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Abstract

Background

The increasing numbers of people living with HIV (PLHIV) who are receiving antiretroviral

therapy (ART) have near normal life-expectancy, resulting in more people living with HIV

over the age of 50 years (PLHIV50+). Estimates of the number of PLHIV50+ are needed for

the development of tailored therapeutic and prevention interventions at country, regional

and global level.

Methods

The AIDS Impact Module of the Spectrum software was used to compute the numbers of

PLHIV, new infections, and AIDS-related deaths for PLHIV50+ for the years 2000–2016.

Projections until 2020 were calculated based on an assumed ART scale-up to 81% cover-

age by 2020, consistent with the UNAIDS 90–90–90 treatment targets.

Results

Globally, there were 5.7 million [4.7 million– 6.6 million] PLHIV50+ in 2016. The proportion

of PLHIV50+ increased substantially from 8% in 2000 to 16% in 2016 and is expected to

increase to 21% by 2020. In 2016, 80% of PLHIV50+ lived in low- and middle-income coun-

tries (LMICs), with Eastern and Southern Africa containing the largest number of PLHIV50+.

While the proportion of PLHIV50+ was greater in high income countries, LMICs have higher

numbers of PLHIV50+ that are expected to continue to increase by 2020.

Conclusions

The number of PLHIV50+ has increased dramatically since 2000 and this is expected to

continue by 2020, especially in LMICs. HIV prevention campaigns, testing and treatment

programs should also focus on the specific needs of PLHIV50+. Integrated health and social

services should be developed to cater for the changing physical, psychological and social

needs of PLHIV50+, many of whom will need to use HIV and non-HIV services.
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Introduction

Populations are ageing across the world due to rising life expectancy and falling fertility rates,

which has led to the adoption of the first Global Strategy and Plan of Action on Ageing and

Health by the World Health Assembly in 2016 [1]. Similarly, the number of people living with

HIV aged 50 years and over (PLHIV50+) is increasing [2–5]. Some of these acquired HIV

when they were aged less than 50 years and were treated with antiretroviral therapy (ART),

while others acquired HIV when 50 years or older. For a successful HIV response, the number

of people acquiring HIV and the number of people dying of AIDS should both decline.

Evidence suggests that PLHIV develop non-HIV health conditions at an earlier age than

people not living with HIV, [6–10], and that these non-HIV health conditions are severe [11–

16]. Apart from HIV infection and long-term ART, this accelerated and accentuated ageing

can be due to other factors, including socio-economic and lifestyle factors such as tobacco use,

physical inactivity, excessive alcohol intake and poor nutrition. For women living with HIV,

this includes health conditions related to menopause and reduced bone density [17–19]. Age-

ing with HIV can also have mental health impacts, due in part to stigma and discrimination

[20] while depression can hamper the adherence to ART [21]. ART is currently therapy for

life, and the long-term adherence to and side-effects of ART will need to be better explored

[22–24].

Data on PLHIV50+ are essential to better understand the health and social needs of this age

group, and to develop and implement appropriate health and social services [25]. However,

such data are still scarce in countries with high HIV prevalence; data collection in population-

based household surveys have mostly focused on 15–49 year old persons and on pregnant

women attending antenatal clinic facilities. It is also important for people aged over 50 to

understand the risks of becoming infected with HIV and to improve prevention activities in

this population.

The aim of this paper is to present the current global and regional HIV burden among

PLHIV50+ based on the 2017 UNAIDS estimates that cover the period 2000–2016, to project

estimates up to 2020 and to review the treatment and care services, prevention and social ser-

vices that countries need to develop and implement to cater for their increasing number of

PLHIV50+ and to reduce incidence among people aged older than 50 years.

Methods

Historical and current HIV estimates

UNAIDS supports countries to produce models on an annual basis of the impact of HIV on

their population [26,27]. These models allow country teams to estimate the impact of HIV and

the underlying demographic changes in their population. The Spectrum model [28], which is

used to develop these estimates, is based on the demographic structure of a country and pro-

gresses that population through time considering fertility, mortality and migration data from

the UN Population Division’s World Population Prospects (WPP) [29]. In the 2017 model, the

WPP 2015 estimates were used to inform the demographic variables. The Spectrum model

Spectrum version 5.57 was used to calculate HIV estimates of PLHIV50+ for the present

analysis.

Using the basic demographic input in the model, the AIDS Impact Module within Spec-

trum is further informed by HIV prevalence data, obtained from sentinel surveillance surveys

among women attending antenatal clinics, surveys among key populations, household surveys

that include HIV serostatus, case reporting data, as well as program data on the number of

PLHIV reached with ART. The best available surveillance data, such as case surveillance where
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those data are of high quality, are entered into the model to ensure the modelled results reflect

the available data.

Most of these surveillance activities are focused on women and men aged 15–49 years.

Using the historical prevalence data, the model then estimates incidence taking into consider-

ation ART coverage over time. The AIDS Impact Module is not a deterministic model, so

information on interventions do not have an important impact on the incidence estimates as

those are derived from the prevalence from surveillance and the ART coverage. Incidence is

distributed by age and sex for the entire population based on assumptions on incidence rate

ratios of the incidence among people 25–29 to all age groups from 15–19 through 80+. These

ratios are primarily based on data available from longitudinal cohort studies in different epi-

demic settings. For high prevalence epidemic countries, the data are derived from demo-

graphic and surveillance sites in Eastern and Southern Africa. For low level epidemics with few

people who inject drugs the patterns of incidence by age and sex are derived from population-

based household surveys in countries with HIV prevalence less than four percent. Finally, in

the low level epidemics with more than fifty percent of new infections through people who

inject drugs, the incidence distribution comes from studies in the former Soviet Union

[30,31].

AIDS-related mortality among people not receiving ART comes from studies prior to the

expansion of ART. AIDS-related mortality among people receiving ART is derived from the

International Epidemiology Databases to Evaluate AIDS (IeDEA) [32]. Regional averages for

these parameters are derived from the IeDEA sites in each region, including a set of assump-

tions for developed countries. The IeDEA consortium does not include European sites thus

the parameters for developed countries are based on IeDEA sites in the United States, Canada

and other high-income countries. Among people who inject drugs, an additional mortality

multiplier is added to reflect the additional non-AIDS mortality due to drug overdose or other

acute and chronic diseases [33].

Model outputs include age- and sex-specific data on the number of PLHIV, people newly

infected with HIV infections, and AIDS related deaths, among other variables.

Country files are developed by country HIV estimates teams and are sent to UNAIDS for

review and compilation. This process is reversed for a number of high-income countries

where files are produced by UNAIDS and countries review the results.

Projection of PHIV50+ estimates

To project PLHIV50+ for 2017–2020, the Scenario Generator tool within Spectrum was used

to project the course of the epidemic given specific programmatic targets such as adults on

ART. Following the UNAIDS 90–90–90 treatment target [34], and in line with country aspira-

tions under the 2016 Political Declaration on HIV, projections for 2017–2020 were calculated

with Spectrum version 5.57, which is a slightly updated version than that used for the historical

estimates and based on an assumed scale-up of ART to reach 81% coverage by 2020 for each

country with available Spectrum files, i.e. for 160 countries. Incidence was assumed to follow

the current trajectory adjusted for the reduction in transmission among people receiving ART.

Spectrum assumes a 70% reduction in infectivity among persons on ART. Uncertainty bounds

around PLHIV50+ are based on uncertainty bounds for PLHIV aged 15 years and over, calcu-

lated in Spectrum.

Results

In 2016, there were an estimated 5.7 million [4.7 million–6.6 million] PLHIV50+ globally. The

number of PLHIV50+ has nearly tripled since 2000 (S1 Table). This number is expected to
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increase to an estimated 7.5 million [6.3 million–8.8 million] by 2020 provided that countries

meet the UNAIDS treatment target of 81% ART coverage. Eastern and Southern Africa is the

region primarily affected with an estimated 2.9 million PLHIV50+ [2.6 million–3.1 million] in

2016, more than three times the PLHIV50+ in Western and Central Africa, or Western and

Central Europe and North America (Fig 1).

The ageing of the global HIV epidemic is also reflected in the proportion of PLHIV50+ that

has increased from 8% in 2000 to 16% in 2016, a proportion that is expected to reach an esti-

mated 21% by 2020. These proportions in 2016 have more than doubled in Eastern and South-

ern Africa, Eastern Europe and Central Asia, and Western and Central Europe and North

America since 2000; they have tripled in Latin America and the Caribbean, and quadrupled in

Asia and the Pacific regions (Fig 2.).

When disaggregated by 10-year age groups, the 50–59 year old PLHIV group comprises the

greatest proportion of PLHIV50+, ranging from 62% in Western and Central Europe and

North America to 77% in the Middle East and North Africa Region, reflecting the growing

populations in the latter region. Regional differences in the male-to-female ratios by age group

were observed in 2016: considerably more men aged 50+ were living with HIV compared to

women in all regions except for the sub-Saharan African regions, where the male-to-female-

ratio was 0.9 (Table 1).

In 2016, 80% of PLHIV50+ lived in low-and middle-income countries (LMICs). The num-

ber of PLHIV50+ in LMICs increased from 1.8 million in 2000 to 4.5 million in 2016, and is

estimated to increase to 6.5 million by 2020. Between 2000 and 2016, the proportion of

PLHIV50+ in LMICs increased from 7% to 14%, compared with an increase from 15% to 33%

in high income countries (HICs) for the same time period. (Figs 3 and 4).

In 2016, an estimated 110,000 [93,000–120,000] people aged 50+ were newly infected across

the world, of which 79% were living in LMICs and 64% resided in sub-Saharan Africa. Out of

the global number of AIDS-related deaths among PLHIV50+, 60,000 [49,000–71,000] in 2016,

90% occurred in LMICs, with 69% in sub-Saharan Africa, and 11% in the Asia-Pacific region

(S1 Table).

Fig 1. Number of people living with HIV who are aged 50 years and older, by region, 2016.

https://doi.org/10.1371/journal.pone.0207005.g001
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Discussion

The proportion of PLHIV50+ around the world increased substantially from 8% in 2000 to

16% in 2016 and is expected to reach an estimated 21% by 2020. In 2016, 80% of PLHIV50

+ lived in LMICs and this percentage is expected to continue to increase. Eastern and Southern

Africa is home to the largest number of PLHIV50+, however, all regions around the world

have substantial numbers of PLHIV50+ and all are likely to increase by 2020.

The increases are seen among PLHIV50+ that were infected before the age of 50 and those

infected after the age of 50. The greater proportion of PLHIV50+ living in LMICs are due to

the larger number of PLHIV living in these countries and the global roll-out of ART that has

been recently observed [27]. Currently, a higher proportion of the PLHIV living in HICs are

aged older than 50 years, but these proportions are also increasing in LMICs. The current dif-

ference between HICs and LMICs is not only a reflection of the larger number of PLHIV living

Fig 2. Proportion of people living with HIV who are aged 50 years and older, by region, 2000–2020.

https://doi.org/10.1371/journal.pone.0207005.g002

Table 1. Expected proportion of people living with HIV aged 50 years or older among all people living with HIV and male-to-female ratio in the year 2016, by

region.

Eastern &

Southern Africa

Western &

Central Africa

Western &Central

Europe & North America

Asia & the

Pacific

Latin America &

the Caribbean

Eastern Europe &

Central Africa

Middle East &

North Africa

PLHIV 50+ / PLHIV

Total

14.7% 13.2% 40.9% 8.9% 17.8% 18.1% 11.7%

Male to

female ratio

> = 50

years

0.83 1.10 4.12 3.00 2.39 1.73 2.72

<50

years

0.66 0.73 2.87 1.65 1.81 1.26 1.54

https://doi.org/10.1371/journal.pone.0207005.t001

HIV and ageing 2000 -2020

PLOS ONE | https://doi.org/10.1371/journal.pone.0207005 November 29, 2018 5 / 11

https://doi.org/10.1371/journal.pone.0207005.g002
https://doi.org/10.1371/journal.pone.0207005.t001
https://doi.org/10.1371/journal.pone.0207005


in LMICs but also due to the delayed roll-out of ART in LMICs compared with HICs. As the

roll-out of ART in LMICs continues at a rapid pace, partly attributable due to the 90-90-90

Strategy [34], the number and proportion of PLHIV50+ is likely to continue to increase in

LMICs.

As PLHIV age, the likelihood of them developing Noncommunicable diseases (NCDs)

increases and their overall burden of NCDs will increase in the future. A recent study projected

that by 2030, 84% of Dutch PLHIV will be suffering from at least one NCD in addition to HIV

[16]. The underlying pathophysiological cause is chronic inflammation by chronic immune

activation. PLHIV have higher markers of inflammation [35] and HIV treatment failure

increases with increased inflammation [36]. The process of chronic inflammation is further

accentuated by other chronic diseases, as well as socio-economic and behavioural factors [37].

Currently, the corner-stone of the clinical management of PLHIV50+ remains treatment

with ART complemented by the treatment of opportunistic illnesses, other infections and the

treatment of non-HIV comorbidities. Some of the chronic conditions seen at increased preva-

lence among PLHIV include myocardial infarction [38], stroke, diabetes, renal disorders [39],

osteoporosis [40], frailty [41], neurocognitive decline and non-AIDS defining malignancies

[40,42]. PLHIV are twice as likely to develop cardiovascular disease and because of the preva-

lence of HIV in LMICs, the population attributable fraction for CVD is highest in LMICs,

especially in Eastern and Southern Africa [43]. Apart from its therapeutic effect, ART also

reduces HIV transmission [44].

Few educational programs, campaigns and messages in LMICs have profiled the risk of

HIV transmission among older people and they are therefore often less aware than younger

people about the risk of acquiring or transmitting HIV and may engage in risky sexual activi-

ties [45,46]. Most HIV-related information and prevention messaging are tailored at younger

people resulting in lower levels of HIV-related awareness and knowledge among older adults

Fig 3. Number of people living with HIV who are aged 50 years and older, high-income countries, and low- and middle-income countries, 2000–2020.

https://doi.org/10.1371/journal.pone.0207005.g003
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[47]. The few population-based surveys that have been conducted among people aged 50 and

over, were primarily focused on men [48]. Older people need tailored messages and program-

ming that emphasize engagement in communities and programmes, empowerment, and

achievement of better health outcomes through combining biomedical, behavioral, and struc-

tural approaches [49]. Cultural factors may inhibit younger healthcare providers in LMICs

from discussing such issues with older patients [50] and such barriers may be contributing to

lower HIV testing uptake, especially among older women [51].

PLHIV50+ have a greater burden of co-morbidities and treatment side effects compared

with younger PLHIV. In some communities, PLHIV50+ may have better adherence levels

[24], but this is often dependent on the social support in their respective communities. Mis-

conceptions are also common regarding sexual activity among older people, which limits the

development of appropriate responses for people aged 50 and older, irrespective of HIV-

serostatus.

PLHIV and other key population groups are marginalized, stigmatized and discriminated

against, and face a range of health and social challenges [52,53]. PLHIV50+ are more likely to

be single, live alone, have fewer friends and lack adequate social support networks compared

to younger PLHIV [54,55]. This may result in less available community support for PLHIV50

+, while they possibly also face additional stigma from being ‘old’, resulting in additional isola-

tion and decreased social support [56]. It is important for healthcare providers to be aware of

the increasing number of PLHIV50+, many of whom may require the use of geriatric care

[57].

To deliver ‘seamless’ healthcare in a country, HIV services and non-HIV services need to

be linked at institutional levels and integrated at the level of service provision. As the number

of PLHIV50+ increases, requirements for integrated services will also increase [58]. To

Fig 4. Proportion of people living with HIV who are aged 50 years and older, high-income countries, and low- and middle-income countries, 2000–2020.

https://doi.org/10.1371/journal.pone.0207005.g004
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monitor the linkage of HIV and non-HIV services, countries are developing and implement-

ing national health identifiers [59]. Their implementation needs to be accompanied by effec-

tive measures to protect the confidentiality and security of personal health information [60].

The models used in this paper rely on regional and epidemic-specific assumptions about

the age distributions of people newly infected with HIV. The uncertainty bounds around the

estimates capture some of this imprecision. Similarly, the age distribution of people receiving

ART are not available from most countries and thus the models assume that the age distribu-

tion of people initiating ART is similar to the age distribution of people eligible for ART. The

underlying non-AIDS mortality to people living with HIV in the estimates is assumed to be

similar to the general population. Future additional research and data are expected to improve

those assumptions in the coming years.

Conclusion

The number of PLHIV50+ is increasing worldwide, with the largest numbers observed in

LMICs. Any person diagnosed with HIV should be started on ART as soon as possible. As peo-

ple in this age group are sexually active, they will also need to be reached through HIV preven-

tion campaigns, and HIV testing and counselling programs. Care givers need to be aware of

the changing physical, psychological and social needs of ageing in PLHIV50+ and need to

ensure optimum psychological and social support where required [61,62]. Increased surveil-

lance and patient monitoring need to be focused on PLHIV50+ and agencies reporting HIV-

trends should routinely analyze trends occurring in PLHIV50+. At country level, HIV and

non-HIV services need to be linked more strongly as PLHIV50+ are the group par excellence

that will increasingly need the use of non-HIV services.

Supporting information

S1 Table. Global and regional trends of estimates for people living with HIV aged 50 years

and older, 2000–2016.

(XLSX)

Acknowledgments

The authors would like to thank the reviewers of an earlier draft of the paper for their com-

ments. This allowed the authors to make the paper more focused, concise and generally

improved the paper.

Author Contributions

Conceptualization: Christine S. Autenrieth, Eduard J. Beck, Christoforos Mallouris, Mary

Mahy, Peter Ghys.

Data curation: Christine S. Autenrieth, Dominik Stelzle.

Formal analysis: Christine S. Autenrieth, Eduard J. Beck, Dominik Stelzle, Mary Mahy.

Methodology: Christine S. Autenrieth, Eduard J. Beck, Christoforos Mallouris, Mary Mahy.

Project administration: Christine S. Autenrieth, Mary Mahy, Peter Ghys.

Supervision: Eduard J. Beck, Mary Mahy, Peter Ghys.

Validation: Christine S. Autenrieth, Dominik Stelzle.

HIV and ageing 2000 -2020

PLOS ONE | https://doi.org/10.1371/journal.pone.0207005 November 29, 2018 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207005.s001
https://doi.org/10.1371/journal.pone.0207005


Writing – original draft: Christine S. Autenrieth, Eduard J. Beck, Dominik Stelzle, Christo-

foros Mallouris, Mary Mahy, Peter Ghys.

Writing – review & editing: Christine S. Autenrieth, Eduard J. Beck, Dominik Stelzle, Chris-

toforos Mallouris, Mary Mahy, Peter Ghys.

References
1. World Health Organization (2016) The Global strategy and action plan on ageing and health. Geneva:

World Health Organization.

2. Hontelez JA, Lurie MN, Newell ML, Bakker R, Tanser F, Barnighausen T, et al. (2011) Ageing with HIV

in South Africa. AIDS 25: 1665–1667. https://doi.org/10.1097/QAD.0b013e32834982ea PMID:

21681056

3. Mahy M, Autenrieth CS, Stanecki K, Wynd S (2014) Increasing trends in HIV prevalence among people

aged 50 years and older: evidence from estimates and survey data. AIDS 28 Suppl 4: S453–459.

4. Negin J, Barnighausen T, Lundgren JD, Mills EJ (2012) Aging with HIV in Africa: the challenges of living

longer. AIDS 26 Suppl 1: S1–5.

5. UNAIDS (2013) HIV and aging: a special supplement to the UNAIDS report on the global AIDS epi-

demic. Geneva.

6. Bendavid E, Ford N, Mills EJ (2012) HIV and Africa’s elderly: the problems and possibilities. AIDS 26

Suppl 1: S85–91.

7. Gross AM, Jaeger PA, Kreisberg JF, Licon K, Jepsen KL, Khosroheidari M, et al. (2016) Methylome-

wide Analysis of Chronic HIV Infection Reveals Five-Year Increase in Biological Age and Epigenetic Tar-

geting of HLA. Mol Cell 62: 157–168. https://doi.org/10.1016/j.molcel.2016.03.019 PMID: 27105112

8. Kirk JB, Goetz MB (2009) Human immunodeficiency virus in an aging population, a complication of suc-

cess. J Am Geriatr Soc 57: 2129–2138. https://doi.org/10.1111/j.1532-5415.2009.02494.x PMID:

19793157

9. Nasi M, De Biasi S, Gibellini L, Bianchini E, Pecorini S, Bacca V, et al. (2017) Ageing and inflammation

in patients with HIV infection. Clin Exp Immunol 187: 44–52. https://doi.org/10.1111/cei.12814 PMID:

27198731

10. Shiels MS, Pfeiffer RM, Engels EA (2010) Age at cancer diagnosis among persons with AIDS in the

United States. Ann Intern Med 153: 452–460. https://doi.org/10.7326/0003-4819-153-7-201010050-

00008 PMID: 20921544

11. Deeks SG, Lewin SR, Havlir DV (2013) The end of AIDS: HIV infection as a chronic disease. Lancet

382: 1525–1533. https://doi.org/10.1016/S0140-6736(13)61809-7 PMID: 24152939

12. Deeks SG, Phillips AN (2009) HIV infection, antiretroviral treatment, ageing, and non-AIDS related mor-

bidity. BMJ 338: a3172. https://doi.org/10.1136/bmj.a3172 PMID: 19171560

13. Dryden-Peterson S, Medhin H, Kebabonye-Pusoentsi M, Seage GR 3rd, Suneja G, Kayembe MK, et al.

(2015) Cancer Incidence following Expansion of HIV Treatment in Botswana. PLoS One 10: e0135602.

https://doi.org/10.1371/journal.pone.0135602 PMID: 26267867

14. Enel P, Retornaz F, Petit N, Darque A, Bregigeon S, Ravaux I (2015) Are frailty, precariousness, and

comorbidity related in HIV-infected ageing patients?. 6th HIV and Aging Workshop. Washington DC,

USA.

15. Schouten J, Wit FW, Stolte IG, Kootstra NA, van der Valk M, Geerlings SE, et al. (2014) Cross-sectional

comparison of the prevalence of age-associated comorbidities and their risk factors between HIV-

infected and uninfected individuals: the AGEhIV cohort study. Clin Infect Dis 59: 1787–1797. https://

doi.org/10.1093/cid/ciu701 PMID: 25182245

16. Smit M, Brinkman K, Geerlings S, Smit C, Thyagarajan K, van Sighem A, et al. (2015) Future challenges

for clinical care of an ageing population infected with HIV: a modelling study. Lancet Infect Dis 15: 810–

818. https://doi.org/10.1016/S1473-3099(15)00056-0 PMID: 26070969

17. Alcaide ML, Parmigiani A, Pallikkuth S, Roach M, Freguja R, Della Negra M, et al. (2013) Immune acti-

vation in HIV-infected aging women on antiretrovirals—implications for age-associated comorbidities: a

cross-sectional pilot study. PLoS One 8: e63804. https://doi.org/10.1371/journal.pone.0063804 PMID:

23724003

18. Dolan SE, Huang JS, Killilea KM, Sullivan MP, Aliabadi N, Grinspoon S (2004) Reduced bone density in

HIV-infected women. AIDS 18: 475–483. PMID: 15090800

19. Santoro N, Fan M, Maslow B, Schoenbaum E (2009) Women and HIV infection: the makings of a midlife

crisis. Maturitas 64: 160–164. https://doi.org/10.1016/j.maturitas.2009.09.001 PMID: 19783389

HIV and ageing 2000 -2020

PLOS ONE | https://doi.org/10.1371/journal.pone.0207005 November 29, 2018 9 / 11

https://doi.org/10.1097/QAD.0b013e32834982ea
http://www.ncbi.nlm.nih.gov/pubmed/21681056
https://doi.org/10.1016/j.molcel.2016.03.019
http://www.ncbi.nlm.nih.gov/pubmed/27105112
https://doi.org/10.1111/j.1532-5415.2009.02494.x
http://www.ncbi.nlm.nih.gov/pubmed/19793157
https://doi.org/10.1111/cei.12814
http://www.ncbi.nlm.nih.gov/pubmed/27198731
https://doi.org/10.7326/0003-4819-153-7-201010050-00008
https://doi.org/10.7326/0003-4819-153-7-201010050-00008
http://www.ncbi.nlm.nih.gov/pubmed/20921544
https://doi.org/10.1016/S0140-6736(13)61809-7
http://www.ncbi.nlm.nih.gov/pubmed/24152939
https://doi.org/10.1136/bmj.a3172
http://www.ncbi.nlm.nih.gov/pubmed/19171560
https://doi.org/10.1371/journal.pone.0135602
http://www.ncbi.nlm.nih.gov/pubmed/26267867
https://doi.org/10.1093/cid/ciu701
https://doi.org/10.1093/cid/ciu701
http://www.ncbi.nlm.nih.gov/pubmed/25182245
https://doi.org/10.1016/S1473-3099(15)00056-0
http://www.ncbi.nlm.nih.gov/pubmed/26070969
https://doi.org/10.1371/journal.pone.0063804
http://www.ncbi.nlm.nih.gov/pubmed/23724003
http://www.ncbi.nlm.nih.gov/pubmed/15090800
https://doi.org/10.1016/j.maturitas.2009.09.001
http://www.ncbi.nlm.nih.gov/pubmed/19783389
https://doi.org/10.1371/journal.pone.0207005


20. Furlotte C, Schwartz K (2017) Mental Health Experiences of Older Adults Living with HIV: Uncertainty,

Stigma, and Approaches to Resilience. Can J Aging: 1–16.

21. Ngum PA, Fon PN, Ngu RC, Verla VS, Luma HN (2017) Depression Among HIV/AIDS Patients on

Highly Active Antiretroviral Therapy in the Southwest Regional Hospitals of Cameroon: A Cross-Sec-

tional Study. Neurol Ther.

22. Collaboration of Observational HIVERESG, Sabin CA, Smith CJ, d’Arminio Monforte A, Battegay M,

Gabiano C, et al. (2008) Response to combination antiretroviral therapy: variation by age. AIDS 22:

1463–1473. https://doi.org/10.1097/QAD.0b013e3282f88d02 PMID: 18614870

23. Mussini C, Manzardo C, Johnson M, Monforte A, Uberti-Foppa C, Antinori A, et al. (2008) Patients pre-

senting with AIDS in the HAART era: a collaborative cohort analysis. AIDS 22: 2461–2469. https://doi.

org/10.1097/QAD.0b013e328314b5f1 PMID: 19005269

24. Silverberg MJ, Leyden W, Horberg MA, DeLorenze GN, Klein D, Quesenberry CP Jr. (2007) Older age

and the response to and tolerability of antiretroviral therapy. Arch Intern Med 167: 684–691. https://doi.

org/10.1001/archinte.167.7.684 PMID: 17420427

25. Negin J, Cumming RG (2010) HIV infection in older adults in sub-Saharan Africa: extrapolating preva-

lence from existing data. Bull World Health Organ 88: 847–853. https://doi.org/10.2471/BLT.10.076349

PMID: 21076566

26. UNAIDS (2016) The Prevention Gap Report. Geneva, Switzerland.

27. UNAIDS (2018) Miles to Go Global AIDS Update 2018. Geneva: UNAIDS.

28. Avenir Health (2016) Spectrum.

29. United Nations Population Division (2015) 2015 Revision of World Population Prospects.

30. Stover J, Andreev K, Slaymaker E, Gopalappa C, Sabin K, Velasquez C, et al. (2014) Updates to the

spectrum model to estimate key HIV indicators for adults and children. AIDS 28 Suppl 4: S427–434.

31. Stover J, Johnson P, Hallett T, Marston M, Becquet R, Timaeus IM (2010) The Spectrum projection

package: improvements in estimating incidence by age and sex, mother-to-child transmission, HIV pro-

gression in children and double orphans. Sex Transm Infect 86 Suppl 2: ii16–21.

32. International Epidemiology Databases to Evaluate AIDS (2016).

33. Mathers BM, Degenhardt L (2014) Examining non-AIDS mortality among people who inject drugs. Aids

28 Suppl 4: S435–444.

34. UNAIDS (2014) 90-90-90. An ambitious treatment target to help end the AIDS epidemic.

35. Kiefer EM, Hoover DR, Shi Q, Dusingize JC, Sinayobye JD, Anastos K (2018) Longitudinal evaluation

of markers of inflammation in HIV-positive and HIV-negative Rwandan women. HIV Med 19: 734–744.

https://doi.org/10.1111/hiv.12665 PMID: 30160347

36. Shivakoti R, Gupte N, Tripathy S, Poongulali S, Kanyama C, Berendes S, et al. (2018) Inflammation

and micronutrient biomarkers predict clinical HIV treatment failure and incident active TB in HIV-infected

adults: a case-control study. BMC Med 16: 161. https://doi.org/10.1186/s12916-018-1150-3 PMID:

30244671

37. Mdodo R, Frazier EL, Dube SR, Mattson CL, Sutton MY, Brooks JT, et al. (2015) Cigarette smoking preva-

lence among adults with HIV compared with the general adult population in the United States: cross-sec-

tional surveys. Ann Intern Med 162: 335–344. https://doi.org/10.7326/M14-0954 PMID: 25732274

38. Triant VA (2014) Epidemiology of coronary heart disease in patients with human immunodeficiency

virus. Rev Cardiovasc Med 15 Suppl 1: S1–8.

39. Islam FM, Wu J, Jansson J, Wilson DP (2012) Relative risk of renal disease among people living with

HIV: a systematic review and meta-analysis. BMC Public Health 12: 234. https://doi.org/10.1186/1471-

2458-12-234 PMID: 22439731

40. Rasmussen LD, May MT, Kronborg G, Larsen CS, Pedersen C, Gerstoft J, et al. (2015) Time trends for

risk of severe age-related diseases in individuals with and without HIV infection in Denmark: a nation-

wide population-based cohort study. Lancet HIV 2: e288–298. https://doi.org/10.1016/S2352-3018(15)

00077-6 PMID: 26423253

41. Onen NF, Overton ET (2011) A review of premature frailty in HIV-infected persons; another manifesta-

tion of HIV-related accelerated aging. Curr Aging Sci 4: 33–41. PMID: 21204781

42. Brugnaro P, Morelli E, Cattelan F, Petrucci A, Panese S, Eseme F, et al. (2015) Non-AIDS definings

malignancies among human immunodeficiency virus-positive subjects: Epidemiology and outcome

after two decades of HAART era. World J Virol 4: 209–218. https://doi.org/10.5501/wjv.v4.i3.209

PMID: 26279983

43. Shah ASV, Stelzle D, Lee KK, Beck EJ, Alam S, Clifford S, et al. (2018) Global Burden of Atheroscle-

rotic Cardiovascular Disease in People Living With HIV. Circulation 138: 1100–1112. https://doi.org/10.

1161/CIRCULATIONAHA.117.033369 PMID: 29967196

HIV and ageing 2000 -2020

PLOS ONE | https://doi.org/10.1371/journal.pone.0207005 November 29, 2018 10 / 11

https://doi.org/10.1097/QAD.0b013e3282f88d02
http://www.ncbi.nlm.nih.gov/pubmed/18614870
https://doi.org/10.1097/QAD.0b013e328314b5f1
https://doi.org/10.1097/QAD.0b013e328314b5f1
http://www.ncbi.nlm.nih.gov/pubmed/19005269
https://doi.org/10.1001/archinte.167.7.684
https://doi.org/10.1001/archinte.167.7.684
http://www.ncbi.nlm.nih.gov/pubmed/17420427
https://doi.org/10.2471/BLT.10.076349
http://www.ncbi.nlm.nih.gov/pubmed/21076566
https://doi.org/10.1111/hiv.12665
http://www.ncbi.nlm.nih.gov/pubmed/30160347
https://doi.org/10.1186/s12916-018-1150-3
http://www.ncbi.nlm.nih.gov/pubmed/30244671
https://doi.org/10.7326/M14-0954
http://www.ncbi.nlm.nih.gov/pubmed/25732274
https://doi.org/10.1186/1471-2458-12-234
https://doi.org/10.1186/1471-2458-12-234
http://www.ncbi.nlm.nih.gov/pubmed/22439731
https://doi.org/10.1016/S2352-3018(15)00077-6
https://doi.org/10.1016/S2352-3018(15)00077-6
http://www.ncbi.nlm.nih.gov/pubmed/26423253
http://www.ncbi.nlm.nih.gov/pubmed/21204781
https://doi.org/10.5501/wjv.v4.i3.209
http://www.ncbi.nlm.nih.gov/pubmed/26279983
https://doi.org/10.1161/CIRCULATIONAHA.117.033369
https://doi.org/10.1161/CIRCULATIONAHA.117.033369
http://www.ncbi.nlm.nih.gov/pubmed/29967196
https://doi.org/10.1371/journal.pone.0207005


44. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. (2011) Preven-

tion of HIV-1 infection with early antiretroviral therapy. N Engl J Med 365: 493–505. https://doi.org/10.

1056/NEJMoa1105243 PMID: 21767103

45. Lazarus JV, Nielsen KK (2010) HIV and people over 50 years old in Europe. HIV Med 11: 479–481.

https://doi.org/10.1111/j.1468-1293.2009.00810.x PMID: 20136658

46. Zhou Y, Ding Y, Gu K, Lu X, Gao M, He N (2014) Motivations for sexual risk behaviors among older

men in Shanghai, China: a qualitative study. BMC Public Health 14: 802. https://doi.org/10.1186/1471-

2458-14-802 PMID: 25099016

47. Bowen RL, Atwood CS (2004) Living and dying for sex. A theory of aging based on the modulation of

cell cycle signaling by reproductive hormones. Gerontology 50: 265–290. https://doi.org/10.1159/

000079125 PMID: 15331856

48. Demographic and Health Surveys (2017).

49. Hankins CA, de Zalduondo BO (2010) Combination prevention: a deeper understanding of effective

HIV prevention. AIDS 24 Suppl 4: S70–80.

50. Rauf WN (2010) Do health care providers discuss HIV with older female patients? South African Family

Practice 52: 573–575.

51. Kearney F, Moore AR, Donegan CF, Lambert J (2010) The ageing of HIV: implications for geriatric med-

icine. Age Ageing 39: 536–541. https://doi.org/10.1093/ageing/afq083 PMID: 20685813

52. Vázquez E (2017) Aging, and Thriving, With HIV.

53. Beck EJ, Espinosa K, Ash T, Wickham P, Barrow C, Massiah E, et al. (2017) Attitudes towards homo-

sexuals in seven Caribbean countries: implications for an effective HIV response. AIDS Care 29: 1557–

1566. https://doi.org/10.1080/09540121.2017.1316355 PMID: 28438027

54. Chesney MA, Chambers DB, Taylor JM, Johnson LM (2003) Social support, distress, and well-being in

older men living with HIV infection. J Acquir Immune Defic Syndr 33 Suppl 2: S185–193.

55. Emlet CA (2006) An examination of the social networks and social isolation in older and younger adults

living with HIV/AIDS. Health Soc Work 31: 299–308. PMID: 17176977

56. Shippy RA, Karpiak SE (2005) Perceptions of Support Among Older Adults With HIV. Research on

Aging 27: 290–306.

57. Sweeney S, Obure CD, Maier CB, Greener R, Dehne K, Vassall A (2012) Costs and efficiency of inte-

grating HIV/AIDS services with other health services: a systematic review of evidence and experience.

Sex Transm Infect 88: 85–99. https://doi.org/10.1136/sextrans-2011-050199 PMID: 22158934

58. Mandalia S, Mandalia R, Lo G, Chadborn T, Sharott P, Youle M, et al. (2010) Rising population cost for

treating people living with HIV in the UK, 1997–2013. PLoS One 5: e15677. https://doi.org/10.1371/

journal.pone.0015677 PMID: 21209893

59. Beck EJ, Shields JM, Tanna G, Henning G, de Vega I, Andrews G, et al. (2018) Developing and imple-

menting national health identifiers in resource limited countries: why, what, who, when and how? Glob

Health Action 11: 1440782. https://doi.org/10.1080/16549716.2018.1440782 PMID: 29502484

60. Beck EJ, Gill W, De Lay PR (2016) Protecting the confidentiality and security of personal health informa-

tion in low- and middle-income countries in the era of SDGs and Big Data. Glob Health Action 9: 32089.

https://doi.org/10.3402/gha.v9.32089 PMID: 27885972

61. Terrence Higgins Trust (2017) Uncharted Territory. A report into the first generation growing older with

HIV. London.

62. UNAIDS (2015) Social protection: advancing the response to HIV. Geneva: UNAIDS.

HIV and ageing 2000 -2020

PLOS ONE | https://doi.org/10.1371/journal.pone.0207005 November 29, 2018 11 / 11

https://doi.org/10.1056/NEJMoa1105243
https://doi.org/10.1056/NEJMoa1105243
http://www.ncbi.nlm.nih.gov/pubmed/21767103
https://doi.org/10.1111/j.1468-1293.2009.00810.x
http://www.ncbi.nlm.nih.gov/pubmed/20136658
https://doi.org/10.1186/1471-2458-14-802
https://doi.org/10.1186/1471-2458-14-802
http://www.ncbi.nlm.nih.gov/pubmed/25099016
https://doi.org/10.1159/000079125
https://doi.org/10.1159/000079125
http://www.ncbi.nlm.nih.gov/pubmed/15331856
https://doi.org/10.1093/ageing/afq083
http://www.ncbi.nlm.nih.gov/pubmed/20685813
https://doi.org/10.1080/09540121.2017.1316355
http://www.ncbi.nlm.nih.gov/pubmed/28438027
http://www.ncbi.nlm.nih.gov/pubmed/17176977
https://doi.org/10.1136/sextrans-2011-050199
http://www.ncbi.nlm.nih.gov/pubmed/22158934
https://doi.org/10.1371/journal.pone.0015677
https://doi.org/10.1371/journal.pone.0015677
http://www.ncbi.nlm.nih.gov/pubmed/21209893
https://doi.org/10.1080/16549716.2018.1440782
http://www.ncbi.nlm.nih.gov/pubmed/29502484
https://doi.org/10.3402/gha.v9.32089
http://www.ncbi.nlm.nih.gov/pubmed/27885972
https://doi.org/10.1371/journal.pone.0207005

