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Abstract

Introduction: Human immunodeficiency virus (HIV) infection is recognized as a human health
issue, and its social, cultural, economic, and political consequences lead to an extremely large problem
for human health. The aim of this study is to evaluate association between risk factors and HIV-posi-
tive patient’s survival time.

Material and methods: In this population-based retrospective cohort study, a total of 245 positive HIV/
AIDS infected patients were included. The required information were collected by an interview and
blood testing. The interview was conducted by an expert and trained social worker, using a structured
questionnaire. The demographic and risk factors of HIV infection factors such as: age, gender, job status,
marital status, education attainment, prison status, injection drug user, heterosexual, homosexual, infect-
ed mothers, sexually transmitted disease, sex worker status, addiction, disease stage at diagnosis, CD4+
T-cell count, HBV, HCV, and AIDS were collected. The survival time of HIV patients was considered as
a main outcome. Since there was a lot of censored data, we applied Gaussian Mixture Model.

Results: The analysis was done based on data of 205 (84%) patients. One hundred and sixty (78%)
patients were male and the mean (SD) age of patients was 37.1 (9.3) years, varied from 4 to 65 years.
During the study, 43 (21%) deaths were recorded. Median and mean with their 95% confidence in-
tervals for survival time were 50.4 (range, 36.6-64.2) and 44.1 (range, 34.4-53.6) months, respectively,
based on posterior distribution. Survival time was significantly correlated with the variables of disease
stage at diagnosis time, sexually transmitted disease, CD4+ T-cell count, HBV, and AIDS. According
to the sign of regression coeflicients, there was strong negative correlation between survival time and
disease stage at diagnosis time, sexually transmitted disease, HBV, and AIDS. Furthermore, positive
correlation was found between survival times with CD4 level.

Conclusions: Since there are numerous national surveys running in Iran to fill in the information
gaps on HIV prevalence and related risky behaviors among most at risk population, it is recom-
mended to implement several integrated bio-behavioral surveillance surveys for hidden and hard-
to-reach populations.
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Bayesian survival analysis for HIV-infected patients

Introduction

Human immunodeficiency virus (HIV) infection is rec-
ognized as a human health problem in all around the world.
Its social, cultural, economic, and political consequences
lead to an extremely large problem for human health [1].
HIV is a major global public health issue and according to
WHO report it is estimated to claim more than 36.7 million
lives so far. In 2014, 1.2 (1.0-1.5) million people have died
from HIV-related causes across the world. There were ap-
proximately 36.9 (34.3-41.4) million people that were living
with HIV at the end of 2014 with 2 (1.9-2.2) million of new
HIV cases in 2013 globally [2]. HIV is on the downward
trend globally as new HIV infections have fallen by 38%;
new HIV infections among children have decreased by 58%
since 2001, and number of deaths from AIDS-related dis-
eases have declined by 35%, since the peak in 2005 to 2013
[3]. Since 2001 to 2009, HIV was still on the upward trend
in adults and children as well as newly HIV infected cases
in some regions, especially in the Middle East and North
Africa [4], and it continues to challenge human communi-
ties with its health, social, economic, cultural, and political
consequences. Based on statistical report of World Health
Organization (WHO), the prevalence rate of HIV/AIDS in
Iran has increased from low to concentrated level of epidem-
ic [5]. The prevalence in overall population is below 1%; this
rate, however, has surpassed 5% in some high-risk groups
such as IDUs [6, 7]. For effective management and planning
on the prevention and control of HIV, it is crucial to focus
on people living with HIV and to identify prime high-risk
groups, as well as concentrating on the HIV/AIDS epidemic
in the country and its longitudinal patterns of changes [8-10].
There are three major groups of risk factors that have been
reported to increase mortality among the HIV-infected pa-
tients on highly active antiretroviral therapy (HAART) in-
cluding HIV-related risk factors (AIDS defining diseases
and insufficient response to HAART), co-morbidities such
as hepatitis C, and non-HA ART-related lifestyle factors such as
drug, smoking, and alcohol abuse [11-13]. Several factors
have been related to risk of HIV infection, varying from
individual demographic characteristics for instance gender,
age, and marital status, socio-economic status such as educa-
tion, wealth, sexual behavior (hetero-/homosexual), clinical
characteristics (i.e. tuberculosis [TB], CD4+ T-cell count,
HBV, HCV, AIDS), and addiction risk factors. In general,
HIV prevalence tends to peak at a younger age for women
(i.e. between the ages of 30 and 34) than for men (in late 30s
and early 40s). Besides gender and age, another demograph-
ic factor that has been noted to show a particularly strong
association with the risk of HIV infection is marital status
[14]. Patients with HIV are also likely to be at risk for other
infectious pathogens. Co-infection with HIV and HBV and/
or HCV is common, because all of these diseases spread by
similar routes of viral transmission. On the other hand, viral
hepatitis complicates the clinical course and management,
and may also adversely affect HIV treatment [15]. Consid-
ering the variety of risk factors affected the survival of HIV,
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this study aimed to assess association between risk factors
and HIV patient’s survival time.

Material and methods

Setting

In this population-based retrospective cohort study, we
collected HIV/AIDS surveillance data from the Counsel-
ing Center of Behavioral Diseases in Isfahan central of Iran
during 2001-2014. Only positive HIV/AIDS infected patients
(those who were positive by enzyme-linked immunosor-
bent assay [ELISA] method and confirmed by Western blot
method) had attended the Counseling Center of Behavioral
Diseases and were included in the study. Based on the data
protection policy, all names were removed and replaced by
a code derived from the date of the HIV diagnosis of the pa-
tients. The study included 245 HIV-infected patients.

Information were collected by an interview and blood
testing. The interview was conducted by an expert and
trained social worker, using a structured questionnaire. It
comprised of demographic data and risk factors for HIV in-
fection. The demographic and risk factors of HIV infection
include age, gender, job status, marital status, education at-
tainment, prison status, injection drug user (IDU), hetero-
sexual, homosexual, infected mothers, sexually transmitted
disease (STD), sex worker status, addiction, disease stage at
diagnosis, CD4+ T-cell count, HBV, HCV, and AIDS. In or-
der to detect HBV, HCV and HIV, 5 ml blood sample was
taken from each individual and sent to the Infectious Diseas-
es and Tropical Medicine Research Center of Isfahan. Sam-
ples were tested for HBV, HCV, and HIV using the ELISA
method (Diapro, Italy) with more than 90% sensitivity.

A third-generation ELISA (Diapro, Italy) was used to
determine anti-HCV. Patients with ELISA and western blot
positive (for HIV) and ELISA positive (for HCV) were con-
sidered as HIV and HCV co-infection. CD4+ cell counts
were measured by flow cytometry (Partec, Germany).

Statistical analysis

All data were summarized and demonstrated as frequen-
cy (%) for categorical variables or mean + standard devia-
tion (SD) for continuous variables. The survival time of HIV
patients was considered as main outcome. Since there was
a lot of censored data, we applied Gaussian Mixture Mod-
el (GMM). This model is commonly used as a parametric
model of the probability distribution of continuous measure-
ments or features in a biometric system. It is also important
to note that because the Gaussian components are acting
together to model the overall feature density, these models
can provide tools for traditional fitting of limited mixtures
of univariate and multivariate normal distributions [16, 17].

In this model fitting, the survival time was assumed as
dependent variables, while the demographic and risk factors
of HIV infection as independent variables. We applied a hie-
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Table 1. Descriptive statistics for general characteristics of
study subjects; mean + SD for continues variables and num-
ber (%) for the categorical variables

Characteristics Descriptive statistics
Age (years) 37.1+9.3

<16 4(2)

16-29 28 (13.7)

30-39 100 (48.8)

40-49 53 (25.9)

> 49 20 (9.8)
Survival time (months) 441 +32.1
Gender

Male 160 (78)

Female 45 (22)
Educational level

No educated 10 (5)

College 182 (91)

University 8 (4)
Job status

Unemployed 77 (37.6)

Employed 125 (62.4)
Marital status

Married 89 (43.4)

Single 83 (40.5)

Divorce or Widow/er 32 (16.1)
Disease stage*

Mild 112 (56)

Moderate 24 (12)

Severe 36 (18)

Very severe 28 (14)
Prison status

No 66 (34.9)

Yes 123 (65.1)
Injecting drug use (IDU)

No 78 (38)

Yes 127 (62)
Heterosexual

No 113 (65.5)

Yes 87 (43.5)
Homosexual

No 194 (97)

Yes 6 (3)
Infected mothers

No 177 (88.5)

Yes 23 (11.5)
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Table 1. Cont.

Characteristics Descriptive statistics

Sexually transmitted disease(STD)

No 194 (97)

Yes 6 (3)
Tuberculosis disease

Negative 190 (92.7)

Positive 15 (7.3)
Sex worker

No 74 (39.2)

Yes 115 (60.8)
Addiction

Negative 52 (27.5)

Positive 136 (72.5)
CD4 categorize

< 200 56 (30.6)

200-499 82 (44.8)

> 500 45 (24.6)
HBV

Negative 194 (95.6)

Positive 9 (4.9)
HCV

Negative 106 (52.2)

Positive 97 (47.8)
AIDS

Negative 140 (70.4)

Positive 59 (29.6)

*Difference between disease stage at diagnosis and presentation times

rarchical Bayesian approach to report the Bayes estimates,
and make inferences of model parameter. Markov chain
Monte Carlo (MCMC) algorithms, such as the Gibbs sam-
pling, was used to find Bayes estimates and their correspond-
ing 95% confidence intervals (Cls). Data were analyzed using
Statistical Package for Social Sciences version 18.0 (SPSS,
Inc., Chicago, IL, USA) and OpenBugs 3.2.2, free software
for the Bayesian analysis of complex statistical models using
Gibbs sampling approach [18].

Results

A total of 245 HIV-infected patients participated in
the study. Forty (16%) patients were excluded because
of incomplete information. The analysis was done based
on the data of 205 (84%) patients. One hundred and sixty
(78%) patients were male and the mean (SD) age of patients
was 37.1 (9.3%) years, varied from 4 to 65 years. During
the study, 43 (21%) deaths were recorded. Risk of death was
94.5% in patients registered with two or more risk factors.
Ninety-one percent of the participants have college educa-
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Table 2. Results of HIV patients’ characteristics on survival time based on 10-year follow-up using Finite Gaussian Mixture
Model with Bayesian approach in Isfahan, Iran

Characteristics Mean (B) SD Bayesian 95%Cl
Disease stage* —-4.52 1.03 [-6.53; -2.51]
Prison status

Negative Reference

Positive -3.93 3.34 [-10.5; 2.62]
Injecting drug use (IDU)

Negative Reference

Positive -3.83 2.93 [-5.91; 9.58]
Heterosexual

Negative Reference

Positive -1.12 1.76 [-4.58; 2.34]
Homosexual

Negative Reference

Positive -1.67 3.99 [-9.49; 6.16]
Infected mothers

Negative Reference

Positive -1.01 3.34 [-7.55; 5.54]
Sexually transmitted disease (STD)

Negative Reference

Positive -7.48 3.53 [-14.4; -0.57]
Tuberculosis disease

Negative Reference

Positive -1.89 2.08 [-5.97; 2.19]
Sex worker

Negative Reference

Positive -1.19 3.25 [-7.56; 5.18]
Addiction

Negative Reference

Positive -1.29 2.17 [-5.54; 2.96]
CD4

< 200 Reference

200-499 2.56 1.12 [0.35; 4.76]

> 500 3.71 1.19 [1.38; 6.03]
HBV

Negative Reference

Positive -3.97 1.45 [-6.82; -1.13]
HCV

Negative Reference

Positive -0.61 291 [-6.32; 5.10]
AIDS

Negative Reference

Positive -5.51 2.33 [-10.1; -0.95]

*Difference between disease stage at diagnosis and presentation times; significant results are bold based on the 95% Bayesian confidence interval; estimated
Bayesian approach controlling for age, gender, job status, education level, and marital status

HIV & AIDS Review 2017/Volume 16/Number 2



104 Mohammad Reza Maracy, Shayan Mostafaei, Mohsen Moghoofei, Marjan Mansourian

tion and most of them were married (43.4%). Median and
mean with their 95% confidence intervals (CIs) for surviv-
al time were 50.4 (36.6-64.2) and 44.1 (34.4-53.6) months,
respectively, based on posterior distribution. 65.1% of par-
ticipants were prisoner, but there is no correlation between
living in prison with none of the behavioral risks (p > 0.05).
The proportion of injecting drug use between participants
was 62%. Most of the participants were sex workers (60.8%).
The percent of participants with HBV, HCV, and tuberculosis
infected was 4.4%, 47.8%, and 7.3%, respectively. Further-
more, 29.6% of the participants were AIDS-positive. The life
expectancy in patients at the age of 20 was 36 years; it was less
than the life expectancy of the general Isfahan population. At
the end of study, about 79% of patient’s survival times were
right censored. Other characteristics are shown in Table 1.

Estimates of parameters based on posterior functions
were obtained using the Open BUGS software versions 3.2.2.
For the underlying model, 10,000 iterations were discarded
as burn-in sample to eliminate the impact of starting val-
ues, and then 100,000 iterations with tuning of 50 followed
to obtain Bayes estimates (posterior means and SDs) of pa-
rameters and related 95% Bayesian intervals. Convergence
was assessed by visual assessment of the Markov chain for all
parameters. Trace plots of samples and Monte Carlo errors
were checked (results not shown).

Based on 95% high posterior density (HPD) from ra-
tios of the Monte Carlo errors relative to the respective
SDs of the estimates, survival time was significantly asso-
ciated with the variables of disease stage at diagnosis time
(p < 0.001), sexually transmitted disease (p = 0.035), CD4+
T-cell count (p <0.01), HBV (p = 0.01), and AIDS (p = 0.02).
According to the sign of regression coefficients, there was
strong negative correlation between survival time and dis-
ease stage at diagnosis time, STD, HBV, and AIDS. Further-
more, positive correlation was found between survival times
with CD4 level. Survival time of HIV-infected participants
has negative correlation with the other variables of the study,
but none of them was not statistically significant (Table 2).

Discussion

In the current study, to assess risk factors on patient’s sur-
vival time considering as a difference between disease stage
at diagnosis and patient’s death, we applied a Finite Gaussian
Mixture Model with Bayesian approach. It accounts for many
censored values and an inadequate sample size. Findings
of the present study showed a strong relationship between dis-
ease stage, sexually transmitted disease (STD), CD4+ T-cell
count, HBV coinfection, and AIDS with the survival time
of HIV patients. In developed countries, several factors were
reported including tuberculosis and HBV coinfection, intrave-
nous drug abuse, CD4+ cell count lower than 500 cells/mm?,
and black or brown skin as predictors for AIDS progression
[19]. Based on data from the routine reporting system in
Iran, up to the middle of 2009, 20,130 HIV-positive cases
were detected. This proportion is much higher in devel-
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oped countries. It seems that the lower detection case rate
is one of the problems in some Middle East and North
Africa (MENA) countries including Iran [20]. Of these, 24%
to 27% have undiagnosed disease and are unaware of their
HIV infection. In addition, data from the Health Ministry
of Iran has indicated that on average, HIV-infected people
developed AIDS within five years. It could be concluded that
HIV-positive cases are detected after a long delay. Therefore,
the lack of reporting of HIV-positive detection rates and
long delays are two main threats for spreading of HIV among
the population that it could reduce the survival time [21].
Some studies showed that CD4+ T-cell count, viral load, and
IDU were predictors of survival time. These studies were
consistent with our finding, in which CD4+ T-cell count less
than 200 was significant effect on survival, but in-contrast
with our result, IDU was not independent statistically sig-
nificant predictor of mortality [22-24]. Based on the study
conducted by Larsen et al., the risk of HIV-related death was
not increased in IDUs compared to non-IDUs. The result
of this study was in agreement with finding of current work
[12]. Another study conducted by Cohen et al. showed that
CD4+ T-cell count, history of transactional sex, and HCV
coinfection predicted mortality in women’s HIV interagency
with 1 year on highly active anti-retroviral therapy [25]. In
another investigation, Rezaianzadeh et al. demonstrated that
HCV coinfection increased mortality rate in HIV-infected
patients, rather than HCV-uninfected patients in HIV pa-
tients [26]. The results of these study were compatible with
our finding about CD4+ T-cell count, except the history
of transactional sex or HCV. According to study performed
by Grzeszczuk et al., no association was found between HCV
seropositive and survival, and this result was in agreement
with our findings [27]. Based on conducted studies in HIV
patients, low CD4+ T-cell count at the time of tuberculosis
treatment initiation was associated with early mortality and
increased risk of death [28-31]. Also another study showed
that history of tuberculosis and not using antiretroviral
drugs was significantly associated with higher mortality in
HIV patients [32]. Komati et al. studied HIV-infected pa-
tients who started antiretroviral therapy at low CD4+ T-cell
count, and tuberculosis at baseline was a death predictor.
Tuberculosis during follow-up was an independent predictor
of death even after adjustments for baseline risk factors, in-
cluding CD4+ T-cell count and viral load. These are contrast
results comparing to our findings [33]. Two other indepen-
dent studies showed that risk factors for death were clinical
AIDS at baseline, lower baseline CD4+ T-cell count. These
results were compatible with findings in our study [34, 35].
Farzadegan et al. investigated the relationship between var-
ious methods of measuring viral load and sex, and their
combined impact on disease progression. They indicated
that men had a higher median viral load than women. Their
results remained within the previous 6 months and also after
adjustment for drug use, CD4+ T-cell count, and race [36].
Brugal et al. demonstrated that in a cohort of heroin users,
approximately one-third of deaths were AIDS-related, one-
third were overdose-related, and one-third were due to oth-
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er causes [37]. In contrast, based on our study, there is not
significant relationship between heroin addiction and HIV
patient’s survival time. In a study on HIV patients performed
by Nakagawa et al., the greatest risk of excess mortality is due
to delays in HIV diagnosis [38]. Another study conducted by
May et al. in the UK showed that earlier diagnosis might in-
crease life expectancy [39]. The results of these studies were
consistent with our finding. According to report of antiret-
roviral therapy cohort collaboration study group, a substan-
tial proportion of men infected through sex with men and
individuals infected through heterosexual contacts mortal-
ity rate was significantly increased compared with the gen-
eral population [40]. These results are inconsistent with our
finding. It should be mentioned that in Iranian community,
people try to hide behaviors such as sexual activity. Harm
reduction programs among most at risk populations in
2001, which included IDUs, prisoners, and more recently,
sex workers are started in Iran. Based on these programs,
there is a close cooperation between the Ministry of Health
and medical education, prison health department, judicial
authorities, and other interested parties, with regards to
drug treatment and HIV/AIDS. The governmental support
for the implementation of evidence-based harm-reduction
policies has increased [41]. Dispute of unsafe sexual activ-
ity were not statistically significant effect on survival time
in this study, however, sex workers are one of the sources in
the transmission of HIV virus to general population. Un-
fortunately, there are no precise estimates of the percentage
of men, especially married men, who are clients of female
sex workers (FSWs). Since a large number of FSWs and men
sex with men are mobile and remain hidden, implementing
serious harm reduction programs will be very important.
Improvement can be made, if the current Harm Reduction
Programs for certain high-risk groups such as FSWs and
IDUs are purposefully implemented [21].

As the country of Iran is realizing some national surveys
to get more information on HIV prevalence and related risky
behaviors among population at risk, it is recommended to
implement several integrated bio-behavioral surveillance
surveys for hidden and hard-to-reach populations.
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