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Abstract 

Survival and risk factors of HIV/TB co-infected patients under antiretroviral therapy in 
Ambo hospital, Ethiopia. 
 
Hailu Refera  
Addis Ababa University, 2012 
 
HIV infection is the greatest risk factor for acquiring TB infection and developing TB. 

TB enhances HIV replication by accelerating the natural evolution of HIV infection and 

it is the most leading cause of sickness and death of PLWHIV. The objective of this study 

is to assess the survival and risk factors of HIV/TB co-infected patients in Ambo hospital, 

west Shoa zone in Oromia regional state, Ethiopia. This is a retrospective study based on 

cases of HIV-infected TB patients of age 15 years and above who have started anti-TB 

treatment between September 1, 2006 and August 31, 2011 and followed until February 

29, 2012. To analyze the data descriptive statistics, univariate and multivariate analyses 

were used. The descriptive analysis indicates that out of the total 501 individuals, 

79(15.8%) are death cases, of which 31 (39.2%) and 49 (62%) deaths occurred within six 

and nine months of TB treatment start. The Kaplan-Meier method was used to estimate 

the survival time and Cox’s regression model was employed to identify the covariates 

that have a statistical significant effect on the survival of HIV/TB co-infected patients. 

The estimation of the model parameters was done by partial maximum likelihood 

procedures. The multivariate analysis of Cox regression model gives that initial weight, 

TB site, WHO clinical stage, functional status and CD4 count are significant risk factors 

of survival of HIV/TB co-infected patients. Furthermore the patients with lower initial 

weight, lower CD4 count, WHO stage III and IV, being ambulatory and bedridden are 

associated with higher risk of death.  



iv 

 

 

Acknowledgement 

Firstly, my deepest gratitude goes to Professor Eshetu Wencheko, my advisor and 
instructor, for his constructive comments, encouragement, tireless follow-ups that make 
this work a reality.  

 

 Next, I want to thank Ato Ketema Kebebew, who have provided me help and moral 
support in one way or another to accomplish this study.  
 
 
Finally, I would like to thank the Ambo hospital administration office for allowing me to 
obtain data.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

                     ACRONYMS 

AIDS                           Acquired Immunodeficiency Syndrome 

ART                              Antiretroviral therapy 

ARV                              Antiretroviral 

CI                                   Confidence Interval 

DOTS                            Directly Observed Treatment, Short-Course    

EPT                                Extra-pulmonary TB 

HAART                         Highly Active Antiretroviral Therapy 

HIV                                Human Immunodeficiency Virus 

HR                                  Hazard Ratio 

MOH                               Ministry of Health 

LR                                  Likelihood Ratio 

MLE                              Maximum Likelihood Estimate/Estimator 

OIs                                 Opportunistic Infections 

PLWHA                         People Living with HIV/AIDS 

PT                                   Pulmonary TB 

TB                                 Tuberculosis 

UNAIDS                        United Nations Program of HIV/AIDS 

WHO                            World Health Organization 

 

 

 

 



vi 
 

                                           TABLE OF CONTENTS 

Title                                                                                                                              Page 

1.INTRODUCTION……………………………………………………………………....1 

1.1 Background…………………………………………………………………………..1 
1.2 Impact of HIV on Tuberculosis……………………………………………...............................................2  
1.3 Impact of Tuberculosis on HIV……………………………………………………..............3  
1.4 Complexity and difficulties among HIV and Tuberculosis co-infection……………….......4  
1.5 Global and Sub-Saharan African burden of HIV/TB co-infection……………………………..4  

1.6 National burden of HIV/TB co-infection…………………………………………................6 
1.7 Statement of the problem…………………………………………………………................8  
1.8 Objectives ......................................................................................................................... 8 
1.9  Significance of the study…………………………………………………………................9 
1.10 Limitation of the study……………………………………………………………………..9 

2.  REVIEW OF LITERATURE ………………………………………………………...10 

3. DATA AND METHODOLOGY .. ……………………………………………………21 

3.1 Data ................................................................................................................................ 21 

3.2 Variables of the study ...................................................................................................... 22 

3.3 Methodology ................................................................................................................... 23 

3.3.1 Survival Analysis ................................................................................................. 23 
3.3.2 Descriptive methods for survival data .................................................................... 25 

3.3.2.1 Survivor function S(t) .................................................................................... 26 
3.3.2.2 Hazard function h (t) ...................................................................................... 27 

3.3.2.3 Estimation of survivorship function ................................................................ 28 

3.3.2.4 Comparison of Survivorship Functions ........................................................... 29 

3.3.3 Regression Models for Survival Data .................................................................... 31 

3.3.3.1 The Cox Proportional Hazards Regression Model ............................................ 31 

3.3.3.2 Assumption of Cox proportional hazard model ................................................ 33 

3.3.3.3 Estimation of Parameters in proportional hazard model .................................... 33 

3.3.3.4 Partial likelihood ........................................................................................... 35 

3.3.4 Model development.............................................................................................. 37 

3.3.5 Model diagnostics for Cox PH model .................................................................... 38 

3.3.5.1 Testing for the Nonlinearity of covariates ........................................................ 40 

3.3.5.2 Examining influential observations ................................................................. 40 

           3.3.5.3 Checking Cox Proportional Hazard Assumption ....................................... 42            



vii  
 

4.  STATISTICAL DATA ANALYSIS AND DISCUSSION ......................................... 44 

4.1 Introduction ..................................................................................................................... 44 

4.2 Summary Statistics ..................................................................................................... 44 

4.3 Descriptive survival analysis ....................................................................................... 45 

4.4 Results of the Cox proportional hazards model ............................................................. 48 

4.5 Model Diagnostics...................................................................................................... 53 

       4.5.1 Assessment of the proportional hazards assumption ............................................... 53 

       4.5.2 Assessment of Influential Observations .................................................................. 55 

       4.5.3 Assessment of linearity of covariates in the model ............................................... 55 

4.6 Interpretation and discussion of the results. .................................................................. 57 

       4.6.1 Interpretation of the result ................................................................................. 57 

       4.6.2 Discussion of the results .................................................................................... 59 

5. CONCLUSIONS AND RECOMMENDATIONS ....................................................... 62 

5.1 Conclusions ............................................................................................................... 62 

5.2 Recommendations ........................................................................................................... 62 

REFERENCES ................................................................................................................. 63 

                                       List of Tables 

Table 4.1: Demographic and health factors of categorical covariates by HIV/TB co-infection 

under ART in Ambo hospital…………………………………………….................................44 

    Table 4.2: Summary statistics of continuous variables included in the study………...45 

Table 4.3:  Results of the Log-rank test for the categorical variables of HIV/TB co-infected 

patients under ART in  Ambo hospital……………………………………...............................48 

Table 4.4: Results of the univariable proportional hazards Cox regression model of HIV/TB co-

infected patients under ART in Ambo hospital…….………………….....................................49 

Table 4.5: Estimated values of the coefficients, hazard ratios, 95% CI for the hazard ratio and 
P-values of the explanatory variables on fitting the proportional hazards model to the data from 

HIV/TB coinfection patients under ART in Ambo hospital………………………………….52 

APPENDIX A: Results of the multivariable proportional hazards Cox regression 

model……………………………………………………………………………………..69 

Table 1: Results of the multivariable proportional hazards Cox regression model containing the 
variables significant at 20 - 25% level in the univariable proportional hazards Cox regression 

model………………………………………………………......................................................69 



viii  

 

Table 2: Results of the multivariable proportional hazards Cox regression model after 
eliminating the variable regimen from the multivariable proportional hazards Cox regression 

model in Table 1……………………………………………………….....................................69 

Table 3: Results of the multivariable proportional hazards Cox regression model after 
eliminating the variable age from the multivariable proportional hazards Cox regression model 

in Table 2………………………………………………………................................................70 

Table 4: Results of the multivariable proportional hazards Cox regression model after
eliminating the variable marital status from the multivariable proportional hazards Cox 

regression model in Table 3………………………………………………………....................70 

APPENDIX B: The result of multivariable Cox hazard model those variables not  

significant in both the univariable analysis and in multivariable analysis fitted by    

included in the model containing those variable significant in multivariate analysis one at 

a time……………………………………………………………………………………..71 

I. Result of multivariate Cox proportional hazard model containing variables in Table 
4(Appendix A) including those not significant in univariable analysis one at a 

time…………………………………………………………………………………………….71 

Table 1: When sex is included…………………………………............................................71 

Table 2: When Education level is included………………………………………................71 

Table 3: When substance use is included…………………………………………………...72 

II. When those factors not significant in multivariate model are included to the multivariate 

model of covariate in Table 4(Appendix A) one at a time…………………………………….72 

Table 4: when age is included……………………………………………………................72 

Table 5: When marital status is included……………………………………………………73 

Table 6: When regimen is included………………………………………………................73 

         Table 7: Summary of interactions of two covariates……………………………….74 

APPENDIX C: Results of Model diagnostics…………………………………………...74 

Table 1: Result of test of proportionality assumption…………………………………………74 

Table 2: The five highest differences in the parameter estimates of the variables included in the 
model in Table 4, Appendix A when the data value for each patient is in turn deleted from the 

model…………………………………………………………..................................................75 

List of Figures 

Figure 4.1: The plot of the overall estimate of Kaplan-Meier survivor                                             
function of HIV/TB co-infected patients under ART in Ambo hospital………………...46 



ix 

 

Fig. 4.2: The plot of the estimate of Kaplan-Meier survivor function of HIV/TB co-
infected patients under ART in Ambo hospital a) functional status and b) WHO clinical 
stage……………………………………………………………………………………...47 
Fig. 4.2: The plot of the estimate of Kaplan-Meier survivor function of HIV/TB co-
infected patients under ART in Ambo hospital c) TB site……………………………….47 
 Figure 4.3: Plots of Martingale residuals for continuous covariates (a) Baseline weight 
and b) Baseline CD4 count............................................................................................... 56                                                                                             
 APPENDIX D: Figures………………………………………………................................76 

Figure 1 (a – h): Plots of Kaplan-Meier survivor functions different categories or 

groups………………………………………………………………………………………….76 

Figure 2:  (a – g): Graphs of the scaled Schoenfeld residuals and their LOESS smooth curves 
obtained from the model in Table 4(Appendix C) for the covariates weight, TB site, functional 
status, WHO clinical stage and CD4 cell count. The line that passes through zero is the 

reference line…………………………………………………..................................................78 

                

 

 

 

 

 

 

 

                 

 

 

 

                            

 



1 

 

                      CHAPTER ONE  

                     1. INTRODUCTION 

 
1.1 Background 
 

The human immunodeficiency virus (HIV), causing the acquired immunodeficiency 

syndrome (AIDS), has created an enormous challenge to mankind since it became known 

or described in 1981. HIV attacks a type of immune system cell called the T-helper cell. 

This cell carries on its surface a protein called CD4, through which HIV uses to attach to 

the cell before gaining entry. The T-helper cell plays an important role in the immune 

system by helping to co-ordinate all the other cells to fight illnesses. HIV causes many T-

helper cells to be damaged or destroyed. As a result, a major reduction in the number of 

T-helper cells can have a serious effect on the immune system to fight illnesses. The CD4 

test measures the number of T-helper cells in the blood. The more these cells we have per 

cubic millimeter in the blood the stronger our immune system to fight the illnesses. A low 

CD4 count does not mean that one will certainly become ill, but it makes it more likely. 

As the immune system becomes increasingly damaged by HIV it becomes susceptible to 

opportunistic infections.  Tuberculosis is the most common opportunistic infection 

complicating HIV infection especially in developing countries, and may occur at any 

stage in the course of immunodeficiency. TB/HIV co-infection significantly changes the 

natural history of both diseases and it is recognized as a major setback of both HIV and 

tuberculosis infection control program (Godfrey-Faussett et al. 2002). 
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1.2 Impact of HIV on Tuberculosis 
 

HIV infection is the greatest risk factor for acquiring Mycobacterium tuberculosis 

infection and developing TB. Thus, risk of TB is dramatically increased in HIV infected 

patients as a result of a higher probability of either primary progression or reactivation of 

latent infection, as well as increasing chance of tuberculosis infection once exposed to 

tubercle bacilli (Jon, 2004). People with HIV infection are increasingly infected with TB 

because HIV weakens their immune system. HIV infection impairs cell-mediated 

immunity, largely through depletion of CD4+ lymphocytes. The impaired immunity leads 

to increased number of cases of primary TB and reactivation of TB in HIV-infected 

people (Hoffmann, 2007).  In addition, the depletion of CD4+ cells result in interruption 

of TB treatment and increases the risk for the development of drug resistance strains of 

TB which is difficult and expensive to be treated in HIV-infected patients(Davies et 

al.,1999).  

 

Moreover, HIV-infected people who have recovered from TB have an accelerated course 

of HIV disease and shortened survival compared with HIV-infected people without a 

history of TB (Whalen C et al., 1995 and Whalen CC et al., 2000). Patients with HIV and 

latent tuberculosis infection have an extremely high rate of development of active 

tuberculosis, perhaps as much as 10% per year, as opposed to a 10% lifetime risk in 

otherwise healthy persons with latent tuberculosis infection (Schluger et al., 1998). 

According to WHO report of 2009, people living with HIV (PLWH) are estimated to 

have a 20 times higher risk on developing tuberculosis (TB) disease compared to people 

living without human immunodeficiency virus (HIV) infection in countries with an HIV 
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prevalence of at least 1% (WHO, 2009). In addition to increasing individual susceptibility 

to TB following M. tuberculosis infection, a high burden of HIV-associated TB cases 

also expands M. tuberculosis transmission rates at the community level, threatening the 

health and survival of HIV-negative individuals as well (Odhiambo et al.,1999; 

Sonnenberg et al., 2004). Thus, in communities with high HIV rates, TB rates have been 

rising dramatically even where effective TB control strategies like Directly Observed 

Treatment short-course (DOTS) is available. This underscored the need to improve TB 

control wherever HIV-co-infection is common. The other effect is discrimination of 

tuberculosis patients among the social, because of HIV. The link between tuberculosis 

and HIV/AIDS may make people equating tuberculosis with HIV/AIDS. This may lead 

to increasing stigma and discrimination and delay tuberculosis patients in seeking care 

and treatment. 

1.3 Impact of Tuberculosis on HIV 
 

Tuberculosis enhances HIV replication which leads to increased viral load by 

accelerating the natural evolution of HIV infection (Rosas-Taraco et al., 2006). This 

results in more rapid progression of HIV disease.  M. tuberculosis is a potent activator of 

the immune system, which in turn leads to profound changes in the cytokine network, 

providing favorable environment for viral replication (Toossi et al., 1999). On the other 

hand, it increases the risk of progression from HIV to AIDS (Badri, 2001 and Sharma et 

al., 2005).  TB increases occurrence of other OIs. In addition, though it is preventable, 

treatable and curable, TB is the leading cause of sickness and death of PLWHA. The 

management of TB and HIV co-infected is challenging because of pill burden, increase 

adverse effect, drug to drug interaction and etc. 
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1.4 Complexity and difficulties among HIV and Tuberculosis co-infection 
 

TB/HIV co-infection significantly changes the natural history of both diseases. This gives 

rise to different problems. One problem associated with patients co-infected with HIV 

and TB is overlapping of signs and symptoms between HIV/AIDS and tuberculosis. 

Clinical features of HIV/AIDS and tuberculosis are difficult to separate, both diseases 

present with wasting and persistent fever. In cases of tuberculosis patients co-infected 

with HIV/AIDS the physician tends to attribute the signs and symptoms of tuberculosis to 

HIV/AIDS, hence under-diagnosing tuberculosis in HIV patients and vice versa. The 

none-specific signs and symptoms of HIV/AIDS and its co-infection with tuberculosis 

make the clinical diagnosis difficult in most cases. The fact that HIV/AIDS also makes 

the patient susceptible to other opportunistic infections with symptoms similar to 

tuberculosis are among the difficulties encountered in diagnosing tuberculosis in 

HIV/AIDS patients.  

 

 The other impact is that two different diseases, two different modalities of diagnosis and 

treatment, do exist in one patient. Both diseases involve the combination of more than 

one drug. Treatment is for life in HIV/AIDS and for a minimum of six month in 

tuberculosis patients, resulting in high pill burden, many side effects and interaction of 

drugs. The consequence may be poor adherence to treatment and loss to follow up. 

1.5 Global and Sub-Saharan African burden of HIV/TB co-infection 
 

The global impact of the converging dual epidemics of TB and HIV remains as one of the 

major public health problem or challenges of our time. According to the UNAIDS annual 

report of 2009, one third of people living with HIV are co-infected with TB. Globally 
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about 11% of new adult cases of tuberculosis are HIV/AIDS co-infected where in sub-

Saharan Africa about 31% of new tuberculosis cases are HIV/AIDS co-infected (Corbett 

et al., 2002&2003). In particular, WHO reported 9.27 million of the estimated new cases 

of TB occurred in 2007 of which 31% are in Sub-Saharan Africa and about 1.37 million 

(14.8%) of these being among people living with human immunodeficiency virus 

(PLWHIV) (WHO, 2009). In general, the majority of these cases, that is 79% HIV 

positive TB incident cases, occurred in Africa in 2007. In the same year, there were 

456,000 TB-related deaths among HIV-positive patients accounting for 23% of the global 

HIV/AIDS mortality. Southeast Asia is the second most affected region with 11% of 

global new TB cases in 2007(WHO, 2009 and FMOHE, 2008). 

 Moreover, TB is the commonest infection and number one cause of death in HIV 

infected patients in developing countries. Other studies from sub-Saharan Africa showed 

that about 31% of adult TB cases were attributable to HIV infection (Corbett et al., 

2003). Thus, worldwide TB is one of the most common opportunistic infections and 

leading cause of morbidity and mortality among HIV/AIDS patients accounting for about 

30% of all death of HIV/AIDS patients (Raviglione, 1992, WHO, 2004 and Sharma, 

2005). In another WHO report, TB killed about 0.5 million HIV infected people globally 

(WHO, 2009). Deaths occurring in the first few months after TB diagnosis are more 

likely TB related, whereas deaths occurring later are more likely to be attributable to 

other HIV-related illnesses (Ackah et al.,1995; Nunn et al.,1992; Elliott et al.,1995). 

Different studies and reports indicate that the majority of HIV/TB co-infection and deaths 

in the world occurs in sub-Saharan Africa countries.  The proportion of HIV-infected TB 

patients who die during TB treatment is high especially in sub-Saharan Africa countries  
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(estimated to be between 6% and 39%) (Mukadi et al., 2001 and WHO, 2005). The latest 

WHO report on global TB control indicates that there were an estimated 8.8 million 

incident cases and 1.4 million deaths from TB in 2010, where 1.2 million (12–14%) of 

the new TB cases were amongst HIV-infected people in 2010, and TB caused the death 

of an estimated 0.35 million HIV-infected people. The proportion of HIV-TB-co-infected 

persons is highest in Africa, with the African Region accounting for overall 82% of TB 

cases among people living with HIV worldwide in 2010 (WHO, 2011). 

1.6 National burden of HIV/TB co-infection 
 

 HIV infection is now the most common predictor of TB incidence, and the other way 

round, TB is a common opportunistic infection in sub-Saharan Africa. Thus, these 

countries continue taking the leading position in HIV/TB morbidity and mortality rate, 

where the TB epidemic is primarily driven by HIV infection. Ethiopia is one among these 

countries most heavily affected by HIV and TB co-infection. The world health 

organization ranked Ethiopia as 7th  among the 22 high burden countries with TB in 

estimated annual incidence of 379 cases and prevalence of 643 cases per 100,000 

populations (WHO, 2008) and the prevalence of HIV among TB patients is up to 41% 

(Demissie et al., 2000a; Yassin et al., 2004). The high burden of TB in Ethiopia might in 

part be attributed to the rapid increase of HIV infection, because available data indicate 

that HIV/ AIDS accounted for an estimated 32% or 141,000 total TB cases in 2005 

(MOH, 2007). On the other hand, the WHO global report 2008 estimates that in Ethiopia 

40% of TB patients tested for HIV are HIV-positive. In Ethiopia routine data from 44 

sites in the year 2005/6 showed 41% of TB patients were HIV positive. In addition, 

another routine data collected in 2006/07 estimates that 31% of TB patients are HIV 
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positive (FMOH, 2008). TB was the cause of 76 thousands deaths in Ethiopia, out of 

which 30% were among HIV positive patients (WHO, 2009). 

 

 However, WHO recommends different collaborative activities for HIV/TB co-infections 

where one is initiation of antiretroviral therapy. Antiretroviral therapy (ART) is an 

essential treatment for HIV infection in order to reduce the risks of death and HIV-related 

morbidities, or in improvement of quality of PLWHIV. In addition, several observational 

studies, mostly done in resource-rich settings, have documented that HIV-infected TB 

patients receiving ART have higher rates of survival during and after TB treatment 

compared with patients who do not receive ART. Currently, the widespread use of highly 

active antiretroviral therapy(HAART) in developing countries has been shown to reduce 

the risk of treated HIV-infected persons developing TB by 70%–90%, compared with 

untreated individuals (Badri et al., 2002; Girardi et al., 2000; Jones et al., 2000; Santoro- 

Lopes et al., 2002).  Although, the availability of ART has transformed HIV infection 

and has made a manageable disease and reduce TB incidence among individuals 

receiving HAART, TB risk remains elevated among those receiving treatment. Thus, the 

success recorded can easily be destroyed or violated by the high burden of TB co-

infection in the HIV infected individual. Even after the initiation of ART, the incidence 

of TB among HIV infected patients remains unacceptably high (Badri et al., 2002 and 

Fauci et al., 2005). Studies conducted in some developing countries have shown that 

among individuals who initiated HAART, 4.8−17.6 cases per 100 person-years reported 

having TB, either because they are developing active TB or sub clinical TB may become 

apparent as the immune reconstitution inflammatory syndrome (Bonnet et al., 2006). 
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1.7 Statement of the problem 
 

Generally it is recommended that HIV infected patients start to take ART in order to 

reduce AIDS related mortality and morbidity, or to improve their quality of life. But, in 

most cases TB co-infection violates and disturbs this issue. Moreover, death during TB 

treatment and shortened life are recognized in HIV/TB co-infected patients. Hence, this 

study deals with survival/death and risk factors of HIV/TB co-infected patients especially 

during TB treatment. 

 Survival analysis is one of the appropriate methods to demonstrate life time and to 

identify risk factors. The length of survival of HIV/AIDS co-infected patients depends on 

time elapsed from the date of TB infection is confirmed until death or some observations 

with incomplete records (censored). Survival analysis is an appropriate analysis method 

for this study to assess survival/death and its risk factors.  Hence, the research problems 

include: assessing and measuring survival/death status; identifying the risk factors of 

survival/death of HIV/TB patients; looking at implications of observing significant risk 

factors; fitting appropriate survival model by including the significant risk factors and 

evaluating the impacts of influential or risk factors on survival/death.  

 

1.8 Objectives 
 

The general objective of the study is to estimate the survival status of HIV/AIDS co-

infected patients and to identify factors that influence their survival. 

The specific objectives are 

� Assessing the survival of patients 
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� To study the influence of predictors on survival 

� To fit an appropriate model   

1.9 Significance of the study 

The outcome of this study would provide information about the risk factors or the most 

influential covariate that have significant impact on survival of HIV patients during TB 

treatment and to identify death risk extent of patients under these significant factors at 

different time during and after TB treatment.  

1.10 Limitation of the study 
 

� The study is conducted based on secondary data which might have incomplete 

and biased information. 

� The study was restricted to adults, and results might not be applicable to infants 

and children. 

� The study presumed that all deaths are caused by HIV/TB co-infection. 

� Parts of information on individuals are missed because of censored observations. 

� The data on TB site do not identify those patients infected with both pulmonary 

TB and Extra-pulmonary TB 

� The study is based on baseline values of the variables of interest.  
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                           CHAPTER TWO 

                    2.  REVIEW OF LITERATURE 
 

The literature selected and discussed in this section are those that are more related and 

relevant to this study. Studies or research related to the survival of HIV/TB co-infection 

especially in Ethiopia are scarce. The literature review given below has three parts. The 

first part is a general overview of TB in HIV and TB co-infection. The second part 

concerns the effect of ART on HIV/TB co-infection and the third is about risk factors of 

survival/death of HIV/TB co-infected patients.  

2.1 General literature on effect of TB in HIV/TB co-infection 

Abera et al (2009) conducted an ecological study on the association between HIV and TB 

in Oromia regional state, Ethiopia in 2006/7. The study covered a total of 40779 cases of 

TB including 12818 smear positive pulmonary TB cases and 29,590 positive for HIV 

infection. The objective of the study was to assess the association between infection with 

HIV and tuberculosis. The result of the study suggests that the prevalence of HIV 

infection was significantly associated with the incidence of TB in Oromia region (r=0.69, 

p<0.01). The ecological association between different types of tuberculosis and 

prevalence of HIV across zones and towns in Oromia was estimated using the 

Spearman’s correlation. The study has also shown that similar associations were also 

seen between prevalence of HIV infection and the incidence of smear positive 

tuberculosis, smear negative tuberculosis and extra-pulmonary tuberculosis. 
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Deribew et al (2009) conducted a study from February to April, 2009 in selected 

hospitals (Adama, Nekemte and Jimma) in Oromia regional state, Ethiopia. The study 

consisted of 467 HIV patients and 124 TB/HIV co-infected patients. The objective of the 

study was to assess the quality of life of HIV/TB co-infected patients. Using a logistic 

regression model the study showed that moral depression or sadness, whether or not 

having source of income and family support were strongly associated with the quality of 

life of the patients. The results obtained suggest that TB/HIV co-infected patients had a 

lower quality of life in all domains as compared to HIV infected patients without active 

TB. In co-infected patients, individuals who had depression were 8.8 times more likely to 

have poor physical health as compared to individuals who had no depression, with odds 

ratio[(OR) = 8.8(95%CI: 3.2, 23)]. Self-stigma or being discriminated was associated 

with a poor quality of life in the psychological domain. 

 

Another cross sectional study was done by Deribew et al. (2010) in three Oromia 

regional state hospitals (Adama, Nekemte and Jimma), Ethiopia from February to April, 

2009. The study consisted of 155 TB/HIV co-infected and 465 non-co-infected HIV 

patients. The aim of the study was to investigate the relationship between TB/HIV co-

infection and common mental disorders (CMD). The study compared the occurrence of 

CMD in TB/HIV co-infected and non-co-infected HIV patients. The results of the study 

obtained by using logistic regression showed that TB/HIV co-infected patients had 

significantly (p value- 0.001) greater risk of CMD (63.7%) than the non-co-infected 

patients (46.7%) [OR = 1.7, (95%CI: 1.0, 2.9)].  
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Straetemans et al (2010) conducted a meta-analysis of cohort studies by selecting 

relevant articles. Their purpose was to assess the effect of TB on mortality in people 

living with HIV. Pooled overall analysis of fifteen studies estimating the effect of 

tuberculosis on mortality in PLWHIV has shown a Hazard ratio (HR) of 1.8 (95% CI: 

1.4-2.3). However, out of fifteen pooled studies, sub-analysis of eight studies in which 

the cohort was not exposed to HAART showed a hazards ratio (HR) of 2.6 (95% CI: 1.8–

3.6) that indicated impact of TB on HIV in co-infection. 

 

In Thailand, a team of physicians conducted a prospective observational study and 

described the cause of death of patients LWHIV who have tuberculosis, after reviewing 

verbal autopsies or interviews of family members about events preceding death, 

laboratory data, and medical records. The result of the study indicated that out of 849 

HIV-infected TB enrolled, 142 (17%) died, of which the cause of death was TB for 38 

patients (27%) (Kevin et al., 2009). 

 

Kamenju and  Aboud (2011) conducted a study employing logistic regression analysis to 

assess the clinical presentation and prevalence of TB-HIV co-infection among patients 

admitted at Muhimbili National Hospital between August 2008 and July 2009 in Dar es 

Salaam, Tanzania. Of the 300 TB patients tested for HIV, 175 (58.3%) were HIV-

infected and 97 (55.4%) of these were already on antiretroviral therapy (ART) at the time 

of admission. Overall, 104 (26.9%) of the TB patients admitted died. About two thirds of 

patients who died had PTB. There was significantly higher proportions of deaths among 
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HIV-infected TB patients (29.1% versus 15.2%) than in the HIV uninfected TB patients 

(P=0.005). 

 

Badri et al (2001) conducted a prospective patient cohort study on adult (≥18 years of 

age) HIV-infected patients attending two HIV clinics affiliated to the University of Cape 

Town (New Somerset and Groote Schuur Hospitals), South Africa. The study cohort 

consisted of 609 patients with 158 (25.9%) cases of TB patients whose initial clinic visit 

was between 1992 and 1996. The objective of the study was to assess the impact of 

tuberculosis on HIV-1disease progression to AIDS and then to death in areas with high 

tuberculosis prevalence. Cox proportional hazards regression models were fitted to 

determine the unadjusted risk of death associated with tuberculosis and to adjust for 

potential confounding variables. The results obtained indicated that the more rapid 

progression to AIDS in tuberculosis cases remained significant after controlling for 

potentially confounding variables. Other factors associated with progression of AIDS 

were CD4+ T-lymphocyte count ≤200 cells/mm3. Of the 609 patients, 103 (17%) died 

over the 5-year period: 
����� (31.7%) TB cases and 

�����(11.7%) in the comparison group 

(non-TB cases). The Kaplan-Meier survival probability of tuberculosis cases was 

consistently less than that of the comparison group (69% vs. 92% at 1 year, P < 0.0001; 

49% vs. 82% at 2 years, P < 0.0001; and 28% vs. 64% at 3 years, P< 0.0001). The 

multivariate Cox proportional hazards regression revealed that even after controlling for 

differences in baseline characteristics and known predictors of mortality in HIV infection, 

tuberculosis conferred an increased independent risk of death in HIV-infected patients. 

The association of tuberculosis with increased mortality persisted after removing the 
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transient reduction in the CD4+ T-lymphocyte count that may have been induced by 

tuberculosis (HR =1.90, 95%CI 1.16–3.1; P< 0.01). 

 

2.2 Literature on effect of ART on HIV/TB co-infection 

The convergence of HIV and TB pandemics continue to be collectively the most leading 

cause of morbidity and mortality worldwide. Highly active antiretroviral therapy 

(HAART) has been a critical component in combating the scourge of these two 

conditions as both a preemptive and therapeutic modality.  

 

Weerawat et al (2006) conducted a retrospective cohort study among HIV infected 

patients with TB between January 2000 and December 2004 in Thailand. The objective 

of the study was to establish the impact of antiretroviral therapy (ART) on survival of 

patients co-infected with HIV and TB. Patients were categorized into ART+ group 

(received ART) and ART- group (did not receive ART) and were followed until April 

2005. A total of 1003 patients were identified; 411 in ART+ group and 592 in ART- 

group. The results indicated that based on the log-rank test the survival rates at 1, 2, and 3 

years after TB diagnosis were 96.1%, 94.0%, and 87.7% for ART+ group and 44.4%, 

19.2%, and 9.3% for ART- group (P< 0.001). From the study it was concluded that 

antiretroviral therapy substantially reduces mortality rate among HIV/TB-co-infected 

patients. 

 

In another study conducted in Thailand, the impact of ART on survival of HIV-infected 

TB patients was measured using propensity score analysis that adjusted for factors 
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associated with receiving ART. The aim of the study was to document the impact of ART 

on HIV-infected TB patients in public health programs in resource-limited settings.  The 

study consisted of 626 TB patients who started and 643 who did not start ART. The result 

obtained showed that out of 626 HIV-infected TB patients who started ART during TB 

treatment, 68 (11%) died compared with 295 (46%) patients who did not receive ART 

(relative risk 0.24, 95% CI: 0.19 to 0.30); in patients with very low CD4 count (<10), 12 

patients out of 56 (21%) who received ART died compared with 35 out of 43 (81%) who 

did not receive ART (relative risk 0.26, 95% CI: 0.16 to 0.44). After controlling for 

propensity to receive ART, the hazard ratio of death among patients treated with ART 

was 0.17 (95% CI: 0.12 to 0.24) (Natpatou et al., 2008). 

 

Jaime et al (2010) also conducted a retrospective cohort study of HIV patients who 

developed TB  from January 1995 to December 2000 in a Peruvian HIV reference centre, 

Peru. The patients were tracked for 24 months after TB diagnosis. One hundred patients 

were included in the study. The aim of the study was to estimate the survival of HIV/TB 

co-infected patients and the effect of ART on mortality. Survival was estimated using 

Kaplan-Meier method and the effect of ART on survival was evaluated using Cox 

proportional hazards models. Out of the study population 53 patients who received some 

form of ART: 31 mono/dual ART and 22 highly active antiretroviral therapy (HAART). 

The result of the study showed that 77% (36/47) of patients died in the no ART group, 

65% (20/31) in the mono/dual ART group, and 27% (6/22) in the HAART group 

(p=0.0001). Multivariable analysis revealed a reduction in the risk of death of 70% [HR: 

0.3, 95% CI 0.1-0.6] among mono/dual ART group patients, and 90% [HR: 0.1, 95% CI 
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0.06-0.4] among patients who received HAART as compared to those in the no ART 

control group. The study suggested that patients with TB and HIV who did not receive 

ART have shorter survival; survival significantly improved with the addition of ART. 

The risk of death is reduced due to mono/dual ART and HAART.  

 

2.3 Literature on risk factors of survival/death of HIV/TB co-infected patients 

Dembele, et al (2010) conducted a retrospective cohort study on four human 

immunodeficiency virus (HIV) treatment centers in Ouagadougou, Burkina Faso. TB 

incidence was measured at different intervals after HAART initiation. Cox regression 

models were used to identify factors associated with TB incidence. They analyzed a 

cohort of 2383 subjects and identified WHO clinical Stage III or IV, CD4cell count < 50 

cells/mm3 and weight < 18.5 were associated with increased risk of TB on univariable 

analysis. In the Cox regression, weight < 18.5 and CD4+ T-cell count < 50 cells/mm3 at 

HAART initiation were independently associated with a two-fold higher risk of TB.  

Mohammed et al. (2011) conducted a case control study in Jimma and Mettu Karl 

hospitals  where the two hospitals serve as referral and treatment centers for HIV and TB 

in south-west Ethiopia from January to March, 2009. The study population consisted of 

162 cases and 647 controls. Cases were adult people living with HIV/AIDS who 

developed active pulmonary tuberculosis and controls were people living with HIV/AIDS 

without active tuberculosis.  The objective of the study is to identify the risk factors of 

active pulmonary TB among PLWHIV using multiple logistic regression model. The 

final multivariate model was obtained by a forward and backward variables selection 

procedure. Then, the result reveals that, after adjustment for potential confounders, an 



17 

 

initial weight less than 18.5 kg  (OR=4.1; 95% CI: 2.3, 7.4), a CD4 lymphocyte count 

less than 200 cells/mm3 (OR=9.8‘95% CI: 5.5, 17.5), a WHO clinical stage IV (OR=4.3; 

95% CI: 2.6, 6.8) and not taking antiretroviral treatment (OR=3.1; 95%CI: 1.9,4.9), were 

independently associated with the development of active tuberculosis in people living 

with HIV/AIDS. 

 

Tarekegn (2011) conducted retrospective study in which a total of 632 patients (316 in 

ART and pre- ART cohort) were followed for a median of 32.9 months in Pre-HAART 

and 35.4 (IQR=23.6-36.5) months in HAART. The objective of the study was to identify 

factors that increase the risk of TB in PLWHIV. He used Cox proportional hazard 

analysis. The result of the study indicated that WHO stage III or IV (HR=1.999, 

95%CI=1.025-3.896, P=0.042), being bedridden (HR=4.689, 95%CI=1.715-12.819, 

P=0.003), and having hemoglobin level less than 10mg/dl (HR=2.497, 95%CI=1.098-

5.679, P=0.036) were factors associated with increased risk of TB in PLWHIV. 

 

In another study conducted in Nigeria, the case files of HIV/AIDS patients from January 

to December 2006 attending Aminu Kano Teaching Hospital, were reviewed. A total of 

1320 HIV/AIDS patients had complete records and were reviewed, among which 138 

(10.5%) were co-infected with TB; Pulmonary TB was diagnosed in 103 (74.6%) 

patients. Fifty (36.2%) co-infected patients had some type of extra-pulmonary TB 

(EPTB); 15 had both pulmonary TB and EPTB. The objective of the study was to identify 

the predictors of  Tuberculosis co-infection among HIV positive Patients. Chi-square test 

was used for testing the significance of association between categorical variables. All 
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variables that were significantly associated with TB/HIV co-infection were included in a 

multiple logistic regression analysis in order to determine their independent effects. The 

result of the study reveals that marital status (OR, 2.1; 95% CI, 1.28–3.59; P = 0.04), 

WHO clinical stage at presentation (4.81; 1.42–8.34; P = 0.001), and baseline CD4 count 

(2.71; 1.51–6.21; P = 0.02) remained significant predictors after adjustment for 

confounding (Zubairu and Musa, 2009). 

 

Enrico et al. (2001) conducted a study to assess changing clinical presentation and 

survival in HIV-associated Tuberculosis after HAART.  They reviewed clinical charts of 

HIV-infected patients with pulmonary TB in two referral clinical centers in Rome, Italy. 

The 67 patients diagnosed in 1995 to 1996 were compared with 51 patients diagnosed in 

1997 to 1998. To identify factors associated with survival, they used a Cox model 

including ART as a time-dependent covariate. The result of their study indicates that, 

survival at 1 year was 80% for patients diagnosed in 1997 to 1998 versus 65% for those 

diagnosed in 1995 to 1996 (p by log-rank = .02). Moreover, the study reveals that Age, 

CD4+ cell count <25/mm3 and AIDS defining illnesses before TB diagnosis were all 

associated with a higher risk of death. 

Bhagyabati et al (2005) conducted cross sectional study in Manipur, India to assess the 

vulnerability of the HIV infected persons to tuberculosis. From the study, site of TB and 

low CD4 count (less than 100/cmm) reported as risk factors.  

 

Mashimbye (2010) dealt with TB treatment outcomes in adult TB patients attending the 

Rixile HIV clinic in Tintswalo hospital in Bushbuckridge, South Africa. The objective of 
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the study was to identify factors associated with TB mortality in adult TB patients 

receiving TB treatment in Rixile HIV clinic from March 2003 to March 2008. Chi-square 

test was carried out to assess the association between TB mortality and its risk factors. 

Univariate and multiple logistic regression models were constructed to assess the 

predictors of TB mortality.  The univariate analysis showed associations of TB mortality 

with age, sex, BMI, education and ARV treatment. However, only age, sex, and ARV 

treatment were found to predict mortality related to TB in multiple logistic analysis. 

 

Catala et al. (2011) conducted a retrospective cohort study that included all HIV-infected 

TB patients reported in Barcelona between 1996 and 2006. Survival analysis was done 

based on the Kaplan-Meier estimator and Cox proportional hazards model. The 

objectives of the study were to estimate survival and to identify predictive factors and 

causes of death in a cohort of HIV infected TB patients in the era of HAART. In the 

study causes of death were classified using the International Classification of Diseases 

(ICD)-9 and ICD-10, and classified as AIDS related or non-AIDS-related (that is, death 

because of other burden than AIDS). The results have shown that out of the 792 patients 

included, 341 (43.1%) died during the study period. Survival was worse among patients 

aged >30 years (HR 1.6, 95%CI 1.1-2.1), inner-city residents (HR 1.3, 95%CI 1.1-1.7), 

injecting drug users (HR 1.4, 95%CI 1.1-1.8), those with a non-cavitary radiological 

pattern (HR 1.5, 95%CI 1.0-2.2), those with <200 CD4/µl (HR 1.8, 95%CI 1.2-2.7) and 

those diagnosed with AIDS prior to their TB episode (HR 1.85, 95%CI 1.4-2.2).  From 

the study it was reported that 64.8% of the deaths were non-AIDS-related, and that poor 
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survival was observed despite the availability of HAART; non-AIDS-related mortality 

was also noted as high. 

A retrospective study conducted in Thailand using the Cox proportional hazard model 

showed that ART was associated with lower mortality rate; gastrointestinal TB and 

multidrug resistant TB were associated with higher mortality rate (P< 0.05). Among 

patients in ART+ group, patients who delayed starting ART for a minimum of 6 months 

after TB diagnosis had a higher mortality rate than those who began ART within 6 

months after TB diagnosis (P= 0.018, HR = 2.651, 95% CI = 1.152-6.102) (Weerawat et 

al.,  2006). 

 

Maruza et al (2012) conducted a retrospective cohort study between June 2007 and 

December 2009 with HIV-infected patients who had started anti-tuberculosis treatment in 

the state of Pernambuco, Brazil. Survival data were analyzed using the Kaplan-Meier 

estimator, the log-rank test and Cox model. The aim of the study was to estimate the 

probability of survival and to identify risk factors for death in cohort of PLWHIV who 

started TB treatment. Out of a cohort of 2310 HIV-positive individuals, the data on 333 

patients who commenced treatment for TB were analyzed. The results obtained show that 

the mortality rate was 5.25 per 10,000 person-years (95% CI: 4.15-6.63), that out of 

10,000 patients at risk about 5.25 expected to have died. The probability to survive 30 

months was 74%. Risk factors for death in the study population were females, age above 

30 years, having anemia, not using HAART during treatment for TB and a CD4+ 

lymphocyte count below 200 cells/mm3 
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                  CHAPTER THREE 

       3. DATA AND METHODOLOGY 

 
3.1 Data 
 

The data used in this study are obtained from Ambo hospital in Ambo town in Oromia 

regional state of Ethiopia. This hospital is used as referral centre for different health 

centers in woredas in western Shoa zone.  

The hospital has a separate ART clinic and units for ART follow up for PLWHIV where 

the units in the clinic have nurses, a pharmacy, data clerks, rooms, equipments and etc. 

The hospital started giving free ART service in 2006. Data for this study were extracted 

from the available standard national medical registers, which have been adopted by the 

Ministry of Health (MOH). The registers include the Pre ART register (register of 

patients at their first visit), the ART register (registration after ART initiation), and the 

follow-up patient form. The hospital also has a separate clinic and units for TB treatment 

and follow-ups. In this case also data regarding TB treatment and follow-ups were 

recorded on standard register given by MOH.  For this study, both ART and TB registers 

have been looked through in order to record all persons who have been infected with HIV 

and started ART and have been under an anti-TB treatment. The resulting data set 

comprises all cases of HIV-infected TB patients older than 15 years who have started 

anti-TB treatment between September 1st 2006 and August 31st 2011 and followed for the 

outcomes of either the event (death) or censored (dropped out, lost to follow up, 

transferred out to other centers or on follow up at the end of study time). The end of the 
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follow-up time is February 29th 2012. The total number of cases included in the study is 

501. 

3.2 Variables of the study 
 

3.2.1 The Response Variable 

The response or outcome variable in this study is the survival time measured (in months) 

from the date of the anti-TB treatment’s start until the date of the patient’s death or 

censor.   

3.2.2 Predictor Variables 

The predictor variables in survival data analysis are called covariates. These are 

explanatory variables which are assumed to influence the survival of HIV/TB co-infected 

patients and are given below. 

- Age in years 

- Sex (Male, Female) 

- Marital status (Never Married, Married, Others)  

- Baseline Weight (kg)  

-  Level of education (No education, Primary, Secondary or above) 

- Substance (Smoking, Alcohol)(no, yes) 

- Baseline CD4 cell count (Cells/mm3 ) 

- Sites(Type) of TB (Pulmonary TB, Extra-pulmonary TB) 

- WHO clinical stage (Stage I/II, Stage III or Stage IV) 

- Functional Status (Working, Ambulatory or Bedridden) 

- Regimen type (D4T-based, AZT-based) 

Note: All predictor variables were taken at baseline values. 
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3.3 Methodology 
  

3.3.1 Survival Analysis 
 

Survival analysis is a collection of statistical procedures for data analysis for which the 

outcome variable of interest is time until an event occurs. By time, we mean years, 

months, weeks, or days from the beginning of follow-up of an individual until an event 

occurs; alternatively, time can refer to the age of an individual when an event occurs. By 

event, we mean death, disease incidence, relapse from remission, recovery (e.g., return to 

work) or any designated experience of interest that may happen to an individual.  The 

problem of analyzing time-to-event data arises in several applied fields such as medicine, 

biology, public health, epidemiology, engineering, economics, sociology, demography 

and etc. The terms lifetime analysis, duration analysis, event-history analysis, failure-time 

analysis, reliability analysis, and transition analysis refer essentially to the same group of 

techniques although the emphases in certain modeling aspects could differ across 

disciplines (Aalen et al, 2008).  

 

The use of survival analysis, as opposed to the use of other statistical method, is most 

important when some subjects are lost to follow up or when the period of observation is 

finite certain patients may not experience the event of interest over the study period. In 

this latter case one cannot have complete information for such individuals. These 

incomplete observations are referred to as being censored. Most survival analyses 

consider a key analytical problem of censoring. In essence, censoring occurs when we 
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have some information about individual survival time, but we do not know the survival 

time exactly. 

In reality such event can occur due to the following reasons: 

1. a person does not experience the event before the study ends 

2. a person is lost to follow-up during the study period and 

3. a person withdraws from the study for unknown/known reasons 

There are three categories of censoring.  

i) Right censoring: Survival time is said to be right censored when it is 

recorded from its beginning to a defined time before its end time. This 

type of censoring is commonly recognized survival analysis and also 

considered in this study. 

ii)  Left censoring: Survival time is said to be left censored if an individual 

develops an event of interest prior to the beginning of the study; this is 

not common in survival studies. 

iii)  Interval censoring: Survival time is said to be interval censored when it 

is only known that the event of interest occurs within an interval of time 

but the exact time of its occurrence is not known.    

The prospect of censoring complicates research design and complicates statistical 

analysis. Thus, censoring creates some unusual problem in the analysis of data because 

such data cannot be handled properly by standard statistical methods. Researchers used 

different techniques to respond to the complication due to censoring unsatisfactorily. 

New developments in statistical theory accompanied by new development in statistical 

computing have changed how researchers can study such data. Survival analysis (lifetime 
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analysis) was developed by biostatisticians modeling human life times in the medical and 

biological sciences. 

 

Once this method was developed in modeling human life time where the target event is 

death, it has been serving as a powerful methodology that appropriately uses data from all 

observations. It does not matter whether the data is uncensored or censored. Data 

collection can be prospective or retrospective, experimental or observational. Time can 

be measured continuously or discretely and explanatory variables can be continuous or 

categorical. 

 

The response variable in survival analysis is survival time and is no longer limited to only 

time to death. It is a non-negative random variable used loosely for the time period from 

a starting time point to the occurrence of a any event.  In this study context, survival time 

is the length of lifetime of HIV co-infected patients from the date of TB treatment to the 

death of the patient that, and is examined and modeled using survival analysis.   

3.3.2 Descriptive methods for survival data 
 

In any applied setting, a statistical analysis should begin with a thoughtful and thorough 

description of the data. In particular, an initial step in the analysis of a set of survival data 

is to present numerical or graphical summaries of the survival times in a particular group. 

Routine applications of standard measures of central tendency and variability will not 

yield estimates of the desired parameters when the data include censored observations. In 

summarizing survival data, the two common functions of applied are the survivor 

function and the hazard function (Hosmer and Lemeshow, 1999). 
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3.3.2.1 Survivor function S(t) 
 

The survivor function is defined to be the probability that the survival time of a randomly 

selected subject is greater than or equal to some specified time. Thus, it gives the 

probability that an individual surviving beyond a specified time. Moreover, the 

distribution of survival time is characterized by three functions: (a) the survivorship 

function, (b) the probability density function, and (c) the hazard function.  

 

Let T be a random variable associated with the survival times, t be the specified value of 

the random variable T and f (t) be the underlying probability density function of the 

survival time T.  

The cumulative distribution function F (t), which represents the probability that a subject 

selected at random will have a survival time less than some stated value t, is given 

         F (t) =P(T<t)=� f	u�du,   t ≥ 0��                                                                            (3.1) 

Using the above the survivor function, S(t), can be given as  

         S (t) =P (T ≥t) =1-F (t), t ≥0                                                                                 (3.2) 

From equations (3.1) and (3.2) the relationship between f (t) and S (t) can be derived as 

         f (t) =
��� F	t�=

��� 	1 − S	t�� = 
���� S	t�, t ≥0                                                             (3.3) 

Theoretically, as t ranges from 0 to infinity, the survivor function can be graphed as a 

smooth curve. 

Survivor functions have the characteristics that: 

1.  they are non-increasing 

2.  at time t = 0, S(t) = S(0) = 1; that is, at the start of the study, since no one has 

experienced the event yet, the probability of surviving past time 0 is one and 
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3.  at time t→∞, S(t) = S(∞)→ 0; that is, theoretically, if the study period increased 

without limit, eventually nobody would survive, so the survivor curve must 

eventually converge to zero. 

3.3.2.2 Hazard function h (t) 
 

The hazard function h (t) gives the instantaneous potential for failing at time t, given that 

the individual has survived up to time t. It is also known as the conditional failure rate in 

reliability, the force of mortality in demography, the intensity function in stochastic 

process, the age specific failure rate in epidemiology, the inverse of the Mill’s ratio in 

economics or simply the hazard rate. In contrast to the survivor function, which focuses 

on failing, the hazard function focuses on not failing, that is, on the event occurring. 

Thus, in some sense, the hazard function can be considered as giving the opposite side of 

the information given by the survivor function (David at al, 2005). 

The hazard function h(t) ≥ 0, is given as: 

h(t) = lim∆�→� � { ! "!�"#"�$ % & "%' "! �() �"*) "!�)+# %	�,�,∆�� -"#)! '$+#"#)' $!�"% �"*) �}∆�  

    =lim∆�→� � {�/0/�,∆�│01�}∆�                                                                                             (3.4) 

By applying the theory of conditional probability and the relationship in equation (3.3), 

the hazard function can be expressed in terms of the underlying probability density 

function and the survivor function becomes 

                        h(t)=
2	3�4	3� = 

�553  ln 7	8�.   

The corresponding cumulative hazard function H(t) is defined as 

                 H(t)= � h	u�du��  = -ln S(t) 

Then, S(t) = exp (-H(t)) and f (t) = h (t)S(t).                                                                 (3.5) 
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3.3.2.3 Estimation of survivorship function 
 

In practice, when using actual data, we usually obtain estimated survivor function and 

obtain curves that are step functions, rather than smooth curves.  

Kaplan-Meier estimator 

The Kaplan-Meier (KM) estimator of the survivorship function [Kaplan and Meier 

(1958)], also called the product limit estimator, is mostly used to estimate the survivor 

and hazard functions.  It incorporates information from all of the observations available, 

both censored and uncensored, by considering any point in time as a series of steps 

defined by the observed survival and censored times. 

Suppose t1, t2,…, tn be the survival times of n independent observations and t(1) ≤ t(2) ≤ 

…≤ t(m), m≤ n be the m distinct ordered death times. 

The Kaplan-Meier estimator of the survivorship function (or survival probability) at time 

t, S(t) = P(T ≥ t) is defined as: 
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with the convention that 7:(t) = 1 for t < t(1). In equation (3.6), ni is the number of 

individuals who are at risk of dying at time ti, and di is the number of individuals who 

failed (died) at time ti. 

The variance of the KM survival estimator which is also known as the Greenwood’s 

formula is 

              Var;7:	t�<=;7:	t�<2∑ 5>?>	?>�5>�                                                                                                               (3.7) 
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3.3.2.4 Comparison of Survivorship Functions 

After obtaining statistics which provide a description of the overall survival experience, 

the survival and hazard functions, one is expected to proceed with a comparison of the 

survivorship experience of subgroups in the data. These groups might be defined by the 

values of a covariate which are thought to be related to survival times. When comparing 

groups of subjects, it is always preferable to begin with a graphical display of the data in 

each group. In studies of survival time, we should graph the Kaplan-Meier estimator of 

the survival function for each of the groups. That is, plotting the corresponding estimates 

of the two survivor functions on the same axes of Kaplan-Meier estimator. In general, if 

the plot shows the pattern of one survivorship function lying above another, this means 

the group defined by the upper curve lived longer, or had a more favorable survival 

experience than the group defined by the lower curve. But, the statistical question is 

whether the observed difference seen on the plot is significant. This needs to be answered 

using appropriate statistical test (Hosmer and Lemeshow, 1999). 

 

The general form of test statistic that deal with this issue is given as 
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In equation (3.8): 

m is the number of rank-ordered failure (death) times. 

in0  is the number of individuals at risk at observed survival time)(it  in group 0 

in1  is the number of individuals at risk at observed survival time)(it  in group 1 
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id0  is the number of observed deaths in group 0 

id1  is the number of observed deaths in group 1 

in  is the total number of individuals or risk prior to time )(it  

id  is the total number of deaths at time )(it
 

iw is the weight for censor adjustment at failure time )(it . 

The contribution to the test statistic depends on which of the various tests is used, but 

each may be expressed in the form of a ratio of weighted sums over the observed survival 

times. Under the null hypothesis that the two survivorship functions are the same, and 

assuming that the censoring experience is independent of group, and that the total number 

of observed events and the sum of the expected number of events is large, Q follows a 

chi-square distribution with one degree of freedom. We can also use the test based on Q 

above to compare more than two groups. 

The log rank test which is a special case of Q is used in this study. 

 

Log rank test 

The log rank test, sometimes called the Cox-Mantel test, is the most well known and 

widely used test statistic. This test statistic is based on weights equal to one, i.e. iw  = 1. 

Therefore, the log rank test statistic becomes 
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3.3.3 Regression Models for Survival Data 

In most medical studies which give rise to survival data, supplementary information 

referred to as covariates or independent variables needs to be collected on each 

individual, so that the relationship between survival experience of individuals and various 

explanatory variables have to be investigated. 

In the analysis of survival data, interest centers on the risk of hazard of failure at any time 

after the time origin of the study. As a consequence, the hazard function is modeled 

directly in survival analysis. There are two broad reasons to model survival data. One 

objective of the modeling process is to determine which combinations of potential 

explanatory variables affect the form of the hazard function. Another reason for modeling 

the hazard function is to obtain an estimate of the hazard function itself for an individual 

from a set of explanatory variables (Klein and Moeschberger, 1997).  

 

A variety of models and methods have been developed for doing this sort of survival 

analysis using either parametric or semi-parametric approaches. One of the most popular 

types of regression models used in survival analysis is the Cox proportional hazard model 

(Cox, 1972). 

3.3.3.1 The Cox Proportional Hazards Regression Model 

The Cox Proportional Hazard (PH) Model is a multiple regression method and is used to 

evaluate the effect of multiple covariates on the survival. Cox (1972) proposed a semi-

parametric model for the hazard function that allows the addition of covariates, while 

keeping the baseline hazards unspecified and can take only positive values and it is 

defined as 
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                                      ),,( βXth  = Xeth '
0 )( β

,                                                    (3.10) 

where   ),,( βXth hazard function at time t with covariates '
21 ),...,,( pXXXX = ’ '    

             )(0 th is the arbitrary baseline hazard function that characterizes how the hazard   

                         function changes as a function of survival time. 

               
)',...,,( 21 pββββ = is a column vector of p regression parameters associated  

                        with explanatory variables. 

              Xe 'β characterizes how the hazard function changes as a function of subject    

                      covariates.  

                 t is the failure time.  

Each individual has its own hazard function of survival time. Then, the above model 

becomes 

               
)...exp()(),,( 22110 ippiii xxxthxth ββββ +++= , ni ,...,2,1= ,                      (3.11) 

where: n is total number of observations in the study. 

              )',...,,( 21 ipiii xxxx =  is a column vector of measured covariates for the ith  

                individual (patient) which are assumed to affect the survival probability. 

The Cox proportional hazard model is popular because it allows a flexible choice of 

covariates: time varying, time-independent, continuous and discrete. Two other issues 

that makes it popular are that it does not make any assumption about the underlying 

survival distribution and also does not require estimation of the baseline hazard rate, 

)(0 th to estimate the regression parameters.   
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3.3.3.2 Assumption of Cox proportional hazard model 

1. The baseline hazard function )(0 th depends ont , but not on covariates .,...,, 21 pxxx  

2. The hazard ratio, eβ , depends on the covariates )',...,,( 21 pXXXX=
 
not on time. 

3. The covariates iX  are time-independent. 

Because of assumption (2) it is called a proportional hazards model. To show this issue 

mathematically, consider two distinct values of a continuous covariate X, say, 1ix and .2ix  

),,( βXth  = Xeth '
0 )( β  

Then, the hazard ratio becomes 
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                                                                          (3.12)
 

which is clearly independent of time. 

This reveals that the ratio of the hazard functions for two individuals with different 

covariate values does not vary with time.  

3.3.3.3 Estimation of Parameters in proportional hazard model 

The regression coefficients in the proportional hazards Cox model, which are the 

unknown parameters in the model, can be estimated using the method of maximum 

likelihood. 

In Cox proportional hazards model we can estimate the vector of parameters β without 

having any assumptions about the baseline hazard ).(0 th   

 

Consider n independent individuals, the data that we need for the Cox proportional 

hazard model is represented by triplet 
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  ( )iii xt ,,δ ,i = 1,2,..., n, where 

       it is the survival time for i th individual 

       iδ  an indicator of censoring for the i th individual given by 0 for censored and 1 for   

            event/death 

      ix  a vector of covariates for individual i ( )ipii xxx ,...,, 21  

Then, the full maximum likelihood is defined as 

                         
∏

=

=
n

i
iiii xtSxthL i

1

),,(),,()( βββ δ

                                                      (3.13)     
 

where   ix
iii ethxth '

0 )(),,( ββ = is the hazard function for individual i 

             )'exp())((),,( 0 iiii xtSxtS ββ =  is the survival function for individual i. 

Then, the full maximum likelihood becomes 

                 
)'())(())'exp()(()(

1
00 i

n

i
iii xxpetSxthL i βββ δ∏

=

=                                          (3.14) 

Full maximum likelihood requires that we maximize (3.14) with respect to the unknown 

parameter of interest, β, and unspecified baseline hazard and survival functions. This 

indicates that unless we explicitly specify the baseline hazard, )(0 th  we cannot obtain the 

maximum likelihood estimators for the full likelihood. But, Cox (1972) proposed using 

an expression he called “partial likelihood function” that depends only on the parameter 

of interest.  
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3.3.3.4 Partial likelihood 

Suppose m failures occur out of n subjects with m ≤ n. Suppose that (1) (2) ( )... mt t t≤ ≤ ≤  are 

the m distinct ordered failure times observed, and let Ri be the set of subjects at risk prior 

to time )(it . Assume that there is only a single failure at time it , i.e. no ties. Then 

P (individual i has experienced an event at time )(it  | one event at time )(it ) 

=
∑

)(

),(
),(

itRj
j
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ε
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                                                  (3.15) 

When that there are no tied times assumed, the partial likelihood is defined over all 

failure time )(it that  i= 1,2,..,m and given as 
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where the product is over m distinct ordered failure times and )( ix  denotes the value of 

the covariate for the subject with ordered survival time)(it . The log partial likelihood 

function is 
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We obtain the maximum partial likelihood estimator by differentiating the right hand side 

of (3.17) with respect to the component of β, setting the derivative equal to zero and 

solving for the unknown parameters. However, this partial likelihood function methods 

are based on the assumption that there are no tied values among the observed survival 

times. But, in most real situations tied survival times are more likely to occur. In addition 
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to the possibility of more than one death at a time, there might also be more than one 

censored observations at a time of death.  

A number of approaches to handle tied data have been suggested and, of these, three are 

used by software packages: an exact expression that is derived in Kalbfleisch and 

Prentice (1980) and approximations due to Breslow (1974) and Efron (1977).  However, 

approximations derived by Breslow (1974) and Efron (1977) are designed to provide 

expressions that are more easily computed than the exact partial likelihood, yet that still 

account for the fact that ties are among the observed values of survival time. In many 

applied settings there is little or no practical difference between the estimators obtained 

from the two approximations. Because of this, and since the Breslow approximation is 

more commonly available and popular it is used mostly (Hosmer and Lemeshow, 1999). 

 

The Breslow approximation 

This approximation is proposed by Breslow and Peto to modify the partial likelihood and 

has the form 
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where  id  the number of deaths occurred at time it  

             is the sum of covariates over id  subjects at time it  

Then, the partial log of (3.18) is given as 
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Breslow maximum partial likelihood estimator, adjusted for tied observation is obtained, 

by differentiating equation (3.19) with respect to the components of β and setting the 

derivative equal to zero and solving for the unknown parameters. 

3.3.4 Model development 

In any applied setting, performing a proportional hazard regression analysis of survival 

data requires a number of critical decisions. It is likely that we will have data on more 

covariates than we can reasonably expect to include in the model, so we must decide on a 

method to select a subset of the total number of covariates. When selecting a subset of the 

covariates, we must consider such issues as clinical importance and statistical 

significance Hosmer and Lemeshow, 1999). 

 

 Selection of covariates 

The methods available to select a subset of covariates to include in a proportional hazards 

regression model are essentially the same as those used in any other regression model. 

There are three methods of selection of influential covariates. These are purposeful 

selection, stepwise selection (forward selection and backward elimination) and best 

subset selection. Survival analysis using Cox regression method begins with a thorough 

univariable analysis of the association between survival time and all important covariates 

(Hosmer and Lemeshow, 1999). 

 
Recommendable procedure in selecting variables in the study 
 
 Hosmer and Lemeshow (1999) and Collett (2003) recommended the following 

procedure in variable selection. 
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1. Include all variables that are significant in the univariable analysis at the 25 percent         

level and also any other variables which are presumed to be clinically important to fit   

the initial multivariable model. 

2.  The variables that appear to be important from step 1 are then fitted together in a 

multivariable model. In the presence of certain variables others may cease to be 

important. Consequently, backward elimination is used to omit non-significant 

variables from the model. Once a variable has been dropped, the effect of omitting 

each of the remaining variables in turn should be examined. 

3.  Variables, that were not important on their own, and so were not under consideration 

in step 2, may become important in the presence of others. These variables are 

therefore added to the model from step 2, with forward selection method. This 

process may result in terms in the model determined at step 2 ceasing to be 

significant. 

4. A final check is made to ensure that neither significant variable is eliminated from       

the model nor non-significant variable is included in the model. At this stage the 

interactions between any of the main effects currently in the model can be considered 

for inclusion if the inclusion significantly modifies the model. 

3.3.5 Model diagnostics for Cox PH model 

Model-based inferences depend completely on the fitted statistical model. For these 

inferences to be valid in any sense of the word, the fitted model must provide an adequate 

summary of the data upon which it is based. The methods for assessment of a fitted 

proportional hazards model are essentially the same as for other regression models 

(Hosmer and Lemeshow, 1999).  
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Residuals are used to investigate the lack of fit of a model and useful for examining 

different aspects of the model. The following residuals have been proposed for use by 

different authors in connection with the Cox regression model.  

Martingale residuals: It is a slight modification of the Cox-Snell residuals and is defined 

as iii rM −= δˆ  where, iδ is the censoring indicator and ir is Cox-Snell residual for thi

individual given as )(ˆln)(ˆ tStHr iii −== , where )(ˆ tH i and )(ˆ tSi are the estimated values 

of the cumulative hazard and survivor functions of the thi  individual at time t. 

The martingale residuals have the property that ∑
=

n

i
iM

1

ˆ =0. They are uncorrelated and with 

expected value zero in large samples. In this respect they have properties similar to those 

possessed by residuals encountered in linear regression analysis (Collett, 2003).  

Schoenfeld residuals: This overcomes the problem that the above three residuals depend 

heavily on observed survival time and cumulative hazard function. They are computed 

for each individual and covariate. It follows that, the Schoenfeld residual for the thi

individual and thk covariate is defined as: 
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                                                                          (3.21)

 

where, jX is a vector of p fixed covariates for the thj individual, jkX is the value of thk

covariate on the thj individual. 

Because of that, Schoenfeld residuals are defined only for the uncensored observations in 

which case 
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β
 and for each covariate it must sum to zero. In addition, 

they are uncorrelated and with expected value zero (Schoenfeld, 1982). 

Most of the model diagnostics in survival data are based on the residuals stated above.  

The following are model diagnostics that are required to assess the model adequacy in 

this study. 

3.3.5.1 Testing for the Nonlinearity of covariates 

After identifying a particular set of explanatory variables on which the hazard function 

depends, it is desirable to check that the correct functional form has been adopted for the 

continuous covariates. The Martingale residuals can be plotted against covariates to 

detect nonlinearity.  Nonlinearity is not an issue for categorical variables, so we only 

examine plots of martingale residuals against continuous covariate. LOESS smoothed 

curve can be superimposed on the scatter plots to give interpretation. If the functional 

form observed in using the plots has some pattern, which is non linear, the covariate can 

be so transformed and the martingale residuals again should be plotted against the 

transformed covariate. A horizontal straight line which is drawn as a reference through 

zero would then confirm that the appropriate transformation has been used to the 

covariate. In addition, if the resulting smooth plot is a straight line compared to the 

reference line, then it shows linearity (Collett, 2003). 

3.3.5.2 Examining influential observations 

Another important aspect of model evaluation is through diagnostic statistics in order to 

identify which subjects have an unusual configuration of covariates or observations that 
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have influence on the estimates of the parameters or on the fit of the model. In other 

words a fitted model is particularly sensitive to one or more observations in the data set. 

Such observations can be termed as influential observations. Conclusions from survival 

analyses are often framed in terms of estimates of the relative hazard, which depends on 

the estimated values of the coefficients in the Cox regression model. Thus, it is desirable 

to examine the influence of each observation on these estimates. The interest is about 

observations that influence estimate of hazard functions and the complete estimate of the 

model and identifications of these observations. This could be done by fitting the model 

to all n  observations in the data set, and then fitting the same model to the sets of 1−n  

observations obtained by omitting each of the n  observations in turn. The interest is to 

determine if the result would change when a particular observation is removed from the 

analysis (Collett, 2003).  

Suppose that )(βpl  is log partial likelihood and jβ̂ is the corresponding thj parameter 

estimate of the model containing all the n observations and  )( ipl −β  be the log partial 

likelihood and )(
ˆ

ij −β is the thj parameter estimate of the model containing only the 1−n

observations after deleting the thi  observation, respectively. Then, the statistic

)(
ˆˆˆ

ijjji −−=∆ βββ , which is known as DFBETA, can be used as a measure of how the thj

parameter estimate would change if the thi  observation was deleted from the data set. On 

the other hand, the statistic, LDi= )(2)(2 ipp ll −− ββ , which is called the likelihood 

displacement statistic, can be used as a measure of how the maximized partial log 

likelihood changes if the thi observation was deleted from the data set. Observations that 

influence a particular parameter estimate have a large absolute value of DFBETA than 
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other observations in the data set. Observations that do influence the overall fit of the 

model are those which have large values of likelihood displacement statistics than the 

other observations in the data set (Collett, 2003).  

3.3.5.3 Checking Cox Proportional Hazard Assumption 

In order to use the Cox model, it has to be checked that the assumption of whether the 

effects of covariates on hazard ratio remain constant over time. This is a vital assumption 

of proportional hazards model and must be assessed for each covariate. Several 

procedures of graphical techniques and tests are proposed to investigate the 

proportionality assumptions in fitting the Cox model (Cox, 1972). The Schoenfeld 

residuals are employed to assess this assumption. 

The Schoenfeld residuals graphical technique can be used to assess Cox model 

proportionality assumption. The technique is based on individual contributions to the log-

partial likelihood and measures the difference between the covariate for the thi individual 

and a weighted average of the covariate over the risk set at each event. To check the 

proportionality assumption for each covariate, we plot the scaled Schoenfeld residuals 

against log of survival time. If the proportional hazards assumption is satisfied, the 

distribution of residuals over time is random, that is, does not show a particular trend, and 

the smoothed plot called Locally Weighted polynomial regression (Lowess) line 

summarizing the residuals should be a straight line and close to the horizontal reference 

line. Otherwise, a plot of scaled Schoenfeld residuals for a given covariate may reveal a 

violation of the proportional hazards assumption (Schoenfeld, 1982). 

Formal tests need to detect any time dependency in particular covariates, after allowing 

for the effects of explanatory variables that are known. Testing the dependency of 
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covariates on time is equivalent to testing for a non-zero slope in a generalized linear 

regression of the scaled Schoenfeld residuals on functions of time. A non-zero slope is an 

indication of a violation of the proportional hazard assumption.  The Grambsch-Therneau 

test of non-proportionality uses partial residuals for the test of proportional hazards 

assumption. In order to use this test for the thi  covariate, Grambsch and Therneau (1994) 

propose a time-varying coefficient as 

       )()( tgt iiii γββ +=                                                                                            (3.22) 

where )(tiβ  is time varying coefficient, iβ  is constant, and )(tgi  is some specified 

function of time, usually )(tgi = )ln(t ; 

Then, the Cox proportional hazard model for time varying coefficient 

with )(tgi = )ln(t is defined as 

))(exp()())(,,( 0 xtthtxth iii ββ = , by substituting for )(tiβ and )(tgi becomes 

                     = xtth ii )lnexp()(0 γβ +  

                     = ).)(lnexp()(0 xtxth ii γβ +                                                                    (3.23) 

Equation (3.23) is the proportional hazards model with the interaction term, )ln(tx  and 

main effect ix . To test the significance of the interaction term )ln(tx , we perform the test: 

0:0 =γH  versus  0:1 ≠γH  and we use likelihood-based tests like Wald test. If γ = 0 is 

not rejected, si 'β  are not time varying coefficients and hence the proportional hazards 

assumption is satisfied. If γ = 0 is rejected then the proportional hazards assumption is not 

satisfied, that leads to the need of other methods that cope with time-dependency 

(Schoenfeld, 1982). 
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                             CHAPTER FOUR 

            4. STATISTICAL DATA ANALYSIS AND DISCUSSION 

4.1 Introduction 

In this section we present results of data analysis, discussion and interpretation. The first 

part presents summary statistics of factors considered in this study. The second part 

compares the survival time in different groups. Descriptive survival analysis is 

investigated in comparing the survival time in different groups. The third part is about 

fitting the model. Then, the adequacy of the model is investigated. Finally, the results are 

discussed and interpreted. The statistical packages SPSS, SAS and STATA are employed 

to analyze the data. 

4.2 Summary Statistics 

The table below shows summary of demographic and health factors.  

Table 4.1: Demographic and health factors of categorical covariates by HIV/TB co-
infection under ART in Ambo hospital. 

Demographic and Health 
factors 
  

Status of censoring or event 

Total Death 
Censore
d 

 
 

Event/Death  
Percentage 

Sex 
  

Female 248 41  207  16.5 
Male 253 38  215  15.0 

Marital status 
  

Never Married 97 20  77  20.6 
Married 291 39  252  13.4 
Others 113 20  93  17.7 

 
Level of Education 
  

No Education 144 21  123  14.6 
Primary 216 35  181  16.2 
Secondary or above 141 23  118  16.3 

Substance use 
 (Tobacco, Alcohol) 

NO 306 46  260  15.0 
YES 195 33  162  16.9 

Type(site) of TB 
  

Extra-Pulmonary 181 17  164  9.4 
Pulmonary 320 62  258  19.4 

Functional Status Ambulatory 120 27  93  22.5 
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Bedridden 44 19  25  43.2 
Working 337 33  304  9.8 

WHO clinical stage Stage I or II 99 5  94  5.1 
Stage III 307 49  258  16.0 
Stage IV 95 25  70  26.3 

Regimen type 
  

 AZT- based 215 30  185  14.0 
 D4T- based 286 49  237  17.1 

 

Table 4.2 shows the summary statistics of continuous variables considered in this study. 

 Table 4.2: Summary statistics of continuous variables included in the study 

Patient 
Status   

Continuous 
Variables  

Mean Standard 
deviation 

Min. Max. Median   1Q  3Q  

 
Censored 

Time 32.53 20.03 1 78.66 31.89 15.37 46.51 

Age 33.05 9.08 17 78 31 27 38 

Weight 49.44 8.28 15 78 49 44 55 

CD4 178.54 125.13 6 699 159 80 244.75 
         
 
Event/Death 

Time 12.60 14.26 0.9 67.83 7.03 4.86 14.56 

Age 31.44 7.57 19 57 30 26 35 

Weight 40.28 11.6 16 64 42 30.5 49 

CD4 84.47 72.65 2 514 69 40 106 
         
Overall  Time 29.38 20.55 0.9 78.66 27.7 9.56 44.6 

Age 32.79 8.87 17 78 31 27 38 

Weight 47.99 9.48 15 78 48 42.5 54 

CD4 163.71 123.22 2 699 137 65 226 

 
 

4.3 Descriptive survival analysis 

The patients were followed up for a median period of 27.7 months. The minimum follow- 

up time was 0.9 month and the maximum was 78.66 months. 79 subjects (15.8%) died 

during the follow up time, of which 5 (6.3%), 31 (39.2%) and 49 (62%) deaths occurred 

within two months, six months and nine months of TB treatment initiation, respectively. 

Next, we investigate whether the observed differences in data summary among different 
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factors are statistically significant or not with the help of Kaplan-Meier survival estimates 

and the log-rank test. The following graph of the estimate of overall Kaplan-Meier 

survivor function reveals that most of the deaths occurred in the earlier months of TB 

treatment initiation.  

                                              

Figure 4.1: The plot of the overall estimate of Kaplan-Meier survivor                      
function of HIV/TB co-infected patients under ART in Ambo hospital. 
 
The Kaplan-Meier estimator survival curve gives the estimate of survivor function among 

different strata or groups of a covariates to make comparisons. Separate graphs of the 

estimates of the Kaplan-Meier survivor functions are constructed for different categorical 

covariates.  In general, the pattern that one survivorship function lying above another 

means the group defined by the upper curve has a better survival than the group defined 

by the lower curve. From the graph for WHO clinical stage, functional status and TB type 

(Figures 4.2 a, b, c), there are clear differences among the various groups. However, the 

differences is not clear among sex, marital status, level of education, substance use and 

regimen type. For detail see Appendix D (Fig a-h). 
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a)                                                                    b) 
 

 
Fig. 4.2: The plot of the estimate of Kaplan-Meier survivor function of 

HIV/TB co-infected patients under ART in Ambo hospital a) functional status and 
b) WHO clinical stage. 
Figure 4.2a shows that patients with working functional status have better survival than 

both ambulatory and bedridden; the ambulatory survive longer than the bedridden. Poor 

survival among bedridden patients is recognized at the beginning. Unlike bedridden 

patients, ambulatory patients show improvement after TB treatment is completed.  Figure 

4.2b shows that patients with WHO clinical stage of IV have the worst survival 

experience; where stages I and II have better survival compared to III.  

                         c) 

                               

 Fig. 4.2: The plot of the estimate of Kaplan-Meier survivor function of 
HIV/TB co-infected patients under ART in Ambo hospital c) TB site 
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Patients with Extra-pulmonary TB have better survival than those with Pulmonary TB.  

 

To explore whether there are significant differences among different groups of 

categorical predictors we employ the log-rank statistical test. The null hypothesis being 

tested is that there is no difference between the survival curves. 

Table 4.3:  Results of the Log-rank test for the categorical variables of 
HIV/TB co-infected patients under ART in  Ambo hospital. 
 

                                  Test of Equality over Strata 

        
Covariates 

 
Chi-Square 

 
DF 

  
Pr >Chi-Square 

Sex 1.1306 1  0.2876 
Marital 4.3399 2  0.1142 

Education 0.3914 2  0.8223 
Substance 0.4633 1  0.4961 
TB type 14.7560 1  0.0001 
Functional 86.2667 2  <.0001 
WHO 19.0185 2  <.0001 
Regimen 1.5249 1  0.2169 

 

The log-rank test indicates that statistically there is a significant difference of survival 

experience among groups of TB type (site), Functional status and WHO clinical stage. 

On the other hand, there are statistically no significant difference in survival/death 

experiencing among groups of the remaining categorical covariates sex, marital status, 

education, substance, and regimen.  

4.4 Results of the Cox proportional hazards model 

In statistical modeling, when the number of variables is relatively large, it can be 

computationally expensive to fit all possible models. Thus, one of the options is fitting a 
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multivariable model containing the variables that are significant at a modest level of 

significance in a univariable analysis. This is done in order to identify statistically 

significantly factors that influence the survival/death of HIV/TB co-infected patients 

using a multivariate Cox proportional hazard model.  

The model will be constructed by first identifying factors which are significant at p-value 

0.25 in univariate Cox proportional hazard analysis. Wald chi-square test is used to test 

the significance. Accordingly, Table 4.4 is the summary of univariate analysis is used to 

select potential predictors for further analysis.  

Table 4.4: Results of the univariable proportional hazards Cox regression model of 
HIV/TB co-infected patients under ART in Ambo hospital. 

                   Analysis of Maximum Likelihood Estimates  

  Covariates D
F 

β̂  )ˆ(. βes  Chi- 
Square 

-2LL Pr>  
ChiSq 

CDE  
     

Lik. Rat. 
Sig 

Score 
sig 

Sex 1 0.239 0.22549 1.124 924.77 0.2899 1.270 0.2888    0.2878 

Age 1 -0.023 0.01391 2.643 923.06 
 

0.1040 0.978     0.0921 0.1038 

Weight 1 -0.121 0.01294 88.019 839.21 <.0001 0.886 <.0001 <.0001 
Marital 2   4.249 921.81 0.1194  0.1299 0.1143 
Marital  Married 1 -0.558 0.27530 4.103  0.0428 0.573 0.8200 0.8223 
 Marital  Others 1 -0.269 0.31652 0.726  0.3942 0.764 0.4986 0.4962 

Education 2   0.390 925.49 0.8227  0.8200 0.8223 
Education  
Primary 

1  0.130 0.27617 0.223  0.6368 1.139   

Education 
Secondary  
or above 

1   0.184 0.30315 0.367  0.5448 1.202   

Substance 1  -0.155 0.22817 0.462 925.45 0.4966 0.856 0.4986 0.4962 
TB Site 1  1.019 0.27621 13.598 909.89 0.0002 2.769 <.0001 <.0001 

Functional 2   63.410 869.86 <.0001  <.0001 <.0001 
Functional  
Ambulatory 

1  1.257 0.26657 22.239  <.0001 3.515   

Functional   
Bedridden 

1  2.358 0.30082 61.449  <.0001 10.57
1 
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Consequently, the most important subset of these predictors to be included in the 

multivariable model will be selected based on their contribution to the maximized log 

partial likelihood of the model (-2LL). The summary above reveals that the highest 

reduction in )ˆ(2 βLL− is observed for weight that reduced the value for the null/empty 

model, from 925.893 to 839.214, the difference is 86.679 and it is statistically significant 

(p-value <0.0001). The next highest change is obtained for CD4 of 68.99 followed by 

functional status 56.037.  

 

Proceeding in this manner covariates will be eliminated in order of the magnitude in 

which they increase the )ˆ(2 βLL− . Thus, using the Wald chi-square test, the  predictors 

that are found to be significant, and will be considered for the next multivariable analysis  

at p-value 0.25 are Age, Baseline weight, marital status, TB type, Functional status, 

WHO clinical stage, baseline CD4 and regimen type. Furthermore it looks that weight, 

TB site, functional status, WHO clinical stage and CD4 count have strong associations 

with survival/death of PLWHIV co-infected with TB at p-value less than 0.05.  Since 

keeping the covariates sex, education and substance in the model does not bring 

significant changes in the value of )ˆ(2 βLL− , these variables become the first to be 

removed from the multivariable model.  We proceed fitting the initial multiple Cox 

WHO 2   16.018 904.54 <.0003  <.0001 <.0001 
WHO  III 1  1.365 0.46975 8.439  0.0037 3.914   
WHO  IV 1  1.906 0.49055 15.098  .0001 6.727   
CD4 1 -0.011 0.00174 42.722 856.99 <.0001 0.989 <.0001 <.0001 
Regimen 1 -0.286 0.23238 1.514 924.35 0.2186 0.751 0.2140 0.2170 
                      The value of -2LL for the null model is 925.893  
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proportional model by including the eight covariates that are significant at univariate 

analysis. Then, another multivariable Cox proportional regression will be fitted by 

eliminating those covariates that are not significant at 0.05 significance level. 

Accordingly, from the total of eight covariates, the prescribed ART regimen (p-value < 

0.7618) is eliminated from the model. Following the same procedure age and marital 

status are not significant at p-values of 0.3934 and 0.1232, respectively. Hence, at this 

point we have a multivariate model which includes the five covariates weight, TB type, 

Functional status, WHO clinical stage and CD4. These covariates are significant at 5% 

significance level [see Appendix A Tables: 1-4]. 

 

The next step is assessing the importance of the variables which were not found to be 

significant in the univariable analysis as predictors or useful confounder of survival 

experience of patients and their effects. In addition, the effect of those variables not 

significant in multivariable analysis is also investigated. These variables are added one at 

a time in the model containing the five variables significant at 5% significance level. 

Then, the significance of their improvement on )ˆ(2 βLL−   is dealt with. The result of the 

analysis reveals that, none of those variables were found to be significant and therefore 

they cannot be retained in the model. Thus, variables that were neither significant at 

univariable analysis nor at multivariable analysis are not confounders of the main factors 

in the preliminary model [see Appendix B, Tables: 1-6]. 

The final step in model development strategy is consideration of interaction terms that 

may be useful in the improvement of the model. All possible interactions of the variables 

of the preliminary multivariate model are formed to see if the interaction effects can 
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increase or decrease the survival time of TB patients. The Wald test is used to assess the 

significance of reasonable and possible interactions. The null hypothesis to be tested is 

that the model with only main effect fits the model equally well as the model having the 

main effects and their interactions as predictors. The decision for rejection of null 

hypothesis is reached if 22LL− - )2( 1LL− > 2χ (α =0.05) = 3.84. Thus, the interaction of 

each variable is assessed. Accordingly, none of the variables significantly interact with 

the other variables [see Appendix B, Table: 7]. Therefore, the final model will be the one 

which contains only the main effects given in Table 4.5 

Table 4.5: Estimated values of the coefficients, hazard ratios, 95% CI for the hazard 
ratio and P-values of the explanatory variables on fitting the proportional hazards 
model to the data from HIV/TB coinfection patients under ART in Ambo hospital. 

                                
                                        Analysis of Maximum Likelihood Estimates 
 

  

 
Covariates 

    
DF 

 

β̂  

 

)ˆ(. βes
 

Chi-
Square 

Pr> 
ChiSq 

Estimated 
Hazard Ratio  

95% CI for  
Hazard Ratio 

Weight 1 -0.08927 0.01318 45.8943 <.0001 0.915 0.891 0.939 
TB type  PT 1 0.84590 0.28778 8.6400 0.0033 2.330 1.326 4.096 
Ref. 
group(extra-
pulmonary) 

        

Functional 2   9.6562 0.0080    

Ambulatory 1 0.72137 0.27913 6.6787 0.0098 2.057 1.190 3.555 
Bedridden 1 0.88486 0.32360 7.4772 0.0062 2.423 1.285 4.568 
Ref. 
group(working) 

        

WHO 2   9.1172 0.0105    
WHO   III 1 1.07090 0.47767 5.0263 0.0250 2.918 1.144 7.442 

WHO   IV 1 1.48525 0.50314 8.7141 0.0032 4.416 1.647 11.839 
Ref. 
group(WHOI/II) 

        

CD4 1 -0.00838 0.00175 22.9328 <.0001 0.992 0.988 0.995 
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4.5 Model Diagnostics 

The goal of statistical model development is to obtain which best describes the “middle” 

of the data. Having identified the final preliminary model the next step and most 

important in statistical analysis is to diagnose the fit of the model. As in the case for a 

linear or generalized, it is desirable to determine whether a fitted Cox regression model 

adequately describes the data. In this study, three kinds of diagnostics that are, violation 

of the assumption of proportional hazards, effect of influential observations and 

nonlinearity in the relationship between the log hazard and the covariates are assessed.  

 

 4.5.1 Assessment of the proportional hazards assumption 

One of the key assumptions of the Cox proportional hazard model is proportionality of 

hazards. The proportional hazards assumption, which asserts that the hazard ratios are 

constant overtime, is vital to the interpretation and use of a fitted proportional hazards 

model. That means, the risk of failure must be the same no matter how long subjects have 

been followed. In order to test this assumption, the extended Cox model is employed and 

a graphical display is used to substantiate the same. Thus, in this study, using a test based 

on the interaction of the covariates with the log of time and also using the plot of the 

scaled Schoenfeld residuals the assumption are used to see if the assumption of 

proportionality is violated or not.  

Therefore, one of the statistical tests for proportional hazards assumption is to generate 

time varying covariates by creating interactions of the predictors and a function of 

survival times, usually covariate times log of time, and including these in the model. If 

any of the time dependent covariates are significant then those predictors do not show a 
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proportional effect over the study period. That is the proportional hazard assumption fails 

to hold. The result of the test is given in Appendix C (Table 1). The table shows that the 

Wald chi-square value and corresponding p-values for each covariate. Since the p-value 

of the Wald test is greater than 0.05 for all covariates, there no evidence against the 

proportionality of hazard assumption.   

In addition, the assumption of proportionality was also assessed graphically by plotting 

the scaled Schoenfeld residuals of each covariate against log time. All interactions of 

covariates with the logarithm of survival times are modeled together with the main 

effects; and Wald statistic is used to test the significance of the interaction terms at 5% 

level of significance. The result of the test indicates that none of the coefficients of 

interaction terms are significant at 5% level (i.e. higher p-value) (Appendix D: Table1).  

The result reveals the non-significance of time-dependent covariates. On the other hand, 

there are no covariates which show a trend/pattern with the time that indicates the hazard 

ratios will be constant over the study time. This shows that there is no sufficient evidence 

to reject the null hypothesis that the coefficients of the time varying covariates 

(interaction terms) are zero. This suggests that there is no enough evidence against 

proportionality assumption to hold.  

Furthermore, plotting the scaled Schoenfeld residuals of each covariate against log time 

will be used to check whether the assumption of proportional hazards is violated or not. 

Clearly, a close look of this plot indicates that the residuals are random and LOESS curve 

are smooth and horizontal with zero slope. This also suggests that the plots support 

proportionality assumption to hold [see Appendix D, Fig: a-g]. 
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4.5.2 Assessment of Influential Observations 

The next step we follow in evaluation of regression diagnostic is to see if there are any 

observations that have undue influence on the estimates of the Cox regression 

parameters, or have an unexpected influence on the fit of the model. The DFBETA 

statistic for measuring the influence of the thi  observation is defined as the one-step 

approximation to the difference in the MLE of the regression parameter vector with thi

and the MLE of the regression parameter vector without the thi  observation. As a result, 

the first five largest changes in parameter estimates are shown in Table 2 of Appendix C.  

 

4.5.3 Assessment of linearity of covariates in the model 

In the process of model development, it is relevant to check whether the correct 

functional form of the continuous covariate holds in the model proposed to describe the 

data. A number of techniques are available, which are designed to determine whether the 

data support the hypothesis that the effect of the covariate is linear in the log hazard. As a 

result in this study graphical technique of the plots of the martingale residuals are used to 

assess the linearity of relation of continuous covariate in which the correct functional 

form is understood. Thus, the plot of the two continuous variables in the model, weight 

and CD4 is given in Figure 4.3(a, b).   
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 a)                                                                        b)                                                                               

  

Figure 4.4: Plots of Martingale residuals for the continuous covariates (a) Baseline 

weight and (b) Baseline CD4 count                                                                                            

The figures show the plot of martingale residuals versus each covariate. For both of the 

covariates, baseline weight and CD4, the plots do not show systematic patterns or trend 

and the resulting smoothed plots (LOESS) are approximately horizontal straight lines. 

Therefore the plots of martingale residual confirm that initial weight and CD4 of a patient 

have an approximate linear relationship with the survival time. 

 

At this point we can conclude that the model containing covariates Baseline weight, TB 

type, functional status, WHO clinical stage and baseline CD4 is an appropriate model to 

describe the data, since it has passed all tests of fitting model. In addition, results of the 

likelihood ratio, score and Wald tests for model goodness of fit displayed in Table 4 of 

Appendix A, Table 4 suggest that the model is good fit (i.e. significant at 5% level of 

significance). In general, the covariates of the model with respective property are given in 

Table 4.5 above. 
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4.6 Interpretation and discussion of the results 

4.6.1 Interpretation of the results 

The interpretation of the result from the fitted final model is based on the hazard ratios. 

The coefficient of the categorical covariates is interpreted as the logarithm of the ratio of 

the hazard of death to the baseline (reference group) hazard. That is, they are interpreted 

by comparing the reference group with others. Similarly, the coefficient for a continuous 

explanatory variable indicates the estimated change in the logarithm of the hazard ratio 

for a unit increase in the value of the respective covariate when the remaining covariates 

in the model are under control. Accordingly, the interpretation of the covariates included 

in the Cox proportional hazard model of HIV/TB co-infected patients in the case of 

Ambo hospital is as follows. 

 

Suppose we take an increment of weight by kg to make comparisons. Then, the estimated 

hazard ratio for a five kg increase in initial weight will be 0.64 =exp (5*-0.08927). This 

means then the risk of death is 36% lower for a patient whose weight is 5kg higher than 

another patient controlling for other covariates.  

The covariate CD4 is statistically significant influence on the survival of the patients.  

The associated estimated hazard ratio, CDE , is 0.992 [95% CI: 0.988-0.995, p<0.0001]. 

For appropriateness of interpretation we take the estimated hazard ratio for a 50 

cells/mm3 increase in the baseline CD4 cell count which is 0.657=exp (-0.00838*50) 

showing that patients whose CD4 cell count is higher by 50cells/mm3 die at lower hazard 

rate of 34.3% controlling for other variables in the model .  
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TB site or location has a significant impact on survival/death status of patients in which 

estimated hazard ratio of pulmonary TB in comparison to the extra-pulmonary TB is CDE , 
2.33 [95%CI: 1.326 - 4.096, p=0.0033]. The result reveals that the rate of dying among 

patients with pulmonary TB is 2.33 times higher than with extra-pulmonary TB patients 

controlling for other variables in the model.  

 

Patients with ambulatory and bedridden functional status have CDE =2.057 [95% CI: 

1.190-3.555, p=0.0098] and CDE  = 2.423 [95% CI: 1.285-4.568, p=0.0062] respectively. 

These results reveal that the risk of death in ambulatory and bedridden patients are 2 

times and 2.4 times higher than that of patients with working functional status. On the 

other hand, patients with bedridden status in comparison to ambulatory have 

CDE =1.18=exp (0.88486-0.72137). This result indicates that patients with bedridden are 

18% more likely to die than those with ambulatory functional status controlling for other 

variables in the model. 

 

For patients in WHO stages III and IV CDE = 2.918 [95% CI: 1.144-7.442] and 

CDE =4.416 [95% CI: 1.647-11.839] in comparison to that of stage I and II controlling for 

other variables in the model. This indicates that the hazard of death is almost 3 times 

higher in stage III and 4.4 times higher in stage IV as compared with stage I and II.  On 

the other hand, the estimated hazard ratio of stage IV compared to stage III is 1.51 =exp 

(1.48525-1.07090). This suggests, patients in stage IV are 51% more likely to die than 

patients in stage III.   
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4.6.2 Discussion of the results 

The study by Mukadi et al.( 2001) and WHO report ( 2005) reveal that the proportion of 

HIV-infected TB patients who die during TB treatment in sub-Saharan African countries 

is estimated to be between 6% and 39%. The current study found that initial weight, 

baseline CD4, TB site or location, functional status and WHO clinical stage are 

significant predictors of survival/death of HIV/TB co-infected patients under ART. 

 

The impact of CD4 cell count on survival rate has been assessed by several studies 

indicating that the depletion of CD4 cell count is associated with high risk of death. 

Dembele et al ( 2010) conducted in Ouagadougou, Burkina Faso a retrospective cohort 

study that shows CD4+ T-cell count < 50 cells/mm3 at HAART initiation were 

independently associated with a two-fold higher risk of TB. A study conducted in 

southwest Ethiopia by Mohammed et al (2011) indicates that a CD4 lymphocyte count 

less than 200 cells/mm3 (OR=9.8, 95% CI: 5.5, 17.5) was associated with the 

development of active tuberculosis in people living with HIV/AIDS.  Another study 

conducted in South Africa by Badri et al (2001) suggests that CD4+ T-lymphocyte count 

≤200 cells/mm3 was associated with progression of AIDS. A study conducted in 

Barcelona, Spain by Catala et al (2011) reveals that survival was worse among patients 

with <200/mm3 CD4 cells (HR 1.8, 95%CI 1.2-2.7). The study by Maruza et al (2012) 

conducted in Brazil indicate CD4<200/mm3 is a risk factor of death of HIV/TB co-

infected patients. The finding of the current study also agrees with the above sited 

findings with the estimated hazard ratio CDE , 0.992 [95% CI: 0.988-0.995, p<0.0001].  
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A retrospective study conducted by (Tarekegn, 2011) in Hawassa University referral 

hospital, Ethiopia, shows being bedridden functional status is one of risk factors of TB 

that shortens the survival by progressing the HIV infection among PLWHIV. The current  

study indicates being ambulatory and bedridden functional status are significantly affect 

the survival of HIV/TB co-infected patients with CDE =2.057 [95% CI: 1.190-3.555, 

p=0.0098] and CDE  = 2.423 [95% CI: 1.285-4.568, p=0.0062] respectively. 

 

A study by Dembele et al (2010) suggested that WHO clinical Stages III and IV have 

significant impact on the survival by increasing the incidence of TB among PLWHIV. 

Mohammed et al (2011) show that WHO clinical stage has significant influence on the 

risk of mortality associated with TB in PLWHIV. Zubairu and Musa (2009) also 

indicated that WHO clinical stage is a risk  factor of HIV/TB co-infection. The current 

study shows that the advanced WHO clinical stage III and IV are the risk factors of 

mortality among HIV/TB co-infected patients with estimated hazard ratio CDE = 2.918 

[95% CI: 1.144-7.442] and CDE =4.416 [95% CI: 1.647-11.839] respectively.  

 

In Mohammed et al (2011) initial weight is reported as a risk factor of TB activation 

among PLWHIV. A study by Mashimbye (2010) conducted in South Africa suggested 

that initial weight is predicts the mortality of HIV/TB co-infection. The current study also 

identifies initial weight as a risk factor with estimated hazard ratio CDE  = 0.915 [95% CI: 

0.891-0.939].  
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Several studies show pulmonary TB more occur in PLWHIV than extra pulmonary TB. 

Zubairu and Musa (2009) show that among HIV co-infected patients pulmonary TB is 

more serious than extra-pulmonary as a cause of death. A study conducted in Dar es 

Salaam, Tanzania by Kamenju and  Aboud (2011) suggested that, out of the total 300 TB 

patients tested for HIV, in which 175 (58.3%) were HIV-infected overall 104 of the TB 

patients that were admitted died. About two thirds of patients who died had Pulmonary 

TB in which a significantly higher proportion of deaths occurred  among HIV-infected 

TB patients (29.1% versus 15.2%) than in the HIV uninfected TB patients (P=0.005). 

The study by Bhagyabati et al (2005) in Manipur, India suggested that site of TB is a risk 

factor of vulnerability of the HIV infected persons to TB. The current study also 

identified site of TB and Pulmonary TB significantly affect the survival of HIV/TB co-

infected patients with estimated hazard ratio CDE , 2.33 [95%CI: 1.326-4.096, p=0.0033]. 
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                                         CHAPTER FIVE 

        5. CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

In this study, the survival/ death status of HIV/TB co-infected patients who received TB 

treatment at Ambo hospital from September 1st 2006 to August 31st 2011has been 

studied. The Kaplan-Meier method is used to estimate the survival time of patients after 

commencement of TB treatment. The mortality rate was very high in the earlier months 

of TB treatment initiation and stabilized in later stages; 31 and 49 deaths occurred within 

six and nine months of TB treatment initiation, respectively. Using Cox proportional 

hazard model covariates that significantly influence the survival of PLWHIV co-infected 

patients are identified. Five covariates that are identified to affect the survival of the 

patients significantly at 0.05 level are initial weight, TB site, functional status, WHO 

clinical stage and baseline CD4 cell count.  

5.2 Recommendations 

� TB test must be done for people living with HIV in order to mitigate further 

deterioration of their health. 

� Health workers should be cautious when a patient has lower initial weight and lower 

baseline CD4 cell count, and a patient is bedridden and is in WHO clinical stages III 

or IV. 

� HIV/TB co-infected people should have awareness about the hazard of the risk 

factors identified in this study. 
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APPENDIX A: Results of the multivariable proportional hazards Cox 
regression model 
Table 1: Results of the multivariable proportional hazards Cox regression model 
containing the variables significant at 20 - 25% level in the univariable proportional 
hazards Cox regression model. 
 
                             
                                    Analysis of Maximum Likelihood Estimates 
 
Covariates DF β̂  )ˆ(. βes  Chi- 

Square 
Pr >  
ChiSq 

Hazard 
Ratio  

Age 1 -0.01333 0.01562     0.7281 0.3935 0.987 
Weight 1 -0.08701 0.01333 42.6028 <.0001 0.917 
Marital 2   4.1198 0.1275  
      Marital   M 1 -0.36387 0.29947      1.4764 0.2243 0.695 
      Marital   O 1 0.20655 0.35309      0.3422 0.5586 1.229 
TB type     PT 1 0.87829 0.28850      9.2681 0.0023 2.407 
Functional 2       10.9261 0.0042  
  Functional  A 1 0.70819 0.28016      6.3897 0.0115 2.030 
  Functional  B 1 1.01011 0.33265      9.2204 0.0024 2.746 
WHO 2        9.7493 0.0076  
WHO       III 1 1.15581 0.48181      5.7545 0.0164 3.177 
WHO        IV 1 1.56225 0.50802      9.4566 0.0021 4.770 
CD4 1 -0.00846 0.00177  

22.8955 
<.0001 0.992 

regimen    1 1 -0.07484 0.24691      0.0919 0.7618 0.928 
 

 
Table 2: Results of the multivariable proportional hazards Cox regression model after 
eliminating the variable regimen from the multivariable proportional hazards Cox 
regression model in Table 1. 
                            

            Testing Global Null Hypothesis: BETA=0 

                     Test Chi-Square DF Pr > ChiSq 

         Likelihood Ratio 174.6783 10 <.0001 
          Score 189.1490 10 <.0001 
           Wald 138.6041 10 <.0001 
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       Covariates DF Wald Chi-Square Pr > ChiSq 

Age 1 0.7284 0.3934 
Weight 1 42.7898 <.0001 
Marital 2 4.6803 0.0963 
TB type 1 9.2682 0.0023 
Functional 2 10.8117 0.0045 
WHO 2 9.8812 0.0072 
CD4 1 22.8530 <.0001 

 
Table 3: Results of the multivariable proportional hazards Cox regression model after 
eliminating the variable age from the multivariable proportional hazards Cox regression 
model in Table 2. 
 

                      Testing Global Null Hypothesis: BETA=0 
                     Test Chi-Square DF Pr > ChiSq 

  Likelihood Ratio 174.2538 9 <.0001 
        Score 188.9647 9 <.0001 
        Wald 138.5465 9 <.0001 

 
                                           

                     
        Covariates 

 
DF 

 
Wald Chi-Square 

 
Pr > ChiSq 

       Weight 1 43.7922  <.0001 
       Marital 2 4.1886  0.1232 
       TB type 1 8.9651  0.0028 
        Functional 2 10.8299  0.0044 
        WHO 2 9.6574  0.0080 
        CD4 1 23.6296  <.0001 

 
Table 4: Results of the multivariable proportional hazards Cox regression model after 
eliminating the variable marital status from the multivariable proportional hazards Cox 
regression model in Table 3.                                
 
                              

           Testing Global Null Hypothesis: BETA=0 

                     Test Chi-Square DF Pr > ChiSq 

  Likelihood Ratio 169.6776 7 <.0001 
    Score 187.3912 7 <.0001 
   Wald 139.9440 7 <.0001 
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APPENDIX B: The result of multivariable Cox hazard model those variables not  
significant in both the univariable analysis and in multivariable analysis fitted by    
included in the model containing those variable significant in multivariate analysis 
one at a time. 
 

I. Result of multivariate Cox proportional hazard model containing variables in 
Table 4(Appendix A) including those not significant in univariable analysis one at a 
time. 

Table 1: When sex is included 
 

          Testing Global Null Hypothesis: BETA=0 

 Test Chi-Square DF Pr > ChiSq 

 Likelihood Ratio 167.4708 8 <.0001 
   Score 178.0618 8 <.0001 
   Wald 131.0964 8 <.0001 

 
                         
Covariate 

DF    Wald 
Chi-Square 

Pr > ChiSq 

 Weight               1 47.1745 <.0001 
TB type 1 9.3769 0.0022 
Functional 2 9.5453 0.0085 
WHO 2 9.4060 0.0091 
CD4 1 22.7577 <.0001 
Sex 1 1.2926 0.2556 

 

Table 2: When Education level is included 

           Testing Global Null Hypothesis: BETA=0 
  Test Chi-Square DF Pr > ChiSq 
Likelihood Ratio 169.7904 9 <.0001 
   Score 177.6014 9 <.0001 
   Wald 127.3224 9 <.0001 

Covariates DF Wald Chi-Square Pr > ChiSq 

  Weight 1 45.8943 <.0001 
  TB type 1 8.6400             0.0033 
   Functional 2 9.6562             0.0080 
  WHO 2 9.1172             0.0105 
   CD4 1 22.9328 <.0001 
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Covariate 

DF       Wald 
Chi-Square 

Pr > ChiSq 

Weight 1     46.9313 <.0001 
TB type 1     8.0657 0.0045 
Functional 2     11.6916 0.0029 
WHO 2     8.8904 0.0117 
CD4 1     24.8488 <.0001 
Education 2     3.5764 0.1673 

 

Table 3: When substance use is included 
 

               Testing Global Null Hypothesis: BETA=0 
  Test Chi-Square DF Pr > ChiSq 
Likelihood Ratio 166.2940 8 <.0001 
   Score 175.6641 8 <.0001 
   Wald 130.9986 8 <.0001 

 
                         
Effect 

DF        Wald 
Chi-Square 

Pr > ChiSq 

Weight 1 45.6855 <.0001 
TB type 1 8.3361 0.0039 
Functional 2 9.7319 0.0077 
WHO 2 8.7934 0.0123 
CD4 1 23.0695 <.0001 
Substance 1 0.1097 0.7405 

 
II. When those factors not significant in multivariate model are included to the 
multivariate model of covariate in Table 4(Appendix A) one at a time  
 

Table 4: when age is included 
 

               Testing Global Null Hypothesis: BETA=0 
  Test Chi-Square DF Pr > ChiSq 
Likelihood Ratio 166.4956 8 <.0001 
   Score 176.0626 8 <.0001 
   Wald 131.7699 8 <.0001 
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Effect 

DF       Wald 
Chi-Square 

Pr > ChiSq 

Weight 1 43.8445 <.0001 
TB type 1 8.7365 0.0031 
Functional 2 9.7008 0.0078 
WHO 2 9.3191 0.0095 
CD4 1 22.2869 <.0001 
Age 1 0.3033 0.5818 

Table 5: When marital status is included 
 

               Testing Global Null Hypothesis: BETA=0 
  Test Chi-Square DF Pr > ChiSq 
Likelihood Ratio 170.3309 9 <.0001 
   Score 177.2209 9 <.0001 
   Wald 130.6623 9 <.0001 

 
                         
Effect 

DF        Wald 
Chi-Square 

Pr > ChiSq 

Weight 1 43.7922 <.0001 
TB type 1 8.9651 0.0028 
Functional 2 10.8299 0.0044 
WHO 2 9.6574 0.0080 
CD4 1 23.6296 <.0001 
Marital 2 4.1886 0.1232 

 

Table 6: When regimen is included 
 

               Testing Global Null Hypothesis: BETA=0 
  Test Chi-Square DF Pr > ChiSq 
Likelihood Ratio 166.7704 8 <.0001 
   Score 175.6493 8 <.0001 
   Wald 130.0990 8 <.0001 

 
                         
Covariate 

DF        Wald 
Chi-Square 

Pr > ChiSq 

Weight 1 45.8581 <.0001 
TB type 1 8.5669 0.0034 
Functional 2 10.1154 0.0064 
WHO 2 8.9574 0.0113 
CD4 1 23.1742 <.0001 
Regimen 1 0.5783 0.4470 
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          Table 7: Summary of interaction of two covariates.                                 
          
     

 
APPENDIX C: Results of Model diagnostics 
 

Table 1: Result of test of proportionality assumption 
 

                        Analysis of Maximum Likelihood Estimates 
 

 

   Covariates DF Parameter 
Estimate 

Standard 
Error 

Chi-
Square 

Pr > 
ChiSq 

Hazard 
Ratio 

Weight 1 -0.056 0.043 1.733 0.188 0.945 

Weight*Log time 1 0.025 0.042 0.37 0.543 1.026 

TB site 1 0.823 1.328 0.378 0.539 2.277 
TB type*Log time        1 -0.400 1.075 0.139 0.709 0.670 
Functional 2   0.220 0.896  
   Functional  A 1 -0.601 1.328 0.205 0.651 0.548 
   Functional  B 1 -0.595 1.573 0.143 0.705 0.551 
Functional*Log time 2   0.375 0.829  
   Functional    A*Log time 1  0.246 1.433 0.30 0.8633 1.279 
   Functional    B*Log time 1 -0.641 1.254 0.261 0.609 0.527 
WHO 2   0.822 0.663  
       WHO       III 1 0.941 2.055 0.210 0.647 2.564 

                                                               
                                                      Model Fit  Statistics  
Interactions  

22LL−  With 
main      
effects only 

12LL− With main 
effects and 
interaction 

)2(2 12 LLLL −−−  Decision 

Weight*TB type 829.388 827.923  1.465 Do not reject 
Weight*Functional    810.928 810.562 0.366 Do not reject 
Weight*WHO 826.278 825.626  0.652 Do not reject 
Weight*CD4 790.268 789.600  0.668 Do not reject 
TB type*Functional 861.491 861.198  0.293 Do not reject 

TB type*WHO 884.156 882.027 2.129 Do not reject 
TB type*CD4 845.387 843.506  1.881 Do not reject 
Functional*WHO 852.867 849.689 3.178 Do not reject 
Functional*CD4 829.704 828.543 1.161 Do not reject 

WHO*CD4 841.314 840.335 0.979 Do not reject 
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       WHO       IV 1 0.119 2.116 0.003 0.955 1.126 
WHO*Log time 2   1.154 0.562  
      WHO     III*Log time 1 -0.118 1.633 0.005 0.943 0.889 
      WHO     IV*Log time 1 -0.930 0.906 1.053 0.305 0.395 
CD4 1 -0.014 0.007 4.425 0.055 0.986 
CD4*Log time 1 0.008 0.005 2.587 0.108 1.008 
Overall test 7   5.0695 0.6515  
 
Table 2: The five highest differences in the parameter estimates of the variables included 
in the model in Table 4, Appendix A when the data value for each patient is in turn 
deleted from the model. 

  Covariates                   Deleted 
Observation )(i  

)(
ˆˆ)( ijjij −−=−∆ ββ  )()(

ˆˆ
ijjij −− −=∆ ββ  

Weight 251 0.00301183    0.00301183    
72 0.00305898    0.00305898    
49 0.00318868    0.00318868    
42 0.00320662    0.00320662    
3 0.00381524    0.00381524    

TB type 155 0.0337255    0.0337255    
461 0.0364544    0.0364544    
342 0.0414983    0.0414983    

284 0.0474521    0.0474521    
225 0.0549297    0.0549297    

Functional Status  

(Ambulatory) 

73 0.0389255    0.0389255    
166 0.0427295    0.0427295    
91 0.0477142    0.0477142    
251 0.0564406    0.0564406    
345 0.0606001    0.0606001    

Functional Status 

(Bedridden) 

347 0.0497107    0.0497107    
44 0.0527764    0.0527764    
42 0.0641815    0.0641815    
100 0.0656055    0.0656055    

3 0.0660085    0.0660085    

WHO Clinical  

Stage III 

 

483 0.0474269    0.0474269    
370 0.0520541    0.0520541    
243 0.0666383    0.0666383    

258 0.0808293    0.0808293    
358 0.0963211    0.0963211    

WHO Clinical  286 0.0590756    0.0590756    
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Table 3: The five highest likelihood displacement values when each observation is in turn 
deleted from the model in Table 4, Appendix A 
 

              Likelihood Displacement Statistics  

)(2)(2 ippi llLD −−= ββ  Deleted observation (i) 

0.163059 53 
0.205253 1 
0.214839 8 
0.223742 66 
0.525962 45 

 

APPENDIX D: Figures 
 
Figure 1 (a – h): Plots of Kaplan-Meier survivor functions different categories or groups  

a)                                                                      b) 
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c )                                                                   d) 

 

e)                                                                          f)                                                        

 

g )                                                                   h) 
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Figure 2:  (a – g): Graphs of the scaled Schoenfeld residuals and their LOESS smooth 
curves obtained from the model in Table 4(Appendix A) for the covariates weight, TB 
site, functional status, WHO clinical stage and CD4 cell count. The line that passes 
through zero is the reference line.                                                                                  
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e) 

 

f) 

 
 
g) 
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