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Objectives
Gender differences in the efficacy of treatment and the mortality of HIV-infected patients have not
yet been fully elucidated. For the first time, we used data from a 20-year cohort of people living
with HIV (PLWH) in four provinces (Fars, Bushehr, Bandar Abbas, and Kohgiluyeh and Boyer-
Ahmad) in the southern part of Iran to assess the gender difference in all-cause mortality in PLWH
in Iran.

Methods
We analysed data for 1216 patients aged ≥ 15 years who were diagnosed with HIV/AIDS between
1997 and 2017. Three hundred and fourteen (25.8%) were women.

Results
The death rate from all causes among women was 13.7% vs. 43.8% among men (P < 0.001). All-
cause mortality was significantly associated with gender [the adjusted hazard ratio (aHR) for men
compared with women was 3.20], not being on antiretroviral therapy (ART) compared with being
on ART at the last visit (aHR 5.42), older age (aHR 1.03), delayed HIV diagnosis compared with
early diagnosis (aHR 1.72), history of incarceration (aHR 1.57), higher log CD4 count at diagnosis
(aHR 0.54), and prophylaxis for Pneumocystis pneumonia (aHR 0.09).

Conclusions
Improving early HIV diagnosis and early ART initiation in men, as well as increased access to
hepatitis C virus treatment are needed to increase the survival rate of HIV-infected patients in Iran.
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Introduction

Improved access to antiretroviral treatment (ART) has sig-

nificantly increased the survival rate of people living

with HIV (PLWH) [1]. In developed countries, PLWH are

living almost as long as the general population [2]; how-

ever, in most less-developed countries, the survival rate

of PLWH is lower than that of the general population [3].

In previous studies, factors such as a history of drug

injection, African American race, and lower CD4 count at

diagnosis were associated with higher mortality rates

among PLWH [4]. Gender has been reported as a modifier

for the risk of HIV infection and its clinical outcomes [5].

According to Joint United Nations Programme on HIV/

AIDS (UNAIDS) estimates in 2016, women comprise

about half of all HIV-infected people worldwide [6,7].

Gender differences in the efficacy of treatment and the

mortality of HIV-infected patients have not yet been fully

elucidated. Studies comparing HIV treatment outcomes

and mortality between men and women have reported

contradictory findings [8–11]. For example, several
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studies have reported a gender difference in the response

to ART among PLWH [12–15], while some have sug-

gested a better response to ART only in women [16–18].
However, a few studies have suggested no difference

between men and women in the response to ART [19–
21]. For example, two studies in Australia [22] and

Switzerland [23] reported no significant difference

between men and women regarding viral load suppres-

sion. Given structural and cultural variation across set-

tings, it is possible that the response to ART in men and

women is different in less-developed countries. The

observed gender differences in diagnostic delay and treat-

ment adherence [24], HIV viral load at diagnosis [25],

and access to treatment services have been suggested as

reasons for potential gender differences in HIV treatment

outcomes and mortality [26].

In Iran, all HIV diagnostics and treatment services are

free. However, use of such services is reported to be very

low [27]. According to available estimates, of the 61 000

PLWH estimated to be living in Iran, approximately

22 000 are aware of their HIV status [28]. In 1998, less

than 10% of identified Iranian HIV-infected patients were

women. In 2018, this number had increased to 33% [29].

In the light of the importance of understanding the fac-

tors influencing response to ART, for the first time, we

used 20 years of data for a cohort of PLWH in the south-

ern part of Iran to assess the gender difference in all-

cause mortality among PLWH in Iran.

Methods

We conducted a 20-year retrospective cohort study

among HIV-positive patients who were registered with

the Shiraz HIV/AIDS Research Center (SHARC) from

August 1997 to May 2017.

Setting

SHARC registers HIV-infected patients in the south of

Iran and monitors their clinical status, including treat-

ment and mortality outcomes. At the time of diagnosis,

all patients routinely complete a self-administrated ques-

tionnaire. The questionnaire includes questions regarding

demographic characteristics and risk-associated beha-

viours. After the first visit, all diagnosed patients follow

the ART lines and visit SHARC every 6 months for clini-

cal follow-up. Well-trained staff monitor the patient’s

treatment status and perform medical tests according to

recommendations of the World Health Organization

(WHO) [30]. During the 20-year study period, 4810

patients with HIV infection were registered with SHARC;

data for 1216 individuals ≥ 15 years of age at the time of

diagnosis, and with at least one follow-up visit during

the study period, were used for analysis. Patients with no

follow-up record and patients < 15 years of age at diag-

nosis were excluded from the study.

The ethics committee of Shiraz University of Medical

Sciences approved the study protocol (ethics code:

IR.SUMS.REC.1398.311).

Variables and definitions

Mortality data were collected by linking patients’ data

to hospital medical records and the registry of deaths.

For those who were found to have died by the end of

the study period, the survival time (in years) was calcu-

lated as the time from the diagnosis of HIV infection to

death. For others, the follow-up time was calculated as

the time from HIV diagnosis to their last clinical visit.

Data on demographic characteristics and risk-associated

behaviours were collected at the time of diagnosis.

These data included age (continuous), gender (female or

male), level of education (below secondary school, sec-

ondary school or above secondary school), marital status

(married, single or widowed/divorced), occupation (em-

ployed or unemployed/housewife), self-reported route of

HIV transmission [sexual or injecting drug use (IDU)],

history of incarceration (yes or no) and addiction (yes

or no). Using patients’ medical files, clinical and labora-

tory data at baseline and during the follow-up visits

were collected. Data included ART status (never started

or interrupted use vs. using as prescribed), whether the

patient was taking prophylaxis for Pneumocystis carinii

pneumonia (PCP) (yes or no), whether there was a

delayed diagnosis [defined as < 1 year between HIV

diagnosis and advanced AIDS clinical stage (3 or 4 as

defined by WHO)] [31] (yes or no), tuberculosis (TB)

coinfection (yes or no), hepatitis C virus (HCV) coinfec-

tion (yes or no), and CD4 count. A few patients did not

report a route of transmission (n = 18); we added these

patients to the other two categories (sexual and IDU)

based on their reported history of addiction or risky

sexual contact.

Statistical analysis

Median and interquartile range (IQR) for numerical vari-

ables (age and CD4 count) are reported. For categorical

variables, we report frequency and percentage. The sig-

nificance of differences between men and women regard-

ing demographic characteristics, risk behaviours and

clinical data was assessed using the v2 (for categorical
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variables) and Mann–Whitney U (for numerical variables)

tests. Overall survival curves were plotted separately for

men and women.

A gender-stratified univariate survival analysis was

performed using the Kaplan–Meier method with the log-

rank test. A multivariable survival analysis was per-

formed and adjusted hazard ratios (aHRs) with corre-

sponding 95% confidence intervals (CIs) were calculated

using a Cox proportional hazard model. The final model

was adjusted for gender, age at diagnosis, log CD4 count

at diagnosis, PCP prophylaxis, ART status at the last clin-

ical visit, HCV coinfection, addiction history and incar-

ceration history. The multivariable model also included

two interaction terms (gender and date of diagnosis, and

gender and prophylaxis for PCP). The statistical signifi-

cance level was set at 0.05. All analyses were conducted

in STATA, version 14.0 (Stata Corporation, College Station,

TX). Microsoft Excel 2013 (Office 10; Microsoft Corpora-

tion, Redmond, WA, USA) was used to make bar and line

charts.

RESULTS

We analysed data for 1216 HIV-infected patients, of

whom 314 (25.8%) were women (Table 1). The median

(Q1, Q3) age was 34 (29, 40) years. By the end of the

study period, 438 (36.0%) patients had died. The number

of deaths from all causes among women and men was 43

(13.7%) and 395 (43.8%), respectively (P < 0.001). Com-

pared with men, women had a higher median CD4 count

at diagnosis (243 vs. 210 cells/lL for men; P = 0.003)

and were more likely to be married (53.8% vs. 42% for

men; P < 0.001), to be unemployed or a housewife

(88.2% vs. 40.4% for men; P < 0.001), to have been

infected via sexual transmission according to self-report

(94.9% vs. 11.4% for men; P < 0.001), to be on ART

(95.2% vs. 74.3% for men; P < 0.001), to have received

no prophylaxis for PCP (50.6% vs. 40.6% for men;

P = 0.002), to have had a delayed diagnosis (57.6% vs.

40.3% for men; P < 0.001), not to be on TB treatment

(97.8% vs. 87.9% for men; P < 0.001), and not to be

coinfected with HCV (86.3% vs. 16.8% for men;

P < 0.001).

The test for trend for both genders showed that the

trend for mortality rate per 100 person-years (PY) from

1997 to 2016 was significant (P = 0.006). The test for

trend was significant for men (P = 0.005) and women

(P = 0.02) separately (Figure 1). In men, mortality

increased from 0.5 per 100 PY in 2005 to 14.5 per 100

PY in 2014, whereas in women, mortality increased from

0.0 per 100 PY in 2005 to 3.1 per 100 PY in 2013. In

2016, the rates of mortality for men and women were 0.6

and 0.0 per 100 PY, respectively (Figure 1).

The overall 5-year cumulative hazard function (after

HIV diagnosis) was 23.4% (95% CI 20.9, 26.0) (Figure 2).

The 5-year cumulative hazard function was 12.6% (95%

CI 9.1, 17.4%) in women and 26.7% (95% CI 23.8, 29.8%)

in men (P < 0.001).

As presented in Table 2, the multivariable Cox model

showed that being male [hazard ratio (HR) 3.20;

P < 0.001], being older at diagnosis (aHR 1.03;

P < 0.001), having a delayed diagnosis (aHR 1.72;

P < 0.001), not being on ART at the last clinical visit

(aHR 5.42; P < 0.001) and having an incarceration his-

tory (aHR 1.57; P 0.047) were associated with higher rates

of all-cause mortality. In contrast, a higher CD4 count at

diagnosis (aHR 0.54; P < 0.001) and receiving prophy-

laxis for PCP (aHR 0.09; P = 0.002) were associated with

lower rates of all-cause mortality.

The strongest risk factors for all-cause mortality among

men were older age at diagnosis (aHR 1.03; P < 0.001),

delayed diagnosis (aHR 1.75; P < 0.001), not being on

ART at the last clinical visit (aHR 5.40; P < 0.001) and

having an incarceration history (aHR 1.79; P = 0.017).

Conversely, a higher CD4 count at diagnosis (aHR 0.63;

P < 0.001) and prophylaxis for PCP (aHR 0.11; P =
0.006) carried a lower risk of all-cause mortality. Among

women, not being on ART at the last clinical visit (aHR

4.81; P < 0.001) and coinfection with HCV (aHR 3.62; P

< 0.001) were risk factors for all-cause mortality. A

higher CD4 count at diagnosis (aHR 0.09; P < 0.001) car-

ried a lower risk of all-cause mortality among women.

There was a significant interaction between prophylaxis

for PCP at the last clinical visit and the date of diagnosis.

DISCUSSION

Our research results suggest that, among PLWH, men die

at a higher rate than women. Other factors, such as

being on ART, HCV coinfection and CD4 count at diag-

nosis, were also significantly associated with all-cause

mortality.

This gender difference in mortality among HIV-positive

patients has also been reported in studies from other

countries [32]. As reported by Beckham et al. [32], among

PLWH on ART, men have a significantly greater risk of

all-cause mortality compared with women in low- and

middle-income countries. Similarly, in another review

article, the risk of all-cause mortality among adults was

reported to be significantly lower among female patients

(HR 0.47) than among male patients (HR 4.90), and the

difference was greatest in patients in Gambia [33].
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We found that the 5-year survival rate of PLWH after

diagnosis was 76.6%. This is similar to that reported by

Beckham et al., who found that the survival rate of

PLWH receiving ART was 78% [32]. The survival rate of

PLWH in our study was better than the rate reported from

Zimbabwe (60%) [32,34].

We found that the mortality rate among PLWH had an

upward and then a downward trend from 2005 to 2017

for both genders. Briefly, there was an upward trend in

mortality rate between 2005 and 2014. However, the

mortality rate decreased from 2014 to the end of the

study period. A possible reason for the observed down-

ward trend could be a higher ART coverage in Iran after

Table 1 Clinical and demographical characteristics of a cohort of 1216 patients living with HIV in southern Iran

Variable

All
(n = 1216)

Men
(n = 902)

Women
(n = 314)

P-value

Deaths from all causes [n (%)] 438 (36.0) 395 (43.8) 43 (13.7) < 0.001
CD4 count at time of diagnosis (cells/lL) [median (Q1, Q3)] 219 (103, 358) 210 (100, 344) 243 (117, 409) 0.003
Age at time of diagnosis (years) [median (Q1, Q3)] 34 (29, 40) 34 (29, 40) 34 (29, 40) 0.775
Age at time of diagnosis [n (%)]
< 30 years 381 (31.3) 280 (31.0) 110 (32.2) 0.933
30–40 years 544 (44.7) 405 (44.9) 139 (44.3)
> 40 years 224 (291) 217 (24.1) 74 (23.6)

Marriage status [n (%)]
Married 548 (45.1) 379 (42.0) 169 (53.8) < 0.001
Unmarried 668 (54.9) 523 (58.0) 145 (46.2)

Education [n (%)]
Less than secondary 422 (34.7) 307 (34.0) 115 (36.6) 0.408
Secondary and above 794 (65.3) 595 (66.0) 199 (63.4)

Employment [n (%)] < 0.001
Unemployed/housewife 641 (52.7) 364 (40.4) 277 (88.2)
Employed 575 (47.3) 538 (59.6) 37 (11.8)

Route of transmission [n (%)]
Sexual 401 (33) 103 (11.4) 298 (94.9) < 0.001
Injecting drug use 815 (67) 799 (88.6) 16 (5.1)

On ART at last clinical visit [n (%)]
No or missing 247 (20.3) 232 (25.7) 15 (4.8) < 0.001
Yes 969 (79.7) 670 (74.3) 299 (95.2)

Prophylaxis for PCP at last clinical visit [n (%)]
No 525 (43.2) 366 (40.6) 159 (50.6) 0.002
Yes 691 (56.8) 536 (59.4) 155 (49.4)

Diagnosis delay [n (%)] < 0.001
No 671 (55.2) 538 (59.6) 133 (42.4)
Yes 545 (44.8) 364 (40.4) 181 (57.6)

Addiction history [n (%)]
No 317 (26.1) 38 (4.2) 279 (88.9) < 0.001
Yes 899 (73.9) 864 (95.8) 35 (11.1)

Incarceration history [n (%)]
No 404 (33.2) 104 (11.5) 300 (95.5) < 0.001
Yes 812 (66.8) 798 (88.5) 14 (4.5)

TB treatment at last clinical visit [n (%)]
No 1100 (90.5) 793 (87.9) 307 (97.8) < 0.001
Yes 116 (9.5) 109 (12.1) 7 (2.2)

HCV infection at last laboratory test [n (%)]
Yes 794 (65.3) 751 (83.2) 43 (13.7) < 0.001
No 422 (34.7) 151 (16.8) 271 (86.3)

ART, antiretroviral therapy; HCV, hepatitis C virus; PCP, Pneumocystis carinii pneumonia; TB, tuberculosis.

Fig. 1 Trend of mortality rate for all participants, men and women,
from 1997 to 2017.
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2014 [35,36] and efforts such as test and treat in Iran to

meet the UNAIDS 90-90-90 goals [7,36].

The observed gender difference in mortality is hypoth-

esized to be attributable to observed differences in the

immunological responses to HIV between men and

women [18,37]. We found that men had other risk factors

for mortality, for example lower ART uptake, a higher

prevalence of HCV coinfection (which is a marker for

drug injection in the past), and a differential delay in HIV

diagnosis. Cornell et al. [5] reported gender as an impor-

tant predictor for 1-year mortality rate even in patients

who had the same level of immunological responses to

ART. Two other studies from sub-Saharan Africa sug-

gested a better recovery in the immune system in women

than in men that increased by longer ART [38,39]. Beck-

ham et al. [32] indicated that mortality after ART initia-

tion is significantly higher among men. Some of these

effects might be attributable to factors such as delayed

diagnosis of HIV infection among men which caused a

lower CD4 count and higher viral load and therefore a

higher risk of mortality [10,32,40].

We found more women on ART than men. Poorer

access to ART in HIV-positive men compared with

women was reported in other studies from developing

countries [41–43]. Men have been reported to be at

higher risk for ART failure than women [44]. However,

this finding was not consistent across different countries

[23,45]. The reasons for poorer access to ART and treat-

ment uptake among HIV-positive men compared with

women could be related to stigma at working place and

monthly income of patients [46], discrimination [47], less

Fig. 2 Cumulative hazard function after HIV diagnosis for all partici-
pants, men and women living with HIV in the south of Iran.

Table 2 The all-cause mortality rate and its predictors among a cohort of 1216 patients living with HIV in southern Iran

Variable
Number of
deaths

Death
rate (%)

All participants Men Women

Adjusted HR
(95% CI) P-value

Adjusted HR
(95% CI) P-value

Adjusted HR
(95% CI) P-value

Gender
Female 43 13.7 1 < 0.001 - -
Male 395 43.8 3.20 (1.22, 4.39)
Age at diagnosis (for each
year increase)

_ _ 1.03 (1.02, 1.04) < 0.001 1.03 (1.01, 1.04) < 0.001 1.03 (0.99, 1.06) 0.071

Diagnosis delay < 0.001 < 0.001 0.974
No 265 39.5 1 1 1
Yes 173 31.7 1.72 (1.39, 2.14) 1.75 (1.40, 2.20) 1.01 (0.46, 2.17)
Log CD4 count
at diagnosis

0.54 (0.43, 0.67) < 0.001 0.63 (0.50, 0.80) < 0.001 0.09 (0.04, 0.23) < 0.001

Prophylaxis for PCP 0.002 0.006 0.358
No 221 42.1 1 1 1
Yes 217 31.4 0.09 (0.02, 0.42) 0.11 (0.02, 0.54) 0.07 (0.01, 20.66)
On ART at last clinical visit < 0.001 < 0.001 < 0.001
Yes 224 90.7 1 1 1
No 214 22.1 5.42 (4.36, 6.75) 5.40 (4.30, 6.77) 4.81 (2.17, 10.65)
HCV 0.057 0.768 0.001
No 72 17.1 1 1 1
Yes 366 46.1 1.39 (0.99, 1.96) 1.05 (0.75, 1.47) 3.62 (1.70, 7.74)
Addiction history 0.928 0.540 0.261
No 44 13.9 1 1 1
Yes 394 43.8 1.03 (0.54, 1.93) 0.80 (0.39, 1.63) 1.76 (0.65, 4.74)
Incarceration history 0.047 0.017 0.646
No 63 15.6 1 1 1
Yes 375 46.2 1.57 (1.06, 2.47) 1.79 (1.11, 2.90) 0.74 (0.21, 2.58)
Prophylaxis for PCP 9 entry time# - - 1.10 (1.02, 1.19) 0.019 1.09 (1.08, 1.18) 0.043 1.08 (0.80, 1.46) 0.615

ART, antiretroviral therapy; CI, confidence interval; HCV, hepatitis C virus; HR, hazard ratio; PCP, Pneumocystis carinii pneumonia.
#Positive interaction between prophylaxis for PCP and entry time. Models were adjusted for gender, age at diagnosis, log CD4 count at diagnosis, PCP
prophylaxis, ART status at the last clinical visit, HCV coinfection, addiction history and incarceration history.
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emotional support from friends and family [48], trans-

portation or financial issues, and work responsibilities

[49]. Future studies are needed to understand the personal

and social barriers for access to life-saving ART among

men.

In our study, delayed diagnosis was found to be one of

the main factors associated with higher mortality. Late

diagnosis is thus a major issue in the HIV programme in

Iran. According to a report, only one-third of Iranian

HIV-infected individuals are diagnosed, of whom < 8%

receive proper treatment [50]. Although Iran has imple-

mented the “test and treat” strategy since July 2017, the

country is nowhere near achieving the UNAIDS 90-90-90

targets [7]. Improving HIV diagnosis and providing

patients (particularly men) with care and treatment are

the key strategies for improving HIV control in Iran.

Early diagnosis of HIV infection is critical, particularly

given the clinical benefits of early initiation of ART,

which is currently recommended by the WHO [51,52].

There is also a need for more focus on comorbidities,

substance abuse and mental health, the known barriers to

accessing ART services and adherence to HIV medications

among patients [32,53]. As mentioned above, we found

that delayed diagnosis was related to an increased chance

of mortality. Although women were more likely to have a

delayed diagnosis, they had better adherence to ART than

men. This may explain why women experienced lower

mortality than men [54].

We found that HCV coinfection was associated with

higher mortality among women but not among men.

Male and female HIV-infected patients with HCV coinfec-

tion have delayed CD4 recovery after starting ART and

therefore have an increased risk of mortality [55]. Taking

a highly effective and tolerable medication for HCV can

suppress viral load within 8 weeks of treatment [56].

Thus, the diagnosis and treatment of HCV coinfection

among HIV-infected patients is a feasible strategy and

should be prioritized. Although HCV coinfection was not

significantly associated with mortality among men,

incarceration history increased the risk of death by up to

80%. In this study, there is a possibility that the associa-

tion of HCV and mortality was confounded by incarcera-

tion history among men. Supporting our results, Hall

et al. suggested that incarceration history significantly

increases the risk of mortality among HIV-infected indi-

viduals [57].

After controlling for other potential confounders,

including incarceration history and delayed diagnosis, we

found that addiction had no significant impact on mor-

tality in men or women. This finding is in line with a few

previous reports from Iran [58] and other countries [59].

However, another study reported otherwise [60].

Finally, it should be noted that AIDS- and non-AIDS-

related mortality rates using data from this 20-year

cohort study have been presented previously [61].

Although the findings of this 20-year cohort study offer

new insights, our study had some limitations. First, as a

consequence of the high rate of loss to follow-up of

patients and some cultural issues, underreporting and low

quality of the data were inevitable. To tackle this issue,

we checked and completed the data as much as possible,

bearing in mind that loss to follow-up is a common issue

in cohort studies with such a long period of follow-up

[62]. Moreover, as the transmission routes were self-re-

ported in our study, there may have been information

biase in the data. However, it is possible that this was only

a minor issue, as the two main routes of transmission

found (i.e. IDU and heterosexual contact) are considered

the main HIV transmission routes in Iran [61,63]. We used

the existing data that were collected at the time of diag-

nosis and during the clinical follow-up visits with missing

data. For example, data on viral load were not collected

before 2011. Also, the iceberg phenomenon for HIV/AIDS

in Iran should be taken into account, as the majority of

infected individuals are likely not to be diagnosed as a

result of stigma and other barriers [64]. Obviously, we

could only measure mortality among HIV-infected

patients who had been diagnosed. So, the generalizability

of our results to all PLWH in Iran, especially those who

have not been diagnosed, should be taken into considera-

tion when interpreting the results. Finally, we may have

missed the death outcome in some of our study subjects if

the death was not registered or the name of the patient

that was used to link the data was missing or inaccurate.

Conclusions

The results of this study suggest that gender is an impor-

tant predictor of survival among HIV-infected patients.

CD4 count at diagnosis, age, delayed diagnosis and HCV/

HIV coinfection were highly associated with the mortality

of the patients. The findings demonstrate that early initia-

tion of ART and treatment of coinfections can improve

the survival rate in both genders.

Acknowledgements

The study sponsors had no role in the design of the

study, the collection, analysis or interpretation of the

data, the writing of the manuscript, or the decision to

submit the manuscript for publication. The authors would

like to thank Ms A. Keivanshekouh at the Research

Improvement Center of Shiraz University of Medical

Sciences and Center for Development of Clinical Research

© 2020 British HIV Association HIV Medicine (2020)

6 Z Gheibi et al.



of Namazi Hospital and Dr Nasrin Shokrpour for editorial

assistance for improving the use of English in the manu-

script. The authors also wish to thank Dr Elizabeth Fair,

Associate Professor of Medicine at the University of Cali-

fornia, San Francisco for her invaluable assistance in the

editing of this article.

Conflicts of interest: We have no conflicts of interest to

declare.

Financial disclosure: This study was financially sup-

ported by Shiraz University of Medical Sciences. Also, for

this paper, AM received support from the University of Cal-

ifornia, San Francisco’s International Traineeships in AIDS

Prevention Studies (ITAPS), U.S. NIMH, R25MH064712.

Availability of data and material: Data and material are

available upon request.

Author contributions

ZG and MD contributed to the design and implementation

of the study and the analysis and interpretation of the

data, and were involved in drafting the manuscript. AH

and AM contributed to the interpretation of results, and

drafting and revising the manuscript. MF and ZG con-

tributed to the conceptualization and design of the study

and drafting of the manuscript. All authors reviewed and

approved the final version for publication.

References

1 Trickey A, May MT, Vehreschild J-J et al. Survival of HIV-

positive patients starting antiretroviral therapy between 1996

and 2013: a collaborative analysis of cohort studies. Lancet

HIV 2017; 4: e349–e56.

2 Frank TD, Carter A, Jahagirdar D et al. Global, regional, and

national incidence, prevalence, and mortality of HIV, 1980–

2017, and forecasts to 2030, for 195 countries and territories:

a systematic analysis for the Global Burden of Diseases,

Injuries, and Risk Factors Study 2017. Lancet HIV 2019.

3 Trends in HIV/AIDS morbidity and mortality in Eastern

Mediterranean countries, 1990–2015: findings from the

Global Burden of Disease 2015 study. International journal of

public health. 2018; 63: 123–136.

4 Samji H, Cescon A, Hogg RS et al. Closing the gap: increases

in life expectancy among treated HIV-positive individuals in

the United States and Canada. PLoS One 2013; 8: e81355.

5 Cornell M, Schomaker M, Garone DB et al. Gender

differences in survival among adult patients starting

antiretroviral therapy in South Africa: a multicentre cohort

study. PLoS Med 2012; 9: e1001304.

6 Global AIDS update 2016. Joint United Nations Programme

on HIV/AIDS (https://www.unaids.org/en/resources/

documents/2016/Global-AIDS-update-2016). Geneva:

UNAIDS. 2016.

7 Joulaei H, Shooshtarian S, Dianatinasab M. Is UNAIDS 90–

90-90 target a dream or a reality for Middle East and North

Africa region on ending the AIDS epidemic? A review study.

AIDS reviews. 2018; 20: 83–93.

8 Amornkul PN, Karita E, Kamali A et al. Disease progression

by infecting HIV-1 subtype in a seroconverter cohort in sub-

Saharan Africa. AIDS (London, England) 2013; 27: 2775.

9 Castilho JL, Melekhin VV, Sterling TR. Sex differences in HIV

outcomes in the highly active antiretroviral therapy era: a

systematic review. AIDS Res Hum Retroviruses 2014; 30:

446–456.

10 Druyts E, Dybul M, Kanters S et al. Male sex and the risk of

mortality among individuals enrolled in antiretroviral

therapy programs in Africa: a systematic review and meta-

analysis. Aids 2013; 27: 417–425.

11 Napravnik S, Poole C, Thomas JC, Eron JJ. Gender difference

in HIV RNA levels: a meta-analysis of published studies. J

Acq Immune Def Syndromes 2002; 31: 11–19.

12 Ofotokun I, Chuck SK, Hitti JE. Antiretroviral

pharmacokinetic profile: a review of sex differences. Gend

Med 2007; 4: 106–119.

13 Elzi L, Marzolini C, Furrer H et al. Treatment modification in

human immunodeficiency virus–infected individuals starting

combination antiretroviral therapy between 2005 and 2008.

Arch Intern Med 2010; 170: 57–65.

14 Nicastri E, Leone S, Angeletti C et al. Sex issues in HIV-1-

infected persons during highly active antiretroviral therapy:

a systematic review. J Antimicrob Chemother 2007; 60: 724–

732.

15 Soon G, Min M, Struble KA et al. Meta-analysis of gender

differences in efficacy outcomes for HIV-positive subjects in

randomized controlled clinical trials of antiretroviral therapy

(2000–2008). AIDS Pat Care STDs 2012; 26: 444–453.

16 Moore AL, Mocroft A, Madge S et al. Gender differences in

virologic response to treatment in an HIV-positive

population: a cohort study. J Acquir Immune Defic Syndr

1999; 2001: 159–163.

17 Barber TJ, Geretti AM, Anderson J et al. Outcomes in the

first year after initiation of first-line HAART among

heterosexual men and women in the UK CHIC Study. Antivir

Ther 2011; 16: 805.

18 Collazos J, Asensi V, Cart�on JA, Adherencia GEpeEMdl. Sex

differences in the clinical, immunological and virological

parameters of HIV-infected patients treated with HAART.

Aids 2007; 21: 835–843.

19 Moore AL, Kirk O, Johnson AM et al. Virologic,

immunologic, and clinical response to highly active

antiretroviral therapy: the gender issue revisited. J Acq

Immune Def Syndromes 2003; 32: 452–461.

© 2020 British HIV Association HIV Medicine (2020)

Gender difference in all-cause mortality of people living with HIV 7



20 Perez-Hoyos S, Rodr�ıguez-Arenas M�A, de la Hera MG et al.

Progression to AIDS and death and response to HAART in

men and women from a multicenter hospital-based cohort. J

Women’s Health 2007; 16: 1052–1061.

21 Thorsteinsson K, Ladelund S, Jensen-Fangel S et al. Impact

of gender on response to highly active antiretroviral therapy

in HIV-1 infected patients: a nationwide population-based

cohort study. BMC Infect Dis 2012; 12: 293.

22 Giles ML, Zapata MC, Wright ST et al. How do outcomes

compare between women and men living with HIV in

Australia? An observational study. Sexual Health 2016; 13:

155.

23 Rosin C, Elzi L, Thurnheer C et al. Gender inequalities in the

response to combination antiretroviral therapy over time: the

Swiss HIV Cohort Study. HIV Med 2015; 16: 319.

24 Kazerooni P, Nejat M, Akbarpoor M, Sedaghat Z, Fararouei

M. Underascertainment, underreporting, representativeness

and timeliness of the Iranian communicable disease

surveillance system for tuberculosis. Public Health 2019;

171: 50–56.

25 Lee MP, Zhou J, Messerschmidt L et al. Impact of gender on

long-term treatment outcomes of Highly active antiretroviral

therapy (HAART) in the TREAT Asia HIV Observational

Database. AIDS Pat Care STDs 2015; 29: 229–231.

26 Prins M, Meyer L, Hessol NA. Sex and the course of HIV

infection in the pre-and highly active antiretroviral therapy

eras. Aids 2005; 19: 357–370.

27 Ghalehkhani N, Farhoudi B, Gouya MM et al. The HIV

treatment cascade in people living with HIV in Iran in 2014:

Mixed-method study to measure losses and reasons. Int J

STD AIDS 2014; 2019: 956462419867573.

28 UNAIDS. HIV/AIDS estimates in the Islamic Republic of Iran

in 2018. https://www.unaids.org/en/regionscountries/

countries/islamicrepublicofiran [Accessed by November 15,

2019].

29 WHO. Recent estimates of HIV in Iran. (http://

eyvan.medilam.ac.ir/Portals/177/Final%20report%20Genral.

06.1396.pdf?ver=1396-09-09-005603-283) [Accessed March

10].

30 WHO. Clinical guidelines: Antiretroviral therapy. https://

www.who.int/hiv/pub/arv/chapter4.pdf?ua=1 Consolidated

guidelines on the use of antiretroviral drugs for treating and

preventing HIV infection.

31 Gardner AT, Napier R, Brown B. Risk factors for “late-to-

test” HIV diagnosis in Riverside County, California. Medicine

2016; 95: e5021.

32 Beckham SW, Beyrer C, Luckow P, Doherty M, Negussie EK,

Baral SD. Marked sex differences in all-cause mortality on

antiretroviral therapy in low- and middle-income countries:

a systematic review and meta-analysis. Journal of the

International AIDS. Society 2016; 19: 21106.

33 Peterson I, Togun O, de Silva T et al. Mortality and

immunovirological outcomes on antiretroviral therapy in

HIV-1 and HIV-2-infected individuals in the Gambia. Aids

2011; 25: 2167–2175.

34 Poorolajal J, Hooshmand E, Mahjub H, Esmailnasab N,

Jenabi E. Survival rate of AIDS disease and mortality in

HIV-infected patients: a meta-analysis. Public Health 2016;

139: 3–12.

35 Farhoudi B. Islamic Republic of Iran AIDS progress report on

monitoring of the United nations general assembly special

session on HIV and AIDS. National AIDS Committee

Secretariat, Ministry of Health and Medical Education, 2015.

36 WHO. Islamic Republic of Iran HIV country profile 2016,

AIDS and sexually transmitted diseases. (http://

www.emro.who.int/asd/country-activities/islamic-republic-of-

iran-hiv-country-profile-2016.html) [Accessed by December

08, 2019].

37 Fischer J, Jung N, Robinson N, Lehmann C. Sex differences

in immune responses to infectious diseases. Infection 2015;

43: 399–403.

38 Nash D, Katyal M, Brinkhof MW et al. Long-term

immunologic response to antiretroviral therapy in low-

income countries: Collaborative analysis of prospective

studies: The Antiretroviral Therapy in Lower Income

Countries (ART-LINC) Collaboration of the International

epidemiological Databases to Evaluate AIDS. AIDS (London,

England) 2008; 22: 2291.

39 Blacker J. The impact of AIDS on adult mortality: evidence

from national and regional statistics. Aids 2004; 18: S19–S26.

40 Cornell M, McIntyre J, Myer L. Men and antiretroviral

therapy in Africa: our blind spot. Tropical Med Int Health

2011; 16: 828–829.

41 Chen M, Dou Z, Wang L et al. Gender differences in

outcomes of antiretroviral treatment among HIV-infected

patients in China: a retrospective cohort study, 2010–2015. J

Acquir Immune Defic Syndr 2017; 76: 281–288.

42 Boulle C, Kouanfack C, Laborde-Balen G et al. Gender

differences in adherence and response to antiretroviral

treatment in the stratall trial in rural district hospitals in

Cameroon. J Acquir Immune Defic Syndr 2015; 69: 355–364.

43 Mosha F, Muchunguzi V, Matee M et al. Gender differences

in HIV disease progression and treatment outcomes among

HIV patients one year after starting antiretroviral treatment

(ART) in Dar es Salaam, Tanzania. BMC Public Health 2013;

13: 38.

44 Penot P, H�ema A, Bado G et al. The vulnerability of men to

virologic failure during antiretroviral therapy in a public

routine clinic in Burkina Faso. Journal of the International

AIDS. Society. 2014; 17: 18646.

45 Carter A, Min JE, Chau W et al. Gender inequities in quality

of care among HIV-positive individuals initiating

© 2020 British HIV Association HIV Medicine (2020)

8 Z Gheibi et al.



antiretroviral treatment in British Columbia, Canada (2000–

2010). PLoS One 2014; 9:e92334-e.

46 Rougemont M, Stoll BE, Elia N, Ngang P. Antiretroviral

treatment adherence and its determinants in Sub-Saharan

Africa: a prospective study at Yaounde Central Hospital,

Cameroon. AIDS Res Therapy 2009; 6: 21.

47 Wagner GJ, Bogart LM, Galvan FH, Banks D, Klein DJ.

Discrimination as a key mediator of the relationship between

posttraumatic stress and HIV treatment adherence among

African American men. J Behav Med 2012; 35: 8–18.

48 Stumbo S, Wrubel J, Johnson MO. A qualitative study of HIV

treatment adherence support from friends and family among

same sex male couples. Psychol Educ 2011; 2: 318–322.

49 Geng EH, Bangsberg DR, Musinguzi N et al. Understanding

reasons for and outcomes of patients lost to follow-up in

antiretroviral therapy programs in Africa through a

sampling-based approach. J Acquir Immune Defic Syndr

1999; 2010: 405–411.

50 Ghalehkhani N, Farhoudi B, Gouya M et al. The HIV

treatment cascade in people living with HIV in Iran in 2014:

mixed-method study to measure losses and reasons. Int J

STD AIDS 2019; 30: 1257.

51 Health NIo. Starting antiretroviral treatment early improves

outcomes for HIV-infected individuals. Media release issued

2015; 27.

52 Mujeebuddin S, Mao J, Bengtson L, Buikema A. HIV

Treatment Guidelines and Medication Initiation Patterns in

Treatment Na€ıve Adults, 2008–2016. Value in Health. 2018;

21: S160.

53 Strathdee SA, Hallett TB, Bobrova N et al. HIV and risk

environment for injecting drug users: the past, present, and

future. Lancet 2010; 376: 268–284.

54 Mohd Salleh NA, Fairbairn N, Nolan S et al. Dispensation of

antiretroviral therapy and methadone maintenance therapy

at the same facility in a low-barrier setting linked to optimal

adherence to HIV treatment. HIV Med 2019; 20: 606–614.

55 Marcus JL, Leyden WA, Chao CR et al. Differences in

response to antiretroviral therapy by sex and hepatitis C

infection status. AIDS patient care and STDs 2015; 29: 370–

378.

56 Sulkowski M, Hezode C, Gerstoft J et al. Efficacy and safety

of 8 weeks versus 12 weeks of treatment with grazoprevir

(MK-5172) and elbasvir (MK-8742) with or without ribavirin

in patients with hepatitis C virus genotype 1 mono-infection

and HIV/hepatitis C virus co-infection (C-WORTHY): a

randomised, open-label phase 2 trial. Lancet 2015; 385:

1087–1097.

57 Hall G, Singh T, Lim SW. Supportive housing promotes

AIDS-free survival for chronically homeless HIV positive

persons with behavioral health conditions. AIDS Behav 2019;

23: 776–783.

58 Maracy MR, Mostafaei S, Moghoofei M, Mansourian M.

Impact of HIV risk factors on survival in Iranian HIV-

infected patients: A Bayesian approach to retrospective

cohort. HIV AIDS Rev 2017; 16: 100–106.

59 Vagenas P, Zelenev A, Altice FL et al. HIV-infected men who

have sex with men, before and after release from jail: the

impact of age and race, results from a multi-site study. AIDS

Care 2016; 28: 22–31.

60 Krupitsky E, Blokhina E, Zvartau E et al. Slow-release

naltrexone implant versus oral naltrexone for improving

treatment outcomes in people with HIV who are addicted to

opioids: a double-blind, placebo-controlled, randomised trial.

Lancet HIV 2019; 6: e221–e9.

61 Gheibi Z, Shayan Z, Joulaei H, Fararouei M, Beheshti S,

Shokoohi M. Determinants of AIDS and non-AIDS related

mortality among people living with HIV in Shiraz, southern

Iran: a 20-year retrospective follow-up study. BMC Infect Dis

2019; 19: 1094.

62 Howe CJ, Cole SR, Lau B, Napravnik S, Eron JJ Jr. Selection

bias due to loss to follow up in cohort studies. Epidemiology

(Cambridge, Mass) 2016; 27: 91.

63 Ali F, Nooshin K, Kianoosh N, Hengameh S, Abbas G.

Modelling of HIV/AIDS in Iran up to 2014. J AIDS HIV Res

2011; 3: 231–239.

64 Zarei N, Joulaei H, Ghoreishi M, Dianatinasab M. Religious

beliefs and HIV-related stigma: Considerations for healthcare

providers. J HIV/AIDS Social Serv 2019; 18: 90–102.

© 2020 British HIV Association HIV Medicine (2020)

Gender difference in all-cause mortality of people living with HIV 9


