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 Abstract                                                      
Background: The goal of this study was to analyze the cost-
effectiveness of harm reduction programs among Intravenous 
Drug Users (IDUs) who referred to Drop-In Centers (DICs) 
for prevention of Human Immunodeficiency Virus/Acquired 
Immune Deficiency Syndrome (HIV/AIDS) infection.
Methods: To calculate the cost-effectiveness of HIV/AIDS 
prevention, we used data from a cross-sectional study  carried 
out in 2009 in which we selected 13 DICs out of 45 active DICs 
using systematic random sampling. Through interview, data 
of all IDUs (1309) who had attended DICs were collected by 
means of a questionnaire approved by 3 experts. Averted cases of 
HIV infection were considered as the unit of effectiveness. The 
cost was also calculated from the perspective of governmental 
service provider and all costs were converted into US dollar 
(USD). Sensitivity analysis was used to measure the effect of 
some uncertain parameters in modeling the number of HIV cases 
that have been averted; also, Incremental Cost-Effectiveness 
Ratio (ICER) was estimated.
Results: Results showed that the DICs averted around 120.2 HIV 
cases in one year (102.977 cases from drug injection, 11.45 cases 
from homosexual and 5.77 cases from heterosexual ways). ICER 
for each HIV infection averted was 13,248.5 USD. Sensitivity 
analysis showed that providing harm reduction services in the 
best and worst case scenarios could change the ICER from 13,055 
to 13,954 USD for each HIV case averted, respectively.
Conclusion: Since the most common cause of transmission 
and spread of HIV infection in Iran is drug injection via needle 
shared by IDUs, DICs programs in Iran could be cost-effective. 
The necessity of expanding and developing DICs and their harm 
reduction programs performed locally and nationally in order to 
protect this high-risk groups is inevitable. 
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Introduction

HIV/AIDS has been one of the most challenging health 
problems of the late twentieth century.1 Unfortunately, 
there is no treatment or vaccine for the disease.2-4 
Recently, HIV/AIDS epidemic has mostly been 

concentrated among IDUs.5 There have been about 16 
million IDUs in the world in 2012,6 among which more 
than 3 million have HIV/AIDS infection.7 In Iran, IDUs 
accounted for 65% of HIV/AIDS cases.8, 9 Among this 
group, the most common way of HIV transmission is 
injecting drug use by sharing syringes and needles.10, 11 
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Harm reduction programs for IDUs minimize and reduce 
the spread of HIV/AIDS.12 One of these interventions 
is having access to sterile syringes and needles13 and is 
considered as the essential part of HIV/AIDS prevention 
and harm reduction programs.14 Many studies showed 
the effectiveness of using sterile syringes and needles 
to reduce HIV transmission among IDUs.15-17 Due to the 
increasing cost of HIV/AIDS treatment,18, 19 researchers 
and health politicians need more accurate information 
about the costs and benefits of harm reduction to be able 
to properly evaluate the programs that are provided in 
DICs.20 In most countries, including Iran, the cost 
of treatment, care and reduction of risky behaviors 
among IDUs are covered by the government.21 In Iran, 
policymakers decided to start-up these centers and DICs 
have been gradually established since 2003.22 Research 
on the cost-effectiveness of such interventions gives 
health policymakers useful and valuable information.23 
Scientific literature is more focused on the effectiveness 
versus cost-effectiveness of the interventions.6

Pham et al. in a study during 2006 to 2010 
managed to prevent 50600 new HIV/AIDS cases 
and 42600 deaths. The costs related to any new HIV/
AIDS infections averted and deaths prevented by 
harm reduction were estimated to be $1,972.00 and 
$248.00, respectively.24 In Iran, few studies have been 
done on the effectiveness and cost-effectiveness of 
harm reduction strategies for IDUs.21, 23, 25 Notably, 
the findings of a study showed that seven methadone 
maintenance therapy centers could avert 128 new 
cases of HIV/AIDS. The total cost of harm reduction 
and HIV care and treatment during lifetime was 
$547,423.00 was and $14,171,816.00, respectively. 
The ICER of HIV prevention was $106,382.00. The 
results of the sensitivity analysis even in the worst-
case scenarios in which the ICER was changed from 
$39,149.00 to $290,004.00 per HIV averted case were 
still effective.21

Notably, DICs in Iran have begun since 2003 with 
the implementation of training programs, delivering 
condoms, clean and disposable needles and syringes, 
and other services such as wound care to reduce risky 
behaviors. Based on the social, cultural and economic 
differences between Iran and other countries, as well 
as a more specific way of HIV transmission and also 
different costs of HIV/AIDS care and treatment,26 we 
aimed to study the cost-effectiveness of harm reduction 
programs in DICs in Iran to provide scientific and 
documentary convincing evidence to justify the costs 
of these centers for health decision makers. 

Material and Methods

To calculate the cost-effectiveness of HIV/AIDS 
prevention, we used data from a cross-sectional study 
that was carried out in 2009; systematic random sampling 

was used to select 13 DICs out of 45 active DICs in Iran. 
Through interviews, data of all IDUs (1309) who had 
attended DIC centers to receive health care services were 
collected by a questionnaire t approved by 3 experts 
and conducted by trained staff. The questionnaire 
had 5 sections about DICs, IDU demographic, risky 
behaviors before and after DIC, type of services, and 
HIV and HCV status. In this study, we compared the 
high-risk behaviors one year before and one year after 
entering DICs. Information on the costs was collected 
from the perspective of governmental service delivery 
for two reasons: 1) Iranian government undertakes and 
spends all costs of DICs and also all costs of treating HIV 
patients, and 2) second, cost calculation from a societal 
perspective is impossible due to the unavailability of 
subjects and all different costs.

To determine the cost of HIV treatment, we used 
guidelines of the United Nations Program on HIV/
AIDS (UNAIDS).27 Meanwhile, through interviewing 
with experts and stakeholders, the average life time 
and annual cost per HIV/AIDS case waere considered 
to be 10 years and 13,200 USD, respectively. To 
calculate the cost of non-intervention, we estimated 
the cost of treatment and care for each HIV infection 
during lifetime. To do so, we multiplied the number 
of cases averted by the cost of treatment and care of 
each HIV/AIDS case by average lifespan of an HIV 
case in Iran. The annual cost of each IDU in DIC was 
calculated and equaled to 221.55 USD. The discount 
rate was considered to be 3%. To convert Iranian 
Rial to United State Dollar (USD), the currency 
exchange rate was extracted from the Central Bank 
of Iran simultaneously. Finally, USD was adjusted 
by purchase power parity (PPP), according to PPP 
conversion rate site.

The HIV case averted was considered as the unit 
of effectiveness. Risky behaviors one year before 
entering the DICs and its probable HIV cases in 
that period, as well as risky behaviors one year after 
entering DICs and its probable cases of HIV were 
estimated and compared. For better understanding, 
we bring a part of decision tree model t we used in 
this study (Figures 1 and 2). 

Decision tree was designed by the probability of 
each outcome at any state or node according to the 
rate of HIV transmission for each risky behavior. The 
difference between these two periods was considered 
as the averted cases of HIV infection. To find out the 
effectiveness of DICs, we used AVERT model, from 
“evaluating programs for HIV/AIDS prevention and 
care in developing countries” guideline published 
by family health international (FHI).28 To calculate 
the number of averted HIV, we used a mathematical 
simulation model designed by Weinstein et al. This 
model provides us with information about how many 
HIV cases are caused by high-risk behaviors. In this 
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model, the probability of becoming infected patients 
(A) from other IDUs (B) which is shown as PB→A is 
calculated by the following formula:

PB→A=1 - {PB [(1 - ROT)n/2] + (1 - PB)}
m

Where PB=HIV prevalence among other IDUs; 
m=average number of other IDUs; n=average 
number of injections with a given IDU; ROT=rate of 
transmission HIV in every injection.

The probability of becoming an infected partner 
(B) through injection by patients (A) which is shown 
as PA→B is calculated by the following formula:

PA→B=1 - {PA [(1 - ROT)n/2] + (1 - PA)}
m

Where PB=HIV prevalence among IDUs; 
m=average number of other IDUs who shared needles 
and syringes; n=average number of injections with a 
given IDU; ROT=rate of transmission of HIV in every 

Figure 1: Decision tree model of HIV transmission via sexual contacts among IDUs

Figure 2: Decision tree model of HIV transmission via sharing needles and syringes among IDUs
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injection. The rest of formulas used in this study were 
selected from the above-mentioned guideline.29

To determine ICER, the numerator was the 
difference between the cost of intervention and non-
intervention, and denominator was the number of 
estimated averted cases. One-way sensitivity analysis 
was performed to calculate the effect of uncertainty 
from some external parameters on the averted cases. 
Two parameters of HIV prevalence among IDUs and 
ROT via sharing needle and syringe had the most 
effect on ICER. Participants completed informed 
consent forms in accordance with ethics committee 
guidelines. All data were entered into Microsoft Excel 
2010 (Microsoft Corporation; Redmond, Washington, 
USA) and all statistical analyses were performed 
using the statistical software SPSS version 20.0 and 
Microsoft Excel (SPSS Inc., Chicago, Illinois, USA).

Results

In this study, 96.1% out of 1309 participants were 
male. The mean age of the subjects was 33±9 years 
and HIV prevalence among them was 20.5% (Table 1). 
Mathematical simulation estimated that the total 
number of HIV infection due to sharing injection and 
sexual contacts was approximately 22.4 and 142.6 in the 
intervention and non-intervention periods, respectively 
(120.2 averted cases). The amount of risky behaviors 
before and after the intervention has been shown in 
the study of Mirahmadizadeh et al.8 The annual cost 
of DICs for each averted case was 221.55 USD (Total 
cost of intervention=290,008.95 USD) and experts stated 
that the cost of care and treatment of 1 case of HIV/
AIDS in Iran was 1100 USD per month and average 
lifespan of HIV/AIDS cases is around 10 years (Total 
cost of non-intervention=1,882,478.4 USD). Incremental 
cost-effectiveness ratio was 13,248.5 USD per averted 
case of HIV/AIDS infection. The overall cost saving was 
1,586,640 USD per year. 

One-way sensitivity analysis, based on the worst 
and best case scenario, showed that changes in HIV 

prevalence among IDUs as well as HIV transmission 
through needle injection had the greatest effect on 
ICER. The ICER of the lowest prevalence (best 
scenario=0.005)7 to the highest prevalence (worst 
scenario=0.7)29 reported among IDUs changed from 
13,055 to 13,680 USD.

Also, one-way sensitivity analysis was performed 
to combat uncertainty from ROT which showed that 
ICER changed from 12,986 to 13,954 USD along with 
ranging ROT from 0.001,30 to 0.05,31 respectively. 

Discussion

This study was designed to determine the cost-
effectiveness of prevention of HIV infection among 
IDUs, performed by the programs of DIC centers. The 
results showed that the selected DICs prevented around 
120.2 HIV cases.

Pham conducted a similar study in Vietnam during 
2006-2010 and showed that a large number of HIV 
cases were averted like the present study.24 During a 
two-year study, Kumaranayake et al. prevented 176 
HIV infections among 565 IDUs.32 Also, according 
to Ni et al.’s study in China during 2005-2010, about 
5,678 HIV cases were averted among 17,108 IDUs.33 
The main reason for this difference could be the 
sample size and the difference in mathematical models 
in which averted cases were estimated. The findings 
showed that most HIV infections were prevented 
from reducing risky injection, but unprotected sexual 
contact had a little effect. The reasons for this finding 
is that firstly the overall risk of transmission of HIV 
infection in sexual contacts was low even without 
condom use7 and secondly sexual contacts were much 
less common than injection.

Incremental cost-effectiveness ratio was estimated 
to be 13,248.5 USD for each HIV averted case. 
Notably, based on the results of the study, intervention 
by DICs could save 594.80 USD for each 1 dollar spent 
for harm reduction programs. ICER of Methadone 
Maintenance Therapy (MMT) centers in Iran was 
estimated to be $106,382.39 for each averted HIV case 
and overall cost saving was $13,624,392.00.21

Kim et al. studied the application cost of sterile 
syringe and needle for each HIV averted case which 
was estimated to be $487.40.6 According to the study 
of Kumaranayake et al., the cost of each prevented 
HIV infection was calculated to be 359 USD.32 In a 
study in Canada in 2008, the cost of per HIV infection 
prevented was estimated as $20,100.00.34 Also, 
according to Laufer’s study, the cost of each HIV 
infection averted case was $20,947.00 and 2 dollars 
is saved for every dollar spent.13 In another study in 
Canada, within five years of the implementation of 
harm reduction programs, 24 HIV cases were averted; 
in this case, regarding the cost of 1.3 million dollars, 

Table 1: Distribution of the Characteristics of the Participants 
Referred to 13 selected DICs
Characteristics No. (%)
Sex
Male 1258 (96.1)
Female 51 (3.9)
Marital Status
Single 626 (47.8)
Married 459 (35.1)
Divorce 202 (15.4)
Widow 18 (1.4)
Others 4 (0.31)
HIV and HCV status
HIV (n=801) 164 (20.5)
HCV (n=759) 347 (45.7)
HIV, Human Immunodeficiency Virus; HCV, Hepatitis C Virus.
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cost savings were 4 USD for every  dollar spent.35 
Although the differences mentioned above can limit 
this study to be compared with other studies, but in 
general, low ICER in those studies in comparison with 
the present study could be due to the low cost of harm 
reduction programs in DICs and high costs of care 
and treatment in Iran (as compared with developed 
countries) as well as differences in cost perspective 
and different methods to estimate the averted case. 

The limitations of the present study include 
challenges in collaboration of IDUs and failure 
to recall information at interviews. Therefore, 
conducting a randomized controlled clinical trial 
study is suggested to achieve the cost-effectiveness. 
Avants et al. showed that the cost-effectiveness studies 
in randomized clinical trials have a better validity and 
reliability and it is a gold for economic evaluation.36 
In this study, we assumed all probable new HIV cases 
were diagnosed and calculated both costs of harm 
reduction programs and HIV care and treatment by 
simulation method, while in reality we considered the 
cost of HIV care and treatment, but it will not count 
the cost of harm reduction. 

Conclusion

According to the results of the present study, harm 
reduction programs in Iran, especially DICs, are cost-
effective. However, precise and accurate data from 
a proper randomized controlled trial, as the best way 
to determine effectiveness, is needed to ensure the 
efficiency of DICs. We also recommend that the number 
of these centers should be increased to cover more IDUs.

Acknowledgment

The authors wish to express sincere gratitude and 
appreciation toSecretariat for Applied Research of 
Health, Vice-Chancellor of Ministry of Health and 
Medical Education (MOHME) for financial support, 
registered by number of 240-5256 at Tehran University 
of Medical Sciences. We also appreciate Mental Health 
Office of the Ministry of Health for their cooperation. 
Finally, we would like to thank the medical universities 
for conducting this study.

Conflict of Interest: None declared.

References

1 Khorvash F, Mohamadirizi S, Ataiee B, Khayamim 
N, Boroumandfar Z. The Relationship between 
Knowledge, Attitude and Tendency to Care of HIV/
AIDS Patients among Nurses and Midwives, Working 
in General Hospitals and Health Care Centers of Isfahan 
University of Medical Sciences, 2013. Journal of 
Midwifery and Reproductive Health. 2014;2(4):246-52.

2 Mamo T, Moseman EA, Kolishetti N, Salvador-Morales 
C, Shi J, Kuritzkes DR, et al. Emerging nanotechnology 
approaches for HIV/AIDS treatment and prevention. 
Nanomedicine. 2010;5(2):269-85.

3 Al-Ghanim SA. Exploring public knowledge and 
attitudes towards HIV/AIDS in Saudi Arabia. A survey 
of primary health care users. Saudi medical journal. 
2005;26(5):812-8.

4 Heidari A, Mirahmadizadeh A, Keshtkaran A, 
Javanbakht M, Etemad K, Lotfi M. Changes in 
unprotected sexual behavior and shared syringe use 
among addicts referring to Methadone Maintenance 
Treatment (MMT) centers affiliated to Shiraz 
University of Medical Sciences in Shiraz, Iran: An 
uncontrolled interventional study. Journal of School of 
Public Health and Institute of Public Health Research. 
2011;9(1):67-76.

5 Nasirian M, Doroudi F, Gooya MM, Sedaghat A, 
Haghdoost AA. Modeling of human immunodeficiency 
virus modes of transmission in Iran. Journal of research 
in health sciences. 2012;12(2):81-7.

6 Kim SW, Pulkki-Brannstrom A-M, Skordis-
Worrall J. Comparing the cost effectiveness of harm 
reduction strategies: a case study of the Ukraine. Cost 
Effectiveness and Resource Allocation. 2014;12(1):1.

7 Mathers BM, Degenhardt L, Phillips B, Wiessing L, 
Hickman M, Strathdee SA, et al. Global epidemiology 
of injecting drug use and HIV among people who 
inject drugs: a systematic review. The Lancet. 
2008;372(9651):1733-45.

8 Mirahmadizadeh A, Majdzadeh R, Mohammad K, 
Forouzanfar M. Prevalence of HIV and hepatitis C 
virus infections and related behavioral determinants 
among injecting drug users of drop-in centers in Iran. 
Iranian Red Crescent Medical Journal. 2009;11(3):325.

9 MOZAFAR ZS, Vahdaninia M. AIDS literacy among 
female high school students: a cross-sectional study 
from Iran. 2008.

10 Karimi M, Niknami S. Self-efficacy and perceived 
benefits/barriers on the AIDs preventive behaviors. 
Journal of Kermanshah University of Medical Sciences 
(J Kermanshah Univ Med Sci). 2011;15(5).

11 Khajehkazemi R, Osooli M, Sajadi L, Karamouzian 
M, Sedaghat A, Fahimfar N, et al. HIV prevalence 
and risk behaviours among people who inject drugs in 
Iran: the 2010 National Surveillance Survey. Sexually 
transmitted infections. 2013:sextrans-2013-051204.

12 Ohiri K, Claeson M, Razzaghi E, Nassirimanesh B, 
Afshar P, Power R. HIV/AIDS prevention among 
injection drug users: Learning from harm reduction 
in Iran. 2006. Iran: HIV Prevention Consultation. 2007.

13 Laufer FN. Cost-effectiveness of syringe exchange as 
an HIV prevention strategy. JAIDS Journal of Acquired 
Immune Deficiency Syndromes. 2001;28(3):273-8.

14 Wodak A, Cooney A. Effectiveness of sterile needle 
and syringe programmes. International Journal of Drug 
Policy. 2005;16:31-44.



57 

Cost-effectiveness analysis of HIV/AIDS prevention in IDUs

J Health Sci Surveillance Sys April 2018; Vol 6; No 2

15 Zhang L, Chen X, Zheng J, Zhao J, Jing J, Zhang J, et 
al. Ability to access community-based needle-syringe 
programs and injecting behaviors among drug users: a 
cross-sectional study in Hunan Province, China. Harm 
reduction journal. 2013;10(1):1.

16 Belani HK, Muennig PA. Cost-effectiveness of needle 
and syringe exchange for the prevention of HIV in New 
York City. Journal of HIV/AIDS & Social Services. 
2008;7(3):229-40.

17 Zhang L, Yap L, Xun Z, Wu Z, Wilson DP. Needle 
and syringe programs in Yunnan, China yield health 
and financial return. BMC Public Health. 2011;11(1):1.

18 Smith M, Saunders R, Stuckhardt L, McGinnis JM. 
Best care at lower cost: the path to continuously 
learning health care in America: National Academies 
Press; 2013.

19 Niëns L. Affordability in Health Care: 
Operationalizations and Applications in Different 
Contexts. 2014.

20 French MT, Martin RF. The costs of drug abuse 
consequences: a summary of research findings. Journal 
of substance abuse treatment. 1996;13(6):453-66.

21 Keshtkaran A, Mirahmadizadeh A, Heidari A, 
Javanbakht M. Cost-effectiveness of methadone 
maintenance treatment in prevention of hiv among drug 
users in Shiraz, south of Iran. Iranian Red Crescent 
Medical Journal. 2014;16(1).

22 Vazirian M. Review of drug demand reduction 
programs in Iran: Advices for development and 
strategic planning. 2003.

23 Hesam S HN, Vahdat S. Cost-effectiveness of 
methadone and buprenorphine to the prevention 
of AIDS in intravenous drug users (Case Study: 
Addiction treatment centers selected under the 
supervision of Shiraz University of Medical Sciences 
and Health Services). Accounting Journal of Health. 
2014;3(3):18-39.

24 Pham QD, Wilson DP, Kerr CC, Shattock AJ, Do HM, 
Duong AT, et al. Estimating the Cost-Effectiveness of 
HIV Prevention Programmes in Vietnam, 2006-2010: 
A Modelling Study. PloS one. 2015;10(7):e0133171.

25 Javanbakht M, Mirahmadizadeh A, Mashayekhi A. The 
Long-Term Effectiveness of Methadone Maintenance 
Treatment in Prevention of Hepatitis C Virus Among 
Illicit Drug Users: A Modeling Study. Iranian Red 
Crescent Medical Journal. 2014;16(2).

26 Keshtkaran A HA, Javanbakht M, Mirahmadizadeh 
AR. Cost-effectiveness of methadone maintenance 
centers to prevent HIV among intravenous drug users. 
Payesh 2012;11(6):823-30.

27 Kumaranayake L, Pepperall J, Goodman H, Mills 
A, Walker D. Costing guidelines for HIV prevention 
strategies. 2000.

28 Rehle T, Saidel T, Mills S, Magnani R. Evaluating 
programs for HIV/AIDS prevention and care in 
developing countries. Family Health International 
USA. 2006.

29 Burrows D, Wodak A, WHO. Harm reduction in Iran: 
Issues for national scale up. Report for World Health 
Organization September. 2005.

30 Hudgens MG, Longini IM, Vanichseni S, Hu DJ, 
Kitayaporn D, Mock PA, et al. Subtype-specific 
transmission probabilities for human immunodeficiency 
virus type 1 among injecting drug users in Bangkok, 
Thailand. American journal of Epidemiology. 
2002;155(2):159-68.

31 Baggaley RF, Boily M-C, White RG, Alary M. Risk of 
HIV-1 transmission for parenteral exposure and blood 
transfusion: a systematic review and meta-analysis. 
Aids. 2006;20(6):805-12.

32 Kumaranayake L, Vickerman P, Walker D, Samoshkin 
S, Romantzov V, Emelyanova Z, et al. The cost‐
effectiveness of HIV preventive measures among 
injecting drug users in Svetlogorsk, Belarus. Addiction. 
2004;99(12):1565-76.

33 Ni MJ, Fu LP, Chen XL, Hu XY, Wheeler K. Net 
financial benefits of averting HIV infections among 
people who inject drugs in Urumqi, Xinjiang, Peoples 
Republic of China (2005–2010). BMC Public Health. 
2012;12(1):1.

34 Bayoumi AM, Zaric GS. The cost-effectiveness of 
Vancouver’s supervised injection facility. Canadian 
Medical Association Journal. 2008;179(11):1143-51.

35 Gold M, Gafni A, Nelligan P, Millson P. Needle 
exchange programs: an economic evaluation of a local 
experience. Canadian Medical Association Journal. 
1997;157(3):255-62.

36 Avants SK, Margolin A, Usubiaga MH, Doebrick C. 
Targeting HIV-related outcomes with intravenous drug 
users maintained on methadone: a randomized clinical 
trial of a harm reduction group therapy. Journal of 
substance abuse treatment. 2004;26(2):67-78.


