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Background: Tuberculosis (TB) is a potentially serious infectious disease that mainly affects the lungs. The bacteria, Mycobacterium
tuberculosis (MTB), that cause tuberculosis are spread from one person to another person through tiny droplets released into the air via
coughs and sneezes. The study aimed to investigate the prevalence of tuberculosis and determinants of lose to follow-up from TB treatment.
Methods: A retrospective study design is used to analyze the prevalence of tuberculosis and the determinants of lose to follow-up from TB
treatment who follow the treatment from 2006 to 2017. The collected data were analyzed using descriptive statistics and statistical model.
Results: The study showed that among 375 TB patients, who started TB treatments, about 24.8% were lost to follow-up from TB treatment
and 75.2% were censored at the end of the study. The median survival time of TB patients was 199 days. The results from the Log rank test
showed that marital status, HIV co-infection, diabetes mellitus, cancer, and anemia cases had a significant difference between the survival
experiences at a 5% level of significance. The result of the Cox-proportion hazard model showed that age (p-value=0.002; CI: (0.9831144,
0.9962526)), HIV co-infection (p-value=0.016; CI: (1.112293, 2.774715)), and anemia (p-value=0.021; CI: (1.089895, 2.938783)) had a
significant effect on tuberculosis patients’ lose to follow-up from TB treatment at a 5% level of significance.

Conclusion: From 375 patients who started TB treatments, about 24.8% were lost to follow-up from TB treatment, and 75.2% were
censored at the end of the study. The median survival time of TB patients was 199 days. The variables marital status, HIV co-infection,
diabetes mellitus, cancer, and anemia cases had a significant difference between the survival experiences survival time of TB patients at a
5% level of significance. The result also showed that age, HIV co-infection, and anemia had a significant effect on tuberculosis patients.
Keywords: Cox regression, HIV co-infection, TB dropouts, tuberculosis, Log rank

Introduction

Tuberculosis (TB) is a potentially serious infectious disease that mainly affects the lungs. The bacteria (Mycobacterium
tuberculosis (MTB)) that cause tuberculosis are spread from one person to another person through tiny droplets released
into the air via coughs and sneezes. TB typically affects the lungs (pulmonary tube) but can affect other parts of the body
as well. A recent publication“’8 showed that in 2020, there were 10 million new cases of TB worldwide, 1.1 lose to
follow-up from TB treatment among HIV-negative people, and an additional 0.35 million lose to follow-up from TB
treatment with HIV-associated. The World Health Organization (WHO) report indicates that there are about nine million
new TB cases every year. Out of these new cases, about three million died. It is also known that out of the newly
registered cases in developing countries, 98% were lost to follow-up from TB treatment. Generally, 75% of the persons in
the productive age group (15-64 years) are mostly affected. The spread and expansion of HIV/AIDS pose a great
challenge in the prevention and control of tuberculosis. Hence, it requires concerted efforts by communities at large. In
2015, 10.4 million people fell ill with TB and 1.8 million died of the disease.®®
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According to the 2015 global TB report, TB is a major global health problem. It causes ill-health among millions of
people each year and ranks alongside HIV which is a leading cause of lose to follow-up from TB treatment worldwide. In
2014, there were an estimated 9.6 million new TB cases and there were also 1.5 million among adult people lose to
follow-up from TB treatment globally. Of the estimated new cases, the majority were in South-East Asia (4.0 million),
followed by Africa (2.7 million). In the same year, the report showed that there were an estimated 1.0 million new TB
cases worldwide among children. Of the estimated new cases, the majorities were in Africa (330 thousand) next to South-
East Asia (340 thousand).’

According to the 2016 WHO report, the TB incidence rate and the number of deaths from TB continue to fall
globally. In 2015, an estimated 1.4 million people died from this largely curable disease with a further 400,000 deaths
from TB reported among people living with HIV. The global tuberculosis report showed that TB now ranks above HIV as
a leading cause of death worldwide.?

The previous study showed that the occurrence of late presentation for HIV care among HIV/TB co-infected patients
was only 59.9%. The study also showed that HIV/TB co-infected participants for these non-users of tobacco were 50%
less likely to present late for HIV care as compared to tobacco users.” TB is the leading killer among HIV-infected people
by weakened immune systems. A quarter of a million lose to follow-up from TB treatment were HIV associated, with
98% of lose to follow-up from TB treatment were in the developing world in that young adults were mostly affected.’

Some hospital-based pilot studies showed that in Buno Bedele and Ilu Ababor Zones, TB treatment lose to follow-up
from TB treatment is high. As a result, this research tries to investigate which factors are the main responsible/causes. To
the best of our knowledge, no study has been conducted in Buno Bedele and Ilu Ababor Zones regarding the prevalence
of TB and the determinants of lose to follow-up from TB treatment of TB patients in the case of Buno Bedele and Ilu
Ababor Zones, Oromia, Ethiopia.

Methods
Study Area

Buno Bedele and Ilu Ababor Zones are parts of Oromia Region that are located in the south-west of the country, Ethiopia,
and 600 km far from the capital city (Addis Ababa). These zones are well-known places for coffee production, ever green
forest, and a variety of tourist attractions such as Sor Rivers.

Design and Data of the Study
A retrospective study design was used to analyse the prevalence of tuberculosis and the determinants of lose to follow-up
from TB treatment who follow the treatment in the health sectors of the two zones from 2006 to 2017.

Inclusion and Exclusion Criteria
Patients with TB whose record data were missing were excluded from the study. Patients with complete demographic and
clinical data were included in the study.

Operational Definition

Treatment Completed

A patient with TB who completed treatment without evidence of failure, but with no record of sputum smear or culture
results, in the last month of treatment.

Censored
The observations are considered as “censored” for cases that do not experience the event by the end of the study.

Lose to Follow-Up
A TB patient who did not start treatment or whose treatment was interrupted for 2 consecutive months or more. In this
study, the lose to follow-up is an event of interest.
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Died

A TB patient who died from any cause during treatment.

Sample Size and Techniques

The target populations for this study were all TB patients in health sectors of some selected woredas from Ilu Abba Bora
and Buno Bedele Zones. Some districts were selected by using a simple random sampling (SRS) technique. A total of
375 TB patients who were admitted and visited health sectors were included in our sampling frame based on the
inclusion and exclusion criteria.

Variables of the Study

The response variable for this study was time to lose to follow-up (event of interest) from TB treatment which was
measured in days. Several predictors were included in this study: sex, age, marital status, TB/HIV co-infection, phase of
TB treatment, TB type, TB category, previous TB history, anemia, and physical inactive.

Statistical Analysis

In this research, statistical analysis was performed using R and SPSS 20 statistical software.

Kaplan—Meier Estimator
Kaplan—Meier survival analysis is a non-parametric statistic that is used to estimate the survival function. It is used to
measure the fraction of patients living for a certain amount of time after treatment and the function is given by

d;
Sen(t) = T {1 -~ —}
ity <t ni
where ¢ is the ordered times of lose to follow-up from TB treatment and d; and n; denote the number of events and
the number of individuals still at risk at timet;, respectively.

Log Rank Test
The Log rank test is a non-parametric test that is used for comparing two or more independent survival curves. The Log
rank test statistic for comparing two groups is given by

(X0 wildy —en)]

Z:n:l WiVi;

where mis the number of rank-ordered event times, dy; is the observed number of events in group one at event time ¢,

o~

e = ”‘n—*d is the expected number of events corresponding to dy;, n; is the number of individuals at risk in group 1 just

0=

prior to event time #;, and n,; is the number of individuals at risk in group 2 just prior to event time ¢;,

— nunydi(n; — d;)
Vii= s
n;(n; —1)
where v1i is the variance of the number of events d;; at time t; , n; and d; are the number of individuals at risk and
number of vascular complication in both groups (ie, group 1 and group 2) just prior to event time t;, respectively.

The Cox (Semi-Parametric) Proportional Hazards Model
The Cox (proportional hazards or PH) model is the most commonly used multivariate approach for analysing survival
time data in medical research. It is a survival analysis regression model, which describes the relationship between the
event incidence as expressed by the hazard function and a set of covariates.

Mathematically, the Cox model is given by
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h(t)=ho (t)>|<exp(b’1‘l+b§§r """ *b;l), where the hazard function h(t) is dependent on (or determined by) a set of p covariates
(X1, X2, ..., Xp), Whose impact is measured by the size of the respective coefficients (by, by, b,). The term hy (t) is called
the baseline hazard and is the value of the hazard if all the x; are equal to zero (the quantity exp (0) equals 1). The “t” in h
(t) reminds us that the hazard may vary over time.

Likelihood ratio test, Score test, and Wald test were used to test the null hypothesis of the regression parameters.
Akaike’s information criterion and the Bayesian information criterion were used to carry out the comparison of non-

nested models.!

Multivariable Cox Regression

Model Testing

After getting the regression model, we go for assessing the significance of the coefficients as well as the construction of
the confidence interval. Three different tests were used to test the null hypothesis of the regression parameters:

(a) Partial likelihood ratio test
(b) Score test
(c) Wald test

Results

Demographic Characteristics and Descriptive Statistics

A total of 375 TB patients who follow the treatment were included in the study. The study showed that from the total of
375 TB patients, 282(75.2%) were censored and 93 (24.8%) patients were lost to follow-up from TB treatment. The
median survival time of TB patients was 199 days. The descriptive result also showed that 186 (49.6%) and 189(50.4%)
were females and males, respectively. Among the total of 375 TB patients, 172(45.9%) had previous TB history and 203
(54.1%) had no previous TB history (new case) (Table 1).

Survival Curve Estimate of TB Patients

The result from the Kaplan—Meier estimator showed that the curves declined as the survival time increased, and it

showed that most of lose to follow-up from TB treatment occurred in the first 150 days of treatment initiation (Figure 1).
The result also showed that patients with no HIV Co-infection had a higher survival time than patients with HIV Co-

infection (Figure 2).

Comparison of Survival Time to Lose to Follow-Up from TB Treatment
The result from the Log rank test showed that marital status, HIV/TB co-infection, diabetes mellitus, cancer, and anemia
had significant differences between the survival experiences at a 5% level of significance (Table 2).

Univariable Analysis Cox Regression Model

Factors that are significant at a 5% level of significance in univariable Cox-proportional hazard analysis were included in

multivariable Cox-proportional hazard analysis. The follow-up time of TB patients was significantly related to covariate

age, HIV co-infection, diabetes mellitus, cancer, phase of TB treatment, and anemia, at 25% significance levels (Table 3).
The result from multivariate Cox regression showed that age, HIV/TB co-infection, and anemia were the variables

that significantly affected the follow-up time of TB patients at a 5% significant level (Table 4).

Model Checking
Since the p-value (0.4596) was not significant at a 5% level of significance for the global test (chi-square=5.68), the
proportional hazard assumption is satisfied (Table 5).
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Table 1 Demographic Characteristics of Categorical Covariate

Covariate Categories Number(%) of Number(%) of Number(%) of Median (Max, Min)
Participants Loss to Follow-Up | Censored
Sex Male 189(50.4%) 48(25.4%) 141(74.6%) 220 [187.097, 252.903]
Female 186(49.6%) 45(24.2%) 141(75.8%) 198 [193.173, 202.827]
Phase of TB Intensive phase 168 (44.8%) 42(25%) 126(75%) 199 [179.138, 218.862]
treatment
Continuation Phase | 207(55.2%) 51(24.6%) 156(75.4%) 198 [174.385, 221.615]
TB type SPTB 141(37.6%) 38(27%) 103(73%) 212.867 [200.300, 225.433]
SNTB 108(28.8%) 27(25%) 81(75%) 202.388 [183.708, 221.067]
ETB 126(33.6%) 28(22.2%) 98(77.8%) 216.904 [201.898, 231.909]
TB category New 301(80.3%) 76(25.2%) 225(74.8%) 212239 [201.526, 222.952]
Relapse 57(15.2%) 15(26.3%) 42(73.7%) 221.500 [219.421, 223.579]
Failure 9(2.4%) 1(11.1%) 8(88.9%) 207.775 [192.158, 223.391]
Defaulter 8(2.1%) 1(12.5%) 7(87.5%) 229.326 [215.546, 243.107]
Previous TB history No 203 (54.1%) 49 (31.8%) 154(68.2%) 168 [158, 168]
Yes 172 (45.9%) 44(25.6%) 128(74.4%) 220 [200.790, 239.210]
HIV co-infection Yes 20(5.3%) 86(24.2%) 269(75.8%) 201.607 [190.394, 212.820]
No 355(94.7) 7(35%) 13(65%) 168 [162.878, 173.122]
Co-morbidity No 160(42.7%) 41(25.6%) 119(74.4%) 198 [180.909, 215.091]
Yes 215(57.3%) 52(24.2%) 163(75.8%) 220 [188.132, 251.868]
DM Yes 333(88.8%) 9(21.4%) 33(78.6%) 216.381 [201.086, 231.677]
No 42(11.2%) 84(25.2%) 249(74.8%) 219.282 [206.354, 232.209]
Cancer Yes 357(95.2%) 7(38.9%) 11(61.1%) 220 [202.25, 237.745]
No 18(4.8%) 86(24.1%) 271(75.9%) 198 [195.639, 200.361]
Anemia Yes 340(90.7%) 12(34.3%) 23(65.7%) 219.975 [204.397, 235.553]
No 35(9.3%) 81(23.8%) 259(76.2%) 209.427 [195.069, 223.785]
Physical inactive Yes 4(1.1%) 2(50%) 2(50%) 168 [49.739, 286.261]
No 371(98.9%) 91(24.5%) 280(75.5%) 199 [182.127, 215.873]
Total 375 93(24.8%) 282(75.2%) 199 [182.144, 215.856]
Discussion

This research was conducted to achieve the research objective which was the prevalence of tuberculosis and the
determinants of lose to follow-up from TB treatment. The study revealed that of the included patients in the study,
282 (75.2%) were censored and 93(24.8%) patients were lost to follow-up from TB treatment. This result implied that
75.2% of the patients followed the treatment whether or not they were cured or not until the end of the study. In the other
case, the result showed that 24.8% were lost to follow-up from TB treatment due to different factors that were discussed
under the results of multivariable Cox-regression. This finding is consistent with previous studies.® ®*

The result also showed that 186 (49.6%) and 189(50.4%) were females and males, respectively. This finding is similar

to previous studies conducted in Southern Ethiopia and North-eastern Ethiopia.®” The prevalence of new TB cases
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Kaplan-Meier survival estimate

0.50 0.75 1.00
1 1 1

0.25
1

0.00
1

o

100 200 300 400
analysis time

Figure | The Kaplan—Meier survival curve of the overall TB patients’ treatment.

Kaplan-Meier survival estimates
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Figure 2 The Kaplan—Meier survival curve of the TB patients regarding phase of TB.

among the patients in this study was 203 which accounts for the higher percentage (54.1%). This result is consistent with
previous studies conducted in different areas.*°

The result from the Kaplan—Meier estimator showed that patients with no HIV co-infection had a higher survival time
than patients with HIV co-infection.* The reason for this finding is concerned that patients who have HIV co-infection
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Table 2 Comparison of Survival Experience of TB Patients

Covariates df Log Rank Test
Chi-Square P-value

Sex | 0.27 0.6034
Marital status 3 16.56 0.0009
Phase of TB treatment | | 0.27 0.6051
TB type 2 2.32 0.3141
TB category 3 1.01 0.7991
Previous TB status | 0.13 0.7170
Co-morbidity | 0.11 0.7414
HIV co infection | 5.38 0.0204
Diabetes mellitus | 19.42 0.0000
Cancer | 6.13 0.0133
Anemia | 17.87 0.0000
Physical inactive | 0.25 0.6176

Table 3 Univariable Cox PH Analysis

Covariates P-value
Sex 0.648
Age 0.053
Marital status 0.572
Phase of TB treatment 0.000
TB type 0.359
TB category 0.462
Previous TB status 0.750
Co-morbidity 0.772
HIV co infection 0.038
Diabetes mellitus 0.000
Cancer 0.035
Anemia 0.000
Physical inactive 0.638

might be lost to follow-up from TB treatment. Results from multivariate Cox-regression showed that the age of patients
was significantly associated with lose to follow-up from TB treatment. This result is similar to the previous studies
conducted in Geneva and north-eastern Ethiopia.®® This result might be due to the reason that as age increases, there is
a high probability to have TB (Table 4). The results also showed that HIV/TB co-infection was significantly associated
with lose to follow-up from TB treatment.* This finding is consistent with previous studies conducted in different areas of
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Table 4 Multivariable Cox PH Analysis

Covariates Haz. Ratio Std. Err. V4 P>z [95% Conf. Interval]
Age 0.9896617 0.0033516 -3.07 0.002 0.9831144 0.9962526
| .Phase of TB treatment 1.088068 0.1161647 0.79 0.429 0.8826323 1.34132
I.HIVITB Co-infection 1.756786 0.409681 | 242 0.016 1.112293 2.774715
|.DM 1.40302 0.3145673 1.51 0.131 0.9041041 2.177256
|.Cancer 0.7838992 0.2104713 —0.91 0.365 0.4631469 1.326789
| . Anaemia 1.789683 0.4528684 2.30 0.021 1.089895 2.938783
Cons 0.0000665 0.0000225 —28.40 0.000 0.0000342 0.0001291
Table 5 Test of Proportional-Hazards Assumption
Time Chi-Square df Prob>chi2
Global test 5.68 6 0.4596

the world.> **7 Moreover, the results revealed that anemia was significantly associated with lose to follow-up from TB
treatment. This result might be due to the case that those who have anemia disease lose to follow-up from TB treatment.

Conclusions

Of the 375 patients who started TB treatments, about 24.8% were lost to follow-up from TB treatment, and 75.2% were
censored at the end of the study. The median survival time of TB patients was 199 days. The results from multivariate
Cox regression showed that age, HIV co-infection, and anemia had a significant effect on tuberculosis patients.
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AIC, Akaike’s information criterion; BIC, Bayesian information criterion; AIDS, acquired immune deficiency syndrome;
HIV, human immunodeficiency virus; MTB, Mycobacterium tuberculosis; TB, tuberculosis; WHO, World Health
Organization.
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