
Background
Tuberculosis (TB) and human immunodeficiency virus 
(HIV) are significant public health challenges worldwide, 
and the number of deaths associated with both TB and 
HIV, HIV/TB, and co-infection is abundant.1

In 2019, 39 million people living with HIV were aware 
of their illness, while 7.1 million people did not know they 
had HIV. Furthermore, 1.7 million people have recently 
been infected with HIV, and about 690 000 have died from 
HIV-related diseases. Iran had the highest HIV prevalence 
among people who injected drugs in the Middle East in 
2010 and 2014 (15.4 and 13.8%, respectively).2-4 TB is 
one of the most common causes of death from infectious 
diseases. In 2021, approximately 10.6 million people were 

diagnosed with TB worldwide (including 187 000 people 
with HIV). The increase in the incidence of TB (new cases 
per 100 000 population per year) in 2020-2021 was 3.6%, 
which has decreased by about 2% per year compared to 
the last decade. Globally, the estimated number of TB 
deaths increased in 2019-2021. In addition, 1.6 million 
people, including 187 000 people living with HIV, died of 
TB in 2021. The number of people newly diagnosed with 
TB has decreased from 7.1 million in 2019 to 5.8 million in 
2020. Further, 703 000 people living with HIV developed 
TB in 2021, only 46% of whom had access to life-saving 
antiretroviral therapy (ART).5-7

Studies have shown that TB patients have a low CD4 
cell count, and the number of people with a meager CD4 
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Abstract
Background: Tuberculosis (TB) and human immunodeficiency virus (HIV) are major public health 
challenges globally, and the number of TB infections and death caused by HIV are high because of HIV/
TB co-infection. On the other hand, CD4 count plays a significant role in TB/HIV co-infections. We used 
a joint model of longitudinal outcomes and competing risks to identify the potential risk factors and the 
effect of CD4 cells on TB infection and death caused by HIV in HIV-infected patients.
Study Design: This was a retrospective cohort study.
Methods: The current study was performed on 1436 HIV + patients referred to Behavioral Diseases 
Counseling Centers in Kermanshah Province during 1998-2019. In this study, joint modeling was used to 
identify the effect of potential risk factors and CD4 cells on TB and death caused by HIV. 
Results: The results demonstrated that the decreasing CD4 cell count was significantly associated with 
an increased risk of death, while it had no significant relation with the risk of TB. In addition, patients 
with TB were at a higher risk of death. Based on the results, a significant relationship was found between 
CD4 count and sex, marital status, education level, antiretroviral therapy (ART), time, and the interaction 
between time and ART. Further, people infected with HIV through sexual relationships were at higher risk 
of TB, while those with a history of imprisonment who received ART or were infected with HIV through 
drug injection had a lower risk of TB. 
Conclusion: The findings revealed that the decreasing CD4 count had a significant association with an 
increased risk of death caused by HIV. However, it was not significantly related to the risk of TB. Finally, 
patients with TB were at higher risk of death caused by HIV.
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cell count, even less than 200 cells, is high among HIV/
TB patients. Therefore, the CD4 count is affected by TB 
and HIV infections.8-13 Although there is no definitive 
treatment for HIV, ART reduces the progression of the 
virus in people with HIV.6 Studies indicated that the 
initiation of ART increases the survival of people living 
with HIV even if they have low CD4 cell counts.14 ART 
also protects HIV patients against TB15. Although this 
therapy reduces the risk of TB, it is not certain that it 
is also effective in controlling HIV-related TB.16,17 As 
mentioned earlier, HIV/TB is deadly, and the burden of 
HIV/TB mortality is high in low-income countries. Thus, 
research is particularly important in reducing the burden 
of TB in people living with HIV and vice versa. It is also 
vital to end mortality among people living with HIV.18,19

Considering that HIV-positive people may experience 
TB or death during the follow-up, the occurrence of TB 
can no longer be investigated if the death occurs before 
TB. Furthermore, given that our goal is to examine factors 
affecting the time to TB (the interest event) in HIV 
patients, to avoid biasing the results, a competing risk 
model was used to explore factors affecting the time to TB. 
It should be noted that CD4 cell counts play a crucial role 
in both TB and the death of HIV infections. Based on our 
knowledge, no studies have so far evaluated the effect of 
CD4 counts on TB infection and death caused by HIV in 
HIV-infected individuals. 

Hence, in the present study, a joint model of longitudinal 
outcomes and competing risks was used to identify the 
potential risk factors and the effect of CD4 cells on TB 
infection and death caused by HIV in HIV-infected 
patients.

Methods
Ethics Approval and Consent to Participate
Written informed consent was obtained from all the 
participants, and for illiterates and participants under 
the age of 16, a contest was obtained from parents/legally 
authorized representatives with confidentiality regarding 
patients’ names and surnames. This study was approved 
by the Research Ethics Committee of Hamadan University 
(No. IR.UMSHA.REC.1398.1066). The study adhered to 
relevant guidelines and regulations.

Data
Overall, 1436 HIV-infected patients were assessed in this 
study. Data were collected in the Health Department of 
Kermanshah, in the west of Iran, from 1998 to 2019. The 
study was approved by the Research Council of Hamadan 
University of Medical Sciences. The original dataset 
consisted of 2034 patients, 598 of whom were excluded 
because their CD4 cell counts were measured only one 
time. The analysis was performed on the remaining 1436 
patients. One person was considered as an HIV-positive 
case according to the requirements and definitions of the 
country and regardless of the clinical stage confirmed by 
laboratory criteria. In the Islamic Republic of Iran, a person 

is recognized as an HIV-positive patient if they have a 
history of two positive enzyme-linked immunosorbent 
assay (ELISA) tests, one positive Western blot test until 
a few years ago or a rapid HIV test, and two positive 
ELISA tests (that one the fourth generation of HIV ELISA 
test) in recent years. Additionally, a person who has 
three positive sputum smears or culture tests is known 
as a person with TB. The World Health Organization 
defines an immunodeficiency syndrome (AIDS) case as a 
probable or definitive diagnosis of stage 4 and/or a CD4 
cell count of fewer than 200 cells/mm3.20 Our response 
variables in this study were the time (in months) from 
HIV diagnosis to TB (the event of interest) and time to 
death due to HIV (the competing event). The subject who 
does not experience these events is known as a censor. The 
collected information was as follows:
•	 Demographic information (age at diagnosis, gender, 

level of education, and marital status);
•	 Behavioral information (being in prison, drug abuse, 

and ways of HIV transmission);
•	 Receiving ART.

Since the diagnosis of HIV infection, the CD4 cell count 
has been measured during the time. The frequency of 
CD4 measurements would depend on the survival time. 
The CD4 cell count of all patients who enrolled in the 
study was measured at least two times.20 The normality 
of CD4 cells was checked before fitting the model. The 
results demonstrated that the data on CD4 cell count was 
completely skewed; thus the fourth root transformation of 
the CD4 cell count was considered to normalize the data.

Joint Model
A joint model of longitudinal and competing risks 
comprised of two sub-models, namely, a linear mixed-
effects sub-model for longitudinal CD4 cell count and a 
cause-specific hazard sub-model for the competing risks of 
TB infection and death caused by HIV. It should be noted 
that random effect variables link the two sub-models.

Longitudinal Sub-model
It is assumed that Yij is the longitudinal outcome measured 
at time j for subject i, 1,2,....,i m= and, j = 1,2,…,ni, where ni 
is the number of observations for individual i. The linear 
mixed-effects model is defined as follows: 

T T
ij ij ij i ijY X Z bβ ε= + +                                                        (1)

where Xij, β, and Zij represent a p × 1 vector of fixed 
effects, the vector of coefficient of fixed effects, and a q × 1 
vector of random effects ib , ~ (0, )i q bb N ∑ , respectively. 
Moreover, 2~ (0, )ij Nε σ  is the measurement error. 

Competing Risks Sub-model
A cause-specific hazards sub-model was used to model 
competing risks. Let Ci = (Ti,Di) be the competing risks 
data on subject i, where Ti is the failure/censoring time 
and Di denotes the type of failure, {0,1,..., }iD g∈ . Paying 
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attention to Di = 0 indicating a censored event and Di = l 
shows that subject i fails from the lth type of failure, where 
l = 1,…, g. Two events were considered in the present 
study. The model is provided as follows:

0( ; , , , ) ( ) exp{ }T
l i l l l l l it u t uλ γ ν λ γ ν= +i iX (t) X (t)                      (2)

The function ( ; ( ), , , )l i i l lt X t uλ γ ν  is an instantaneous 
hazard function for the failure of type l at time t given the 
vector of covariates Xi(t) and the frailty ui in the presence 
of all other failure types. λ0l(t) represents a baseline 
hazard function for risk l, where l = 1,…, g.vl The vector 
is the correlation estimate between different risks. It is 
assumed that bi and ui jointly have a multivariate normal 
distribution: 

2
~ , bu

T
bbi

i
i bu u

b o
N

u o
θ

σ

  ∑ ∑    =        ∑     
                                        (3)

An expectation-maximization (EM) algorithm was used 
to estimate the parameters.21 All analyzes were performed 
at a significant level of 0.05 using the JMcmprsk library in 
R software, version 3.6.1.

Results
In this study, 1436 HIV patients were followed up, of 
which 85.6% were infected with TB and 11.1% of them 
experienced death due to HIV infection. The mean 
follow-up time for TB and death due to HIV was 93.09 
and 229.22 months, respectively. The frequency of CD4 
cell counts varied between 2 and 17 times during the 
follow-up period, but the number of the measured CD4 
counts was considered between 2 and 12 because the 
CD4 cell count was measured at a maximum of 12 times 
in most patients. The demographic information of HIV 
patients is presented in Table 1. The mean (standard 
deviation) age of patients at diagnosis was 34.23(37.01) 
years. Most patients were males (80.8%) and married 
(56.3%) and had a low level of education (96.7%) and a 
history of imprisonment (70%). Further, 76.3% of patients 
were drug users, and 60.2% of them received ART. Nearly 
65% of people became infected with HIV through drug 
injection.

The joint model was fitted to investigate the effect of 
different covariates on cause-specific hazards, TB infection 
and death caused by HIV, and the trend of CD4 cell count, 
the results of which are provided in Table 2.

Based on the results of evaluating the effect of covariates 
in the longitudinal model of CD4 cell count (Table 2A), 
the time effect estimate was positive, indicating that the 
average fourth root of CD4 cells increases with increasing 
time (β = 0.09, P < 0.001). Estimating the effect of sex was 
negative, implying that the mean fourth root of the CD4 
cell count in men was 0.12 units lower than in women 
(β = -0.12, P < 0.001). Marital status also had a significant 
negative effect on the mean fourth root number of CD4 

cells (β = -0.09, P = 0.003). The interaction between time 
and ART was positive and significant, which showed that 
the effect of ART on the CD4 cell count changes over time 
(β = 0.02, P < 0.001). Moreover, antiretroviral treatment 
had a significant positive effect on the mean of the fourth 
root of the CD4 cell count so that people who received 
ART had a higher mean of the fourth root of the CD4 cell 
count than those who received no treatment (β = 0.84, 
P < 0.001). The results revealed that education could also 
significantly affect the mean of the fourth root of the CD4 
cell count (β = 0.17, P = 0.026).

The results obtained from fitting the competing 
risks model are presented in Table 2B. As shown, HIV 
transmission methods, prison history, and ART had a 
significant impact on the risk of TB. According to the 
results, a significant relationship was found between 
having a prison history and TB so that the TB hazard ratio 
(HR) in people with a history of imprisonment was 47% 
lower than those who had no history of imprisonment 
(HR = 0.53, P < 0.001). ART also had a significant effect on 
the risk of TB so that the HR was 42% lower in patients 
who received ART treatment than in those who did not 
receive any treatment (HR = 0.58, P < 0.001). Based on the 
findings, HIV transmission through drug injection had 

Table 1. The characteristics of HIV-infected patients

Variables Frequency Percent

Gender

Male 1161 80.8

Female 275 19.2

Marital status

Single 627 43.7

Married 809 56.3

Educational level

High (academic) 47 3.3

Low (illiterate and school) 1389 96.7

Imprisonment

No 431 30.0

Yes 1005 70.0

Drug abuse

No 341 23.7

Yes 1095 76.3

Antiretroviral therapy 

No 572 39.8

Yes 864 60.2

Sexually transmitted HIV infection

No 1127 78.5

Yes 309 21.5

Drug injection transmitted HIV

No 498 34.7

Yes 938 65.3

Total number 1436

Note. HIV: Human immunodeficiency virus.
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a significant relationship with TB so that patients with 
HIV through drug injection were 38% less at TB risk than 
those infected through other ways (HR = 0.62, P < 0.001). 
People who became infected with HIV through sexual 
relationships were 39% more likely to develop TB than 
those who were not (HR = 1.39, P = 0.033). The results 
demonstrated that ART was significantly associated 
with death caused by HIV so that people who received 
ART were 92% less at risk of death caused by HIV than 
those who received no treatment (HR = 0.08, P < 0.001). 
Additionally, men were 63% less at risk of death caused by 
HIV than women (HR = 0.37, P = 0.017).

Estimating v2 = 0.32 in the model’s random effects 
represented a significant positive relationship between 
competing risks of TB and death caused by HIV 
(P = 0.032), confirming that patients with TB are more 

in danger of death caused by HIV. Furthermore, the 
estimate 

2
6.78b uσ = −  suggests a significant relationship 

between the mean of the fourth root of the CD4 cell count 
and death caused by HIV. This implies that patients with 
fewer CD4 cells have a higher risk of death caused by HIV. 
However, no significant relationship was found between 
the CD4 cell count and TB.

Discussion
The present study evaluated the effect of several covariates 
and CD4 cell counts on TB and death caused by HIV using 
a joint model of longitudinal outcomes and competing 
risks.

The findings indicated that patients with TB are at 
higher risk of death caused by HIV, which is consistent 

Table 2. The results of the joint model for competing risks (TB/death caused by HIV) and longitudinal measurements (CD4 cell count)

(A) Longitudinal Endpoint Parameter SE P value

Age (y) -0.00 0.00 0.761

Gender (Male/female) -0.12 0.03 0.001

Marital status (Married/single) -0.09 0.03 0.003

Education (High/low) 0.17 0.08 0.026

Antiretroviral therapy (Yes/No) 0.84 0.04 0.001

Time (mon) 0.09 0.00 0.001

Antiretroviral therapy × timea 0.02 0.00 0.001

(B) Survival endpoint

Risk 1: TB infection Parameter (SE)  HR (95% CI) P value

Age (Year) 0.00 (0.00) 1.00 (0.10,1.01) 0.849

Gender (Male/female) 0.21 (0.18) 1.23 (0.87,1.75) 0.240

Marital status (Married/single) 0.05 (0.10) 1.05 (0.87, 1.27) 0.592

Education (High/low) 0.14 (0.31) 1.15 (0.63,2.09) 0.653

Sexually transmitted HIV infection (Yes/No) 0.33 (0.15) 1.39 (1.03, 1.88) 0.033

Drug injection transmitted HIV (Yes/No) -0.49 (0.13) 0.62 (0.48,0.79) 0.001

Drug abuse (Yes/No) 0.18 (0.19) 1.20 (0.83, 1.72) 0.329

Antiretroviral therapy (Yes/No) -0.55 (0.10) 0.58 (0.47,0.70) 0.001

Imprisonment (Yes/No) -0.63 (0.15) 0.53 (0.40,0.71) 0.001

Risk 2: Death caused by HIV Parameter (SE)  HR (95% CI) P value

Age (y) -0.00 (0.01) 0.10 (0.98, 1.02) 0.922

Gender (Male/female) -1.00 (0.42) 0.37 (0.16,0.84)  0.017

Marital status (Married/single) -0.17 (0.18) 0.84 (0.59,1.21) 0.344

Education (High/low) 0.19 (0.69) 1.21 (0.31, 4.70) 0.781

Sexually transmitted HIV infection (Yes/No) -0.68 (0.54) 0.51 (0.17,1.46) 0.208

Transmission of HIV by injection (Yes/No) 0.19 (0.38) 1.21 (0.57,2.56) 0.614

Imprisonment (Yes/No) -0.48 (0.33) 0.62 (0.33, 1.17) 0.143

Drug abuse (Yes/No) 0.60 (0.59) 1.82 (0.57, 5.84) 0.312

Antiretroviral therapy (Yes/No) -2.58 (0.25) 0.08 (0.05,0.12) 0.001

(C) Random effects Parameter (SE) P value

1b uσ 0.16 (0.39) 0.682

2b uσ -6.78 (0.90) 0.001

2ν 0.32 (0.15) 0.032

Note. HIV, Human immunodeficiency virus; HR, Hazard ratio; SE, Standard Error; CI, Confidence interval.
a Interaction term.



J Res Health Sci, 2023, Volume 23, Issue 1 5

Application Joint Modeling of Longitudinal Outcome and Competing Risks

with the results of other studies.22,23

Likewise, patients with fewer CD4 cells had a higher risk 
of death caused by HIV. In other words, the risk of death 
caused by HIV increased by reducing the average fourth 
root of CD4 cell counts. These results are in line with 
those of other studies, representing that a low initial CD4 
cell count at the time of diagnosis or a decreasing trend 
over time is associated with an increased risk of death 
caused by HIV.24-26 The findings showed that patients 
who received ART over time had an increasing trend in 
the mean fourth root of the CD4 cell count. According 
to the results, antiretroviral treatment had a significant 
positive effect on the mean of the fourth root of CD4 cell 
count so that those receiving ART had a higher mean of 
the fourth root of the number of CD4 cells than those 
who did not receive the treatment. The results from a 
systematic review, including randomized controlled trials 
and observational studies, revealed that initiating ART in 
patients with a lower CD4 cell count increased CD4 cell 
counts and stopped increasing virus load.27

Based on the results, marital status affected the fourth 
root of the CD4 cell count so that married people had fewer 
cells than single people, which contradicts the findings of 
other studies. This could be because the average age of 
married people in this study was higher than that of single 
people.28,29

In this study, sex had a significant effect on the fourth 
root of the CD4 cell count, which corroborate with the 
results of some other studies.30,31

The results demonstrated that the trend of changes in 
the mean of the fourth root of the CD4 cell count increased 
in people who received ART over time. This finding 
conforms to that of a study by Chitra et al, indicating that 
ART intake increased CD4 levels in people with low CD4 
levels.32 Based on the present study results, time had a 
positive and significant effect on the mean of the fourth 
root of the CD4 cell count, which is in line with the result 
of another study.31

Higher education had a positive effect on the fourth root 
mean of the CD4 cell count. This may be because people 
with higher education are less likely to become infected 
with HIV a result consistent with the Gergiso and Erango 
study.33

The findings showed a significant relationship between 
TB and imprisonment, and people with a history of 
imprisonment had a lower risk of TB, which is inconsistent 
with those of other studies, demonstrating that the risk 
of TB was higher in prisoners.34-36 The obtained data 
confirmed that ART could significantly reduce the risk of 
TB so that the risk of reducing TB in patients who received 
treatment was 42% lower than in patients who received 
no treatment. This result is in conformity with the results 
of other studies, although some studies reported contrary 
results in this regard.37-40 

The present study results also indicated that sexual 
transmission increases the risk of TB, which does not match 
the results of other studies.41,42 Many studies reported a 

significant association between HIV transmission through 
drug injection and TB; some of them had a higher risk 
of developing TB through drug injection and others, in 
line with the findings of the present study, mentioned a 
negative relationship between drug injection and TB.43-46

Similarly, Bahakeem found that the risk of death caused 
by HIV in HIV patients was still high using flexible models 
and gradually decreased after the onset of ART.47 Other 
studies have shown the effectiveness of ART reception 
on the survival time of patients with HIV and AIDS,48,49 
which is consistent with the findings of the present study.

Based on the results of the current study, men had a 
lower risk of death caused by HIV among HIV patients 
than women, which contradicts the findings of Liu et al; 
they concluded that men were more likely to die than 
women.50

This study had some limitations. Due to the use 
of retrospective data collected by data centers, it was 
impossible to verify the accuracy of data, which could be 
biased. Another limitation was the number of CD4 cells; 
some people had a low repetition, while we know that it is 
better to have a higher number of CD4 cell replications. 
However, a joint model was developed to investigate 
the simultaneous effect of CD4 cell counts on the risk 
of TB and death caused by HIV, which may help reduce 
mortality in people living with HIV and TB.

Conclusion 
Using joint modeling, it was possible to simultaneously 
examine the effect of covariates on CD4 cell counts, the 
risk of TB, and death caused by HIV. In summary, the 
results revealed that the decreasing trend of the CD4 cell 
count was significantly related to an increased risk of death 
caused by HIV, while it was not significantly associated 
with the risk of TB. The results also showed that patients 
with TB infection were at higher risk of death caused by 
HIV.

Acknowledgements
This study was adapted from the PhD thesis at Hamadan University 
of Medical Sciences. We would like to thank the Vice-Chancellor 
of Research and Technology, Hamadan University of Medical 

• The decreasing CD4 cell count was significantly 
associated with an increased risk of death but was 
not significantly related to the risk of TB.

• Patients with TB were at a higher risk of death. 
• There was a significant relationship between CD4 

cell count and sex, marital status, education level, 
ART, time, and the interaction between time and 
ART.

• People infected with HIV through sexual 
relationships were also at higher risk of TB. 

• Those with a history of imprisonment who received 
ART or were infected with HIV through drug 
injection had a lower risk of TB.

Highlights



J Res Health Sci, 2023, Volume 23, Issue 16

Najafi Ghobadi et al 

Sciences for the approval and support of the study. 

Competing Interests
The authors declare no conflict of interests.

Funding
The study was funded by the Vice-chancellor for Research and 
Technology, Hamadan University of Medical Sciences (Grant No. 
9812209740).

References
1. Roshanaei G, Sabouri Ghannad M, Poorolajal J, Mohraz M, 

Molaeipoor L. Survival rates among co-infected patients with 
human immunodeficiency virus/tuberculosis in Tehran, Iran. 
Iran J Public Health. 2017;46(8):1123-31.

2. Gökengin D, Doroudi F, Tohme J, Collins B, Madani N. HIV/
AIDS: trends in the Middle East and North Africa region. Int 
J Infect Dis. 2016;44:66-73. doi: 10.1016/j.ijid.2015.11.008.

3. Khajehkazemi R, Osooli M, Sajadi L, Karamouzian M, Sedaghat 
A, Fahimfar N, et al. HIV prevalence and risk behaviours 
among people who inject drugs in Iran: the 2010 National 
Surveillance Survey. Sex Transm Infect. 2013;89(Suppl 
3):iii29-32. doi: 10.1136/sextrans-2013-051204.

4. SeyedAlinaghi S, Taj L, Mazaheri-Tehrani E, Ahsani-Nasab 
S, Abedinzadeh N, McFarland W, et al. HIV in Iran: onset, 
responses, and future directions. AIDS. 2021;35(4):529-42. 
doi: 10.1097/qad.0000000000002757.

5. Tuberculosis. WHO. Available from: https://www.who.int/
news-room/fact-sheets/detail/tuberculosis. Updated October 
27, 2022. Accessed January 25, 2023.

6. Global Tuberculosis Reports. WHO. Available from: https://
www.who.int/teams/global-tuberculosis-programme/tb-
reports. Updated October 27, 2022. Accessed January 25, 
2023.

7. Rafiee S, Besharat S, Jabbari A, Golalipour F, Nasermoaadeli 
A. Epidemiology of tuberculosis in northeast of Iran: a 
population-based study. Iran J Med Sc. 2009;34(3):193-7.

8. Ackah AN, Coulibaly D, Digbeu H, Diallo K, Vetter KM, 
Coulibaly IM, et al. Response to treatment, mortality, and CD4 
lymphocyte counts in HIV-infected persons with tuberculosis 
in Abidjan, Côte d’Ivoire. Lancet. 1995;345(8950):607-10. 
doi: 10.1016/s0140-6736(95)90519-7.

9. Corominas M, Cardona V, Gonzalez L, Caylà JA, Rufi G, 
Mestre M, et al. B-lymphocytes and co-stimulatory molecules 
in Mycobacterium tuberculosis infection. Int J Tuberc Lung 
Dis. 2004;8(1):98-105.

10. Davoudi S, Rasoolinegad M, Younesian M, Hajiabdolbaghi 
M, Soudbakhsh A, Jafari S, et al. CD4 + cell counts in 
patients with different clinical manifestations of tuberculosis. 
Braz J Infect Dis. 2008;12(6):483-6. doi: 10.1590/s1413-
86702008000600008.

11. Ellis PK, Martin WJ, Dodd PJ. CD4 count and tuberculosis risk 
in HIV-positive adults not on ART: a systematic review and 
meta-analysis. PeerJ. 2017;5:e4165. doi: 10.7717/peerj.4165.

12. Grange JM. CD4 + T-lymphocytopenia in pulmonary 
tuberculosis. Int J Tuberc Lung Dis. 1998;2(3):261-2.

13. World Health Organization (WHO). Guideline on When to 
Start Antiretroviral Therapy and on Pre-Exposure Prophylaxis 
for HIV, Web Supplement: Annex 2: Evidence to Decision-
Making Tables and Supporting Evidence. Geneva: WHO; 
2015.

14. Baghaei P, Tabarsi P, Jabehdari S, Marjani M, Moniri A, 
Farnia P, et al. HIV and tuberculosis trends and survival of 
coinfection in a referral center in Tehran: a 12-year study. 
Int J Mycobacteriol. 2016;5 Suppl 1:S16-S7. doi: 10.1016/j.
ijmyco.2016.10.010.

15. Suthar AB, Lawn SD, del Amo J, Getahun H, Dye C, Sculier 
D, et al. Antiretroviral therapy for prevention of tuberculosis 

in adults with HIV: a systematic review and meta-analysis. 
PLoS Med. 2012;9(7):e1001270. doi: 10.1371/journal.
pmed.1001270.

16. Egger M, May M, Chêne G, Phillips AN, Ledergerber B, 
Dabis F, et al. Prognosis of HIV-1-infected patients starting 
highly active antiretroviral therapy: a collaborative analysis 
of prospective studies. Lancet. 2002;360(9327):119-29. doi: 
10.1016/s0140-6736(02)09411-4.

17. Lawn SD, Badri M, Wood R. Tuberculosis among HIV-infected 
patients receiving HAART: long term incidence and risk factors 
in a South African cohort. AIDS. 2005;19(18):2109-16. doi: 
10.1097/01.aids.0000194808.20035.c1.

18. TB-HIV, TB-Diabetes, Undernutrition and Other Co-
Morbidities. The Union. Available from: https://theunion.org/
our-work/tuberculosis/tb-co-morbidities. Accessed January 25, 
2023.

19. Joint United Nations Programme on HIV/AIDS (UNAIDS). 
Global AIDS Update 2016. Geneva: UNAIDS; 2016.

20. World Health Organization (WHO). WHO Case Definitions 
of HIV for Surveillance and Revised Clinical Staging and 
Immunological Classification of HIV-Related Disease in Adults 
and Children. Geneva: WHO; 2007.

21. Elashoff RM, Li G, Li N. A joint model for longitudinal 
measurements and survival data in the presence of 
multiple failure types. Biometrics. 2008;64(3):762-71. doi: 
10.1111/j.1541-0420.2007.00952.x.

22. da Silva Escada RO, Velasque L, Ribeiro SR, Cardoso SW, 
Marins LMS, Grinsztejn E, et al. Mortality in patients with 
HIV-1 and tuberculosis co-infection in Rio de Janeiro, Brazil-
associated factors and causes of death. BMC Infect Dis. 
2017;17(1):373. doi: 10.1186/s12879-017-2473-y.

23. Podlekareva DN, Panteleev AM, Grint D, Post FA, Miro JM, 
Bruyand M, et al. Short-and long-term mortality and causes 
of death in HIV/tuberculosis patients in Europe. Eur Respir J. 
2014;43(1):166-77. doi: 10.1183/09031936.00138712.

24. Aytenew A. Joint Modeling of CD4 Cell Count Change and 
Time to Death for HIV Positive Children Under HAART at 
Felege Hiwot Comprehensive Specialized Hospital, North-
West Ethiopia [dissertation]. Bahir Dar University; 2020.

25. Poorolajal J, Molaeipoor L, Mohraz M, Mahjub H, Taghizadeh 
Ardekani M, Mirzapour P, et al. Predictors of progression 
to AIDS and mortality post-HIV infection: a long-term 
retrospective cohort study. AIDS Care. 2015;27(10):1205-12. 
doi: 10.1080/09540121.2015.1045405.

26. Temesgen A, Gurmesa A, Getchew Y. Joint modeling of 
longitudinal CD4 count and time-to-death of HIV/TB co-
infected patients: a case of Jimma University Specialized 
Hospital. Ann Data Sci. 2018;5(4):659-78. doi: 10.1007/
s40745-018-0157-0.

27. i-BASE. HIV After Starting ART. i-BASE. Available from: http://i-
base.info/guides/art-in-pictures/hiv-after-starting-art. Accessed 
January 25, 2023.

28. Kebede MM, Zegeye DT, Zeleke BM. Predictors of CD4 count 
changes after initiation of antiretroviral treatment in University 
of Gondar Hospital, Gondar in Ethiopia. Clin Res HIV AIDS. 
2015;1(2):1-15.

29. Seyoum A, Ndlovu P, Temesgen Z. Joint longitudinal data 
analysis in detecting determinants of CD4 cell count change 
and adherence to highly active antiretroviral therapy at 
Felege Hiwot Teaching and Specialized Hospital, North-West 
Ethiopia (Amhara region). AIDS Res Ther. 2017;14(1):14. doi: 
10.1186/s12981-017-0141-3.

30. Grover G, Swain P, Deo V, Varshney M. A joint modeling 
approach to assess the impact of CD4 cell count on the risk 
of loss to follow up in HIV/AIDS patients on antiretroviral 
therapy. Int J Stat Appl. 2015;5(3):99-108.

31. Meles HG, Temesgen H, Alemayehu M. CD4 count progression 
of adult HIV patients under art follow up at Mekelle General 

https://doi.org/10.1016/j.ijid.2015.11.008
https://doi.org/10.1136/sextrans-2013-051204
https://doi.org/10.1097/qad.0000000000002757
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://doi.org/10.1016/s0140-6736(95)90519-7
https://doi.org/10.1590/s1413-86702008000600008
https://doi.org/10.1590/s1413-86702008000600008
https://doi.org/10.7717/peerj.4165
https://doi.org/10.1016/j.ijmyco.2016.10.010
https://doi.org/10.1016/j.ijmyco.2016.10.010
https://doi.org/10.1371/journal.pmed.1001270
https://doi.org/10.1371/journal.pmed.1001270
https://doi.org/10.1016/s0140-6736(02)09411-4
https://doi.org/10.1097/01.aids.0000194808.20035.c1
https://theunion.org/our-work/tuberculosis/tb-co-morbidities
https://theunion.org/our-work/tuberculosis/tb-co-morbidities
https://doi.org/10.1111/j.1541-0420.2007.00952.x
https://doi.org/10.1186/s12879-017-2473-y
https://doi.org/10.1183/09031936.00138712
https://doi.org/10.1080/09540121.2015.1045405
https://doi.org/10.1007/s40745-018-0157-0
https://doi.org/10.1007/s40745-018-0157-0
http://i-base.info/guides/art-in-pictures/hiv-after-starting-art
http://i-base.info/guides/art-in-pictures/hiv-after-starting-art
https://doi.org/10.1186/s12981-017-0141-3


J Res Health Sci, 2023, Volume 23, Issue 1 7

Application Joint Modeling of Longitudinal Outcome and Competing Risks

Hospital, Tigray region: a longitudinal data analysis approach. 
Epidemiol Biostat Public Health. 2019;16(4):e13234. doi: 
10.2427/13234.

32. Chitra Y, Urgen S, Dayananda I, Brajachand SN. Effect of anti 
retroviral therapy (ART) on CD4 T lymphocyte count and the 
spectrum of opportunistic infections in HIV/AIDS in Manipur. 
J Commun Dis. 2009;41(1):19-24.

33. Gergiso KT, Erango MA. Evaluation of the trend of CD4 cell 
count over time in case of HIV/AIDS patients under ART 
follow-up. J Sci Res Rep. 2019:24(5):1-8. doi: 10.9734/
JSRR/2019/v24i530167.

34. Alafchi B, Mahjub H, Tapak L, Poorolajal J, Roshanaei G. 
Modeling the trajectory of CD4 cell count and its effect on 
the risk of AIDS progression and TB infection among HIV-
infected patients using a joint model of competing risks and 
longitudinal ordinal data. Epidemiol Biostat Public Health. 
2019;16(4):e13223. doi: 10.2427/13223.

35. Edge CL, King EJ, Dolan K, McKee M. Prisoners co-infected 
with tuberculosis and HIV: a systematic review. J Int AIDS Soc. 
2016;19(1):20960. doi: 10.7448/ias.19.1.20960.

36. Molaeipoor L, Poorolajal J, Mohraz M, Esmailnasab N. 
Predictors of tuberculosis and human immunodeficiency 
virus co-infection: a case-control study. Epidemiol Health. 
2014;36:e2014024. doi: 10.4178/epih/e2014024.

37. Girardi E, Sabin CA, d’Arminio Monforte A, Hogg B, Phillips 
AN, Gill MJ, et al. Incidence of tuberculosis among HIV-infected 
patients receiving highly active antiretroviral therapy in Europe 
and North America. Clin Infect Dis. 2005;41(12):1772-82. doi: 
10.1086/498315.

38. Dodd PJ, Prendergast AJ, Beecroft C, Kampmann B, Seddon 
JA. The impact of HIV and antiretroviral therapy on TB risk 
in children: a systematic review and meta-analysis. Thorax. 
2017;72(6):559-75. doi: 10.1136/thoraxjnl-2016-209421.

39. Santoro-Lopes G, de Pinho AM, Harrison LH, Schechter M. 
Reduced risk of tuberculosis among Brazilian patients with 
advanced human immunodeficiency virus infection treated 
with highly active antiretroviral therapy. Clin Infect Dis. 
2002;34(4):543-6. doi: 10.1086/338641.

40. Surie D, Borgdorff MW, Cain KP, Click ES, DeCock KM, 
Yuen CM. Assessing the impact of antiretroviral therapy on 
tuberculosis notification rates among people with HIV: a 
descriptive analysis of 23 countries in sub-Saharan Africa, 
2010-2015. BMC Infect Dis. 2018;18(1):481. doi: 10.1186/

s12879-018-3387-z.
41. Cobelens F, Nagelkerke N, Fletcher H. The convergent 

epidemiology of tuberculosis and human cytomegalovirus 
infection. F1000Res. 2018;7:280. doi: 10.12688/
f1000research.14184.2.

42. Kimura M, Araoka H, Baba H, Okada C, Murase Y, Takaki A, 
et al. First case of sexually transmitted asymptomatic female 
genital tuberculosis from spousal epididymal tuberculosis 
diagnosed by active screening. Int J Infect Dis. 2018;73:60-2. 
doi: 10.1016/j.ijid.2018.05.021.

43. Hermosilla S, El-Bassel N, Aifah A, Terlikbayeva A, Zhumadilov 
Z, Berikkhanova K, et al. Tuberculosis report among injection 
drug users and their partners in Kazakhstan. Public Health. 
2015;129(5):569-75. doi: 10.1016/j.puhe.2015.01.022.

44. Holmberg V, Soini H, Kivelä P, Ollgren J, Ristola M. 
Epidemiology and outcome of HIV patients in Finland co-
infected with tuberculosis 1998-2015. BMC Infect Dis. 
2019;19(1):264. doi: 10.1186/s12879-019-3890-x.

45. Meijerink H, Wisaksana R, Lestari M, Meilana I, Chaidir L, 
van der Ven AJ, et al. Active and latent tuberculosis among 
HIV-positive injecting drug users in Indonesia. J Int AIDS Soc. 
2015;18(1):19317. doi: 10.7448/ias.18.1.19317.

46. Oprea C, Ianache I, Calistru PI, Nica M, Ruta S, Smith C, et 
al. Increasing incidence of HIV-associated tuberculosis in 
Romanian injecting drug users. HIV Med. 2018;19(5):316-23. 
doi: 10.1111/hiv.12576.

47. Bahakeem S. Will Mortality Rate of HIV-Infected Patients 
Decrease After Starting Antiretroviral Therapy (ART)? 
ScholarWorks; 2020.

48. Seyoum D, Degryse JM, Kifle YG, Taye A, Tadesse M, Birlie B, 
et al. Risk factors for mortality among adult HIV/AIDS patients 
following antiretroviral therapy in Southwestern Ethiopia: an 
assessment through survival models. Int J Environ Res Public 
Health. 2017;14(3):296. doi: 10.3390/ijerph14030296.

49. Li Y, Zhang D, Yin J, Wang L. Analysis of survival time and 
influencing factors of HIV/AIDS patients above 60 years old 
in Jiangmen, Guangdong. Chin Trop Med. 2020;20(8):725-30. 
doi: 10.13604/j.cnki.46-1064/r.2020.08.07.

50. Liu ZQ, Zhou N, Bai JY, Guo Y, Yu MH. [Analysis of survival 
and influencing factors of HIV/AIDS patients in Tianjin, 2004-
2014]. Zhonghua Liu Xing Bing Xue Za Zhi. 2017;38(3):369-
73. doi: 10.3760/cma.j.issn.0254-6450.2017.03.019. 
[Chinese].

https://doi.org/10.2427/13234
https://doi.org/10.9734/JSRR/2019/v24i530167
https://doi.org/10.9734/JSRR/2019/v24i530167
https://doi.org/10.2427/13223
https://doi.org/10.7448/ias.19.1.20960
https://doi.org/10.4178/epih/e2014024
https://doi.org/10.1086/498315
https://doi.org/10.1136/thoraxjnl-2016-209421
https://doi.org/10.1086/338641
https://doi.org/10.1186/s12879-018-3387-z
https://doi.org/10.1186/s12879-018-3387-z
https://doi.org/10.12688/f1000research.14184.2
https://doi.org/10.12688/f1000research.14184.2
https://doi.org/10.1016/j.ijid.2018.05.021
https://doi.org/10.1016/j.puhe.2015.01.022
https://doi.org/10.1186/s12879-019-3890-x
https://doi.org/10.7448/ias.18.1.19317
https://doi.org/10.1111/hiv.12576
https://doi.org/10.3390/ijerph14030296
https://doi.org/10.13604/j.cnki.46-1064/r.2020.08.07
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.03.019

