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Abstract

Introduction: Human immunodeficiency virus (HIV) remains a significant public health challenge 
worldwide. In this study, we aimed to estimate the number of people living with HIV (PLHIV) in 
Arak, Iran, using network scale-up method (NSU). 
Material and methods: This cross-sectional study was conducted among residential population in 
Arak located in the center of Iran. In total, 1,604 individuals participated. Sampling locations were 
selected by creating a list of crowded and busy centers in the city, which were considered as clusters. 
Two locations were then randomly selected within each cluster. The main variable was the number 
of PLHIV/AIDS known by each participant among their active social network in Arak during the past 
five years. To estimate the number of PLHIV, NSU method was used.
Results: Among the participants, 51.1% (n = 819) were females, of which 29.2% (n = 468) were iden-
tified as housewives. The mean age of participants was 39.2 years (SD: 14.1). Using the NSU method, 
the population size estimation of PLHIV in Arak was determined as 1,075, equivalent to a prevalence 
rate of 178.2 per 100,000 population (95% CI: 145.4-214.3% per 100,000 population). The size estima-
tion of PLHIV was determined as 248 (prevalence rate: 83.1; 95% CI: 73.1-94.0% per 100,000 popula-
tion) and 827 (prevalence rate: 271.5; 95% CI: 253.5-290.4% per 100,000 population) for females and 
males, respectively. 
Conclusions: The estimated prevalence of HIV was higher than the number of detected cases in Arak. 
Key high-risk populations for HIV should receive more support for HIV testing and confidentiality 
implementation. 
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ORIGINAL paper 

Introduction 
Human immunodeficiency virus (HIV) remains a signi

ficant public health challenge worldwide  [1]. According to 
the World Health Organization (WHO), there were approxi-
mately 39 million people living with HIV (PLHIV) at the end 
of 2022, with 40.4 million deaths due to HIV/acquired immu-

nodeficiency syndrome (AIDS) globally. In 2022, 1.3 million 
new cases of HIV have been diagnosed, and 630,000 people 
have died from HIV-related causes [2]. According to the Unit-
ed Nations political declaration on HIV/AIDS, the aim was 
to reduce new HIV cases and related deaths by 95% from 
2010 to 2030 worldwide. To achieve this goal, countries must 
accurately measure the number of new HIV cases, number 



Maryam Zamanian, Rahmatollah Moradzadeh312

HIV & AIDS Review 2025/Volume 24/Number 4

place a significant burden on the budget and resources while 
having the  potential to infect multiple individuals, further 
exacerbating the  burden. Hence, knowing the  true size 
of this population is essential for health policy-makers and 
managers to achieve their goals effectively. In this study, we 
aimed to estimate the population size of PLHIV in Arak in 
2022, using the network scale-up method. 

Material and methods 
This cross-sectional study was conducted among resi

dential population of  Arak, located in the  center of  Iran. 
Arak is a metropolitan city and the capital of Markazi Pro
vince, with a population of 520,944 according to a 2016 cen-
sus. A total of 1,796 individuals were invited to participate in 
this study, of which 1,604 individuals ultimately participat-
ed (n of non-participants = 192). At first, we geographically 
divided the city into 16 strata. Sampling locations were se-
lected by creating a list of crowded and busy centers in each 
stratum, such as busy streets, shopping centers, and parks. In 
total, there were 55 busy streets, 42 parks, and 24 shopping 
centers for the whole strata, which were considered as clus-
ters. Finally, two locations were randomly selected in each 
stratum. Within these locations, one passerby was selected 
every 15 minutes during busy hours (i.e., 9 am to 1 pm, and  
3 pm to 8 pm) on all days of the week. Individuals were not 
approached at their workplace or home to ensure their com-
fort and safety while answering questions. The  question-
naire was explained to participants, and data were collected 
through interviews conducted by two male and two female 
interviewers to ensure gender compatibility. Interviewers 
were trained prior to conducting interviews. Participants 
were informed about the importance and purpose of the re-
search, and asked about the existence and number of PLHIV 
in their active social network after obtaining their consent. 
Inclusion criteria for participation were Iranian citizenship, 
age over 18 years, residency in Arak city, and mental ability 
to answer questions. 

Study data 

Demographic variables of  the study included age, edu
cation level, reason for non-participation (only for non- 
participants), marital status, and occupation. Main variable 
was the number of PLHIV/AIDS known by each participant 
among their active social network in Arak during the past 
five years. These data were reported according to gender 
(male/female) and age groups (less than 18, 18-30, 31-50, 
and over 50 years old). “Know” in this study was defined 
as the  number of  PLHIV whom participant: 1) know by 
name and face, and these persons also know the participant 
by name and face; 2) has contacted these persons by phone 
or personally at least once in the last two years; and 3) can 
contact these individuals by phone or personally whenever 
necessary. 

of PLHIV, and HIV/AIDS-related deaths [3]. The proportion 
of  PLHIV who know their status has increased from 0.31 
to 0.77 between 1990 and 2017 [4]. However, the incidence 
of HIV is increasing in the Eastern Mediterranean Regional 
Office (EMRO) district where Iran is located [5]. In Iran, it 
was estimated that 46,000 people have been living with HIV, 
and 2,300 deaths have been recorded in 2022 [6]. In the cov-
ered areas of  Arak University of  Medical Sciences, which 
include a  population of  approximately one million people, 
only around 100 cases of PLHIV were reported by the Health 
Deputy of  Arak University of  Medical Sciences until 2020, 
which is likely an underestimation [7-9]. 

A study conducted in Iran revealed that people liv-
ing with HIV experience high level of  stigma, with a  stig-
ma score of 37 out of 48 [1]. This high stigma level leads to 
the concealment of morbidity among people at risk as well 
as lack of  timely follow-up for diagnostic tests and subse-
quent treatment, which, despite advances in HIV treatment, 
do not benefit PLHIV  [1]. Although there is no complete 
cure for HIV, the access to diagnostic and therapeutic pre-
vention services can help managing the  disease, increase 
survival of  PLHIV, and improve their health  [2]. Additio
nally, healthcare system should expand HIV surveillance by 
identifying PLHIV and reducing obstacles to referring high-
risk individuals for HIV diagnostic testing and timely treat-
ment. In this regard, having knowledge about the estimated 
number of PLHIV who may go beyond what is recorded and 
diagnosed, can be effective in identifying and implementing 
appropriate preventive measures. 

Lack of validity regarding general information on the 
size of hidden populations, including those living with HIV, 
presents a  significant challenge that raises doubts on the 
accuracy of obtained data. As such, researchers are actively 
seeking solutions to address this issue [10]. Routine health 
system data on the  incidence and mortality rates are less 
reliable and face considerable limitations in their ability to 
be generalized to the  population, particularly in regard to 
hidden populations  [3]. Hidden populations pose difficul-
ties in terms of identifying and accessing members, making 
them a topic of interest for sociologists, policy-makers, and 
health planners. Members of  these groups often engage in 
behaviors considered socially harmful by sociologists, which 
can have significant financial and social consequences 
for society if left unrestricted. Therefore, it is crucial for re-
searchers to understand and identify these groups to prevent 
potential societal complications. However, investigating 
these groups directly is a challenging and often impossible 
task  [11]. Additionally, estimating the  number of  hidden 
populations through cross-sectional studies and definitive 
methods is less feasible in countries with low incidence rates, 
such as Iran, compared with countries with higher incidence 
rates  [3, 12]. Therefore, indirect methods, such as the net-
work scale-up method, can be useful for estimating the size 
of hidden populations [11, 13-15], especially where the ac-
cess to these populations is limited due to stigma [16]. Ac-
curate estimation of the size of PLHIV is critical for effective 
health program planning and its implementation. PLHIV 
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Statistical analysis 

To conduct a  descriptive analysis, qualitative variables 
were recorded using frequencies and percentages, while 
quantitative variables were documented with means and 
standard deviations. Questionnaires were analyzed after 
data collection, and those without answers were removed 
prior to analysis. Data were then coded and entered into  
Stata software. Prior to analysis, data were subjected to 
a thorough cleaning and checking process to ensure accura-
cy and reliability. In order to estimate the number of PLHIV, 
the following formula [17] was employed: m/c = e/T, where 
T is the  total population size, to which the  estimation is 
generalized, c is the  active social network of  participants, 
m is the number of PLHIV known by participants, and e is 
the number of PLHIV estimation that need to be obtained. 
Exact (Clopper-Pearson) method  [18] was used to obtain 
95% confidence intervals for all point estimation. 

Results 
A total of 1,796 individuals were invited to participate in 

the current study, of which 1,604 ultimately participated, result-
ing in a response rate of 89.3%. Of the non-participants, 14.6% 
(n = 28) did not provide data on demographic characteristics 
and reasons for non-participation. Demographic characteris-
tics of the remaining participants are presented in Table 1. In 
summary, 43.2% of the participants (n = 83) were males, and 
majority (33.9%, n = 65) held a diploma, indicating completion 
of 12 years of formal education in Iran. Additionally, the mean 
age of  non-participants was 41.8 years (minimum: 18 years; 
maximum: 76 years, SD: 13.3 years), with the most common 

reason for non-participation being a lack of time to complete 
the  questionnaire, cited by 49.5% of  the  non-participants 
(n = 95). Among the participants, 51.1% (n = 819) were females, 
and 29.2% (n = 468) were identified as housewives. Majority 
of the participants (34.6%, n = 552) reported an undergraduate 
academic major, and 61.8% (n = 992) were married. The mean 
age of  the participants was 39.2 years (SD: 14.1 years, range:  
18-81 years). Detailed demographic characteristics of the par-
ticipants are shown in Table 2, with a summary by gender. 

Using the NSU method, the population size estimation 
of PLHIV in Arak was determined as 1,075, equivalent to 
a prevalence rate of 178.2 per 100,000 population (95% CI: 
145.4-214.3% per 100,000 population). The size estimation 
of  PLHIV was determined as 248 (prevalence rate: 83.1; 
95% CI: 73.1-94.0% per 100,000 population) and 827 (pre
valence rate: 271.5; 95% CI: 253.5-290.4% per 100,000 po
pulation) for females and males, respectively, after adjusting 
for the visibility rate of HIV/AIDS in the province. The visi
bility rate indicated the extent to which individuals within 
an active social network are aware of  the concealed beha
vior in question. This value should be multiplied by the in-
verse of visibility fraction to accurately determine the pre
valence of desired behavior within the society. Distribution 
of the estimated PLHIV by age group was as follows: among 
those under 18 years, 18-30 years, 31-50 years, and over  
50 years, it was estimated to be 0, 58, 165, and 25 for fe-
males, and 25, 322, 422, and 58 for males, respectively. 

Discussion 
The present study revealed a high estimated prevalence 

of  HIV among the  residents of  Arak, a  metropolitan city  

Table 1. Demographic characteristics of non-participants 

Variable Total, N (%) Male, n (%) Female, n (%) 

Education level 

Illiterate 19 (9.9) 12 (14.5) 6 (7.4) 

Elementary 24 (12.5) 7 (8.4) 13 (16.0) 

Middle school 14 (7.3) 6 (7.2) 8 (9.9) 

High school 65 (33.9) 29 (34.9) 31 (38.3) 

Undergraduate academic 49 (25.5) 28 (33.7) 19 (23.5) 

Post-graduate academic 4 (2.1) 0 (0.0) 4 (4.9) 

Doctorate 1 (0.5) 1 (1.2) 0 (0.0) 

Reason for non-participation 

Lack of time to complete the questionnaire 95 (49.5) 46 (56.1) 32 (40.0) 

No interest 77 (40.1) 26 (31.7) 43 (53.8) 

No knowledge 16 (8.3) 9 (11.0) 4 (5.0) 

Illiterate 1 (0.5) 1 (1.2) 0 (0.0) 

No recall 1 (0.5) 0 (0.0) 1 (1.3) 

Age (years)

Mean, SD 41.8 (13.3) 39.6 (13.1) 44.2 (13.1) 
Differences between totals and others were due to data missing. 
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while the  number of  HIV cases in Iran is underestimated, 
it is more accurate than in some countries in the  Middle 
East [22]. For instance, according to the WHO, Iraq reported 
about 220 new diagnosed HIV cases, Saudi Arabia 1,400, and 
Iran reported 10,700 new HIV cases during 2015-2020 [23]. 

There are several reasons accounting for the  underes-
timation of PLHIV in this study. These include high HIV- 
related stigma among PLHIV, general population, and health 
staff [1] as well as underestimation in HIV key populations, 
such as male and female sex workers and intravenous drug 
users  [24]. A  study in Singapore  [25] estimated the  popu-
lation size of male clients of  female sex workers as 72,000, 
female sex workers as 4,200, men who have sex with men as 
210,000, and intravenous drug users as 11,000 cases, which 
were higher than the  diagnosed cases. Similarly, another 
study in Iran [26] showed that the prevalence in drug users 
was higher than in the  reported averages. Furthermore, 
a significant difference was observed between the estimated 
cases of high-risk HIV groups and identified cases in Ker-
man. This discrepancy may contribute to the underestima-
tion in identifying PLHIV  [11]. In contrast to the  pattern 
of underestimation of key populations in countries such as 

located in the center of Iran. The estimated number of PLHIV 
in this study was 1,075, which is approximately 11 times 
higher than the  number of  identified cases registered by 
the health system. The estimated numbers of HIV cases were 
248 and 827 for females and males, respectively, with majori-
ty of them being 31-50 years old in both genders. This finding 
is different from reports of consulting centers, prisons, and 
hospitals in Iran, where the observed HIV male cases were 
reported ten times more than females, and majority of them 
being within 25-35 years old. Therefore, interventional pol-
icies should focus on females and people aged 35-50 years. 
This matter is of  great importance, and requires increased 
attention and focus on interventional policies, particularly 
among females and individuals aged 35-50 years. The  es-
timated prevalence of PLHIV in this study was lower than 
in some other countries. For instance, a study in Spain [19] 
estimated the  number of  PLHIV as 141,000, equivalent to 
a prevalence rate of 0.36%. In India [20], the estimated HIV 
prevalence among adults was 0.31%. Additionally, in Fars 
Province [21] located in south of Iran, the estimated number 
of PLHIV was 14,925, while only 5,112 cases were identified, 
showing an underestimation of almost three times. However, 

Table 2. Demographic characteristics of participants 

Variable Total, N (%) Female, n (%) Male, n (%)

Education level 

Illiterate 65 (4.1) 41 (5.0) 24 (3.1) 

Elementary 155 (9.7) 88 (10.8) 65 (8.5) 

Middle school 183 (11.4) 90 (11.0) 92 (12.1) 

High school 534 (33.3) 271 (33.2) 255 (33.5) 

Undergraduate academic 552 (34.4) 274 (33.5) 273 (35.8) 

Post-graduate academic 101 (6.3) 50 (6.1) 50 (6.6) 

Doctorate 7 (0.4) 3 (0.4) 3 (0.4) 

Age (years)

Mean, SD 39.2 (14.1) 38.7 (13.7) 39.8 (14.7) 

Employment 

Housewife 468 (29.2) 466 (57.1) 0 (0.0) 

Employee 259 (16.1) 111 (13.6) 145 (19.1) 

Student 179 (11.2) 110 (13.5) 68 (8.9) 

Worker 88 (5.5) 3 (0.4) 85 (11.2) 

Self-employment 340 (21.2) 64 (7.8) 270 (35.5) 

Unemployed 83 (5.2) 28 (3.4) 54 (7.1) 

Retired 177 (11.0) 34 (4.2) 139 (18.3) 

Marital status 

Single 489 (30.5) 223 (27.7) 257 (34.7) 

Engaged 10 (0.6) 9 (1.1) 1 (0.1) 

Married 992 (61.8) 531 (66.0) 453 (61.1) 

Divorced 14 (0.9) 10 (1.1) 4 (0.5) 

Widow(er) 58 (3.7) 32 (4.0) 25 (3.3) 
Differences between totals and others were due to data missing.
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Iran, in developed countries including Germany, almost all 
opioid-addicted individuals were in contact with a  health 
system, which is important for controlling the  HIV/AIDS 
epidemic  [27]. To reduce the  gap between identified and 
estimated cases, several implementations may be helpful. 
These include normalizing HIV testing, reducing HIV-related 
stigma among the  general population and health provid-
ers, introducing more key-population-friendly HIV testing 
strategies, such as community-based testing, establishing 
network-based HIV testing, and improving HIV testing to 
find undiagnosed people, as these strategies have shown to 
have a  higher yield  [1, 5]. Additionally, increasing knowl-
edge about HIV is considered to increase willingness for 
testing among people in the community. Educational status, 
wealth status, and media exposure are important variables 
for intervention measures to reduce inequality in HIV-relat-
ed knowledge [28]. Moreover, key HIV populations should 
receive more support in terms of HIV testing and confiden-
tiality implementation. 

The current study have some limitations. Due to the sen-
sitive nature of the questions, the collected data are likely to 
be affected by non-response and social desirability biases, re-
ducing their validity. Additionally, it was not possible to se-
lect participants using random sampling methods; therefore, 
an accessible sampling method was employed, but the sam-
ple was selected from all the crowded and busy centers in 
the city, on all days of the week, and by selecting one pass-
erby every 15 minutes, in order to decrease selection bias. 
Furthermore, some participants may have refused to provide 
true responses to the questions, making the findings suscep-
tible to information bias [29]. 

It is recommended to conduct future studies with larger 
sample size, and compare the results of NSU method with 
other methods for estimating the size of hidden population. 

Conclusions 
In the study, it was found that the estimated prevalence 

of HIV was higher than the detected cases in Arak. Key high- 
risk HIV populations should receive more support for HIV 
testing and confidentiality implementation. Stigma asso
ciated with HIV/AIDS is considered one of the factors that 
may prevent individuals from seeking HIV diagnosis. Hav-
ing knowledge about the actual number of PLHIV who may 
go beyond what is recorded and diagnosed, can be effective 
in identifying and implementing appropriate preventive 
measures against the spread of HIV, evaluating the success 
of  intervention programs in the  past, and assessing future 
healthcare needs. 
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