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Abstract

Introduction: This study aimed to estimate the effect of potential risk factors on survival of human 
immunodeficiency virus/acquired immunodeficiency syndrome (AIDS) patients using censored 
quintile regression model. 
Material and methods: We used a dataset from a (registry-based) retrospective cohort study conducted 
in Tehran (from April, 2004 to March, 2018). Demographic information, such as age, sex, marital sta-
tus, and educational level as well as behavioral information, including being-in-prison, drug/alcohol 
abuse and smoking, antiretroviral therapy, co-infection with tuberculosis (TB), and CD4+ cell count, 
were investigated as potential risk factors for AIDS progression. Censored quintile regression was used 
to estimate and investigate these factors for AIDS progression. 
Results: Mean age of patients was 33.93 years. Time to progression ranged from 0.01 to 223.17 months, 
and mean of time to progression was 40.55 months. A total of 1,249 (50.5%) patients experienced an event 
by end of the study. Impact of age, gender, prison, being addicted, being infected with tuberculosis, and 
using highly active antiretroviral therapy (HAART) were significant for most of quintiles (p < 0.05). 
Conclusions: It was shown that age, being prisoned, TB infection, and HAART were significantly associ-
ated with a lower time in AIDS progression. Censored quintile regression could be an appropriate choice 
for considering time-varying effects and easy interpretation of regression coefficients in analyzing AIDS 
progression data. 
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ORIGINAL pApeR 

Introduction 
According to public health report (PHR), global trend 

and adverse health impact of communicable diseases, such 
as human immunodeficiency virus (HIV) remains the ma-

jor and urgent public health problem across the world [1].  
Acquired immunodeficiency syndrome (AIDS) has been 
reco gnized as the most advanced and final stage of HIV infec-
tion [2, 3]. Based on the World Health Organization (WHO) 
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on survival times as well. Therefore, this model can depict 
a more complete picture of a relationship between risk fac-
tors and survival time. Censored quintile regression, like Cox  
regression model, addresses censored observations. How-
ever, the former does not enforce assumptions, i.e., propor-
tionality assumption that might not hold in practice [10, 11]. 

To our knowledge, there is no study that investigate 
the  impact of  risk factors on progressing AIDS in HIV- 
infected patients using quintile regression; therefore, 
the  present study aimed to estimate the  effect of  potential 
risk factors on survival of HIV/AIDS patients using censored 
quintile regression model. The  results of  this study can be 
used by health policy makers to design effective interventions 
to increase patients’ life expectancy, and to provide targeted 
policies improving survival time of these patients regarding 
treatment. In order to identify the factors affecting the sur-
vival of these patients, the performance of Cox regression and 
censored quintile regression models were compared. 

Material and methods 
Data set 

In the present study, we used a data set from a (registry- 
based) retrospective cohort study that was conducted in Teh-
ran (between April, 2004 and March, 2018). The study was 
approved by the  Research Council of  Hamadan University 
of  Medical Sciences. Study population consisted of  HIV- 
positive people, with a  medical record in one of  the  two  
Behavioral Diseases Counseling Centers in Tehran (Imam 
Khomeini and Zamzam Centers). Information about the ser-
vices provided by these centers is given in [2]. 

Medical records data included demographic information 
on age, sex, marital status, and educational level, and beha-
vioral information, including being in prison, drug/alcohol 
abuse, and smoking as well as ART, TB co-infection, CD4+ 
cell count, and AIDS progression [2]. 

Statistical analysis 

Descriptive features of patients were presented as mean 
(± standard error) and frequency (percentage) for contin-
uous and categorical variables, respectively. Mean time to 
progression for each variable and its’ sub-groups were calcu-
lated, and log-rank test was applied to evaluate distribution 
differences among variables of sub-groups. 

Numerous statistical tools exist to study time-to-event 
data. In the present study, we used censored quintile regres-
sion (CQR) to find the  overall time to progression of  pa-
tients, using adjusted effects of variables [12-14]. This model 
arranges numerous quantiles of survival time based on seve-
ral risk factors, and estimates pth quantile of  survival time 
(Qp), in which X is the vector of independent variables and 
βp is the vector of coefficient for pth quantile. 

Q(p|X) = X'βp

In the above formula, Q50 = α(days) means that a randomly 
selected person from the sample has a probability of 0.5 to face 

statistics, since AIDS started to be an  epidemic, approxi-
mately 75 million people have been infected with this deadly 
virus, and there was an estimated about 36.7 million people 
living with HIV at the  end of  2016, with 1.8 million peo-
ple becoming newly infected in this year worldwide [3, 4].  
HIV damages people’s immune system, and defense system 
weakens against infection and other types of disease, includ-
ing cancer. Probability of AIDS development varies among 
individuals, and depends on age, sex, and other conditions, 
i.e., being co-infected with other diseases [3]. 

At present, no functional cure exists for HIV infection; 
however, the  rate of  HIV-related mortality can be reduced 
using highly active antiretroviral therapy (HAART)  [3-5].  
On the other hand, HIV/AIDS-related treatment can be com-
plicated by multiple prognostic factors, including chronic 
pathologies associated with immunodeficiency, and chronic 
viral and bacterial infections [6]. CD4+ T lymphocyte count 
(CD4+ count) is known as a  main biomarker of  immune 
function and HIV disease progression to AIDS [3]. Greatest 
risk of HIV progression is related to CD4+ counts that falls 
below 200 cells/mm3 [7]. Opportunistic infection with HIV is 
often misdiagnosed because HIV symptoms occurring within 
first months are extremely infrequent [8]. Tuberculosis (TB) 
is known as a co-infection for HIV-infected patients, and may 
lead to a reduction in survival rate among patients [3, 4]. 

In recent years, HIV-related mortality has been de-
creased; however, to improve life expectancy of HIV-positive 
patients, it is important to identify prognostic factors affect-
ing patients’ survival [6]. But, in developing countries and in 
the Eastern Mediterranean region, there are limited studies 
on survival of patients with HIV infection [4, 9]. In order to 
design effective intervention plans to increase life expectancy 
of patients with HIV-infection, valid information of surviv-
al times and potential risk factors should be collected and 
analyzed [4, 6, 9]. Therefore, utilizing appropriate statistical 
models to identify important prognostic factors to improve 
patients’ survival prediction is a significant issue. 

There are several modeling approaches, including Cox 
proportional hazards mode and accelerated failure time 
models, which have been widely used for analyzing survival 
data. Nevertheless, studies have shown that some risk factors 
may not affect survival of patients with prolonged survival, 
while they may have a special impact on prognosis of patients 
with shorter survival. This might imply a dynamic situation 
in survival analysis that is not taken into account by a pro-
portional hazards model, which only considers static set-
tings. In this situation, quintile regression, as an alternative 
to the usual survival statistical models, may introduce new 
aspects of the data, indicating that the impact of risk factors 
may be time-varying. As time-to-event data are often skewed 
distribution and marginal distribution of the response vari-
able accompanies with kurtosis, quintile regression tech-
nique has received a lot of interest in analyzing in these type 
of data. This is because of the fact that this model is a pow-
erful and robust technique in detection of skewed distribu-
tion of data, such as time-to-event data. Quintile regression 
is very flexible in evaluating effect of  explanatory variables 
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the event within α days. The quantile model specifies linear 
dependence of conditional quantiles of Yi on xi . This model 
uses bootstrap resampling method to estimate coefficients’ 
standard error. The  bootstrapping approach can be carried 
out through three option, such as delete-d jackknife, xy-pair, 
and weighted resampling method with exponential weights. 
We used Jackknife, which estimates interquartile range using 
a random sample of R data sets. Details about this approach 
and handling the censorship can be found in a study by Port-
noy [15]. In the current study, factors with p-value less than 
0.15 were the predictors in CQR model to assess the amount 
of  adjusted effects of  independent factors on the  survival 
of patients [16]. Data analysis was carried out using ‘survival’ 
and ‘quantreg’ packages in statistical programing R language, 
version 3.3.1. All statistical tests were 2-sided, and a p-value 
< 0.05 was considered statistically significant. 

Results 
The mean (± standard deviation) age of the patients was 

33.93 (± 10.35) years. The time to progression ranged from 
0.01 to 223.17 months, and the mean and median of time to 
progression were 40.55 and 20.01 months, respectively. A total 
of 1,249 (50.5%) experienced an event by the end of the study. 
Based on Figure 1, a decreasing trend of time to progression 
probability was observed and one-, three-, and six-month, 
and one-, three-, and five-year survival probabilities were 
0.71, 0.62, and 0.59, and 0.54, 0.40, and 0.29, respectively. 
The  patients’ characteristics are shown in Table 1. The  ma-
jority of patients were 24-44 years old (73.2%), male (78.3%), 
single (39.1%), non-academic (79.9%), with an  experience 
of prison (60.9%), smoker (48.5%), addicted (51.4%), without 
tuberculosis infection (90.0%), without HAART (61.9%), and 
CD4+ cell count less than 200 (32.6%). The mean (± standard 
error) survival time for each sub-groups of the variables are 
shown in Table 1. The log-ranks test results showed that ex-
cept for marital status, the variables of sub-groups were differ-
ent in mean time to progression (p < 0.05). 

Table 2 shows the results of CQR model. In addition to 
consideration of p-values in log-rank tests, collinearity be-
tween the predictors was regarded in the procedure of vari-
able selection for the  model. Therefore, CD4+ cell count, 
smoking, and education were excluded from the  model. 
The impact of selected variables in CQR model on the time 
to progression of  the  patients were evaluated in every five 
hundredth from 15th to 95th percentiles. To explain Table 2, 
we interpret the  results for two quartiles. The  conditional 
first quartile and median time to progression can be formu-
lated as follow: 
Q (0.25 | tuberculosis infection, age, HAART)
 = 2.23 – 0.02 × age  
 – 0.03 (if a positive tuberculosis infection)
 – 0.49 (if a positive HAART)
Q (0.5 | tuberculosis infection, age, HAART)
 = 68.12 – 0.77 × age  
 – 10.81 (if a positive tuberculosis infection)
 – 15.06 (if a positive HAART)

According to the above resulted formulas, the 25th percen-
tile of time to progression for a 25-year-old patient with tu-
berculosis infection and HAART, was 0.94 month. Therefore, 
the probability of progression to AIDS for that case on 0.94th 

month was 25%. Moreover, the probability of progression for 
that case on 23rd month was 50%. In other words, the prob-
ability of  50% progression to AIDS for this patient was 23 
months. The same interpretation can be used for any other 
quantiles. As it is shown in Table 2, most of the time to pro-
gression quantiles were affected by age, tuberculosis infection, 
and HAART, and some quantiles of time to progression were 
affect by the experience of prison, gender, and addiction. 

Discussion 
The current study assessed the impact of various factors 

on the duration between the diagnosis of HIV infection and 
progress to AIDS among patients with HIV/AIDS. In our 
data, the distribution of time to AIDS progression was con-
siderably skewed. Regarding the  skewness of  time-to-event 
data and semi-parametric approaches, censored quantile re-
gression model was used, which resulted in better goodness 
of fit and more valid estimations as well as easier interpreta-
tions [13]. Regardless of the interaction among the predictors, 
the  unadjusted results revealed that patients older than 44, 
males, non-academics, those with an  experience of  prison, 
smokers, and addicted patients, infected with tuberculosis, on 
HAART, and those with CD4+ count less than 200, were less 
likely to delay their progression to AIDS. Regarding the as-
sociation among independent variables, we used a  quantile 
survival regression model, in which age, prison, tuberculosis 
infection, and HAART predicted status and duration between 
diagnosis of HIV infection and progress to AIDS significantly. 

Our data showed that time between the diagnosis of HIV 
and AIDS progression was about three years. However, this 
period can differ based on a number of factors, such as antiret-
roviral therapy, sexual orientation, and other potential treat-
ments [17]. Chen et al. assessed rates and risk factors associat-
ed with the progression of HIV to AIDS among HIV-positive 
patients. They demonstrated that factors, including age, im-
plementing HAART treatment, and early diagnosis and treat-
ment can efficiently increase the  time between progression 
of HIV to its’ final and most severe stage, AIDS [18]. 

Figure 1. Probability of surviving in months for AIDS progres-
sion
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We found that older patients were more prone to earlier 
progression to AIDS. Prejean et al. evaluated an estimated 
HIV incidence in the United States, and found that increase 
in age among young people arises the  risk of  AIDS  [19]. 
Numerous risk factors and adverse outcomes are associated 
with HIV disease, and healthy ageing might be strongly 
affected [20]. Older age is associated with lower CD4+ cell 
counts, lower thymic volumes, decline in production of naïve 

T cells, diminished T cell functionality, reduced memory  
T cell populations, and fewer numbers of  properly func-
tioning CD8+ cytotoxic T cells, and it has been shown that 
the  decrease continuous over time  [21]. Therefore, these 
factors explain the reason for more infections among older 
patients and non-efficient response to immunizations [20]. 

This study also showed that male were less prone to have 
a longer time between the diagnosis and AIDS progression. 

Table 1. Patients’ characteristics and results of log-rank test 

Variable n (%) Death, N = 1,249 (50.5),  
n (%)

Mean survival time (month),  
mean (SE)

Log-rank test

χ2 test p-value

Age 

< 24 286 (11.6) 104 (36.4) 72.51 (± 8.12) 75.66 < 0.001

24-44 1,810 (73.2) 911 (50.3) 38.68 (± 1.77) 

> 44 376 (15.2) 234 (62.2) 25.65 (± 3.81) 

Gender 

Male 1,936 (78.3) 1,010 (52.2) 38.71 (± 1.87) 8.548 0.003

Female 536 (21.7) 239 (44.6) 47.13 (± 4.09) 

Marital status 

Single 967 (39.1) 480 (49.6) 42.56 (± 2.83) 4.618 0.202

Married 908 (36.7) 474 (52.2) 40.69 (± 3.18) 

Divorced 359 (14.5) 191 (53.2) 37.98 (± 3.47) 

Widow 117 (4.7) 68 (58.1) 36.46 (± 8.24) 

Education 

Academic 155 (6.3) 71 (45.8) 52.95 (± 6.65) 7.404 0.007

Non-academic 1,975 (79.9) 1,048 (53.1) 39.78 (± 1.89) 

Prison 

Yes 1,506 (60.9) 804 (53.4) 32.91 (± 1.56) 23.091 < 0.001

No 966 (39.1) 445 (46.1) 52.53 (± 3.55) 

Smoke 

Yes 1,198 (48.5) 628 (52.4) 32.80 (± 1.74) 19.789 < 0.001

No 997 (40.3) 469 (47.6) 52.03 (± 3.29) 

Addiction 

Yes 1,271 (51.4) 647 (53.0) 34.56 (± 1.68) 4.422 0.035

No 1,201 (48.6) 575 (47.9) 48.11 (± 3.21) 

Tuberculosis 

Yes 247 (10.0) 181 (73.3) 20.51 (± 2.51) 45.746 < 0.001

No 2,225 (90.0) 1,068 (48.0) 43.34 (± 1.96) 

HAART 

Yes 943 (38.1) 639 (67.8) 29.89 (± 2.01) 74.288 < 0.001

No 1,529 (61.9) 610 (39.9) 46.78 (± 2.45) 

CD4+ 

> 500 423 (17.1) 87 (20.6) 86.10 (± 5.81) 1305.56 < 0.001

350-500 302 (12.2) 93 (30.8) 62.23 (± 5.03) 

200-350 434 (17.6) 171 (39.4) 41.17 (± 3.96) 

< 200 807 (32.6) 807 (100.0) 5.99 (± 0.66) 
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Abioye et al. conducted a meta-analysis to address this ques-
tion if there are differences in disease progression and mortal-
ity among male and female HIV-positive patients. They found 
that males were more likely of higher risk of progression to 
AIDS, all-cause mortality, HIV-related disease progression, 
and survival outcomes compared to females [22]. The differ-
ence in gender is not well-known; however, factors, such as 
genetic and environmental features, healthier lifestyles even 
after positive diagnosis of HIV, and biologic causes might be 
responsible [23]. Jarrin et al. investigated gender differences 
in HIV progression to AIDS. They revealed that women re-
sponded better to HAART intervention, had a healthier be-
haviors, presented more conscious health-seeking patterns, 
and higher adherence rates to other medication [23]. 

Our study showed that those with low education, smokers 
and addictions, and experience of prison have more likelihood 
of lower time between HIV diagnosis and progress to AIDS.  
It is not unlikely that an experience of prison is associated with 
low education and negative characteristics of  lifestyle, such 
as smoking habits, addiction, depression and psychological 
problems [24]. It has been argued that a poor medical adher-
ence after positive HIV diagnosis is strongly associated with 
addiction, depression, and other psychological factors  [25]. 
This might be the reason for the lower time to AIDS progres-
sion among HIV patients with addiction. 

As it was expected, patients who received HAART had 
better survival prediction and lower risk of AIDS progression. 
This is in concordance with results of other studies [26]. Even 

though HIV/AIDS diagnosis had been considered as a  fatal 
outcome in the early 1980s, the advent of antiretroviral drugs 
have prolonged survival time of patients with HIV/AIDS af-
ter their diagnosis. Observational studies have confirm that 
HAART reduces mortality rates significantly with a range of 
54-92% [27]. Moreover, there are evidences from randomized 
clinical trials indicating that early initiation of HAART in anti- 
tuberculosis treatment reduces mortality rates [27]. 

According to the  results of  the  present study, decreased 
levels of CD4+ cell counts had a great impact on progression to 
AIDS, and patients with lower levels of CD4+ had higher risk 
of AIDS progression, which was also in agreement with results 
of other studies [2, 28]. Results obtained from epidemiologi-
cal studies have indicated that an increase in CD4+ cell count 
level leads to an increase in risk of HIV/TB co-infection [28]. 
This implies that CD4+ cell count may play a substantial role 
in the HIV/TB co-infection incidence, and a CD4+ cell count 
greater than 500 cells/mm3 leads to a reduction of TB-related 
mortality among HIV-positive patients [29]. 

There was an important limitation in the present study. 
Reliable results can be achieved based on dependable sourc-
es of data using prospective cohort studies. However, data 
used in the present study was obtained from registry cen-
ters by a  retrospective design that can affect the  accura-
cy of  estimations as the  associations depended on quality 
of  the recorded data. At this point, validation of  the accu-
racy of  the data was not possible. This issue can introduce 
information bias. In spite of  this limitation, the  data used 

Table 2. Results of censored quantile regression (estimated coefficient: standard error) assessing the effect of gender, age, 
prison, addiction, tuberculosis infection, and HAART on survival time quantiles 

Quantiles Intercept Age Gender 
(male) 

Prison  
(yes) 

Addiction 
(yes) 

Tuberculosis 
(yes) 

HAART  
(yes) 

15 0.38 (0.21) –0.01 (0.001) –0.10 (0.11) –0.10 (0.10) 0.10 (0.10) –0.07 (0.01) –0.07 (0.02) 

20 1.27 (0.29) –0.01 (0.004) –0.18 (0.13) –0.07 (0.11) 0.07 (0.11) –0.21 (0.05) –0.24 (0.11) 

25 2.23 (0.27) –0.02 (0.01) –0.26 (0.23) –0.21 (0.22) 0.16 (0.14) –0.3 (0.08) –0.49 (0.11) 

30 4.84 (1.28) –0.04 (0.01) –0.52 (0.49) –0.63 (0.34) 0.29 (0.49) –0.6 (0.25) –1.22 (0.48) 

35 12.53 (3.83) –0.12 (0.06) –1.40 (1.58) –1.51 (0.89) 0.40 (1.28) –1.48 (0.72) –3.13 (0.80) 

40 26.82 (6.06) –0.28 (0.07) –3.29 (1.81) –3.65 (1.64) 1.33 (2.00) –3.39 (1.31) –6.65 (1.72) 

45 44.81 (9.01) –0.52 (0.07) –5.28 (4.17) –4.36 (3.90) 0.72 (3.05) –6.32 (2.89) –10.37 (2.73) 

50 68.12 (8.45) –0.77 (0.11) –9.29 (4.93) –2.77 (2.79) –2.15 (5.52) –10.81 (2.54) –15.06 (3.16) 

55 83.57 (6.15) –1.01 (0.16) –9.50 (6.63) –6.41 (5.43) –0.07 (1.15) –15.71 (2.21) –18.08 (4.37) 

60 103.85 (14.62) –1.25 (0.19) –4.98 (13.00) –13.69 (7.44) 0.18 (1.06) –17.37 (3.56) –24.58 (4.58) 

65 129.23 (10.50) –1.30 (0.27) –8.07 (12.99) –14.04 (5.51) 0.29 (2.61) –18.96 (6.29) –29.74 (4.69) 

70 146.85 (11.75) –1.38 (0.17) –11.31 (13.53) –14.14 (12.16) 1.32 (2.73) –14.30 (7.35) –32.23 (5.98) 

75 157.27 (12.48) –1.47 (0.15) –3.64 (12.23) –23.12 (0.14) 5.86 (6.77) –8.30 (10.12) –32.91 (5.54) 

80 180.34 (13.36) –1.67 (0.28) 3.75 (12.73) –31.27 (7.99) 0.90 (4.99) –10.43 (1.98) –30.89 (9.69) 

85 201.20 (13.76) –1.83 (0.46) 8.99 (14.20) –35.70 (9.90) 2.14 (10.91) –16.30 (6.53) –36.34 (15.03) 

90 226.33 (29.35) –1.72 (0.34) 17.60 (8.83) –51.96 (16.03) 3.55 (8.75) –27.00 (8.94) –36.09 (13.02) 

95 244.02 (20.73) –1.51 (1.22) –9.03 (79.62) –77.57 (78.53) 22.57 (9.82) –28.01 (8.73) –37.93 (8.08) 
*Bold cells indicate significance
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in the study included a large sample obtained from Tehran 
(comprising about 20% of the Iranian population). This im-
plies that the  results of  the present study could be applied 
to the  Iranian patients with HIV infection. Furthermore, 
the effect of several predictive factors on AIDS progression 
among HIV-infected patients was elucidated using a strong 
statistical method (censored quintile regression) in a high- 
and middle-income countries. Our results can be beneficial 
for institution of intervention measures to conquer the pro-
gression of HIV to AIDS as well as to reduce the risk of death 
amongst HIV-infected people. 

To address the effect of variables on time to diagnosis of 
HIV infection and progress to AIDS, censored quantile regres-
sion was utilized. The main advantage of quantile regression 
is invariance under monotonically increasing transformations, 
which can be widely operational in the context of survival ana-
lysis. The main benefit of the censored quantile regression is 
that we were able to enter different covariates into the model 
at each quantile point of the outcome. This was done while the 
linear parametric structure of the model was still the same [30]. 

Conclusions 
We used censored quantile regression to find the proba-

bility of survival in any desired quantile. It was shown that 
age, an experience of prison, TB co-infection, and HAART 
were significantly associated with a lower time to AIDS pro-
gression after HIV diagnosis. 
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