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ABSTRACT

Objectives: Tuberculosis (TB) remains one of the top ten leading causes of death worldwide despite
effective therapy. The present study aims to examine the characteristics of TB-related deaths in Samsun
Province and to determine the risk factors.

Methods: In this retrospective registry-based cohort study, the medical records of patients registered
with Samsun Tuberculosis Control Dispensary between 1 January 2018 and 31 December 2019 were
retrospectively reviewed. The Cox proportional-hazards model was used to determine the factors
associated with the risk of death in patients with TB.

Results: The treatment outcomes of a total of 382 patients were reviewed. It was found that the
treatment was successful in 346 patients (90.6%), and 31 patients (8.1%) died before or during TB
therapy. The median survival time of patients who died during the therapy was 1.86 months (95%
Cl = 0.07-5.17 months), and more than 50% (13/25) of the deaths occurred in the first two months of
the treatment. Age above 70 years (HR 15.06 (3.33-67.95)), male gender (HR 2.74 (1.02-7.33)), pulmon-
ary TB (HR 2.92 (1.002-8.52)), multidrug-resistant (MDR) tuberculosis (HR 1.69 (1.22-12.75)), and a delay
in the treatment of more than ten days (HR 2.71 (1.22-6.04)) were identified as risk factors associated
with mortality in TB patients (p < 0.05).

Conclusion: The majority of deaths in our cohort occurred within the first two months after starting the
treatment. Advanced age, male sex, a new diagnosis of TB, pulmonary TB, MDR-TB, and a treatment
delay of more than ten days after diagnosis increased the risk for mortality during antituberculosis
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Introduction

Tuberculosis (TB) is a severe public health problem and
remains one of the top ten leading causes of death worldwide
[1]. According to the 2020 Global Tuberculosis Report pub-
lished by the World Health Organization (WHO), 10 million
new TB cases occur every year, resulting in 1.4 million TB-
related deaths while an estimated 3 million cases of TB are
underreported. Approximately one-fourth of the world’s popu-
lation is infected by TB bacilli and 5-15% of the infected
people develop active disease. In 2019, the reported incidence
of TB was 130 cases per hundred thousand people worldwide,
with a mortality rate of 18.7 deaths per hundred thousand
people. Turkey is located in the European Region of the WHO.
While TB incidence is 26 cases per hundred thousand people
with a mortality rate of 2.7 deaths per hundred thousand
people in the European region, lower incidence and mortality
rates are observed in Turkey than in the European region. The
incidence of TB is 16 cases per hundred thousand people, and
the mortality rate is 0.39 deaths per hundred thousand people
in Turkey [2].

Effective disease management is one of the critical compo-
nents in tuberculosis control. The National Tuberculosis

Control Program (NTCP) has been implemented to promote
rapid diagnosis of TB cases and to reduce the disease spread.
Tuberculosis cases are reportable within 24 hours after the
diagnosis, and the patients are registered with the local dis-
pensary for follow-up where the patient resides. As of 2020,
there are a total of 173 TB dispensaries in Turkey, at least in
each province, and three TB dispensaries in Samsun province
[3]. Tuberculosis Control Dispensaries provide free diagnosis,
treatment, follow-up, reporting, registration, vaccination, con-
tact screening, drug dispensing, education, and counseling
services. The ‘Directly Observed Therapy’ (DOT) strategy
recommended by the WHO to improve treatment success
and to increase survival has been implemented in the health-
care facilities of Turkey in 2006 [4]. Since 2005, the records of
TB patients in Turkey have been collected through
a surveillance study entitled Turkey National Tuberculosis
Surveillance Network (TNTSN) from the dispensaries on
a case basis and reported to the WHO. In addition, TB active
surveillance research has been practiced in our province since
2012 and countrywide since 2015. In the scope of the active
surveillance research, the reports of patients with a definitive
diagnosis of TB, the hospital data matching the relevant ICD
10 (International Statistical Classification of Diseases) codes for
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the diagnosis of TB, and the data of patients with an evidence
of granulomatous inflammation suspected for TB in pathology
laboratories are collected during regular visits to healthcare
facilities with certain intervals and scrutinized for TB [5].
Despite all these effective measures, patients die before
receiving or during TB therapy. The WHO defines ‘TB-related
deaths’ as the number of TB patients dying during the treat-
ment regardless of the actual cause of death [6]. TB mortality
is an important indicator to evaluate the effectiveness of TB
control programs and to measure TB burden. It is essential to
investigate the risk factors for TB-related mortality to improve
survival. Various studies evaluating the risk factors for mortal-
ity during TB treatment have suggested that factors such as
age, gender, comorbidities, and HIV infection might be asso-
ciated with mortality; however, these risk factors vary across
countries [7-9]. There is a paucity of studies in Turkey examin-
ing the characteristics of TB-related deaths and the associated
risk factors. The present study aims to examine the character-
istics of TB-related deaths in Samsun Province and determine
the risk factors.

Materials and methods
Study group

In this retrospective registry-based cohort study, the data of
408 patients registered with TB dispensaries in Samsun pro-
vince between 1 January 2018 and 31 December 2019 were
collected. Twenty-six patients were excluded from the study
due to the rejection of anti-tuberculosis therapy, the identifi-
cation of a condition other than TB, and the evacuation to
another country during the follow-up period. The study was
conducted on the data of 382 patients. Samsun province is
located in the Central Black Sea region in the north of Turkey
and has a population of 1.4 million people. In 2017, the
incidence of TB in our province was 13.5 (per hundred thou-
sand), while the incidence of TB in our country was 14.6 (per
hundred thousand) [3].

The data such as age, gender, nationality, family history,
sputum smear results at the time of diagnosis, method of
diagnosis, involvement site in the body, extrapulmonary invol-
vement sites, human immunodeficiency virus (HIV) test results,
the presence of drug resistance, the treatment classification
(first-line and second-line), duration of anti-tuberculosis ther-
apy, length of hospital stay, and prognostic data were
retrieved from the registry information system while paying
attention to confidentiality. According to the WHO guideline,
the patients were classified as new and relapsing cases, and
each patient was included in the analysis once during a 12-
month period [10]. Along with the written data on the
patients’ charts regarding the cause of death in 31 patients
for whom the treatment outcome was reported as ‘death’ to
the TNTSN, the information provided on the death reporting
system (DRS) was also checked to confirm the cause of death.
The DRS is a web-based application allowing data exchange
among the relevant units of the Republic of Turkey Ministry of
Health, General Directorate of Civil Registration and
Citizenship, and Turkish Statistical Institute for thorough,
rapid, and quality compilation of death statistics [11].

The study was approved by the Clinical Research Ethics
Committee of Ondokuz Mayis University.

Definitions

Survival Time: The observance survival time was defined as the
time from the onset of anti-tuberculosis therapy to the end of
the observance period. The survival time in non-survivors was
defined as the time from the onset of anti-tuberculosis ther-
apy or registry to the TB dispensaries without receiving ther-
apy to death.

Delay in Therapy: The time from the diagnosis to the onset
of therapy is that more than ten days (time unit = day).

Treatment Options: In Turkey, the treatment of patients
with TB consists of a 2-month intensive phase with isoniazid,
rifampicin, ethambutol, and pyrazinamide followed by
a 4-month continuation phase with isoniazid and rifampicin
as stipulated by the NTCP. This regimen is called major ther-
apy, and the drugs are called first-line drugs. In centers pro-
viding therapy to patients with drug resistance (four centers
available in Turkey, one center in Ankara, two centers in
istanbul, and one center in izmir), para-aminosalicylic acid
(PAS), cycloserine, linezolid, ethionamide, and amikacin are
alternative therapies in patients with multidrug-resistant
tuberculosis (MDR-TB) and in the case of drug-related side
effects or treatment failure. This therapy is called minor ther-
apy, and the drugs included in this regimen are called second-
line drugs [3].

Treatment Outcomes: The study used the definitions and
recommendations of the WHO related to the recovery, com-
pletion of therapy, treatment failure, and death [6].

Cure (recovery): The demonstration of at least two negative spu-
tum smears or culture negativity, one in the continuation phase of
the therapy and the other upon completion of the therapy, along
with evidence of clinical and radiological recovery in a patient with
pulmonary TB who initially received a bacteriological diagnosis.

Completion of therapy: This refers to the discontinuation of ther-
apy in patients completing the courses of therapy as expected in
whom sputum examination could not be performed during the
continuation phase or at the end of therapy, considering that
treatment success has been achieved based on clinical and radi-
ological evidence (Patients with extrapulmonary TB are also added
to this group if treatment success has been achieved).

Treatment success: This refers to the sum of cured patients and
those who have completed the therapy.

Loss to follow-up (Treatment rejection in old terms): This refers to
a patient who did not start treatment or who interrupted TB
treatment for two consecutive months or more.

Treatment failure: Treatment failure refers to sputum smear or
sputum culture positivity at five months or later after the initiation
of anti-TB treatment.

Death: This refers to the death of the TB patient for any reason
during treatment (TB patients dying before receiving any therapy
are also registered with the TCD, and the treatment outcome is
recorded as “death”.



Statistical analysis

SPSS 21.0 software package was used in the statistical analysis,
and parametric and non-parametric descriptive statistics
included mean + standard deviation, median (interquartile
range (IQR)) and number (%), where appropriate. A chi-
square test was used to compare qualitative data. The type
of statistical method for comparing quantitative data was
determined according to the number of groups and the data
type (parametric or non-parametric). The survival was evalu-
ated using the Kaplan-Meier method, and the Cox propor-
tional-hazards model was used to determine the factors
associated with the risk of death. Examination of survival in
univariate analyzes was performed with the log rank test. In
multivariate analysis, independent factors in predicting survi-
val were analyzed using the backward selection method and
Cox regression analysis using possible factors identified in
previous analyzes. Among the interrelated parameters with
similar effects on survival, clinically significant ones were
selected for the model. The level of statistical significance
was set to an alpha of 0.05 (p < 0.05) in all statistical analyses.

Results
Patient characteristics

Sociodemographic data of the study patients are presented in
Table 1. The median age of the patients was 54.0 years (34.0-
67.0), and 237 (62.0%) were male. Of the non-survivors, 16
(51.6%) were aged over 70 years. Of the patients, 361 (94.5%)
were recently diagnosed, and there was no significant differ-
ence in disease type between survivors and non-survivors
(p = 0.161).

When the treatment outcomes were examined, the treat-
ment was successful in 346 patients (90.6%); of these patients,
164 (42.9%) were cured, and 182 (47.6%) completed their
courses of therapy. The treatment outcome was death in 31
patients (8.1%), treatment failure in two patients (0.5%), and
loss to follow-up in three patients (0.8%).

Mortality data

The mean age of 31 patients who underwent active surveil-
lance was 7132 £ 13.56 years (median 69.0 [65.0-82.0]).
A total of six patients (19.3%) died before the initiation of
treatment, and the diagnosis had been confirmed by sputum
culture in all six patients (100.0%). The mean age of 25
patients who died during the treatment was
70.56 + 13.23 years (median 68.0 [65.0-81.0]). The mean age
was significantly higher in patients who died before commen-
cing treatment (74.33 £ 16.10 years (median 80.0 [64.0-86.0])
than in patients who died during the treatment
(70.56 £ 13.23 years, p < 0.001). The diagnosis of cancer was
significantly more common among patients who died during
the treatment (p = 0.044). Of non-survivors, 21 (67.7%) had
previously received treatment in the hospital, and the mean
length of hospital stay was 24.14 + 18.34 days. It was found
that 80.6% (n = 25) of TB-related deaths (n = 31) occurred in
the hospital while 194% (n = 6) occurred at home. The median
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survival time was 1.86 months (95% Cl = 0.07-5.17) in patients
who died during the treatment, and more than 50% of deaths
(13/25) occurred in the first two months of treatment. The
one-year cumulative survival rate of TB patients was 93.3%.

As shown in Table 1, pulmonary TB (PTB) was the most
common (65.4%) disease manifestation and significantly more
common among non-survivors (p = 0.038). The mean delay in
treatment in all patients was 10.59 + 40.91 days (0.0-465.00).
In addition, the number of patients with a treatment delay of
fewer than ten days was significantly higher in survivors than
in non-survivors (p = 0.012).

The results of the Cox proportional hazards regression
analysis are presented in Table 2, age over 70 (HR 15.06
(3.33-67.95)), male gender (HR 2.74 (1.02-7.33)), PTB (HR 2.92
(1.002-8.52)), MDR-TB (HR 1.69 (1.22-12.75)) and delay in
treatment (HR 2.71 (1.22-6.04)) increased the risk of death
(p < 0.05).

Kaplan-Meier survival curves showed a significant differ-
ence in survival between the sub-groups (Figures 1 and 2).
When the patients were stratified according to gender, the
survival was shorter in males than in females (log-rank test,
p < 0.001). When stratified according to age, the survival was
shorter in patients aged 70 years and over (log-rank test,
p < 0.001).

Discussion

The present research is a pilot study of 382 TB patients regis-
tered between 2018 and 2019 in the province of Samsun to
gather information about the causes of death and the asso-
ciated risk factors in TB patients in order to reduce TB-related
mortality. Despite free and equal access to healthcare services,
the use of effective anti-TB drugs, and the low incidence of TB,
the present study reports that all-cause mortality rate in TB
patients is approximately 8% in our province. This figure sug-
gests that a considerable number of deaths occur related
to TB.

In Turkey and the world, TB is more common in males than
in females [12]. The number of males was higher in our cohort
and among patients who died of TB. Many studies have not
detected a significant difference in terms of gender between
survivors and non-survivors [13-15]. However, some studies,
similar to the present study, have identified the male gender
as an independent risk factor for TB-related mortality [8,16].
The role of gender in mortality varies between the studies but
factors such as the difference in males and females regarding
compliance to treatment, higher exposure of men to infec-
tions as a result of participating in social life more, and
women’s more difficult access to health institutions due to
various socioeconomic reasons may explain this results.

The mean age was higher than 70 years in 31 TB-related
deaths that underwent active surveillance, and advanced age
was significantly associated with death. Similar to the pre-
sent study, previous studies have also found that deaths
were more common in the older population, and the
increase in age was associated with a 1.05 to 37.91-fold
increase in the risk of death [16-18]. The decline in the
immune system with advancing age may result in disease
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Table 1. Characteristics of 382 patients diagnosed with TB between
January 2018 and December 2019, Samsun, Turkey.

Table 2. Results of multivariate analysis with a Cox proportional hazard model
of risk factors for death during the treatment period in TB patients.

Death status

Variable Total N(%) Died N(%) Alive N(%) p
Age (years)(mean 50.74 + 2043 71.32 £ 13.56 48.92 + 19.94 <0.001**
+ SD)
Age group (years) <0.001*
0-50 169(44.2)* 3(1.8)*" 166(98.2)**
51-69 142(37.1)* 12(8.5)** 130(91.5)**
>70 71(18.5)" 16(22.5)"* 55(74.5)""
Gender 0.086*
Male 237(62.0)* 22(9.3)** 215(90.7)**
Female 145(38.0)" 9(6.2)** 136(93.8)**
Patient type 0.161*
New 361(94.5)* 31(8.6)*" 330(91.4)**
Relapse 21(5.5)* 0(0.0)** 21(100.0)**
Country of origin 0.648*
Turkey 359(94.0)* 30(8.4)*" 329(91.6)*"
Others (Syria, Iraq, 23(6.0)* 14.3)*" 22(95.7)*
Iranian et al.)
HIV status
Negative 382(100.0)" 318.2)" 351(91.8)**
Pulmonary TB 0.038*
No 132(34.6)" 4(3.0" 128(97.0)**
Yes 250(65.4)* 27(10.8)** 223(89.2)**
TB site 0.055*
Pulmonary 238(62.3)* 27(11.3)* 211(88.7)*"
Extra-pulmonary 132(34.6)" 43.0"" 128(97.0)**
Pulmonary+Extra- 123.1)*" 0(0.0"* 12(100.0)**
pulmonary
Bacteria smear 0.022*
results
Negative 136(35.6)" 11(8.1)** 125 (91.9)**
Positive 129(33.8)" 19(14.7)** 110(85.3)"*
Culture results <0.001*
Negative 51(13.4)" 2(3.9)** 49(96.1)**
Positive 212(55.5)* 23(10.8)** 189(89.2)**
TB diagnosis 0.261*
Bacteria smear 12131.7)* 109.19)* 110(90.9)**
positive
Culture positive 83(21.7)* 10(12.0"* 73(88.0)*"
Clinical or 73(19.1)* 7(9.6)" 66(90.4)"
radiological
positive
Histopathological 105(27.5)" 329" 102(97.1)**
positive
Multi-drug 0.086*
resistance(MDR)
results
No 198(51.8)"  20(10.1)"*  178(89.9)""
Yes 7(1.8)* 2(28.6)*" 5(71.4)*F
Treatment options 0.034*
First-line drugs 361(94.8)* 22(6.1)* 339(93.9)*"
First-line drugs 15(3.9)* 3(20.0)*" 12(80.0)**
+ second-line
drugs
Delay in treatment 0.012*
(date)
<10 299(84.3)* 15(5.0)** 284(95.0)**
210 77(15.7)* 10(13.0)** 67(87.0)*"
P*; Chi-square test, p**; Mann-Whitney U test, ¥ column percentage, *; row
percentage

SD; Standart deviation

progression, and adverse drug reactions can also increase
the risk of death [19]. The higher mean age in patients who
died before starting TB treatment than patients who died
during TB treatment may be linked to the high burden of
comorbidities in older patients. It can be suggested that
comorbid conditions may cause atypical presentation of TB
symptoms in older people that may pose challenges in the
diagnosis [8,20,21]. In addition, our mortality data show that

Wald 95.0% Cl
Variable B SE. X2 HR | ower Upper p
Age group
(years)
0-50 Referance
51-69 1995 0764 6.825 7.354 1.646 32861 0.009
>70 2712 0.769 12446 15.061 3.338 67.953 0.000
Gender
Female Referance
Male 1.011 0501 4.064 2747 1.028 7338 0.044
Patient type
Relapse Referance
New 3.090 3.798 0.662 2070 1.281 15.266 0.045
Pulmonary TB
No Referance
Yes 1.071 0546 3856 2919 1.002 8505 0.047
MDR results
No Referance
Yes 0.525 1.031 0.260 1.691 1.224 12751 0.041
Delay in
treatment
(date)
<10 Referance
>10 1.067 408 5993 2717 1221 6.048 0.014

all deaths occurring before starting treatment, and the
majority of deaths occurred in the hospital. For this reason,
the suspicion of TB must always be kept in mind while
treating older in-patients with comorbid conditions repre-
senting challenges in diagnosis, and screening for tubercu-
losis must be increased.

According to Turkey 2018 data, the treatment success is
85.0% in new and relapsing cases. The reported success rate
for our province 84.2%, which is similar to the national aver-
age [22]. It is observed that the treatment success is reduced
in previously treated cases (patients after treatment failure and
returning cases after loss to follow-up) [22]. Retreatment of TB
is mostly complex and serious, primarily due to irregular or
unreasonable chemotherapy. Therefore, it is more difficult to
retreat from TB than to provide initial treatment, making the
mortality rate higher. A Chinese cohort study involving
approximately 7,000 TB cases between 2014 and 2017
reported that the risk of death has increased by 1.77 old in
relapsing cases [16]. Unlike the literature, the present study
found that a new diagnosis of TB is a risk factor for death. The
discrepancy between the present findings and the literature
data may have been caused by the absence of relapsing cases
among TB-related deaths in our cohort.

The Cox proportional-hazards model in our study showed
that survival outcome is poor in patients with PTB. Similar to
our study, other studies in the literature have reported that
PTB is a risk factor for death [17,23]. The treatment of patients
with PTB is often administered in the hospital setting, and
these patients have a high rate of intensive care unit admis-
sion [23]. The presence of dyspnea, respiratory comorbidities,
and presence of extensive disease are considered as factors
accelerating progress toward mortality. Treatment failure, pre-
sence of chronic disease, patient’s residence in an area of
a high rate of drug resistance, sputum smear positivity after
three months in the contacts of patients with resistant strains,
and lack of improvement in clinical condition should raise the
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Figure 1. Kaplan-Meier curves showing survival by sex (log-rank test, p < 0.001).
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Figure 2. Kaplan-Meier curves showing survival for age (log-rank test, p < 0.001).

suspicion of MDR-TB. The treatment of these patients is under-
taken in four reference hospitals in Turkey using the second-
line drug therapies, and referral of patients with suspected
MDR-TB to these hospitals is required in an expeditious

manner [3]. Consistent with the literature the present study
found no difference between survivors and non-survivors con-
cerning drug resistance, but MDR-TB significantly increased
the risk of death [14,16]. Many studies have previously
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shown that patients with MDR-TB are at increased risk of
death during treatment [24-26]. A previous study conducted
in Turkey involving TB patients hospitalized in intensive care
units found a substantial increase in the risk of death among
intensive care unit patients with drug resistance [23]. It is
considered that mortality rates can be considerably reduced
if MDR-TB is detected early and necessary interventions are
made promptly.

In many disease conditions, delays occur due to delays in
seeking medical care, diagnosis, treatment, or a combination
of all [27,28]. Delay in treatment is one of the factors, and
a delay of more than ten days in the initiation of treatment
after ascertaining the diagnosis of TB was found to be an
independent risk factor for TB-related death. Some studies
suggest that delays in starting the treatment are caused by
asking for advice from the healers and private and public
healthcare facilities before starting the treatment [28,29].
Due to the paucity of collected data in the present study,
there is limited information about the factors that might affect
delay in treatment. As recommended by the WHO, healthcare
workers in the TB dispensaries have an essential role in acces-
sing patients swiftly to start the treatment early in an attempt
to increase treatment efficacy. In addition, a study examining
the factors related to the delays in diagnosis and treatment in
853 patients with pulmonary tuberculosis in Turkey found that
the mean delay in treatment was 0.90 + 2.39 days, which is
lower than the delay found in the present study [30]. The rate
of TB-related mortality in Samsun province is slightly higher
than the national average, and the difference in the treatment
delay supports the factors associated with the increased risk of
death [22].

HIV infection is an important problem contributing to TB-
related mortality, particularly in African countries. According
to the WHO data, 1.2 million of 10.4 million new cases of TB
are also HIV-positive [31]. TB patients in our country undergo
HIV testing, and the rate of HIV-positive cases among
patients with TB increases every passing year [32]. However,
no patient in the present study tested positive for HIV infec-
tion, thus, its contribution to TB-related mortality could not
be evaluated. There is a need for more extensive cohort
studies to investigate the effect of HIV positivity on the
survival of TB patients.

The median survival time from the onset of treatment to
death was 1.8 months in the present study. The one-year
cumulative survival rate after TB treatment was 93%. In
a study conducted in China, the survival was 1.9 months,
with a cumulative survival rate of 94.1% [16]. Their findings
are consistent with the present findings.

The retrospective study design is the most important
limitation of the present study. Accurate identification of
the cause of death requires autopsy investigation, which is
considered the gold standard in this regard; however, no
patient in the present cohort study underwent postmortem
examination. The end-point of the study was all-cause mor-
tality, and TB-related deaths could not be differentiated
from incidental deaths. Furthermore, survival analysis did
not consider the data on educational level, nutritional sta-
tus, socioeconomic status, tobacco-alcohol use, and liver
and kidney functions.

Conclusion

The majority of deaths in our cohort occurred within the first
two months after starting the treatment, and male gender,
advanced age, a new diagnosis of TB, PTB, MDR-TB, and
a treatment delay of more than ten days after diagnosis
were identified as the risk factors associated with mortality.
To the best of our knowledge, the present study is a pilot
study presenting the risk factors associated with TB-related
mortality in Turkey, and the present findings can guide future
studies. For this reason, there is a need for multicenter, pro-
spective cohort studies establishing a more robust risk model
incorporating the relevant risk factors and educational status,
employment status, income level, HIV co-infection, comorbid-
ities, drug side effects, nutritional status, smoking, alcohol, etc.
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