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Introduction
Currently, AIDS is the most serious threat for public 

health (1). This epidemic so far has devastated many 
individuals, families, and societies and has increasingly 
caused erosion of civil order and economic growth 
(2). More than 90% of those infected with AIDS live in 
developing countries, with 80% being infected through 
sexual relationships. This disease has been the cause of the 
death of more than 25 million people up to 2006. AIDS has 
been stated as one of the devastating pandemics in history 

and it is estimated that 6% of the world’s population is 
infected with this virus (3). Currently, AIDS has no cure, 
but the mortality resulting from HIV has diminished 
thanks to administration of highly active anti-retroviral 
therapy (HAART) (1). Anti-retroviral therapy (ART) is 
useful in reducing the speed of process preventing AIDS 
in an HIV-positive patient and increasing their survival 
(4). Therefore, ART has transformed a very fatal infectious 
disease into a potentially chronic and controllable 
infection (5).  Infection with HIV is associated with 
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Abstract
Background: In recent years, sexually transmitted diseases such as AIDS have become an epidemic 
and are growing rapidly. Given the importance of controlling the disease in recent years, the 
awareness of the most important risk factors associated with patient survival is important. Therefore, 
this study aimed to determine the most important factors affecting the survival of HIV patients using 
the random survival forest (RSF) method.
Materials and Methods: In this retrospective study, medical records of 769 HIV patients in Hamadan 
Health Center from 1997 to 2017 were used to determine the most important factors in patient 
survival using Cox proportional hazards model and RSF method. The Brier score and C-index were 
applied to compare the Cox model and RSF method.
Results: Based on the results, 662 (86.1%) patients were male. The mean ± SD diagnosis age was 
33.83 ± 9.63 years. Using Cox model, variables such as injection history, co-injection history, 
tuberculosis (TB) status, the first CD4 cell count, and the time of disease diagnosis until TB were 
determined to be variables affecting the survival of patients. According to the hazard ratio (HR), 
the risk of death for those with a history of injections was 12.328 times greater than that of non-
injectors, and for those with TB, it was 13.565 times greater than that of non-TB patients. An increase 
in CD4 cell counts was associated with a decline in the risk of mortality. Based on the log-rank 
model, the variables such as the time until diagnosis of TB, the first CD4 cell count, ART, and history 
of co-injection had the highest impact on predicting the survival of HIV+ patients, respectively.
Conclusion: In case of the presence of many risk factors and the relationship between risk factors, 
the use of RSF offers a better performance in determining the influential survival factors as compared 
to Cox model which has limiting presumptions.
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gradual quantitative and qualitative reductions in CD4 
cells. Therefore, the patient is at risk of catching many 
comorbid and opportunistic infections (6). Tuberculosis 
(TB) is one of the most common opportunistic infections 
in patients with HIV. HIV significantly increases the 
number of patients with TB, thus heightening the risk 
of mortality among the affected patients (7). Eradicating 
pandemic diseases such as AIDS is the third goal of the 17 
objectives of sustainable development document, based 
on which all countries including Iran are committed to 
ending AIDS epidemic by 2030 (8). In this regard, the use 
of suitable statistical models can be effective in validating 
the identification of important prognostic factors and 
improving the accuracy of predicting patient survival.

In survival analysis, various regression models are used 
for predicting the probability of incidence of future events 
(9). Cox proportional hazards regression model is one 
of the most common models in identifying the potential 
risk factors of diseases. Several studies have used this 
model for determining the survival of patients with AIDS 
and HIV. Nevertheless, when using Cox model, some 
limitations such as the proportional hazards requirement, 
there is poor performance in complex models such as 
nonlinear and collinear effects of variables (10). Further, 
this model is not valid enough under conditions of high 
censor rate (11). Therefore, models should be used with 
fewer constraints. Random survival forest (RSF) is a 
nonparametric machine learning method which was 
developed by Ishwaran et al based on random forests 
(RF) (12). This model is used to address the problem of 
using the Cox model including concurrent assessment of 
complex effects and interaction effects between variables 
(10).

In different studies, the selection of covariates has been 
done in survival analysis and comparison of Cox and 
RSF models (11,13). Hence, RSF studies have a better 
performance compared to Cox model, and enjoy the 
ability to identify nonlinear effects automatically, while 
Cox model lacks this ability. On the other hand, when the 
number of predictors is low, RSF model underperforms 
compared to Cox due to sensitivity to confounding 
factors. Indeed, under such conditions, RSF is unusable 
and Cox is proposed instead (10).

Considering the efficiency and ability of different 
models to predict the factors affecting the survival of 
patients in different diseases, the aim of this model is to 
determine the predictive factors of AIDS patients based 
on Cox and RSF models and compare their accuracy.

Materials and Methods
This research has been performed as a retrospective 
cohort study to investigate the survival of patients with 
HIV in Hamadan province located in western Iran. For 
this purpose, 769 patients with HIV who had a medical 
file in the healthcare center of Hamadan province between 
1997 and 2017 were studied. The information required in 

this study was extracted using checklists from the patient’s 
file. The collected information included age at the time of 
diagnosis, gender, route of HIV transmission (injection, 
sexual, mother to baby, unknown), the number of CD4 
cells, antiretroviral therapy, the duration of HIV diagnosis 
until TB, the date of diagnosing AIDS, date of death, cause 
of death, and date of latest news of patients. The time from 
disease diagnosis until death was considered as survival 
time. In this paper, to identify the variables affecting the 
survival time of HIV patients, Cox multivariate regression 
model and RSF method were used. RSF is a developed 
form of RF which is used for survival data with the right 
censor with the same principles of RF, possessing all of its 
important features (7). Random forest covers several trees 
based on a random sample with substitution. Generally, 
the RSF algorithm is as follows (12): 
A number of B bootstrap samples are chosen from the 
main data. In every bootstrap sample, about %37 of the 
data are left that is known as out of bag (OOB) sample. 
1. For every bootstrap sample, a survival tree is grown. 

In every node of the tree, q predictors (covariates) are 
randomly chosen for splitting. The node is divided 
into two daughter nodes using splitting criteria. The 
variable chosen for splitting is the one that creates the 
maximum difference in the survival of two daughter 
nodes.

2. The tree grows up to its maximum growth size. The 
last node is called the final node. The final node 
should not be less than do>0 (d0 represents the 
number of intended events, which is death in this 
study).

3. For every tree, a cumulative hazard function (CHF) is 
calculated and then the mean of these CHFs reports 
the total CHF.

4. Using OOB data, the prediction error is calculated.
For splitting every node and creating the daughter nodes, 
log-rank splitting rule, log-rank score, and RSF have been 
used. The comparison of the accuracy of splitting rules 
is made through the prediction error, with lower values 
suggesting higher accuracy. The importance of every 
variable in the prediction is measured by VIMP index. 
Positive values suggest variables with predictive abilities 
(important value), while zero or negative values are those 
with no ability to predict (10, 14).
In order to compare the efficiency of the Cox proportional 
hazards model and RSF, two criteria called Brier score 
and C-index have been used. All analyses were performed 
by R 3.1.2 alongside random forest SRC and statistical 
packages for survival analysis.

Results
In this study, the survival of 769 patients with AIDS 

was investigated. Out of this number, 662 (86.1%) were 
male and 107 (13.9%) were female. The mean ± SD age of 
diagnosis of patients was 33.83 ± 9.63 years, with 88.4% 
of patients being younger than 45 years (with the range of 
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1-87). Further, 63.8% of patients had primary education 
while 36.2% had university degrees. Most of the patients 
were single (44.3%). Additionally, 45.6% were under ART 
treatment. Finally, 9.2% of patients concurrently suffered 
TB. Table 1 demonstrates the demographic characteristics 
of the patients.

First, using Cox proportional hazards regression 
model, the effect of influential factors for survival was 
determined, as presented in Table 2. Based on the results 
of Cox regression model, the variables of history of 
injection, co-injection, status of TB (Yes/No), the first 
CD4 cell count, and time of diagnosis until developing 
TB were identified as important and influential factors for 
the survival of patients. Based on the hazards ratio (HR), 
the mortality risk for those with a history of injection 
was 12.328 times greater than non-injection patients, 
and it was 13.565 greater for TB patients than non-TB 
individuals. The risk of mortality diminished with an 
increase in the CD4 cell count. Further, those with a 
history of co-injection had 0.122 greater risk of mortality 
compared to those without such history. Finally, with the 

increase in the time of disease diagnosis until TB, the risk 
of mortality diminished.

In order to compare Cox model with RSF models, RSF 
models were used based on the log-rank, RSF, and log-
rank score, with the best ones being chosen based on the 
minimum error as the final model. Table 3 shows the error 
of the three models. According to the table, the log-rank 
method with the minimum error was identified as the 
best model among the three models. Figure 1 displays the 
important variables based on the degree of significance 
according to the log-rank rule. Accordingly, the variables 
of time of diagnosis until TB, the first CD4 cell count, 
ART, and history of co-injection were identified as the 
important variables in the survival of patients with AIDS. 
The error value for this rule is 16.30, which has a constant 
trend from 300 trees above. The important variables based 
on RSF and log-rank scores are presented in Figures 2 and 
3.

In order to compare Cox and RSF model based on log-
rank rule, Brier score and C-index were used, with the 
results provided in Table 4. According to this table, RSF 
model based on the log-rank rule was identified as the 
most suitable model among the models applied in this 
research for determining the important factors in the 
survival of patients with AIDS. Specifically, the variables 
of time of diagnosis until TB, the first CD4 cell count, ART, 
and history of co-injection were the important variables 
in predicting the survival of HIV+ patients, respectively.

Discussion
This study was done to compare Cox multivariate 
regression model and RSF models to determine the 
factors affecting the survival of HIV+ patients considering 
mortality as the final event. The aim of comparison was 
to select a model with greater accuracy and efficiency 
in identifying the factors affecting the survival of HIV+ 
patients. Accordingly, in RSF and Cox models, the effect 
of demographic, clinical, and laboratory factors was tested 
on survival. RSF model was performed using different 
splitting groups. Ranking of the important variables 
identified based on the log-rank method, log-rank score, 
and RSF indicated that many important variables are the 
same based on three rules. However, the insignificant 
variables are also common based on the mentioned three 
rules. As can be seen, the status of TB (Y/N) and the latest 
marital status were the least important. Based on the three 
rules used, the RSF model with the log-rank splitting 
rule had the minimum error. This finding is in line with 
the study by Datema et alin determining the influential 
factors for survival of patients with head and neck cancer. 
In this study, RSF models were compared with each other 
based on the error criterion. Accordingly, the model 
based on log-rank splitting rule was determined as the 
most suitable model in the set of RSF models (13).

Comparison between Cox multivariate model and RSF 
model based on the log-rank splitting rule was made using 

Table 1. Demographic and clinical characteristics of HIV+ patients

Variable Value Frequency percent

Gender
Female 107 13.9

Male 662 86.1

Diagnosis age
Below 45 years 680 88.4

More than 45 years 89 11.6

Level of education
Elementary 491 63.8

University 278 36.2

Marital status

Married 291 37.8

Single 341 44.3

Widowed 38 4.9

Divorced 99 12.9

History of 
imprisonment

No 314 40.8

Yes 455 59.2

Non-safe sexual 
behavior

No 622 80.9

Yes 147 19.1

Relationship with 
opposite sex

No 666 86.6

Yes 103 13.4

History of addiction
No 262 34.1

Yes 507 65.9

History of injection
No 339 44.1

Yes 430 55.9

History of co-
injection

No 376 48.9

Yes 393 51.1

ART
No 418 54.4

Yes 351 45.6

TB status
No 698 90.8

Yes 71 9.2

The first CD4 status

0-200 118 15.3

201-350 111 14.4

351-500 81 10.5

More than 500 124 16.1

Status of mortality
No 300 39

Yes 469 61

Time of disease diagnosis until developing 
TB (mean ± SD)

34.34 ± 56.44

http://iejm.hums.ac.ir
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Table 3. Error Values Based on RSF

RSF Trees Error Value

Log-rank 16.30

Log-rank score 24.53

Random 36.43

Table 4. The Brier Score and C-index for the RSF Models

Models C-index Brier Score

Log-rank 78.1 0.121

Cox 50.2 0.175

Figure 1. Important Variables Based on Long-Rank Splitting Rule.

Table 2. Estimation results of Cox proportional hazards model in determining the factors affecting mortality of HIV+ patients 

Variable Value HR CI for HR (95%) p-value

Gender
Female 1 -

0.525
Male 0.836 (0.481, 1.453)

Diagnosis age
Below 45 years 1 -

0.496
More than 45 years 1.216 (0.692, 2.138)

Level of education
Elementary 1 -

0.939
University 0.986 (0.688, 1.413)

Marital status

Married 1 -

Single 1.029 (0.670, 1.581) 0.895

Widowed 1.443 (0.722, 2.884) 0.299

Divorced 1.562 (0.870, 2.810) 0.135

History of imprisonment
No 1 -

0.381
Yes 1.280 (0.736, 2.225)

Non-safe sexual behavior
No 1 -

0.116
Yes 2.063 (0.836, 5.089)

Relationship with opposite sex
No 1 -

0.184
Yes 0.517 (0.196, 1.367)

History of addiction
No 1 -

0.125
Yes 0.542 (0.247, 1.186)

History of injection*
No 1 -

<0.001
Yes 12.328 (3.651, 41.621)

History of co-injection*
No 1 -

<0.001
Yes 0.122 (0.046, 0.322)

ART
No 1 -

0.858
Yes 0.858 (0.514, 1.433)

TB status
No 1 -

<0.001
Yes 13.565 (2.404, 28.735)

The first CD4 status*

0-200 1 - -

201-350 3.487 (1.621, 7.500) 0.001

351-500 2.802 (1.455, 5.396) 0.002

More than 500 2.356 (1.197, 4.638) 0.013

Time of disease diagnosis until developing TB* 0.863 (0.846, 0.881) <0.001

http://iejm.hums.ac.ir
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c-index and Brier scores. Since for the log-rank and Cox, 
C-index was  78.1 and 50.2% and Brier score was 0.121 
and 0.175, RSF model based on log-rank splitting rule 
was the most suitable model. Therefore, the important 
variables were identified based on this rule that had the 
maximum accuracy and efficiency in determining the 
survival of patients. Although many studies have not 
compared the efficiency of RSF and Cox models, Zhou 
et al investigated the accuracy of the mentioned models 
based on simulated data. They observed that RSF models 
are more accurate and flexible than Cox models, as they 
have no special assumption against the collinearity of 
variables and existence of nonlinear relations (15, 16). 

According to the results of this study, the variables 
of time of disease diagnosis until TB, the first CD4 cell 
count, ART, and history of co-injection are the important 
variables in predicting the survival of HIV+ patients, 
respectively. The type of diagnosis until TB was identified 
as the most important factor in the mortality of patients. 
The World Health Organization has identified TB as the 
cause of death of 23% of AIDS patients. Therefore, this 
variable plays a significant role in the survival patients 
(16).

The first CD4 cell count was identified as the second 
most important predictive factor for the mortality of 
patients. Investigation of the effect of CD4 on the survival 
of patients indicated that the reduction in the CD4 cell 
count is associated with increased mortality rate, thus 
increasing the hazard ratio (HR) in patients. The results 
of many studies have suggested that the reduction in CD4 
cell count plays a significant role in increasing the risk of 
HIV, TB, and AIDS-induced death (17). This finding is in 
line with previous studies (18, 19). Further, Cuong et al 
indicated that CD4 cell count less than 100 is an effective 
predictive factor for AIDS-induced death in patients (20).
Based on the results of this study, the use of ART treatment 

was identified as one of the important variables for the 
survival of patients with HIV, causing increased survival 
of patients. Evidence has shown that ART consumption is 
associated with diminished mortality. On the other hand, 
some studies have found that older patients have a worse 
response compared to younger individuals (21, 22). The 
results of a study showed that ART leads to diminished 
HIV-induced mortality and increased CD4 cell count in 
patients with concurrent TB and HIV infection (23).

Co-injection has been one of the major causes of HIV 
in recent years (24), and it has been mentioned as its most 
common cause. Further, some injection addicts have 
AIDS. In this study, 65.9% of patients with HIV had a 
history of addiction.

This research had some limitations. Since it was a 
retrospective cohort study, the accuracy of the recorded 
information might have caused bias in the results and 
the reduction of validity. Further, to estimate the survival 
time, the precise date of developing the disease is not as 
clear as the date for other chronic diseases. Hence, in 
this study as with other survival studies, the duration of 
survival was considered as the time of diagnosis (i.e. the 
patient’s referral) as the time of developing HIV infection.
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