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Introduction
One of the major health problems around the world is the human 

immunodeficiency virus (HIV). Acquired immunodeficiency syndrome 
(AIDS) is the advanced level of HIV infection [1]. Since the beginning 
of the HIV-AIDS epidemic, it has claimed approximately 36 million 
lives and about 75 million HIV infected people [2]. At the end of 2015, 
approximately 36.7 million people were living with HIV and 2.1 million 
people had become newly infected with HIV globally [3]. As, there 
is no cure for HIV infection yet, antiretroviral treatment (ART) can 
effectively control the virus and return the patients to relatively healthy 
and productive lives [1]. This treatment has also led to better survival 
and improved quality of life for those who live with HIV/AIDS and has 
reduced viral loads, therefore potentially reducing HIV transmission. 
On the other hand, the primary goal of ART is to prolong lives, making 
HIV/AIDS a chronic illness rather than a death sentence [4]. Before 
introduction of ART as the mainstay of treatment for AIDS, AIDS-
related conditions were predominant, while, recently, the mortality 
profile is more diverse, including cardiovascular diseases (CVDs), 
non-AIDS-related-malignancies and other end-organ diseases such 
as end-stage liver and kidney diseases [5,6]. In high income countries, 
population-based and cohort studies have shown that, conditions 
such as diabetes mellitus, (CVDs), cancer, liver and kidney diseases, 
have become increasingly frequent in HIV-infected individuals [7,8]. 
Although HIV/AIDS-related conditions remain the most common 
causes of death, Non-HIV-related causes of death are now seen more 
than HIV-related ones in patients with CD4+ counts more than 200 
cells per cubic millimeter [9]. In fact, higher survival of patients with 
AIDS increases, the more chance of occurrence of diseases other 

than those related to AIDS among HIV-infected persons. Therefore, 
within this shifting scenario, the surveillance of causes of mortality 
among HIV-infected individuals is vitally important to determine 
the changing epidemiology of HIV disease. This helps to find out the 
potential side effects of antiretroviral treatment and to improve HIV 
management clinically. Much research has been carried out globally 
to predict survival of HIV/AIDS infected individuals. Although, HIV-
related mortality and morbidity has been decreasing in recent years, 
a better understanding of demographic characteristics, laboratory and 
clinical indicators which influencing the disease progression in HIV-
positive patients is required, particularly in the Eastern Mediterranean 
Region. However, limited investigations have been done to evaluate 
the progression to AIDS and to death among HIV-positive patients in 
this region. Few studies of AIDS-free HIV-infected individuals in Iran 
have explored the potential impact of factors influencing the time for 
progression from HIV to AIDS and from AIDS to AIDS-related death. 
The only information comes from small, unrepresentative samples of 
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Abstract
Introduction: Few studies in Iran have explored the potential impact of factors influencing the survival time of 

patients with HIV and AIDS. Therefore, this study was designed to estimate the time from the HIV to AIDS progression 
and the time from the AIDS to the AIDS-related death and non-AIDS-related death. The prognostic factors influencing 
this process were also investigated.

Methods: This retrospective cohort study was conducted in Isfahan province, from 2000 to 2014.The outcome 
was three categories: alive or lost to follow up, and death due to AIDS related, non-AIDS-related. Cox proportional 
hazard and competing risks Cox model was employed to evaluate the effects of prognostic variables on the survival 
rate of progression to AIDS and from the AIDS to the AIDS-related death and non-AIDS-related death. 

Results: We identified 307 patients, 44 were ineligible. At the end of the study period, 197 (74.9%) patients were 
alive or lost to follow up, 28 (10.6%) died from AIDS-related causes, and 38 (14.4%) died from non-AIDS-related 
causes. Results showed there was a significant association between gender (P=0.04), increase in age (P=0.022), TB 
coinfection (P=0.004), and a decreased level of CD4 cell count (P=0.012) with progression to AIDS. Also there was 
a significant association between CD4 level (P=0.013) and antiretroviral therapy (P<0.001) and AIDS-related deaths. 
There was a significant association between a level of CD4 cell count (P=0.022) and TB coinfection (P=0.01) with 
non-AIDS-related deaths.

Conclusion: A substantial proportion of the patients had progressed to AIDS in the first year because they were 
identified very late. This source of HIV infection had the chance to transmit the infection to others. Also patients who 
died from AIDS-related causes of death had poorer immunological status at recruitment. 
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the population [1,10-16]. Therefore, this retrospective cohort study was 
designed and conducted in a high middle-income country to estimate 
the time from the HIV diagnosis to AIDS progression and the time 
from the AIDS initiation to the AIDS-related death and non-AIDS-
related death. The prognostic factors influencing this process were also 
investigated.

Materials and Methods
This study was a retrospective cohort study which was conducted 

in Isfahan province, from January 2000 to December 2014. The study 
population was HIV-positive people who had a medical record in 
the Voluntary Counseling and testing Centers. The research Council 
of Isfahan University of Medical Sciences approved the study with 
code number of 288282. The data collection was carried out using a 
case record form, which was developed according to the information 
documented in the medical records such as demographic information 
(age, sex), mode of transmission, CD4 cell count, ART, co-infection 
with TB and causes of death. Information regarding vital status was 
checked up until December 31 2014 using the patients’ medical charts, 
through active contact with individuals and family members. A HIV-
positive case was defined as a person with HIV infection, irrespective of 
clinical stage confirmed by laboratory criteria according to guidelines 
of World Health Organization [17]. In the Islamic Republic of Iran, 
a case of HIV is defined as an individual by two sequential enzyme-
linked immunosorbent assay (ELISA) tests positive for HIV antibody 
confirmed by a western blot test [18]. A case of AIDS was defined as a 
definitive diagnosis of stage 4 conditions and/or CD4 count less than 
200/mm3 of blood in a HIV-infected subject [17]. AIDS-diagnosis at 
baseline was defined by the occurrence of an AIDS-defining illness at 
or before cohort enrolment. Twenty seven patients were excluded from 
the survival analysis, as they had been diagnosed as AIDS cases at the 
time of registration at the Centers. Age at enrolment was calculated 
as the difference between date of birth and date of enrolment and was 
classified into three categories: ≤ 24, 25-44 and ≥ 45 years. Presumed 
method of transmission of HIV was self-reported and defined into 
injection drug use (IDU), sexual (heterosexual + men who have 
sex with men), mother-to-child transmission and other/unknown. 
Baseline CD4 cell count was considered within a frame of 180 days 
of recruitment, and, if more than one reading was available, the value 
closest to the date of enrolment was selected. It was classified into four 
levels as ≤ 200, 201-350, 351-500 and ≥ 501 cells/mm3. Highly active 
antiretroviral therapy (HAART) or in the short form ART is defined as 
the combination of several antiretroviral medicines used to overwhelm 
HIV viral replication and to lower the progress of HIV disease. In the 
Islamic Republic of Iran, ART is started for HIV-positive people with 
the following criteria: (1) stage 3 or 4 conditions; (2) CD4 count less 
than 350 per mm3; (3) coinfection with hepatitis B (HB) virus; (4) 
HIV-induced nephropathy; (5) having malignancy; (6) age over 60 
years; or (7) HIV viral load above 100,000 copies [19]. In the analysis, 
the ART status was categorized as on ART and not on ART. Causes of 
death were classified as AIDS-related or non-AIDS related based on the 
presence or absence of an AIDS-defining conditions, according to the 
Centers for Disease Control and Prevention (CDC) Classification [20]. 
All deaths with unknown primary and contributing causes for which, 
at least, one CD4 cell count was available within 6 months before the 
date of death were considered as AIDS related if CD4 counts were, less 
than 200 cells/mm3and as non-AIDS related if greater than or equal 
to 200 cells/mm3. If deaths that did not meet any of the these criteria, 
they were considered as of unknown cause [9]. We excluded 2 patients 
with unknown cause of death from data analysis. As a final outcome 
classification, individual cases were categorized into three categories: 

alive or lost to follow up, and death due to AIDS related, non-AIDS-
related.

Statistical Analysis
The outcomes of interest included estimating the duration of 

time (1) from the time of HIV diagnosis to AIDS progression, (2) 
from AIDS to AIDS-related death and (3) from AIDS to non-AIDS-
related death (in years). The patients who were lost to follow up and 
those who were alive to the end of the study period were considered 
censored. Descriptive statistics for background and clinical factors 
were compared for three groups defined as a function of vital status and 
classification of underlying cause of death (alive or lost to follow up, 
and death due to AIDS related, non-AIDS-related). Fisher’s exact and 
Chi-squared tests were applied to evaluate differences between groups 
of categorical variables. The life-table technique was used to estimate 
the survival rate of progression to AIDS, AIDS-related death and non-
AIDS-related death. Cox proportional hazard model was employed 
to evaluatethe effects of prognostic variables on the survival rate of 
progression to AIDS. To assess the factors associated with AIDS or non-
AIDS related causes of death, weperformedCox proportional hazards 
models, adjusting for competing risks. The proportional hazards 
assumption was examined applying Schoenfeld residuals. Unadjusted 
hazard ratios (HR) and adjusted hazard ratios were calculated with 
95% confidence intervals. P-value less than 0.05 were considered as 
statistical significance. To illustrate the product limit estimates of the 
cumulative survival rate, Kaplan-Meier curves were producedamong 
different levels of CD4 to show the life time survival of the patients. Also 
the cumulative incidence functions for AIDS-related and non-AIDS 
related causes of death in a competing risks framework are reported in 
the figure for the whole patients based on different categories of CD4 
variable. All statistical analyses were performed using Stata software, 
version 12. 

Results 
We identified 307 patients, 44 were ineligible. The analysis was 

based on data from the remaining 263 patients (210 men and 53 
women). The mean (SD) age of the patients was 33.32 (9.24) years, 
with a range from 3 to 65 years. Of 263 patients infected with the HIV 
virus, all developed AIDS. In addition, at the end of the study period, 
197 (74.9%) patients were alive or lost to follow up, 28 (10.6%) died 
from AIDS-related causes, and 38 (14.4%) died from non-AIDS-
related causes. The characteristics of the study population are given 
in Table 1. The majority of the HIV-infected patients were aged 25 to 
44 years and male. Also 79.8% were on ART and 63.1% acquired HIV 
through injections. Some demographic and clinical characteristics 
were significantly different across the groups alive or lost to follow 
up, and death due to AIDS-related and non-AIDS-related causes 
(Table 1), such as gender distribution. Other significant differences 
between the groups include baseline CD4 counts (265, 172.5 and 233 
cells/mm3, respectively), ART and TB coinfection. The probability of 
AIDS progression, incidence of AIDS-related death and non-AIDS-
related death are given in Table 2. The 1, 5 and 10 year probabilities 
of progression from HIV diagnosis to AIDS were 32%, 75%, and 98%, 
respectively. The 1, 5 and 10 year probabilities of AIDS-related death 
after initiation of AIDS were 8%, 14% and 14%, respectively. Also the 
1, 5 and 10 year probabilities of non-AIDS-related death after initiation 
of AIDS were 3%, 27% and 55.8%, respectively. The effect of CD4 cell 
count on survival probabilities from HIV diagnosis to progression to 
AIDS is given in Figure 1A. There was a direct relationship between 
CD4 cell count and the survival probability. The higher the CD4 cell 
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Alive and lost to follow up AIDS-related death Non-AIDS-related death
Variable Category Number Percent Number Percent Number Percent Total p-value 

Gender 
Male 149 71 26 12.4 35 16.7 210 0.012
Female 48 90.6 2 3.8 3 5.7 53

Age 
Median (IQR) 32 (28-38) 32 (28-37.75) 33 (28-41.5)
45> 25 75.8 2 6.1 6 18.2 33 0.11
25-44 149 73.4 22 10.8 32 15.8 203
1-24 23 85.2 4 14.8 0 0 27

Tuberculosis infection
Yes 15 46.9 5 15.6 12 37.5 32 <0.001
No 182 78.8 23 10 26 11.3 231

Antiretroviral therapy
Yes 169 80.5 12 5.7 29 13.8 210 <0.001
No 28 52.8 16 30.2 9 17 53

Baseline CD4 (cells/mm3)
Median (IQR) 265 (130.5-417.5) 172.5 (118.5-325.5) 233 (100-404)
0-200 76 67.9 20 17.9 16 14.3 112 0.038
201-350 54 87.1 3 4.8 5 8.1 62
351-500 27 77.1 2 5.7 6 17.1 35
>500 37 80.4 2 4.3 7 15.2 46

Mode of transmission
Injection 115 69.3 22 13.3 29 17.5 166 0.078
Mother to child 4 80 1 20 0 0 5
Others/unknown 12 80 2 13.3 1 6.7 15
Sexual 66 85.7 3 3.9 8 10.4 77

Table 1: Demographic and clinical characteristics of the study population by vital status and cause of death.

A

B C

Figure 1: The effect of CD4 cell count on survival probability from diagnosis of HIV to progression to AIDS and cumulative incidence functions from AIDS to AIDS-
related, non-AIDS related death.
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count, the higher the survival probability. The cumulative incidence 
functions for AIDS-related and non-AIDS-related deaths are shown in 
the Figures 1B and 1C, respectively for the entire patients based on CD4 
variable categories. The shape of the curves for AIDS-related and non-
AIDS-related causes of death clearly show that the lowest acceleration 
of risk accumulation occurred in the group with highest CD4. The 
effect of all predictors on progression to AIDS, AIDS-related death 
and non-AIDS-related death is given in Tables 3-5, respectively. Based 
on the adjusted HR estimated by the Cox proportional hazard model, 
there was a significant association between predictors and progression 
to AIDS: gender (P=0.04), increase in age (P=0.022), TB coinfection 
(P=0.004) and a decreased level of CD4 cell count (P=0.012). Based on 
the adjusted HR estimated by the competing risks Cox model, there was 

a significant association between some predictors and AIDS-related 
deaths: CD4 level (P=0.013) and antiretroviral therapy (P<0.001). Also 
there was a significant association between a level of CD4 cell count 
(P=0.022) and TB coinfection (P=0.01) with non-AIDS-related deaths. 
Lower CD4 cell counts at baseline significantly increased the hazard 
of AIDS-related and non-AIDS-related causes of death, although the 
magnitude of the HR estimates was much higher for AIDS-related 
causes of death. The hazard for AIDS-related death increased from 
significant hazard ration of 8.83 for those who did not received ART 
compared to those who received ART. The hazard for non-AIDS related 
causes of death, increased from a significant hazard ratio of 2.75 for 
those who have TB coinfection compared to those who did not have TB 
coinfection. For non-AIDS related death hazard ration of age variable 

Survival time (years) Total Event Censored Probability SE 95% CI
From HIV to AIDS

1 236 76 0 0.32 0.03 0.26-0.038
2 160 29 0 0.44 0.03 0.38-0.51
3 131 31 0 0.57 0.03 0.51-0.63
4 100 23 0 0.67 0.03 0.61-0.73
5 77 20 0 0.75 0.02 0.70-0.81
6 57 13 0 0.81 0.02 0.76-0.86
7 44 16 0 0.88 0.02 0.83-0.91
8 28 15 0 0.94 0.01 0.91-0.96
9 13 6 0 0.97 0.01 0.94-0.98

10 7 4 0 0.98 0.007 0.96-0.99
11 3 2 0 0.99 0.004 0.97-0.99

13+ 1 0 0 1.00 0.000 0.00-0.00
From AIDS to AIDS-related death

1 263 19 56 0.080 0.01 0.05-0.12
2 188 3 45 0.097 0.01 0.06-0.14
3 140 4 44 0.128 0.02 0.08-0.18
4 92 1 40 0.140 0.02 0.09-0.20
5 51 0 21 0.140 0.02 0.09-0.20
6 30 0 5 0.140 0.02 0.09-0.20
7 25 0 4 0.140 0.02 0.09-0.20
8 21 0 6 0.140 0.02 0.09-0.20
9 15 0 5 0.140 0.02 0.09-0.20

10 10 0 4 0.140 0.02 0.09-0.20
11 6 0 2 0.140 0.02 0.09-0.20
12 4 0 2 0.140 0.02 0.09-0.20
13 2 1 0 0.570 0.30 0.15-0.98

20+ 1 0 1 0.570 0.30 0.15-0.98
From AIDS to Non-AIDS-related death

1 263 7 68 0.030 0.011 0.01-0.06
2 188 4 44 0.053 0.016 0.03-0.09
3 140 9 39 0.124 0.027 0.08-0.18
4 92 6 35 0.195 0.037 0.13-0.28
5 51 4 17 0.270 0.049 0.18-0.38
6 30 1 4 0.296 0.054 0.20-0.41
7 25 1 3 0.328 0.059 0.22-0.45
8 21 1 5 0.363 0.066 0.24-0.50
9 15 3 2 0.499 0.087 0.34-0.67

10 10 1 3 0.558 0.094 0.38-0.74
11 6 0 2 0.558 0.094 0.38-0.74
12 4 1 1 0.684 0.126 0.44-0.89
13 2 0 1 0.684 0.126 0.44-0.89

20+ 1 0 1 0.684 0.126 0.44-0.89

Table 2: The duration of times for progression from HIV infection to AIDS and from AIDS to AIDS and Non-AIDS related death using life table.
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could not be calculated because of insufficient number of non-AIDS 
related death in age categories. 

Discussion 
The present paperis based on a retrospective cohort of HIV/AIDS 

patients registered at different Voluntary Counseling and testing 
Centers during 2000-2014 in Isfahan, Iran. At the end of follow-up, 
74.9% patients were alive or lost to follow up, 10.6% died from AIDS-
related and 14.4% died from non-AIDS-related causes. We showed that 
63.1% of patients acquired HIV through injection mode of transmission. 

Variables Category Unadjusted HR
(95% CI)

P-value Adjusted HR
(95% CI)

P-value

Gender 
Male 0.68 (0.48-0.96) 0.02 0.62 (0.38-0.97) 0.04
Female Reference

Age 
45> 1.69 (0.96-2.98) 0.06 1.78 (0.91-3.50) 0.09
25-44 1.44 (0.95-2.18) 0.08 1.79 (1.08-2.96) 0.022
1-24 Reference

Tuberculosis infection
Yes 1.81 (1.23-2.67) 0.003 2.011 (1.25-3.23) 0.004
No Reference

Antiretroviral therapy
No 1.07 (0.79-1.45) 0.64 0.96 (0.64-1.42) 0.84
yes Reference

Baseline CD4 (cells/mm3)
0-200 1.64 (1.09-2.47) 0.01 1.72 (1.12-2.62) 0.012
201-350 1.36 (0.89-2.09) 0.14 1.25 (0.80-1.93) 0.31
351-500 1.61 (1.00-2.60) 0.04 1.34 (0.80-2.23) 0.25
>500 Reference

Mode of transmission
Injection 0.68 (0.50-0.92) 0.01 0.76 (0.50-1.15) 0.20
Mother to child 1.66 (0.59-4.60) 0.32 2.25(0.67-7.51) 0.18
Others/unknown 0.73 (0.40-1.34) 0.31 0.68 (0.33-1.38) 0.29
Sexual Reference

Table 3: The effect of predictors on the duration of time from HIV diagnosis to AIDS progression using univariate and multivariate hazard ratio (HR).

Variables Category Unadjusted HR
(95% CI)

P-value Adjusted HR
(95% CI)

P-value

Gender 
Male 3.17 (0.74-13.57) 0.11 1.41 (0.32-6.31) 0.62
Female Reference

Age 
45> 0.33 (0.05-1.84) 0.20 0.81 (0.09-7.10) 0.85
25-44 0.62 (0.21-1.76) 0.37 1.20 (0.24-5.96) 0.82
1-24 Reference

Tuberculosis infection
Yes 1.49 (0.55-3.96) 0.42 0.89 (0.20-3.93) 0.88
No Reference

Antiretroviral therapy
No 6.87 (3.24-14.51) <0.001 8.83 (3.79-20.55) <0.001
yes Reference

Baseline CD4 (cells/mm3)
0-200 4.93 (1.18-20.59) 0.028 7.26 (1.51-34.76) 0.013
201-350 1.26 (0.22-7.31) 0.79 1.71 (0.24-11.37) 0.56
351-500 1.51 (0.22-10.42) 0.67 1.57 (0.22-11.25) 0.64
>500 Reference

Mode of transmission
Injection 3.80 (1.11-13.01) 0.033 2.32 (0.66-8.15) 0.18
Mother to child 5.55 (0.63-48.82) 0.122 9.39(0.83-105.96) 0.070
Others/unknown 3.61 (0.62-20.96) 0.153 2.63 (0.39-17.34) 0.31
Sexual Reference

Table 4: The effect of predictors on the duration of time from AIDS to AIDS-related death using univariate and multivariate hazard ratio (HR).



Citation: Momenyan S, Yadegarfar M, Meshkati M, Tayeri K, Yadegarfar G (2017) Predictors of HIV Progression to AIDS and Mortality from AIDS and 
Non-AIDS Related: A Retrospective Cohort Study in Isfahan, Iran. J AIDS Clin Res 8: 721. doi: 10.4172/2155-6113.1000721

Page 6 of 8

Volume 8 • Issue 8 • 1000721
J AIDS Clin Res, an open access journal
ISSN: 2155-6113 

Access to sterile injecting equipment, methadone maintenance therapy 
and outreach services can successfully decrease the risk of HIV 
transmission among IDUs [21]. Also, screening programs can be 
conducted by the Voluntary Counseling and Testing Centers of Iran 
among injection drug users. This can lead to decrease time interval 
between the time of initiation of HIV infection and the time of 
diagnosis. Therefore, HIV-positive patients have had the opportunity to 
be treated and returned to relatively healthy and productive lives. Our 
findings showed, the 1 and 10 year probabilities of progression from 
HIV diagnosis to AIDS were 32% and 98%, respectively. The 1 and 10 
year probabilities of AIDS-related death after initiation of AIDS were 
8% and 14%, respectively. The 1 and 10 year probabilities of non-AIDS-
related death after initiation of AIDS were 3% and 55.8%, respectively. 
A few studies have reported the duration of time for progression from 
HIV infection to AIDS and from AIDS to death. Poorolajal et al. 
conducted a retrospective cohort study in Tehran, Iran and reported 
that the 1 and 10 year probabilities of progression from HIV diagnosis 
to AIDS were 45.0% and 90.4%, respectively. Also they showed that the 
1 and 10 year probabilities of AIDS-related death after initiation of 
AIDS were 17.2% and 39.2%, respectively [1]. Another study in 
Hamadan, Iran was performed by Mirzaei et al. Based on this study, 1 
and 10 year survival rates from HIV to AIDS were 89% and 30%, 
respectively. One year and five year survival rates from AIDS to death 
were 76% and 46%, respectively [12]. A prospective cohort study which 
was carried out by Maruza et al. in 2012 in Brazil showed that the 
probability of 30 months survival among HIV-infected patients was 
70% [22]. Spagnuoloet al. performed a retrospective cohort study in 
Italy in 2012 and showed that 10 year survival of HIV infected subjects 
with non-AIDS-defining malignancies was 44.7% [23]. Based on our 
results, a substantial proportion (32.0%) of the patients had progressed 
to AIDS in the first year. The reason for this aggregation of the events in 
the first year could be delayed diagnosis and other reasons such as poor 
adherence to ART regimen combined with other co-morbid infections 

and low CD4 cell count [24]. Of the 263 HIV-infected patients, 27 
presented with AIDS when they registered as patients at the Centers. 
This indicates a substantial gap between the time of initiation of HIV 
infection and the time of diagnosis (i.e., left censoring). This means that 
HIV-positive patients have had the opportunity to transfer the infection 
between subjects with high-risk behaviors such as intravenous drug 
addicts and sex workers. According to the existing evidence, a 
considerable proportion of HIV-positive patients do not take an action 
for HIV testing until late in infection. Late presentation for HIV testing 
means that chances for harm reduction are missed [25]. Approximately, 
54-70% of the sexually transmitted HIV stem from the HIV-positive 
individuals who do not know about their HIV-positive status [26]. We 
indicated that patients who died from AIDS-related causes of death had 
poorer immunological status at recruitment in comparison with those 
who remained alive or died of non-AIDS-related causes of death. 
Median CD4 cell counts at baseline for patients who died of AIDS-
related causes were 172.5 cells/mm3 against to 233 cells/mm3 for 
patients who died of non-AIDS related causes. We presented the effect 
of several predictors on the duration of time from HIV diagnosis to 
AIDS progression and from AIDS initiation to AIDS-related death and 
non-AIDS-related death using univariate and multivariate analysis. 
Gender was associated with progression to AIDS; the hazard of AIDS 
among women was significantly higher than among men, as previously 
reported by others [1,12,27]. Also the survival rate from AIDS to death 
was not any more significant as previously stated by others [4,13,22,27].
However, based on the study carried out by Mirzaei et al., the survival 
rate from AIDS to death was higher for women than in men [12]. They 
reported two explanations for the difference between the two genders. 
First, sample size of women was very small and therefore the difference 
may be just due to random error. Second the discrepancy may only be 
attributed to more censorship that occurred among men. TB is a leading 
preventable cause of death among people living with HIV. We showed 
that HIV positive individuals who were co-infected with TB had two-

Variables Category Unadjusted HR
(95% CI)

P-value Adjusted HR
(95% CI)

P-value

Gender 
Male 2.39 (0.74-7.68) 0.14 1.11 (0.23-5.49) 0.89
Female Reference

Age 
45> - - - -
25-44 - - - -
1-24 Reference

Tuberculosis infection
Yes 3.08 (1.61-5.89) 0.001 2.75 (1.28-5.93) 0.01
No Reference

Antiretroviral therapy
No 1.20 (0.54-2.65) 0.65 0.79 (0.34-1.82) 0.59
yes Reference

Baseline CD4 (cells/mm3)
0-200 1.26 (0.54-2.96) 0.58 1.89 (0.80-4.46) 0.14
201-350 0.81 (0.25-2.54) 0.71 1.09 (0.36-3.34) 0.87
351-500 1.78 (0.63-5.01) 0.27 3.60 (1.20-10.83) 0.022
>500 Reference

Mode of transmission
Injection 2.80 (1.11-13.01) 0.025 3.10 (0.92-10.38) 0.18
Mother to child - - 0.49(0.05-4.86) 0.070
Others/unknown 0.78 (0.10-5.83) 0.81 0.66 (0.06-7.01) 0.31
Sexual Reference

Table 5: The effect of predictors on the duration of time from AIDS to Non-AIDS-related death using univariate and multivariate hazard ratio (HR).
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times higher risk of progression to AIDS in comparison with those who 
infected with HIV alone. Also hazard ratio of non-AIDS-related death 
was 2.7 fold higher for subjects co-infected with TB compared to those 
without TB but it was not associated with AIDS-related death because 
of small sample size of AIDS-related death. Mirzaei et al. showed a 
strong relationship between co-infection with TB and progression to 
AIDS [12]. Lopez-Gatell et al. indicated that the hazard ratio of AIDS-
related death was 2.4 times higher for individuals co-infected with TB 
compared to those without TB [28]. This evidence showed the 
importance of treatment of TB in HIV infected people. In 2004, the 
World Health Organization (WHO) published an interim strategy on 
collaborative TB/HIV activities and underlined on three distinct aims: 
(a) forming and strengthening mechanisms for combined delivery of 
TB and HIV services; (b) decreasing the burden of TB among people 
living with HIV and beginning early antiretroviral therapy and (c) 
decreasing the burden of HIV among people with possible TB and 
diagnosed TB [29]. According to our results, patients aged 25-44 years 
were at about two fold higher risk of AIDS compared to patients aged ≤ 
24 years. The epidemiological studies have revealed that patients aged 
50 years or over are at a higher risk of progression to AIDS in comparison 
with younger patients [1,4]. In a regression model for the hazards sub-
distribution adjusted for possible confounders, although baseline age 
was not significantly associated with risk for AIDS-related-death and 
non-AIDS-related death. On the other hand, baseline age had no 
significant effect on the risk for death because median age at baseline 
for patients who died of AIDS-related causes was 32 as opposed to 33 
for patients who died of non-AIDS related causes. These findings are in 
agreement with the recent description of HIV cohorts [1,27]. We 
showed that patients who did not receive ART had about eight-fold 
increased risk of AIDS-related death in comparison with those patients 
whom treated by ART. We also demonstrated that ART was not 
associated with risk of non-AIDS-related death. Observational studies 
performed in both resource-limited and high-income countries have 
demonstrated that ART is associated with significant decreases in 
mortality rates with a range of 54-92%. Evidence based on randomized 
clinical trials has revealed that early initiation of ART during anti-
tuberculosis treatment is associated with reduction in mortality rates, 
particularly in patients with profound immune destruction. A clinical 
trial carried out in Cambodia, which studied 661 HIV-infected TB 
patients with a median CD4 count of 25 cells/mm3, indicated that 
mortality was reduced by 38% when ART was begun two weeks versus 
eight weeks after onset of ART [30]. We suggest that the screening 
programs be performed regularly in individual with high risk because 
there will be opportunity for HIV-positive patients to receive effective 
ART. Furthermore, the number of centers providing these treatments 
should be increased. 

According to our adjusted analysis, we found that lower CD4 cell 
counts were significantly associated with progression to AIDS. Also 
reductions in levels of CD4 cell counts increased the hazard of death 
from AIDS-related causes and non-AIDS-related causes. In other 
words, CD4 cell count plays an important role in the incidence of AIDS 
and death. Furthermore, epidemiological studies have shown that the 
risk of HIV/TB coinfection increases as the CD4 cell count decreases 
[31,32]. Although plenty of research is available globally regarding 
survival of HIV/AIDS patients. Further research is still required in 
Iranian patient populations. Our study has strengths and limitations 
that are worth mentioning. Strength was that all efforts were made to 
verify each patient’s vital status, including the verification of charts, 
active contact with individuals or family members and linkage with 
the Isfahan Mortality database. However, it is possible the complete 

ascertainment of deaths was not attained. Even though vital status was 
still missing for 10 patients lost to follow-up, we believe that this has not 
affected our results as these patients tended to be younger and to have 
higher CD4 cell counts than patients remaining in the cohort. Thus, 
if these losses to follow-up were because of death, the likely cause is a 
non-AIDS-related condition. The first pitfall, survival analysis requires 
reliable sources of data gained from prospective cohort studies while we 
carried out a retrospective design and used data recorded by registry 
centers. The quality and precision of the estimations and associations 
primarily depend on the quality of the recorded data, and we were 
unable to verify the accuracy of the data. This concern may raise the 
possibility of information bias. Second, we used a few background 
and clinical characteristics and therefore, we could not take into 
consideration all the potential confounders such as viral load and 
co-morbid status that could have influenced the survival of patients. 
The third pitfall was related to the missing data for different covariates 
as well as date of AIDS and date of death. Forth, in order to estimate 
the time of AIDS progression, AIDS-related deaths and non-AIDS-
related deaths, we used the date of diagnosis of HIV while a substantial 
number of patients were not diagnosed until late in infection. This 
might result in under-estimating the actual survival probability from 
the beginningof HIV infection to AIDS progression. Also, continuous 
follow-up is needed to determine the exact time of manifest of AIDS. 
Since some individuals were not seen regularly, the exact time of AIDS 
onset might have been recorded later than the real time. This issue 
might lead to overestimation of the actual survival time. The fifth pitfall 
refers to how representative the study population is of the HIV/AIDS 
patients cared for at other centers in Iran. We studied relatively small 
number of deaths (n=66), which made some of the models we used 
under powered for associations. 

Conclusion
Our retrospective cohort study showed the 1 and 10 year 

probabilities of progression from HIV diagnosis to AIDS were 32% and 
98%, respectively; the same probabilities of AIDS-related death after 
initiation of AIDS were 8% and 14%; and for non-AIDS-related death 
after initiation of AIDS were 3% and 55.8%, respectively. A substantial 
proportion (32.0%) of the patients had progressed to AIDS in the first 
year. Poor immunological status at enrolment of patients, gender, co-
infection with TB, age and treating with ART were strong independent 
predictors of AIDS-related causes of death and/or progression to AIDS. 
Patients who died from AIDS-related causes of death had poorer 
immunological status at recruitment. The hazard of AIDS among 
women was significantly higher than among men. The HIV positive 
individuals who were co-infected with TB had two-times higher risk 
of progression to AIDS. The older patients had the higher risk of 
progression to AIDS. The patients who did not receive ART had about 
eight-fold higher risk of AIDS-related death in comparison with those 
patients whom treated by ART.
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