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Treatment default and its related factors among
tuberculosis patients, a case-control study in Iran

Therapieversagen und damit zusammenhangende Faktoren bei
Tuberkulose-Patienten, eine Fall-Kontroll-Studie im Iran

Abstract

Introduction: Treatment default is one of the main challenges in tuber-
culosis (TB) control and is considered a major barrier to achieving the
sustainable development goals (SDG). Identifying the factors associated
with this outcome can help us provide appropriate strategies for decision
making. This study investigates the determining factors of treatment
default among TB patients.

Methodology: In this case-control study, all 88 TB patients experiencing
treatment default during an11-year-period in Mazandaran province, Iran,
were compared with 176 randomly selected TB patients without a history
of default. Cases and controls were matched based on the year of
incidence as well as the treatment center. Related factors of treatment
default were determined using multivariate logistic regression models.
Results: For men, the odds ratio of experiencing treatment default was
1.67 (p=0.165). In addition, considering ages >64 years as the reference
group, the odds ratios for 15- to 24- and 55- to 64-year-olds were 0.95
(p=0.940) and 0.37 (p=0.123), respectively. The corresponding odds
ratios for patients 25-34, 35-44 and 45-54 years of age were 1.29
(p=0.547), 1.40 (p=0.472), and 1.39 (p=0.512) respectively. Moreover,
the odds ratios for urban residents, patients with a history of imprison-
ment, a history of previous treatment, adverse treatment effects, previ-
ous exposure, non-lranians and patients with smear-positive TB were
1.72 (p=0.070), 1.24 (p=0.657), 1.47 (p=0.756), 0.99 (p=0.998), 0.98
(p=0.960), 9.29 (p=0.010), and 2.27 (p=0.049) respectively.
Conclusion: Non-Iranian nationality and smear-positive TB were detected
as predictors of treatment default among patients with tuberculosis.

Keywords: tuberculosis, treatment default, risk factors, mycobacterium,
infection

Zusammenfassung

Einleitung: Therapieversager sind eine der gréfiten Herausforderungen
bei der Bekampfung der Tuberkulose (TB) und eine wesentliche Barriere
fur das Erreichen des Ziels einer nachhaltigen Entwicklung. Die Identi-
fizierung von fir die Behandlung wesentlichen Faktoren hilft, Strategien
zur Entscheidungsfindung zu entwickeln. Ziel dieser Studie ist es, die
bestimmenden Faktoren fur Therapieversagen bei Tuberkulosepatienten
Zu untersuchen.

Methode: In der Fall-Kontroll-Studie wurden 88 TB-Patienten, die wéah-
rend eines Zeitraums von 11 Jahren in der Provinz Mazandaran, Iran,
Therapieversager erlitten, mit 176 zufallig ausgewahlten TB-Patienten
ohne Vorgeschichte mit Therapieversagen verglichen. Die Falle und
Kontrollen wurden auf der Grundlage des Jahrs des Auftretens sowie
des Behandlungszentrums gematcht. Relevante Faktoren des Therapie-
versagens wurden mit Hilfe multivariater logistischer Regressionsmo-
delle untersucht.
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Ergebnisse: Die Odds Ratio flr Therapieversager betrug bei Mannern
1,67 (p=0,165). Betrachtet man dartber hinaus das Alter Uber 64
Jahre als Referenzgruppe, betrug die Odds Ratio fiir die Altersgruppe
15-24 0.95(p=0.940), fur die Altersgruppe 25-34 1.29 (p=0.547), fur
die Altersgruppe 35-44 1.40 (p=0.472), fur die Altersgruppe 45-54
1.39 (p=0.512) und flr die Altersgruppe 55-64 Jahre 0,37 (p=0,123).
Die Odds Ratios betrugen flir Stadtbewohner, Personen mit einer Vor-
geschichte von Inhaftierungen, Personen mit einer Vorgeschichte friihe-
rer Behandlungen mit Nebenwirkungen, Personen mit friiherer Exposi-
tion, Nicht-lraner und Personen mit positivem TB-Ausstrich 1,72
(p=0,070), 1,24 (p=0,657), 1,47 (p=0,756), 0,99 (p=0,998), 0,98
(p=0,960), 9,29 (p=0,010) bzw. 2,27(p=0,049).

Schlussfolgerung: Nur Nicht-iranische Staatsangehorigkeit und Personen
mit positivem TB Ausstrich erwiesen sich als Pradiktoren fir Therapie-

versager bei Tuberkulosepatienten.

Schliisselworter: Tuberkulose, Therapieversager, Risikofaktoren,

Mykobakterium, Infektion

Introduction

Tuberculosis (TB) is an infectious necrotizing disease
caused by Mycobacterium tuberculosis which leads to
acute or chronic involvement of all organs [1], [2]. TB
cases are the main source of infection spread in the
community. Early diagnosis and treatment of these cases
is the most effective control strategy of the disease [3],
[4]. Without effective treatment, a smear-positive TB pa-
tient can infect 15-20 healthy individuals per year.
Delayed diagnosis, HIV/AIDS, immunosuppressive dis-
orders and multi-drug resistant TB (MDR) are the greatest
challenges to controlling this disease [3].

The World Health Organization has defined treatment
default as missing cases during follow-up, including TB
patients who did not begin treatment or interrupted the
treatment for at least two months [5]. Such interruption
has been reported for different reasons, such as adverse
drug effects, ignorance, replacement of standard anti-TB
treatment with herbal medicine, and patients’ nhon-com-
pliance due to stigmatization. These patients can weaken
the TB control program because they are at higher risk
of clinical deterioration, complications, relapse, failure,
resistance development and death. Moreover, the infec-
tion can persist in these cases and act as a permanent
source of infection, spreading within the community [6],
[7], 8], [9].

In 2015, the treatment success rates for TB patients
globally, in the eastern Mediterranean region, and Iran
have been reported as 83%, 91%, and 87%, respectively
[10]. Of 6,489 TB cases followed-up from 2005-2011
at Tehran University of Medical Sciences, Iran, treatment
default among smear-positive cases, smear-negative
cases, unknown cases, extra-pulmonary cases, and those
with a history of previous treatment was 4.5%, 4%, 3.4%,
2.9%, and 9.4% respectively [11]. The treatment default
rate in Sudan [12] and Nigeria has been reported as 8.1%
and 9.9%, respectively. In Nigeria, such non-adherence
was more common among older persons, those with

smear-negative and extra-pulmonary TB, as well as those
with long-term treatment [9].

The rates described above indicate that treatment default
is a major challenge to TB control programs and the main
obstacle for achieving sustainable development goals
[10]. Detecting the factors associated with treatment
default can help policy makers provide effective strategies
for TB control. Such factors can vary even in different
parts of one country. According to our knowledge, there
is no data on the determinants of treatment default in
the northern parts of Iran. Therefore, we aimed to inves-
tigate the role of some of the most important factors in
the treatment default of TB patients in this region.

Materials and methods

This case-control study was carried out among a cohort
of TB patients in Mazandaran-northern province in Iran.
Cases were patients with history of treatment default
according to the WHO criteria [5]. Controls were TB cases
whose treatment had been completed without interrup-
tion. The study protocol was approved by the institutional
ethics committee of Zabol University of Medical Sciences
(ethics code: zbmu.1.REC.1396.221). All required ethical
issues were respected in accordance with the Helsinki
declaration.

All TB cases registered from 2005 to 2017 in the study
area and who experienced anti-TB treatment interruption
(88 cases; 14 females, 74 males) were selected as the
case group. It should be noted that treatment default was
defined as interruption of an anti-TB treatment for two
months or more following at least one month of anti-TB
treatment [7], [9]. Controls were randomly selected of TB
patients with continuous treatment, i.e., without a history
of treatment default. Two controls were selected per case,
and matched for the year of disease onset as well as the
health centersfor managing and monitoring the treatment.
The source of data was the TB register software program
at Mazandaran University of Medical Sciences. In the
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Table 1: Epidemiological characteristics of the cases and controls

Variables Total Group n (%) P-value
no. | Case (88) | Control(176)

Gender Male 195 | 74 (84.1) | 121 (68.8) 0.007
Female 69 14 (15.9) 5(31.2)

Age group 15-24 24 9(9.1) 5(10.2)
25-34 77 32 (36.4) 45 (25.6)
3544 51 7 (19.3) 34 (19.3) 0.167
45-54 34 2(13.6) 2 (12.5)
55-64 28 4 (4.5) 4 (13.6)
>64 50 14 (15.9) 36 (20.5)

Area of residence Urban 152 57 (64.8) 95 (54.0) 0.094
Rural 112 | 31(35.2) 81 (46.0)

Imprisonment Yes 24 10 (11.4) 14 (8.0) 0.364
No 240 | 78(88.6) | 162(92.0)

Nationality Iranian 253 79 (89.8) 174 (98.9) <0.001
Non-Iranian 11 9(10.2) 2(1.1)

Treatment group New 260 | 87 (98.9) 173 (98.3) 1,000
Previously treatment 4 1(1.1) 3(1.7)

Type of disease Smear positive pulmonary 157 | 62 (70.5) 95 (54.0)
Smear negative pulmonary 55 14 (15.9) 41 (23.3) 0.036
Extra pulmonary 52 12 (13.6) 40 (22.7)

HIV infection Yes 5 0 5(2.8)
No 56 17 (19.3) 39 (22.2) 0.227
Unknown 203 | 71(80.7) | 132 (75.0)

Drug side effects Yes 77 24 (27.3) 53 (30.1) 0.632
No 187 | 64 (72.7) | 123 (69.9)

Contact history with TB patient | Yes 23 6 (6.8) 17 (9.7) 0.666
No 99 | 32(36.4) 67 (38.1)
Unknown 142 0 (56.8) 92 (52.3)

case of missing data, the patients or their health super- RGSU":S

visor would be visited by the researchers and required
information was provided. The variables extracted from
the software program - including gender, age, area of
residence (urban/rural), history of imprisonment, close
contact with TB patients, previous treatment, type of TB,
treatment complications, HIV infection, and nationality -
were entered into excel format and transferred to STATA
version 14 software for descriptive statistics and statist-
ical analysis.

The data were described as percent frequency, mean,
standard deviation, minimum and maximum. The inves-
tigated factors were compared between cases and con-
trols using the Chi-squared or Fisher’s exact tests (cat-
egorical variables) or independent T-/Mann-Whitney tests
(continuous variables). The predicting variables for
treatment default were investigated using multivariate
logistic regression models. Statistical significance was
set at p<0.05. The efficacy of the logistic models was
assessed using Nagelkerke’s R

Among 3,715 TB patients registered from 2005 to 2017,
2.37% had treatment default. Frequencies of treatment
default among smear-positive, smear-negative and extra-
pulmonary TB patients were 3.16% (62/1,964), 1.98%
(14/705) and 1.15% (12/1,046), respectively.

A total of 264 TB patients were investigated in this study
(88 cases; 14 females, 74 males) and 176 controls; 55
females, 121 males). Mean (SD) age of cases and con-
trols was 42.4 (18.5) and 46.5 (18.6) years, respectively
(p=0.094).

The frequencies of males (p=0.007), urban residents
(p=0.094), non-lranians (p<0.001), smear-positive TB
cases (p=0.036), 15-to 34-year-olds (p=0.167), patients
with a history of imprisonment (p=0.364) and unknown
HIV status (p=0.227) were higher among cases than
controls. Moreover, adverse drug effects (p=0.632) and
close contact with TB cases (p=0.666) were more com-
mon among controls than cases (Table 1). Only the differ-
ences of gender, nationality and TB type were statistically
significant between cases and controls.

Multivariate logistic regression models showed that the
odds ratios for non-lranian nationality (9.29, 95% confi-
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Factors associated with treatment default

Variables OR Cl1 95% P-value
Gender Male 1.67 0.81-3.43 0.165
Female Ref. Ref. Ref.
Age group 15-24 0.95 0.29-3.18 0.940
25-34 1.29 0.56-2.94 0.547
35-44 1.40 0.56-3.47 0.472
45-54 1.39 0.52-3.72 0.512
55-64 0.37 10-1.31 0.123
>64 Ref. Ref. Ref.
Areaof residence Urban 1.72 0.96-3.09 0.070
Rural Ref. Ref. Ref.
Imprisonment No Ref. Ref. Ref.
Yes 1.24 0.48-3.23 0.657
Nationality Iranian Ref. Ref. Ref.
Non-Iranian 9.29 1.69-50.90 0.010
Treatment group New Ref. Ref. Ref.
Previously treatment 1.47 0.13-16.76 0.756
Type of disease Smear positive pulmonary 2.27 1.00-5.15 0.049
Smear negative pulmonary 1.34 0.50-3.61 0.556
Extra pulmonary Ref. Ref. Ref.
HIV status No Ref. Ref. Ref.
Yes - - -
Unknown 1.26 0.61-2.60 0.539
Drug side effects No Ref. Ref. Ref.
Yes 0.99 0.52-1.93 0.998
Contact history with TB patient No Ref. Ref. Ref.
Yes 0.79 0.26-2.36 0.668
Unknown 0.98 0.53-1.83 0.960

dence interval: 1.69-50.90) and smear-positive TB (2.27,
95% confidence interval: 1-5.15) were statistically signi-
ficant (Table 2). The variables entered into the final
model predicted 17.6% of the dependent variable.

Discussion

In this study, the odds of default during TB treatment was
67% higher among men than women. It was also 29%,
40%, and 39% higher in 25- to 34-year-olds, 35- to 44-
year-olds and 45- to 54-year-olds, respectively. However,
the odds of treatment default was5% and 63% lower
among age groups 15-24 and 55-64 years, respectively.
In addition, urban residents, patients with a history of
imprisonment, non-lranians, patients undergoing re-
treatment, smear-positive, and smear-negative TB pa-
tients had 72%, 24%, 9.3-fold, 47%, 2.3-fold and 1.3-fold
higher chance of treatment default, respectively.
Moreover, patients experiencing adverse drug reactions
during treatment as well as those with a history of close
contact had a 1% and 21% lower chance of treatment
default, respectively.

Based on the results of a study conducted in Nigeria, risk
of treatment default increased with age, negative sputum

smear before treatment, in extra-pulmonary TB patients
and patients receiving long-term treatment [9]. Only long-
term treatment (in patients receiving re-treatment) was
associated with treatment default in our study.

In a study conducted by Sengul et al. [13] in Turkey, older
ages, a history of previous anti-TB treatment, co-morbid-
ities, drug resistance and low educational level were
found to be risk factors of the adverse outcomes among
TB patients. It should be noted that in the Sengul study,
different treatment outcomes were investigated.
Ignorance (16.7%), traveling to a distant area (12.5%),
feeling well (11.7%) and adverse drug reactions (10.8%)
have been reported as some of the factors responsible
for treatment default in Kenya. In that study, logistic re-
gression models showed little knowledge, the use of
herbal medicine, HIV co-morbidity and male gender to be
independent predictors of treatment default [7].
Another study carried out in South Africa reported that
the chance of treatment default was higher among males,
patients with previous TB treatment, those aged 15-24,
and unknown HIV status [14].

In contrast, in Brazil, treatment default was more common
among TB/HIV patients and those aged 15-39 years
(compared to younger patients) [15], while in Sudan,
rural residents, patients experiencing treatment side-ef-
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fects, and those with a history of tuberculosis defaulted
their treatment more often than did the other TB patients
[16]. Similarly, in Tajikistan, adverse drug reactions and
previous anti-TB treatment were predictors of treatment
default [17].

However, two studies carried out in Brazil [18] and India
[19] identified drug and alcohol abuse as independent
risk factors of treatment default. The latter study reported
adverse drug effects as well as long distance from treat-
ment centers and little knowledge about TB as other
reasons for treatment default.

All the above evidence agreed well regarding the role of
male gender and history of previous anti-TB treatment in
the increasing the probability of treatment default. Con-
versely, we observed higher rates of treatment default
among urban residents. It should be noted that the co-
ordination and cooperation between TB patients and
health staff are better in the rural regions of the study
area, and there is better access to health services. Al-
though different age groups were responsible for increas-
ing the risk of treatment default, there is more agreement
between the studies regarding the 14- to 44-year age
group. In contrast to the other studies, the current study
found a higher rate of default among smear-positive TB
patients compared to those with extra-pulmonary TB. In-
vestigating the reasons for default in these patients in
future studies is suggested. In addition, although the
number of non-lranian patients was low, they showed
more non-compliance during treatment, which can be
pose considerable health challenges for the countries of
origin and destination.

Some of the studies mentioned several reasons for
treatment default among TB patients, and their results
can be helpful. However, it is better to conduct indepen-
dent and comprehensive research in this regard. Accord-
ing to a systematic review, these reasons were economic,
social, transportation-related, but poor relationships
between patients and health staff also played a role [20].
A qualitative study reported inappropriate nutrition, belief
in traditional medicine, poor communication with health
providers, and lack of access to the health services, dis-
crimination and stigmatization as causes of poor compli-
ance in Ethiopia [21]. The corresponding reasons in Rio
de Janeiro, Brazil were reported by Maciel et al. [22] as
economic condition, quality of the TB surveillance system
and also infrastructure.

One of the limitations of the current study is that none of
the patients who defaulted treatment were HIV positive,
and most had an unknown HIV status. Moreover, just one
of the patients with treatment default had a previous
history of anti-TB treatment.

In conclusion, our study revealed that non-lranian nation-
ality and smear-positive TB are predictors of treatment
default. However, living in urban areas showed a border-
line (with P-value between 0.05 and 1) relationship. To
control these adverse outcomes and improve the quality
of TB control programs, an exact and comprehensive list
of non-Iranian patients as well as their immigration status
should be provided and permanently monitored. In addi-

tion, cooperation between generations should be con-
sidered for their systematic follow-up during treatment.
The observed non-compliance of smear-positive TB pa-
tients can increase the spread of infection, leading to
major and irreversible damage to the TB control program.
To facilitate achieving the sustainable development goals
[10], all factors associated with treatment default of pa-
tients should be identified during further qualitative and
quantitative studies.
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