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Abstract 
Background: The aim of the research is to evaluate the relationship between surgically important healthy life expectancy and respiratory tract 

deaths on the relationship between tuberculosis-related deaths and Health Adjusted Life Expectancy (HALE). Methods: ICD-10 (International 

Classification of Diseases 10th Revision) mortality and HALE data of WHO were used. In ICD-10 mortality data, a total of 12 countries have 

been reported tuberculosis caused deaths from 1996 to 2017. In total, 7 countries had sufficient data for panel data analyze from 2000 to 2011. 

Results: Tuberculosis caused female, male and total deaths were negatively correlated with HALE at birth and HALE at 60 ages (p<0.01). HALE 

at birth and HALE at 60 ages did not have significant contribution to tuberculosis related deaths for both genders and in total (p>0.05). Fixed, 

random or time fixed models did not explain effects of HALE on tuberculosis related deaths. Conclusion: Mortality of tuberculosis is more 

common in males, and in respiratory related TB. It is suggested to examine the effects of diseases that decrease life expectancy specifically on 

HALE. In this regard, the research may lead to studies examining the relationship between other mortality-related diseases and HALE in Public 

Health Perspective. 
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Introduction 

Tuberculosis (TB) is a disease of mycobacteria belonging to the 

Mycobacterium tuberculosis. Although it is not directly correlated 

with general surgery, literature reports that TB causes complications 

in surgical procedures, and even may make sugery riskious [1-3]. TB 

has more than 10 million cases per year, and it is predicted that less 

than two thirds are reported. Between 2000 and 2017, TB deaths 

decrease by 42%, and its incidence rate is currently 1.5%. Health 

workers, HIV infection patients, and others having a high risk of M. 

tuberculosis are in specific risk groups [4-6]. Clinical features include 

appetite loss, chronic cough, fever, hemoptysis, sputum production 

and weight loss [7]. In extrapulmonary tuberculosis (EPTB), M. 

tuberculosis affects organs and tissues outside the pulmonary 

parenchyma [8]. Use of antimicrobials dramatically reduced 

mortality related TB. On the other hand, TB has become one of the 

highest mortality causes among infectious diseases after HIV. In 

2016, 1.3 million deaths among HIV negative patients having 

immunodeficiency claimed TB [9]. Although treatment of TB mainly 

depend on medication, multi drug resistant TB and extensive drug 

resistant TB have become global health challenges [10]. WHO 

decelerated a report on reducing disease as End TB Strategy. In this 

report, epidemiology of disease was evaluated comprehensively in 

not only medical perspective, but also social perspective [11]. Despite 

of struggle against TB, it is still one of the important public health 

issues. 

Heath expectancy is a main indicator for global and regional 

public health monitoring [12]. In 1999, WHO started to produce 

annual life tables for all member states including country level, 

regional and global trends and patterns in all causes and mortalities 

based on causes. In these reports, life expectancy at birth, at 60 ages, 

differences by gender and age group are evaluated. Healthy life 

expectancy (HALE) is a new version of these life tables, and 

adjustments for comorbidity are calculated accordance with World 

Health Statistics [13]. In 2000, WHO reported HALE by sex for 191 

member states of WHO [14]. Hale mainly quantify the number of 

years expected with good health, and completes Disability-Adjusted 

Life Years (DALY) measured by WHO [15]. Although there have 

been other indicators for health and life, some researches argue that 

HALE is the best summary indicator for global public health [16]. 

Although there have been researches on HALE and 

tuberculosis to date, it is for adequate study of the effect of death 

deaths on HALE. In the research, it was aimed to evaluate the 

relationship between surgically important healthy life expectancy 

and respiratory tract deaths on the relationship between tuberculosis-

related deaths and Health Adjusted Life Expectancy (HALE). 

Materials and Methods 
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In the research, ICD-10 (International Classification of Diseases 

10th Revision) mortality and Health Adjusted Life Expectancy 

(HALE) data of WHO were used. In ICD-10 mortality data, a total 

of 12 countries have been reported tuberculosis caused deaths from 

1996 to 2017. However, 7 countries had sufficient data for panel data 

analyze from 2000 to 2011. 

In ICD-10 Mortality Data, tuberculosis caused deaths were 

classified into two groups as “1005- Respiratory tuberculosis” and 

“1006- Other tuberculosis”. In statistical difference analysis, these 

mortality codes were analyzed and compared separately whereas 

these codes were combined in panel data analysis as “tuberculosis 

related deaths”. In ICD-10 Mortality Data, deaths were given as 

male and female patients. In panel data analysis, both genders and 

total number of deaths were evaluated. 

This is an observational study. The Yeditepe University 

Ethics Committee has confirmed that no ethical approval is required. 

Parameters were described with mean and standard 

deviations. Kolmogorov Smirnov test was used for normality of 

tested data. Since all parameters were distributed non normally 

(p<0.05), Mann Whitney U and Spearman’s rho correlation were 

used. Levin-Lin-Chu and Pesaran’s CADF unit root tests for 

research parameters. Logarithmic transitions were used for 

parameters including unit root, and three panel data assumption 

models were used as Entity Fixed Effects Model, Random Effects 

Model, Entity and Time Fixed Effects Model. StataMP 14.1 for 

windows and SPSS 17.0 for windows programs were used at 95% 

confidence interval. 

Results 

Respiratory related tuberculosis is more common than other causes 

related tuberculosis with significant differences for all countries 

(p<0.05). Total deaths based on cause for countries and difference 

analysis results were given in the Table 1.  

Russian Federation has the most common tuberculosis 

mortality rate, followed by Ukraine. Male and Female deaths based 

on cause for countries and difference analysis results were given in 

the Table 2. 

In total, male deaths were more common for both respiratory 

related and other causes related tuberculosis. In addition, within 

group comparisons showed that respiratory related deaths are more 

common in both gender groups (p<0.05). Spearman’s rho 

correlation analysis results for HALE and tuberculosis related deaths 

were given in the Table 3. 

Correlation analysis results showed that tuberculosis caused 

female, male and total deaths were negatively correlated with HALE 

at birth and HALE at 60 ages (p<0.01). 

According to LLC and Pesaran’s CADF test results, only 

female birth parameter had unit root in panel data analysis. Thus, 

logarithm of female death parameter was used in the panel data. In 

order to understand cross country relationship of HALE and 

tuberculosis caused death, three panel data analysis types were used. 

Fixed, random and time fixed models were used in the research. 

Panel data analysis results for HALE and tuberculosis related deaths 

were given in the Table 4. 

According to results of panel data analysis, male deaths 

caused by tuberculosis had significant and negative contribution to 

HALE at birth and HALE at 60 age (p<0.05). For female deaths from 

tuberculosis is only significant in time fixed effects model for both 

HALE at birth and HALE at 60 age (p<0.05). According to R2 

values, entity time and fixed effects model was the most suitable 

model for panel with 72.0% explanatory level for HALE at birth 

and74.0% explanatory level for HALE at 60 age (p<0.05), arguing 

that tuberculosis related deaths mainly depend on time. 

Table 1: Total deaths based on cause for countries and difference analysis results (1996-2017) * 

Country Respiratory related tuberculosis Other tuberculosis p 

Seychelles 1.80±0.92 - N/A 

Brunei Darussalam  6.93±3.24 3.20±1.47 0.001a 

Cyprus 2.00±0.01 - N/A 

Oman 10.00±0.01 3.00±0.01 0.317a 

Sri Lanka 937.86±74.80 11.00±5.35 0.001a 

Syrian Arab Republic 43.92±8.41 2.91±2.21 0.000a 

Azerbaijan 946.00±115.07 31.25±15.35 0.029a 

Belarus 682.00±183.36 90.78±27.08 0.000a 

Kazakhstan 2312.89±831.00 115.11±30.30 0.000a 

Russian Federation 22610.31±5589.02 2890.94±438.30 0.000a 

Turkmenistan 616.29±156.57 24.82±14.21 0.000a 

Ukraine 5211.36±2020.05 2634.27±745.95 0.002a 

Total 4174.38±8003.87 777.92±1264.15 0.000a 

a. Mann Whitney U Test, N/A: Not applicable, *Event reported years within time period. 

Table 2: Male and Female deaths based on cause for countries and difference analysis results (1996-2017) * 

Country Males Females 

Respiratory related 

tuberculosis 

Other tuberculosis Respiratory related 

tuberculosis 

Other tuberculosis 

Seychelles 1.30±1.16  0.50±0.53  

Brunei Darussalam 4.33±2.66 1.87±1.36 2.60±1.72 1.33±1.45 

Cyprus 2.00±0.01    

Oman 9.00±0.01  1.00±0.01 3.00±0.01 

Sri Lanka 703.43±67.67 6.29±2.98 234.43±22.29 4.71±2.98 

Syrian Arab Republic 26.67±6.18 1.64±1.29 17.25±5.07 1.27±1.35 

Azerbaijan 751.50±75.98 16.75±7.32 194.50±44.40 14.50±9.04 

Belarus 590.33±167.78 70.44±22.26 91.67±19.10 20.33±7.52 

Kazakhstan 1801.56±651.95 80.78±20.06 511.33±180.15 34.33±13.19 

Russian Federation 18967.38±5193.11 2268.75±361.10 3642.94±639.17 622.19±114.05 

Turkmenistan 455.00±127.53 16.47±9.29 161.29±33.85 8.35±6.05 

http://www.ijirms.in/


International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in  592 

Ukraine 4324.36±1707.61 2166.91±570.88 887.00±317.33 467.36±187.23 

Total 3470.06±6773.34 619.34±1009.96 704.32±1260.15 158.58±259.11 

*Event reported years within time period 

Table 3: Spearman’s rho correlation analysis results for HALE and tuberculosis related deaths 

 Female Male Total deaths HALE birth 

Male 0.971*    

Total deaths 0.985* 0.996*   

HALE at birth -0.668* -0.650* -0.661*  

HALE_60 at ages -0.586* -0.625* -0.623* 0.829* 

*p<0.01  

Table 4: Panel data analysis results for HALE and tuberculosis related deaths 

 Entity Fixed Effects Model Random Effects Model Entity and Time Fixed Effects Model 

HALE at birth    

Female deaths -0.715 -0.365 -1.332* 

Male deaths -0.001* -0.001* -0.001* 

Constant 68.098 65.737 65.647 

R2 0.329 0.288 0.720 

F-statistics for Hausmann Test 30.84 46.80 (Wald) 128.66 (Wald) 

HALE at 60 ages    

Female deaths -0.278 -0.160 -0.389* 

Male deaths -0.001* -0.001* -0.001* 

Constant 16.265 15.042 14.866 

R2 0.341 0.388 0.740 

F-statistics for Hausmann Test 13.57 19.54 (Wald) 142.15 (Wald) 

 

Discussion 

In TB cases caused by M. tuberclosis mycrobacteria in the past, with 

the development and use of antimicrobials, mortality rates decreased 

significantly and TB ceased to be an important public health. 

However, as a result of the development of multi drug resistant TB 

and extensive drug resistant TB and the increase of immune system 

disrupting diseases such as HIV, TB has become one of the most 

important global health problems and deaths caused by infections [17-

20]. In our study, according to WHO ICD-10 data, it was observed 

that tuberculosis-related deaths were reported in 14 countries in the 

world, of which 12 countries had tuberculosis-related deaths over a 

year. Undoubtedly, deaths from tuberculosis are not limited to the 

ICD-10 data set. However, statistical studies are needed to 

understand and reduce the mortality of the disease, and data reported 

for these studies are needed. In this regard, it can be stated that the 

error margins of the data used in the research are related to the error 

margin in the ICD-10 report published by WHO. 

When the distribution of tuberculosis-related deaths by 

country is analyzed, it can be stated that these deaths occur mostly 

in low-income countries. In addition, the fact that tuberculosis-

related deaths in the majority of countries such as Russia, Ukraine, 

Turkmenistan and Kazakhstan suggest that deaths due to illness may 

also be related to regional factors. 

Studies on tuberculosis disease and tuberculosis deaths 

report that the disease is more common in men than in women. In 

the majority of tuberculosis studies, the disease is more in contact 

with the airways. In addition, although there are other types, it is 

mainly included in research as a respiratory disease [21-28]. In our 

study, respiratory tuberculosis rates and males tuberculosis rates 

were higher in males than females. Again, in both men and women, 

respiratory tuberculosis deaths were higher than other causes of 

tuberculosis deaths. 

Since health is an international public good, there is a need 

for indicators to assess health in the international area. HALE, 

calculated by WHO, is at the top of these indicators. HALE 

determines the healthy life expectations of individuals [29-30]. In this 

respect, there should be a negative relationship between HALE and 

the factors that negatively affect quality of life and expectations. In 

our study, a statistically significant and negative relationship was 

found between deaths in men and women and total deaths and 

HALE. According to the correlation coefficients, female deaths with 

HALE at birth parameter, and male deaths with HALE at 60 ages 

parameter were higher. Therefore, HALE, expected at birth, is 

mostly related to women, HALE, expected at age 60, is mostly 

related to men. 

Panel data analysis reveals the relationship between multiple 

variables horizontally and vertically in measurements performed at 

multiple centers. In this regard, it can be stated that panel data 

analysis increases the measured relations from the regional basis and 

raises them to the global base. Since tuberculosis-related deaths 

reported by WHO all over the world between 1996 and 2017 were 

examined in our study, panel data analysis is a mandatory method. 

According to the results obtained, while fixed and random effects 

are significant in men, the trend in both of them is significant in 

women. This means that male deaths have a direct effect on HALE, 

while female deaths fluctuate over time. Therefore, in order to 

examine the effect of tuberculosis-related deaths of women on 

HALE, the time variable should not be neglected. In addition, it can 

be stated that adequate measures in tuberculosis-related female 

deaths have not been taken in the relevant countries worldwide. 

Conclusion 

Results of the study showed that tuberculosis related deaths are 

common in low income and have regional structure. Mortality of 

tuberculosis is more common in males, and in respiratory related TB. 

In female patients, tuberculosis related mortality depends on time 

and fixed structure. Both male and female deaths related with 

tuberculosis negatively affect HALE at birth and HALE at 60 ages.  

Although HALE is an important indicator in revealing the 

healthy life expectancy, it deals with the healthy life expectancy in 

general, and there are not enough studies for different diseases. For 

this reason, it is required to examine the effects of diseases that 

decrease life expectancy specifically on HALE. In this regard, the 

research may lead to studies examining the relationship between 

other mortality-related diseases and HALE. 
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