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ABSTRACT

Introduction Delaying care-seeking for tuberculosis

(TB) symptoms is a major contributor to mortality, leading
to worse outcomes and spread. To reduce delays, it is
essential to identify barriers to care-seeking and target
populations most at risk of delaying. Previous work
identifies barriers only in people within the health system,
often long after initial care-seeking.

Methods We conducted a community-based survey of
84625 households in Chennai, India, to identify 1667
people with TB-indicative symptoms in 2018-2019.
Cases were followed prospectively to observe care-
seeking behaviour. We used a comprehensive survey to
identify care-seeking drivers, then performed multivariate
analyses to identify care-seeking predictors. To identify
profiles of individuals most at risk to delay care-seeking,
we segmented the sample using unsupervised clustering.
We then estimated the per cent of the TB-diagnosed
population in Chennai in each segment.

Results Delayed care-seeking characteristics include
smoking, drinking, being employed, preferring different
facilities than the community, believing to be at lower
risk of TB and believing TB is common. Respondents who
reported fever or unintended weight loss were more likely
to seek care. Clustering analysis revealed seven population
segments differing in care-seeking, from a retired/
unemployed/disabled cluster, where 70% promptly sought
care, to a cluster of employed men who problem-drink
and smoke, where only 42% did so. Modelling showed
54% of TB-diagnosed people who delay care-seeking
might belong to the latter segment, which is most likely to
acquire TB and least likely to promptly seek care.
Conclusion Interventions to increase care-seeking
should move from building general awareness to
addressing treatment barriers such as lack of time and
low-risk perception. Care-seeking interventions should
address specific beliefs through a mix of educational, risk
perception-targeting and social norms-based campaigns.
Employed men who problem-drink and smoke are a prime
target for interventions. Reducing delays in this group
could dramatically reduce TB spread.

1,6,7

Key questions

What is already known?

» Tuberculosis (TB) is a leading cause of death world-
wide, with India contributing the largest number of
patients with TB.

» Delays in promptly seeking care for symptoms sug-
gestive of TB are common in India and are a major
contributor to ongoing TB mortality; retrospective
studies on patients suggest they are influenced
by demographic as well as access-related and
awareness-related factors.

What are the new findings?

» In the South Indian city of Chennai, we identified a
broad spectrum of barriers to prompt care-seeking,
including demographic factors such occupation,
beliefs around perceived risk (higher care-seeking),
normalisation of TB (lower care-seeking) and having
different facility preferences than one’s community
(lower care-seeking), as well as symptom-related
factors such as experiencing sustained unintention-
al weight loss or having a fever for at least 7 days
(higher care-seeking).

» TB awareness is high and (contrary to previous re-
search) not associated with care-seeking delays.

» Segmentation revealed that a high-impact subpop-
ulation of employed men who problem-drink and
smoke may comprise over half of Chennai’s TB-
diagnosed individuals who do not promptly seek
care, and that this group is both particularly unlikely
to seek care and particularly likely to have TB.

INTRODUCTION

Tuberculosis (TB) is the 10th leading cause of
death in the world and, with 1.5million deaths
annually, the infectious disease responsible for
the most deaths." India is the largest contrib-
utor to the global TB burden, accounting for
2.7million of the 10million new TB cases in
2018." With the establishment of the Sustainable
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Key questions

What do the new findings imply?

» TB awareness campaigns alone may not drive care-seeking, and
normalisation of TB may be counterproductive; instead, making
service delivery more convenient could be an immediate priority.

» Addressing high-impact segments such as employed men who
problem-drink and smoke with targeted campaigns around their
risk perception and other key barriers, rather than employing
population-level, one-size-fits-all interventions, would allow pro-
grammes to focus efforts on the subset of the population that is
most at risk of acquiring TB and least likely to seek care.

Development Goals, the global TB community has set ambi-
tious targets to combat the global TB epidemic, aiming to
reduce TB incidence by 90% and TB deaths by 95% between
2015 and 2085.% Achieving these targets in the face of limited
resources will require national and local programmes to take
a ‘precision public health approach’. We define precision
public health as efficiently delivering the right intervention,
to the right person at the right place and time to achieve the
desired impact using the best available data and technolo-
gies.” In this context, interventions should therefore focus
on the people most at risk of contracting and spreading
the disease, and target the key underlying barriers to care-
seeking and treatment.*

Recent research suggests that the delay between the
onset of symptoms and first contacting a provider to
seek care is one of the greatest contributors to ongoing
TB mortality and incidence.” ® Reducing the length of
time between symptom onset and care-seeking can be
particularly impactful in reducing TB incidence because
it shortens the window during which people with symp-
toms are contagious and can spread the disease to
others. Indeed, modelling indicates that, in India, if the
average care-seeking delay for those infected with TB
were reduced by 25%, TB mortality would be reduced by
roughly 6%, and incidence of new cases would similarly
decline.” Indian symptomatics experience significant
delays in care-seeking, with people exhibiting symptoms
for a median of 18.4 days without seeking care, and a
subsegment of TB symptomatics delaying care-seeking
for up to several months.”

Understanding what drives those with TB symptoms
to delay care is essential to designing effective interven-
tions. With limited resources, this requires a precision
public health approach: programmes need to know
whether certain segments of the population are most at
risk for not seeking care promptly and understand their
potential barriers to care-seeking. Then, efforts can be
targeted to the right people with the right interventions
based on what segment is most prevalent, most at risk,
most easily accessed and most easily ‘converted’ to the
right behaviour.® Many studies have been conducted
both globally™* and in the Indian context”™ to
better understand TB patient care-seeking pathways.
These studies find a number of factors to be commonly

associated with delayed care-seeking, including lack of
knowledge about TB,IO_13 being a woman,11 120 1ack
of education,'! living far from health facilities,!! 121520
visiting informal care providers,11 13 low income in Africa
and Asia,'* % high income in South India,'® age,9 101519
and tobacco and alcohol use.'® 2! Although existing
research provides some insight into what drives people
to seek care for their TB symptoms, these studies often
only focus on a limited set of potential drivers, many
of which are demographic variables. These variables
alone are difficult to address without knowing associ-
ated differences in knowledge, attitudes, resources, and
health or information-seeking behaviours. Additionally,
the majority of studies survey patients in hospitals or
other health facilities after they have already chosen
to seek care.'”” 2! % Thus, importantly these studies
miss people who have failed to seek care at all, and are
subject to participant recall bias since they retrospec-
tively survey patients about care-seeking decisions that
often happened months in the past.

Our study fills existing knowledge gaps in several ways.
To our knowledge, this study s the first thatuses a prospec-
tive design to capture early care-seeking behaviour in
TB. This allowed us to systematically identify people with
TB symptoms who may never seek care, or seek care only
informally, to develop a more representative sample of
TB symptomatics. The longitudinal, prospective design
allowed us to observe care-seeking in real time to reduce
recall biases. Our community-based survey is represen-
tative of Chennali, the sixth largest metropolis in India,
which accounts for a quarter of the world’s TB cases.”’
Finally, we used a comprehensive survey built on the
CUBES framework of behaviour® that allowed us to
systematically assess a wide range of possible drivers of
and barriers to care-seeking, including beliefs, knowl-
edge, social support, other health behaviour patterns
and demographic characteristics. After identifying key
predictors of TB care-seeking, we used unsupervised
clustering to create distinct and actionable segments of
people that differed in their care-seeking behaviour and
its drivers.

The goal of segmentation was to identify subgroups of
the population that may have a particularly low propen-
sity to seek care. We show that such a segment, while
small relative to the general population, may comprise
a large section of Chennai’s TB-diagnosed population
(ie, appears to have an enhanced risk for becoming diag-
nosed with TB). Therefore, targeting it could lead to
outsize improvements in care-seeking. Segmentation has
been effective for identifying and targeting individuals
for health behaviour change in other contexts,” * and
can be used to target those most in need using interven-
tions that address their specific barriers to seek care. The
insights from this study point to the need for segment-
targeted programmatic interventions to drive timely care-
seeking, so that limited resources can be used efficiently
to reduce TB incidence and mortality.
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METHODS

Written informed consent was obtained from all study
participants. Patients or the public were not involved
in the design or reporting of this research. At the end
of the initial survey, all participants who met the defini-
tion of “TB presumptive’ based on their symptoms (see
Community-representative sampling) were given a card
with the address of the nearest public health clinic, urged
to see a doctor for their current illness and provided with
directions to the facility if they did not know where it was
located.

This community-based study was conducted in the
city of Chennai, India. Two samples of households were
collected: a community-representative sample and a slum-
based sample. Each sample had different sampling and
selection criteria. The community-representative sample
was collected as part of an initiative by the city of Chennai
to obtain a more up-to-date estimate of TB prevalence
across the city. The slum-based sample was then sampled
specifically from slum areas to capture a larger propor-
tion of TB symptomatics relative to the main sample and
to achieve an adequate sample size for the proposed anal-
yses examining predictors of care-seeking.

Patient and public involvement

This study did not involve patients in the design,
recruitment or implementation phase. However, cogni-
tive pretests of survey questions were conducted in the
community from which participants were selected. TB
patient and healthcare provider reports of delays in
the care-seeking pathway, revealed in previous work,
informed the development of the research question. Due
to the large-scale, community-based recruitment, results
will not be disseminated to each participant. Instead,
study results are being implemented in Chennai-based
programmes to optimise care-seeking outreach.

Gommunity-representative sampling

Data from the community-representative sample were
collected between August and December 2018. For this
sample, 100 out of 200 wards from the city of Chennai
were randomly selected based on probability proportional
to size. Within each selected ward, a random sample of
four streets were selected as starting points, and the right-
hand rule was used to list 200 houses per starting point.
In each household, one adult (age 18+) was randomly
selected to be screened for symptoms and three recon-
tact attempts were made if the person was not present.
In line with medical guidance in Chennai for symptoms
requiring referral to get tested for TB, individuals who
reported blood in the sputum in the last month, and/or
a cough for 14 or more days, and/or fever for 14 or more
days were classed and enrolled as “TB presumptive’ symp-
tomatics. This category also included individuals who
reported unintended substantial weight loss in the last 3
months (from 6 October onwards only, due to a change
in question wording). Individuals with milder symptoms,
reporting a cough or fever for between 7 and 14 days,

were enrolled as “TB pre-presumptives’. To reduce the
potential for TB-related social desirability bias, partici-
pants were also asked about a set of unrelated symptoms,
which were not used as screening criteria.

Slum-based sampling

Data from the slum-based sample were collected between
March and July 2019. Due to the nature of slum layouts,
the main sampling method was adjusted. Slums from a list
by the Tamil Nadu Slum Rehabilitation Board were sorted
by the number of households in descending order, and
starting from the most populous 2000 households or less
were listed in a given slum to avoid overrepresentation.
Slums were mapped and checked against a set of qualita-
tive criteria, such as the presence of open sewers and of
shacks with metal or asbestos roofs. A total of 39 slums
were sampled. To further increase identification of TB
presumptives and pre-presumptives, initial screening by
proxy (other household members) was employed, with all
adults in the household being first screened directly or by
proxy for TB symptoms. If multiple TB presumptives or
pre-presumptives were identified in the household, one
was randomly selected to be enrolled in the study.

Data collection

Initial interview

To maximise the chance of enrolling a representative
sample, data collection took place on weekdays and
weekends, in daytime and evening hours. After symptom
screening, all TB presumptives and pre-presumptives
were invited to enrol in the study. If they agreed to
participate, they were immediately given ~45min inter-
view assessing both their care-seeking to date for their
symptoms, as well as a wide variety of possible drivers of
care-seeking behaviours. Questionnaire items were devel-
oped based on the CUBES framework® to systematically
assess possible perceptual and contextual drivers, as well
as household, community and media influencers. In
addition to the items assessing care-seeking, survey items
addressed general health facilities perceptions; social
support and influencers; general health status, beliefs
and biases; information channels; disease knowledge,
beliefs and stigma; and a sociodemographic profile.

‘Not seeking care promptly’ was defined as people who
had not yet sought care by the time they were initially
surveyed and is used as the outcome variable for the
subsequent analyses. ‘Formal’ care was defined as seeking
care from a doctor at either a government or private
facility.

Follow-up care-seeking assessments

While not the focus of the current study, participants
were then followed up to determine what care-seeking
practices they engaged in, if any, for 6 weeks after the
initial contact.

Data analysis
Data were analysed using R. Unless otherwise indicated
below, analyses incorporated data from both samples
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and all enrolled participants (TB presumptives and pre-
presumptives) for statistical power.

Predictors of care-seeking

First, a series of multivariate logistic regressions were
performed to identify characteristics that were associated
with a higher likelihood of having sought care from a
government or private doctor at the time of the initial
interview. Predictor variable selection was based around
the CUBES framework.” Drivers considered included
demographic variables (eg, gender, occupation, wealth
score), symptom characteristics (eg, type and quantity of
symptoms), perceptions of health facilities (eg, prefer-
ence for government or private facilities), social support
and influencers (eg, number of people who can help
with obligations in a time of need), health practices and
beliefs (eg, smoking, drinking), information channels
(eg, getting health information from the government),
and disease knowledge and beliefs (eg, knowing that
treatment for TB is available for free in Chennai). Details
of all variables can be found in online supplementary 1.
Details of the calculation of the wealth score are detailed
in online supplementary 2. All linear variables were stand-
ardised so that the OR reflects the difference in shifting 1
SD from the mean on that variable. Three logistic regres-
sions were performed on slightly different samples: (1) a
‘general’ logistic regression, which included data from all
surveyed participants; (2) a “‘TB knowledge and beliefs’
logistic regression, which included data only from the
85% of participants who reported having heard of TB;
and (3) a ‘symptom characteristics’ logistic regression,
which included data only from the 68% of the sample
that were collected as part of the slum-based sample,
in order to prevent confounding due to the different
symptom enrolment criteria used in the two samples.
All three regressions included demographic variables as
controls. Variables were tested for multicollinearity and
no variables used in any regression were found to have a
variance inflation factor greater than 2.5.

Care-seeking segmentation

Second, a k-medoid partitioning around medoids (PAM)
clustering algorithm (with a Gower distance metric) was
used to identify clusters of TB presumptives and pre-
presumptives that differed on the following seven varia-
bles: gender, smoking status (having smoked in the past
week), problem-drinker status (having had a drink in the
past week and answering yes to either ‘Do you feel like
drinking when tired or stressed?” or ‘Is it hard to stop
drinking once you stop?’), awareness of a nearby facility
that tests for TB and two variables related to employment
status (paid job vs no paid employment, and home maker
vs retired/unemployed/disabled). These variables were
selected for segmentation based on their relations to
care-seeking behaviour observed in the predictive models
as well as possible actionability. Segments were profiled
on a variety of demographic and other characteristics.

Care-seeking segment prevalence

Finally, to determine the likely prevalence of these
segments in the TB-diagnosed population (ie, to be able
to reprioritise segments based on TB infection risk®), we
used data from a recent TB prevalence survey conducted
in the city of Chennai to determine age, gender, smoking
and alcohol use status prevalence among individuals who
were culture-positive for TB.*' Because information on
awareness and employment of Chennai patients with TB
was not available in the prevalence study, we could not
use this information when estimating the distribution of
the population into their risk groups. We then ‘raked’ the
data, iteratively reweighting the sample to make it repre-
sentative of the TB-diagnosed population in Chennai on
the same four variables, using the anesrake package in
R. This generated a weighted sample matching that of
the TB-diagnosed population in Chennai which could
be used to estimate the per cent of the TB-diagnosed

Table 1 Participant profile
Age (years) n (%)
18-34 371 (22)
35-54 668 (40)
55+ 628 (38)
Gender
Male 558 (33)
Female 1109 (67)
Occupation
Home maker 756 (45)
Professional 182 (11)
Labourer 351 (21)
Retired/unemployed/disabled 221 (13)
Other 157 (9)
Education
Primary (fourth standard or less) 582 (35)
Secondary (ninth standard or less) 595 (36)
Senior secondary 305 (18)
Postgraduate 185 (11)
Literate
Yes 1164 (70)
No 503 (30)
Classification of participants
Pre-presumptive 687 (41)
Presumptive 980 (59)
Smoked in the past week 239 (14)
Had alcohol in the past week 322 (19)
Care-seeking by initial interview
Sought care from doctor by initial interview 942 (57)
Sought informal care by initial interview 771 (46)
Sought any care by initial interview 1379 (83)
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Gender: male

Job: retired/unemployed/disabled vs. homemaker
Age

Caste: SC/ST vs. refused

Caste: none of the above vs. refused
Religion: Hindu vs. Christian

Literate

Religion: Muslim/other vs. Christian
Wealth score

Years of education

Caste: OBC vs. refused

Job: other vs. homemaker

Sample: Original Chennai-representative
Job: labourer vs. homemaker

Job: professional vs. homemaker I '

Get health info from doctor

Pre-existing iliness

Value good health

Facility preference: private vs. government
Worry about transportation cost

Get health info from govt

Other disease knowledge

Relative with pre-existing illness

Level of perceived family/community care when sick
Worry about healthcare cost

Perceived number of people who help with obligations
General financial stress

Tendency to delay gratification

Family push to seek care

Get health info from community

Get health info from media

Get enough sleep

Exercise

Facility preference: no difference vs. government
Smoker

Facility preference mismatch w/ community
Problem drinker

Aware of TB

. Demographics
General health-related drivers
@) TB-specific drivers

12

1 2

Odds of Seeking Formal Care (95% Cl)

Figure 1

Impact of predictors on odds of seeking formal care from a doctor for symptoms associated with TB. Variables are

coloured by category, and those in bold are significant at a cut-off of p<0.05, uncorrected for multiple comparisons. Error bars
represent 95% CI. A ‘vs’ on the y axis denotes a comparison relative to the right argument. For example, ‘job: professional vs
homemaker’ indicates the changed odds of someone with a job seeking care relative to home makers. The model includes
data from all surveyed participants with TB-indicative symptoms (n=1667). OBC, other backward class; SC/ST, scheduled

caste/scheduled tribe; TB, tuberculosis.

population that would fall into each segment. Based on
the care-seeking rates observed for each segment in our
sample, we then calculated the per cent of TB-diagnosed
non-care-seekers that can likely be found within each
segment.

RESULTS

Participant demographics and health behaviour
characteristics

Altogether, 84 625 households were screened and 1667 TB
presumptives or pre-presumptives were enrolled in our
study. Table 1 reports the demographic characteristics of
all enrolled participants. Online supplementary 3 details
the recruitment process for the Chennai-representative
sample and the slum-based sample. Two-thirds of the
enrollees (n=1109) were female, and nearly half (45%,
n=756) were home makers (who could also, very rarely,
be male). The majority were in the middle age (40%,
n=668) or older age (38%, n=628) group. Most enrollees
(70%, n=1164) were able to read and write, but relatively
few had more than secondary level education (senior
secondary: 18%, n=305; postgraduate: 11%, n=185). Of
the enrollees, 19% had consumed alcohol in the last week
(n=322) and 14% had smoked (n=239). Altogether, 57%
of the enrollees (n=942) had sought care from a doctor
for their symptoms at the time of the initial interview, and

83% (n=1379) had sought either care from a doctor or
some sort of informal care, such as treatment at a phar-
macy or home remedies.

Predictors of prompt care-seeking

Demographics

Across all three models, we found that both age and job
type were significant predictors of care-seeking behaviour.
Specifically, a 1 SD increase in age was associated with a
1.19-1.22 increase in odds of seeking care by the time of
the survey across all three logistic regressions (p<0.01 for
all; see online supplementary 4 for regression tables). In
addition, professionals were less likely to seek care than
home makers across all three regressions (adjusted OR
(aOR): 0.0.52-0.60; p<0.05 for all; see online supplemen-
tary 4 for regression tables) and labourers were less likely
to seek care than home makers in our models of care-
seeking among those who had heard of TB (aOR=0.60,
p=0.004) and the slum-based ‘symptom characteristics’
regression (aOR=0.61, p=0.01). In our general model,
which included samples from the Chennai-representative
sample and the slum-based sample, respondents from
the Chennai-representative sample were less likely to
seek care (aOR=0.74and 0.68, respectively; p<0.01 for
both). We believe this is due to the inclusion of survey
respondents that only listed weight loss as a symptom in
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Religion: Hindu vs. Christian
Religion: Muslim/other vs. Christian
Age

Caste: SC/ST vs. refused

Job: retired/unemployed/disabled vs. homemaker
Literate

Gender: male

Caste: none of the above vs. refused
Wealth score

Years of education

Caste: OBC vs. refused

Sample: Original Chennai-representative

. Demographics
) TB-specific drivers

Job: other vs. homemaker } @

Job: labourer vs. homemaker [

Job: professional vs. homemaker } .

Believe nearby facility tests for TB

Believe more likely to get TB than community
Know free TB treatment exists

Perceived TB stigma

Believe TB is curable

Perceived % in community who will get TB

112

1 2

Qdds of Seeking Formal Care (85% ClI)

Figure 2

Impact of TB belief and information predictors on odds of seeking formal care from a doctor for symptoms

associated with TB. Variables are coloured by category, and those in bold are significant at a cut-off of p<0.05, uncorrected
for multiple comparisons. Error bars represent 95% CI. The model includes data from all surveyed participants with TB-
indicative symptoms who had heard of TB (n=1427). OBC, other backward class; SC/ST, scheduled caste/scheduled tribe; TB,

tuberculosis.

the Chennai-representative sample, but not the slum-
based sample. Respondents who only listed weight loss
as a symptom sought care at a rate of 34% compared
with respondents with other symptoms, who sought
care at a rate of 59%. Care-seeking rates for those with
other symptoms were comparable between the Chennai-
representative sample (59%) and the slum-based sample
(58%). No other demographic variables were found to
be significant predictors of care-seeking.

General

Figure 1 displays all drivers considered as predictors of
care-seeking in the ‘general’ regression and their impact
on the odds of seeking medical care from a doctor at the
time of the survey. In addition to demographic variables,
the regression reveals that some of the strongest negative
predictors of care-seeking are related to symptom type,
addictive behaviours and facility type preferences. In addi-
tion, those who smoke (aOR: 0.60, 95% CI 0.41 to 0.87)
and drink (aOR: 0.53, 95% CI 0.35 to 0.80) are signifi-
cantly less likely to seek care than those who do not. Two
factors linked to facility preferences are related to care-
seeking. First, those who have no preference between
government and private facilities seek care less than those
who prefer government facilities (aOR: 0.66, 95% CI 0.48
to 0.90). Second, those who have a preference mismatch

with their community (ie, those who themselves prefer
government facilities but believe their community wants
them to seek care at a private facility, or vice versa) are
substantially less likely to seek care than those who do
not (aOR: 0.54, 95% CI 0.40 to 0.73). Finally, those who
report that they exercise at least once per week (aOR:
0.69, 95% CI 0.52 to 0.92) and those who report that they
get 7+ hours of sleep per week (aOR: 0.78, 95% CI 0.63
to 0.98) are slightly less likely to seek care than those who
say they do not.

Individuals who report getting health information from
a doctor (aOR: 1.45, 95% CI 1.03 to 2.04), who report
greater stress related to transportation costs (aOR: 1.17,
95% CI 1.02 to 1.34), who report valuing good health
more highly (aOR: 1.19, 95% CI 1.07 to 1.33) or who
report having a pre-existing illness (aOR: 1.28, 95% CI
1.02 to 1.61) all are more likely to have sought care
from a doctor for their symptoms. Being male is a posi-
tive predictor of care-seeking (aOR: 1.72, 95% CI 1.22 to
2.43, p=0.003). This is likely because this analysis disag-
gregates gender from smoking and drinking behaviour,
which were reported almost exclusively by men and
which are negative predictors of care-seeking. In other
words, while men as a whole are no more likely to seek
care than women, a non-smoking, non-drinking man of a
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Caste: SC/ST vs. refused

Religion: Muslim/other vs. Christian
Caste: OBC vs. refused |

Caste: none of the above vs. refused

Literateq

Years of education

Religion: Hindu vs. Christian-

Job: retired/unemployed/disabled vs. homemaker -
Wealth score | '

Gender; male

Job: other vs. homemaker 1

Job: labourer vs. homemaker 1 |

Job: professional vs. homemaker] |
Fever for at least 7 days
Unintended weight loss
Symptom days

Cough for at least 7 days

Blood in Sputum

Symptom recurrence score 1

BMJ Global Health

. Demographics
. Symptom-specific drivers

Age l_H

12

Figure 3

2 5

1
Odds of Seeking Formal Care (95% Cl)

Impact of symptom characteristics predictors on odds of seeking formal care from a doctor for symptoms

associated with TB. Variables are coloured by category, and those in bold are significant at a cut-off of p<0.05, uncorrected for
multiple comparisons. Error bars represent 95% CI. In order to prevent confounding due to the different symptom enrolment
criteria used in the two samples, this regression included data only from respondents with TB-indicative symptoms in the slum-
based sample (n=1134). OBC, other backward class; SC/ST, scheduled caste/scheduled tribe; TB, tuberculosis.

given occupation is more likely to seek care than a non-
smoking, non-drinking woman of the same occupation.

TB knowledge and beliefs

Figure 2 outlines the effect size of predictors of care-
seeking related to TB knowledge and beliefs. When
considering this set of variables, two additional signifi-
cant predictors of care-seeking emerge: believing that
you are more likely than others in your community to get
TB, which increases care-seeking behaviour (aOR: 1.13,
95% CI 1.01 to 1.26), and believing that a large number
of people within your community get TB, which decreases
care-seeking behaviour (aOR: 0.84, 95% CI 0.75 to 0.94).

Symptom characteristics

Figure 3 outlines the effect size of predictors related
to symptom type and duration on care-seeking. The
duration of symptoms (aOR: 1.60 for 1 SD increase in
symptom duration; 95% CI 1.38 to 1.86) increased the
likelihood of care-seeking. By contrast, having had more
recurrences of the symptoms over the course of the past
year slightly decreased the likelihood of care-seeking
(aOR: 0.87, 95%CI 0.76 to 0.99), possibly due to the
normalisation of the symptoms for the individual. Two
symptoms, having a fever for at least 7 days (aOR: 2.23,
95% CI1.17 to 4.48) and experiencing unintended weight
loss (aOR: 1.69, 95% CI 1.18 to 2.42), increased the odds

of care-seeking. Surprisingly, two of the most classic TB
symptoms, having a cough for 7 days and having blood
in sputum, did not significantly increase the odds of care-
seeking (p=0.29and p=0.81, respectively).

Tables that show detailed results for all models are
provided in online supplementary 4.

Population segments for care-seeking

Overall, we found awide variety of care-seeking predictors.
Next, we wanted to gain insight into the potential hetero-
geneity within the population to understand differences
in barriers to care-seeking that could then be addressed
with targeted interventions. We used an unsupervised
clustering method (PAM) to segment participants into
seven groups based on their gender, occupation, problem
drinking/smoking and knowledge of nearby facilities
where free TB testing was available. Alternative cluster
solutions from three to ten groups were also explored,
and seven groups were found to yield the most actionable
segmentation. We felt the seven-cluster solution offered
segments that had good variability between the groups
in terms of their likelihood to seek care. In addition,
through discussions between analysts and programme
leaders, we determined that groups in the seven-cluster
solution differed from one another based on actionable
characteristics and would be easy to identify in terms of

Helfinstein S, et al. BMJ Global Health 2020;5:€002555. doi:10.1136/bmjgh-2020-002555 7


https://dx.doi.org/10.1136/bmjgh-2020-002555

BMJ Global Health 8

Table 2 Characteristics of the seven population segments identified

Home makers
without nearby

facility

Home makers
with nearby
facility

14

Employed women Employed men who  Employed men who

Employed women

Retired/unemployed/

disabled

without nearby facility do not smoke or drink problem-drink and smoke

with nearby facility

Segment

10
100

13

100

11

34

13
83

Segment size (% of sample)

% male

10

100

% retired/unemployed/disabled

91 91

100

100

% in paid employment

88

15
15
63

27

11

61

% who smoke

63
24

% who problem-drink

100

100

% aware of nearby facility that
provides tuberculosis testing

55 47 59 42

58

70 61

% who seek formal care

typing people for designing future interventions. We also
found that the seven-cluster solution had the highest
average silhouette width of all segmentation solutions we
tried, an indicator of good clustering. Table 2 shows the
characteristics of each segment on each of the variables
used in the clustering, the percentage of the sample that
belongs to each segment and the care-seeking rates for
each segment.

Segments were found to differ significantly in their
care-seeking rates, in a pattern consistent with the rela-
tion between the segmenting variables and care-seeking
seen in the predictive model. For example, the segment
of individuals who were retired, unemployed or disabled
sought care at the highest rates, followed by segments
with home makers, followed by segments with individuals
who had paid employment, consistent with the notion
that those who have more flexible schedules are most
likely to seek care. In addition, knowledge of a free TB
facility nearby seems to be an important differentiator for
care-seeking among employed individuals, but not home
makers, further suggesting that time flexibility may be
an important barrier to care-seeking: among those with
less flexibility, knowing they can quickly and easily seek
care affects care-seeking, but less so for those who have
more time flexibility. Finally, consistent with the findings
of the predictive analysis, the group most vulnerable for
low care-seeking is men who both smoke and problem-
drink. This effect can be seen clearly when we reweighted
our sample population based on TB prevalence rates in
Chennai by age, gender, smoking and drinking status
according to a recent community-based prevalence study
in the city of Chennai (see figure 4, right panel). Among
those in the city who have TB, it is likely that 45% of them
belong to the smoking and drinking segment, and 54%
of those who have TB but do not promptly seek care for
their symptoms fall into this segment.

DISCUSSION

In this study, we used a novel large-scale, prospec-
tive, community-based survey to identify people with
TB-indicative symptoms in South India and reveal key
barriers to delayed care-seeking. We then identified a
subpopulation of employed men who problem-drink and
smoke, who are particularly at risk of TB and unlikely to
seek care. While they comprise only 10% of our sample,
we model that they may account for 54% of all TB-diag-
nosed individuals in Chennai who do not promptly seek
care, making them a prime target for targeted interven-
tions to increase care-seeking behaviour.

Characteristics around occupation and health
behaviours emerged as strong overall predictors of
delayed care-seeking. In particular, problem drinking
and smoking were both strongly negatively associated
with seeking care for TB symptoms. We also found large
differences in care-seeking behaviour by occupation,
with individuals who are not in the labour force (home
makers and the retired/unemployed/disabled) being
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% of TB-positive population expected in
each group

Retired

= Homemakers w/
awareness of nearby
facility

® Homemakers w/o
awareness of nearby
facility

m Employed women w/
awareness of nearby
facility
Employed women w/o
awareness of nearby
facility

= Employed men who
don't smoke or drink

= Employed men who
smoke & drink
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% of TB-positive population who don’t
seek formal care expected in each group

Retired

= Homemakers w/
awareness of nearby
facility

® Homemakers w/o
awareness of nearby
facility

e 1%

5%

= Employed women w/
awareness of nearby
facility
Employed women w/o
awareness of nearby
facility

= Employed men who
don't smoke or drink

Figure 4 Expected prevalence of segments among the TB-diagnosed and the TB-diagnosed non-care-seeking population in
Chennai, after ‘raking’ the sample (see the Methods section). TB, tuberculosis.

more likely to seek care than those who are (professionals
and labourers), a pattern that was not yet seen in other
studies. This finding suggests that one major barrier to
seeking care may be a lack of time and convenience,
rather than a lack of money, with those with greater time
flexibility showing a greater propensity to seek care.
Broadly, these findings tie in with other studies in South
India, where problem drinking, smoking and higher
incomes, but not disease knowledge, were associated with
care-seeking delays."”” '® That employment could play a
role in care-seeking has also been indicated by a previous
study in South India, where ‘pressure of work’ was asso-
ciated with delays'’; another study in Chennai had found
that 31% of employed patients with TB, versus just 24%
of non-employed patients, had taken action more than
30 days after symptom onset.'”” Our results may not all
generalise to other geographies; for example, studies in
several African countries' "' ' and China'® did find that
TB disease knowledge predicted care-seeking delays.

Surprisingly, two of the most classic TB symptoms,
having a cough for 7 days and having blood in sputum,
did not significantly increase the odds of care-seeking.
Two other symptoms, having a fever for 7 days or experi-
encing unintended weight loss, did significantly increase
the odds of care-seeking. Having symptoms for longer
prompted individuals to seek care, but having multiple
recurrences of symptoms decreased the likelihood of
care-seeking.

We also uncovered a set of beliefs related to care-seeking
that had not previously been examined. In particular,
when people believed their community had different atti-
tudes about where it would be best to seek care than they
did, it suppressed care-seeking, with individuals being
less likely to go to either their own preferred location or
the location preferred by their community. In addition,
beliefs about TB risk and prevalence were also linked to
care-seeking behaviour, with individuals who believed that
they were more at risk for TB being more likely to seek
care and those who believed that TB was more common
within their community being less likely to seek care,
perhaps due to a sense of normalisation of the illness.

At present, many campaigns are informational, but in
our study mere awareness of TB does not predict care-
seeking. These findings therefore offer the opportunity
of novel types of interventions addressing specific beliefs
through a mix of educational, risk perception-targeting
and social norms-based campaigns.

Our study also has limitations. For example, the two-
sample populations are likely to be rather different
on many dimensions, but needed to be merged for
analytic power even with the large number of house-
holds screened. Further research should also be powered
enough to stratify the sample for subgroup analyses. For
example, care-seeking drivers could be evaluated rela-
tive to where people eventually seek care, as more than
half of Indian patients do so in the formal and informal
private sector.”® Despite our efforts to knock on doors
on weekends and in evenings, our sample likely skews
women. Because TB is more prevalent in men, and in
many geographies men are less likely to seek care and/
or be diagnosed, obtaining insight into the ‘missing men’
would be important in future studies.” In our study, we
also find that the segment at highest risk for not seeking
prompt care are employed men who problem-drink and
smoke, which are male-dominant behaviours in South
India.”® Targeted recruiting strategies, for example at
workplaces, might facilitate enrolling men in future
research. Finally, a community-based study enrolling
only a small subset of the screened population can be
expensive. More generally, initial care-seeking is just one
part of the care pathway. Standardised patient studies in
China, India, Kenya and South Africa show that people
presenting with the classic TB symptoms receive a wide
range of often inadequate care, including inappropriate
diagnostic tests or unnecessary medication. To achieve
swift TB detection and treatment, addressing provider
behaviour must therefore be part of the research and
intervention package.33

One major objective of this study was to identify
segments at particularly high risk for delayed care-
seeking, as well as their underlying drivers, so that
these populations could potentially be targeted for
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case-finding, messaging and other interventions designed
to increase care-seeking behaviour. For this clustering, we
focused mainly on characteristics related to occupation
and smoking and drinking status: these were both highly
related to care-seeking behaviour and are characteristics
that are relatively easy to identify within the population
and thus target on.

This approach was successful in identifying groups
that differed substantially in their risky low care-seeking
behaviour, including populations that were not initially
obvious from the predictive analysis. For example, the
segmentation revealed that individuals who were retired,
unemployed or disabled were significantly more likely
to seek care than nearly all other population segments.
Segmentation also more clearly disaggregated the data,
showing the large difference in care-seeking between
employed men who do and do not problem-drink and
smoke, and the also sizeable difference in care-seeking
between home makers and employed women. Employed
women who knew of a nearby facility that tested TB were
more likely to seek care than employed women who did
not. This pattern was not present in home makers (where
those without that knowledge were similarly likely to seek
care), further suggesting that having the time to visit a
facility may be a major barrier to care-seeking.

The segmentation analysis also revealed that the popu-
lation segment least likely to seek prompt care for their
symptoms was employed men who problem-drink and
smoke. This was a particularly worrisome segment to
engage in low care-seeking behaviour, as being male and
tobacco and alcohol use are all risk factors for TB diag-
nosis.”’ ™ In other words, among all our TB presump-
tives, this group both was the most likely to actually have
TB and the least likely to seek prompt care for it. Indeed,
by reweighting our sample to match the characteristics of
the TB-diagnosed population in Chennai, we found that
45% of the TB-positive population and 54% of the TB-di-
agnosed and non-care-seeking population might fall into
this segment, even though they only comprised 10% of
our TB-presumptive population. Thus, targeting this
relatively small portion of the population could have a
disproportionate impact on driving care-seeking among
those who likely most need it. With limited resources,
rather than trying to deploy interventions to the whole
population, targeted efforts should be directed to this
small but high-risk group. These efforts could greatly
increase the prompt identification and treatment of TB
cases.

Segmentation has been used successfully in other
contexts to identify and target high-risk populations,
and we believe it can be effective in the TB context as
well. Here, we identified a priority group that is not
reached well by existing efforts. This segmentation
requires knowledge about only a handful of easy-to-
measure items, and clear guidance on finding the target
population can be given. Potential hotspots for identi-
fication could entail targeting workplaces, screening in
evenings and weekends (in data collection, men were less

likely to be home during the day), and targeting places
frequented by alcohol and tobacco users. Targeted inter-
ventions to address care-seeking in this priority group will
require creative solutions. Key barriers around time and
convenience of care-seeking should be addressed, and
interventions might be merged with existing efforts to
address general low health-seeking behaviours. Further
qualitative research with individuals in this population
would generate a deeper understanding of the barriers
this group sees to seeking care, providing information to
fine-tune future interventions.

CONCLUSION

In this study, we conducted a novel large-scale, prospec-
tive, community-based survey in people with TB-indica-
tive symptoms. We surveyed participants about their
care-seeking behaviour, as well as a comprehensive set
of potential drivers of care-seeking behaviour, including
demographics, knowledge, beliefs, health behaviours and
social support. Through a combination of multivariate
analysis and clustering, we identified characteristics asso-
ciated with a failure to promptly seek care and segments
of the population at particularly high or low risk for
seeking care. We found that smoking and alcohol use
were both negatively associated with care-seeking, as was
employment status. Moreover, we found that a segment
of employed men who problem-drink and smoke were
both less likely to seek care and more likely to have TB
than others. This group may comprise more than half of
the individuals with TB in Chennai who do not promptly
seek care. Interventions for this priority group should
target barriers around time and convenience, rather
than awareness or cost. The study’s findings suggest that
finding ways to effectively target priority populations and
shift their care-seeking behaviour could have a dispro-
portionate impact on the spread of TB throughout the
city of Chennai, and that the methods introduced here
can be applied to identify promising interventions in
other contexts.
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