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Abstract
Background: Non‑adherence to anti‑tuberculosis (TB) treatment adversely affects treatment
success rate. It increases disease morbidity and mortality. Also, it contributes significantly
to the development of drug resistance. Aim: To identify risk factors for non‑adherence
to anti‑TB treatment by new pulmonary TB patients. Subjects and Methods: It is a
prospective cohort study at 21 TB treatment centres in E ward of Mumbai Municipal
Corporation. All sputum smear positive new pulmonary TB patients initiated on treatment
regimen of short course chemotherapy fro 1st January to 30th June of a calendar year were
enrolled and followed up till any final outcome as per revised national TB control program.
Non‑adherence was defined as interruption of anti‑TB treatment for ≥ 1 month. The
factors were identified by univariate and logistic regression analysis. Results: We studied
156 newly diagnosed pulmonary TB patients. Out of these 78 (50%) were non‑adherent
to anti‑tuberculosis treatment (ATT). Independent risk factors for non‑adherence were
identified as male gender (P = 0.035) and lack of knowledge of importance of regular
treatment (P = 0.001). Being female sex worker (FSW) was also an absolute risk factor for
non‑adherence. Conclusions: There is immense need for continuous, effective and reinforcing
health education to the patient and his family. Special groups like males in the age group of
15‑49 years, patients who do not have any family support like migrants, FSW need special
attention to ensure adherence to ATT.
Keywords: Adherence, Anti‑tuberculosis treatment, Non‑adherence

Introduction
Tuberculosis (TB) is a global health concern.[1] In low‑ and
middle‑income countries it is fuelled bypoverty, population
increase and infection with human immunodeficiency
virus (HIV) and acquired immunodeficiency syndrome (AIDS).[2]
South East Asia Region carries about 40% of the global TB
burden. India is the highest TB burden country in the world
andaccounts for more than 25% of the world’s incident cases.[3]
More than 1000 Indians die of TB every day.[4]
World Health Organisation (WHO) has recommended directly
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observed treatment short course (DOTS) strategy for global
TB control which is accepted worldwide.[5] Direct observation
and regular home visits by treatment providers are provisions
to increase treatment completion under DOTS. Based on
DOTS strategy, India’s revised national tuberculosis control
program (RNTCP) was launched in 1997. Though treatment
completion rate reported by RNTCP is satisfactory, recently
there is growing concern of emergence of drug resistant strains
of TB bacillus. Incomplete anti‑tuberculosis treatment (ATT)
is the reason for emergence of multi‑drug resistant strains
of TB bacillus that emerged in the early 1990s, extensively
drug‑resistant strains emerged in 2006 and now totally
drug‑resistant strains emerged in 2012 in India.[6] ATT based on
DOTS alone do not always promote Treatment adherence.[7] ATT
has multiple drugs and usually of at least 6 months’ duration.
Patients on ATT may have unpleasant side effects of the
drugs.[2] As a result, many TB patients start ATT but do not
finish it.[8] Inadequate ATT may result in relapse and contribute
to increase in morbidity, mortality, cost, duration of ATT and
drug resistance at both individual and community level.[7,9]
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Treatment providers have important role in completion and
success of ATT. But, TB patients do not always co‑operate
with DOTS providers. They can decide about their treatment
when away from the provider. Such decisions made by patients
themselves can adversely affect treatment completion and its
success.[2] Treatment behaviour is influenced by many factors
such as socio‑cultural, economic background, perceived health
benefits and subjective experience of illness.[2]
Treatment adherence is the extent to which patients’ history of
therapeutic drug intake coincides with prescribed treatment. It
requires patient’s agreement to providers’ recommendations.[7]
Treatment adherence reflects active role of TB patients in
self‑management of treatment and extent of patient provider
interaction (PPI).[2] Poor adherence to ATT may lead to
treatment failure[10‑13] while strict adherence to ATT help
to achieve desired treatment success and help to minimize
emergence of drug resistant strains.[14‑16]
Stigma, illness representation and wide range other factors
interact impacting treatment adherence.[17] These factors are
needed to be identified early in their management. It will enable
health care providers to take measures so that such patients
will continue their treatment without interruption.[2]
Thus, treatment adherence by TB patients is a complex and
multifaceted behavioural issue that needs to be understood
better.[18] The TB literature is written almost entirely from a
biomedical perspective.[17] Recent studies to show why people
interrupt and may stop taking ATT are still scarce.[2] Lack of
a comprehensive and holistic understanding of barriers to
and facilitators of, treatment adherence is currently a major
obstacle to find effective solutions.[19] Behavioural and social
research for ATT adherence is important particularly when
epidemiology of the disease has changed.[2]
In the present study, we tried to identify risk factors for
non‑adherence to ATT by NSP TB patients. If untreated,
NSP TB patients are more likely to die compared to smear
negative TB patients. Also, if untreated each NSP TB patient
can infect 10‑15 people per year.[15] Thus, they put community
at greater risk of TB transmission. Their ATT initiation as well
as completion with treatment adherence is utmost important.
Hence, we prospectively followed up a cohort of NSP TB
patients to study risk factors for non‑adherence to ATT.

Subjects and Methods
Study was conducted in E ward of Mumbai Municipal
Corporation (MMC) in Maharashtra state of India. Vast
employment opportunities in Mumbai create a social crisis due
to continuous migration of rural population all over the country.
For administrative purpose MMC is divided into 6 zones, zone
1‑6. Each zone has 3-5 wards named alphabetically. Zone 1 has
5 wards‑A, B, C, D, and E. There is a continuous migration of
rural population to Mumbai for employment.
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DOTS under RNTCP are an integral part of the public health
system in India. TB diagnostic services and treatments are
provided free of cost at DOTS centres, TB dispensaries and
hospitals run by government. It is also provided through public
private partnerships.
Mumbai is the largest megacity in India with a population >18
million. MMC has total 298 DOTS centres where TB patients
are treated by government free of cost based on DOTS strategy
under RNTCP. 21 of these DOTS centres are located in E ward
which has a population of >5 lacs.
Ward E is one of the most densely populated wards in MMC
with highest number of decades‑old slum and chawl settlements.
The ward also includes the country’s largest red‑light area,
Kamathipura. Along with number of small cottage industries,
it has large tracts of Mumbai Port Trust Land, number of ship
breaking and metal scrap selling units. It employs huge number
of workers in overcrowded conditions with lack of sanitation.
Majority of them are migrants from rural areas.
The study was approved by Ethical committee, Grant Medical
College, Byculla, Mumbai and by Member secretary, Mumbai
district TB control society.
We recruited all NSP TB patients initiated on category
one (cat‑I) treatment regimen of DOTS from 01 January to
30 June of a calendar tear. They were followed up till any
final outcome of RNTCP.[20] Follow‑up of lasted recruited case
ended in February of the following year.
We defined non‑adherence to ATT as interruption of ATT
by recruited patient for ≥1 month.[21] Other definitions were
followed as per RNTCP.[20]
Data collection was done by pre‑tested structured interview
schedule and questionnaires. They were pre‑tested on 10 TB
patients. Suitable modifications were done to achieve final
structured interview schedule and questionnaires.
When the case was initiated cat‑I DOTS regimen, investigator
contacted the patient to fill up the proforma which included
socio‑demographic characteristics of patients, history of
addictions, family history and support etc., Verbal consent of
the case was taken to participate in the study. As per RNTCP,
patients were contacted by treatment providers after they missed
a single dose. But, sometimes they were unable to put them
back on ATT because of various reasons. Such patients who
did not return for treatment for >1 month, were identified from
treatment cards at DOTS centres. They were contacted at their
residence, work‑place, by visits or telephone or they were called
at DOTS centre with the help of treatment providers. Reasons
for non‑adherence were noted. Questionnaire was administered
to find factors responsible for non‑adherence and to assess
knowledge regarding ATT they were taking. At the same time,
patients were counselled by treatment providers and investigator
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to continue the treatment. Same questionnaire was administered
to treatment adherent patients at the completion of the treatment.
Data analysis was done by SPSS (Chicago ,Illinois, USA) 11.5
and STATA 8.0 softwares. For analysis of categorical data,
frequencies were established; Pearson’s Chi squared test was
used as test of significance. When expected value in 2 × 2 table
was <5, Fisher’s Exact test was used as a test of significance.
When expected value in n × n table was <5, Likelihood Ratio test
was used as a test of significance. Logistic regression analysis
of risk factors implicated in univariate analysis was done to find
out independent risk factors.[22] Regression model was tested
for goodness of fit by Hosmer and Lemeshow goodness of fit
test with P = 0.2652. Similarly, pseudo R2 for the model was
0.4921. Receiver output characteristic curve showed area under
receiver output curve as 0.9527. It showed regression model
used was of excellent fit.

Results
Total 157 NSP TB patients were initiated on cat‑I DOTS
regimen in selected study area during assigned study period.
As one eligible case was not willing to participate in study,
we recruited 156 patients in the study. 67.30% (105/156) were
males and 32.70% (51/156) were females. Average age of
patients recruited was 32.99 years. 66.66% (104/156) were
in the age group of 20‑49 years. 53.8% (84/156, 59 males,
13 females) were migrated to Mumbai since average 5.68 years
for food, job or shelter. 22.6% (19/84) were from various places
in Maharashtra, 38.1% (32/84) were from UP and 9.5% (8/84)
were from Bihar.
Overall 50% (78/156) were non‑adherent to ATT that is
they interrupted treatment for ≥1 month. 50% (78/156) were
treatment adherent till final outcome of RNTCP.
Out of 78 treatment adherent patients, 2 were transferred
out and 4 died during the course of treatment, they were not
available for second interview. So, further analysis was done
for 78 treatment non‑adherent and 72 treatment adherent
patients [Figure 1].
Out of 78 non‑adherent patients, 40 (51.3%) interrupted
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the treatment for ≥1 month during intensive phase (IP)
or extended intensive phase, before starting continuation
phase (CP) [Table 1]. Majority of them (27 out of 40) did
so because they started to feel better. Thirteen out of these
40 patients knew that duration of treatment was only 2 months
and all were non‑adherent at completion of IP. These patients
were contacted by DOTS providers to continue and complete
the desired ATT. It helped to decrease defaulters.
42.3% (33/78) of non‑adherent patients interrupted ATT during
CP for ≥1 month and 6.5% (5/78) interrupted ATT for ≥1 month
for 2 times during the course of the treatment.
Univariate analysis showed [Table 2] that patients, who
were between 15 years and 49 years of age group, males,
migrants and patients who were employed were more likely
to be non‑adherent. The crude odds ratios (95% CIs) were
1.561 (0.926‑2.629), 2.510 (1.508‑4.176), 1.969 (1.376‑2.817)
1.632 (1.172‑2.273) respectively. Patients who were educated
till at least high‑school and from poor socio‑economic
strata (SES) were also more likely to be non‑adherent [Table 2].
In multivariate analysis [Table 3], gender as male (P = 0.035)
and unsatisfactory knowledge of importance of regular
treatment (P < 0.001) were independent risk factors associated
with non‑adherence [Table 3]. 66 (64.1%) out of 103 males
were non‑adherent while only 12 (25.5%) out of 47 females
were observed to be non‑adherent. And, out of 40 patients who
knew that regular treatment is must for cure of TB, 32 (80%)
were treatment adherent while out of 110 patients who didn’t
know importance of regular treatment, only 40 (36.4%) were
treatment adherent [Figures 2 and 3].
To be a female sex worker (FSW) was observed as absolute
risk factor for non‑adherence as all 4 FSWs among patients
were non‑adherent to ATT [Figure 4].
Other significant variables implicated by univariate analysis
had no such association after logistic regression. They could
have been associated with non‑adherence due to interaction
and confounding.
Patients listed various reasons for non‑adherence to
ATT [Table 4]. The main reasons for non‑adherence [Table 4]
were patient went to native place or at relative 30.8% (24/78),
Forgot to come to DOTS centre 19.2% (15/78), has to go for
work 19.2% (15/78), side effects of drugs 16.7% (13/78).
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Table 1: Onset of non-adherence during the treatment
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Onset
During or at completion of IP
During or at completion of EIP
During CP
Twice during the treatment
Total

Figure 1: Distrubution of cases by patients treatment outcome
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Frequency (%)
37 (47.4)
3 (3.9)
33 (42.2)
5 (6.5)
78 (100)
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Table 2: Univariate analysis of association between selected factors and treatment adherence
Variable
Age (years)
15-49
Other
Gender
Male
Female
Migrant
Yes
No
Education
Illiterate
Literate, any schooling till high school
Post-high-school diploma or above
Employment
Employed
Unemployed
*Social class
II
III
IV and V
Living with own family
Yes
No
Smoking
Yes
No
Alcohol consumption
Yes
No
Total Females
FSW
Not FSW
Knowledge about importance of regular treatment
Satisfactory
Unsatisfactory

Total (150)

Non-adherent (n=78)
n (%)

Adherent (n=72)
n (%)

OR (95% CI)

P value

122
28

68 (55.7)
10 (35.7)

54 (44.3)
18 (64.3)

1.561 (0.926- 2.629)
1

0.056

103
47

66 (64.1)
12 (25.5)

37 (35.9)
35 (74.5)

2.510 (1.508- 4.176)
1

<0.001

80
70

54 (67.5)
24 (34.3)

26 (32.5)
46 (65.7)

1.969 (1.376- 2.817)
1

<0.001

34
109
7

18
60
0

16
49
7

87
63

54 (62.1)
24 (38.1)

33 (37.9)
39 (61.9)

46
25
79

7 (15)
8 (29.4)
42 (52.94)

39 (85)
17 (70.6)
37 (47.06)

88
62

29 (33)
49 (79)

59 (67)
13 (21)

1
3.198 (1.930- 5.298)

50
100

38 (76)
40 (40)

12 (24)
60 (60)

1.881 (1.414-2.502)
1

<0.001

54
96
47
4
43

40 (74.1)
38 (39.58)

14 (25.9)
58 (60.42)

1.852 (1.382- 2.481)
1

<0.001

4 (100)
9 (22.72)

0
34 (77.27)

4.889 (2.730- 8.755)
1

0.001

40
110

8 (20)
70 (63.6)

32 (80)
40 (36.4)

1
2.2 (1.643- 2.945)

<0.001
1.632 (1.172-2.273)
1

0.004

0.036

<0.001

<0.001

*Modified Kuppuswamy’s socio-economic scale was used to get socio-economic strata (SES) of the patient

Discussion
In‑spite of activities under RNTCP to improve ATT adherence,
present study found 50% (78/156) patients as non‑adherent.
DOTS providers tried to contact them as per RNTCP norms
that is within one day of missing a dose during IP and within a
week of missing a weekly collection of drugs during CP. But,
inspite of all efforts they were unable to trace them and/or put
them back on ATT for ≥1 month.
We found females as more treatment adherent as reported by
several studies.[21,23,24] Majority of non‑adherent patients were
males 15‑49 years in age group. Most of them were from lower
SES, migrants and people residing in unstable living conditions
like cottage industry workers, FSWs. Poor knowledge of
importance of regular treatment for TB cure also predicted
non‑adherence well.
70

Figure 2: Gender & Non-adherence

Many studies on defaulters who are inherently non‑adherent,
observed that majority of them were in the age group of
35‑55 years.[14,25] In the present study we found that more
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Table 3: Multiple logistic regression model to determine the factors predicting treatment non-adherence
Factor
Constant
Gender
Age
Religion
Migration
Education
Occupation
Employment
Living with own family
SES
Smoking
Alcohol
Housing
ATT through PPP
Knowledge of type of TB
Knowledge of reason of TB
Knowledge of spread
Knowledge of cure
Knowledge of duration of ATT
Knowledge of importance of regular ATT
Disclosed TB to family
Social stigma

B coefficient
−3.584
−1.7425
0.1088
−0.0434
−0.1311
−0.2626
0.6436
−1.4056
1.5275
0.4979
0.8994
−0.6377
0.2489
−1.5953
0.9297
−0.3675
0.6421
0.3216
−0.099
0.3544
−0.0827
1.2507

Table 4: Reasons for non-adherence listed by patients
Reason
Went to native place or at relative
Forgot to come to DOTS centre
Duty schedule
Side effects of ATT drugs
Hospital admission for other illness
Don’t want to complete treatment
School/College exam
Total

Frequency (%)
24 (30.8)
15 (19.2)
15 (19.2)
13 (16.7)
05 (6.4)
04 (5.1)
02 (2.6)
78 (100)

younger male TB patients, in 15‑49 years of age group were
more non‑adherent.
People in this age group may migrate to a megacity like
Mumbai for various employment opportunities. TB patients
domiciled at treatment place used to be more treatment
adherent than migrants.[26] Migration may force them to live
alone or without family, to get minimal social support and to
live in overcrowded and unhygienic environment.
Thus, migration affects stability of residence and it can
adversely affect adherence.[7,27] More than half, 70.51% (55/78)
of non‑adherent patients were migrants with majority of
males (49 out of 55). 30.8% patients went to native place and
became non‑adherent. In such cases treatment providers should
be trained to collect information regarding native place, names
and contact details of family members of nearest relatives,
name of DOTS centre for that area and its in‑charge officer.
By using newer technology like use of SMS on mobile number

Standard error
2.8334
0.8285
0.7594
0.5751
0.7365
0.3162
0.5463
1.2217
0.8081
0.4723
0.9585
0.7437
0.4315
0.8870
0.6621
0.8408
0.4535
0.3155
0.0852
0.0998
0.2551
0.6445

Z score
−1.26
−2.10
0.14
−0.08
−0.18
−0.83
1.18
−1.15
1.89
1.05
−1.50
0.86
0.58
−1.80
1.40
−0.44
1.42
1.02
−1.16
3.55
−0.32
1.94

P value
0.206
0.035
0.886
0.940
0.859
0.406
0.239
0.250
0.059
0.292
0.133
0.391
0.564
0.072
0.160
0.662
0.157
0.308
0.245
<0.001
0.746
0.052

95% CI
1.9357-1.9710
−3.3662-0.1187
−1.3797-1.5972
−1.1705-1.0837
−1.5746-1.3123
−0.8824-0.3571
−0.4271-1.7144
−3.8-0.9888
−0.0563-3.1114
−0.4278-1.4237
−20724-0.2736
−2.0954-0.82
−0.5968-1.0947
−3.3339-0.1432
−0.368-2.2274
−2.0155-1.2804
−0.2468-1.5309
−0.2968-0.9401
−0.2659-0.068
0.1587-0.5501
−0.5827-0.4173
−0.0126-2.514

of the patient, patient can be reminded about his dose of ATT.
Patient may not inform to DOTS provider while leaving the
area for long duration. Hence, there should provisions to trace
such patients like tracing a mobile number for the same name
and provision for use of single mobile number all over the
country. It can also be linked to Unique Identify (UID)/Adhar
card of the patient. UID is a scheme launched by the Unique
Identification Authority, Planning Commission Government
of India, to provide a UID or Adhar card with individual
biometrics to every citizen. This scheme is envisaged to
establish proof of identify of all individuals and is envisaged
to particularly help migrant people.
We had 4 FSWs in our study. All of them were non‑adherent
to ATT during IP that is even before sputum conversion. They
were not traceable to treatment providers. Underlying cause
may be migration, lack of freedom, discrimination due to
prostitution and TB and/or cost and time required to come to
DOTS centre.[28] There were more than 45000 Nepali girls and
FSWs in India in 1996 and about 5000‑7000 are sent to India
every year.[29] Their unstable living conditions with poor access
to health care and lack of needed social support force them
to be non‑adherent to long term treatment like ATT.[28] To be
treatment adherent, they need newer strategies under RNTCP
to evolve like providing job, shelter and food to them till at
least treatment completion.
19.2% non‑adherence was due to forgetfulness of patients to
go to DOTS clinic and take medicine. Such ignorance on part
of patients reflect inadequate dissemination of information
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Figure 3: Knowledge of importance of regular treatment & nonadherence

and education regarding TB and importance of its treatment
by DOTS providers. Other 19.2% non‑adherence was due to
timing at occupational site of the worker. It emphasizes need
to evolve strategies at work place and slums through peer
outreach system linked with RNTCP.
As TB patient feels better after few weeks of treatment
initiation and may tend to leave the treatment as he assumes that
TB is cured.[2] We found 37 out of 78 non‑adherent patients did
so before starting CP. They reported that they were informed
that treatment duration will be decided after 2 months of initial
treatment. As, sputum smear was negative after 2 months, it was
unexpected for them to be back on treatment for more period
of time. It also denotes improper management of RNTCP.
Treatment providers should spend adequate time to inform and
educate TB patient regarding importance of regular treatment,
correct duration of the treatment and laboratory diagnosis. In
the same way, Sophia et al., observed that knowledge about
correct duration of treatment was significantly lower among
non‑adherent group.[21]

Figure 4: CSWs & non-adherence

non‑adherent to the treatment as compared to patients living
with family.
Alcohol consumption is well known risk factor for
non‑adherence.[7] We had 54 alcoholics in our study. They were
significantly more non‑adherent than non‑alcoholics. Among
alcoholics, regular alcoholics were highest to be non‑adherent
than occasional or past alcoholics. As, smoking is most of
the times associated with alcoholism, it can also predict poor
treatment adherence.[24] Out of 156 patients, we had 50 smokers.
Majority of them (60%) were non‑adherent to the treatment.

We found lack of knowledge of importance of regular
ATT as second independent risk factor for non‑adherence.
Correct knowledge about TB and its treatment
improves adherence to ATT. [30] Defaulters are found
to have less or no knowledge about TB disease and its
treatment,[21] and non-adherent patients are potential defaulters.

Knowledge of importance of regular treatment shows the extent
of PPI and impact of all health educational activities held at
DOTS centre to which patient is exposed while being treated.
There is immense need for continuous, effective and reinforcing
health education to the patient and his family. Treatment providers
should pay special attention to male patients in 15‑49 year age
group, from lower SES, migrants, habitual smokers, alcoholics.
Special groups who do not have any family support like FSWs,
migrated individuals living alone or without family need special
attention and provisions under RNTCP, at least in study area.
More patient‑centered interventions and greater attention to
structural barriers are needed to improve treatment adherence.

Education overall increases knowledge and health awareness
and treatment seeking behavior of the individual.[31] Literate
individuals are more likely to complete the treatment.[21] We
observed that patients who have completed at least high school
education were strictly treatment adherent. We noted decrease
in trend of non‑adherence as level of education increased.

Training of RNTCP staff in interpersonal communication
skills is needed to be enhanced to deal with TB patients. They
should be adequately trained to disseminate correct knowledge
about TB disease and its treatment to the TB patients. They
should also be adequately trained and supervised about strict
adherence to transferring out procedures.

Several studies report that non‑adherence is associated with
low SES.[21,32] We also found that as social class became higher,
treatment adherence increased.

RNTCP staff should screen all TB patients for factors predicting
possible non‑adherence since at the time of diagnosis and
treatment initiation. Patients with such risk factor should
be motivated to follow DOTS through counselling. Trained
counsellors are needed to be appointed to counsel cases having
a cock‑tail combination of risk factors for non‑adherence. It
should be done with the help of relatives and/or person who
has positive impact on patient’s behaviour.

Family support received by patients play important role in
improving treatment adherence. Lack of family and social
support predicts poor treatment adherence.[9,21,33] In our study,
patients not living with own family were observed to be more
72
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Study provided a good insight regarding risk factors for
non‑adherence to ATT. Most available studies with DOTS
are retrospective in nature with patient interview at the end
of the treatment. But, several factors shape the treatment
behaviour from initiation till final outcome. They may not
come into picture while interviewing patient at the end of
the treatment.[21]
For logistic reasons the study is carried out in E ward of
MMC. It may limit generalisability of the study. We tried to
compensate this error by having a strict control on internal
validity. As most of the data was qualitative, veracity of
answers was checked by data triangulation.
Many studies report association of unemployment and
non‑adherence.[32] But, we found that unemployed patients
were more treatment adherent. It may be due to time available
to go to DOTS centre to take doses on proper time. Also,
females contributed majority of unemployed group and as
discussed earlier females are more treatment adherent. It may
reflect role of social and family support when on ATT. We did
not observe any association of non‑adherence with religion
or marital status.
15% (20/150) patients in the study were treated through public
private partnership (PPP). Majority of them (17/20) were
non‑adherent to ATT.
Study identified many loopholes in supervision of ATT under
DOTS given by private practitioners. Effective mechanisms
have to be evolved to ensure treatment adherence through
PPP approach.
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