards-stepwise manner according to the likelihood-ratio test. Relative risks (RR) were calculated
using generalized linear model and binomial analysis. The regression model was repeated using
season as both a categorical variable (summer versus winter) and as a continuous variable (days from
lowest “trough” number of hours of direct sunlight). TB incidence was calculated using the
population of Ventanilla of 307,623 people estimated by national census during the study period. All
p-values were two-sided and analyses, including calculation of population attributable fractions

(PAF), used the Stata program (version 12).

Results

Study population

The study population is summarised in Table 2 (Page 35). Amongst participants, TB-exposed
cohabitants were older, had lower education level, were more often female and were more likely to
be overweight than TB patients (all p<0.05). There was a median household average of 2.0 (IQR 1.5-

3.0) people per room.
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Vitamin D

Figure 2 (Page 39) shows the average vitamin D concentrations and figure 3 (Page 40) the proportion
of vitamin D replete samples, both analysed by season and sex. The mean vitamin D concentration

was 48.6 nmol/L [95% Cl 46.9-50.3].

The proportion of samples that were vitamin D replete (=50 nmol/L) was 43.1% [95% CI 36.1-50.1].
During summer the average vitamin D concentration was 51.0 nmol/L and significantly higher than
during the winter (45.8 nmol/L, p<0.003, Figure 2, Page 39). Male sex and summer were significantly

associated with greater likelihood of being vitamin D replete (Figure 3, Page 40).

The randomly-selected subgroup of TB-exposed cohabitants who had vitamin D assays were more
likely to be poor (p=0.0006) and have more crowding (p<0.003) than the entire cohort of TB-exposed
cohabitants. However, neither poverty nor crowding were associated with vitamin D concentrations
or being vitamin D replete (all p>0.1, Table 3, Page 36). There were no other differences between this

subgroup and the other TB-exposed cohabitants.

Seasonal association of crowding, sunlight, vitamin D deficiency, and TB

Figure 4 (Page 41) demonstrates the seasonality of TB risk factors, infection and illness: the mid-
winter peak in putative TB risk factors (crowding, hours without direct sunlight, and vitamin D
deficiency), the sequential late-winter (TST) and early-spring (IGRA) peak in TB infection and finally
the mid-summer peak in TB symptom onset followed after three weeks by subsequent TB diagnosis.
Table 4 (Page 37) shows the analysis by season of crowding, hours without direct sunlight, vitamin D

deficiency, TB infection and illness.
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TB risk factors

Crowding: The peak in proportion of households with crowding occurred in mid-winter in July prior
to both the peak in hours without direct sunlight and vitamin D deficiency (Figure 4, Page 41). During
the six months with most crowding, the proportion of crowded households was 13% points higher

than the rest of the year (p<0.001, Table 4, Page 37).

Hours without direct sunlight: The peak in proportion of hours without direct sunlight occurred in
August, mid-winter, as can be seen in Figure 4 (Page 41). The proportion of hours without direct

sunlight was 19% points higher in winter than summer (p<0.0001, Table 4, Page 37).

Vitamin D deficiency: Vitamin D deficiency was detected in 56.9% (111/195) of samples (Table 4,
Page 37). Figure 4 (Page 41) demonstrates that the peak proportion of samples with vitamin D
deficiency occurred in midwinter in the week following the peak in hours without direct sunlight.
During the six months around this peak the proportion of samples that were vitamin D deficient was

17% points higher than the rest of the year (p=0.01, Table 4, Page 37).

TB infection in TB-exposed cohabitants

TST: Six weeks following the peak in vitamin D deficiency, the peak in the proportion of positive TST
results occurred in late winter (Figure 4, Page 41). During the six months around this peak the
proportion of positive TST results was 8% points higher than the rest of the year (p=0.003, Table 4,

Page 37).

IGRA: The peak in the proportion of positive IGRA tests occurred in early summer, 12 weeks following
the peak in proportion of positive TST results. During the six months around the IGRA peak the
proportion of positive IGRA tests was 9% points higher than the rest of the year (p<0.04, Table 4,

Page 37).
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TB disease in laboratory-proven TB patients

TB symptom onset: Five months after the peak in TB infections as indicated by TST, the peak in TB
symptom onset occurred in midsummer (Figure 4, Page 41). During the six months around this date

14% more patients had TB symptom onset than the rest of the year (p<0.05, Table 4, Page 37).

TB diagnosis: The peak in TB diagnosis occurred in late summer, three weeks following the peak in TB
symptom onset (Figure 4, Page 41). During the six months around this date 13% more patients were

diagnosed with TB than the rest of the year (p<0.01, Table 4, Page 37).

Regression analyses

Table 2 (Page 35) shows the multiple regression analysis of the association between vitamin D
concentrations (and the likelihood of being vitamin D replete) and the characteristics of the study
population. Male sex (RR 2.0, PAF 24%, p<0.001) and summer (RR 1.4, PAF 19%, p<0.05) were
associated with greater likelihood of being vitamin D replete (i.e. lower likelihood of deficiency). To
assess the robustness of these findings, additional analyses of vitamin D concentrations (instead of
being vitamin D replete) were performed and showed the same pattern of significance (Table 3, Page

36; Figure 2, Page 39 and Figure 3, Page 40).

Discussion

Vitamin D deficiency was common in this high-risk group of TB-exposed people, more common in
females, and peaked in midwinter, shortly after peak crowding and hours without direct sunlight.
This was followed by a peak in TB infections in late winter and, after the known 5-month median TB
incubation period,® by a peak in TB symptoms in midsummer. Finally, after the three week interval
required for TB case finding in this setting,5 TB diagnoses subsequently peaked in late summer.

These findings suggest that seasonal vitamin D deficiency and crowding may explain the previously
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enigmatic interval from the mid-winter peak in TB risk factors until the late-summer peak in TB

diagnoses.

Vitamin D deficiency was found in over half of this Peruvian cohort of TB-exposed cohabitants.
Deficiency associated closely with hours without direct sunlight as reported in temperate climates in
Europe® and North America.®® Defining vitamin D deficiency is controversial.’* We selected the
threshold of vitamin D concentrations <50 nmol/L as recently suggested in international guidance
and relevant studies.>*®” While such a threshold may be suitable at a population level to predict
diseases like osteomalacia, it may fail to detect significant linear associations between vitamin D
concentrations and non-skeletal disease risk (such as type-2 diabetes, ischaemic heart disease or
cancer).® Therefore, we examined vitamin D as both a categorical and linear dependent variable and

found the results to be concordant.

Female sex was associated with greater likelihood of vitamin D deficiency, independent of season.
This is important because international vitamin D supplementation guidelines do not generally
differentiate between gender, apart from pregnancy or lactation. The predominance of vitamin D
deficiency in females in our study may relate to genetic predisposition or diet. However, the most
likely explanation may be difference in behaviour because in this setting men spend more time

outside working.®®

Vitamin D deficiency is a biologically plausible risk factor for TB infection and disease because it
suppresses immune responses specific to TB infection.*® and has been epidemiologically associated
with TB disease.**>> The active metabolite of vitamin D (1,25-dihydroxyvitamin D) up-regulates the
cellular vitamin D receptor to inhibit mycobacterial growth’® and increases cathelicidin expression by
macrophages which promotes mycobacterial cell death.*”* Therefore, increasing vitamin D
concentrations in spring may potentially lead to a “seasonal immune reconstitution” with increased
granuloma formation, tissue inflammation and corresponding symptoms in people subsequently
t,53,54

diagnosed with TB in summer. Moreover, although current in-vivo evidence suggests no effec

there is some in-vitro evidence that vitamin D supplements could theoretically improve the
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treatment response of patients with TB disease through immunostimulatory responses including
increased cathelicidin production.> Work in a similar Peruvian population has demonstrated that
vitamin D receptor polymorphisms were associated with TB patients’ time to sputum culture
conversion.” Thus, vitamin D deficiency, immunology and genetic factors imply a role in TB

susceptibility.

The temporal association we observed between peak crowding and vitamin D deficiency followed by
TB infection as indicated by the peak in TST positivity extends previous TST conversion findings in TB-
exposed cohabitants in Spain.*® The 12-week interval we observed from peak TST positivity until the
peak IGRA positivity may be explained by differences in time to conversion between these tests: the
optimum timing of IGRA testing remains to be defined’? and in TB outbreaks IGRA conversion
occurred three” to six months after exposure, often later than TST conversion.” Moreover, serial
IGRA analysis has shown high rates of both initial conversion and subsequent reversion in healthcare
workers without known TB exposure, complicating interpretation.”® However, our study did not
measure TST or IGRA conversion but the proportion of positive tests at different cross-sectional time-
points. A final possible explanation for the difference between IGRA and TST is that their accuracy for
TB infection may be influenced by vitamin D concentrations: work in the study setting has shown that
other micronutrients affect TST sensitivity.* Thus, the temporal discrepancy we found between
seasonal proportion of positive IGRA and TST tests is novel and the mechanisms behind such a

discrepancy require further exploratory research.

The seasonality of winter vitamin D deficiency and summer TB diagnoses that we characterised in TB-
exposed cohabitants extends findings in TB patients in Europe® and South Africa.*® Low vitamin D
concentrations and more vitamin D deficiency in midwinter may have led to increased host-
susceptibility to TB infection seen in late winter and to the subsequent progression to TB disease,
after a five-month incubation period. This five-month incubation period is the same as that found in
a study that used DNA fingerprinting to accurately identify progression from household TB exposure
to TB infection and disease.®® Although our findings are relevant to both, we were unable to

determine which episodes of TB disease were a result of recent TB infection versus reactivation of
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latent TB. However, other recent studies showed that TB seasonal variation was more pronounced in

children and clustered cases suggesting recent infection as the more likely explanation.®

The interaction of social determinants along the causal pathway from TB exposure to infection and
disease is complex and likely relates to increased transmission (greater exposure through crowding,
increased time spent indoors and poorer ventilation®®), susceptibility (poorer nutrition, lower
immunity) and marginalisation (health-seeking behaviour, education). Our study measured crowding
- potential TB exposure that in winter may contribute to the seasonality we observed. Crowding is a
known marker of poverty and both crowding and poverty are independently associated with TB.>%°
However, crowding is complex, poorly defined and specific to geographical settings.®® Research in
high-resource countries has defined crowding as >1 person/room and severe crowding as >1.5
people/room,®! which would have classified virtually all of our households as crowded, preventing
meaningful analysis. The World Health Organisation suggests that measuring floor space® can be
problematic and that it may be more appropriate to consider crowding as above the mid-point
number of persons/room. We used this a priori definition as a locally-appropriate crowding definition
in this current research and also in ventilation research that is being published separately. Our
finding of more crowding in winter than summer is novel. The reasons behind this crowding
seasonality require further investigation and may include economic migration (seasonal
employment), schooling, public holidays, and selling food produce after harvests. As noted in another
recent study,’” it is unlikely that crowding and increased transmission in winter alone is the factor
responsible for TB seasonality. Our findings suggest that both crowding and vitamin D deficiency are

independently associated with TB seasonality.

Temporal associations cannot prove causation and other confounding factors may have contributed
to TB seasonality. For example, diet was not examined in our study. However, there is little variation
in foodstuff availability and consumption in Ventanilla and BMI was used as a proxy nutrition
indicator. Climate-related confounding factors could include temperature,* humidity, rain, and
climate change. Despite high humidity all-year round, annual rainfall in northern Lima/Callao is very

low (10-30mm) and there is minimal variation in temperature (average 14°C in winter and 20°C in
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summer). An important confounder not measured in the present study was seasonal variation in
healthcare seeking and access. Healthcare-seeking behaviour may vary with work-market, harvest or
school season as may provision of medical care at health posts and hospitals. Such variations may
extend to the number of people tested for TB. Other confounding factors include: concomitant
respiratory tract infections, smoke inhalation, and air quality. With regards to vitamin D
concentrations, the inductively coupled mass spectrometry assay we used is now recognised to be
prone to inter-laboratory variations and isotope-dilution liquid chromatography tandem mass
spectrometry may be preferable’® but was not widely available during our study. In addition to this
ecological analysis, it would be valuable to perform larger future studies to test for associations
between baseline vitamin D concentrations in TB-exposed household contacts and subsequent
progression to TB disease although such a study would be confounded by the seasonality of vitamin
D concentrations that we report here. Vitamin D concentrations were measured in a random subset
of TB-exposed cohabitants who happened to be poorer and live in more crowded households than all
TB-exposed cohabitants. This chance occurrence does not appear to have been important because
multiple regression demonstrated that neither crowding nor poverty were independently associated

with vitamin D concentrations or being vitamin D replete.

Conclusions

The sequential peaks in midwinter crowding, vitamin D deficiency, TB infection, TB symptom onset
and finally late summer TB diagnoses potentially explain the previously enigmatic seasonality of TB.
These findings suggest that climate change and recommendations to reduce the risk of skin cancer by
avoiding sun exposure may influence TB susceptibility. The associations that we have identified
between season, crowding, vitamin D and TB emphasise the potential for correcting vitamin D

deficiency and mitigating poverty to contribute to TB prevention.
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Table 2: Study population baseline data.

TB-exposed cohabitants TB patients
Randomly selected
All mdwndgals ' Al
for plasma vitamin D
measurement

Number of participants 1389 102 852
Number of blood vitamin D N/A 195 N/A
analyses
Demographics
Sex; % males [95% Cl] 37 31 60

[34-39] [25 - 38] [56 - 63]
Age; mean years [95% Cl] 34 34 31

[33-34] [32-36] [30-32]
Socioeconomic factors
Any post-primary education; % 75 72 81
[95% Cl] [73-78] [65 - 78] [78 - 84]
Household crowding; % [95% 57 69 NA
Cl] above median people (>2) [55 - 60] [64 - 74] NA
per room?
Household poverty score; % 50 63 NA
[95% Cl] above median score® [47 - 53] [57 - 68] NA
Anthropometry
Overweight; % [95% Cl] above 48 46 12
median body mass index (>25 [45 - 50] [40 - 52] [10 - 14]

kg/m?)°

Note ‘Cl’ indicates confidence intervals; ‘NA’ indicates not applicable, because these variables were

assessed at the household rather than individual level.

2A continuous measure of crowding was calculated by people sleeping in the house divided by
number of rooms in the house. The median of this continuous crowding variable was exactly 2
people per room. The variable ‘household crowding’ shown below refers to the percentage of

household’s containing more people per room than the cohort median (2). When splitting into above

and below this median, “2” cannot be split and therefore those houses with exactly 2 people per

room were apportioned to the “crowded” (i.e. above the median) households. This results in 57% of
cohort households being above the cohort median people per room and thus crowded.

®The variable household poverty score refers to the percentage of households with a poverty score

above the household median.

‘The variable ‘overweight’ refers to the percentage of individuals whose body mass index was above
the median body mass index of the entire cohort of TB-exposed cohabitants and patients and is the
same as that defined by the World Health Organisation (>25kg/m?).
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Table 3: Regression analysis of associations with vitamin D levels. This table shows the results of linear regression of vitamin D plasma concentrations in nmol/L as the
outcome variable and binomial regression with odds of being vitamin D replete (250 nmol/L) as the outcome variable.

Sex (male)

Season (summer)?

Age; years

Any post-primary
education

Household crowding;
above median people
per room

Household poverty
score; above median
score

Overweight; above
median BMI (>25
kg/m2)®

Vitamin D 250HD plasma concentrations (nmol/L), linear regression

Vitamin D replete (250 nmol/L), binomial regression

Univariate regression

Multiple regression

Univariate regression

Multiple regression

Coefficient P value Coefficient P value Relative risk P value Adjusted PAF Relative risk P value
(95% Cl) (95% ClI) (95% ClI) (95% CI)
9.3 <0.001 9.3 <0.001 2.00 <0.001 24 2.0 <0.001
(4.4 - 14) (5.8-13) (1.4-2.9) (9-36) (1.4-2.8)
5.2 0.001 53 <0.001 1.4 0.03 19 14 <0.05
(2.2-8.3) (2.0-8.5) (1.0-2.0) (1-33) (1.0-1.9)
0.11 0.2 1.0 0.3
(-0.088 - 0.30) (0.99 - 1.0)
2.0 0.4 13 0.2
(-2.8-6.8) (0.83-2.2)
-1.2 0.6 1.0 0.9
(-6.2-3.9) (0.68 - 1.6)
-1.006 0.6 0.78 0.2
(-5.7-3.7) (0.53-1.2)
3.1 0.2 1.1 0.7
(-1.9-8.1) (0.73-1.6)

Note ‘Adjusted PAF’ indicates population attributable fraction derived from multiple logistic regression using the “aflogit” function of STATA. All analyses presented above were clustered by individual
because some individuals had more than one blood sample taken. Specifically, 102 TB exposed cohabitants provided blood samples at recruitment, and 48 and 45 of these individuals provided blood
samples again at 1 and 6 months following recruitment, respectively. Therefore, a total of 195 blood samples were taken. Blank cells indicate variables that did not meet the criteria for inclusion in
the multiple regression analysis.
aln addition to the analysis of season shown, when univariate and multiple linear regression analyses were repeated using “days from trough in hours of direct sunlight” as a continuous variable in
place of “season”, male sex and days from trough in hours of direct sunlight remained associated with greater likelihood of being vitamin D replete or having higher vitamin D concentrations.

bBMI indicates body mass index (weight in kilograms divided by height in metres squared).
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Table 4: Seasonality of TB risk factors, TB infection and TB disease. The peak seasons for the TB risk factors, TB infection and TB disease and the proportion occurring
during the peak season versus the rest of the year is shown.2

Peak season and dates 6 month proportions

Season start date Peak date Season end date Peak season Rest of year P value
TB risk factors
ing: 58.9% (206 / 350 46.2% (171 / 370
Household crowding; April 8 July 8th October 7th 6 (206 / 350) 6(171/370) <0.001
% (n/N) [95% ClI] (midwinter) [53.7 - 64.0] [41.1-51.3]
Hours without direct sunlight; % May 20 August 18th November 18th 92.7% (15622 / 16848) 74.4% (11746 /15792) o 1000
(n/N) [95% ClI] (midwinter) [92.3-93.2] [73.7-75.1]
Vitamin D deficient (<50 nmol/L); May 24th Au.gust. 23rd November 22nd 66.7% (58 / 87) 49.1% (53 / 108) 0.01
% (n/N) [95% Cl] (midwinter) [56.8 - 76.6] [39.6 - 58.5]
TB infection
0, 0,
TST positivity: % (n/N) [95% Cl] July 8 October 7th January 6 62.5% (388 /621) 54.7% (420 / 768) 0.003
(late winter) [58.7 - 66.3] [51.2 - 58.2]
0, 0,
IGRA positivity; % (n/N) [95% Cl] October 4th January 3rd April 4th 59.1% (166 /281) 50.5% (149 / 295) <0.04
(early summer) [53.3 - 64.8] [44.8 - 56.2]
TB disease
TB symptom onset incidence; % December Lst March 2nd lune 12 0.14% (416 / 307623) 0.12% (361 / 307623) 0,05
(n/N) [95% CI] ® (midsummer) [0.12 - 0.15] [0.11-0.13]
TB diagnosis incidence; % (n/N) December 24th March 24th June 237 0.15% (466 / 307623) 0.13% (390 / 307623) 0,01

[95% Cl]¢

(late summer)

[0.14 - 0.17]

[0.11 - 0.14]

Note ‘Cl’ indicates confidence intervals. ®These observed 6-monthly actual count data differ slightly from the 6-month moving average data shown in Figure 4 (Page 41) because of differences in the way these data are
calculated. PTB symptom onset was calculated using longest duration of symptoms including cough (with or without phlegm or blood), weight loss, fever and night sweats. More general symptoms (e.g. headache and nausea)
were not included in symptom onset calculations. Incidence is shown as the total number of people with onset of symptoms that were subsequently diagnosed to be caused by laboratory-proven pulmonary TB over four 6-
month periods as a percentage of the total population of the study site estimated in a national census during the study period. ¢Incidence is shown as the total number of people diagnosed with laboratory-proven pulmonary
TB over four 6-month periods as a percentage of the total population of the study site estimated in a national census during the study period.
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Figure 1: Study design. Abbreviations: TST = tuberculin skin test; IGRA = Interferon gamma

release assay; TB = tuberculosis

38



s & &8 & 8

Average 250H Vitamin D
plasma concentration (nmol/L)

[y
o
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Figure 3: Vitamin D replete (250HD concentrations =50 nmol/l) for the entire study population (n=195) by sex and season. Bars represent 95%
confidence intervals.
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Figure 4: Schematic demonstrating the seasonality of TB risk factors in midwinter,

infection in late winter and early summer, and disease in midsummer. Letters represent
months of the year. Trendlines represent 6-month moving averages of raw data that differ slightly
from the 6-monthly actual counts shown in Table 4 (Page 37) owing to the latter being raw data. In
the “TB risk factors” section, hours without sunlight is represented by the thin continuous black
trendline, vitamin D deficiency by the dashed black line, and crowding by the thick continuous black
trendline. The numbers stated for the incidence of TB symptom onset and TB diagnoses are the 6-
month moving average data corresponding to those in Table 4 (Page 37).
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Chapter 3: Defining catastrophic costs and comparing their
importance for adverse tuberculosis outcome with multi-drug
resistance: a prospective cohort study, Peru

This chapter is adapted from the peer-reviewed, published paper Wingfield et al “Defining
catastrophic costs and comparing their importance for adverse tuberculosis outcome with multi-drug
resistance: a prospective cohort study, Peru.” PLOS Medicine. 2014 Jul 15;11(7):e1001675. doi:
10.1371/journal.pmed.1001675.%° The paper is bound in PDF format in Appendix 2 of this thesis. The
candidate’s contribution to this study was final data collection, data management, data analysis and
analysis strategy, study write-up and dissemination of findings. The candidate was not involved in

study design or original data collection.

Following evaluation of the association between TB and poverty including assessment of seasonal
poverty-related risk factors such as vitamin D deficiency and household crowding, this PhD research
went on to describe hidden costs of TB illness and create a clinically-relevant catastrophic TB-related
costs threshold. The threshold was subsequently endorsed by the World Health Organisation for use
in measurement of catastrophic costs during its roll-out of a TB Costs Measurement Tool in sentinel

country sites in 2015.7

Introduction

Whilst many countries aim to offer “free” TB treatment to their patients, this may only cover some
diagnostic tests and anti-mycobacterial medications. Patients and their households may incur hidden
costs, be they direct “out-of-pocket” expenses such as transport, symptom-relieving medicines,

additional food or indirect expenses associated with lost income, 24258081

In its “Global TB strategy for tuberculosis prevention, care and control” at the 67" World Health

Assembly in May 2014, the World Health Organization adopted a target of eradicating catastrophic

42



costs for TB-affected families by 2035.1* However, hidden TB-related costs remain understudied and,
at the time of writing, consensus about defining catastrophic costs is awaited.}#?2288283 gome
catastrophic costs definitions have incorporated symptoms of financial shock and coping
mechanisms.® 8> Others have used operational thresholds of total costs of 10-25% of that
household’s annual income 8887 or 40% or more of that household’s “capacity to pay”.82° Recently,
concerns have been raised that the current approach of measuring catastrophic costs using “out-of-
pocket” payments is too narrow because it overlooks lost income and consequently risks
misinforming policy makers.?>?* Thus, there is an urgent need to improve indicators of financial risk
to better inform health policy guidance.’®?%%! However, although there is broad agreement that
some vulnerable TB-affected households will require social protection (such as socioeconomic
support) to avoid catastrophic costs, more evidence is needed to define such costs and characterise

their importance.32528:29,88-93

We prospectively quantified changes in income and hidden costs prior to and throughout treatment
of patients with non-MDR and MDR TB in impoverished shantytowns surrounding northern
Lima/Callao, Peru. The aims of the study were to better characterise TB-related costs, their
association with adverse TB outcome, and contribute to an evidence-based definition of catastrophic
costs that is both clinically and financially relevant. The study hypothesis was that catastrophic costs

of TB-affected households are independently associated with adverse TB outcomes in TB patients.

Methods

Ethical approval

The internationally accredited ethical committee of the Universidad Peruana Cayetano Heredia, Peru,
and Imperial College London, UK, approved the project. All interviewed participants gave written

informed consent.
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Study design and participants

We conducted a prospective cohort study of TB patients and a baseline case-control study comparing
them with healthy controls. From October 2002 to November 2009, in collaboration with the
Peruvian TB program, all consecutive patients with laboratory-proven pulmonary TB were invited to
participate in the study. All interactions between the research team and the participants occurred
during household visits. Until November 2012, patients were followed-up for recurrent TB by
monitoring TB treatment records and re-visiting each household approximately every 3 years to
enquire about TB diagnoses. From December 2006 to December 2007, control households were
selected using random number tables from an up to date satellite map and were invited to
participate during a household visit. In the case that all control participants were unavailable or
declined then the nearest neighbouring household was instead invited to participate. Controls were
not matched to cases because the study aimed to characterise the effect of relevant exposures
including sex, age and socioeconomic position on the outcome variables of catastrophic costs and
adverse TB outcome. Inclusion criteria in both cases and controls included age more than 15 years.
Exclusion criteria included declining or being unable to give informed written consent. Both for the
cohort and the baseline case control study, the sample size was opportunistic and consequently no

power calculations were performed.

Study setting

The study was conducted in Ventanilla, 16-periurban contiguous shantytowns in northern
Lima/Callao, Peru, with an estimated population of 277,895 people, and frequent poverty (32% of
inhabitants live on <1 US dollar per day). During the study period. the annual TB notification rate in
Ventanilla was 162 new cases per 100,000 people, higher than the rest of the country which was

estimated to be 106 per 100,000 people annually.?®
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TB was treated by the National TB Program in community health posts where sputum smear was
offered free of charge to all patients and chest radiographs to selected patients. TB patients received
their anti-TB directly observed therapy (DOT) free of charge at their local health post, administered

by the National TB program.

Variables

Operational definitions of the key study variables (TB disease, TB treatment phases, TB adverse

outcome, and TB costs) are summarised in Box 1.

Patients were defined as having MDR TB if they were initially prescribed an MDR treatment regimen
or sputum testing was positive for MDR TB by the Microscopic-Observation Drug-Susceptibility
(MODS) assay or the proportions assay. All other patients recruited to the study were defined as

having non-MDR TB.

For both patients with MDR and non-MDR TB, stages of treatment were operationally defined as
follows: “pre-treatment” was from self-reported onset of TB-related symptoms until treatment
initiation; “intensive treatment phase” was the first two months of TB treatment; “continuation
treatment phase” was the four months immediately following the “intensive treatment phase”;
“during treatment” was the period of time from the start of “intensive treatment phase” to the end
of the “continuation treatment phase”; and “entire illness” was from TB-related symptom onset to

the end of the “continuation treatment phase”.

Early TB treatment outcome for each patient was assessed by the TB program at the time of
treatment cessation and was not influenced by this research. These early TB treatment outcome
assessments were based on sputum microscopy results that are insensitive to treatment failure.9%°
Therefore, we also collaborated with the TB program in continuous surveillance of TB program
treatment records and re-visited each patient in their home to check for TB recurrence that we

defined as TB re-treatment within 30 months from the date that treatment started (in most cases 2

years from treatment cessation). We defined good TB outcome as cure without recurrence. We

45



defined adverse TB outcome as death during treatment, treatment abandonment, treatment failure
or recurrence. Patients who were transferred away or were lost to follow-up were considered to

have undefined outcome.

Data source and measurement

A questionnaire was developed locally, piloted, refined, and then used to interview patients and
collect socio-demographic data concerning household income and expenses throughout TB illness.
Interviews were conducted at baseline with both TB patients and controls. For patients this baseline
interview occurred prior to or at the time that treatment commenced. The baseline (but not
subsequent) interview included detailed assessment of: household assets ownership; access to basic
services; and education level. Patients were subsequently interviewed after 2, 4, 6, 8, 12, 16, 20 and
24 weeks of treatment. At all baseline and subsequent interviews, questions characterized earnings,
income, expenses, employment (paid or unpaid), days unable to work due to illness, additional
household food expenditure due to TB illness, and crowding. Household debts were assessed at

recruitment and subsequently at 24 weeks of treatment.

» 25,79,96,97

As in previous research, TB-related costs were categorized as “direct expenses and “lost

” 799698 incurred since the previous interview. All costs and incomes were quantified in cash

income
amounts in Peruvian Soles (average 1 US dollar equivalent to 2.9 Peruvian Soles during the study
period). Inflation and especially exchange rates varied considerably during the study period, so actual
costs were reported without adjustments in order to be more informative to users including policy
makers. Table 5 (Page 60) shows the table of annual inflation in Peru and average annual exchange
rates 2002-2009. To further facilitate interpretation internationally, costs were also expressed as the

proportion of the average monthly income of all patient households. Also, to assess impact on the

patient households, costs were calculated as a proportion of the same household’s annual income.

“Direct (“out-of-pocket”) expenses” included direct medical expenses (medical examinations and

prescribed medicines) and direct non-medical expenses (natural non-prescribed remedies, TB-care
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related transport, extra food, and other miscellaneous expenses). “Lost income” (indirect expenses)
was the income the patient estimated that the household lost due to TB illness or tuberculosis-
related time off work (such as attending clinics) since the previous interview, measured in Peruvian
Soles. Days of work lost due to TB illness could not be used to directly calculate lost income because
salaried employment with fixed rates of remuneration were uncommon in this setting. “Total
expenses” were direct expenses plus lost income. “Earnings” were defined as the monthly money
actually received by the household and “income” was defined as the monthly money earned by the
household plus lost income. Household debts at recruitment and total household debts (sum of
debts at recruitment plus debts at 24 weeks of recruitment) included both formal debts (e.g. bank

loans) and informal debts (e.g. money borrowed from friends and family).

For all participants, height and weight were measured and body mass index (BMI) was calculated.
Poverty was measured using a composite household poverty index in arbitrary units derived by

principal component analysis from 13 variables, as described.®

A threshold for catastrophic costs was calculated by plotting the sensitivity, specificity and
population attributable fraction for adverse TB outcome against total household expenses as a
proportion of annual income. In order to assess the strength of this new definition of catastrophic

8387 3 sensitivity analysis was also performed

costs and in accordance with relevant recent studies,
comparing the association of other existing catastrophic costs thresholds (including total expenses

equal to or greater than 10%, 15% or 25% of annual income) with adverse TB outcome.

Data analysis

Continuous data were summarized by their arithmetic means and their 95% confidence intervals (Cl)
whether the data was Gaussian or non-Gaussian because this approach is considered to be robust for
health economics data analysis.?>%91% Furthermore, because of the skewed nature of some
expenditure data, most median values were 0 or close to 0 limiting the descriptive usefulness of

presenting median values. Any direct expenses, lost income, or annual income recorded as “zero” or
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missing was replaced with 0.5 soles per day (i.e. the midpoint of zero and the lowest unit of
measurement, 1 Peruvian Sol). Means were compared with the Student’s t-test. Categorical data
were summarised as proportions with 95% Cl and were compared with the z-test of proportions.
Univariable regression analyses examining differences between patients with MDR and non-MDR TB
and controls were adjusted for sex because of under-recruitment of male controls due to their

availability.

The association between catastrophic costs and adverse TB outcome was explored through both
univariable and multivariable analysis to determine odds ratios (OR). The likelihood ratio test was
used to test for trend and interaction between variables. Non-Gaussian continuous variables such as
total costs as a proportion of annual income were transformed to their base-10 logarithm for
regression analysis. All the variables associated (p<0.15) with adverse TB outcomes in univariable
analysis and all predetermined presumed confounding variables (age, poverty score, previous TB
episode, symptom duration, and current MDR TB) were concurrently included in a multivariable

model.1%?

Population attributable fractions were calculated using the Stata program “aflogit” function, which
computes population attributable fraction estimates while adjusting for the reciprocal confounding
effect of covariates on the association of interest. The population attributable fraction of an
exposure was interpreted as the proportion of adverse TB outcomes that would be averted by
eliminating that exposure, both unadjusted and adjusted for known confounding factors. All p-values
were two-sided and statistical analyses were performed using the Stata program (StataCorp, version

10).
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Results

Participants

During the study period, the Peruvian TB program within the study site of Ventanilla registered 1,014
patients. We located 99% of these registered TB patients of whom 95% (n=966) met inclusion
criteria. Of these eligible patients, 1% (n=10) declined, 8% (n=80) were excluded because they
completed fewer than half of our planned research interviews and data are presented for the
remaining 91% (n=876). 11% (n=93) of patients recruited had MDR TB. 487 controls were also
recruited and had only a baseline interview. The characteristics of the study population were

summarized in Table 1, Page 20, Chapter 1.

Earnings and debt

Patients earned more per month pre-treatment than during treatment (510 [95% Cl 481-539] versus
434 [95% Cl 415-453] Peruvian Soles, p<0.001, Table 6, Page 61) or the continuation treatment phase
(454 [95% Cl 431-477] Peruvian Soles, p<0.001) and earned least during the intensive treatment
phase (379 Peruvian soles [95% Cl 358-400], p<0.001). During all treatment phases, patients with
MDR TB tended to earn less than TB patients with non-MDR TB (Table 6, Page 61). Household debts
at recruitment were greater in controls than patients with TB (812 [95% CI 507-1117] versus 383
[95% Cl 292-474] Peruvian Soles, p=0.004) but there was no difference between household debts of
patient with MDR and non-MDR TB (497 [95% Cl 381-613] versus 511 [95% CI 482-540] Peruvian
soles, p=0.8). Household debts decreased from 383 Peruvian soles [95% Cl 292-474] at recruitment
to 296 Peruvian soles [95% Cl 176-414] at 24 weeks of treatment. Households with above cohort
median total debt were more likely to incur catastrophic costs (OR 1.58 [95% ClI 1.17-2.14] p=0.003).
Households with above cohort median increase in debt from recruitment to 24 weeks were also

more likely to incur catastrophic costs (OR 1.74 [95% Cl 1.10-2.77] p=0.003).
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Outcome data

725 (83%) of patients had a defined TB outcome at follow-up. Of these patients, 166 (23%) had
adverse TB outcome, 40% (n=67) due to treatment abandonment, 22% (n=36) due to treatment

failure, 12% (n=15) due to death during treatment, and 26% (n=48) due to TB recurrence.

Costs data

Constituent direct expenses and lost income: Constituent direct expenses and lost income are
summarized in Figure 5 (Page 70). Throughout the entire illness, medical and non-medical expenses
were similar (49% [95% Cl 43-55] versus 51% [95% Cl 47-54] of total direct costs, p=0.7). Medical
expenses were greatest pre-treatment, were higher than non-medical costs and constituted almost
two-thirds of overall direct expenses (0.20 [95% Cl 0.18-0.22] versus 0.13 [95% Cl 0.11-0.15] monthly
incomes, p<0.001). Conversely, during treatment non-medical expenses were higher than medical
expenses and constituted approximately two-thirds of overall direct expenses (0.22 [95% Cl 0.20-
0.24] versus 0.14 [95% Cl 0.12-0.16] monthly incomes, p<0.001). Direct expenses were higher pre-
treatment than during treatment (0.52 [95% Cl 0.46-0.59] versus 0.41 [95% Cl 0.37-0.44] monthly
incomes, p<0.001) whereas lost household income was lower pre-treatment than during treatment
(0.60 [95% Cl 0.50-0.69] versus 0.75 [95% Cl 0.68-0.82] monthly incomes, p<0.005). Lost household
income was higher than direct expenses throughout all treatment phases with the greatest

difference during the intensive treatment phase (69% lost income [95% Cl 61-77], Figure 5, Page 70).

Total expenses: In addition to direct expenses and lost income, total expenses are summarized in
Figure 5, Page 70. Total expenses were similar pre-treatment versus during treatment (1.1 [95% ClI
1.0-1.2] versus 1.2 [95% CI 1.1-1.2] monthly incomes, p=0.6). Total expenses (1.12 [95% Cl 0.99-1.25]
versus 0.62 [95% Cl 0.56-0.68] monthly incomes, p<0.001), direct expenses (0.52 [95% Cl 0.46-0.59]
versus 0.19 [95% Cl 0.16-0.22] monthly incomes, p<0.001) and lost income (0.6 [95% Cl 0.50-0.69]

versus 0.43 [95% Cl 0.38-0.48], p=0.001) were significantly higher pre-treatment than during
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intensive treatment phase. Total expenses (0.62 [95% Cl 0.56-0.68] versus 0.54 [95% Cl 0.49-0.59]
monthly incomes, p=0.01) and lost income (0.43 [95% ClI 0.38-0.48 versus 0.32 [95% Cl 0.28-0.36],
p<0.001) were higher in intensive than continuation treatment phase but there was no difference in
direct expenses between these treatment phases (0.19 [95% Cl 0.16-0.22] versus 0.22 [95% Cl 0.20-
0.23], p=0.07). When total expenses were examined per month, monthly intensive treatment phase

total expenses were approximately double those of continuation treatment phase.

Poverty and expenses: TB patients were poorer than controls (58% [95% Cl 55-61] versus 51% [95%
Cl 47-56] above control mean, p<0.02, Table 1, Chapter 1, Page 20). In poorer households, direct
expenses were lower (mean direct expenses of poorest households 330 [95% Cl 287-373], poor
households 418 [95% Cl 351-485], and least poor households 435 Peruvian soles [95% Cl 380-490],
p<0.001, Figure 6, Page 72) but total expenses made up a greater proportion of that household’s
annual income (poorest households 48% [95% Cl 35-50], poor households 47% [95% CI 24-70], and

least poor households 27% [95% CI 20-34], p<0.001, Figure 6, Page 72).

Main findings

Catastrophic costs: A threshold of 20% of total expenses as a proportion of annual household income
was defined as catastrophic because this threshold had the highest sensitivity, specificity and
population attributable fraction for association with adverse outcome (Figure 7, Page 73).
Catastrophic costs were incurred by 345 households (39%). Incurring catastrophic costs was
independently associated with MDR TB (OR 1.61 [95% Cl 0.98-2.64], p<0.06), more days not working
pre-treatment (OR 1.00 [95% Cl 1.00-1.01], p=0.03), greater debts at recruitment (OR 1.00 [95% Cl
1.00-1.00], p=0.02), being male (OR 2.16 [95% Cl 1.57-2.96], p<0.001), older (OR 1.01 [95% CI 1.00-
1.03], p=0.02), poorer (OR 1.25 [95% Cl 1.15-1.36], p<0.001) and not in paid employment (OR 1.86
[95% Cl 1.23-2.79], p=0.003, Table 7, Page 62). Households of patients who had MDR TB were more

likely to incur catastrophic costs (54% MDR [95% Cl 43-64] versus 38% non-MDR [95% Cl 34-41],
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p<0.003, Figure 8, Page 74). When the catastrophic costs multivariable regression analyses were
repeated with total costs as a proportion of annual income analysed as a continuous outcome
variable (instead of a dichotomous variable above versus below a threshold indicating catastrophic

costs), the results and patterns of significance were similar (Table 8, Page 63).

Catastrophic costs and adverse TB outcome: Of the 725 patients with both TB outcome and
catastrophic costs data, 166 (23%) had an adverse TB outcome. In multivariable regression analysis,
having MDR TB was most strongly associated with adverse TB outcome (OR 8.4 [95% Cl 4.7-15],
p<0.001). Having had previous TB (OR 2.1 [95% Cl 1.3-3.5], p=0.005), having more days off work prior
to TB diagnosis (OR 1.01 [95% Cl 1.00-1.01], p=0.02) and incurring catastrophic costs (OR 1.7 [95% ClI
1.1-2.6], p=0.01, Table 9, Page 64, and Figure 9, Page 75) were also independently associated with
adverse TB outcome. When the adverse TB outcome multivariable regression analyses were
repeated with total costs as a proportion of annual income analysed as a continuous outcome
variable (instead of a dichotomous variable above versus below a threshold indicating catastrophic
costs), the results and patterns of significance were similar (Table 10, Page 65). The likelihood ratio
test did not reveal any interaction between having MDR TB and incurring catastrophic costs (whether

analysed using quantiles of costs as a continuous variable or using our catastrophic costs threshold).

Population attributable fraction. The unadjusted population attributable fraction of adverse TB
outcomes explained by catastrophic costs was 26% [95% ClI 14—36], similar to MDR TB 23% [95% Cl
17-28]. When catastrophic costs, MDR TB and previous TB episode were included in the
multivariable regression model, the adjusted population attributable fraction of adverse TB
outcomes explained by catastrophic costs and MDR TB was similar; 18% [95% Cl 6.9-28] for

catastrophic costs and 20% [95% Cl 14—-25] for MDR TB.

Sensitivity analysis of other catastrophic costs thresholds. Using a threshold of total costs of 10% or
more of annual income, 578 patients (66%) incurred catastrophic costs. When this threshold was

increased to total costs of 15% or more of annual income, 457 patients (52%) incurred catastrophic
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costs. Finally, at a threshold of total costs of 25% or more of annual income, 281 patients (32%)
incurred catastrophic costs. When these thresholds were included in the multivariable regression
models, it was found that catastrophic costs at a threshold of 10% or more, or 15% or more, of
annual income were not independently associated with adverse TB outcome (Table 11, Page 66, and
Table 12, Page 67). Conversely, catastrophic costs at a threshold of 25% of annual income were

independently associated with adverse TB outcome (Table 13, Page 68).

Discussion

In this prospective cohort study of impoverished TB patients in Peruvian shantytowns, accessing free
TB care was expensive for poor TB patients, especially those with MDR TB. Our novel findings also
define the evidence-based threshold of total costs greater than 20% of annual income as
catastrophic for TB-affected households. Moreover, an additional sensitivity analysis revealed that
other recognised catastrophic costs thresholds (such as expenses equal to or greater than 10% and
15% of annual income) did not identify any association between catastrophic costs and adverse TB
outcome in this setting. Our new definition is innovative in demonstrating the strong association
between this 20% catastrophic costs threshold and the increased chances of adverse TB outcome,
independent of MDR TB status. Our population attributable fraction analysis supports this
observation by implying that a similar proportion of adverse TB outcomes may be averted by
eliminating catastrophic costs or MDR TB from the study population. Overall, our findings suggest
that the costs imposed on TB-affected households are not only financially but also clinically relevant

and highlight the importance of financial circumstances on TB epidemiology, outcome and control.

As in previous studies,*2>80

poorer people incurred the most catastrophic costs which they were less
able to afford, probably causing further impoverishment.?*33 In agreement with other findings, our

results indicate that costs as a proportion of that household’s income indicate economic challenge

better than actual monetary expenditures: this highlights the “medical poverty trap” that as incomes
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decrease, proportional costs increase.”?%2 In addition to exemplifying this medical poverty trap, our
results also show that being poorer was independently associated with incurring catastrophic costs.
Catastrophic costs in poor households can lead to financial shock: reducing consumption below
minimum needs; selling assets; and taking children out of education. These actions may in turn
increase stigmatization.?*8>103.104 Moreover, TB principally affects the most economically productive
age group and patient and household income decreases post-diagnosis ’° and may not return to pre-
diagnosis levels. Our study adds a new dimension to the social protection TB literature by showing
how catastrophic costs can also have significant clinical implications: loss of income and increasing
hidden costs have previously been associated with poor treatment adherence and high dropout rates
in TB patients >331% put their independent effect on long term TB outcome has not been previously
characterized. We hypothesize that the relationship we found between catastrophic costs and
adverse TB outcome may relate to a number of factors along the causal pathway from TB
susceptibility to illness to recurrence including: inadequate nutrition due to lower food spending,
more severe disease (both MDR and non-MDR TB), and barriers to cure due to the disproportionate
hidden costs associated with adherence to and completion of treatment. These adverse TB outcomes
associated with catastrophic costs may increase TB and MDR-TB transmission, especially in poorer

households. Thus catastrophic costs may worsen TB control.

Regardless of the mechanisms mediating the association between catastrophic costs and adverse TB
outcome, the policy implications of our findings are clear: future TB prevention strategies should
incorporate social protection to mitigate decreased economic production, loss of employment, TB-
associated poverty, and reduce the clinical vulnerability of TB patients. This highlights the potential
role of social protection not just as a poverty-reduction strategy, but also as a tool to improve

disease control and, ultimately, health.%%%!

Our previous social protection intervention project “ISIAT” provided evidence that in Peru

multidisciplinary social protection intervention can improve adherence and completion of TB
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treatment and prophylaxis.’® Social protection interventions targeting disadvantaged and vulnerable
populations have shown much promise in Latin America 1% with conditional cash transfer projects
such as “Progresa” in Mexico.” In order for these programs to be adopted on a larger scale and
reduce the social health gradient, they require a rigorous evidence base that is currently lacking. Our
present study suggests that by reducing catastrophic costs, social protection has the potential to

protect families from TB illness and deepening poverty 24108

Despite TB treatment being free of direct charges in Peru, overall TB-affected households’ costs were
high and similar pre-treatment versus during treatment. Regardless of MDR status, higher total
expenses were incurred in those who had longer symptom duration, consistent with the known
association of increased expenses and diagnostic delay.3° A strength of our study is that it analysed
patients with both MDR and non-MDR TB and found that expenses as a proportion of household
annual income were significantly higher in MDR patients as has been noted in other Latin American

countries.1%110

Medical expenses made up the largest proportion of pre-treatment direct expenses, probably
because TB care was only provided free of charge when TB was being tested for or after TB was
diagnosed. Consequently, formal medical care for the presenting illness was often expensive for the
patient prior to TB being suspected and/or diagnosed.3*'! We found no evidence of healthcare
providers requesting the “informal” or “under the table” costs that have been reported in other

countries.3?

Extending findings from previous studies,?>792% |ost income formed the majority of the economic
burden of total expenses and TB patients, especially those with MDR TB, were more likely than
controls to have a lower income, to be without paid work or to be missing work due to TB-related
illness. In addition, having more days off work due to TB illness was independently associated with
having an adverse TB outcome. These results suggest that the socioeconomic and employment

situation of TB patients is often precarious and this may negatively impact their health, as has been
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found in another study.'!? Indeed, our finding that having more days off work due to TB illness was
independently associated with both incurring catastrophic costs and having an adverse TB outcome
suggests that TB illness in such patients may be more severe or advanced and financial shock more

likely.

Some definitions of catastrophic costs incorporate signs of financial shock when a household is
forced to employ coping mechanisms such as: sacrifice of basic needs; selling assets; selling
household items; removing children from education; and incurring formal or informal

debt 8+8>103.104113,114 Others have defined costs as catastrophic when they exceed 10-40% of annual
household or individual income 8284113115 or 40% or more of a household’s “capacity to pay” (the
effective income remaining for non-food spending 888%103.116-118 l ;t this approach may be too narrow
and potentially misleading to policy makers because it overlooks lost income.%°! A strength of the
threshold of catastrophic costs that our results defined is that it includes not only “out-of-pocket”
direct expenses but also lost income and that it is proven to be clinically relevant. Specifically, our

82,85

definition was calculated from serial, prospective data of household expenses, actual household

income 311>

and long-term TB outcomes of a cohort of impoverished TB patients in Peruvian
shantytowns. It has been estimated that 4% of households in Peru incur catastrophic health
expenditure when aiming to meet overall health needs.''® Rates of catastrophic health expenditure
in our cohort were much higher than the general population. This may be due to TB-affected
households being poorer, the TB treatment model in Peru having greater hidden costs for TB patients

or that we included lost income to calculate catastrophic costs whereas only direct expenses were

used in some other studies.'*®

The sensitivity analysis we performed showed that the proportion of patient households incurring
catastrophic costs was similar to other studies that used varying thresholds: at a threshold of total
costs of 10% or more of annual income, 65% of our cohort incurred catastrophic costs compared to

66-75% in related studies from Africa;®%” at a threshold of total costs of 15% and 25% or more of
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annual income, 52% and 32% of our cohort had catastrophic costs compared to 68% and 48%
respectively in a cohort from Africa.®” More importantly, the sensitivity analysis also showed that
thresholds of total costs of 10% and 15% or more of annual income were not independently
associated with adverse TB outcome in this setting. Our results demonstrate that these previously
published arbitrary thresholds for catastrophic costs that were defined without patient follow-up
were not associated with adverse tuberculosis outcomes of TB patients in our setting. Thus our
findings provide the first evidence-based threshold for clinically-relevant catastrophic costs and

demonstrate a methodology to assess the generalizability of this threshold in other settings.

This study has several limitations. Firstly, cases and controls were not matched in this study because
controls were specifically included to provide an estimate of typical income and expenditure in this
community to be compared with TB patients at baseline. Matching would have impaired this
comparison. A baseline difference was noted in debts at recruitment, a proxy for “dissaving”. Poorer
households have diminished access to establishments that offer formal loans (e.g. banks) because of
their uncertain repayment capacity and/or lack of requisites such as a national identity card.®
However, even if controls had been matched to cases, controls may still have had higher debt than
patients because households were not eligible for some loans due to serious ill health or if they were
extremely poor.'®> Apart from debt, no other data was collected on specific “dissaving” coping
mechanisms (including using savings, taking loans, taking children out of education, and selling
assets). In the CRESIPT study (see Chapters 5 and 6), we overcame this deficiency and collected
comprehensive dissaving data for analysis complementary to the direct and indirect costs data. In
addition, despite costs being calculated at a household level (i.e. transport costs included both
patients’ and/or carers’ transport costs), data was not collected on the indirect costs of lost
work/labour for patients’ guardians/carers for whom the loss may not be monetary (e.g. pastoralists
or houseworkers). Secondly, the data available did not allow assessment of an existing WHO
definition of catastrophic costs (40% or more of a household’s capacity to pay)'*° against which other

studies have compared.'? Moreover, while the catastrophic costs threshold of >20% established by
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this research was appropriate because adjusted population attributable fraction showed it to be
associated with the greatest number of adverse TB treatment outcomes (hence eliminating
catastrophic costs at this threshold would have the greatest impact on reducing adverse TB
treatment outcomes), the sensitivity and specificity of the threshold were both low. However, the
threshold was never intended to be equivalent to a “rule-in” or “rule-out” prognostic marker of the
possibility of adverse TB outcome. Thirdly, we may have underestimated the financial effects of MDR
TB because our questionnaires quantifying costs continued for only 6-months whereas patients with
MDR TB are usually treated for 18 months or more. We decided a priori to analyse the catastrophic
costs of both MDR and non-MDR patients together given their equal follow-up and small numbers of
MDR TB patients. Fourthly, the study did not collect qualitative data on how the patients and their
household members viewed the financial strain placed upon the household and what they perceived
as “catastrophic”; this omission was corrected in the initial phase of the CRESIPT study as described
in Chapters 5 and 6. Finally, our research demonstrates a new methodology that should be repeated

in other settings to assess the external validity of our findings.
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Conclusions

Despite free TB care, having TB disease was expensive for impoverished TB patients in Peru to afford.
Higher relative costs were associated with greater likelihood of adverse TB outcome. Having MDR TB
and incurring catastrophic costs were independently associated with a similar adjusted population
attributable fraction for adverse TB outcome. Thus, catastrophic costs were an indicator of both
financial and clinical vulnerability. Mitigating catastrophic costs through social protection
interventions as well as diagnosing and treating MDR TB deserve attention in TB control programs. In
conclusion, control interventions must consider TB as an infectious and socioeconomic problem and

address both the clinical and financial aspects of this public health challenge.
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Table 5: Annual inflation rate of the Peruvian Sol and exchange rate of the Peruvian Sol
to the United States (US) Dollar, 2002-2009

Year Inflation rate (%) Exchange rate Peruvian Soles to US
Dollar

2002 0.192 0.284

2003 2.261 0.287

2004 3.662 0.432

2005 1.618 0.484

2006 2.001 0.305

2007 1.779 0.319

2008 5.788 0.342

2009 2.935 0.334

Source: International Monetary Fund —World economic outlook 2011: a survey by the staff of the
International Monetary Fund. Washington, DC: International Monetary Fund, 1980-2011; ISBN 978-1-
61635-119-9

http://www.imf.org/external/pubs/ft/weo/2011/02/pdf/text.pdf
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Table 6: Comparison of mean monthly earnings of patient households by treatment

stage. Mean monthly earnings are shown in Peruvian Soles and in brackets as a proportion of mean
monthly average cohort earnings. Confidence intervals below earnings are those of mean monthly
earnings in Peruvian Soles. P values represent the difference in earnings between treatment stages
by Student’s t test. From left to right, data and p values correspond to all patients, non-MDR patients

and MDR patients. In addition to the p values shown in the table, there was also a significant

difference between intensive and continuation treatment phases in all (p<0.001) and non-MDR

(p<0.001) patients but not in MDR (p=0.1) patients.

Pre-treatment
(n=876)

During treatment
(n=876)

Intensive
treatment phase
(n=876)

Continuation
treatment phase
(n=876)

Earnings as mean monthly Peruvian Soles and proportion of mean monthly
average cohort earnings [95% Cl]

. Non-MDR MDR
All patients ) .
p value patients p value patients p value
(n=876)
(n=783) (n=93)
510 (1.09) 511 (1.09) 497 (1.07)
[481 - 539] [482 - 540] [381-613]
434 (0.93)  <0.001 436 (0.94) <0.001  418(0.90) 0.09
[415 - 453] [416 - 456] [341-495]
379 (0.81)  <0.001 379 (0.81) <0.001 376 (0.81) 0.1
[358 - 400] [357 - 401] [295 - 457]
454 (0.97) 0.001 457 (0.98) 0.0003 424 (0.91) 0.1
[431-477] [434 - 480] [339-509]
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Table 7: Factors associated with incurring catastrophic costs. Factors associated (p<0.15)

with catastrophic costs in univariable regression were included in the multivariable regression
analysis (those not included are marked with a dot). 95% confidence intervals (95% Cl) are shown in

parenthesis. All patients (n=876) had data available and entered the univariable and multivariable

logistic regression analyses. NA indicates that earnings at recruitment was not entered into multiple
regression analysis because it is strongly and acutely affected by having TB disease

Demographics
Age; mean years [95% Cl]

Sex; males [95% ClI]

Socioeconomic and health
factors

Completed secondary school;
[95% CI]

BMI; [95% CI]

Previous TB episode; [95% ClI]

Earnings at recruitment; [95%
(d]|

Patient without paid
employment; [95% Cl]

Debts at recruitment;* [95% Cl]

Poverty; [95% CI] household
poverty score

Current tuberculosis episode
Symptom duration; % [95% ClI]

MDR; % [95% ClI]

Days too unwell to work prior
to treatment; [95% Cl]

Multivariable logistic

Univariable regression
OR P OR p

1.02 0.001 1.01 0.02
[1.01-1.03] [1.00-1.03]

1.86 <0.001 2.16 <0.001
[1.40-2.47] [1.57-2.96]

0.73 <0.03 1.06 0.7
[0.55-0.96] [0.77-1.46]

0.97 0.2
[0.92-1.01] .

1.48 0.03 1.16 0.5
[1.04-2.10] [0.79-1.71]

0.99 <0.001 NA NA
[0.99-1.00] NA

1.42 <0.06 1.86 0.003
[0.99-2.05] [1.23-2.79]

1.00 0.1 1.00 0.02
[0.99-1.00] [1.00 - 1.00]

1.26 <0.001 1.25 <0.001
[1.17-1.35] [1.15-1.36]

1.003 0.002 1.00 0.06

[1-1.005] [1.00-1.00]

1.92 0.003 1.61 <0.06
[1.25-2.96] [0.98-2.64]

1.01 <0.001 1.00 0.03
[1.00-1.02] [1.00-1.01]

* Debt at recruitment was used in the final multivariable regression model rather than total debt (debt at
recruitment plus debt at 24 weeks of treatment) as only 461 patients had 24-week debt data available

62



Table 8: Factors associated with total costs as a proportion of annual income. Total costs
as a proportion of annual income data had a non-Gaussian distribution so this variable was transformed to its
base-10 logarithm for regression analysis. Factors associated (p<0.15) with increasing costs in univariable linear
regression were included in the multivariable analysis (those variables not included are marked with a dot).
95% confidence intervals are shown in parentheses. NA indicates that earnings at recruitment was not entered
into multiple regression analysis because it is strongly and acutely affected by having TB disease. All patients
(n=876) had data available and were included in the univariable and multivariable linear regression analyses.

Multivariable logistic

Univariable regression
Coefficient P Coefficient P
Demographics
Age; mean years [95% Cl] 0.0053 <0.001 0.0038 0.002
[0.0028-0.077] [0.0014-0.0061]
Sex; males [95% Cl] 0.12 <0.001 0.12 <0.001
[0.056-0.19] [0.060-0.19]
Socioeconomic and health
factors
Completed secondary
school; [95% CI] -0.19 <0.001 -0.012 0.7
[-0.18 - -0.054] [-0.078-0.055]
BMI; [95% Cl] -0.0056 0.3
[-0.016 - 0.047]
Previous TB episode; [959
c'lr]e‘"°”s episode; [95% 0.12 0.004 0.074 0.08
[0.039-0.21] [-0.0077-0.16]
[E:;;"égl; strecruitment; -0.00029 <0.001 NA NA
(1]
[-0.00036 - -
0.00021] NA
Patient without paid
employment; [95% CI] 0.094 <0.03 0.13 0.001
[0.010-0.18] [0.031-0.065]
H . 0,
Eﬁbts at recruitment; [95% 0.000014 0.2
[0.000006 —
0.000038]
P ; [95% CI] h hol
overty; [95% CI] household 0.060 <0.001 0.048 <0.001
poverty score
[0.044-0.076] [0.034-0.067]
Current tuberculosis episode
H ) 0,
z‘l’]mpmm duration; % [95% 0.0011 <0.001 0.00080 <0.001
[0.00070-0.0016] [0.00037-0.0012]
MDR; % [95% Cl] 0.17 0.001 0.075 0.2
[0.068-0.29] [-0.028-0.18]
Days too unwell to work
0.0024 <0.001 0.0010 <0.05

prior to treatment; [95% Cl]
[0.0014-0.0034]

[0.000059-0.0020]
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Table 9: Univariable and multivariable logistic regression of factors associated with

adverse TB outcome. Adverse TB outcome was defined as death during treatment, treatment
failure or abandonment, and recurrence of TB within 30 months of starting treatment. Factors
associated (p<0.15) with adverse TB outcome in univariable regression were included in the
multivariable regression analysis. NA indicates that earnings at recruitment was not entered into
multiple regression analysis because it is strongly and acutely affected by having TB disease. 725/876
(83%) of patients had TB outcome data available and entered the univariable and multivariable

logistic regression analyses.

Demographics
Age; mean years [95% Cl]

Sex; males [95% ClI]

Socioeconomic/health factors
Completed secondary school; [95%

cl
BMI; [95% CI]

Previous TB episode; [95% ClI]

Income at recruitment; per month in
Peruvian soles; [95% ClI]

Patient without paid employment at
treatment; [95% Cl]

Debt at recruitment;* [95% ClI]

Poverty; [95% Cl] household poverty
score

Current tuberculosis illness
MDR; [95% CI]

Symptom duration; [95% Cl]

Days too unwell to work prior to
treatment; [95% Cl]

Catastrophic TB costs (20% or more
of annual income); [95% ClI]

Univariable Multivariable logistic regression

OR p OR P

1.01 0.06 1.00 0.6

[1.0-1.02] [0.99-1.02]

1.53 0.02 1.25 0.3
[1.07-2.20] [0.80-1.95]

0.66 <0.03 0.71 0.1
[0.46-0.95] [0.45-1.11]

0.93 0.01 0.95 0.2
[0.87-0.98] [0.89-1.03]

2.95 <0.001 2.11 0.005
[1.92-4.52] [1.26-3.54]

1.00 0.2 NA NA
[0.99 - 1.00]

1.47 0.1 1.25 0.5
[0.79-1.02] [0.70-2.24]

1.00 0.1 1.00 0.7
[0.99-1.00] [0.89-1.12]

1.10 <0.05 1.00 1.0
[1.00-1.20] [1.00-1.01]

8.38 <0.001 8.37 <0.001
[5.04-13.93] [4.67-15.0]

1.00 <0.05 1.00 0.7
[1.00-1.01] [1.00-1.01]

1.01 <0.001 1.01 0.02
[1.00-1.01] [1.00-1.01]

2.36 <0.001 1.72 0.01
[1.62-3.43] [1.11-2.64]

* Debt at recruitment was used in the final multivariable regression model rather than total debt (the sum of
debt at recruitment plus debt at 24 weeks of treatment) as only 461 patients had 24-week debt data available

64



Table 10: Univariable and multivariable logistic regression of factors (including costs as

a continuous variable) associated with adverse outcome. Adverse outcome is defined as death
during treatment, treatment failure or abandonment, and recurrence of TB within 30 months of starting

treatment. Total costs as a proportion of annual income data had a non-Gaussian distribution so this variable
was transformed to its base-10 logarithm for regression analysis. Factors associated (p<0.15) with adverse
outcome in univariable logistic regression were included in the multivariable logistic regression analysis. NA
indicates that earnings at recruitment was not entered into multiple regression analysis because it is strongly
and acutely affected by having TB disease. 725/876 (83%) of patients had outcome data available.

Demographics
Age; mean years [95% Cl]

Sex; males [95% ClI]

Socioeconomic and health factors

Completed secondary school; [95% Cl]

BMI; [95% Cl]

Previous TB episode; [95% ClI]

Income at recruitment; per month in
Peruvian soles; [95% Cl]

Patient without paid employment at
treatment; [95% Cl]

Debts; [95% ClI]

Poverty; [95% Cl] household poverty
score

Current tuberculosis illness
MDR; [95% ClI]

Symptom duration; [95% Cl]

Days too unwell to work prior to
treatment; [95% Cl]

Total costs as a proportion of annual
income (log transformed)*; [95% ClI]

Univariable Multivariable logistic regression
OR P OR P
1.01 0.06 1.00 0.7
[1.0-1.02] [0.99-1.02]

1.53 0.02 1.26 0.3
[1.07-2.20] [0.81-1.95]

0.66 <0.03 0.72 0.2
[0.46-0.95] [0.46-1.13]

0.93 0.01 0.95 0.2
[0.96-1.00] [0.89-1.02]

2.95 <0.001 2.07 0.006
[1.92-4.52] [1.24-3.48]

1.00 0.2 NA NA
[0.99 - 1.00]

1.47 0.1 1.24 0.5
[0.79-1.02] [0.69-2.22]

1.00 0.1 1.00 0.8
[0.99-1.00] [1.00-1.00]

1.10 <0.05 1.00 1.0
[1.00-1.20] [1.00-1.00]

8.38 <0.001 8.38 <0.001
[5.04-13.93] [4.68-15.0]

1.00 <0.05 1.0 0.7
[1.00-1.01] [1.00-1.00]

1.01 <0.001 1.00 0.2
[1.00-1.01] [1.00-1.01]

2.53 <0.001 1.84 0.007
[1.77-3.61] [1.18-2.88]

*if the non-Gaussian original total costs as a proportion of annual income is used instead of the
transformation to base-10 logarithm the association is similar: Univariable logistic regression OR 1.69
[95% Cl 1.33-2.15] p<0.001, multivariable logistic regression (same pattern of significance as shown)

OR 1.56 [95% CI 1.22-1.98], p<0.001
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Table 11: Univariable and multivariable logistic regression of factors (including 10%

threshold for catastrophic costs) associated with adverse outcome. Adverse outcome is
defined as death during treatment, treatment failure or abandonment, and recurrence of TB within 30 months
of starting treatment. Factors associated (p<0.15) with adverse outcome in univariable logistic regression were
included in the multivariable logistic regression analysis. NA indicates that earnings at recruitment was not
entered into multiple regression analysis because it is strongly and acutely affected by having TB disease.

725/876 (83%) of patients had outcome data available and entered the univariable and multivariable logistic

regression analyses. In contrast to Table 9 (Page 64), in this table total costs 210% of annual income were used

as the threshold for catastrophic costs

Univariable Multivariable logistic regression
OR p OR P
Demographics
Age; mean years [95% Cl] 1.01 0.06 1.01 0.5
[1.0-1.02] [0.99-1.02]

Sex; males [95% ClI] 1.53 0.02 1.37 0.2
[1.07-2.20] [0.89-2.12]

Socioeconomic and health factors

. 0,

E:)]mpleted secondary school; [95% 0.66 <0.03 072 01
[0.46-0.95] [0.46-1.12]

BMI; [95% CI] 0.93 0.01 0.95 0.2
[0.96-1.00] [0.89-1.03]

Previous TB episode; [95% ClI] 2.95 <0.001 2.13 0.004
[1.92-4.52] [1.28-3.57]

Income at recruitment; per month in

Peruvian soles; [95% CI] 1.00 0.2 NA NA
[0.99 - 1.00]

Patient without paid employment at

treatment; [95% Cl] 1.47 0.1 1.34 0.3
[0.79-1.02] [0.75-2.39]

Debts; [95% ClI] 1.00 0.1 1.00 0.9
[0.99-1.00] [1.00-1.00]

. 0,

Poverty; [95% CI] household poverty 1.10 <0.05 1.03 0.6

score
[1.00-1.20] [0.92-1.16]

Current tuberculosis illness

MDR; [95% ClI] 8.38 <0.001 8.76 <0.001
[5.04-13.93] [4.90-15.7]

Symptom duration; [95% Cl] 1.00 <0.05 1.0 0.9
[1.00-1.01] [1.00-1.01]

Days too unwell to work prior to

treatment; [95% CI] 1.01 <0.001 1.00 0.2
[1.00-1.01] [1.00-1.01]

Catastrophic costs threshold 210% of

annual income; [95% Cl] 1.47 <0.05 103 0.9
[1.01-2.14] [0.65-1.63]
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Table 12: Univariable and multivariable logistic regression of factors (including 15%

threshold catastrophic costs) associated with adverse outcome. Adverse outcome is defined
as death during treatment, treatment failure or abandonment, and recurrence of TB within 30 months of
starting treatment. Factors associated (p<0.15) with adverse outcome in Univariable logistic regression were
included in the multivariable logistic regression analysis. NA indicates that earnings at recruitment was not
entered into multiple regression analysis because it is strongly and acutely affected by having TB disease.
725/876 (83%) of patients had outcome data available and entered the Univariable and Multivariable logistic
regression analyses. In contrast to Table 9 (Page 64), in this table total costs 215% of annual income were used

as the threshold for catastrophic costs

Univariable Multivariable logistic regression
OR P OR p
Demographics
Age; mean years [95% Cl] 1.01 0.06 1.00 0.5
[1.0-1.02] [0.99-1.02]

Sex; males [95% ClI] 1.53 0.02 1.3 0.2
[1.07-2.20] [0.84-2.02]

Socioeconomic and health factors

. 0,

E:)]mpleted secondary school; [95% 0.66 <0.03 072 01
[0.46-0.95] [0.46-1.12]

BMI; [95% CI] 0.93 0.01 0.95 0.2
[0.96-1.00] [0.89-1.03]

Previous TB episode; [95% ClI] 2.95 <0.001 2.14 0.004
[1.92-4.52] [1.28-3.58]

Income at recruitment; per month in

Peruvian soles; [95% CI] 1.00 0.2 NA NA
[0.99 - 1.00]

Patient without paid employment at

treatment; [95% Cl] 1.47 0.1 1.30 0.4
[0.79-1.02] [0.73-2.32]

Debts; [95% ClI] 1.00 0.1 1.0 0.8
[0.99-1.00] [1.0-1.0]

. 0,

Poverty; [95% CI] household poverty 1.10 <0.05 101 0.8

score
[1.00-1.20] [0.90-1.14]

Current tuberculosis illness

MDR; [95% ClI] 8.38 <0.001 8.61 <0.001
[5.04-13.93] [4.82-15.4]

Symptom duration; [95% ClI] 1.00 <0.05 1.0 0.8
[1.00-1.01] [1.00-1.00]

Days too unwell to work prior to

treatment; [95% CI] 1.01 <0.001 1.00 0.2
[1.00-1.01] [1.00-1.01]

Catastrophic costs threshold 215% of

annual income; [95% Cl] 1.78 0.002 1.35 0.2
[1.25-2.53] [0.88-2.09]
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Table 13: Univariable and multivariable logistic regression of factors (including 25%

threshold catastrophic costs) associated with adverse outcome. Adverse outcome is defined
as death during treatment, treatment failure or abandonment, and recurrence of TB within 30 months of
starting treatment. Factors associated (p<0.15) with adverse outcome in univariable logistic regression were
included in the multivariable logistic regression analysis. NA indicates that earnings at recruitment was not
entered into multiple regression analysis because it is strongly and acutely affected by having TB disease.
725/876 (83%) of patients had outcome data available and were included in the univariable and multivariable
logistic regression analyses. In contrast to Table 9 (Page 64) in this table total costs 225% of annual income

were used as the threshold for catastrophic costs

Univariable Multivariable logistic regression
OR p OR P
Demographics
Age; mean years [95% Cl] 1.01 0.06 1.00 0.8
[1.0-1.02] [0.99-1.02]

Sex; males [95% ClI] 1.53 0.02 1.23 0.4
[1.07-2.20] [0.79-1.92]

Socioeconomic and health factors

. 0,

E:)]mpleted secondary school; [95% 0.66 <0.03 0.70 01
[0.46-0.95] [0.45-1.10]

BMI; [95% CI] 0.93 0.01 0.95 0.2
[0.96-1.00] [0.89-1.03]

Previous TB episode; [95% ClI] 2.95 <0.001 2.18 0.003
[1.92-4.52] [1.30-3.65]

Income at recruitment; per month in

Peruvian soles; [95% CI] 1.00 0.2 NA NA
[0.99 - 1.00]

Patient without paid employment at

treatment; [95% Cl] 1.47 0.1 1.23 0.5
[0.79-1.02] [0.69-2.20]

Debts; [95% ClI] 1.00 0.1 1.00 0.8
[0.99-1.00] [1.00-1.00]

. 0,

Poverty; [95% CI] household poverty 1.10 <0.05 1.00 0.9

score
[1.00-1.20] [0.89-1.13]

Current tuberculosis illness

MDR; [95% ClI] 8.38 <0.001 8.30 <0.001
[5.04-13.93] [4.63-14.9]

Symptom duration; [95% ClI] 1.00 <0.05 1.00 0.8
[1.00-1.01] [1.00-1.00]

Days too unwell to work prior to

treatment; [95% CI] 1.01 <0.001 1.00 0.2
[1.00-1.01] [1.00-1.01]

Catastrophic costs threshold 225% of

annual income; [95% Cl] 2.59 <0.001 1.98 0.002
[1.81-3.71] [1.28-3.07]
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Box 1: Glossary of operational definitions of TB disease, treatment, outcome, and costs

TB Disease

MDR: Those patients initially prescribed an MDR treatment regimen or who had a sputum test positive
for MDR TB by the Microscopic-Observation Drug-Susceptibility (MODS) assay or the proportions assay

Non-MDR TB: All patients recruited to the study not meeting the definition for MDR TB
TB Treatment Phases*

Pre-treatment: the period of time from self-reported onset of TB-related symptoms until treatment
initiation
Intensive treatment phase: the first two consecutive months of TB treatment

Continuation treatment phase: the four consecutive months immediately following intensive
treatment phase

During treatment: the period of time spanning from the beginning of the intensive phase to the end of
continuation treatment phases

Entire illness: the period of time from the onset of TB-related symptoms to the end of the continuation
treatment phase

TB Treatment Outcome

Adverse tuberculosis outcome: patients who died during treatment (irrespective of cause),
abandoned treatment, had treatment failure or had recurrent TB disease within 30 months of
starting TB treatment

No adverse tuberculosis outcome: patients who were declared cured by the TB program and had no
recurrence of TB disease within 30 months of starting treatment were defined as having good
treatment outcome. Patients who were transferred away or were lost to follow-up were considered
to have undefined outcome

TB Costs

Direct (“out of pocket”) expenses: the sum of the direct medical expenses and direct non-medical
expenses

Direct medical expenses: costs of medical examinations and medicines

Direct non-medical expenses: costs of natural remedies, TB-care related transport, extra food, and
other miscellaneous expenses

Lost income (indirect expenses): the income the patient estimated that the household lost due to TB
illness or tuberculosis-related time off work (such as attending clinics) since a) symptom onset until
the recruitment interview and since b) the previous interview date until subsequent interviews

Total expenses: direct expenses plus lost income
Earnings: the monthly money actually received by the household

Income: the monthly money that would have been earned by the household if it were not TB-affected
(earnings plus lost income)

Catastrophic costs: the threshold at which total household expenses as a proportion of annual
income were most strongly associated with adverse tuberculosis outcome. The strength of the
association was assessed by the highest sensitivity, specificity and population attributable fraction
for adverse outcome

*These treatment definitions apply to all TB patients, irrespective of whether they had MDR or non-MDR TB
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I Lost income | s69(59) | 251(54) | 317(65) | 182(69) | 135(60) |
[ Other expenses 31 (8) 12 (5) 20 (12) 8 (10) 12 (13)
o (@
g ~ Extra food 69 (18) 32 (15) 37 (21) 18 (24) 18 (20) L Non-medical
g Transport 62 (16) 27 (12) 35 (20) 17 (21) 19 (20)
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5 |m  Medicines 99 (25) 69 (31) 30 (18) 15 (18) 15 (17)
Total direct expenses 392 (41) 221 (46) 172 (35) 80 (31) 92 (40)
[ Total expenses | 961(100) | 472(100) | 489(100) | 262 (100) | 227 (100) |

Figure 5: Lost income, constituent direct expenses, and total expenses by treatment

stage in mean soles and as a proportion of mean monthly household income. The top
row shows lost income in mean Peruvian Soles and, in parenthesis, as a percentage of total expenses.
The next 6 rows show constituent direct expenses in mean Peruvian Soles and, in parenthesis, as a
percentage of total direct expenses. “Medical” expenses are defined as the sum of direct expenses
for medicines (blue bar) and clinical exams (dark blue bar); “non-medical” expenses are defined as
the sum of direct expenses for natural remedies, TB-care related transport, extra food, and other TB-
related expenses. The lowermost two rows show total direct expenses (i.e. sum of medicines, clinical
exams, natural remedies, transport, extra food, and other expenses) and total expenses in mean
Peruvian soles and, in parenthesis, as a percentage of total expenses. P values represent the
difference between treatment stages by Student’s t test. 23/876 (2.6%) of the TB patient cohort had
direct expenses of “0” Peruvian soles and 14/876 (1.6%) had total expenses of “0” Peruvian soles and
thus these zero values were replaced with 0.5 Peruvian soles per day
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Figure 6: Expenses and economic burden of TB illness across poverty terciles. a. Total expenses as proportion of annual income (left sided graph) b. Direct
expenses (right-sided graph). P values represent Pearson’s coefficient of trend. Bars represent confidence intervals. The numbers in the three left-sided dark grey bars
of part a. refer to the left hand y-axis of total expenses as a proportion of annual household income. The numbers in the three right-sided light grey bars of part b. refer

to the right hand y-axis of direct expenses in mean Peruvian soles.
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Figure 7: Sensitivity, specificity and univariable population attributable fraction of the association of total expenses as a proportion of annual

income with adverse TB outcome. Total household TB-associated costs were defined as catastrophic when they exceeded 20% of household annual income
because this threshold had the highest sensitivity, specificity and population attributable fraction for association with adverse outcome.
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Figure 9: Percentage of patients experiencing an adverse TB outcome analysed by poverty, education level, symptom duration, previous TB,

catastrophic costs, and resistance profile. Error bars represent 95% confidence intervals. P values correspond to the association of each variable with adverse TB
outcome in univariable logistic regression except for poverty and symptom duration that were analysed as continuous variables. In multivariable regression analysis,
the following variables remained independently associated with adverse TB outcome: time too unwell to work (p=0.02); catastrophic costs (p=0.003); having had a
previous episode of TB (p=0.004); and currently having MDR TB (p<0.0001).
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Chapter 4: Designing and implementing a socioeconomic intervention to
enhance TB control: operational evidence from the CRESIPT project in Peru

This chapter is adapted from the peer-reviewed, published paper Wingfield et al “Designing and
implementing a socioeconomic intervention to enhance TB control: operational evidence from the CRESIPT
project in Peru.” BMC Public Health. 2015 Aug 21;15(1):810. doi: 10.1186/s12889-015-2128-0.12! The paper
is bound in PDF format in Appendix 4 of this thesis. With the support of the multi-disciplinary Innovation
For Health And Development team and the team leader and PhD supervisor, Dr Carlton Evans, the
candidate led this project from conception, design, implementation, and refinement of the intervention. In
addition, the candidate led the data analysis, manuscript write-up, and dissemination of results, including

as part of the World Health Organisation’s Task Forces on Catastrophic Costs and Social Protection.

Having identified poverty-related TB risk factors and TB-related catastrophic costs, the next part of this PhD
research focused on addressing these findings by designing and implementing one of the world'’s first TB-
specific socioeconomic interventions including cash transfers. The new knowledge generated by this paper
aimed to provide preliminary evidence with which to guide policy-makers in implementing the

socioeconomic interventions mandated in the World Health Organisation’s End TB Strategy.

This chapter describes the design and implementation of the intervention with particular focus on the
evolution of the elements of social and economic support provided to TB-affected households. Given its
descriptive contents, the chapter does not follow the standard scientific structure of Introduction,
Methods, Discussion, Results, and Conclusion and is instead divided into the headings: Introduction;
Conceiving the intervention; Designing and implementing the intervention; Lessons learnt and persisting
knowledge gaps; and Conclusions. Details concerning outcome measures, sample size calculation,

adjustment for clustering, randomisation, and recruitment are explored in more detail in Chapters 5 and 6.
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Introduction

Tuberculosis kills 5000 people per day,® mostly in resource-constrained settings. TB has long been
recognised as an illness inextricably linked with social deprivation and marginalisation.?>123 Poverty
predisposes individuals to TB>?2 and hidden costs associated with even free TB treatment can be
catastrophic: exacerbating poverty,?* leading to adverse TB treatment outcome, increasing TB transmission,
and potentially worsening TB control.’® Nevertheless, the global model for TB prevention, management and
research has been principally focused on biomedical rather than social approaches.??*1% There is a pressing
need to expand the traditional TB control paradigm based on case finding and treatment, in order to
embrace more holistic approaches that encompass the wellbeing of people and households living with TB
and communities affected by TB.>126713% Thijs vision has been formally acknowledged in the World Health
Organisation’s post-2015 global TB strategy® which, for the first time in the modern era of TB control,
explicitly identifies poverty reduction strategies, including universal health coverage and socioeconomic

interventions, as key pillars of the future global response to TB.148

Social protection and socioeconomic interventions consist of policies and programs designed to
reduce poverty and vulnerability by improving people’s capacity to manage social and/or economic risks,3!
and includes health insurance, food assistance, travel vouchers, and cash transfers.*32 Cash transfers
generally provide economic support to impoverished people with the aim of moving them out of extreme
poverty and vulnerability whilst improving human capital.*3138 Cash transfers are already used to modulate
behaviour in HIV/AIDS'*¥1%° and improve maternal health.'*! Mitigating poverty-related TB risk factors of
TB-affected households using cash transfers may be a cost-effective investment from a societal
perspective!® because it may support TB treatment, improve TB prevention and cure, and potentially
enhance TB control.}* However, there is little operational evidence to guide implementation or evaluate

the impact of TB-related socioeconomic support including cash transfer interventions.>1>17:18132-134,144-150

For over a decade, our research group (www.ifhad.org) has worked with TB-affected households in

the shantytowns of Callao, Peru. From 2007 to 2011, we conducted an assessment of Innovative
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Socioeconomic Interventions Against TB (ISIAT).' The interventions had two dimensions: i) education,
community mobilization, and psychosocial support to increase uptake of TB care; and ii) food transfers,
microcredit, microenterprise and vocational training to reduce poverty. This intervention increased
preventive chemotherapy in household contacts and HIV testing and TB treatment completion in TB

patients.?

Building on the lessons learnt during the ISIAT project, we designed a larger 6-year research project
called CRESIPT: a “Community Randomized Evaluation of a Socioeconomic Intervention to Prevent TB” to
test for impact on TB control. This paper aims to describe the challenges of implementation, lessons learnt,
and refinement of this complex social protection intervention to control TB, focusing on set up of a TB-
specific cash transfer scheme, and thus provide research groups, non-governmental organisations (NGOs),
civil-society representatives, policy-makers, stake-holders and the wider TB community with an interim
guidance document concerning the operational logistics of TB-adapted social protection interventions

involving cash transfers in resource-constrained settings.

Conceiving the intervention

Intervention objectives

The CRESIPT project aims to evaluate a socioeconomic intervention to support prevention and cure of TB in
TB-affected households and, ultimately, improve community TB control. The CRESIPT socioeconomic
intervention was developed over seven months in two contiguous suburbs in north of Peru’s capital, Lima:
Ventanilla, 15 peri-urban shantytown communities in which our research group has been recruiting
patients to an on-going cohort study for over a decade;*® and Callao, an area including 17 impoverished

urban communities.

The CRESIPT project was informed by our previous research,’® extensive expert consultation,’3? and a

systematic review!3? of cash transfer interventions published in 2011.
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We built upon an a priori conceptual framework reflecting the postulated pathways through which the
intervention could lead to improved TB control in the study site (Figure 10, Page 95). The intervention
outputs related to shared CRESIPT project and Peruvian National TB program goals: i. screening for TB in
household contacts and MDR-TB in TB patients; ii. adhering to TB treatment and preventive therapy; and iii.
engaging with CRESIPT social activities. Thus, our intervention targeted defined outcomes along the TB
causal pathway. In TB patients, we aimed to improve early diagnosis and treatment, provide support to
increase adherence to and completion of treatment, and achieve sustained cured. Amongst household

contacts living with these TB patients, we aimed to prevent TB.

The previous systematic review of cash transfer interventions was updated in 2014: Medline, Embase,
Global Health and HMIC databases were searched from 1% January 2011 onwards using the term
"Tuberculosis/economics"[Mesh] OR "Tuberculosis, pulmonary/economics"[Mesh] OR
"Tuberculosis/prevention and control"[Mesh] AND "Economic support" OR "Cash transfers”. This search
found only one randomized controlled trial of economic support to improve tuberculosis treatment
outcomes.'® Other necessary and informative literature on economic interventions did not meet inclusion
criteria for this systematic review because it either related specifically to HIV/AIDS (such as the IMAGE

)151

study)®®! or was limited by having no control group or impact assessment.8%1>2

A consultation process was undertaken to inform the project and its scope: a total of 135 formative
activities were conducted including multi-sectorial meetings, focus group discussion (FGDs), semi-
structured interviews, evidence reviews, and other expert consultations (Table 14, Page 92, and Figure 11,
Page 96). Specifically, with regards to qualitative work with intervention patients and household contacts,
an exit interview was conducted at 24 months that involved the patient and invited household members
during a household visit. The interview detailed their evaluation of the socioeconomic intervention both
qualitatively in free text comments and quantitatively through ranking the importance of the different
elements of the intervention (e.g. cash transfers, household visits, TB Club, educational workshop, and

interactions in the health post) for preventing and curing TB. In addition, at the end of each participatory
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community meeting, feedback forms were completed by all participants about their favourite elements of
the meetings and what could be improved (see Appendix 1). In addition to the TB-affected households, a
civil-society of ex-TB patients was formed and registered as an independent body (“LUPORFAT” — Lucha Por
Familias Afectadas por TBC / Advocates of families affected by TB). Members of the civil society were
trained to assist in the running of day-to-day project activities and given responsibility for patients within
their community. Civil society members also led the participatory community meetings. We conducted
monthly meetings concerning the project and the intervention’s uptake and acceptance with round table
discussions, brainstorming, and problem solving about how to refine and improve the intervention to be
both more accessible and acceptable to TB-affected families in the locality.
Table 15 (Page 93) summarises the critical review of the available evidence that occurred during the
planning process, and the manner in which this review subsequently informed the main operational design
and implementation decisions relating to some of the main aspects of the cash transfer intervention,
including: existing cash transfer schemes, conditionality, and transfer size.
Thus the planning process involving previous research, extensive expert consultation, and systematic
reviews of cash transfer interventions led to the design of a novel social protection intervention that aimed
to be locally-appropriate, feasible and sustainable, and consisted of:
e economic support: conditional cash transfers to reduce TB vulnerability, incentivise and enable care; and
e social support: household visits and participatory community meetings for information, mutual
support, stigma reduction, and empowerment.
The participatory community meetings, which are reported separately, consisted of an interactive
educational workshop concerning issues surrounding TB and household finances, and a “TB Club” in which
participants shared TB-related and other experiences in a support group format specifically adapted to the

local setting.
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Acceptability

To characterise operational challenges and the participants’ perspectives, we performed an acceptability
assessment using a mixed-methods approach. This involved the collection of quantitative and qualitative data
from participants, a civil society group of ex-patient community representatives, CRESIPT project staff, and

local and regional Peruvian TB Program staff and co-ordinators.

Ethical Approval

Approval was granted by the ethics committees of the Callao Ministry of Health, Peru; Asociacién Benéfica
PRISMA, Peru; and Imperial College London, UK. All interviewed participants gave written informed consent to

participate in the study and for subsequent publication of anonymised data.

Sample Size

The main outcome of this preliminary work of the CRESIPT study (reported elsewhere) was completion of
TB preventive therapy in household contacts of TB patients. TB patients had an average of five contacts and
25% of those eligible for TB preventive therapy completed it.}> Therefore, a priori, we calculated that 312
patients would give 80% statistical power to detect a 33% increase in the primary outcome comparing
intervention versus control households with two-sided 5% significance. The 312 patients recruited were
randomly assigned in a 1:1 ratio to the intervention arm (normal standard of care from the National TB
Program plus socioeconomic intervention) and control arm (normal standard of care from the National TB

Program).

Designing and implementing the intervention

Designing the conditional cash transfers

Targeting: to provide evidence to assist national TB programs considering implementing TB-related
socioeconomic interventions, our intervention exclusively targeted TB-affected households (i.e. was “TB-
specific”) rather than targeting all households living below the poverty line. The reasons for this decision were:

encouraging results from the TB-specific ISIAT project;® the urgent need for impact assessment and



operational evidence for TB-specific socioeconomic interventions; the lack of existing TB-specific or TB-
sensitive socioeconomic initiatives with which to feasibly collaborate in Peru; and the achievability of focusing
on relatively small numbers of TB patients versus much larger, operationally unmanageable numbers of people
at risk of TB in the wider community. In addition, it was expected that by working exclusively with TB-affected

families we would generate evidence concerning those sections of the community most at risk of TB.

Cash delivery strategy: Cash transfers directly into bank accounts were selected as the most locally-
appropriate way to deliver economic support because in the impoverished shantytown communities of the
study site there were many: local bank agencies; food or material vouchers had poor accessibility and
acceptability; direct cash transfers posed a security risk; and transfers using mobile-phone technology

153

potentially overlooked the most vulnerable patients®? and were prone to handset loss/theft, damage, or

faults.

Cash transfer size: Deciding on the size and duration of cash transfers was difficult because this has varied

154 our local catastrophic costs

considerably in past projects.’®*1> Learning from similar regional projects,
findings,'® and ongoing liaison and site visits from key policy-makers from WHO, Pan-American Health
Organisation, and the World Bank, we aimed to completely mitigate TB-related direct out-of-pocket
expenses, which was expected to be equivalent to 10% of median TB-affected household annual income in
the study site.? This amount was: empirically believed to be too small to act as a perverse incentive;4”15
affordable for a TB program in a resource-constrained country (expert opinion suggests that a
socioeconomic intervention that adds less than 50% to the cost of biomedical treatment but reduces TB risk

);%%%%7 |arge enough so

by 30-40% would be likely to justify policy change and widespread implementation
that poverty-related TB risk factors in TB-affected households may be reduced; and that incentivized and

enabled TB-affected households to achieve the shared goals of the Peruvian National TB Program and

CRESIPT project.



Cash transfer timing: We designed the intervention so that cash transfers would be provided throughout
treatment but weighted towards the first two months, when TB-affected households incur the majority of

hidden costs (Figure 13a, Page 98, and Figure 13b, Page 99).1%30:87

Cash transfer conditions, levels, and responsiveness: We stratified cash transfer incentives into “double”
and “simple” incentives. Double incentives were made for meeting the condition with “optimally” (i.e.
monthly adherence missing less than two daily tablets). Simple incentives were made for meeting a
condition “acceptably” (i.e. monthly adherence in which two or more tablets had been missed but the
patient had not abandoned treatment). Figure 12 (Page 97) summarizes seven different potential scenarios
of TB patients and the total amount of cash transfer incentives they would receive. Were a participant to
receive all the double incentives available throughout treatment, they would receive a total of 230 US
Dollars; for all simple incentives, they would receive a total of 115 US dollars (Figure 14a, Page 100, and
Figure 14b, Page 101). In situations in which TB treatment routinely extended beyond 6 months, such as
HIV-TB co-infection (9 months) or multi-drug resistant (MDR) TB (18 to 24 months), cash transfers
continued throughout the duration of treatment. The decision to stratify simple and double incentives was
taken in order to encourage a positive feedback loop of behaviour change through graded incentives whilst
increasing the opportunity for vulnerable patient groups to receive cash transfers even when they could

not achieve optimal behaviour.

Implementation of the conditional cash transfers

Banks: Of 10 banks visited, formal meetings were organised with four that aimed to: create a relationship with
the bank to achieve sustainable cash transfers throughout the study; identify charge-free appropriate

I”

accounts; create a “virtual” way of opening accounts to minimize paperwork, time spent “in branch”, and
travel-related patient costs; establish a mutually suitable day on which to accompany patients to open

accounts; and to clarify the bank’s accessibility in our study sites (i.e. branches and agencies).

Logistical concerns of the banks: The banks we consulted raised similar concerns about the proposed

intervention, including: infection risk; cash transfer flow; and difficulties opening accounts with patients who
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have no national identification, fixed abode, or are illiterate. We initially chose one bank that appeared to be
more likely to overcome these issues because it had a social inclusion department with previous involvement

in successful microfinance initiatives.

Opening bank accounts: Recruited patients with a negative sputum smear microscopy test (indicating low
infectiousness) were accompanied by our project staff to open a bank account. The account holder’s details
were then relayed to our project office with a copy of the bank’s original documents. In the case that the
patient was a minor, did not have legal capacity, wished for another household member to be the named bank
account holder, or had prolonged sputum smear positivity, then a household member was selected by the
patient or household to be the named bank account holder. Patient transport and time costs were reimbursed

by our project.

Cash transfer administration: The patient’s incentive card (Figure 13a, Page 98, and Figure 13b, Page 99) was
updated by the field nurses when each condition was achieved. Confirmation of completion was made through
liaison with the patient, review of CRESIPT project records (e.g. participatory community meeting attendance)
and Peruvian National TB Program records and treatment cards (e.g. medication adherence verification).
Signed incentives cards were returned to a project administrator who double digitized the data. Thus, a weekly
list of patients, their bank account details, and required transfers was generated. The same day, this list was
submitted electronically to a member of the social inclusion department of the bank, and the virtual transfers
made. The transaction codes and receipts generated were double digitized in the CRESIPT project database

and delivered to the patients in the health post by the CRESIPT field nurses.

Recruitment

From February to August 2014, we expanded project activities from 2 to 32 communities. As per the a priori
sample size calculations and study protocol, 312 consecutive TB patients from the study site were invited to
participate of whom 149 were randomized to receive the socioeconomic intervention. 12/149 (8%) patients
declined to participate, 2/149 (1%) died prior to recruitment, and 2/149 (1%) were recruited and subsequently

did not complete follow up. Thus, 133/149 (89%) were recruited and participated throughout the study period.
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The number of patients declining to participate was higher in urban than in peri-urban communities (15% [95%
Cl 6-23] versus 5% [95% Cl 1-10%] respectively, p=0.04). Of the 133 participants, 9/133 (7%) had MDR TB,

5/133 (4%) were HIV positive, and 7/133 (5%) were diabetic.

Cash transfers achieved up to 1 July 2015: Of 1299 potential cash transfers, 964 (74%) were achieved (of
these, 885/964 [92%] were achieved optimally and 79/964 [8%] sub-optimally), 259 (19%) were not achieved,
and 76 (7%) were yet to be achieved. Thus, 964 conditional cash transfers totalling 61,120 Peruvian Soles
(20,373 US dollars) were made to TB-affected households for meeting the conditional goals of the Peruvian
National TB Program and CRESIPT project (Figure 14a, Page 100, and Figure 14b, Page 101). The average cash

transfer amount received by each TB-affected household over the course of the intervention was $173 USD.

Lessons learnt and persisting knowledge gaps

The implementation and acceptability assessment identified strengths and limitations of our theoretical
approach during the design of CRESIPT. The lessons that emerged are grouped into successes, challenges and
refinements in Table 16 (Page 94) and, ultimately, allowed us to identify persisting knowledge gaps in this

field (Box 2, Page 102).

Successes

This project generated evidence that conditional cash transfers to TB patients were logistically achievable in
impoverished shantytown communities of northern Lima/Callao, Peru. The intervention considerably
supplemented small monthly food baskets given unconditionally to TB patients by the Peruvian National TB

Program.

Through regular steering meetings, focus group discussions, and contact in the health posts, strong

collaboration was achieved between our team, banks and the Peruvian National TB Program:

“The CRESIPT project and Peruvian National TB Program are complementary and should continue to

support each other in a common goal.” [Peruvian National TB Program Regional Chief].
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Such ongoing collaboration and adaptation to stakeholder and participant feedback helped the project to

be more locally-appropriate, responsive, and patient-centred.

The conditional cash transfers were facilitated by multi-sectorial collaboration including with the bank’s
social inclusion department. Multiple, regular, simultaneous, virtual cash transfers were achieved through
online banking with a digital record reduced the likelihood of fraud. Because field team staff were not
directly carrying or giving cash or cash-equivalents (such as cash vouchers or cheques), cash transfers were
a secure method of providing incentives. The majority of participants did not have bank accounts®*® and

some patients described the act of opening a bank account as empowering:

“...especially for female patients, who are not normally the financial decision-makers of the

households in these communities” [CRESIPT Project Nurse Technician]

The social protection intervention was holistic and household-centred with the economic dimension of cash
transfers being complemented by social activities including household visits and participatory community
meetings.’> In addition to TB prevention and control messages, an educational component was an
important element of the participatory community meetings, in which participants were involved in
educational activities concerning: managing a household budget; spending and saving responsibly; and how
to meet the conditions for cash transfers. This financial education was highly rated by participants and
perceived as an ethically sound accompaniment to cash transfers by CRESIPT project staff and TB-affected

households:

“l understood and learnt more, and saw that | was not alone” [TB-Affected Household Member]

“The meetings generated good solidarity and camaraderie” [TB-Affected Household Member]

Our experience is consistent with reports that financial incentives should be complemented by education or
“social marketing” if health objectives are to be achieved.* Further research is needed to investigate the
relative importance of health and financial education on the impact of cash transfer interventions aiming to

improve health.
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Challenges and refinements

The lack of published evidence of similar studies was particularly challenging for the implementation of TB-

specific cash transfer incentives in resource-constrained communities.

Cash transfer targeting: The significantly higher number of patients declining to participate seen in the
urban rather than peri-urban communities may have been due to the fact that CRESIPT project activities

were new in this area or reflect distinctions between these communities:

“We don’t fully understand the demographic differences and challenges between the urban and

peri-urban communities” [CRESIPT Project Investigator]

The field staff reported that some patients were not willing to participate because: i) they thought that
CRESIPT project staff were part of a governmental body; ii) they did not want to register their true address
with either the TB program, a bank, or the CRESIPT project in order to keep “under the radar” [CRESIPT
Project Nurse] especially those formerly-incarcerated or involved with “pandillas” (drugs gangs); iii) they
did not wish our team to visit their home because their household was unaware of their diagnosis or they
frequently moved location; or iv) the incentives were insufficient to match the money they lost for
participating in project activities and, perhaps more importantly, for continuing on their treatment. In
addition, patients with recognised “high-risk” factors for treatment default such as prolonged treatment
courses (e.g. MDR-TB and/or HIV), mental illness, drug use, homelessness, or being formerly-incarcerated
were difficult to recruit and retain. Because these patients did not consent to participate we could not
formally characterise their reasons for declining. This lack of engagement and formal feedback is

concerning given that such groups may have benefited most from the intervention.

“Conditions are appropriate but you need to provide additional support to those people who find it

harder to meet those conditions.” [Ex-TB Patient Civil Society Representative]

“Some patients would never open a bank account because they don’t want to register their name.”

[CRESIPT Project Nurse]



“[A negative aspect of the CRESIPT project intervention is] giving an economic incentive to a patient
with drug-dependency and for that matter any other benefit/incentive such as food baskets (which

some of these patients sell to buy drugs).” [Peruvian National TB Program Nurse]

To combat some of these issues, extra care was taken during consent to reassure potential participants that
the CRESIPT project team is a non-governmental research organisation with no connections to the justice
system and that no project activity, especially household visits, was mandatory. In an attempt to address
the needs of participants with HIV and/or MDR-TB, we explicitly specified that cash transfers for adherence
were provided throughout treatment, regardless of treatment duration. This longevity meant that TB-
affected household support, staff-household relationship, and financial benefits of the cash transfers were

refined to be more equitable and responsive to the ongoing needs of patients with HIV and MDR-TB.

Hard-to-reach populations and/or difficult urban settings, such as those in which our intervention was
implemented, may be characterised by violence, drug use and severe marginalisation that are also
associated with TB. Future studies may further investigate the barriers, feasibility and impact of delivering

TB-specific social protection interventions to challenging, vulnerable groups in such settings.

Cash transfer delivery strategy: We changed bank-provider because the initial bank-provider: had limited
geographical accessibility; provided inconsistent information “in branch” (resulting in some patients opening
accounts with maintenance fees); was reported during feedback sessions to have been stigmatizing towards
patients, not due to TB (the branch staff were unaware of patients’ diagnoses) but possibly due to other
sociocultural factors such as poverty or appearance; and introduced account maintenance charges to

previously charge-free accounts.

“Some patients lost faith in the project due to the hidden bank charges” [CRESIPT Project Nurse]

The new bank-provider, while not having a specific social inclusion department, provided improved coverage
and accessibility because of a greater density of agency micro-branches in local shops that facilitated

participant transactions. While the new bank-provider overcame the challenges described above, these
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experiences have led us to question whether banks are the most appropriate delivery strategy. Indeed,
conditional cash transfer programs in Sub-Saharan Africa have predominantly used specified pay points to pay
participants in cash rather than banks which may be less accessible to the poor and may have user fees.®°
However, banks have been the favoured partner agent in existing conditional cash transfer programs in Peru
(JUNTOS), Brasil (Bolsa Familia), and Mexico (Progresa) with the co-ordination of national cash transfer
programs being centralised through national banks in these countries.® This level of coordination may only be
suitable in countries with comparatively developed financial infrastructure, information and communications
technologies, and accessibility to bank branches or micro-agencies.’> We have reviewed other modalities of
conditional cash transfers in greater detail elsewhere.!*® Future research into implementation of
socioeconomic interventions may compare the effectiveness and cost-effectiveness of cash delivery
mechanisms including mobile phone vouchers, mobile banking, automated or other pay points, or innovative
strategies, 51 for which rigorous evidence is currently lacking. To achieve optimal impact, implementers of

conditional cash transfer programs may work more closely with the local communities and civil societies to

establish how a program can be adapted to be appropriate and acceptable in that specific setting.

Cash transfer size: During focus group discussions, the internal research committee debated what the most
important objective of cash transfers is: mitigating TB-related costs; avoiding catastrophic costs; or reducing
poverty-related TB risk factors. This confounded deciding the cash transfer amounts. To address this challenge,
we analysed TB patients’ costs, which demonstrated that direct out-of-pocket expenditure was 10% of that
household’s annual income.! These results, together with additional data characterising annual household
income for TB-affected households in the study site, informed the cash transfer amount necessary to match
direct out-of-pocket expenditure and subsequently avoid catastrophic costs. The optimal cash transfer size is
likely to depend on the intervention setting and proposed outcomes of the intervention. This will require
baseline evaluation of local TB-related costs prior to planning for and implementing cash transfers of suitable
amounts. Further research is required to evaluate how cash transfer size affects intervention impact and cost-
effectiveness.’®? It is noteworthy that the strategy we adopted in this research was a “costs-mitigation” rather

than a “poverty-reduction” strategy and involved a cash transfers amount that was appropriate and feasible
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for the local setting. While long-term poverty reduction would be an appealing additional goal, this would

likely require greater socioeconomic support than national TB programs could afford.

Cash transfer timing: During focus group discussions, the delay from incentivized behaviour to cash transfer
was noted as a barrier to achieving project conditions due to the lack of a tangible “reward” and
accompanying positive reinforcement loop. For example, when a household attended a participatory

community meeting, it could be one to two weeks before they received the corresponding cash transfer.

“Patients want immediate and tangible gratification on the same day as they complete their

condition” [Ex-TB Patient Civil Society Representative]

Cash transfers were initially delayed due to the flow of information from the field, to the research office, to
the bank-provider. While cash transfer flow improved during the project, patients and households stated

that such delays made household budgeting difficult:

“Due to the initial cash transfer delays, some patients didn’t get the money when they most

needed it” [CRESIPT Project Nurse]

Consequently, we increased the speed of the cash transfers and plan to instigate a system in which on the
same day that a household attends a community meeting, they received a small high-protein food basket
and a high-quality certificate-like voucher detailing the amount and date by which the cash transfer will be

made.

Participants reported that they would prefer to receive cash transfers at the beginning of the month for their
adherence in the subsequent month rather than wait until the end of the month. As has been reported in
other settings,®® the waiting was perceived as financially stressful and, on occasion, demoralising. Learning
from this setting-specific qualitative feedback, in the planned CRESIPT study in these same communities, we
will combine unconditional monthly cash transfer provided to all TB patients taking treatment with
supplementary conditional cash transfers for meeting project and National TB Program conditions.

Furthermore, we have self-imposed penalties on our project if incentives do not reach the patient’s bank

89



account within one week of confirmation that the condition has been met. Specifically, if a delay occurs, their

cash transfer is doubled.

Cash transfer conditions, levels, and responsiveness: Project conditions requiring involvement of “100%"” of the
TB-affected household in order to receive the cash transfer (e.g. attendance at participatory community
meetings) were hard to achieve. In addition, the amount of these cash transfers was fixed and independent of
household size (see Figure 12, Page 97) and thus felt to be inequitable because larger households received a
lower cash transfer amount per household member. There was, therefore, a perceived challenge in balancing
operational simplicity (e.g. fixed-amount incentives) while responding to patient household needs (e.g.
variable incentive depending on household size). Consequently, on the basis of this qualitative evaluation of
the implementation process, we suggest designing relevant incentives to be more equitable and responsive to
household size: a fixed amount added to the patient’s cash transfer for each member of their household
completing the condition. In this way, larger households will receive the same amount per household member

as smaller households.

Conclusions

A novel TB-specific socioeconomic intervention was: designed through multi-sectoral collaboration coupled
with evidence from a systematic review; refined during implementation through community participation,
engagement and acceptability feedback to meet patient and household needs; and proved to be feasible in an
impoverished, challenging environment. The intervention is now ready for impact assessment, including by the
CRESIPT project. Further lessons from CRESIPT will aim to assist TB control programs to effectively implement

the recent global policy change of including socioeconomic support as part of TB control activities.
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Table 14: CRESIPT consultation process

Formative Attendees Events Particip- Notes / details
Activities (n) ants (n)
A. Analysis of  CRESIPT project research team and international 3 28 Analysis and publication of ISIAT project results in 2011%°
evidence collaborators from Imperial College London, WHO-commissioned systematic review of conditional cash transfer
London School of Hygiene & Tropical Medicine, schemes’ impact on TB control in 20113 plus updated review in 2014
and John Hopkins School of Public Health
B. Expert Peruvian National TB program chiefs 10 8 Steering meetings with regional and national TB Program coordinators
consultation
JUNTOS (www.juntos.gob.pe) 1 5 Discussed logistics and minimal impact evaluation of conditional cash
(Peruvian conditional cash transfer program)** transfers for health/education to female heads of rural households®*
WHO Stop-TB partnership 3 5 Ongoing meetings and site visits
World Bank 2 3 Ongoing meetings with senior World Bank economists especially
relating to cost-effectiveness considerations
C. Symposia International multi-sectoral researchers 3 30 “Social protection interventions for TB control”, UK, 201232
and (including World and Pan-American Health WHO led policy consultation on social protection for TB,Brazil, 2013
conferences Organisation members) TB Union World Lung Health conference in France, 2013
D. Focus group CRESIPT multidisciplinary team 9 10 www.ifhad.org FGDs with the CRESIPT field team research personnel
discussions
(FGDs) Ex-TB patient civil society “LUPORFAT” 4 13 Registered “Junta Directiva” (board of directors) of ex-TB patient
community representatives “Lucha Por Familias Afectadas Por TBC”
Key NGO Stakeholders 4 5 WWww.prisma.org Structured interviews and FGDs
CRESIPT project participants 19 20 Including participatory community meetings and training of facilitators
Peruvian National TB program health post staff 18 12 Multi-disciplinary teams: co-ordinators, doctors, nurses, and technicians
Banks 6 5 Account executives and social inclusion department representatives
E. Field team CRESIPT multidisciplinary team 34 11 Covered operational field logistics and acceptance of the intervention
Meetings
F. Steering CRESIPT multidisciplinary team & international 19 6 Twice monthly committee review of published literature (including
committee Collaborators systematic review) and discussion of financial, methodological and
statistical design issues and potential intervention improvements
TOTAL NA 135 NA NA

*mean average **We were unable to integrate our urban TB-specific intervention with JUNTOS' existing rural cash transfer scheme. While JUNTOS may be TB-inclusive (i.e.
some TB patients will receive incentives as they are below this poverty threshold), it is neither TB-sensitive nor TB-specific.'3® Abbreviation: FGD = focus group discussion


http://www.juntos.gob.pe/
http://www.ifhad.org/
http://www.prisma.org/

Table 15: Available evidence and CRESIPT project operational decisions relating to cash transfers

The available evidence - what do we know?

Operational decisions for implementation of the CRESIPT project intervention

Cash e Cash transfer schemes were implemented in Latin America in the e We investigated the use of food or other vouchers/cards but found very few
transfer 1990s to tackle the socioeconomic consequences of financial existing systems in the study site. Those that were in place could only be
schemes crises.’® Schemes include: Bolsa Familia (Brasil, 1995); redeemed in supermarkets (felt in FGDs to be inappropriate for the study
Oportunidades (Mexico, 1997); Red de Proteccién Social population due to infrequent use, limited access, and higher costs of goods).
(Nicaragua, 2000-2005); Bono de Desarrollo Humano (BDH Ecuador, | e Based on our experiences and the limited published evidence, we opted for
2004); Red Solidaria (El Salvador, 2005); and JUNTOS (Peru, 2005). a bank cash transfer scheme. Bank transfers reduce the likelihood of fraud,
e Qur systematic review revealed only one controlled trial of TB- robbery or security risk (a concern in impoverished shantytowns in Callao,
specific cash transfers from South Africa that showed no significant Peru)'®18 and are reliable for maintaining accurate transfer records for cost-
increase in successful TB treatment outcome.® During treatment, effectiveness analysis. We also felt opening a bank account and having
vouchers (15 US Dollars) that could be exchanged for foodstuffs freedom of choice to decide how transfers were spent was empowering'®®
were given to patients by local health post nursing staff. The e We decided not to impose conditions on how the cash transfers were spent.
authors opted for vouchers over cash due to: posing a lower Successfully funded social protection interventions related to TB (especially
security risk; not being able to be spent on unhealthy items such as MDR TB) have mainly focused on mitigating non-medical direct costs
alcohol or cigarettes; being easy to monitor; and “public health associated with having TB such as food or travel.2%1> There is some evidence
sector clinics would not have bank accounts, making electronic that even when money rather than food vouchers is given as a form of social
transfers difficult”.?® protection, it is commonly spent on food and travel costs anyway.®3
Condition- | e Cash transfers can be unconditional, conditional (requiring specific e Peru has an exemplary, well-established and organised National TB program.
ality of behavioural, education or health actions) or combined.!>>16¢ Learning from ongoing collaboration with regional heads of the TB program,
cash e Unconditional cash transfer schemes include: Ecuador’s BDH we decided that our cash transfers conditions would relate to National TB
transfers targeting those below poverty threshold or by location;***%” and Program treatment and prevention goals and selected project activities.

village bankloans for TB-affected households in Cambodia.®® e We chose to use conditional cash transfers that mixed both hard and soft

e Conditions can be “hard” (if the condition is not met, the transfer is conditions to be more inclusive: “hard” in that if participants met the

not made) or “soft” (less stringent conditions where transfers are condition with “perfect behaviour” then a double cash transfer was provided

made even when a condition is unmet). Soft conditionality may be and “soft” in that if participants met the condition with adequate behaviour,

preferable in settings with poor health infrastructure.134166:169 then a simple cash transfer incentive was provided (Figures 13a and 13b).
How much | e Minimal evidence exists on the size of cash transfers. In Latin e We aimed to establish a cash transfer amount that was too small to act as a
cash to America, total amounts have varied widely in previous projects: perverse incentive,’’ but large enough so that poverty-related TB risk factors
give 6-10% of annual income in Ecuador;*** 21.8% in Mexico; and 29.3% in TB-affected households were reduced and the households were both

in Nicaragua.'® incentivized and enabled to achieve National TB program and project goals.
When to e Most initiatives deal more with poverty than a finite illness such as e We decided to provide the majority of the cash transfer incentives in the
give cash TB, so evidence of duration and frequency of TB-specific cash intensive treatment phase (the first two months of treatment) and to continue

transfers is scarce. Longer duration and more frequent cash
transfers may have greater impact in TB-affected households.”
Our previous work in the study setting showed that hidden TB costs

monthly cash transfers specific for treatment adherence throughout
treatment. This meant the intervention was designed to increase equity for
people with TB-HIV co-infection and MDR TB whose treatment lasted longer

were mainly incurred pre-diagnosis or early in treatment.*!

than six months.
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Table 16: Successes, challenges, and refinements of the cash transfer incentive dimension of the socioeconomic intervention.

Successes Challenges Refinements
New New experience and evidence was generated There was a lack of available evidence and thus . . . .
, o . . . Following previous and updated analysis of hidden
evidence | that TB-specific cash transfers for TB-patients clarity when prioritising the output of the cash ; 1
were feasible in this study setting transfers in these TB-affected households. Thus, costs and income of TB-.affected hogseholds‘, cash
deciding on the cash transfer amounts and timing transfer amo‘unts were Increased V\.”th the aim of
ccer reducing their poverty-related TB risk factors
was difficult
Collabo- | There was strong multi-sectorial collaboration Account maintenance charges were introduced We changed our bank service provider: the new
ration with Peruvian National TB Program and bank by the bank during implementation of the bank had better accessibility and no charges. We
staff, allowing multiple, virtual cash transfers to intervention and delays in cash transfers eroded | self-imposed penalties on our project for late cash
be made and recorded, reducing fraud and participants’ trust in the project transfers (participants gained additional transfers)
security risks
Cash Cash transfers lasted throughout treatment, As a research team, we had limited experience of | Achieving a balance between operational simplicity
Transfers | increasing equity for people with TB and HIV co- | cash transfer interventions or working with new and complex TB-affected household needs was
infection or MDR TB, whose treatment duration | urban study communities challenging
extended beyond six months
Feedback suggested that patients would prefer Immediate incentives were provided for attending
Opening a bank account was a first-time immediate gratification for completion of participatory community meetings (including food
experience for many of the participants and conditions rather than delayed cash transfer baskets and high-quality vouchers documenting
qualitative participant feedback suggested that bank payments the date and amount owed to the participant)
this was perceived as an empowering action,
especially for female members of the household | Project conditions requiring all members of the We combined conditional and unconditional cash
who have previously been shown to be a TB-affected household to participate were poorly | transfers. Conditions requiring household
vulnerable subpopulation in the study setting.’ achieved and not equitable due to different participation were altered to be responsive to
household sizes household size: incentives given were refined to be
given per household member involved
Inclusive- | The intervention was holistic and household- “High risk” patients in more urban communities Participatory community meetings for patients
ness and | centred because, in addition to cash transfers, it | were difficult to engage with (especially the with MDR TB were established and increasing
high risk | provided community meetings consisting of formerly-incarcerated, drug- or alcohol- social support was provided to other high risk
groups educational workshops (covering themes such as | dependent, and gang members) patients (including the homeless, drug or alcohol
TB treatment, transmission, prevention and also dependent, those with poor adherence and/or lack
financial themes such as responsible household of engagement with our project)
budgeting in an interactive manner) and TB
Clubs (mutual support to reduce stigma and
increase empowerment, reported separately)
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Figure 10: Conceptual framework of the conditional cash transfer scheme within the CRESIPT project
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Figure 11: Flow diagram of CRESIPT project activities during planning, implementation, and refinement of the social protection intervention.
Abbreviations: MDT = multi-disciplinary team; NTP = National TB Program. *Includes documents of potential interest reviewed or used as references. **These weekly
meetings have been an ongoing part of team activities for the past decade and are included here to illustrate when they focused solely on the CRESIPT project




ii. Adhering to
i. Screening for TB & iii. Engaging with i i
g treatment or gaging Total amount the patient would receive

MDR-TB CRESIPT ial activiti i iti
o chemoprophylaxis social activities in conditional cash transfers (US Dollars)
Participant

Patient & | Household | Community

Patient | Contacts Patient - . (0] 100 200 300 400 500
Contacts visit meeting
Patient who declines to
.. X X X X X X 0
participate
Patient who defaults
immediately v X X X X X :| 14

Patient who adheres,

completes and is cured
but does not engage v v v v X X 176

with social activities

Patient who lives alone

and optimally achieves v v v v v v 230

all conditions

Patient who lives with

artner and 7 children
P v v v v v v 230

and optimally completes
all conditions

Patient with HIV who

optimally completes all v v v v v v 266

conditions

Patient with MDR TB
who optimally completes| v v v v v 482

all conditions

Figure 12: Cash transfer received by participants in seven different potential scenarios during intervention implementation. Note: Typically in
Peru, treatment of TB in people with non-MDR TB has a duration of 6 months, in people with HIV-TB co-infection treatment lasts 9 months, and in people with MDR

TB treatment lasts 24 months. Key: v = condition optimally achieved and double incentive cash transfer provided; X = condition not achieved thus no incentive
cash transfer given/paid

96



Figure 13a: Details of the operational conditions to be met in order to receive double

of treatment

incentives
DOUBLE INCENTIVES
What each TB-
i What the person with TB and their household members are affected family
Output Condition , . . . , .
required to do to receive a DOUBLE incentive will receive in
Soles (Dollars)
Give a sputum sample prior to starting treatment and complete the
Patient: sputum |questionnaire with the research nurse. The national TB program
sample must have registered the person with TB in their health post's TB 40 (14)
patient register
I. SCREENING FOR TB All (100%) of the people registered as living in the same house as
AND MDR-TB the person with TB attend their medical appointment or give a
Contact: TB sputum sample (that has a result) to rule out TB. Those people who
screening need to take medicine to prevent TB (chemoprophylaxis) or TB 150 (54)
treatment, must have started it. Contacts who do not need to take
such treatment must be confirmed in the medical treatment cards
SENSITIVE/NON-MDR PATIENTS (INCLUDING THOSE WITH HIV),
DURING THE FIRST 50 DOSES OF TREATMENT: each 25 doses
(approximately each month) of TB treatment taken missing no 50 ( 18)
more than 2 doses
MDR PATIENTS, DURING THE FIRST 150 DOSES OF TREATMENT
(APPROXIMATELY 6 MONTHS): each 25 doses (approximately each | - 50 (18)
Patient: adherence |month) of TB treatment taken missing no more than 2 doses
to treatment [~ _— —  —— ———————— —— — — ——— —— [T
SENSITIVE/NON-MDR PATIENTS (INCLUDING THOSE WITH HIV),
ii. ADHERENCE TO TB AFTER THE FIRST 50 DOSES OF TREATMENT TO THE END OF
TREATMENT OR TREATMENT: each 24 doses (approximately two months) of TB 50 ( 18)
CHEMOPROPHYLAXIS treatment taken missing no more than 1 dose
MDR PATIENTS, AFTER THE FIRST 150 DOSES OF TREATMENT
UNTIL THE END OF TREATMENT: each 50 doses (approximately two| 50 (18)
month) of TB treatment taken missing no more than 2 doses
Patient and
contacts: The person with TB completes their TB treatment and all (100%) of
completion of TB |the people who live with them who started chemoprophylaxis to 100 (3 6)
treatment and  |prevent TB, finish their chemoprophylaxis
chemoprophylaxis
Patient and In the first week following recruitment to our project, allow the
CRESIPT team to visit the person with TB's house, complete the
contacts: home N : e 50 (18)
. questionnaire (if necessary), and list all the people who live in the
iii. ENGAGE WITH visit same house as them
CRESIPT SOCIAL
ACTIVITIES Pg;:;t;::d By 3 months following recruitment, the person with TB and all
communty (100%) of the people that the CRESIPT team listed as living in the 100 (3 6)
. same house as them attend at least 1 CRESIPT community meeting
meetings
The person with TB and all of their contacts complete all the above
COMPLETE ALL CONDITIONS project conditions including adhering to treatment for the duration | §4() (230)
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Figure 13b: Details of the operational conditions to meet in order to receive simple

incentives
SIMPLE INCENTIVES
What each TB-
s What the person with TB and their household members are affected family
Output Condition , \ ) , . .
required to do to receive a SIMPLE incentive will receive in
Soles (Dollars)
Give a sputum sample as soon as possible after starting treatment
Patient: sputum |and complete the questionnaire with the research nurse. The
sample national TB program must have registered the person with TB in 20 (7)
their health posts TB patient register
I. SCREENING FORTB >80% of the people registered to live in the same house as the
AND MDR-TB person with TB attend their medical appointment or give a sputum
Contact: TB  |sample (which has a result) to rule out TB. Those people who need
screening to take medicine to prevent TB (chemoprophylaxis) or TB 75 (27)
treatment, must have started it. Contacts who do not need to take
such treatment must be confirmed in the medical treatment cards
SENSITIVE/NON-MDR PATIENTS (INCLUDING PEOPLE WITH HIV),
DURING THE FIRST 50 DOSES OF TREATMENT: each 25 doses
(approximately each month) of TB treatment taken missing equal to 25 (9)
or more than 3 doses
MDR PATIENTS, DURING THE FIRST 150 DOSES OF TREATMENT
(APPROXIMATELY 6 MONTHS): each 25 doses (approximately each
Patient: month) of TB treatment taken missing equal to or more than 3 25 (9)
adherenceto  |d0ses
treatment SENSITIVE/NON-MDR PATIENTS (INCLUDING PEOPLE WITH HIV),
ii. ADHERENCE TO TB AFTER THE FIRST 50 DOSES OF TREATMENT TO END OF
TREATMENT OR TREATMENT: each 24 doses (approximately two months) of TB 25 (9)
CHEMOPROPHYLAXIS treatment taken missing equal to or more than 2 doses
MDR PATIENTS, AFTER THE FIRST 150 DOSES OF TREATMENT UNTIL|
THE END OF TREATMENT: each 50 doses (approximately two
month) of TB treatment taken missing equal to or more than 3 25 (9)
doses
Patient and
contacts: The person with TB completes their TB treatment and 80% or more
completion of TB |of the people who live with them who started chemoprophylaxisto | §() (18)
treatment and |prevent TB, finish their chemoprophylaxis
chemoprophylaxis
patient and In the first month following recruitment to our project, allow the
CRESIPT team to visit the person with TB's house, complete the
contacts: home o ) o 25 (9)
. questionnaire (if necessary), and list all the people who live in the
il. ENGAGE WITH vist same house as them
CRESIPT SOCIAL
ACTIVITIES Patient an.d By 5 months following recruitment, the person with TB and all
CZ::UC;;V (100%) of the people that the CRESIPT team listed as living in the 50 (]_8)
. same house as them attend at least 1 CRESIPT community meeting
meetings
The person with TB and most of the people who live with them
COMPLETE ALL CONDITIONS complete all the above project conditions including adhering to 320 ( 1 15)
treatment for the duration of treatment
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iii. Engaging with CRESIPT social

i. Screening for TB & MDR-TB : i Total
chemoprophylaxis activities
] Not yet achieved i 0 42 17 0 17 76
|W Failed to achieve 1 | 36 123 39 6 54 259
| W Achieved adequately (simple incentive) 32 | 3 29 1 6 8 79
'O Achieved optimally (double incentive) 103 i 96 439 . 68 123 56 885 |

Figure 14a: Proportion of patients optimally achieving (double incentive), adequately achieving (simple incentive), and not yet achieving

project conditions. *This condition was achieved when the patient finished their treatment and 100% (double incentive) or >80% of the household contacts
who were eligible for and started preventive therapy then finished preventive therapy. At the time of writing (July 2015), there remain some patients with
prolonged treatment courses (predominantly those with HIV-TB co-infection or MDR TB) are still ongoing on treatment.

99



25000

= EE==m=

©

S 20000

(=}

v

2

<

S 15000

E

2

&

173 ]

S 10000

| -

s

=

[7;]

m

o

g 5000

Re)

=

=]

=

(5]

9] 0 . y

. ; Patient & Household Community
Patient Contacts Patient . .
contact* visit meeting
i. Screening for TB & ii. Adhering to treatment iii. Engaging with Total
MDR-TB or chemoprophylaxis CRESIPT social activities

B Achieved adequately (simple incentive) 640 225 725 50 150 400 2190
O Achieved optimally (double incentive) 4120 14400 21950 6800 6150 5600 59020

Figure 14b: Total amount provided to patients by conditional cash transfers in total and for each condition achieved. *This condition was
achieved when the patient finished their treatment and 100% (double incentive) or 280% of the household contacts who were eligible for and started preventive
therapy then finished preventive therapy. At the time of writing (July 2015), there remain some patients with prolonged treatment courses (predominantly those
with HIV-TB co-infection or MDR TB) are still ongoing on treatment.

100



Box 2: Lessons learnt and persisting research gaps

Lessons learnt

Research gaps

Social protection interventions for TB
control require inter-sectorial
collaborations

What are the most effective and cost-effective partnership models for welfare and TB control bodies?
What are the best ways to integrate poverty reduction strategies and biomedical activities for TB
control?

TB-specific conditional cash transfers are
feasible and safe, but logistically complex

What is the role of conditions in achieving the intervention objectives?

Are conditional, unconditional or combined cash transfers preferable and how does this depend on the
settings in which the cash transfer program is implemented?6!

What conditions are too hard to achieve for TB patients despite being well rewarded?

What is the best way to balance the conditions for the cash transfers in order that they reflect both the
priorities of patients and their households, and the priorities of researchers and policy makers?6?
What is the role of the size and timing of cash transfers on the impact of the intervention?

What is the effectiveness and cost-effectiveness of different delivery mechanisms?

TB-specific conditional cash transfers can
be challenging to deliver to difficult-to-
reach populations

What are the optimal ways to adapt conditional cash transfer settings targeted at hard-to-reach
populations in challenging urban environments characterised by violence, drug-addiction and
marginalisation?

Should social protection interventions only be offered to high-risk patients or is it more cost-
efficient to offer them to all patients plus an enhanced intervention to high-risk patients?

Is cash without social support sufficient to reach high-risk-patients or is social support necessary?

Health and financial management
education are necessary and ethically
appropriate

Would cash transfers have the same impact even without an educational component?

What is the empowering factor of the cash transfers to TB patients: 1) receiving cash; or 2) being
acknowledged and seen as individuals with rights and needs?

What is the aspect of the social protection intervention most likely to impact on TB prevention and cure:
a) the economic dimension of cash transfers; b) the social dimension of home visits and community
meetings; or c) both?
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Chapter 5: The economic effects of a socioeconomic intervention for

TB-affected households: the CRESIPT pilot study, Peru

At the time of writing (February 2016), this chapter is under review as a manuscript for publication
with the European Respiratory Journal. As described in Chapter 4, with the support of the multi-
disciplinary Innovation For Health And Development team and the team leader and PhD supervisor,
Dr Carlton Evans, the candidate led this project’s conception, design, implementation, and
refinement of the intervention. In addition, the candidate led the data analysis, manuscript write-up,

and dissemination of results.

Following the implementation and refinement of the socioeconomic intervention, the next step was
to analyse the effect of the intervention on mitigation of TB-related and catastrophic costs (using the

innovative, clinically-relevant catastrophic costs threshold created in Chapter 3).

Introduction

In order to enhance TB control, the World Health Organisation’s (WHO) End TB Strategy mandates
complementing the existing biomedical response with approaches that combat the financial burden
of TB. Specifically, the strategy recommends providing social protection for TB-affected households

and includes a target of zero TB-affected households incurring catastrophic costs by 2035.

Previously, catastrophic costs were defined financially as TB-related out-of-pocket expenses that
led to worsening impoverishment of TB-affected households. In recent research, we defined a
clinically-relevant catastrophic costs threshold, demonstrating that TB patients from households
that incurred total TB-related household costs of 220% of their household annual income were
more likely to die, abandon, or not be cured by TB treatment.’® Additionally, this research
suggested that such catastrophic costs led to as many adverse outcomes as MDR TB.% This
catastrophic costs’ threshold has been included by the WHO within a tool to estimate country-
specific TB-related and catastrophic costs of TB patients and their TB-affected households. The tool,
which builds on the published “Tool to estimate patients’ costs””® and includes measurement of lost
income in addition to direct out-of-pocket expenses, is being piloted and rolled-out in sentinel

countries in 2015-6.

However, collecting such costs data is complex, labour-intensive, and thus may be logistically

difficult for national TB programs to perform. A potential solution may be to collect data on other
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indicators of financial weakening or shock, called “dissaving”, as part of catastrophic costs
surveillance. Examples of dissaving include households using savings, taking out a loan, taking a
child out of education, and/or selling household items or assets. Evidence is needed concerning the
accuracy of dissaving as a proxy measure for catastrophic costs and its validity in the WHO costs

tool.

Social protection, such as cash transfer interventions, aim to reduce or prevent further poverty and
vulnerability by improving people’s capacity to manage social and/or economic risks. 1317138
Socioeconomic interventions include social protection and may additionally aim to defray TB-
related costs, incentivise and enable care and reduce TB vulnerability. Social risks of having TB
disease include TB-related stigma whereas economic risks include incurring TB-related costs. TB-
related costs may be considered in terms of national economic costs, health-system costs, and
human costs. In the setting of Peruvian shantytowns, the human costs associated with TB are
generally experienced and shared by all the members of the household in which someone receives
TB treatment.® In this manuscript we focus on costs experienced by TB-affected households that
are henceforth referred to as TB-related costs.!32713%142 There is minimal operational research
assessing the impact of socioeconomic interventions on mitigation of the effects of TB-related

costs. Such interventions may be a cost-effective investment from a societal perspective!’® through

their potential ability to enhance TB control as part of the post-2015 End TB Strategy.

Building on the findings of the Innovative Socioeconomic Interventions Against TB “ISIAT” study,®
we designed a new more focused, clearly defined socioeconomic intervention aiming to support
TB-affected households (i.e. be “TB-specific”) in order to better achieve TB prevention and cure.!*!
During a household-randomized controlled study, we piloted this intervention in order to optimise
its impact for the larger Community Randomized Evaluation of a Socioeconomic Intervention to
Prevent TB (CRESIPT). Here we report the economic effects of this new intervention during the
CRESIPT pilot study, including an evaluation of dissaving as a possible proxy marker for catastrophic
costs and an assessment of the intervention’s impact on defraying TB-related costs and

catastrophic costs.
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Methods

Participants, study setting, and description of the socioeconomic intervention are provided in

greater detail in Box 3.

Box 3: The CRESIPT Pilot study: Socioeconomic intervention methods, participant
recruitment, and impact of the intervention

Study methods?®®
Study setting

The study took place in 32 shantytown communities in Callao, Peru, with an estimated population of one million
people.33 The annual TB notification rate across these communities was 206 new cases per 100,000 people between
2011 and 2013,33:34 greater than the national rate of 95 per 100,000 people.27,3536

Intervention

The intervention aimed to increase: i. screening for TB in household contacts and MDR-TB testing in TB patients;
ii. adherence to TB treatment and preventive therapy; and iii. engagement with socioeconomic support activities.

This integrated intervention consisted of:

e  Economic support component: conditional cash transfers throughout treatment to mitigate TB-related
costs and thereby reduce TB vulnerability, incentivise, empower, and enable equitable access to care; and

e Social support component: household visits and participatory community meetings for information, mutual
support, stigma reduction and empowerment.

The cash transfers of the economic component of the intervention were designed so that if a patient achieved all
possible conditions and thereby received all possible cash transfers throughout treatment, this would largely defray
their direct out-of-pocket expenses for their entire illness that were previously found to be 10% of annual
household income in this study site.1%.121

Participants

Inclusion criteria: any patient initiating treatment with the Peruvian national TB program for TB disease in health
posts in the study setting was invited to participate between 10t February and 14t August 2014.

Exclusion criteria: inability or unwillingness to give informed, written consent. For patients who were minors, a
parent or guardian was asked to give informed, written consent and patients who were old enough were also
invited to provide their assent to participate.

After informed written consent, patient households were randomised to the intervention or control arm:

e Control TB-affected households: TB-affected households in which a TB patient received the Peruvian
national TB program standard of care only; and

e Intervention TB-affected households: TB-affected households in which a TB patient received the Peruvian
national TB program standard of care plus the socioeconomic intervention.

Healthy control households: were randomly-recruited households not known to have TB-affected household members
and recruited concurrently with TB patients. Potential healthy control households were randomly selected from maps
of the 32 study site communities. Either this household or the nearest inhabited household to this location was invited
to participate during a household visit. All available household members, regardless of age, were invited to participate
in the study. Healthy controls were not matched to patients because the study aimed to characterise risk factors for TB
outcomes including sex, age, and poverty.
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General analysis of costs. Continuous data were summarized by their arithmetic means and their
95% confidence intervals (Cl) and compared with the Student’s t-test whether the data was Gaussian
or non-Gaussian because this approach is considered to be robust for health economics data analysis
(and facilitates comparison with previous studies).!! Furthermore, because of the skewed nature of
some expenditure data, most median values were zero or close to zero limiting the descriptive
usefulness of presenting median values. As described previously,'® any direct expenses, lost income,
or annual income recorded as “zero” or missing was replaced with 0.5 Peruvian Soles per day i.e. the
midpoint of zero and the lowest unit of measurement, 1 Peruvian Sol. Categorical data were
summarised as proportions with 95% Cl and were compared with the z-test of proportions. We
Operational definitions of the key study variables (TB disease, TB treatment phases, TB costs, and
dissaving) were used from our group’s published research'® as reported in Chapter 3. However, in
addition to the existing study definitions, new definitions of novel study variables such as “dissaving”

were also created (Box 4).
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Box 4: Operational definitions

TB Treatment Phases*

Pre-treatment: the time from self-reported onset of TB-related symptoms until treatment initiation

Intensive treatment phase: the initial phase of daily (or 6 days per week) TB therapy, usually the first two
consecutive months of TB treatment

Continuation treatment phase: the months following intensive treatment phase in which treatment is given
three times per week, usually for four consecutive months

During treatment: the intensive treatment phase plus the continuation treatment phase

Entire illness: the time from TB-related symptom onset to the end of the continuation treatment phase

TB Costs'

Direct medical expenses: costs of medical examinations and medicines

Direct non-medical expenses: costs of natural non-prescribed remedies, TB-care related transport, extra food,
and other miscellaneous expenses caused by the TB illness

Direct (“out of pocket”) expenses: the sum of direct medical and non-medical expenses 2>7%:%

Lost income (indirect expenses): the income the patient estimated that the household lost due to TB illness or
tuberculosis-related time off work since symptom onset and during treatment 2>7%:%

Total costs: direct expenses plus lost income
TB-related costs: refers collectively to direct expenses, lost income, and total costs
Income: the money earned by the household, stated monthly or annually

Catastrophic costs: a threshold of total costs of the entire TB illness 220% of that household’s annual income,
which were associated with a higher likelihood of TB patient death, abandonment, or TB recurrence in a cohort
of TB-affected households from impoverished Peruvian shantytowns.®

TB-related costs cohort impact: To estimate the impact of TB-related costs at a cohort level, TB-related costs
are expressed as a proportion of average annual income of the entire study cohort of TB-affected households

TB-related costs impact: To estimate the impact of TB-related costs at an individual household level, TB-related
household costs are expressed as a proportion of the same household’s annual income

Poverty and Dissaving

Socioeconomic variables: relatively stable proxy poverty markers including: home ownership, highest patient
education level, material that walls were composed of, material that floors were composed of, toilet services,
electricity use, water facilities, phone ownership (landline and/or cell), fuel used to cook at home, TV
ownership, radio ownership, cooker/stove ownership, and refrigerator ownership.

Poverty score: a composite score using arbitrary units derived by principal component analysis (PCA) of all the
socioeconomic variables?®

Dissaving variables: proxy markers of household financial weakening and shock that included household
members having: taken loans (informal and formal); left education (e.g. to care for or accompany patient); sold
or pawned household items; used savings; started a new or second job; been asked to eat elsewhere; been
asked to move out or find other lodgings; and performed fund-raising events (e.g. buying and cooking food to
sell to friends, family, colleagues, and others for a small profit)

Dissaving score: a composite score using arbitrary units derived by PCA of all the dissaving variables
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*These treatment definitions apply to all TB patients, irrespective of whether they had MDR TB or non-MDR
TB. Peruvian National TB Program guidance recommends at least 18 months of treatment for MDR TB patients.
Treatment is tailored to patients with MDR TB by a multi-disciplinary team according to their resistance profile
and may not correspond to a specific “intensive” and “continuation” treatment phase.

t Income, expenses, and costs are all measured in Peruvian Soles (average 1 US dollar equivalent to 2.9
Peruvian Soles during the study period) at the household level unless otherwise stated.
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Costs and poverty. A locally-validated questionnaire > was updated and used to interview patients
and collect socio-demographic data concerning household income and expenses throughout TB
illness. Interviews were conducted at baseline with TB patients in intervention and control arms, as
well as healthy controls. For all patients, this baseline interview occurred prior to or at the time at
which treatment commenced. All patients (but not healthy controls) were subsequently interviewed
after 2, 4, 8, 12, 16, and 20 weeks. At all baseline and subsequent interviews, data was collected
characterizing earnings, income, expenses, employment (paid or unpaid), days unable to work due to
illness, additional household food expenditure due to TB illness (e.g. over and above normal food
expenditure), and crowding since the previous interview. As per previous research,!! crowding was
defined as both a continuous variable (number of people per room) and a dichotomous variable
(percentage of households with greater than cohort median people per room). A final “exit”
interview took place at 24 weeks or, in those who continued TB treatment beyond 24 weeks, at 28
weeks of treatment. The baseline and exit interviews (but no other interview) included
anthropometric measurement of height and weight, calculation of body mass index (BMI), and a
detailed assessment of 13 key stable variables associated with socioeconomic position (Box 2). These
variables were used to create a composite household poverty index score in arbitrary units using
principal component analysis (PCA), as described previously.® The Eigenvector loading values derived
by PCA analysis were analysed in order to assess which of the socioeconomic variables contributed
the most to - and thus had the highest discriminatory power to explain - the poverty score in this
setting. The proportion of intervention patient households’ TB-related costs that were defrayed by
the conditional cash transfers was calculated. Additionally, changes in poverty score and body mass
index (BMI) from recruitment to the exit interview was analysed in order to evaluate the impact of

the intervention on nutritional and other poverty-related TB risk factors.

Dissaving. Elements of “dissaving” specifically related to the patient’s TB illness were also recorded
at each interview (Box 4, Page 107), cumulative dissaving episodes (i.e. each separate occasion on
which an element of dissaving occurred) were measured, and a composite dissaving score was
derived by PCA from all of the dissaving variables.'® The dissaving score was measured as a
continuous variable in arbitrary units with the mean dissaving score of the patient cohort being 0
units. A higher score implied greater dissaving and thus implied that the TB illness was causing a
greater financial challenge. The Eigenvector loading values derived by PCA analysis were analysed in
order to assess which of the dissaving variables had the highest discriminatory power to explain the
dissaving score in the setting (variables with higher Eigenvector loading values being more
discriminatory). Univariate and multiple logistic regression analyses with stepwise exclusion of non-
contributory variables were used to assess the association between dissaving and socioeconomic
variables including catastrophic costs. For these analyses the dissaving score was considered as a

binary variable of higher than versus lower than average dissaving. This dissaving analysis tested
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whether dissaving may be a possible proxy indicator of catastrophic costs (see Introduction to this

chapter).?

Data shown: Data concerning TB-related costs, catastrophic costs, and dissaving is shown for both
intervention TB-affected households and control TB-affected households. Data concerning the effect
of the socioeconomic intervention on defraying costs are only shown for the intervention TB-affected
households. This is because control TB-affected households did not receive the socioeconomic

intervention and thus their TB-related costs were not defrayed.

Ethical approval: The project had ethical committee approval and all participants gave informed

written consent prior to participation.
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Results

Participants. The recruitment period was from 10" February 2014 to 14" August 2014 when the a
priori study sample size was reached and data collection on TB-affected household costs continued
until 1% June 2015. Figure 15 (Page 121) shows TB-affected household recruitment and
participation: 312 TB patients from separate households were invited to participate, of whom 90%
(282/312) were recruited. Of these, 147 were randomized to the control arm and received normal
standard of care only (“control TB-affected households”) and 135 were randomized to the
intervention arm and additionally received the socioeconomic intervention (“intervention TB-
affected households”). Of the intervention TB-affected households, 98% (132/135) completed final
follow-up. Nevertheless, all 135 intervention TB-affected households had TB-related costs data
available for analysis. Healthy control households were randomly recruited from the same 32 study
site communities concurrently with the TB-affected households. 98% (262/266) of healthy control

household members gave informed consent and participated.

Descriptive data. Baseline demographic data are summarised in Table 17 (Page 118), which
compares all patients with healthy controls, and their households. There were no significant
demographic differences between intervention and control patients or their households. TB
patients’ household income in Peruvian Soles was lower during the intensive phase (1109 [95% ClI
1011-1206], p<0.0001) and maintenance phase (1155 [95% Cl 1050-1261], p=0.004) than pre-
treatment (1316 [95% Cl 1210-1421], Table 17, Page 118). Multiple logistic regression analysis
revealed that being a TB patient versus healthy control was independently associated with being

poorer (OR 1.7 [95% Cl 1.2-2.4], p=0.002, Table 18, Page 119).

Costs: direct expenses and lost income. Constituent direct expenses and lost income are summarized
in Figure 16 (Page 122). Throughout the entire illness, non-medical expenses were greater than
medical (67% [95% Cl 65-68] versus 33% [95% Cl 32-35] of total direct costs, p<0.0001), predominantly
due to additional food and transport expenses during treatment. Direct expenses and lost income
were higher during treatment than pre-treatment (direct expenses 7.1% [95% Cl 6.2-8.1] versus 2.3%
[95% CI 1.9-2.8] of average TB-affected household annual income, p<0.0001; and lost income 8.0%
[95% Cl 6.5-9.2] versus 2.2% [95% Cl 1.8-2.6], p<0.0001). As a proportion of total costs during the
entire illness, lost income was similar to direct expenses (48% [95% Cl 48—-52% versus 52% [95% Cl 50-

54], p=0.3, Figure 16, Page 122).

Total costs are summarized in Figure 16 (Page 122). Total costs were significantly lower pre-treatment
(4.5% [95% CI 3.8-5.3] of average TB-affected household annual income) than during treatment (15%
[95% CI 13-18], p<0.0001), intensive phase (6.3% [95% Cl 5.6-7.1], p<0.02), or maintenance phase
(9.2% [95% Cl 6.8-10.8], p<0.0001). While total costs were higher during maintenance phase than
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intensive phase (9.2% [95% Cl 6.8-10.8] versus 6.3% [95% Cl 5.6-7.1], p=0.0005). This was because
maintenance phase was twice as long as intensive phase. In fact, costs per month during intensive
phase costs were approximately one and a half times greater than costs per month during

maintenance phase (p=0.001).

Poverty and TB-related costs: In poorer versus less poor households, direct expenses in Peruvian Soles
throughout the entire iliness were lower (mean direct expenses 1267 [95% Cl 1070-1464] versus 1470
[95% C1 1001-1938], Figure 17, Page 123). However, total costs made up a greater proportion of poorer
household’s annual income (poorest households 29% [95% Cl 23-34] versus least poor households
19% [95% Cl 14-23], p<0.001, Figure 17, Page 123). The socioeconomic variables with the highest
discriminatory power to explain the poverty score in this setting were: not having a refrigerator;
quality of wall material (e.g. a wall made of mud/straw rather than bricks); quality of floor material
(e.g. a floor made of mud/rubble rather than concrete); type of toilet (e.g. no toilet facility or
rudimentary outdoor latrine rather than a flushing toilet in a specific separate bathroom of the house;

and not having a television (Figure 18, Page 124).

Dissaving and the association of dissaving with catastrophic costs: Patient households
experienced an average of 1.3 episodes (95% Cl 1.1-1.5) of dissaving pre-treatment, 3.4 episodes
(95% Cl 3.0-3.8) in the intensive phase of treatment, and 3.7 episodes (95% Cl 3.2-4.2) in the
maintenance phase of treatment. Thus, cumulatively, patient households experienced an average
of 8.4 (95% Cl 7.5-9.2) episodes of dissaving during the entire TB illness. Multiple regression analysis
of the dissaving score demonstrated that patients who belonged to households with more than
average dissaving were independently more likely to: incur catastrophic costs (OR 1.8 [95% Cl 1.1-
3.1], p=0.02), be poorer (OR 1.8 [95% CI 1.1-3.0], p<0.03), and have more food insecurity (OR 2.2
[95% Cl 1.2-3.8], p=0.008, Table 19, Page 120). The variables with the highest discriminatory power
to explain the dissaving score in this setting were: missing scheduled payments; starting a new job;
selling or pawning household items; undertaking small scale fundraising activities; and being asked

to eat elsewhere to conserve household food (Figure 18, Page 124).

Conditional cash transfers and mitigation of direct costs, total costs, and catastrophic costs:
122/135 (90%) of intervention TB-affected households received at least one conditional cash
transfer. These 122 intervention TB-affected households received a total of 890 conditional cash
transfers (80% of potential conditional cash transfers), receiving on average a total of 520 Peruvian
Soles (173 US Dollars), which is equivalent to 3.5% of average TB-affected household annual income
or 42% of average TB-affected household monthly income).??*>® The conditional cash transfers
defrayed 20% (95% Cl 15-25) of total costs, 39% (95% Cl 37-43) of direct costs (Figure 19, Page 125),
and hence 19% of lost income. Overall, 36% of patient households incurred catastrophic costs.

Compared to control households, intervention households were less likely to incur catastrophic
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costs (30% [22-38] of intervention households versus 42% [34-50] of control households, p=0.002,
Figure 19, Page 125).

Equity: The data in three pairs of columns at the left of Figure 20 (Page 126) suggest that the
conditional cash transfers were equitable in their TB-related costs mitigation in terms of poverty,
gender, and food insecurity. Conditional cash transfers defrayed total costs to a greater extent in
poorer households (22% [95% Cl 19-25] versus 18% [95% Cl 14-22], p=0.08) and female patients
(23% [95% Cl 19-27] versus 18% [95% Cl 15-21], p=0.06, Figure 20, Page 126).

Conditional cash transfers and poverty-related TB risk factor reduction: Figure 21a (Page 127)
shows the change in poverty score from baseline to final follow-up for control versus intervention
patients. There was no significant difference in poverty score or change in poverty score in control
patients, intervention patients, or control versus intervention patients. BMI increased significantly
from baseline to final follow-up in the intervention patients (2.2 kg/m? increase from 22 kg/m? [95%
Cl 21-23] to 24.2 kg/m? [95% Cl 23-25], p=0.0003) and also the control patients (1.6 kg/m? increase
from 21.6 kg/m? [95% Cl 21-22] to 23.2 kg/m? [95% Cl 22-24], p<0.004, Figure 21b, Page 128). There
was a non-significant trend towards intervention patients’ BMI increasing to a greater extent than
control patients (Figure 21c, Page 129). Post hoc subgroup analyses of the poorest third of patients
or on the subset of patients who experienced catastrophic costs also showed no statistically

significant effect of the intervention on BMI, savings, income, or poverty score (data not shown).
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Discussion

121 including cash transfers on

We evaluated the effect of a TB-specific socioeconomic intervention
mitigation of the effects of TB-related costs in impoverished Peruvian shantytowns. The financial
burden of TB was high, especially amongst poorer TB-affected households. Over one-third of the
TB-affected households experienced catastrophic costs and thus were at increased risk of adverse
treatment outcome.’® Households with greater dissaving were nearly two-times as likely to incur
catastrophic costs, suggesting that dissaving may be a useful and simple proxy indicator of
catastrophic costs risk. The intervention defrayed only a fifth of patient households’ TB-related
costs but, despite this, households that were randomized to receive the intervention were less
likely to incur catastrophic costs. The intervention was equitable to vulnerable groups within the
cohort including poorer households and patients who were female. This evidence suggests a
socioeconomic intervention including a social protection component can contribute to defraying

TB-related costs, reduce the likelihood of incurring catastrophic costs, and will inform future

implementation of such interventions in line with the End TB Strategy.

Impact of the socioeconomic intervention on defraying TB-related costs and mitigating
catastrophic costs

The findings of this current research are important because they indicate that a socioeconomic
intervention reduced the likelihood of incurring catastrophic costs — an encouraging finding that
contributes to WHO'’s goal of eliminating catastrophic costs by 2035. However, despite reducing the
likelihood of incurring catastrophic costs, the impact of the socioeconomic intervention may have
been limited by the fact that the conditional cash transfers defrayed only 20% of patient
households’ total costs. During planning of the intervention, it had been estimated that if
implemented nationally this conditional cash transfer program would increase the Peruvian TB
program budget by between 5 and 26% per patient.?? Focus group discussions with key
stakeholders including local staff of the Peruvian TB program and a civil society of TB-affected
people suggested that such an increase in program expenditure was locally appropriate, affordable,
and potentially sustainable.’>*> Therefore, to enhance the impact of the intervention, it will likely
be necessary to increase the proportion of costs defrayed by conditional cash transfers in order to
further incentivize TB-affected households, eliminate catastrophic costs, reduce TB vulnerability,
and enable improved access to TB treatment and care. This could be achieved by a combination of:
reducing system costs (e.g. through rapid diagnosis, improved access to treatment and preventive
therapy); increasing the value of the cash transfers; and increasing access to and uptake of the
conditional cash transfers (e.g. stratifying the intervention so that high-risk groups receive greater

and more frequent socioeconomic support).
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Equity of the socioeconomic intervention on TB-related costs mitigation

There was evidence that the intervention was equitable because the proportion of direct expenses,
lost income, and total costs defrayed by conditional cash transfers was higher in poorer households
and female patients. These findings are encouraging because such vulnerable and marginalised
patient groups have previously been found to have reduced access to TB care and prevention in the
study setting, and thus are more likely to experience adverse TB treatment outcome.*®%1"1 |n order
to reach these underserved groups in the future, national TB-specific socioeconomic interventions
may benefit from a broader approach than simply money and education, including cross-sector
provision of improved access to health insurance, social housing, housing improvements (e.g.
optimizing ventilation), employment services (nearly half of total TB-related costs were due to lost
income), and multi-disciplinary drug and alcohol addiction clinics (services not widely available
during the study period in the study setting. In addition, alternative forms of DOT may be beneficial
to reduce TB-related financial burden and allow an early return to work, such as VOT (video-

observed therapy) or peer-observation of therapy.

The association of poverty and TB

Patients were poorer than healthy controls whether assessed by factors acutely affected by having
TB disease (such as employment status and income) or stable, long-term measures of
socioeconomic position that constituted the poverty score (including household ownership,
household assets, and education level). These findings reinforce Virchow’s 150 year-old assertion
that TB is a social disease®!! and imply that poverty scores may be useful tools with which to
assess TB risk, especially in vulnerable groups. The relationship between poverty and TB is complex
and requires further descriptive and particularly interventional research, especially in the light of

the End TB Strategy’s renewed call to combat the social determinants of TB.1®

Dissaving and the association of dissaving with catastrophic costs

Dissaving is a simple, proxy measure of financial shock.'’> A key research question to be answered
by the current research is how well the prevalence of certain dissaving measures correlates with
likelihood of incurring catastrophic costs. In the current study setting, dissaving was associated with
being a vulnerable, underserved individual or household. Patients from households with more than
average dissaving were: poorer; more likely to incur catastrophic costs; and have greater food
insecurity. In addition to a recently published study demonstrating the correlation of dissaving with
TB-related costs in different settings,*”® our current results provide evidence to inform the potential
role of dissaving and provide provisional support for dissaving as a proxy marker of catastrophic
costs.'”2 This is important because our previous work showed that catastrophic costs were

associated with adverse TB treatment outcome and may be assumed to have a negative effect on
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TB control. Thus, the same may be the case for dissaving. Were dissaving to be adopted as a proxy
indicator of catastrophic costs, it is probable that local adaptation of dissaving measures will be
necessary: in specific settings, certain dissaving variables may be more relevant to, and correspond
more closely with, likelihood of incurring catastrophic costs. For example, in rural sub-Saharan
Africa where formal loans or payments may be less frequent, other dissaving variables such as
selling livestock may be more important contributors to dissaving.'° Piloting of the WHO TB costs

tool including dissaving measures may soon shed new light on this under-researched area.

Limitations. Firstly, the study sample size was determined by TB outcomes (see linked BMC
Medicine article on the impact of the intervention on TB prevention and cure) so no a priori power
calculations were made to evaluate the impact of the intervention on financial outcomes. Secondly,
despite the encouraging findings concerning equity of the intervention, research nurses reported
their subjective impression that patients who declined to participate in the study were much more
commonly from groups associated with high-risk of adverse treatment outcome (including the
formerly incarcerated, homeless, and/or those with drug addictions). However, this qualitative
observation cannot be quantitatively verified because these patients chose not to give informed
consent and so we were unable to formally collect data on their specific risk factors. Thirdly, costs
of accessing treatment for concurrent comorbidities (including HIV and diabetes) throughout TB
illness were not specifically examined during this study. However, only 6% of the cohort had
diabetes and 5% HIV respectively and these comorbidities were equally distributed in the
intervention TB-affected households and control TB-affected households, so it is unlikely that this
would have influenced our results. Fourthly, we only studied the financial effects of MDR TB for six
to seven months, whereas patients with MDR TB are usually treated for 18 months or more. We
decided a priori to analyse the catastrophic costs of both MDR and non-MDR patients together for

six to seven months, given the small number of MDR TB patients, and in order to be consistent with

our previous published research into catastrophic costs of TB-affected households.'® Finally, there
is currently no standardized, accepted method by which to measure mitigation of the effects of

catastrophic costs and defraying TB-related costs.
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Conclusions

Accessing even free TB care was associated with higher dissaving, high TB-related costs, and
frequent catastrophic costs in Peruvian shantytowns, especially for poorer households. This
research provides evidence supporting the use of dissaving as a proxy indicator of catastrophic
costs. A novel, complex, socioeconomic intervention was feasible, equitable, defrayed a substantial
proportion of TB-related costs, and reduced the likelihood of incurring catastrophic costs. Informed
by these findings, the socioeconomic intervention has been increased in value and its impact on TB
health outcomes is ready to be evaluated during the Community-Randomized Evaluation of a

Socioeconomic Intervention to Prevent TB (CRESIPT) study.
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Table 17: Baseline demographic characteristics of patient and healthy-control study

populations. P values are the difference between all healthy-controls and all patients by univariate

logistic regression adjusted for age and sex.

GEMNERAL
Age (median; IQR)
Sex (% male; 95% Cl)
SOCIOECONOMIC
Education level (%, 95% Cl)
Preschool minor
Hiiterate
Primary school incomplete
Primary school complete
Secondary schoolincomplete
Secondary schoolcomplete
Higher education
Employment (%; 95% Cl)
Paid Employment
Unpaid Employment
Student
Minar
Unemployed
Monthly household income
{mean monthly Peruvian Soles; 95% Cl)

Throughout entire iliness
Pretreatment
Intensive phase

Maintenance phase

Crowding (mean people/room; 95% Cl)
Proportion poor (%; 95% Cl)

Poaorer tercile

Poor tercile

Less poor tercile
Food insecurity {mean days went to
bed hungry in the past month; 85% Cl)
TB ANDHEALTH
Sputum smear positive (%, 95%Cl)
MDR (%: 95%Cl)
Previous TB episode (%, 95%Cl)
BMI {mean; 95% CI)

Patients (n=282)

Healthy control

(n=262)
P value
Intervention All All (n=262)
(n=135) (n=282) n=
30(21-45)  28(21-44) 25 (11-44) 0.02
64(55-72)  62(56-67) 50 (44-56) 0.006
3(0-6) 2(0-4) 5(2-8) 0.1
3(0-6) 2 (0-4) 1(0-3) 0.5
12 (6-17) 9(6-12) 12 (8-17) 0.2
10(5-15) 7(4-10) 11 (7-15) 0.1
29(22-37)  27(22-33) 21 (16-26) 0.1
27 (20-35)  32(27-38) 32 (26-38) 0.8
16(10-22)  20(16-25) 11 (7-15) 0.01
28(20-36)  29(24-35) 39 (33-45) 0.019
25(17-32)  23(18-28) 16 (12-21) 0.05
6 (2-10) 8(5-12) 30 (24-36) <0.0001
3(0-6) 2(0-4) 5(2-8) 0.1
36(28-44)  36(30-41) 6(3-9) <0.0001
1190 1231 2204
<(0.0001
(1071-1309) (1138-1325) (2002-2407)
1358 1316 NA NA
(1206-1510) (1210-1421)
1051 1109 NA <0.0001*
(976-1207) (1011-1206)
1082 1155 NA 0.004**
(958-1207) (1050-1261)
1.9(1.7-2.1) 2(1.82.1) 2.1(2.0-2.2) 0.082
41(32-49)  39(34-45) 27 (22-32) 0.002
30(23-38)  33(27-38) 36 (30-42) 0.4
29(21-37)  28(23-33) 37 (31-43) 0.027
1.7(1.0-2.4) 1.5(1.0-2.0) 0.5(0.1-0.9) 0.003
40(32-48)  40(34-45) 0 NA
7 (2-11) 9(5-12) 0 NA
18(11-25)  23(18-28) 5 (0-15) 0.05
22(21-23)  22(21-22) 24 (23-25) <0.001

*Pre-treatment versus intensive phase **Pre-treatment versus maintenance phase. Note: there was
no significant difference between household incomes during intensive versus maintenance phase
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Table 18: Univariate and multiple logistic regression of specific poverty indicators associated with TB disease (comparing patient versus

healthy-control study populations). After univariate logistic regression adjusting for age and sex, contributory variables (p<0.1) were entered into a multiple
logistic regression analysis. The variables that have blank data cell rows in the multiple logistic regression column were those non-contributory variables excluded
from the final model. The variables “Not in paid employment” and “Lower monthly household income” were not included in the multiple regression model

because these variables were strongly collinear with the variable “Poor”. “NA” refers to these variables. Body mass index was not included in the analysis because

this variable is strongly and acutely influenced by having TB disease.

Poor (% poorer than
median poverty score)

Crowding (% above median
number of people per
room)

Head of household did not
complete secondary school
(%)

Food insecurity (% above
median days of going to
bed hungry in past month)

Notin paid employment
(%)

Lower monthly household
income (% below median
income)

Patients (n=282)

Controls (n=262)

Univariate logistic regression

Multiple logistic regression

Odds ratio value Odds ratio value
% % (95% Cl) P (95% Cl) P
(95% Cl) (95% Cl)
50 (44-56) 38 (32-43) 1.7(1.2-2.4) 0.002 1.7 (1.2-2.4) 0.002
46 (41-52) 53 (47-59) 0.81(0.57-1.1) 0.2
47 (40-53) 52 (46-58) 0.82 (0.57-1.2) 0.3
29 (23-34) 21 (16-26) 1.5(1.0-2.3) 0.03
62 (56-68) 31 (25-36) 4.7 (3.2-6.9) <0.001 NA NA
58 (52-64) 27 (21-32) 3.7(2.6-5.4) <0.001 NA NA
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Table 19: Patient household (n=282) dissaving score associations with health and socioeconomic variables. The patient cohort had a median
average dissaving score of 0. Higher (more positive) scores indicate greater dissaving and hence greater financial shock. Lower (more negative) scores indicate
lower dissaving and hence less financial shock. Health and socioeconomic variables were analysed for association with dissaving score by univariate logistic
regression. Multiple logistic regression was then performed with stepwise exclusion of non-contributory (p>0.1) variables. The variables that have blank data
cell rows in the multiple logistic regression column were those non-contributory variables excluded from the final model.

Dissaving Univariate logistic Multiple logistic
score regression regression
Variable
( ) Unadjusted OR | Adjusted b val
mean (95%Cl) value OR (95%C) value
Catastrophic Incurred 0.58 2.4 0.001 1.8 0.02
costs Not incurred -0.43 (1.5-3.9) (1.1-3.1)
Poorer 0.37 2.3 0.001 1.8 0.026
Poverty
Less poor -0.35 (1.4-3.7) (1.1-3.0)
Food High 0.3 2.6 0.001 2.2 0.008
insecurity Low -0.26 (1.5-4.5) (1.2-3.8)
Secondary  Incomplete 0.36 1.7 0.03 _ _
education Complete -0.165 (1.0-2.7)
u id, k 0.16 1.1 0.6
Employment an l/no wor
Paid work -0.23 (0.68-1.8)
Symptom Longer 0.08 1.4 0.2
duration Shorter -0.068 (0.84-2.2)
Non-MDR 0.008 1.1 0.8
Typeof TB
MDR -0.09 (0.49-2.6)
Female 0.07 1.1 0.8
Gender
Male -0.04 (0.66-1.7)
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Randomly-selected healthy

; TB patients (n=312)
control households recruited

invited to participate

(n=50)
4diedpriorto, | . 26 declined to
completing recruitment participate
TB patients (n=282)
recruited
I—[ Randomization ]—I
A [ Intervention arm ] [ Control arm ]
Recruited study
population of
healthy controls y y
(n=266)
TB patients (n=135) TB patients (n=147)
randomized to intervention arm randomized to control arm
4 healthy controls did
not comp|ete data -l , 3 patients had their
i i i TB diagnoses revoked
collection questionnaire Ipatientsdidnot
complete follow-up
___________________ , 4 patients did not
complete follow-up
y
Healthy controls who ) )
. TB patients (n=132) TB patients (n=140) who
completed data collection . )
who completed final follow-up completed final follow-up

questionnaire (n=262)

Figure 15: Participant recruitment and randomisation. Recruitment constituted completing informed consent and a recruitment questionnaire. Dashed
arrows refer to participants who were not included in the final analysis.
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illness (n=282) (n=282) (n=282) (n=282) phase (n=282)
1 Lost income | 1510(52) | 319(48) | 1192(53) | 508(54) | 684(52) |
g [ Other expenses 166 (12) 36 (10) 130 (12) 49 (11) 81 (13)
« S ] Extra food 358 (26) 61 (18) 297 (28) 151 (35) 146 (24)
5 g [ Transport 260 (19) 58 (17) 203 (19) 84 (20) 119 (19)
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B Medicines 205 (15) 66 (19) 139 (13) 51 (12) 88 (14)
Total direct expenses 1394 (48) 347 (52) 1048 (47) 428 (46) 620 (48)
\ Total costs | 2904(100) | 666(100) | 2240(100) | 936(100) | 1304 (100) |

Figure 16: TB-affected household direct expenses, lost income, and total costs by treatment phase. P values are differences of total costs between
treatment phases by T-test
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Figure 17: Total direct household expenses during the entire illness and total costs during the entire illness as a proportion of
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annual income by poverty tercile (n=282). This analysis is comparable with previous research.
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Figure 18: Variables with the highest Eigenvector loading values derived by principal component analysis. Higher eigenvector values
represent a higher discriminatory power of that specific variable to explain the poverty score and dissaving scores (see Box 2).
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Figure 19: Catastrophic costs incurred by intervention (n=132) and control (n=140) households. The top p value is regression analysis
adjusted for confounders including food insecurity, poverty level, household crowding, highest level of education of head of household, resistance
profile of patient, and employment of patient.
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Figure 20: Intervention incentives as a proportion of direct expenses and total costs of that household. Incentives refer to conditional cash
transfers received by the intervention patient households. P values are univariate logistic regression of each binary variable against total costs mitigated by
the incentives.
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Figure 21a: Relative poverty score and changes in relative poverty score between all patients and healthy-controls at

baseline, and intervention patients and control patients at baseline and follow-up. P values are the difference of poverty score
between all patients and healthy-controls, and the change in poverty score from baseline to follow-up in and between intervention and
control patients.
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Figure 21b: BMI at baseline and final follow-up in all patients, supported arm patients, and control arm patients. P values
represent the difference in BMI between baseline and follow-up on univariate logistic regression.
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Figure 21c: Change in BMI from baseline to follow-up in supported arm patients and

control arm patients. P values represent the difference in change in BMI from baseline to final
follow-up between patient and control arms on univariate logistic regression.

128



Chapter 6: A randomized controlled evaluation of a socioeconomic
intervention to improve tuberculosis prevention and cure in
impoverished shantytowns of Callao, Peru

At the time of writing (February 2016), this chapter is under review as a manuscript for publication
with the Bulletin of the World Health Organisation. The findings reported in this chapter form the
crux of this PhD thesis: the impact of the socioeconomic intervention on TB preventive therapy

uptake in household contacts and TB cure in patients from impoverished Peruvian shantytowns.

Introduction

One third of the world’s population is estimated to have latent tuberculosis (TB) infection, mostly in
resource-constrained settings.'’* Those at highest risk of progressing from latent TB infection to TB
disease include: household contacts of TB patients and people living in poverty.r”” It has previously
been shown that HIV-negative people with latent TB infection who took TB preventive therapy had a
60%'7°> decreased risk of progressing to active TB disease. Despite this proven benefit, the global
utilisation and impact of preventive therapy on TB control are severely limited because latent TB
infection is infrequently tested® and people with latent TB infection are infrequently prescribed,
start, adhere to, or complete TB preventive therapy.’>'%7178 Such people are more likely to develop

TB disease, hampering global TB control.179-181

Difficulty adhering to medicines including TB preventive therapy is common and reduces the
intended benefits.76177.179.182 However, it is not only TB contacts who are at increased risk due to
non-adherence: TB patients who do not start, adhere to, or finish TB treatment are more likely to
have adverse treatment outcomes (including death, treatment failure, and TB recurrence)*® and
transmit TB to other people including households contacts.’®* In addition, such patients are more
likely to develop multi-drug resistant TB (MDR-TB);'® an increasingly prevalent, global public health

threat.®

Enhancing access to TB preventive therapy and treatment is likely to improve TB prevention and
cure. The current slow decline in TB incidence is associated with a predominantly biomedical
approach, which is proving insufficient to meet the reductions recommended in the End TB Strategy.

To meet these goals, complementary strategies including socioeconomic support are required,6:186-

202
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Social protection interventions include conditional cash transfers and aim to reduce poverty and
vulnerability by improving people’s capacity to manage social and/or economic risks.'3¥-38 Although
these and other socioeconomic interventions are already relatively common tools in the response
to HIV/AIDS and maternal health,'3*%0 there is extremely limited evidence on the impact of these

interventions on access to TB preventive therapy in household contacts or cure in TB patients.'3*

134,142

Our research group (www.ifhad.org) was funded to undertake the Community Randomized
Evaluation of a Socioeconomic Intervention to Prevent TB (CRESIPT) project. Prior to initiating
CRESIPT, we report here the household-randomized controlled pilot evaluation of the complex TB-
specific socioeconomic intervention that is proposed for the CRESIPT study %71, The aims of the
current pilot project were to evaluate the impact of this intervention on TB prevention and TB cure,

and refine the intervention for the CRESIPT study.

Methods

Setting. 32 contiguous shantytown communities in Callao, Peru, with a population of approximately

203

one million people?® and an annual TB notification rate of 109 new cases/100,000 people/year in

2014,2%32% higher than nationally.261%8

Design. This household-randomized controlled study evaluated the impact of a socioeconomic
intervention on TB preventive therapy uptake by household contacts (henceforth termed

“contacts”) and TB cure in patients.

Intervention. The intervention is detailed in Chapters 4 and 5 and Box 5.
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Box 5: Description of the socioeconomic intervention

Background: The project was informed by the findings of our group’s Innovative Socioeconomic
Interventions Against TB (ISIAT) study,® two systematic reviews of cash transfer interventions,
133159171 expert consultations,'*? and feedback from civil society and local and regional heads of the
Peruvian TB Program.'’*

Outputs: The intervention targeted defined outcomes along the TB causal pathway and promoted
equitable access to TB program activities?® including:

i. screening for TB in contacts and MDR-TB in TB patients;
ii. adherence to TB treatment and preventive therapy; and
iii. engagement with social support activities.

The socioeconomic intervention has previously been described in Chapters 4 and 5.1 Briefly, it
constituted economic and social support:

- Economic support consisted of conditional cash transfers throughout treatment to defray
average household TB-related costs thereby reducing TB risk factors whilst also incentivizing, and
enabling care. Economic support was designed so that direct out-of-pocket expenses (previously

)** would be mitigated in patients

found to be 10% of annual household income in the study setting
who achieved all conditional cash transfers. During planning of the intervention, it had been
estimated that if implemented nationally this conditional cash transfer program would increase the
Peruvian TB Program budget by approximately 15% per patient.?® Focus group discussions with key
stakeholders including local and regional staff of the Peruvian TB Program suggested that such an
increase in program expenditure was locally appropriate, affordable, and potentially

sustainable.??79171,

- Social support consisted of household visits and participatory community meetings that aimed
to provide information, mutual support and empowerment, and stigma reduction. The household
visits were made shortly after patients were started on treatment and focused on education
concerning TB transmission, treatment, preventive therapy, and domestic finances. The community
meetings took place monthly in each study site community.'’* The meetings re-emphasized the
educational themes of the household visit, and developed an event entitled “TB Club” in which
participants shared TB-related and other life experiences within a mutually supportive group
setting (to be reported elsewhere).?” All household members were invited and encouraged to
participate in both the household visits and community meetings.
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Participants. Inclusion criteria were patients commencing treatment for TB disease administered by
the Peruvian TB Program in the study communities. These patients were invited to participate with
a consent form that explained the randomization process. For patients who were minors, a parent
or guardian was invited to give informed written consent and the patient to assent to participate.
Contacts were defined as individuals who reported being in the same house as the recruited TB

patient for over 6 hours/week. Exclusion criteria were inability or unwillingness to consent.

Randomization was performed by TW and DH using random number tables to generate an
individual household randomization sequence for each health post that was restricted to blocks of
30. The randomization assigned a patient household at a ratio of 1:1 to either the control arm, in
which households received Peruvian TB Program standard of care, or the intervention arm in which
households additionally received the socioeconomic intervention. The mechanism for allocation
concealment consisted of cards placed in pre-numbered sealed envelopes detailing allocation to
the intervention or control arm. Once patients gave informed consent to participate, a project

nurse opened the envelope in front of the patient and informed them of their allocation.

Data collection. A locally-validated questionnaire **> was used to collect health, wellbeing, and
socio-demographic data, at baseline as treatment commenced and 24 weeks later (28 weeks if
treatment was prolonged, usually because of MDR-TB and/or HIV-TB co-infection). Both interviews
included measurement of height and weight to calculate body mass index (BMI), and assessment of
13 stable socioeconomic position indicators including assets, access to services, and education
level.1>171 The final interview also included a mixed-methods qualitative and quantitative
guestionnaire concerning feedback, in which participants were asked to rank the importance of
each activity constituting the intervention (time spent with our project’s research nurses and
technicians in the health post, home visits, educational workshops, TB Clubs, and the conditional

cash transfers).

Preventive therapy. The most recent Peruvian TB Program guidelines that applied throughout this
study recommended that preventive therapy be provided to all contacts under 5 years old of a
patient with non-MDR pulmonary TB (unless the contact had had previous TB disease), and
preventive therapy should also be considered for contacts aged 5 to 19 years of a patient who have
a tuberculin positive skin test indicating latent TB infection and were a contact of a patient with
non-MDR pulmonary TB.2%> However, tuberculin was generally unavailable throughout this study.
Preventive therapy consisted of a six-month course of daily isoniazid that was collected weekly
from health posts by patients and taken unsupervised at their home.?%® Data concerning preventive
therapy uptake were collected collaboratively and prospectively from Peruvian TB Program records.

Of note, control households did receive information concerning household contacts of the TB
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patien being tested and treated for latent TB infection in the form of face-to-face clinic contact
(most commonly with Peruvian TB Program nurses) and also Peruvian TB Program educational
leaflets, posters, and booklets (all available to download in Spanish from

www.tuberculosis.mins.gob.pe). However, the extent to which this information was communicated

was highly variable between health posts in the different study site communities.

Treatment. The Peruvian National TB Program offered free TB diagnostic testing to all suspected TB
patients who, once diagnosed, received free anti-TB directly observed therapy (DOT) administered
at health posts.?® As an incentive and benefit for participation, all patients, regardless of their
randomisation, were offered an additional sputum test with Xpert MTB/rif™ performed by our
research laboratory for rapid rifampicin susceptibility testing, which was not otherwise routinely
available. TB treatment outcome data were collected collaboratively with the Peruvian TB Program

from their treatment cards at the time of final follow-up and were not influenced by this research.

Treatment outcomes. Peruvian TB program outcomes were consistent with those defined by the
World Health Organisation.?”® The Peruvian TB Program defined cure of drug-susceptible TB as a
patient with bacteriologically confirmed TB at diagnosis who completes treatment and has a
negative sputum smear during the final month of treatment.?%® This involved confirmation during
clinical assessment by a National TB program physician to evaluate symptoms, examination, weight
trend, and, when necessary, investigation such as chest radiographs and blood tests. Patients who
completed their TB treatment course but did not complete the required sputum testing and/or
physician review were classified as having completed treatment. Other programmatic outcomes
were death (all-cause mortality during TB treatment); failure of treatment (as determined by the
physician and/or demonstrated by positive sputum microscopy/culture after 4 months of
treatment); abandonment of treatment; and unknown outcome (patient relocated to another
region or was lost to follow-up with inability to determine outcome). The Peruvian TB Program
defined treatment success as patients who completed treatment or were cured, as per WHO
guidance. An additional project definition was continuing on treatment after our 28-week follow-up
interview. MDR-TB patients, whose treatment duration commonly extends to 24 months, were

defined as continuing treatment if still taking TB treatment at this 28-week follow-up interview.

Primary study outcome. The primary study outcome compared intervention households with
control households and was uptake of TB preventive therapy in contacts aged less than 20 years. A
priori subgroup analysis of uptake, adherence to, and completion of TB preventive therapy for
household contacts aged under 5 years old and household contacts aged from 5 to 19 years old was

also performed. Completion of TB preventive therapy was operationally defined in line with
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Peruvian national guidance: contacts who started and took 6 months (24 weeks) of preventive

therapy (as documented in their preventive therapy treatment cards).?%®

The secondary study outcome was National TB Program confirmed TB cure in patients as described
above. This analysis evaluated patients with cure versus patients without cure without any
exclusions (intention-to-treat). Further sub-analyses were also performed evaluating patients with
cure versus patients in whom it was not known whether they had been cured or not, such as
patients: with unknown outcome; who were still on treatment; or who completed treatment
without assessment. Finally, a sub-analysis of patients who had WHO-defined treatment success

versus patients who did not have treatment success was performed.2%®

Sample size. Recent evidence from the study site showed that TB patients had an average of five
contacts, three contacts aged <20 years and so potentially eligible for TB preventive therapy, and
25% of them completed it.’> Therefore, a priori, we calculated that 312 patients would give 80%

statistical power to detect a 33% increase in the primary outcome comparing intervention versus

control households with two-sided 5% significance.

Blinding. 1t was not feasible for the patients or the research team to be blinded to patient
allocation. TB Program staff were not informed of and were generally unaware of patient allocation

but were not confirmed to be blinded.

Analysis. Socioeconomic variables were combined into a composite index of household
socioeconomic position using principal component analysis, as previously described.!! Data at the
household and individual (patient or contact) level were used for intention to treat and
supplementary analyses with adjustments for household clustering using robust standard errors
because there was more than one household contact per patient in most households. The primary
and secondary outcome were analysed by univariate logistic regression and multiple logistic
regression adjusted for household clustering and known confounders measured at baseline
(including household-level factors such as poverty, household crowding, head of household’s
highest education level, monthly income, and food insecurity; and patient-level factors such as age,
gender, employment status, and TB resistance profile) that generated adjusted odds ratios (aOR)
for relevant, contributory socioeconomic and health factors. Time-to-event analysis was performed
in order to generate a crude, unadjusted log-rank value for difference between number of weeks of

preventive therapy taken by household contacts from intervention versus supported households.

Approval. The project had ethical committee approval and all participants gave informed written

consent prior to participation.
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Results

Participants. Recruitment commenced 10" February 2014 and the intended sample size was
reached 14" August 2014 and follow-up was completed 1% June 2015. 312 TB patients were invited
to participate, 90% (282/312) were recruited and randomized to the intervention (n=135) and
control (n=147) arms. Three recruited patients had their TB diagnosis revoked and two died during
the study; and seven recruited patients did not complete follow-up. Thus 96% (272/282) recruited
patients had complete follow-up (Figure 22, Page 147). 68% of patients had sputum smear-
microscopy positive TB. 9% (24/282) of patients had MDR-TB, none of whom had been cured or
completed treatment during the study because MDR-TB treatment generally requires at least two
years of continuous antibiotic therapy in Peru. No substantive baseline imbalances were found
between intervention and control patients in the baseline characteristics shown in Table 20 (Page
141). Patients had an average of five contacts, 97% (1290/1331) of whom were recruited. 40%
(518/1290) of recruited contacts were aged under 20 years old of whom 410 completed follow-up
(Figure 22, Page 147).

Intervention. 122/135 (90%) of patient households that were randomized to the intervention arm
of the intervention received at least one conditional cash transfer. A total of 890 conditional cash
transfers were made (80% of potential conditional cash transfers) with an average total of 520
Peruvian Soles (173 US Dollars) per household received a maximum of 640 Peruvian Soles (230

dollars) per household.?>171

Primary outcome. Contacts aged less than 20 years old from intervention households were more
likely than those from control households to start preventive therapy (44% versus 26%, aOR 2.2
[95% Cl 1.1-4.2], p=0.022, Table 21, Page 142 and Figure 23, Page 148). Time-to-event analysis
showed that household contacts from intervention households took a greater number of weeks of
preventive therapy than those from control households (log-rank test p=0.005, Figure 24, Page
149). Although crude analysis showed that household contacts were more likely to complete three
and six months of preventive therapy (Figure 23, Page 148), these increases were not significant
after adjusting for household clustering (completion of three months 33% versus 22%, aOR 1.8
[95% Cl 0.90-3.7], p=0.095 and completion of six months 20% versus 12%, aOR 1.9 [95% CI 0.79-
4.6], p=0.15, Figure 23, Page 148). Subanalysis of contacts aged 5 to 19 years old (Table 22, Page
143 and Figure 25, Page 150) and less than 5 years old (Table 23, Page 144 and Figure 26, Page 151)
showed a similar pattern, with those less than 5 years old tending to be more likely to start, adhere

to, and complete preventive therapy than 5 to 19 year olds.
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Secondary outcome. The intention-to-treat-analysis showed that patients from intervention
households were more likely than those from control households to have cure (51% [95% Cl 43-
60%)] versus 37% [95% Cl 30-45], aOR 1.8 [95% Cl 1.1-2.9], p=0.02, Table 24, Page 145, Table 25,
Page 146, and Figure 27, Page 152). This pattern was maintained after excluding patients with
unknown outcome, and/or those still on treatment, and/or those who completed treatment (Figure
27, Page 152). However, using the National TB Program definition patients from intervention
households only tended to be more likely to have a successful treatment outcome than patients

from control households (76% versus 70%, aOR 1.6 [95% CI 0.87-3.0], p=0.13).

Feedback: 74% (100/135) patients from supported households completed a feedback
guestionnaire. They rated social support (a composite average of home visits, health post project
interactions and community meeting educational workshop and TB Club rankings, 3.1 [95% CI 3.0-
3.2]) as more important than the economic support (conditional cash transfer ranking 1.9 [95% Cl
1.5-4.3], p<0.0001, Figure 28, Page 153). In poorer households, cash transfers tended to be rated
more highly (2.2 [95% CI 1.7-2.7] poorest versus 2.0 [95% Cl 1.4-2.6] poor versus 1.5 [95% Cl 0.8-
2.0] least poor, p=0.06) and social support activities less highly (composite social support activities
ranking 2.9 [95% Cl 2.8-3.1] poorest versus 3.1 [95% Cl 2.9-3.3] poor versus 3.2 [95% Cl 3.0-3.3],
p=0.02).

Discussion

During the CRESIPT pilot study, we designed, implemented, refined,'?* and evaluated a novel TB-
specific socioeconomic intervention including cash transfers in a resource-constrained setting. The

171

intervention proved to be feasible'’* and improved rates of TB preventive therapy uptake in

contacts and TB cure in patients.

The findings of this paper generate new knowledge suggesting that socioeconomic interventions
including conditional cash transfers can modify behaviour and improve TB prevention and cure in a
challenging environment. Prior to this study, evidence assessing interventions to improve TB
preventive therapy or treatment adherence has been hampered by lack of randomization, limited

sample size, and/or being conducted in high-resource countries with restricted patient groups (e.g.

186,187 193 156,175,188,198)

HIV-infected people,?®® homeless people, migrants,™> or injecting drug users
Recent systematic reviews concluded that there was currently no evidence that incentives including
cash transfers increased TB preventive therapy completion!” and minimal evidence to guide World

Health Organization recommendations concerning implementation and scale-up of TB-specific
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socioeconomic interventions in resource-constrained settings.?'° Since the publication of these
reviews, there have been very few controlled studies to further knowledge in this area.'>*® This
current research from a resource-constrained setting contributes new knowledge to fill this evidence

gap and inform global TB policy.

The finding that this intervention increased TB preventive therapy uptake and number of weeks of
preventive therapy taken is important because non-adherence to TB preventive therapy is
frequent®6178-181,196211-214 91 |eads to higher rates of secondary TB. Nevertheless, even in the
household contacts from intervention households, the uptake of preventive therapy was low with
less than half of the household contacts even starting preventive therapy. However, the aim of the
study was not to achieve 100% preventive therapy coverage in household contacts because only a
subset of household contacts is eligible to receive preventive therapy. Instead, we approximately
doubled uptake of TB preventive therapy in household contacts under 20 years old. This increase in
preventive therapy uptake was greatest in household contacts under 5 years, the great majority of
whom are eligible for TB preventive therapy, at highest risk of death from TB disease, and in whom
the impact of preventive therapy will therefore have the greatest health benefits. By contrast, in
Peru, household contacts aged 5-19 years are not all eligible for preventive therapy: they generally
require a clinical assessment including a tuberculin skin test that confirms TB infection before a
decision may be taken to offer TB preventive therapy. Current shortages in the worldwide supply of
tuberculin have made such screening difficult to achieve.?’® Despite this logistical challenge,
intervention household contacts aged 5-19 years approximately doubled their preventive therapy

uptake, highlighting the strength of the effect of the socioeconomic support they received.

While these CRESIPT pilot study findings are encouraging, it must be noted that despite a trend
towards increased TB preventive therapy completion in the intervention contacts, there was not
statistically significant evidence for this increase and many contacts who were probably eligible for
TB preventive therapy did not complete it despite being offered our socioeconomic intervention. A
potential reason for this may be that conditional cash transfers for preventive therapy were not
given monthly like they were for TB treatment. In addition, the conditional cash transfer for
completion of preventive therapy was only made if all (rather than for each of the) eligible contacts
in the household completed it. The conditional cash transfer design was informed by our previous
analyses of TB-related costs!! and aimed to temporarily reduce poverty,? mitigate direct costs,!
and thereby enable and improve healthcare access.?!” However, results from the economic analysis
(see Chapter 5) demonstrate that the transfers did not completely mitigate direct out-of-pocket
expenses, suggesting that the financial burden of TB was still high for many of the intervention

households. On the basis of the current results of this CRESIPT pilot study, we have since optimised
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the design of the economic component of the intervention to completely mitigate direct expenses
and to offer monthly conditional cash transfers to individual household contacts to further enhance
uptake and completion of preventive therapy and thus prevent incident TB. This new design has
been incorporated into the larger, five-year, well-powered community-randomized CRESIPT study,
which is currently commencing and will evaluate the cost-effectiveness and impact of the refined
socioeconomic intervention on health outcomes, access to TB care, and community TB notification

rates.

This research provides preliminary evidence in support of WHQO’s End TB Strategy, which calls for
expansion of the existing biomedical paradigm for TB control by incorporating socioeconomic
interventions and Universal Health Coverage initiatives that address poverty and social
determinants, the main drivers of the global TB epidemic.® This CRESIPT pilot study highlights the
potential importance of investing not only in diagnosing and treating TB disease but also in
supporting TB-affected people and households. While these findings suggest that conditional cash
transfers may contribute to improved patient outcomes (perhaps through diminishing food
insecurity during TB treatment as well as improved access to medical care), it must be noted that the
intervention went beyond cash transfers by offering education informing and promoting stigma
reduction, inclusiveness, and empowerment during household visits and participatory community
meetings. This social support focused on risk factors for non-adherence to preventive therapy such

as: being female and/or belonging to a marginalized group,13218-220 gge 220221 j|legal drug use,%,

197 222

homelessness,™” alcohol misuse,*** and TB-affected families’ and individuals’ own knowledge,
attitudes and perceptions.?**?22 The design of this CRESIPT pilot study did not allow analysis of the
differential impact of the social support component and the economic support component of cash
transfers on access to TB cure and access to prevention. Nevertheless, in the field of HIV, conditional
cash transfers interventions have often been complemented with health education for beneficiaries,
and it has been suggested that, without education or social support, conditional cash transfers are
unlikely to have an impact on health outcomes.'* Thus, optimising social support and addressing
specific aspects of poverty such as food insecurity are likely to be key issues on which to focus in

order to strengthen the impact of future interventions.

This study had several limitations. Firstly, we used TB cure as an outcome measure rather than TB
treatment success, which combines TB cure and TB treatment completion. We took this approach
because previous data from the study site demonstrated that patients who complete treatment
(rather than being confirmed as cured) are more likely to have early subsequent TB recurrence and
so not truly be cured.® Thus better characterisation of TB treatment outcomes will be a priority for

future research. Secondly, this CRESIPT pilot (as opposed to the forthcoming CRESIPT project) did
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not aim to evaluate the impact of the intervention on rates of secondary TB disease in household

contacts and thus the intervention’s potential influence on TB control.

Conclusions

This CRESIPT pilot study has demonstrated that a novel socioeconomic intervention was feasible,
acceptable, enhanced access to TB prevention, and improved TB cure rates in an impoverished

setting. These findings support the new global End TB Strategy and highlight the need for larger-

scale evaluations, such as CRESIPT, to determine the impact of socioeconomic interventions on TB

care and prevention, potentially towards TB elimination.
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Table 20: Baseline demographic characteristics of all patients, intervention patients,

and control patients

HOUSEHOLD CONTACTS UNDER 20
YEARS OLD CHARACTERISTICS (n=518)
Age (median; IQR)

Sex (% male; 95% Cl)

BMI (mean; 95% Cl)

PATIENT CHARACTERISTICS (n=282)
Age (median; IQR)

Sex (% male; 95% Cl)

Secondary school complete (%; 95% Cl)
Unemployed (%; 95% Cl)

Food insecurity (mean days went to bed
hungry in the past month; 95% Cl)
Sputum smear positive (mean; 95% Cl)
MDR (mean; 95% Cl)

Previous TB episode (mean; 95% Cl)
BMI (mean; 95% Cl)

HOUSEHOLD CHARACTERISTICS (n=282)
Monthly household income (mean
monthly Peruvian Soles; 95% Cl)
Crowding (mean people/room; 95% Cl)
Proportion poor (%; 95% Cl)

Poorer

Poor

Less Poor

Intervention Control All
arm arm

8.5(4.0-15) 9.0(4.0-14) 9.0(4.0-14)
52 (46-58) 53 (47-60) 53 (49-57)
20(19-21) 20 (20-21) 20(20-21)
30(21-45) 28 (20-43) 28(21-44)
64(55-72) 60 (52-68) 62 (56-67)
27 (20-35) 37 (29-45) 32(27-38)
36(28-44) 35(27-43) 36(30-41)

1.8(1.1-2.5) 15(0.9-2.1) 1.6(1.1-2.1)
51(36-66) 63 (47-79) 57 (46-68)

7(2-11) 10(5-15) 9(512)
18(11-25) 27 (20-35) 23(18-28)
22(21-23) 22 (21-22) 22(21-22)
1190 1271 1231

(1071-1309) (1127-1415)  (1138-1325)

1.9(1.7-2.1) 2.0(1.8-2.2) 2(1.8-2.1)
41(32-49) 38 (30-46) 39(34-45)
30(23-38) 35(27-42) 33(27-38)
29(21-37) 27 (20-34) 28(23-33)
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Table 21: The association of health, socioeconomic position, and receiving the socioeconomic intervention with uptake of TB
preventive therapy in household contacts under 20 years old (n=410). Univariate and multiple logistic regression show odds ratios of likelihood

of preventive therapy uptake.

Household

Food insecurity (patient of
household above or below
mean days of going to be
hungry in the past month)

Employment status of
head of household

Education level of head of
household

Poverty (household poorer
or less poor than median
poverty score)

Gender

Household income (above
or below median monthly
household income)

Univariate logistic

Multiple logistic

Uptake of
Total preventive regression regression
Group number in therapy in Prevalence Odds ratio e 0dds ratio o
group group (95%c) P (95%Cl)  value
Control 204 54 0.26 1 1
Intervention 206 90 0.44 2.2(1.1-4.1) 0.019 22(1.14.1) 0.02
More food 354 127 036 1
insecurity
-Less foc.)d 56 17 031 0.78 (0.32-1.9) 0.6
insecurity
Paid employment 253 97 0.38 1
Unemployed 157 47 0.3 0.69 (0.36-1.3) 0.3
Completed
204 71 0.35 1
secondary school
Did