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ABSTRACT

Acquired Immunodeficiency Syndrome (AIDS) caused by Human Immunodeficiency
Virus (HIV), is a chronic and potentially life-threatening disease. Numerous factors affect its development
and progression. Therefore, the present study attempted to identify characteristics impacting the prog-
nosis and progression of AIDS using multistate models.

The present retrospective study consisted of 2185 patients affected with HIV refer-
ring to Behavioral Disease Counseling Centers in Tehran City, Iran, from 2004 to 2013. We considered
multiple states of AIDS, tuberculosis, and tuberculosis/AIDS in the natural history of the disease (from
the onset of HIV disease until death occurred). Then, we applied the multistate models, to examine the
effect of contextual demographic and clinical variables on survival time; subsequently, the transition prob-
abilities of HIV.

This study was approved by the Research Ethics Committee of Hamadan University
of Medical Sciences (Code: IRRUMSHA.REC.1396.117).

I HIV-Related deaths in individuals with an incarnation history were 2.40 times higher than in those
without the prison history. Death risk was also 1.70 and 1.80 times higher in those aged 25-44 and 44
years, respectively, compared to the individuals aged less than 25 years. An inverse relationship was also
found between CD4 levels and the risk of death in our participants.

Antiretroviral therapy, CD4 count, age, and history of imprisonment were the main factors
in the progression of the disease and subsequent death in HIV patients. Thus, preventing the further
spread of the disease to the community and controlling the disease in the patients requires targeted
educational and therapeutic interventions; accordingly, the community will be familiarized with trans-
mission routes and the preventing principle of disease. Furthermore, we can encourage patients to visit
the healthcare centers early.

poses individuals to Tuberculosis (TB) absorbing state and
increases the death rate [ 1, 2]. The global incidence of Hu-
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1. Introduction

y disrupting the immune system, Acquired
Immunodeficiency Syndrome (AIDS) ex-

man Immunodeficiency Virus (HIV) and TB equals 0.44%;
in Iran, 0.037% of deaths occur due to HIV and TB [2, 3].
Survival modeling can estimate the survival function for
each individual at any given time [4, 5].
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An intermediate state is a flexible tool, that practically, can
easily examine the results of different survival models by
fully considering the intermediate event [6]. The simplest
form of this model involves describing the process of health
to disease and death, i.e., called the disease-death model
[7]. Intermediate states are used to estimate the transition
odds and the factors affecting each transition [6-12]. In the
present study, an intermediate state was used to examine the
progression of HIV infection to death.

2. Materials and Methods

In this retrospective study, patients’ information was ex-
tracted from their treatment records using a checklist that
included demographic, behavioral, and disease transmis-
sion information. The intermediate state, at each stage,
measured the impact of factors affecting the progression of
the disease [13]. The time of diagnosis of HIV was consid-
ered as the baseline, the death as the absorbing state, and the
stages of AIDS, TB, and the simultaneous infection of HIV/
TB as intermediate states (Figure 1).

To estimate the odds of transition between states, we used
the Allen-Johnson estimator probability of staying (For-
mula 1) [7]: N

P(s,)=T{I+dAw)}

1. s<ut

I represent the same matrix, and dA(W)dA(W) is a ma-
trix in which in its non-diameter elements, the momen-
tary hazards of transition from the g-state to the h-state are

g(u) ?;(u) Instantaneous hazards were estimated as
Formula 2:

d.(5)
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Yg(s)Yg(s) reflects the number of individuals who are at
risk in a state other than g at time s in a state other than

d gh(s) d gh(s) represents the number of subjects that have en-
tered stated h from state g at the s time.

To examine the effect of auxiliary variables on cause-spe-
cific risk for the individual, a proportional risk model was
used (Formula 3):

3. A(HZ)=3, Hexp(BZ)

The estimation of parameters was performed using the
partial odds method, as Formula 4 [10]:

~ ];,=I w,(t)exP(ﬁTZ)
Lop=11 k., [ N=1w(t)exp(P'Z)
. N w (t)exp(B'Z)
Lol | ZElwepZ)

To analyze the obtained data, mState and msSurv pack-
ages were used in R software version 3.3.3.

3. Results

The MeantSD age of examined 2185 participants was
33.9+10.3 years. Of the 1195(54.7%) subjects infected
with HIV, 619(51.7%) received antiretroviral treatment and
342(28.6%) patients received isoniazid prophylaxis.

Approximately 20% of the explored participants were ex-
pired within the first 10 years after being diagnosed with
HIV. In this time, about 40% of the subjects remained HIV-
positive, and about 40% of those experienced AIDS.

In the first transition from the primary state (HIV diagno-
sis) to state 2 (AIDS diagnosis) (Figure 1), the variables of
age, isoniazid intake, CD4 count, and the routes of trans-

/\ 5
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Tuberculosis

Figure 1. Natural history chart of individuals with HIV
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Table 1. Characteristics of HIV + patients by gender
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Gender, No. (%)

Variables Total No. (%)
Male Female
Not have 760(3.45) 230(3.45) 990(3.45)
HIV
Have 917(7.54) 278(7.54) 1195(7.54)
Not have 1599(3.95) 495(4.97) 2094(8.95)
Tuberculosis
Have 78(7.4) 13(6.2) 91(2.4)
25> 147(8.8) 110(7.21) 257(8.11)
Age 44-25 1276(1.76) 335(9.65) 1611(7.73)
44< 254(1.15) 63(4.12) 317(5.14)
Yes 1262(3.75) 37(3.7) 1299(5.59)
The prison history
No 415(7.24) 471(7.92) 886(5.40)
Treatment with antiretro- ves 618(9.36) 1(20) 619(9.36)
viral drugs No 1055(1.63) 4(80) 1059(1.63)
Yes 276(5.16) 66(13) 342(7.15)
Get Isoniazid
No 1401(5.83) 442(87) 1843(3.84)
Sex 637(38) 35(9.6) 672(8.30)
Injection 136(1.8) 358(5.70) 494(6.22)
blood transition 17(1) 9(8.1) 26(2.1)
Tattooing 722(1.43) 17(3.3) 739(8.33)
Ways of transmission
Mother to child 55(3.3) 12(4.2) 67(1.3)
Multiple encounters 27(6.1) 30(9.5) 57(6.2)
Surgery/Dentistry 65(9.3) 44(7.8) 109(5)
Unknown 18(1.1) 3(6.0) 21(1)

mission were influential. In this $tudy, the transitions of
HIV to TB, AIDS to death, and TB to TB/AIDS were not
included in Tables 1 and 2 due to the lack of significance
of the variables. The variables affecting the third transition
(transition from HIV to death, Figure 1) were also a history
of imprisonment, age, and the use of antiretroviral drugs,
respectively (P<0.05).

The variables affecting the fourth transition (transition
from AIDS to TB, Figure 1) also significantly influenced
disease progression and TB, respectively, which included
gender, prison history, age, isoniazid intake, CD4, and anti-

retroviral treatment (Table 2). The effective variables in the
fifth transition (transition from AIDS to death) were gender,
imprisonment, isoniazid intake, CD4, and antiretroviral
therapy, in sequence (Table 1).

4. Discussion

In our study, the risk of death was higher in HIV-infected
patients who did not receive antiretroviral therapy than in
those who expired. Other studies indicated that antiretro-
viral therapy reduces the burden of disease in HIV-infected
patients [11-13]. A prognostic factor of HIV disease is the
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Table 2. Determining demographic factors affecting all possible transitions in HIV patients
Tuberculosis HIV— death
Transition HIV—HIV I . —HIV HIV= death Tuberculosis
Variables
HR sig HR sig HR sig HR sig HR Sig
Famale 1 - 1 - 1 - 1 - 1 -
Gender
Male 2 0/150 0/17 0/931 2/05 0/027 2/95 0/001 0/92 0/822
The pris- No 1 - 1 - 1 - 1 - 1 -
on his-
tory Yes 1/03 0/677 2/40 0</001 1/66 0/036 1/94 0/001 1/43 0/224
<25 1 - 1 - 1 - 1 - 1 -
Age 25-44 1/52 0</001 1/70 0</001 1/30 0/030 1/66 0/225 0/60 0/359
>44 1/79 0/003 1/80 0/001 1/52 0/012 1/62 0/025 0/12 0/937

number of CD4 cells [14]. Our study also confirmed its
effects on AIDS, post-AIDS TB development, and AIDS-
related deaths. Low CD4 cell count is a direct factor in the
development of TB in individuals living with HIV [15,
16]. In our study, the age of individuals was significantly
associated with AIDS, HIV-related death, and AIDS-related
death, i.e., consistent with other studies [13, 16-20]. The
effect of gender was approved on TB generated after AIDS
and AIDS-induced death [21, 22]. However, the effect of
gender has not been confirmed in some $tudies n this re-
spect [20]. Prison history was influential in our $tudy on
HIV-related deaths, post-AIDS TB, and AIDS-induced
deaths, i.c., consistent with other studies [23, 24]. The main
risk factor for the spread of HIV and AIDS in Iran is injec-
tion drug use. The most common cause of disease trans-
mission in men is injecting drugs and in women, is sexual
intercourse [13, 25, 26]. Isoniazid intake was effective in
the progression of HIV to AIDS, AIDS to TB, and death
from AIDS [18, 27, 28].

The current study results indicated the effects of differ-
ent clinical and baseline variables on the natural course of
this disease. Therefore, preventing the further spread of
the disease to the community and controlling the disease
in patients requires targeted educational and therapeutic in-
terventions that familiarize community members with the
routes of transmission and the prevention of the disease and
encourage patients to visit medical centers early.
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