
Introduction

Tuberculosis (TB) is a public health problem and its trans-
mission is a threat to the community. The National Tuberculosis 
Program (NTP) and its health staff are responsible for ensuring 
the regular intake of necessary drugs by patients. There is a 
need for NTPs to establish and maintain systems that maximise 
patient access to care, and train and supervise health workers 
to provide patient-centred care in order to facilitate patient 
adherence. Additionally, it is critical for the NTP to implement 
two components of the Stop TB Strategy including engaging 
other care providers and involving communities (1).

The global targets for tuberculosis control, set by the 
World Health Assembly (WHA) in 1991, had a detection rate 
of at least 70% and a cure rate of at least 85% of new sputum 
smear-positive TB cases by 2000, which was later revised to 

2005 (2, 3). Reductions in the disease burden achieved to date 
follow 15 years of intensive efforts at a country level, to imple-
ment the directly observed treatment, short-course (DOTS) 
strategy (1995-2005) and the Stop TB Strategy (launched in 
2006) (4). Recent studies suggest that countries achieving the 
global targets would then see a fall in incidence of 8-12% 
per year (cases reduced by 50% in as little as 6-9 years) and 
an even faster reduction in mortality of 9-13% per year (50% 
reduction in 5 years or less) (5).

DOTS has expanded in Turkey since 2006 (4). In 2008, 
treatment success was achieved in 92% of smear positive 
new cases. Istanbul has the highest incidence of tuberculo-
sis in Turkey (44.1 per 100 000 population). The prevalence 
of adverse treatment outcomes using the direct observa-
tion of treatment is defined as default, death and low failure 
(~8%). However, it is important to understand modifiable 
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ABSTRACT
Background: Tuberculosis is a public health problem and its transmission is a threat to the community. 

Aims: The aim of this study was to determine the factors influencing the treatment outcomes and the effectiveness of the National Tuberculosis Program 
(NTP) in relation to the application of the directly observed treatment, short-course (DOTS) program in various sites in Istanbul, Turkey.

Study Design: Case-Control Study

Methods:  A case-control study was used, where cases and controls were randomly selected from the Turkish Tuberculosis National Database, which 
includes complete data on treatment outcomes for patients recorded in the database from January 1, 2006 to December 31, 2009 and had one year 
follow-up.

Results: The case group was composed of 464 patients with adverse outcome, while the control group was composed of 441 patients who had been 
cured of disease. Factors associated with adverse treatment outcome were >65 years of age (OR: 3.39 (1.99-5.76)) ; male gender (OR:2.11 (1.49-2.99)); 
born outside Turkey (OR: 5.48 (2.13-14.04)); co-morbidity (OR: 1.85 (1.29-2.65)); bilateral radiologic lesions (OR: 2.07 (1.41-3.00); previous treatment his-
tory (OR: 3.99 (2.78-5.74)); 3rd month positive microscopy (OR: 4.96 (3.04-8.09)) and any H&R +/- others  multidrug resistant (MDR) resistance (OR: 22.64 
(6.92-74.08)). There was no association between the adverse treatment outcome and the application site of direct observation treatment, short course 
(DOTS) delivery and the supervisors.

Conclusion: Our findings indicate similar quality in DOTS application and supervision among patients with or without adverse treatment outcomes.  How-
ever, patients with certain characteristics should be carefully monitored and aggressively treated.
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reasons for adverse treatment outcomes to improve the suc-
cess rate (6).

The aim of this study was to determine factors influencing 
the treatment outcomes and the effectiveness of NTP in rela-
tion to the application of the DOTS program in various sites 
in Istanbul, Turkey.

Material and Methods

Study Design and Study Populations:
A total of 905 patients divided into control (n=441, cured 

patients) and case (n=464, patients with an adverse treatment 
outcome) groups were included in this case-control study based 
on the random selection of cases and controls from the Turkish 
Tuberculosis National Database that includes complete data on 
the treatment outcomes for patients who were recorded in the 
database from January 1, 2006 to December 31, 2009 and had 
one year follow-up. The random selection of case and control 
groups from each centre registered in the database was based 
on being ≥18 years old, having a diagnosis and treatment of the 
disease from 2006 to 2009 and one-year follow up within this 
period. Currently, there were 11,186 patients with smear- and/
or culture-positive pulmonary TB. We estimated power 80 with 
alpha level 0.05 using two sided test and with 400 cases and 
400, Group 1 proportion: 0.45, Group 2 proportion: 0.55. Ethi-
cal approval for the study was obtained from the institutional 
review board of Istanbul University in accordance with the Hel-
sinki recommendations (Approval# 2011/1543-718).

Data collection
There are 32 TB dispensaries in Istanbul, and each collabo-

rates with one of two main diagnostic laboratories subject to 
external quality control from the national TB reference labora-
tory in Ankara (1). The National Tuberculosis database follows 
the ‘WHO’ country report (CISID) and case-based recording 
data standards (Euro TB data file). The data on treatment 
outcomes, socio-demographics (age, gender, marital status, 
education level, smoking history), clinical features (previous 
treatment history, co-morbid diseases, side effects, radiology 
lesions, radiologic cavity, 3rd month microscopy variables), ap-
plication site and responsible person for DOTS were collected 
from medical records in the database.

TB Patients Treatment and Definition of Treatment 
Outcome
New patients with pulmonary TB received a standardised 

short-course chemotherapy consisting of two months of iso-
niazide (H), rifampicin (R), pyrazinamide (Z), and ethambutol 
(E), followed by four months of HR. Previously treated pa-
tients received two months of HRZE and streptomycin (S), one 
month of HRZE, and five months of HRE (1, 7). Patients were 
followed monthly at TB dispensaries and received TB drugs 
under DOTS every day at the nearest DOTS treatment facility.

We defined clinical outcomes as follows:
Cure: A patient whose sputum smear or culture was posi-

tive at the beginning of the treatment but who was smear- or 
culture-negative in the last month of treatment and on at least 
one previous occasion. 

Treatment failure: A patient whose sputum smear or cul-
ture is positive at 5 months or later during treatment. Also 
included in this definition are patients found to harbour a 
multidrug-resistant (MDR) strain at any point of time during 
the treatment, whether they are smear-negative or -positive.

Died: A patient who dies for any reason during the course 
of treatment.

Default: A patient whose treatment was interrupted for 2 
consecutive months or more (7). Clinical outcome was evalu-
ated 12 months after commencement of treatment. Default, 
death, and treatment failure outcomes were combined as any 
adverse outcome.

Case Characteristics and Definition of Exposures
Cases of TB were classified according to bacteriological 

results, anatomical site, and history of previous treatment (1, 
7). New patients had either never received treatment for TB, 
or had taken anti-TB drugs for less than 1 month. Previous 
treatment history was categorised as relapsed cases (a patient 
previously treated for TB who had been declared cured or 
treatment completed and were currently diagnosed with posi-
tive smear or culture), interrupted treatment (a patient who re-
turns for treatment, positive bacteriologically, following inter-
ruption of treatment for two months or more), and treatment 
failure (a patient who is started on re-treatment regimen after 
failing previous treatment, i.e., having a positive bacteriologi-
cal result at month 5 of treatment).

Exposure was considered in terms of gender, age groups 
(18-35, 36-50, 51-65, >65), country of birth (Turkey, other 
county), marital status (married, divorced, single), smoking 
history (present or absent), education level (illiterate, literate, 
primary school, high school, university), co-morbidity (any 
present co-morbidity, absent), side effect (present, absent), 
radiologic lesions (unilateral or bilateral lesions), radiologic 
cavity (absent, present), previous treatment history (none, 
any previous treatment history), 3rd month microbiological 
positivity and any resistance (none, resistant to any drugs, 
resistant to INH and RIF +/- other drugs (MDR). The applica-
tion site of DOTS is defined as TB dispensaries that are part 
of the National TB Program, Health Care Centres, primary 
health care outpatient clinics, and other locations, including 
the patient’s house, work place and pharmacy where treat-
ment is supervised by non-TB specialists such as pharmacy 
practitioners.

Data Handling and Statistical Analysis
Data from the registry was provided in digital format and 

analysed using the Statistical Program for the Social Sciences 
software package, SPSS 16.0 (IBM SPSS; Armonk, New York). 
We randomly chose 20 cases from the computerised database 
to check against the original registry and found 100% concor-
dance for all data elements. Continuous variables were sum-
marised using mean and standard deviation (SD) or median 
and quartiles. We used Logistic Regression (Enter model) and 
calculated adjusted all odds ratios (OR), 95% confidence inter-
vals (95%CI) by three variables known to affect the outcome: 
age, history of prior treatment, gender.
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Results

In this study including 905 patients overall, control and 
case groups were composed of 441 (48.7%) and 464 (51.3%) 
patients, respectively. Overall, 45.0% of all patients and 51.2% 
and 39.0% of patients in control and case groups, respectively, 
were in the age group of 18-35 years. Males comprised 78.5% 
of the overall population and 48.4% of patients were prima-
ry school graduates. The majority of patients in the control 
(98.6%) and case (95.0%) groups were born in Turkey. Mar-
ried patients comprised 52.8% and 56.7% of patients, while 
smokers accounted for 34.5% and 33.4% of patients in the 
control and case groups, respectively. Rate of co-morbidity, 
other country of birth, bilateral radiology lesions, cavity, his-
tory of previous treatment, 3rd microscopy positivity, drug re-
sistance to any anti-TB antibiotic that was tested (H, R, E, S), 
and H&R +/- others (MDR) was higher in the case group than 
in the control group. Healthcare centres were the leading ap-
plication sites of DOTS in the overall population (45.9%) and 
in 47.4 and 45.9% of patients in the control and case groups, 
respectively. Most of the supervisors of DOTS were healthcare 
workers in the overall population (69.4%), control (69.2%) and 
case (69.4%) groups (Table 1).

There was a significant positive trend of increasing risk 
for adverse treatment outcome with age with nearly two- 
and three-fold increase in odds of an adverse treatment 
outcome among patients aged 51-65 years and >65 years, 
respectively. Male gender and the presence of co-morbidity 
were associated with almost doubled odds for an adverse 
treatment outcome. Birth outside of Turkey was associated 
with a more than five-fold increase in odds for adverse treat-
ment outcome. Bilateral radiologic lesions and the presence 
of a cavity were associated with a doubling of the odds for an 
adverse treatment outcome. Relapse cases and interrupted 
treatment in the subgroup of previous treatment was associ-
ated with over two-fold and ten-fold increase in odds for ad-
verse treatment outcome, respectively. Positive microscopy 
in the 3rd month was associated with a five-fold increase in 
odds for adverse treatment outcome. Any resistance was as-
sociated with a four-fold increase in the odds for an adverse 
treatment outcome. Any H&R +/- others (MDR) resistance 
was strongly associated with adverse treatment outcome 
(OR: 20.19 95%CI (6.03 - 67.62)).

Discussion

In this study, our hypothesis was to determine the factors 
influencing the treatment outcomes and the effectiveness of 
the NTP in relation to the application of the DOTS program 
in various sites in Istanbul, Turkey. Our findings revealed no 
differentiation between the application sites of DOTS delivery 
and DOTS supervisors as to adverse treatment outcomes. An 
association of the adverse treatment outcome with age, male 
gender, birth outside Turkey, co-morbidity, bilateral radiologic 
lesions and cavities, 3rd month microscopy positivity, relapse, 
interrupted treatment in the subgroup of previous treatment 
and resistance was evident.

In our study, there was a significant positive trend of in-
creased risk for adverse treatment outcome with age with 
almost two- and three-fold increase in odds of an adverse 
treatment outcome among patients aged 51-65 years and 
>65 years, respectively. According to data specific to Turkey, 
the highest rate of death was reported to be seen for the age 
group >65 (13.4%) (6), while a significant association between 
death and older age was consistently reported in several stud-
ies that may be partly explained by the effect of co-morbidity 
confounders (8-15). Given that discontinuation of treatment 
has also been observed in a number of other conditions that 
require prolonged drug therapy, such as cardiovascular dis-
ease, rheumatic fever, leprosy, epilepsy, diabetes, and malaria 
prophylaxis, as well as the self-administration of oral contra-
ceptives (16), co-morbidity was associated with a near dou-
bling of the odds for an adverse treatment outcome in our 
study population.

Gender differences in tuberculosis epidemiology may arise 
either as a consequence of differences in biological function-
ing or due to differences in exposure as a consequence of 
differences in the societal roles of men and women (17). In our 
study, male gender was associated with almost doubled odds 
for an adverse treatment outcome. According to Turkey’s 
statistics, the rate of treatment success for males was lower 
than for female patients and the M/F treatment success rate 
reported in 2008 was 89.9/92.7% (6). Likewise, some studies 
showed that male gender was associated with an increased 
risk for death among tuberculosis cases (8).

As in past studies, which showed that foreign-born pa-
tients were at higher risk for default (18, 19), in our study, be-
ing born outside Turkey was associated with a more than five-
fold increase in odds for adverse treatment outcome.

Success among re-treatment case types is normally lower 
than that for new patients-more so for treatment-after-failure 
(since previous failure may have been due to drug resistance) 
and treatment-after-default cases (since cases that defaulted 
previously are likely to have poor compliance and/or drug re-
sistance) than for relapse cases (20).

Globally, the treatment success rate for retreatment cases 
was low (72%), in comparison to new cases (87%) (6). Accord-
ing to Turkey’s statistics for 2008, 75.7-92.3% of the treatment 
success rate was found to be lower in previously treated cases, 
than in new cases (6). In our study, relapse cases and inter-
rupted treatment in a subgroup of previous treatment were 
associated with a more than two-fold and ten-fold increase in 
odds for adverse treatment outcome, respectively.

In our study, any resistance doubled while H&R +/- others 

(MDR) resistance was associated with a twenty-fold increase 
in odds for an adverse treatment outcome. According to the 
statistics for Turkey, the MDR rate was approximately 5% in all 
cases. In a past study concerning evaluation of the influence of 
multidrug resistance on tuberculosis treatment outcomes with 
standardised regimens, failure rates and relapse rates were 
reported to be higher in countries where the prevalence of ini-
tial multidrug resistance exceeded 3% than in countries where 
multi-drug resistance was lower than 3% (21).

Smears should be converted to negative in the majority of 
new smear-positive pulmonary TB patients after 2 or 3 months 
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Patients Characteristics Control Group1	[n(%)]	 Case	Group2	[n	(%)]	 Total	Patients	 Adjusted	OR3

Number of cases 441 (100.0) 464 (100) 905 (100) —

Age	group	[years]

18-35 226 (51.2) 181 (39.0) 407 (45.0) —1.0—

36-50 123 (27.9) 126 (27.2) 249 (27.5) 1.01 (0.72-1.41)

51-65 68 (15.4) 98 (21.1) 166 (18.3) 1.53 (1.04 -2.25)

>65 24 (5.4) 59 (12.7) 83 (9.2) 3.39 (1.99 -5.76)

Gender

Female 127 (28.8) 68 (34.9) 195 (21.5) —1.0—

Male 314 (71.2) 396 (55.8) 710 (78.5) 2.11 (1.49 - 2.99)

Country of Birth

Turkey 435 (98.6) 441 (95.0) 876 (96.8) —1.0—

Other Country 6 (1.4) 23 (5.0) 29 (3.2) 5.48 (2.13 -14.04)

Marital Status

Married 233 (52.8) 263 (56.7) 496 (54.8) —1.0—

Divorced 12 (2.7) 9 (1.9) 21 (2.3) 0.98 (0.71-1.36)

Single 185 (42.0) 167 (36.0) 352 (38.9) 0.43 (0.15-1.19)

Unknown 11 (2.5) 25 (5.4) 36 (4.0) -

Smoking

Non-smoker 117 (26.5) 88 (19.0) 205 (22.7) —1.0—

Smoker 152 (34.5) 155 (33.4) 307 (33.9) 0.94 (0.62-1.42)

Unknown 172 (39.0) 221 (47.6) 393 (43.4) -

Education Level

University 29 (6.6) 23 (5.0) 52 (13.9) —1.0—

High School 71 (16.1) 60 (12.9) 131 (14.5) 1.11 (0.55-2.23)

Intermediate School 67 (15.2) 53 (11.4) 120 (13.3) 0.87 (0.43-1.78)

Primary School 202 (46.1) 236 (50.9) 438 (48.4) 1.20 (0.64-2.26)

no illiterate 17 (3.9) 21 (4.5) 38 (4.2) 1.51 (0.59-3.90)

Unknown 55 (12.5) 71 (15.3) 126 (13.9) -

Co-morbidity

Absent 364 (82.5) 326 (70.3) 690 (76.2) —1.0—

Present 77 (17.5) 138 (29.7) 215 (23.8) 1.85 (1.29 -2.65)

Side Effect

Absent 413 (93.7) 426 (91.8) 839 (92.7) —1.0—

Present 28 (6.3) 38 (8.2) 66 (7.3) 0.99 (0.56 - 1.73)

Radiology

Unilateral 241 (54.6) 210 (54.6) 451 (45.3) —1.0—

Bilateral 140 (31.7) 210 (31.7) 350 (45.3) 2.07 (1.41-3.00)

Unknown Value 60 (13.6) 44 (9.5) 104 (11.5) -

Radiology Cavity

Absent 200 (45.4) 175 (37.7) 375 (41.4) —1.0—

Present 181 (41.0) 245 (52.8) 426 (47.1) 1.56 (1.16-2.11)

Unknown 60 (13.6) 44 (9.5) 104 (11.5) -

Table	1.	Adjusted	odds	ratios	with	sex,	age	group	and	previous	treated	history	of	association	for	adverse	outcomes	with	
selected clinical and demographic factors



of anti-tuberculosis treatment. Sputum smear conversion after 
2 or 3 months of treatment is a good predictor of eventual 
cure if treatment is completed (22). Horne et al. performed a 
systemic review and meta-analysis to evaluate the accuracy of 
a positive sputum smear or culture during treatment with stan-
dardised regimen with rifampin in the initial phase for predict-
ing failure or relapse in pulmonary TB. As a result, both culture 
and smear had low positive predictive value (PPV) ranging 
from 9 to 18% in predicting poor outcome. In contrast, nega-
tive predictive values (NPV) were high (at least 93%), indicating 
a negative sputum test result during any month of treatment 
makes relapse or failure unlikely (23). In our study, 3rd month 
microscopy positivity was associated with a five-fold increase 
in odds for adverse treatment outcome. While no significant 
relationship was observed in our study population between 
adverse treatment outcomes and smoking, marital status and 
educational level, a significant relationship between adverse 
treatment outcome and educational level and smoking was 
also reported in the literature (24, 25).

A systematic review of six controlled trials comparing 
DOTS with self-administered therapy concluded that DOTS 
did not improve outcomes (26). The highest success rates 
were achieved in programs that used DOTS in the context of 

a full support package, with components such as incentives 
and enablers (27). The WHO recommends that supervision 
may be undertaken at a health facility, in the workplace, in the 
community or at home. Furthermore, The NTP is responsible 
for training and monitoring of the non-medical observers and 
a clearly defined line of accountability of staff. For any cho-
sen method of supervision and administration of treatment, a 
program must show high sputum smear conversion and cure 
rates, under routine conditions, in both rural and urban areas. 
If evaluation shows suboptimal results, the method of supervi-
sion and administration of the regimen should be altered and 
tested in demonstration and training districts (1). DOTS-su-
pervised treatment in Turkey has been provided in TB dispen-
saries. DOTS supervisors consist of healthcare workers in TB 
dispensaries, healthcare workers in primary health care cen-
tres, healthcare workers in the work place, pharmacists, family 
members and prison workers (7). In 2010, 97.9% of TB treat-
ment was carried out under DOTS. While 74.7% of patients 
were treated by healthcare workers under DOTS supervision, 
25.3% of patients were treated by family members and other 
supervisors (6). In our study, most of the DOTS application 
sites were similarly healthcare centres and most of the DOTS 
supervisors were healthcare workers, both in the case and 
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Previous treatment

None 391 (88.7) 308 (66.4) 699 (77.2) —1.0—

Any 50 (11.3) 156 (33.4) 206 (22.8) 3.99 (2.78-5.74)

Relapsed 45 (10.2) 97 (20.9) 142 (115.5) 2.24 (1.59-3.15)

Interrupted 5 (1.1) 48 (10.3) 53 (5.9) 10.37 (4.06-26.49)

Treatment failure 0 (0.0) 11 (2.4) 11 (5.9) -

3rd month microscopy

Negative 281 (63.7) 104 (22.7) 385 (42.5) —1.0—

Positive 39 (8.8) 68 (14.7) 107 (11.8) 4.96 (3.04-8.09)

Not tested 121 (27.4) 292 (62.9) 413 (45.6) -

Antibiotic4resistance

None 306 (69.4) 267 (57.5) 573 (63.3) —1.0—

Any resistance 41 (9.3) 104 (22.4) 145 (16.0) 2.61 (1.71-3.99)

H & R +/- others  (MDR) 3 (0.7) 65 (14.0) 68 (7.5) 22.64 (6.92-74.08)

Not tested 94 (21.3) 93 (20.0) 187 (20.7) -

DOTS Place

Dispensaries 73 (16.6)) 93 (20.0) 166 (18.3) —1.0—

HealthCare Centre 209 (47.4) 206 (44.4) 415 (45.9) 0.92 (0.63-1.36)

Others 117 (26.5) 132 (28.4) 249 (27.5) 0.88 (0.57-1.36)

Non-DOTS 42 (9.5) 33 (7.1) 75 (8.3) 0.69 (0.38-1.26)

DOTS Apply

Healthcare Worker 305 (69.2) 322 (69.4) 627 (69.4) —1.0—

Others 94 (21.3) 109 (23.5) 203 (23.5) 0.88 (0.61-1.26)

Non-DOTS 42 (9.5) 33 (7.1) 75 (7.1)) 0.73 (0.43-1.23)
1Control Group: Cure treatment outcome; 2Cases: Adverse treatment outcome is defined as treatment failure, default, or death; 
3Odds ratios based on logistic regression model adjusted for age category (18-35/36-50/51-65/>65 years old) and history of previ-
ous treatment (None/Any) gender; 4H: isoniazide; R: rifampicin; E: ethambutol; S: streptomycin



control groups. There was no significant association between 
the type of application site and the supervisor of DOTS deliv-
ery and the adverse treatment outcome, which indicated the 
similar quality of DOTS application and supervision.

Nevertheless, high success rates in Turkey have been sug-
gested to be likely due to the expansion of DOTS in 2006 and 
aggressive case follow-up, as shown by consistent reductions in 
treatment default by 5.7% in 2005, 4.7% in 2006, 4.0% in 2007 
and 3.2% in 2008, and the reduction in adverse treatment out-
come by 19.2% between 1998 and 2000 in Istanbul (28).

Achievement of the global targets depends on the abil-
ity of countries to accelerate coverage of the population 
with DOTS, whilst sustaining high cure rates, and the ability 
of Tuberculosis programs to increase case detection, through 
the provision of effective services, social mobilisation, and in-
volvement of the private sector. In this regard, our findings 
show the compatibility with the increasing success rate of TB 
treatment outcome in Turkey.

However, retrospective design seems to be the major limi-
tation of the present study, since we could only review DOTS 
supervisors monitoring records in a retrospective manner. Ob-
viously, to evaluate the DOTS quality, prospective studies are 
necessary.

In conclusion, our findings indicate the similar quality in 
DOTS application and supervision among patients with or with-
out adverse treatment outcome. However, patients with certain 
characteristics compatible with being a significant determinant 
of adverse treatment outcome, such as older age, co-morbid 
disorder, extensive radiologic disease, previous treatment 
history, 3rd month microscopy positivity and drug resistance, 
should be carefully monitored and aggressively treated.
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