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Abstract
Objectives: Effective antiretroviral therapy (ART) has improved the life expec-
tancy of women living with HIV (WLWH). This population is now experiencing 
age-related comorbidities. This systematic review presents the current under-
standing of the prevalence and impact of comorbidities in WLWH in the modern 
ART era.
Methods: MEDLINE and Embase were searched for studies (1 January 2010 to 1 
September 2020) reporting the prevalence of cardiovascular, bone, renal and neu-
rocognitive disease in WLWH aged > 18 years. Studies were included if at least 
100 participants (or > 50%) were female and data analysis included prevalence 
by sex.
Results: In all, 3050 articles were identified and screened; 153 full-text articles 
were assessed for eligibility and 38 were included in the final review. Significant 
gaps in the literature were identified, notably a lack of data on WLWH aged 
> 50 years. The data suggest a high burden of cardiovascular, bone, renal and neu-
rocognitive disease in WLWH compared with HIV negative women. Traditional 
risk factors, such as hypertension, diabetes and dyslipidaemia, were common and 
often poorly managed. Generalizability of the results was limited, as many studies 
were conducted in the USA. Comparisons between WLWH and men with HIV 
were limited by marked differences in demographic and socioeconomic factors.
Conclusions: Women living with HIV  experience a high burden of comorbid 
disease. Traditional risk factors are common and often poorly managed. This re-
view also highlights the magnitude of differences between women and men liv-
ing with HIV beyond the pathophysiological. Future research must unpick the 
complex drivers of morbidity in WLWH, to improve the holistic management of 
this population.

K E Y W O R D S

ageing, comorbidities, HIV, review, women

www.wileyonlinelibrary.com/journal/hiv
mailto:﻿
https://orcid.org/0000-0001-5173-2760
https://orcid.org/0000-0002-9960-5389
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sonia.raffe@nhs.net
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhiv.13240&domain=pdf&date_stamp=2022-03-03


332  |      RAFFE et al.

INTRODUCTION

Over half of all people living with HIV (PLWH) globally 
are female [1]. While this proportion is lower in many 
resource-rich settings, 35.3% of new HIV diagnoses in 
Europe in 2018 were in women [2]. Despite this, our 
understanding of HIV in women is limited, with both 
publicly funded and industry-sponsored HIV trials often 
failing to demonstrate adequate female representation [3].

Effective combination antiretroviral therapy (ART) 
has markedly improved the life expectancy of PLWH [4]. 
Consequently, PLWH are experiencing an increasing bur-
den of age-related comorbid disease [5] with likely contri-
butions from immune activation, exhaustion, senescence 
and chronic inflammation [6]. The ageing process is com-
plex, and numerous clinical and lifestyle factors add to the 
challenge of apportioning causation.

Ageing and multimorbidity in PLWH create a unique 
set of challenges for those providing HIV-related care. 
Additional expertise in the screening and management of 
a greater number of conditions is required. Careful consid-
eration of ART selection is needed to avoid compounding 
comorbidity risk and drug–drug interactions that could 
jeopardize the successful management of both HIV and the 
comorbid condition. It is essential that care providers under-
stand, and are prepared for, the changing needs of PLWH.

Evidence suggests that the experience of women age-
ing with HIV differs from that of men. An analysis of the 
AIDS Therapy Evaluation in the Netherlands (ATHENA) 
cohort found that women living with HIV (WLWH) expe-
rienced greater multimorbidity at a younger age than their 
male counterparts and that every individual comorbidity, 
except for non-AIDS malignancies, carried an excess mor-
tality risk [7]. Marked disparities are projected among key 
populations of PLWH in the US, with the highest burden 
of multimorbidity predicted among black women who 
inject drugs and the greatest increase in multimorbidity 
among Hispanic heterosexual women.

A notable physiological difference between men and 
women which may contribute to differing health out-
comes, is the difference between sex hormones, repro-
ductive capability and transition through the menopause. 
The oestrogen-deficient postmenopausal state is a well-
recognized driver of cardiovascular disease (CVD), meta-
bolic syndrome, bone density loss and decline in cognitive 
function in the general population [8–11], although little 
is known about the impact of reproductive ageing on the 
development of age-related comorbidities in WLWH [12]. 
In addition, greater systemic immune activation [13], sex-
specific differences in immune response to HIV infection 
[14] and differing pharmacokinetic profiles may further 
explain the different outcomes between women and men 
with HIV [15]. There are also marked demographic and 

socioeconomic differences between women and men with 
HIV which may impact on the success of health promo-
tion and disease prevention activities, and on the ability to 
access and engage with health services.

To address this evidence gap, this systematic review 
presents a summary of our current understanding of the 
prevalence and impact of cardiovascular, bone, renal and 
neurocognitive disease in WLWH, in resource-rich set-
tings, in the modern ART era.

METHODS

Search strategy and study selection

We conducted a systematic literature search of MEDLINE 
and Embase for cohort, case–control and cross-sectional 
studies published from 1 January 2010 to 1 September 
2020 (Appendix 1 for data sources and search terms). We 
also screened reference lists from relevant articles. One re-
viewer (SR) screened all identified titles and abstracts for 
studies presenting data on the prevalence of cardiovascu-
lar, bone, renal and neurocognitive disease. The remain-
ing studies were reviewed for eligibility, with all authors 
agreeing on the final studies for inclusion.

Only original articles of human studies published in 
the English language were included. In acknowledgment 
of global discrepancies in access to HIV and wider medi-
cal care, only studies based in resource-rich settings were 
included. Studies of women under the age of 18 were 
excluded, as were studies primarily reporting on the out-
comes of pregnancy in WLWH.

A minimum of 100 female participants were required 
for a study to be included or, in the case of smaller stud-
ies, at least 50% of the participants needed to be women. 
Studies containing both men and women were only 
included if data disaggregated by sex were presented. 
Studies were evaluated to avoid duplication of data from 
the same participants in multiple studies, with the most 
recent or comprehensive study selected for inclusion for 
each outcome. We excluded reviews, comments and let-
ters. Our systematic review follows the recommendations 
from the Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) statement (Appendix 2 for 
PRISMA checklist).

Quality assessment and data extraction

Extracted data included author, year of publication, geo-
graphical location, number of study participants, number/
proportion of female participants, mean age, study de-
sign, measures/definitions used, relevant risk association 



      |  333HIV MEDICINE 

examined for, variables adjusted for and major findings 
(predominately prevalence of a comorbidity, incidence 
of new diagnosis of comorbidity ± hazard or risk ratio or 
relative risk). Quality and risk of bias were assessed using 
the Newcastle-Ottawa scale.

RESULTS

Study selection

Our initial database search identified 3050 documents. 
An additional 35 articles were identified through other 
sources. After removal of duplicates, 2075 articles re-
mained for abstract review, with 153 full-text articles as-
sessed for eligibility and 38 included in the final review 
(Figure  1). Article exclusion was predominately due to 
inadequate women in the cohort studied or lack of sex-
based analysis.

Cardiovascular disease

Seventeen articles relating to CVD met eligibility criteria 
(Table 1).

Comparison of CVD risk factors between 
WLWH and HIV-negative women

Three studies compared prevalence of traditional risk 
factors between WLWH and HIV-negative women. The 

first, a cross-sectional analysis of the Cardiovascular Risk 
Evaluation and Antiretroviral Therapy Effects (CREATE) 
cohort, compared the burden of traditional CVD risk fac-
tors in a cohort of ethnically and socioeconomically di-
verse PLWH in London, with a control population from 
UK general practice. The 253 WLWH in the cohort were 
more likely to smoke (16% vs. 12.7%) and have a waist cir-
cumference > 88 cm (64% vs. 40.1%) than women in the 
general population. Prevalence rates of hypertension (9% 
vs. 13%) and diabetes (2% vs. 3%) as well as mean total 
cholesterol (TC; 4.74 vs. 5.2mmol/L) and high-density li-
poprotein cholesterol (HDL-C) (1.54 vs. 1.5 mmol/L) were 
similar regardless of HIV status. However, WLWH were 
younger than the women in the general population (mean 
age 38.8 vs. 52.1 years) and, while 9% of the WLWH were 
white, ethnicity data were unavailable for the general pop-
ulation [16].

In a US study, the 710 WLWH in the cohort were 
more likely to have elevated triglycerides (> 150 mg/dL, 
33.6% vs. 23.4%), reduced HDL-C (<  50  mg/dL, 53.8% 
vs. 41.1%) and to be smokers (59.2% vs. 40.4%) compared 
with HIV-negative women, but were less likely to have a 
body mass index (BMI) > 30 kg/m2 (25.3% vs. 44.5%) or 
to be hypertensive (22.9% vs. 28%) [17]. By contrast, Tariq 
et al. [18] found no difference in prevalence of hyperten-
sion (30.2% vs. 26.6%; p = 0.69), BMI > 30 kg/m2 (37.2% 
vs. 25.7%; p = 0.12), TC:HDL-C ratio > 5 mg/dL (7% vs. 
8.3%; p = 0.95) or glucose > 5.5 mmol/L (12.8% vs. 16.5%; 
p = 60) between WLWH and HIV-negative women aged 
> 50 years. Notably, this UK-based cohort was smaller (86 
WLWH and 109 HIV-negative women), the WLWH were 
younger (median age 54 vs. 57 years), more likely to be 

F I G U R E  1   Flow chart of study selection process
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black African (67.4% vs. 20.2%; p = 0.0001), single (79.1% 
vs. 48.6%; p  =  0.0001) and unemployed (62.8 vs. 41.3%; 
p = 0.005). A fourth study, without an HIV-negative con-
trol group, reported a high prevalence of modifiable CVD 
risk factors in 161 African-American WLWH in the USA 
(diabetes, 33%; dyslipidaemia, 40%; hypertension, 42%; 
current smokers, 42%; overweight/obese, 63%) [19]

Cortés et al. reported that among postmenopausal 
Hispanic and African-American women, the median 
Framingham Risk Score (FRS) did not differ between the 
109 women living with, and 43 women without, HIV [20] 
(14.6 vs. 15.5; p = 0.73) although the WLWH were younger 
and more likely to be African-American (39.4% vs. 20.9%). 
In WLWH, older age at HIV diagnosis was associated with 
higher FRS.

Comparison of CVD risk factors between 
WLWH and men living with HIV (MLWH)

Four studies compared the prevalence of CVD risk factors 
between WLWH and MLWH. In a US cohort of 7436 (25% 
female) PLWH aged > 50 years [21], WLWH were signifi-
cantly more likely to be black (age 50–64 years: 62% vs. 
33%; age ≥ 65 years: 58.6% vs. 29.7%) and live-in poverty 
(50–64 years: 59.9% vs. 35%; ≥ 65 years: 47.3% vs. 27.1%) 
than MLWH. WLWH were less likely to have private 
health insurance (50–64 years: 22% vs. 36.1%; ≥ 65 years: 
19.5% vs. 41.1%) or to have educational attainment be-
yond high school (50–64 years: 37.7% vs. 58.3%; ≥ 65 years: 
28.8% vs. 53.3%). Following adjustment for these factors, 
WLWH aged 50–64 years were more likely to have a BMI 
> 24 kg/m2 (adjusted prevalence difference = 8.4%), hy-
pertension (3.9%) or TC > 200 mg/dL (9.9%); WLWH aged 
≥ 65 years were more likely to be diabetic (13.1%) and to 
have a high TC (18.8) than were MLWH.

By contrast, the international D:A:D cohort of > 49 000 
PLWH found many CVD risk factors to be more common 
in MLWH, including hypertension (7% vs. 10.8%) and dia-
betes (1.7% vs. 2.7%) [22].

When comparing overall CVD risk between 128 
WLWH and 633 MLWH in Germany, WLWH had lower 
rates of moderate and high 10-year cardiovascular risk, 
although the women in this cohort were significantly 
younger (mean age 40.4 vs. 45 years) [23].

A cross-sectional analysis of the HIV Outpatient Study 
(HOPS) cohort used excess heart age [chronological age 
– heart age (age of a person with the same predicted risk 
but with all other risk factors in the normal range)] to 
estimate the physiological age of the vascular system of 
3086 (20% female) PLWH [24]. The excess heart age of the 
WLWH in the cohort of 13.1 years was greater than that of 
both the MLWH (11.5 years) and women in the general US g H
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population (5.4 years). Although the MLWH and WLWH 
had a similar age, the WLWH were more likely to be non-
Hispanic/Latino black (54.6% vs. 23.6%), coinfected with 
HCV (25.7% vs. 14.9%) and have a BMI > 30 kg/m2 (41.8% 
vs. 20%) but were less likely to be educated beyond high 
school (27.9% vs. 54.4%).

Incidence of CVD events

Six studies considered the incidence of CVD events. 
Womack et al. found a higher incidence of CVD [acute 
myocardial infarction (MI), unstable angina, ischaemic 
stroke or congestive heart failure] among 710 WLWH 
(13.5/1000 person-years) compared with 1477 HIV-
negative women (5.3/1000 person-years) [17]. This risk 
remained after adjusting for potential confounders [haz-
ard ratio (HR)  =  2.8, 95% confidence interval (CI): 1.7–
4.6]. WLWH with HIV RNA >  500 copies/mL were at 
greatest risk (HR = 4.4, 95% CI: 2–9.9). The mortality risk 
was also higher in WLWH than in HIV-negative women 
(HR = 2.6, 95% CI: 1.7–3.9).

A 12-year Italian cohort study of 3766 PLWH found a 
two-fold increased risk of CVD events overall [standard-
ized incidence ratio (SIR) = 2.02] in PLWH as compared 
with the general population [25], although the pattern of 
events appeared to differ by sex, with the relative risk of 
coronary artery disease being higher in WLWH than in 
MLWH (WLWH: SIR = 2.91; MLWH: SIR = 1.82) but that 
of stroke being lower in WLWH (WLWH, 2.07; MLWH, 
2.3). Triant et al. also found an increased risk of major ad-
verse cardiac events (acute MI, stroke, angina or coronary 
revascularization) in PLWH in a cohort of a similar size in 
the USA compared with HIV-negative controls [incidence 
rate ratio (IRR) = 1.56], with a greater risk in WLWH (IRR 
= 2.19) than in MLWH (IRR = 1.35) [26]. By contrast with 
the Italian cohort, WLWH were at greater risk of both MI 
(IRR = 2.35 vs. 1.33) and stroke (IRR = 2.1 vs. 1.32) than 
were MLWH. A further US-based cohort study including 
1350 WLWH reported that HIV was a risk factor for stroke 
in women, even after adjusting for established risk factors 
(HR = 1.21; p < 0.001) [27] and a French cohort also found 
an increased risk of MI in PLWH compared with the gen-
eral population [standardized morbidity ratio (SMR) = 
1.5, 95% CI: 1.3–1.7], particularly in WLWH (SMR = 2.6, 
95% CI: 1.8–3.9) [28].

Peripheral artery disease (PAD) was seen more fre-
quently in Danish women (OR = 1.49, 95% CI: 1.19–1.87) 
and particularly WLWH (OR = 2.24, 95% CI: 1.06–4.73), 
compared with the Danish general population. The PLWH 
were less likely to be of Scandinavian ancestry (76% vs. 
89%), more likely to smoke (28% vs. 13%) and have a 
lower mean BMI (25 vs. 27 kg/m2) and less likely to be 

hypertensive (48% vs. 61%) than the general population al-
though risk of PAD remained after adjustment [29].

Management of CVD risk factors and 
acute events

Little evidence was available regarding how successfully 
traditional cardiovascular risk factors are managed in 
WLWH. Tariq et al. found that regardless of HIV status, 
few women eligible for lipid-lowering or antihyperten-
sives were receiving treatment, although the numbers in 
this study were small [18]. One study found that female 
sex was associated with successful modification of blood 
pressure among PLWH but with no difference between 
women and men in smoking cessation or cholesterol re-
duction [30].

Ogunbayo et al. evaluated sex differences in manage-
ment of MI in PLWH in a large US-based cohort [31]. 
Among those with an acute MI, WLWH were younger 
(53.1 vs. 54.3), more likely than MLWH to be black (57.2 
vs. 36%), to have diabetes (38.5% vs. 24.1%), to be obese 
(14.1% vs. 5.2%) and to be anaemic (26.7% vs. 16.9%). The 
WLWH were less likely to have an ST-segment elevation 
MI (23.4% vs. 34.6%; p < 0.001) and were significantly less 
likely to have received a percutaneous coronary interven-
tion than were MLWH (54.2% vs. 69.7%; p < 0.01). They 
were more likely to have no revascularization intervention 
(37.8% vs. 21.8%; p < 0.01) although the rate of coronary 
artery bypass grafting was similar.

Pathophysiology of CVD in WLWH

Fitch et al. used cardiac computed tomography (CT) 
angiography and markers of immune activation to 
examine the atherosclerotic plaque features and de-
tailed indices of immune activation among 60 WLWH 
compared with 30 well-matched female HIV-negative 
controls [13]. The prevalence of coronary plaque was 
similar between WLWH and controls (37% vs. 38%; p 
= 0.88) but WLWH demonstrated a significantly higher 
prevalence of noncalcified coronary plaque (35% vs. 
12%; p = 0.04) and a lower prevalence of calcified plaque 
(6% vs. 26%; p = 0.01) than did the controls. A calcium 
risk score > 100 was also less frequent in WLWH (15% 
vs. 2%; p = 0.02). Markers of inflammation (hsCRP and 
hsIL-6) did not differ by HIV status but markers of im-
mune activation [sCD163 (p = 0.006), sCD14 (p = 0.5), 
CXCL10 (p  =  0.002), percentage CD8+ (  <  0.0001), 
CD8+ HLA-DR+ (p = 0.0004), HLA-DR+CD38+CD4+ 
(p  <  0.0001) and CD14+CD16+ (p  =  0.008)] were all 
significantly higher in WLWH.
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Renal disease

No studies looking specifically at renal disease in WLWH, 
and only six studies that presented data disaggregated by 
sex were identified (Table 2).

Incidence of renal disease

Only one eligible study compared the incidence of kidney 
disease in PLWH with data from an HIV-negative popu-
lation. The North American AIDS Cohort Collaboration 
on Research and Design (NA-ACCORD) group reported 
that the incidence of end-stage renal disease (ESRD) [32] 
was higher in all PLWH (179/100 000 person-years) but 
particularly in WLWH (259/100 000 person-years) than in 
the general population (35/100 000).

An analysis of the ATHENA cohort assessed the impact 
of ethnicity on the development of chronic kidney dis-
ease (CKD) in PLWH [33], finding a significantly higher 
prevalence of CKD in those born in sub-Saharan Africa 
(adjusted OR = 1.49) or Asia and the Pacific region (ad-
justed OR = 2.27) than in those born in Western Europe. 
However, the risk of developing CKD over time was simi-
lar regardless of country of birth (adjusted HR =1.00, 95% 
CI: 0.63–1.59). Although no sex-specific data were pre-
sented, those born in sub-Saharan Africa were more likely 
to be female (50.1% vs. 8.9%), younger (36.9 vs. 44 years) 
and to have lower CD4 count (380 vs. 460 cells/µL).

A 2018 study of 4337 (19% female) PLWH in Spain 
found that WLWH were significantly more likely to have 
mild renal impairment than MLWH (29.2% vs. 23.9%; p 
= 0.002) [34]. WLWH were older (47 vs. 44 years), more 
likely to be black (5.3% vs. 1.4%), had a higher prevalence 
of HCV coinfection (32.8% vs. 19.4%), had lived with HIV 
for longer (17.5 vs. 9.2 years) and had a prior AIDS diagno-
sis. However, female sex remained a risk factor for mildly 
decreased renal function on multivariate analysis (OR = 
1.02–1.48; p = 0.031).

Several large cohort studies of PLWH, while primarily 
looking at longer-term outcomes in PLWH with impaired 
renal function also found an association between female 
sex and renal impairment. A baseline analysis of the UK 
Collaborative HIV Cohort (UK CHIC) Study found that 
WLWH were over-represented among PLWH with an es-
timated glomerular filtration rate (eGFR) between 44 and 
30 mL/min (29.2% vs. 70.8%) and an eGFR < 30 mL/min 
(42.5% vs. 57.5%) [35]. The EuroSIDA study group also 
found a disproportionate number of women with a base-
line eGFR < 60 mL/min (28.2%; p = 0.0004) [36] and, in 
a sub-study, female sex was associated with an increased 
incidence of developing CKD [relative hazard (RH) = 
1.68; p = 0.0013] [37]. In the development of a validated 

long-term risk score model for CKD in PLWH, the D:A:D 
Study also identified female sex as a significant predictor 
of CKD [38].

Bone disease

Six studies looking at bone health in WLWH were in-
cluded (Table 3).

Bone mineral density in WLWH compared with 
HIV-negative women

Dual-energy X-ray absorptiometry (DXA) was used in 
two studies to compare bone mineral density (BMD) be-
tween women with and without HIV. Among 128 post-
menopausal Hispanic and African-American women 
[39], WLWH had a lower baseline BMD at many sites 
(lumbar spine, total hip and distal radius) than HIV-
negative women. The study also reported a 2.4-fold 
greater annualized percentage decrease in BMD in 
WLWH at the lumbar spine (p = 0.0009), 3.7-fold at the 
distal radius (p = 0.006) and 1.7-fold at the ultra-distal 
radius (p = 0.02), even after adjustment for traditional 
risk factors. HIV status was associated with reduced 
BMD in an analysis of 440 women from the Women’s 
Interagency HIV Study (WIHS) cohort, although the 
WLWH in this cohort were older (44 vs. 37 years), more 
likely to be HCV-coinfected (32% vs. 14%) and to be 
postmenopausal (26% vs. 3%) than the HIV-negative 
comparison group [40].

Fracture incidence

Yin et al. found no significant difference in fracture in-
cidence between postmenopausal African-American 
women living with or without HIV (10% vs. 8%) [39]. 
Similarly, an analysis of 5826 (21% female) PLWH from 
the HOPS cohort found no significant difference in crude 
fracture rate by HIV status [41], although authors reported 
a higher incidence of vertebral (18% vs. 4%; p < 0.01) and 
femoral neck (5% vs. 1%; p = 0.004) fractures in WLWH 
but significantly fewer fractures at non-fragility sites (69% 
vs. 86%; p < 0.01) than among HIV-negative women. By 
contrast, among 2375 women in the WIHS cohort, al-
though the overall incidence of fracture was higher (2.19 
vs. 1.54/100 person-years; p = 0.002) in WLWH than in 
HIV-negative women, the incidence of fragility fractures 
was similar (0.56 vs. 0.39/100 person-years; p = 0.13) de-
spite the WLWH being older (40 vs. 35 years), of lower 
weight (74.5 vs. 79.7kg), more likely to be HCV-coinfected 
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(24% vs. 15%) and to be postmenopausal (19% vs. 11%) than 
the HIV-negative women [42]. Gedmintas et al. found no 
significant difference in incidence rate of either any (IRR 
= 1.00) or fragility (IRR = 1.26) fractures between 869 
WLWH and 2292 MLWH [43], although no adjustment 
was made for potential confounders.

HIV-related factors and bone disease

HIV-related risk factors associated with increased fracture 
incidence included CD4 T-cell count nadir <  200 cells/
µL and an AIDS-defining diagnosis [41,42]. Traditional 
risk factors such as being postmenopausal, HCV coinfec-
tion, current smoking, diabetes, substance misuse and 
decreased total lean mass were also associated with de-
creased BMD and fracture incidence regardless of HIV 
status [40,41].

Libois et al. reported a high prevalence of osteopenia/
osteoporosis (31.5%) among 89 premenopausal WLWH 
[44], with no difference between ART-naïve women 
and women on ART, regardless of drug class received. 
Findings were consistent at both the lumbar spine (13.5% 
vs. 16% vs. 25.9%) and femoral neck (21.6% vs. 32% vs. 
33.3%). After adjustment, only low BMI was a risk fac-
tor for osteopenia/osteoporosis (p = 0.004), although no-
tably only two women in the cohort had received ART 
containing tenofovir disoproxil fumarate (TDF). Sharma 
et al. reported a significant association between use of 
nonnucleoside reverse transcriptase inhibitor (NNRTI) 
and increased BMD at the hip and femoral neck but no 
association between cumulative use of TDF, protease in-
hibitors (PIs) or other ART with BMD loss at any site [40]. 
Among postmenopausal Hispanic and African-American 
women, 78% of the WLWH were on ART with a mean du-
ration of exposure of 4.5 years [39], of whom 21% were on 
a TDF-containing regimen. After exclusion of those not 
on ART, the annualized rate of bone loss remained greater 
in WLWH than in HIV-negative women, although this did 
not differ between those on PI-based vs. NNRTI-based 
ART at any site. The rate of bone loss was, however, higher 
in those on TDF than those on non-TDF-containing ART 
at the lumbar spine (–2.8 vs. 0.7; p = 0.001), the distal ra-
dius (–2.3 vs. –0.8; p =  0.02) and the ultra-distal radius 
(–2.2 vs. –1; p = 0.001), with these differences remaining 
after confounder adjustment. Bone loss did not differ by 
TDF exposure at the total hip or femoral neck.

Neurocognitive disease

Nine studies reporting aspects of neurocognitive disease 
in WLWH were identified (Table 4).A

bb
re

vi
at

io
ns

: a
H

R
, a

dj
us

te
d 

ha
za

rd
 ra

tio
; a

O
R

, a
dj

us
te

d 
od

ds
 ra

tio
; A

R
T,

 a
nt

ir
et

ro
vi

ra
l t

he
ra

py
; A

TH
EN

A
, A

ID
S 

Th
er

ap
y 

Ev
al

ua
tio

n 
in

 th
e 

N
et

he
rl

an
ds

; C
K

D
, c

hr
on

ic
 k

id
ne

y 
di

se
as

e;
 C

K
D

-E
PI

, C
hr

on
ic

 K
id

ne
y 

D
is

ea
se

 E
pi

de
m

io
lo

gy
 C

ol
la

bo
ra

tio
n;

 D
:A

:D
, D

at
a 

C
ol

le
ct

io
n 

on
 A

dv
er

se
 e

ve
nt

s o
f A

nt
i-H

IV
 D

ru
gs

; e
G

FR
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; E

SR
D

, e
nd

 st
ag

e 
re

na
l d

is
ea

se
; E

ur
oS

ID
A

, C
lin

ic
al

 a
nd

 V
ir

ol
og

ic
al

 
O

ut
co

m
e 

of
 E

ur
op

ea
n 

Pa
tie

nt
s I

nf
ec

te
d 

w
ith

 H
IV

; M
LW

H
, m

en
 li

vi
ng

 w
ith

 H
IV

; N
A

-A
C

C
O

R
D

, N
or

th
 A

m
er

ic
an

 C
oh

or
t C

ol
la

bo
ra

tio
n 

on
 R

es
ea

rc
h 

an
d 

de
si

gn
; P

I, 
pr

ot
ea

se
 in

hi
bi

to
r; 

PL
W

H
, p

eo
pl

e 
liv

in
g 

w
ith

 H
IV

; 
SS

A
, s

ub
-S

ah
ar

an
 A

fr
ic

a;
 W

LW
H

, w
om

en
 li

vi
ng

 w
ith

 H
IV

.
a A

br
ah

am
 A

G
, A

lth
of

f K
N

, J
in

g 
Y,

 E
st

re
lla

 M
M

, K
ita

ha
ta

 M
M

, W
es

te
r C

W
, e

t a
l. 

En
d-

St
ag

e 
R

en
al

 D
is

ea
se

 A
m

on
g 

H
IV

-I
nf

ec
te

d 
A

du
lts

 in
 N

or
th

 A
m

er
ic

a.
 C

lin
 In

fe
ct

 D
is

. 2
01

5;
60

(6
):9

41
–9

.
b Sc

ho
ffe

le
n 

A
F,

 S
m

it 
C

, L
el

yv
el

d 
SF

L 
va

n,
 V

og
t L

, B
au

er
 M

P,
 R

ei
ss

 P
, e

t a
l. 

D
im

in
is

he
d 

Im
pa

ct
 o

f E
th

ni
ci

ty
 a

s a
 R

is
k 

Fa
ct

or
 fo

r C
hr

on
ic

 K
id

ne
y 

D
is

ea
se

 in
 th

e 
C

ur
re

nt
 H

IV
 T

re
at

m
en

t E
ra

. J
 In

fe
ct

 D
is

. 
20

15
;2

12
(2

):2
64

–7
4.

c C
ri

st
el

li 
M

P,
 T

ru
llà

s J
C

, C
of

án
 F

, R
ic

o 
N

, M
an

za
rd

o 
C

, A
m

br
os

io
ni

 J,
 e

t a
l. 

Pr
ev

al
en

ce
 a

nd
 ri

sk
 fa

ct
or

s o
f m

ild
 c

hr
on

ic
 re

na
l f

ai
lu

re
 in

 H
IV

-in
fe

ct
ed

 p
at

ie
nt

s: 
in

flu
en

ce
 o

f f
em

al
e 

ge
nd

er
 a

nd
 a

nt
ir

et
ro

vi
ra

l t
he

ra
py

. B
ra

z 
J I

nf
ec

t D
is

. 2
01

8;
22

(3
):1

93
–2

01
.

d Ib
ra

hi
m

 F
, H

am
za

h 
L,

 Jo
ne

s R
, N

its
ch

 D
, S

ab
in

 C
, P

os
t F

A
, e

t a
l. 

Ba
se

lin
e 

K
id

ne
y 

Fu
nc

tio
n 

as
 P

re
di

ct
or

 o
f M

or
ta

lit
y 

an
d 

K
id

ne
y 

D
is

ea
se

 P
ro

gr
es

si
on

 in
 H

IV
-P

os
iti

ve
 P

at
ie

nt
s. 

A
m

 J 
K

id
ne

y 
D

is
. 2

01
2;

60
(4

):5
39

–4
7.

e M
oc

ro
ft 

A
, R

yo
m

 L
, B

eg
ov

ac
 J,

 M
on

fo
rt

e 
A

D
, V

as
si

le
nk

o 
A

, G
at

el
l J

, e
t a

l. 
D

et
er

io
ra

tin
g 

re
na

l f
un

ct
io

n 
an

d 
cl

in
ic

al
 o

ut
co

m
es

 in
 H

IV
-p

os
iti

ve
 p

er
so

ns
. A

id
s. 

20
14

;2
8(

5)
:7

27
–3

7.
f M

oc
ro

ft 
A

, L
un

dg
re

n 
JD

, R
os

s M
, L

aw
 M

, R
ei

ss
 P

, K
ir

k 
O

, e
t a

l. 
D

ev
el

op
m

en
t a

nd
 V

al
id

at
io

n 
of

 a
 R

is
k 

Sc
or

e 
fo

r C
hr

on
ic

 K
id

ne
y 

D
is

ea
se

 in
 H

IV
 In

fe
ct

io
n 

U
si

ng
 P

ro
sp

ec
tiv

e 
C

oh
or

t D
at

a 
fr

om
 th

e 
D

:A
:D

 S
tu

dy
. P

lo
s 

M
ed

. 2
01

5;
12

(3
):e

10
01

80
9.

T
A

B
L

E
 2

 (
C

on
tin

ed
)



      |  347HIV MEDICINE 

T
A

B
L

E
 3

 
Bo

ne
 d

is
ea

se
: c

ha
ra

ct
er

is
tic

s a
nd

 o
ut

co
m

es
 o

f e
lig

ib
le

 st
ud

ie
s

A
ut

ho
r 

(y
ea

r)
St

ud
y 

de
si

gn
Lo

ca
ti

on
A

im
/O

ut
co

m
e

Po
pu

la
ti

on
Sa

m
pl

e 
si

ze
 

(n
/%

 fe
m

al
e)

M
ea

n 
ag

e 
(y

ea
rs

)
M

ea
su

re
s 

us
ed

R
el

ev
an

t 
ri

sk
 

as
so

ci
at

io
n 

ex
am

in
ed

 
fo

r
M

aj
or

 fi
nd

in
gs

Yi
n 

et
 a

l. 
(2

01
2)

a
Lo

ng
itu

di
na

l 
an

al
ys

is
 o

f 
pr

os
pe

ct
iv

e 
co

ho
rt

 st
ud

y

U
SA

To
 a

ss
es

s t
he

 e
ffe

ct
s 

of
 H

IV
 in

fe
ct

io
n 

an
d 

A
R

T 
on

 
ch

an
ge

 in
 B

M
D

 in
 

po
st

m
en

op
au

sa
l 

H
is

pa
ni

c 
an

d 
A

fr
ic

an
-

A
m

er
ic

an
 w

om
en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

73
 (1

00
%

)
55

 (1
00

%
)

56 59
D

EX
A

C
lin

ic
al

 
as

se
ss

m
en

t

H
IV

 st
at

us
W

LW
H

 h
ad

 si
gn

ifi
ca

nt
ly

 lo
w

er
 B

M
D

 a
t t

he
 lu

m
ba

r s
pi

ne
 (p

 <
 0

.0
1)

, t
ot

al
 h

ip
 

(p
 <

 0
.0

1)
, d

is
ta

l r
ad

iu
s (

p 
=

 0
.0

2)
 a

nd
 u

ltr
a-

di
st

al
 ra

di
us

 (p
 =

 0
.0

2)
, w

ith
 a

 
tr

en
d 

to
w

ar
ds

 a
 lo

w
er

 a
dj

us
te

d 
z-

sc
or

e 
at

 th
e 

fe
m

or
al

 n
ec

k 
(p

 =
 0

.0
08

) t
ha

n 
H

IV
-n

eg
at

iv
e 

w
om

en
 a

t i
nd

ex
 v

is
it

Th
e 

an
nu

al
iz

ed
 p

er
ce

nt
ag

e 
de

cr
ea

se
 in

 B
M

D
 a

dj
us

te
d 

fo
r b

as
el

in
e 

BM
D

 w
as

 
gr

ea
te

r i
n 

W
LW

H
 th

an
 in

 H
IV

-n
eg

at
iv

e 
w

om
en

 b
y 

2.
4-

fo
ld

 a
t t

he
 lu

m
ba

r 
sp

in
e 

(p
 =

 0
.0

00
9)

, 3
.7

-fo
ld

 a
t t

he
 d

is
ta

l r
ad

iu
s (

p 
=

 0
.0

06
) a

nd
 1

.7
-fo

ld
 a

t 
th

e 
ul

tr
a-

di
st

al
 ra

di
us

 (p
 =

 0
.0

2)
A

fte
r a

dj
us

tm
en

t f
or

 tr
ad

iti
on

al
 ri

sk
 fa

ct
or

s, 
H

IV
 st

at
us

 re
m

ai
ne

d 
a 

si
gn

ifi
ca

nt
 

ri
sk

 fa
ct

or
 fo

r d
ec

lin
in

g 
BM

D
 a

t t
he

 lu
m

ba
r s

pi
ne

, t
ot

al
 h

ip
 a

nd
 u

ltr
a-

di
st

al
 

ra
di

us
 b

ut
 n

ot
 a

t t
he

 fe
m

or
al

 n
ec

k
W

he
n 

th
os

e 
no

t o
n 

A
R

T 
w

er
e 

ex
cl

ud
ed

 fr
om

 th
e 

an
al

ys
is

, t
he

 a
nn

ua
liz

ed
 ra

te
 

of
 b

on
e 

lo
ss

 w
as

 st
ill

 g
re

at
er

 in
 W

LW
H

 th
an

 H
IV

-n
eg

at
iv

e 
w

om
en

. A
m

on
g 

th
os

e 
on

 A
R

T,
 th

e 
an

nu
al

iz
ed

 ra
te

s o
f b

on
e 

lo
ss

 d
id

 n
ot

 d
iff

er
 b

et
w

ee
n 

th
os

e 
on

 P
I-

ba
se

d 
vs

. N
N

R
TI

-b
as

ed
 A

R
T 

at
 a

ny
 si

te
 (p

 =
 0

.1
–0

.9
3)

. T
he

 ra
te

 
of

 b
on

e 
lo

ss
 w

as
 h

ig
he

r i
n 

th
os

e 
on

 te
no

fo
vi

r t
ha

n 
th

os
e 

on
 n

on
-te

no
fo

vi
r 

co
nt

ai
ni

ng
 A

R
T 

at
 th

e 
lu

m
ba

r s
pi

ne
 (−

2.
8 

vs
. 0

.7
; p

 =
 0

.0
01

), 
th

e 
di

st
al

 
ra

di
us

 (−
2.

3 
vs

. −
0.

8;
 p

 =
 0

.0
2)

 a
nd

 th
e 

ul
tr

a-
di

st
al

 ra
di

us
 (−

2.
2 

vs
. −

1;
 

p 
=

 0
.0

01
). 

Th
is

 re
la

tio
ns

hi
p 

re
m

ai
ne

d 
fo

llo
w

in
g 

ad
ju

st
m

en
t f

or
 a

ge
, 

et
hn

ic
ity

, B
M

I, 
in

de
x 

C
D

4 
an

d 
du

ra
tio

n 
of

 A
R

T 
ex

po
su

re
. B

on
e 

lo
ss

 d
id

 n
ot

 
di

ffe
r b

y 
te

no
fo

vi
r e

xp
os

ur
e 

at
 th

e 
to

ta
l h

ip
 o

r f
em

or
al

 n
ec

k
In

ci
de

nc
e 

of
 fr

ac
tu

re
s d

id
 n

ot
 d

iff
er

 b
et

w
ee

n 
W

LW
H

 a
nd

 H
IV

-n
eg

at
iv

e 
w

om
en

 
(1

0%
 v

s. 
8%

)

Sh
ar

m
a 

et
 a

l. 
20

12
b

Pr
os

pe
ct

iv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l 

st
ud

y 
(W

IH
S)

U
SA

To
 u

nd
er

st
an

d 
ho

w
 

re
gi

on
al

 b
od

y 
co

m
po

si
tio

n 
ch

an
ge

s, 
in

cl
ud

in
g 

le
an

 m
as

s 
an

d 
re

gi
on

al
 b

od
y 

fa
t, 

af
fe

ct
 b

on
e 

m
in

er
al

 
de

ns
ity

 in
 W

LW
H

 v
s. 

H
IV

-n
eg

at
iv

e 
w

om
en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

31
8 

(1
00

%
)

12
2 

(1
00

%
)

44 37
D

EX
A

BI
A

C
lin

ic
al

 
as

se
ss

m
en

t

H
IV

 st
at

us
Th

e 
W

LW
H

 h
ad

 a
 lo

w
er

 B
M

I (
27

 v
s. 

30
.2

) a
nd

 lo
w

er
 tr

un
k 

(1
2.

7 
vs

. 1
5.

6 
kg

), 
le

g 
(8

.7
 v

s. 
11

.9
 k

g)
 a

nd
 to

ta
l b

od
y 

fa
t (

26
.4

 v
s. 

32
.1

 k
g)

 th
an

 th
e 

H
IV

-
ne

ga
tiv

e 
w

om
en

. T
he

re
 w

as
 li

ttl
e 

di
ffe

re
nc

e 
in

 a
bs

ol
ut

e 
ch

an
ge

s o
ve

r t
im

e 
fo

r t
ru

nk
 fa

t, 
le

g 
fa

t, 
fa

t-f
re

e 
m

as
s, 

to
ta

l b
od

y 
fa

t a
nd

 p
er

ce
nt

ag
e 

bo
dy

 fa
t 

be
tw

ee
n 

W
LW

H
 a

nd
 H

IV
-n

eg
at

iv
e 

w
om

en
H

IV
 in

fe
ct

io
n 

w
as

 a
ss

oc
ia

te
d 

w
ith

 d
ec

re
as

ed
 B

M
D

 a
t a

ll 
th

re
e 

si
te

s a
s w

as
 

be
in

g 
po

st
m

en
op

au
sa

l a
nd

 H
C

V
 c

oi
nf

ec
tio

n.
 In

cr
ea

se
d 

to
ta

l l
ea

n 
m

as
s w

as
 

as
so

ci
at

ed
 w

ith
 in

cr
ea

se
d 

BM
D

, r
eg

ar
dl

es
s o

f H
IV

 st
at

us
In

 th
e 

W
LW

H
, g

re
at

er
 lo

g 
H

IV
 R

N
A

 w
as

 a
ss

oc
ia

te
d 

w
ith

 g
re

at
er

 B
M

D
 a

t a
ll 

th
re

e 
si

te
s a

nd
 a

 si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
cu

m
ul

at
iv

e 
N

N
R

TI
 u

se
 

an
d 

in
cr

ea
se

d 
BM

D
 a

t t
he

 h
ip

 a
nd

 fe
m

or
al

 n
ec

k.
 N

o 
as

so
ci

at
io

n 
be

tw
ee

n 
re

ce
nt

 o
r n

ad
ir

 C
D

4 
co

un
t, 

cu
m

ul
at

iv
e 

us
e 

of
 te

no
fo

vi
r, 

PI
s o

r o
th

er
 A

R
T 

w
ith

 B
M

D
 a

t a
ny

 si
te

Yo
un

g et
 a

l. 
20

11
c

Pr
os

pe
ct

iv
e 

co
ho

rt
 st

ud
y 

(H
O

PS
) a

nd
 

po
pu

la
tio

n 
da

ta
 

(N
H

A
M

C
S-


O

PD
)

U
SA

To
 c

om
pa

re
 ra

te
s o

f b
on

e 
fr

ac
tu

re
 in

 P
LW

H
 v

s. 
th

e 
ge

ne
ra

l p
op

ul
at

io
n 

an
d 

to
 e

xp
lo

re
 ri

sk
 

fa
ct

or
s

PL
W

H
H

IV
-n

eg
at

iv
e 

co
nt

ro
ls

58
26

 (1
22

3/
21

%
)

40
C

lin
ic

al
 

as
se

ss
m

en
t

H
IV

 st
at

us
Th

er
e 

w
as

 n
o 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 c

ru
de

 fr
ac

tu
re

 ra
te

 p
er

 1
0 

00
0 

po
pu

la
tio

n 
be

tw
ee

n 
W

LW
H

 a
nd

 H
IV

-n
eg

at
iv

e 
w

om
en

 a
t a

ny
 ti

m
e 

po
in

t
W

LW
H

 h
ad

 a
 h

ig
he

r i
nc

id
en

ce
 o

f v
er

te
br

al
 (1

8%
 v

s. 
4%

; p
 <

 0
.0

1)
 a

nd
 fe

m
or

al
 

ne
ck

 (5
%

 v
s. 

1%
; p

 =
 0

.0
04

) f
ra

ct
ur

es
 th

an
 H

IV
-n

eg
at

iv
e 

w
om

en
 a

nd
 

si
gn

ifi
ca

nt
ly

 fe
w

er
 fr

ac
tu

re
s a

t a
 n

on
-fr

ag
ili

ty
 si

te
 (6

9%
 v

s. 
86

%
; p

 <
 0

.0
1)

A
m

on
g 

al
l P

LW
H

, C
D

4 
ce

ll 
co

un
t n

ad
ir

 <
 2

00
 c

el
ls

/µ
L,

 A
ID

S 
di

ag
no

si
s, 

cu
rr

en
t s

m
ok

in
g,

 H
C

V
 in

fe
ct

io
n,

 d
ia

be
te

s, 
su

bs
ta

nc
e 

m
is

us
e 

an
d 

pe
ri

ph
er

al
 n

eu
ro

pa
th

y 
w

er
e 

as
so

ci
at

ed
 w

ith
 in

cr
ea

se
d 

fr
ac

tu
re

 ri
sk

(C
on

tin
ue

s)



348  |      RAFFE et al.

A
ut

ho
r 

(y
ea

r)
St

ud
y 

de
si

gn
Lo

ca
ti

on
A

im
/O

ut
co

m
e

Po
pu

la
ti

on
Sa

m
pl

e 
si

ze
 

(n
/%

 fe
m

al
e)

M
ea

n 
ag

e 
(y

ea
rs

)
M

ea
su

re
s 

us
ed

R
el

ev
an

t 
ri

sk
 

as
so

ci
at

io
n 

ex
am

in
ed

 
fo

r
M

aj
or

 fi
nd

in
gs

Sh
ar

m
a 

et
 a

l. 
20

15
d

Pr
os

pe
ct

iv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l 

st
ud

y 
(W

IH
S)

U
SA

To
 c

om
pa

re
 in

ci
de

nc
e 

ra
te

s a
nd

 d
et

er
m

in
an

ts
 

of
 fr

ac
tu

re
 a

m
on

g 
W

LW
H

 a
nd

 H
IV

-
ne

ga
tiv

e 
w

om
en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

17
13

 (1
00

%
)

66
2 

(1
00

%
)

40 35
C

lin
ic

al
 

as
se

ss
m

en
t

H
IV

 st
at

us
U

na
dj

us
te

d 
in

ci
de

nc
e 

ra
te

s o
f f

ra
ct

ur
e 

at
 a

ny
 si

te
 w

er
e 

hi
gh

er
 in

 W
LW

H
 

th
an

 in
 H

IV
-n

eg
at

iv
e 

w
om

en
 (2

.1
9 

vs
. 1

.5
4/

10
0 

pe
rs

on
-y

ea
rs

; p
 =

 0
.0

02
) 

al
th

ou
gh

 ra
te

s o
f f

ra
gi

lit
y 

fr
ac

tu
re

 w
er

e 
si

m
ila

r (
0.

56
 v

s. 
0.

39
/1

00
 p

er
so

n-


ye
ar

s; 
p 

=
 0

.1
3)

In
 b

iv
ar

ia
te

 a
na

ly
si

s o
f t

he
 W

LW
H

, A
R

T 
us

e 
at

 in
de

x 
or

 c
um

ul
at

iv
e 

us
e,

 
in

cl
ud

in
g 

in
de

x 
(1

.2
4,

 9
5%

 C
I: 

0.
98

–1
.5

6;
 p

 =
 0

.0
8)

 o
r c

um
ul

at
iv

e 
(1

, 9
5%

 
C

I: 
0.

95
–1

.0
5;

 p
 =

 0
.9

8)
 te

no
fo

vi
r u

se
, w

er
e 

no
t a

ss
oc

ia
te

d 
w

ith
 in

ci
de

nt
 

fr
ac

tu
re

In
 m

ul
tiv

ar
ia

te
 a

na
ly

si
s, 

ag
e 

pe
r 1

0-
ye

ar
 in

cr
ea

se
 (1

.2
5,

 9
5%

 C
I: 

1.
1–

1.
43

; 
p 

=
 0

.0
00

7)
, w

hi
te

 ra
ce

 (1
.3

7,
 9

5%
 C

I: 
1.

06
–1

.7
8;

 p
 =

 0
.0

6)
, s

m
ok

in
g 

(1
.4

4,
 

95
%

 C
I: 

1.
14

–1
.8

1;
 p

 =
 0

.0
02

) a
nd

 a
n 

A
ID

S-
de

fin
in

g 
di

ag
no

si
s (

1.
57

, 9
5%

 
C

I: 
1.

24
–1

.9
9;

 p
 =

 0
.0

00
2)

 w
er

e 
as

so
ci

at
ed

 w
ith

 in
ci

de
nt

 fr
ac

tu
re

G
ed

m
in

ta
s 

et
 a

l. 
20

14
e

R
et

ro
sp

ec
tiv

e 
co

ho
rt

 st
ud

y
U

SA
To

 c
om

pa
re

 th
e 

in
ci

de
nc

e 
ra

tio
s o

f f
ra

ct
ur

e 
be

tw
ee

n 
W

LW
H

 a
nd

 
M

LW
H

W
LW

H
 >

 1
8

M
LW

H
 >

 1
8

86
9 

(1
00

%
)

22
92

 (0
%

)
40

.9
44

.3
C

lin
ic

al
 

as
se

ss
m

en
t

Se
x

In
ci

de
nc

e 
ra

te
s o

f f
ra

ct
ur

e 
at

 a
ny

 si
te

 w
er

e 
si

m
ila

r b
et

w
ee

n 
W

LW
H

 (4
3.

6/
10

0 
pe

rs
on

-y
ea

rs
, 9

5%
 C

I: 
36

.9
–5

0.
2)

 a
nd

 M
LW

H
 (4

3.
4/

10
0 

pe
rs

on
-y

ea
rs

, 9
5%

 
C

I: 
39

.3
–4

7.
6)

. T
he

 IR
R

 o
f a

ll 
fr

ac
tu

re
s b

et
w

ee
n 

W
LW

H
 a

nd
 M

LW
H

 w
as

 
1.

00
 (9

5%
 C

I: 
0.

83
–1

.1
9)

In
ci

de
nc

e 
ra

te
s o

f f
ra

ct
ur

e 
at

 a
ny

 o
st

eo
po

ro
tic

 si
te

 w
er

e 
12

.1
/1

00
 p

er
so

n-
ye

ar
s 

(9
5%

 C
I: 

8.
6–

15
.1

) i
n 

W
LW

H
 a

nd
 1

5.
2/

10
0 

pe
rs

on
-y

ea
rs

 (9
5%

 C
I: 

12
.7

–1
7.

6)
 

in
 M

LW
H

, r
es

ul
tin

g 
in

 a
n 

IR
R

 fo
r f

ra
gi

lit
y 

fr
ac

tu
re

 o
f M

LW
H

 c
om

pa
re

d 
w

ith
 W

LW
H

 o
f 1

.2
6 

(9
5%

 C
I: 

0.
9–

1.
75

)

Li
bo

is
 

et
 a

l. 
20

10
f

C
ro

ss
-s

ec
tio

na
l 

st
ud

y
Be

lg
iu

m
To

 e
va

lu
at

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
BM

D
 a

nd
 A

R
T 

in
 p

re
-

m
en

op
au

sa
l W

LW
H

A
R

T-
na

ïv
e

N
R

TI
/N

N
R

TI
 

re
gi

m
en

PI
-c

on
ta

in
in

g 
re

gi
m

en

37
 (1

00
%

)
25

 (1
00

%
)

27
 (1

00
%

)

36
.5

37 37

D
EX

A
C

lin
ic

al
 

as
se

ss
m

en
t

A
R

T 
re

gi
m

en
O

ve
ra

ll 
pr

ev
al

en
ce

 o
f o

ste
op

en
ia

 o
r o

ste
op

or
os

is 
w

as
 h

ig
h 

at
 3

1.
5%

 w
ith

 n
o 

di
ffe

re
nc

e 
be

tw
ee

n 
th

e t
hr

ee
 g

ro
up

s. 
Th

is 
w

as
 co

ns
ist

en
t a

t b
ot

h 
th

e l
um

ba
r s

pi
ne

 (1
3.

5%
 

vs
. 1

6%
 vs

. 2
5.

9%
; p

 =
 N

S)
 an

d 
fe

m
or

al
 n

ec
k 

(2
1.

6%
 vs

. 3
2%

 vs
. 3

3.
3%

)
In

 u
ni

va
ri

at
e 

an
al

ys
is

, o
st

eo
pe

ni
a/

po
ro

si
s w

as
 si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 

C
au

ca
si

an
 ra

ce
 (p

 =
 0

.0
01

), 
lo

w
 B

M
I (

p 
=

 0
.0

06
5)

 a
nd

 a
 h

ig
h 

pr
ol

ac
tin

 
(p

 =
 0

.0
3)

. T
he

re
 w

as
 n

o 
as

so
ci

at
io

n 
be

tw
ee

n 
os

te
op

en
ia

/p
or

os
is

 a
nd

 
du

ra
tio

n 
of

 A
R

T
In

 m
ul

tiv
ar

ia
te

 a
na

ly
si

s, 
on

ly
 lo

w
 B

M
I w

as
 a

 ri
sk

 fa
ct

or
 fo

r o
st

eo
pe

ni
a/

po
ro

si
s 

(p
 =

 0
.0

04
)

A
bb

re
vi

at
io

ns
: A

R
T,

 a
nt

ir
et

ro
vi

ra
l t

he
ra

py
; B

IA
, b

io
im

pe
da

nc
e 

an
al

ys
is

; B
M

D
, b

on
e 

m
in

er
al

 d
en

si
ty

; B
M

I, 
bo

dy
 m

as
s i

nd
ex

; D
EX

A
, d

ua
l-e

ne
rg

y 
x-

ra
y 

ab
so

rp
tio

m
et

ry
; H

O
PS

, H
IV

 O
ut

pa
tie

nt
 S

tu
dy

; I
R

R
, i

nc
id

en
ce

 
ra

te
 ra

tio
; M

LW
H

, m
en

 li
vi

ng
 w

ith
 H

IV
; N

H
A

M
C

S-
O

PD
, N

at
io

na
l H

os
pi

ta
l A

m
bu

la
to

ry
 M

ed
ic

al
 c

ar
e 

Su
rv

ey
 –

 O
ut

pa
tie

nt
 d

ep
ar

tm
en

t; 
N

N
R

TI
, n

on
nu

cl
eo

si
de

 re
ve

rs
e 

tr
an

sc
ri

pt
as

e 
in

hi
bi

to
rs

; N
R

TI
, n

uc
le

os
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

rs
; P

I, 
pr

ot
ea

se
 in

hi
bi

to
rs

; P
LW

H
, p

eo
pl

e 
liv

in
g 

w
ith

 H
IV

; W
IH

S,
 W

om
en

’s 
In

te
ra

ge
nc

y 
H

IV
 S

tu
dy

; W
LW

H
, w

om
en

 li
vi

ng
 w

ith
 H

IV
.

a Yi
n 

M
T,

 Z
ha

ng
 C

A
, M

cM
ah

on
 D

J, 
Fe

rr
is

 D
C

, I
ra

ni
 D

, C
ol

on
 I,

 e
t a

l. 
H

ig
he

r R
at

es
 o

f B
on

e 
Lo

ss
 in

 P
os

tm
en

op
au

sa
l H

IV
-I

nf
ec

te
d 

W
om

en
: A

 L
on

gi
tu

di
na

l S
tu

dy
. J

 C
lin

 E
nd

oc
ri

no
l M

et
ab

ol
is

m
. 2

01
2;

97
(2

):5
54

–6
2.

b Sh
ar

m
a 

A
, T

ia
n 

F,
 Y

in
 M

T,
 K

el
le

r M
J, 

C
oh

en
 M

, T
ie

n 
PC

. A
ss

oc
ia

tio
n 

of
 R

eg
io

na
l B

od
y 

C
om

po
si

tio
n 

W
ith

 B
on

e 
M

in
er

al
 D

en
si

ty
 in

 H
IV

-I
nf

ec
te

d 
an

d 
H

IV
-U

ni
nf

ec
te

d 
W

om
en

. J
ai

ds
 J 

A
cq

ui
r I

m
m

un
e 

D
ef

ic
 S

yn
dr

om
es

. 
20

12
;6

1(
4)

:4
69

–7
6.

c Yo
un

g 
B,

 D
ao

 C
N

, B
uc

ha
cz

 K
, B

ak
er

 R
, B

ro
ok

s J
T,

 In
ve

st
ig

at
or

s H
O

S 
(H

O
PS

). 
In

cr
ea

se
d 

R
at

es
 o

f B
on

e 
Fr

ac
tu

re
 A

m
on

g 
H

IV
-I

nf
ec

te
d 

Pe
rs

on
s i

n 
th

e 
H

IV
 O

ut
pa

tie
nt

 S
tu

dy
 (H

O
PS

) C
om

pa
re

d 
W

ith
 th

e 
U

S 
G

en
er

al
 

Po
pu

la
tio

n,
 2

00
0–

20
06

. C
lin

 In
fe

ct
 D

is
. 2

01
1;

52
(8

):1
06

1–
8.

d Sh
ar

m
a 

A
, S

hi
 Q

, H
oo

ve
r D

R
, A

na
st

os
 K

, T
ie

n 
PC

, Y
ou

ng
 M

A
, e

t a
l. 

In
cr

ea
se

d 
Fr

ac
tu

re
 In

ci
de

nc
e 

in
 M

id
dl

e-
A

ge
d 

H
IV

-I
nf

ec
te

d 
an

d 
H

IV
-U

ni
nf

ec
te

d 
W

om
en

. J
ai

ds
 J 

A
cq

ui
r I

m
m

un
e 

D
ef

ic
 S

yn
dr

om
es

. 
20

15
;7

0(
1)

:5
4–

61
.

e G
ed

m
in

ta
s L

, W
ri

gh
t E

A
, L

os
in

a 
E,

 K
at

z 
JN

, S
ol

om
on

 D
H

. C
om

pa
ra

tiv
e 

R
is

k 
of

 F
ra

ct
ur

e 
in

 M
en

 a
nd

 W
om

en
 w

ith
 H

IV
. J

 C
lin

 E
nd

oc
ri

no
l M

et
ab

ol
is

m
. 2

01
4;

99
(2

):4
86

–9
0.

f Li
bo

is
 A

, C
lu

m
ec

k 
N

, K
ab

ey
a 

K
, G

er
ar

d 
M

, W
it 

SD
, P

ol
l B

, e
t a

l. 
R

is
k 

fa
ct

or
s o

f o
st

eo
pe

ni
a 

in
 H

IV
-in

fe
ct

ed
 w

om
en

: N
o 

ro
le

 o
f a

nt
ir

et
ro

vi
ra

l t
he

ra
py

. M
at

ur
ita

s. 
20

10
;6

5(
1)

:5
1–

4.

T
A

B
L

E
 3

 
(C

on
tin

ue
d)



      |  349HIV MEDICINE 

T
A

B
L

E
 4

 
N

eu
ro

co
gn

iti
ve

 d
is

ea
se

: c
ha

ra
ct

er
is

tic
s a

nd
 o

ut
co

m
es

 o
f e

lig
ib

le
 st

ud
ie

s

A
ut

ho
r 

(y
ea

r)
St

ud
y 

de
si

gn
Lo

ca
ti

on
A

im
/o

ut
co

m
e

Po
pu

la
ti

on
Sa

m
pl

e 
si

ze
  

(n
/%

 fe
m

al
e)

M
ea

n 
ag

e 
(y

ea
rs

)
M

ea
su

re
s 

us
ed

R
el

ev
an

t r
is

k 
as

so
ci

at
io

n 
ex

am
in

ed
 fo

r
M

aj
or

 fi
nd

in
gs

C
ho

w
, F

 e
t a

l. 
(2

01
9)

a
C

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 a
 p

ro
sp

ec
tiv

e,
 

m
ul

tic
en

tr
e 

ob
se

rv
at

io
na

l s
tu

dy
 

(H
A

IL
O

)

U
SA

To
 e

va
lu

at
e 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

ca
rd

io
m

et
ab

ol
ic

 
ri

sk
 fa

ct
or

s a
nd

 p
re

va
le

nt
 

co
gn

iti
ve

 im
pa

ir
m

en
t i

n 
PL

W
H

PL
W

H
 >

 4
0

79
5 

(1
95

/2
0%

)
52

Br
ie

f n
eu

ro
co

gn
iti

ve
 

sc
re

en
In

te
rn

at
io

na
l 

Ph
ys

ic
al

 A
ct

iv
ity

 
Q

ue
st

io
nn

ai
re

C
lin

ic
al

 a
ss

es
sm

en
t

Se
x

A
 g

re
at

er
 p

ro
po

rt
io

n 
of

 W
LW

H
 w

er
e 

co
gn

iti
ve

ly
 

im
pa

ir
ed

 c
om

pa
re

d 
w

ith
 M

LW
H

 (3
6%

 v
s. 

26
%

; 
p 

=
 0

.0
03

).
In

cr
ea

se
d 

ph
ys

ic
al

 a
ct

iv
ity

 (O
R

 =
 0

.3
3 

fo
r ≥

 3
 

da
ys

/w
ee

k;
 p

 =
 0

.0
03

) w
as

 p
ro

te
ct

iv
e 

ag
ai

ns
t 

co
gn

iti
ve

 im
pa

ir
m

en
t i

n 
W

LW
H

 b
ut

 n
ot

 M
LW

H
.

H
ig

he
r H

D
L 

ch
ol

es
te

ro
l w

as
 a

ls
o 

as
so

ci
at

ed
 w

ith
 a

 
lo

w
er

 ri
sk

 o
f c

og
ni

tiv
e 

im
pa

ir
m

en
t i

n 
W

LW
H

 
bu

t n
ot

 M
LW

H
 (O

R
 =

 0
.7

8 
fo

r e
ve

ry
 1

0 
m

g/
dL

 
hi

gh
er

 H
D

L;
 p

 =
 0

.0
28

).

G
us

ta
fs

on
 e

t a
l. 

(2
01

3)
b

C
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 a

 p
ro

sp
ec

tiv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l s

tu
dy

 
(W

IH
S)

U
SA

To
 e

xp
lo

re
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
BM

I, 
w

ai
st

 
ci

rc
um

fe
re

nc
e 

an
d 

w
ai

st
-to

-h
ip

 ra
tio

 w
ith

 
co

gn
iti

on
 in

 W
LW

H
 a

nd
 

H
IV

-n
eg

at
iv

e 
w

om
en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

11
96

 (1
19

6/
10

0%
)

49
4 

(4
94

/1
00

%
)

42
.5

38
.4

St
an

da
rd

iz
ed

 
ne

ur
oc

og
ni

tiv
e 

ba
tte

ry
A

nt
hr

op
om

or
ph

ic
 

m
ea

su
re

m
en

ts

H
IV

 st
at

us
In

 W
LW

H
, b

ut
 n

ot
 H

IV
-n

eg
at

iv
e 

w
om

en
, a

 
BM

I <
 1

8.
5 

kg
/m

2  w
as

 a
ss

oc
ia

te
d 

w
ith

 w
or

se
 

pe
rf

or
m

an
ce

 in
 so

m
e 

do
m

ai
ns

 o
f c

og
ni

tiv
e 

te
st

in
g 

co
m

pa
re

d 
w

ith
 W

LW
H

 w
ith

 a
 B

M
I i

n 
th

e 
he

al
th

y 
ra

ng
e 

(B
M

I 1
8.

5–
25

 k
g/

m
2 ).

M
ak

i e
t a

l. 
(2

01
5)

c
C

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 a
 p

ro
sp

ec
tiv

e,
 

m
ul

tic
en

tr
e 

ob
se

rv
at

io
na

l s
tu

dy
 

(W
IH

S)

U
SA

1.
 T

o 
ex

am
in

e 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
H

IV
 st

at
us

 a
nd

 
co

gn
iti

on
 in

 re
la

tio
n 

to
 

ot
he

r d
et

er
m

in
an

ts
 o

f 
co

gn
iti

ve
 fu

nc
tio

n
2.

 T
o 

ex
am

in
e 

th
e 

pa
tte

rn
 a

nd
 

m
ag

ni
tu

de
 o

f i
m

pa
ir

m
en

t 
ac

ro
ss

 c
og

ni
tiv

e 
ou

tc
om

es

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

10
19

 (1
01

9/
10

0%
)

50
2 

(5
02

/1
00

%
)

47
.4

8
43

.4
8

St
an

da
rd

iz
ed

 
ne

ur
oc

og
ni

tiv
e 

ba
tte

ry
C

lin
ic

al
 a

ss
es

sm
en

t

H
IV

 st
at

us
W

LW
H

 p
er

fo
rm

ed
 w

or
se

 o
n 

m
ea

su
re

s o
f v

er
ba

l 
le

ar
ni

ng
 a

nd
 m

em
or

y,
 sp

ee
d 

of
 in

fo
rm

at
io

n 
pr

oc
es

si
ng

 a
nd

 a
tte

nt
io

n 
(0

.0
5–

0.
09

 S
D

 u
ni

ts
).

Th
e 

ef
fe

ct
 o

f H
IV

 o
n 

co
gn

iti
ve

 fu
nc

tio
n 

w
as

 le
ss

 
th

an
 th

e 
ef

fe
ct

 o
f y

ea
rs

 o
f e

du
ca

tio
n,

 a
ge

, r
ac

e/
et

hn
ic

ity
, h

ou
se

ho
ld

 in
co

m
e 

an
d 

re
ad

in
g 

le
ve

l.
W

LW
H

 w
ith

 a
 lo

w
 C

D
4 

co
un

t, 
hi

gh
 V

L,
 lo

w
 

ed
uc

at
io

n 
or

 a
n 

A
ID

S-
de

fin
in

g 
ill

ne
ss

 w
er

e 
m

or
e 

vu
ln

er
ab

le
 to

 c
og

ni
tiv

e 
de

fic
it.

R
ub

in
 (2

01
8)

d
C

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 a
 p

ro
sp

ec
tiv

e,
 

m
ul

tic
en

tr
e 

ob
se

rv
at

io
na

l s
tu

dy
 

(W
IH

S)

U
SA

To
 a

ss
es

s t
he

 c
og

ni
tiv

e 
ef

fe
ct

s 
of

 m
ed

ic
at

io
ns

 w
ith

 
kn

ow
n 

N
C

-A
E 

on
 W

LW
H

 
an

d 
H

IV
 n

eg
at

iv
e 

w
om

en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

10
37

 (1
03

7/
10

0%
)

52
1 

(5
21

/1
00

%
)

47 43
St

an
da

rd
iz

ed
 

ne
ur

oc
og

ni
tiv

e 
ba

tte
ry

Se
lf-

re
po

rt
ed

 N
C

-A
E 

m
ed

ic
at

io
n 

hi
st

or
y

C
lin

ic
al

 a
ss

es
sm

en
t

H
IV

 st
at

us
W

LW
H

 p
er

fo
rm

ed
 w

or
se

 th
an

 H
IV

-n
eg

at
iv

e 
w

om
en

 o
n 

gl
ob

al
 fu

nc
tio

n 
(p

 =
 0

.0
1)

, m
em

or
y 

(p
 =

 0
.0

4)
, a

tte
nt

io
n/

w
or

ki
ng

 m
em

or
y 

(p
 =

 0
.0

2)
 

an
d 

ex
ec

ut
iv

e 
fu

nc
tio

n 
(p

 =
 0

.0
2)

.
W

LW
H

 re
po

rt
ed

 u
si

ng
 m

or
e 

N
C

-A
E 

m
ed

ic
at

io
ns

 
th

an
 H

IV
-n

eg
at

iv
e 

w
om

en
 (p

 <
 0

.0
5)

. O
pi

oi
d 

an
d 

an
tic

on
vu

ls
an

t u
se

 w
as

 si
m

ila
r i

n 
bo

th
 g

ro
up

s.
A

nt
ic

ho
lin

er
gi

c 
bu

rd
en

 w
as

 n
eg

at
iv

el
y 

as
so

ci
at

ed
 

w
ith

 le
ar

ni
ng

 a
nd

 e
xe

cu
tiv

e 
fu

nc
tio

n.
 T

hi
s 

as
so

ci
at

io
n 

w
as

 g
re

at
er

 in
 W

LW
H

 th
an

 in
 H

IV
-

ne
ga

tiv
e 

w
om

en
.

M
ey

er
 e

t a
l. 

(2
01

3)
e

C
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 a

 p
ro

sp
ec

tiv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l s

tu
dy

 
(W

IH
S)

U
SA

To
 in

ve
st

ig
at

e 
th

e 
im

pa
ct

 o
f 

H
IV

 in
fe

ct
io

n 
an

d 
ill

ic
it 

dr
ug

 u
se

 o
n 

co
gn

iti
on

 in
 

W
LW

H
 a

nd
 H

IV
-n

eg
at

iv
e 

w
om

en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

95
2 

(9
52

/1
00

%
)

44
3 

(4
43

/1
00

%
)

42
.8

N
eu

ro
ps

yc
ho

lo
gi

ca
l 

te
st

in
g,

 H
V

LT
 

an
d 

C
om

al
li 

St
ro

op
 te

st
Se

lf-
re

po
rt

ed
 h

is
to

ry
 

of
 re

cr
ea

tio
na

l 
dr

ug
 u

se

H
IV

 st
at

us
R

ec
re

at
io

na
l d

ru
g 

us
e

R
eg

ar
dl

es
s o

f r
ep

or
te

d 
dr

ug
 u

se
, W

LW
H

 p
er

fo
rm

ed
 

w
or

se
 o

n 
to

ta
l l

ea
rn

in
g,

 le
ar

ni
ng

 sl
op

e,
 d

el
ay

ed
 

re
ca

ll 
an

d 
re

co
gn

iti
on

 (p
-v

al
ue

s <
 0

.0
5)

.
In

 W
LW

H
, r

ec
en

t d
ru

g 
us

e 
w

as
 a

ss
oc

ia
te

d 
w

ith
 a

 
w

or
se

 p
er

fo
rm

an
ce

 o
n 

le
ar

ni
ng

 sl
op

e 
(p

 =
 0

.0
4)

, 
de

la
ye

d 
re

ca
ll 

(p
 =

 0
.0

07
) a

nd
 re

co
gn

iti
on

 
(p

 =
 0

.0
02

) t
ha

n 
no

n-
us

er
s. 

Th
is

 w
as

 n
ot

 se
en

 in
 

H
IV

-n
eg

at
iv

e 
w

om
en

.

(C
on

tin
ue

s)



350  |      RAFFE et al.

A
ut

ho
r 

(y
ea

r)
St

ud
y 

de
si

gn
Lo

ca
ti

on
A

im
/o

ut
co

m
e

Po
pu

la
ti

on
Sa

m
pl

e 
si

ze
  

(n
/%

 fe
m

al
e)

M
ea

n 
ag

e 
(y

ea
rs

)
M

ea
su

re
s 

us
ed

R
el

ev
an

t r
is

k 
as

so
ci

at
io

n 
ex

am
in

ed
 fo

r
M

aj
or

 fi
nd

in
gs

R
ub

in
 e

t a
l. 

(2
01

5)
f

C
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 a

 p
ro

sp
ec

tiv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l s

tu
dy

 
(W

IH
S)

U
SA

To
 in

ve
st

ig
at

e 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
pe

rc
ei

ve
d 

st
re

ss
 a

nd
 c

og
ni

tiv
e 

pe
rf

or
m

an
ce

 in
 W

LW
H

 
an

d 
H

IV
-n

eg
at

iv
e 

w
om

en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

10
03

 (1
00

3/
10

0%
)

49
6 

(4
96

/1
00

%
)

46
.2

N
eu

ro
ps

yc
ho

lo
gi

ca
l 

te
st

in
g 

in
cl

ud
in

g 
H

V
LT

PS
S

H
IV

 st
at

us
H

ig
he

r v
s. 

lo
w

er
 

PS
S

O
ve

ra
ll 

W
LW

H
 p

er
fo

rm
ed

 w
or

se
 o

n 
ve

rb
al

 le
ar

ni
ng

 
(p

 =
 0

.0
03

), 
m

em
or

y 
(p

 <
 0

.0
01

), 
at

te
nt

io
n 

an
d 

co
nc

en
tr

at
io

n 
(p

 =
 0

.0
04

), 
ex

ec
ut

iv
e 

fu
nc

tio
ni

ng
 

(p
 =

 0
.0

05
) a

nd
 p

sy
ch

om
ot

or
 sp

ee
d 

(p
 =

 0
.0

1)
 

th
an

 H
IV

-n
eg

at
iv

e 
w

om
en

.
A

 si
m

ila
r p

ro
po

rt
io

n 
of

 W
LW

H
 a

nd
 H

IV
-n

eg
at

iv
e 

w
om

en
 re

po
rt

ed
 h

ig
he

r p
er

ce
iv

ed
 st

re
ss

 (3
8%

 
vs

. 3
6%

; p
 =

 0
.4

1)
. A

m
on

g 
W

LW
H

, t
ho

se
 w

ith
 

hi
gh

er
 P

SS
 h

ad
 lo

w
er

 C
D

4 
co

un
ts

 a
nd

 h
ig

he
r 

pl
as

m
a 

H
IV

 R
N

A
 le

ve
ls

.
R

eg
ar

dl
es

s o
f H

IV
 st

at
us

, P
SS

 w
as

 in
ve

rs
el

y 
as

so
ci

at
ed

 w
ith

 c
og

ni
tiv

e 
pe

rf
or

m
an

ce
, w

ith
 

th
os

e 
w

ith
 h

ig
he

r p
er

ce
iv

ed
 st

re
ss

 p
er

fo
rm

in
g 

w
or

se
 o

n 
al

l H
V

LT
 in

di
ce

s.
In

 th
e 

W
LW

H
, t

ho
se

 w
ith

 h
ig

he
r P

SS
 p

er
fo

rm
ed

 
w

or
se

 o
n 

th
e 

ve
rb

al
 m

em
or

y 
do

m
ai

n 
(B

 =
 −

2.
24

, S
E 

=
 0

.6
2;

 p
 <

 0
.0

01
), 

sp
ec

ifi
ca

lly
 

dr
iv

en
 b

y 
de

la
ye

d 
re

ca
ll 

(B
 =

 −
2.

24
, S

E 
=

 0
.6

5;
 

p 
<

 0
.0

01
). 

Th
is

 p
er

si
st

ed
 a

fte
r c

on
tr

ol
lin

g 
fo

r C
D

4 
co

un
t, 

H
IV

 V
L,

 A
R

T 
us

e 
an

d 
A

R
T 

du
ra

tio
n.

 T
hi

s w
as

 n
ot

 se
en

 in
 H

IV
-n

eg
at

iv
e 

w
om

en
.

R
ub

in
 e

t a
l. 

(2
01

6)
g

C
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 a

 p
ro

sp
ec

tiv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l s

tu
dy

 
(W

IH
S)

U
SA

To
 in

ve
st

ig
at

e 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
PT

SD
 a

nd
 v

er
ba

l 
le

ar
ni

ng
 a

nd
 m

em
or

y 
in

 
W

LW
H

 a
nd

 H
IV

-n
eg

at
iv

e 
w

om
en

W
LW

H
H

IV
-n

eg
at

iv
e 

w
om

en

10
04

 (1
00

4/
10

0%
)

49
6 

(4
96

/1
00

%
)

47 43
PT

SD
 C

he
ck

lis
t-

C
iv

ili
an

 v
er

si
on

N
eu

ro
ps

yc
ho

lo
gi

ca
l 

te
st

in
g 

in
cl

ud
in

g 
H

V
LT

H
IV

 st
at

us
Th

e 
pr

op
or

tio
n 

of
 w

om
en

 w
ith

 P
TS

D
 w

as
 si

m
ila

r 
in

 W
LW

H
 a

nd
 H

IV
-n

eg
at

iv
e 

w
om

en
 (1

8%
 v

s. 
16

%
; p

 =
 0

.4
9)

. R
eg

ar
dl

es
s o

f H
IV

 st
at

us
, P

TS
D

 
w

as
 si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 p

oo
r c

og
ni

tiv
e 

pe
rf

or
m

an
ce

; w
ith

 w
om

en
 p

er
fo

rm
in

g 
w

or
se

 o
n 

ve
rb

al
 le

ar
ni

ng
 (p

 <
 0

.0
01

), 
m

em
or

y 
(p

 <
 0

.0
01

) 
an

d 
ps

yc
ho

m
ot

or
 sp

ee
d 

(p
 <

 0
.0

01
).

W
om

en

R
ub

in
 e

t a
l. 

(2
01

6)
h

C
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 a

 p
ro

sp
ec

tiv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l s

tu
dy

 
(W

IH
S)

U
SA

To
 e

xa
m

in
e 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

st
re

ss
, v

er
ba

l 
m

em
or

y 
an

d 
br

ai
n 

vo
lu

m
es

 in
 W

LW
H

W
LW

H
38

 (3
8/

10
0%

)
43

.9
PS

S
PT

SD
 C

he
ck

lis
t-

C
iv

ili
an

 v
er

si
on

C
ES

-D
 sc

al
e

Su
bs

ta
nc

e 
us

e 
hi

st
or

y
H

V
TL

St
ru

ct
ur

al
 M

R
I

H
ig

he
r v

s. 
lo

w
er

 
PS

S
D

ep
re

ss
iv

e 
sy

m
pt

om
s w

er
e 

re
po

rt
ed

 b
y 

26
%

 a
nd

 a
n 

el
ev

at
ed

 P
TS

D
 sy

m
pt

om
 b

ur
de

n 
in

 2
6%

. 8
4%

 
re

po
rt

ed
 e

ve
r h

av
in

g 
ex

pe
ri

en
ce

 a
bu

se
.

W
om

en
 w

ith
 h

ig
he

r P
SS

 p
er

fo
rm

ed
 w

or
se

 th
an

 
th

os
e 

w
ith

 lo
w

er
 P

SS
 o

n 
th

e 
ve

rb
al

 m
em

or
y 

do
m

ai
n 

(p
 <

 0
.0

05
). 

Th
ey

 h
ad

 h
ig

he
r C

D
4 

co
un

ts
 th

an
 th

os
e 

w
ith

 lo
w

er
 P

SS
 (p

 =
 0

.0
02

).
H

ig
he

r P
SS

 w
as

 a
ss

oc
ia

te
d 

w
ith

 sm
al

le
r v

ol
um

es
 

bi
la

te
ra

lly
 in

 th
e 

m
ed

ia
l t

em
po

ra
l r

eg
io

n 
(p

ar
ah

ip
po

ca
m

pa
l g

yr
i) 

an
d 

pr
ef

ro
nt

al
 c

or
te

x 
re

gi
on

s, 
re

gi
on

s i
nv

ol
ve

d 
in

 v
er

ba
l m

em
or

y 
pe

rf
or

m
an

ce
.

T
A

B
L

E
 4

 
(C

on
tin

ue
d)



      |  351HIV MEDICINE 

A
ut

ho
r 

(y
ea

r)
St

ud
y 

de
si

gn
Lo

ca
ti

on
A

im
/o

ut
co

m
e

Po
pu

la
ti

on
Sa

m
pl

e 
si

ze
  

(n
/%

 fe
m

al
e)

M
ea

n 
ag

e 
(y

ea
rs

)
M

ea
su

re
s 

us
ed

R
el

ev
an

t r
is

k 
as

so
ci

at
io

n 
ex

am
in

ed
 fo

r
M

aj
or

 fi
nd

in
gs

R
ub

in
 e

t a
l. 

(2
01

6)
i

C
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 a

 p
ro

sp
ec

tiv
e,

 
m

ul
tic

en
tr

e 
ob

se
rv

at
io

na
l s

tu
dy

 
(W

IH
S)

U
SA

To
 e

xa
m

in
e 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

st
re

ss
 a

nd
 

pr
ef

ro
nt

al
 c

or
tic

al
 

ac
tiv

at
io

n 
du

ri
ng

 v
er

ba
l 

m
em

or
y 

ta
sk

s

W
LW

H
36

 (3
6/

10
0%

)
43

.7
PS

S
PT

SD
 C

he
ck

lis
t-

C
iv

ili
an

 v
er

si
on

C
ES

-D
 sc

al
e

Fu
nc

tio
na

l M
R

I
In

-s
ca

nn
er

 v
er

ba
l 

m
em

or
y 

ta
sk

 
si

m
ila

r t
o 

th
e 

H
V

LT

H
ig

he
r v

s. 
lo

w
er

 
PS

S
W

om
en

 w
ith

 h
ig

he
r P

SS
 p

er
fo

rm
ed

 w
or

se
 th

an
 

th
os

e 
w

ith
 lo

w
er

 P
SS

 o
n 

th
e 

ve
rb

al
 m

em
or

y 
do

m
ai

n 
(p

 <
 0

.0
05

). 
Th

ey
 h

ad
 h

ig
he

r C
D

4 
co

un
ts

 th
an

 th
os

e 
w

ith
 lo

w
er

 P
SS

 (p
 =

 0
.0

02
).

Pa
tte

rn
s o

f b
ra

in
 a

ct
iv

at
io

n 
du

ri
ng

 re
co

gn
iti

on
, b

ut
 

no
t e

nc
od

in
g,

 d
iff

er
ed

 b
et

w
ee

n 
w

om
en

 w
ith

 
hi

gh
er

 P
SS

 th
an

 lo
w

er
 P

SS
. W

om
en

 w
ith

 h
ig

he
r 

PS
S 

de
m

on
st

ra
te

d 
gr

ea
te

r d
ea

ct
iv

at
io

n 
in

 m
ed

ia
l 

pr
ef

ro
nt

al
 c

or
te

x.

A
bb

re
vi

at
io

ns
: A

R
T,

 a
nt

ir
et

ro
vi

ra
l t

he
ra

py
; B

M
I, 

bo
dy

 m
as

s i
nd

ex
; C

ES
-D

, C
en

te
r f

or
 E

pi
de

m
io

lo
gi

ca
l S

tu
di

es
-D

ep
re

ss
io

n;
 H

A
IL

O
, L

on
g-

te
rm

 fo
llo

w
-u

p 
of

 o
ld

er
 H

IV
-in

fe
ct

ed
 a

du
lts

; H
V

LT
, H

op
ki

ns
 V

er
ba

l L
ea

rn
in

g 
Te

st
; M

LW
H

, m
en

 li
vi

ng
 w

ith
 H

IV
; M

R
I, 

m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g;
 N

C
-A

E,
 n

eu
ro

co
gn

iti
ve

-a
dv

er
se

 e
ffe

ct
s; 

O
R

, o
dd

s r
at

io
; P

LW
H

, p
eo

pl
e 

liv
in

g 
w

ith
 H

IV
; P

SS
, P

er
ce

iv
ed

 S
tr

es
s S

ca
le

; P
TS

D
, p

os
t-t

ra
um

at
ic

 st
re

ss
 

di
so

rd
er

; V
L,

 v
ir

al
 lo

ad
; W

IH
S,

 W
om

en
’s 

In
te

ra
ge

nc
y 

H
IV

 S
tu

dy
; W

LW
H

, w
om

en
 li

vi
ng

 w
ith

 H
IV

.
a C

ho
w

 F
C

, M
ak

an
ju

ol
a 

A
, W

u 
K

, B
er

zi
ns

 B
, K

im
 K

-Y
A

, O
gu

nn
iy

i A
, e

t a
l. 

Ph
ys

ic
al

 A
ct

iv
ity

 Is
 A

ss
oc

ia
te

d 
w

ith
 L

ow
er

 O
dd

s o
f C

og
ni

tiv
e 

Im
pa

ir
m

en
t i

n 
W

om
en

 b
ut

 N
ot

 M
en

 L
iv

in
g 

W
ith

 H
um

an
 Im

m
un

od
ef

ic
ie

nc
y 

V
ir

us
 In

fe
ct

io
n.

 J 
In

fe
ct

 D
is

. 2
01

8;
21

9(
2)

:2
64

–7
4.

b G
us

ta
fs

on
 D

R
, M

ie
lk

e 
M

M
, T

ie
n 

PC
, V

al
co

ur
 V

, C
oh

en
 M

, A
na

st
os

 K
, e

t a
l. 

A
nt

hr
op

om
et

ri
c 

m
ea

su
re

s a
nd

 c
og

ni
tio

n 
in

 m
id

dl
e-

ag
ed

 H
IV

-in
fe

ct
ed

 a
nd

 u
ni

nf
ec

te
d 

w
om

en
. T

he
 W

om
en

’s 
In

te
ra

ge
nc

y 
H

IV
 S

tu
dy

. J
 

N
eu

ro
vi

ro
l. 

20
13

;1
9(

6)
:5

74
–8

5.
c M

ak
i P

M
, R

ub
in

 L
H

, V
al

co
ur

 V
, M

ar
tin

 E
, C

ry
st

al
 H

, Y
ou

ng
 M

, e
t a

l. 
C

og
ni

tiv
e 

fu
nc

tio
n 

in
 w

om
en

 w
ith

 H
IV

. N
eu

ro
lo

gy
. 2

01
5;

84
(3

):2
31

–4
0.

d R
ub

in
 L

H
, R

ad
tk

e 
K

K
, E

um
 S

, T
am

ra
z 

B,
 K

um
an

an
 K

N
, S

pr
in

ge
r G

, e
t a

l. 
C

og
ni

tiv
e 

Bu
rd

en
 o

f C
om

m
on

 N
on

-a
nt

ir
et

ro
vi

ra
l M

ed
ic

at
io

ns
 in

 H
IV

-I
nf

ec
te

d 
W

om
en

. J
ai

ds
 J 

A
cq

ui
r I

m
m

un
e 

D
ef

ic
 S

yn
dr

om
es

. 
20

18
;7

9(
1)

:8
3–

91
.

e M
ey

er
 V

J, 
R

ub
in

 L
H

, M
ar

tin
 E

, W
eb

er
 K

M
, C

oh
en

 M
H

, G
ol

ub
 E

T,
 e

t a
l. 

H
IV

 a
nd

 R
ec

en
t I

lli
ci

t D
ru

g 
U

se
 In

te
ra

ct
 to

 A
ffe

ct
 V

er
ba

l M
em

or
y 

in
 W

om
en

. J
ai

ds
 J 

A
cq

ui
r I

m
m

un
e 

D
ef

ic
 S

yn
dr

om
es

. 2
01

3;
63

(1
):6

7–
76

.
f R

ub
in

 L
H

, C
oo

k 
JA

, W
eb

er
 K

M
, C

oh
en

 M
H

, M
ar

tin
 E

, V
al

co
ur

 V
, e

t a
l. 

Th
e 

as
so

ci
at

io
n 

of
 p

er
ce

iv
ed

 st
re

ss
 a

nd
 v

er
ba

l m
em

or
y 

is
 g

re
at

er
 in

 H
IV

-in
fe

ct
ed

 v
er

su
s H

IV
-u

ni
nf

ec
te

d 
w

om
en

. J
 N

eu
ro

vi
ro

l. 
20

15
;2

1(
4)

:4
22

–3
2.

g R
ub

in
 L

H
, P

yr
a 

M
, C

oo
k 

JA
, W

eb
er

 K
M

, C
oh

en
 M

H
, M

ar
tin

 E
, e

t a
l. 

Po
st

-tr
au

m
at

ic
 st

re
ss

 is
 a

ss
oc

ia
te

d 
w

ith
 v

er
ba

l l
ea

rn
in

g,
 m

em
or

y,
 a

nd
 p

sy
ch

om
ot

or
 sp

ee
d 

in
 H

IV
-in

fe
ct

ed
 a

nd
 H

IV
-u

ni
nf

ec
te

d 
w

om
en

. J
 

N
eu

ro
vi

ro
l. 

20
16

;2
2(

2)
:1

59
–6

9.
h R

ub
in

 L
H

, M
ey

er
 V

J, 
C

on
an

t R
J, 

Su
nd

er
m

an
n 

EE
, W

u 
M

, W
eb

er
 K

M
, e

t a
l. 

Pr
ef

ro
nt

al
 c

or
tic

al
 v

ol
um

e 
lo

ss
 is

 a
ss

oc
ia

te
d 

w
ith

 st
re

ss
-r

el
at

ed
 d

ef
ic

its
 in

 v
er

ba
l l

ea
rn

in
g 

an
d 

m
em

or
y 

in
 H

IV
-in

fe
ct

ed
 w

om
en

. N
eu

ro
bi

ol
 

D
is

. 2
01

6;
92

(P
t B

):1
66

–7
4.

i R
ub

in
 L

H
, W

u 
M

, S
un

de
rm

an
n 

EE
, M

ey
er

 V
J, 

Sm
ith

 R
, W

eb
er

 K
M

, e
t a

l. 
El

ev
at

ed
 st

re
ss

 is
 a

ss
oc

ia
te

d 
w

ith
 p

re
fr

on
ta

l c
or

te
x 

dy
sf

un
ct

io
n 

du
ri

ng
 a

 v
er

ba
l m

em
or

y 
ta

sk
 in

 w
om

en
 w

ith
 H

IV
. J

 N
eu

ro
vi

ro
l. 

20
16

;2
2(

6)
:8

40
–5

1.

T
A

B
L

E
 4

 (
C

on
tin

ue
d)



352  |      RAFFE et al.

Risk factors for neurocognitive disease

Only one study, a cross-sectional analysis of cardio-
metabolic risk factors and cognitive impairment in a 
cohort of 795 (20% female) older PLWH (> 40 years), 
included a male comparison group [45]. Although a 
greater proportion of WLWH than MLWH met the cri-
teria for cognitive impairment (36% vs. 26%; p = 0.003) 
there were significant differences between the women 
and men in terms of ethnicity (52% women vs. 25% 
men were black; p  <  0.001) and educational attain-
ment (median 12 vs. 14 years of education; p < 0.001). 
Increased physical activity (OR = 0.33 for >  3 days/
week of physical activity; p = 0.003) and higher HDL-C 
(OR = 0.78 for every 10 mg/dL higher; p = 0.28) were 
protective against cognitive impairment in the female 
participants but not among men. No significant asso-
ciations between other traditional cardiovascular risk 
factors or socioeconomic factors were reported in this 
cohort.

By contrast, Gustafson et al. found that a BMI < 18.5 
kg/m2 was associated with poorer performance across a 
limited battery of cognitive tests in WLWH compared 
with those with a BMI in the healthy range (18.5–25 kg/
m2) [46]. This relationship was not seen in HIV-negative 
women. Obesity (BMI > 30 kg/m2) was related to better 
performance on some aspects of neurocognitive test-
ing but a worse performance on others in both WLWH 
and HIV-negative women. No consistent relationships 
between waist circumference or waist-to-hip ratio and 
cognitive performance were seen. Of note, most women 
(69%) in the study had BMI >  25 kg/m2 with only 3.1% 
of WLWH and 1% of HIV-negative women having a BMI 
< 18.5 kg/m2.

Pattern of cognitive impairment in WLWH

In 2015, Maki et al. [47] examined the association be-
tween HIV status and cognition in the WIHS cohort and 
explored the impact of HIV on the pattern and magni-
tude of cognitive impairment. In this cohort of 1521 
women (13% of the 1019 WLWH had CD4 T-cell count 
<  200 cells/µL and 53% had an undetectable plasma 
HIV RNA), HIV status had a small but significant (0.05–
0.09 SD units) negative impact on verbal learning and 
memory, speed of information processing and atten-
tion. Of note, the impact of HIV on cognitive function 
was less than the effect of years of education, age, race/
ethnicity, household income and reading level. WLWH 
with a low CD4 count, high viral load, low education or 
an AIDS-defining illness were more vulnerable to cog-
nitive deficit.

Drugs and neurocognitive disease in WLWH

Two studies examined the impact of drugs on cogni-
tive performance. The first considered medications with 
known neurocognitive-adverse effects (NC-AE) on 1037 
WLWH and 521 HIV-negative women [48]. The WLWH 
were older (47 vs. 43 years), more likely to have positive 
HCV antibody (Ab) serology (23% vs. 13%) but less likely 
to report recent heavy alcohol (14% vs. 22%), marijuana 
(15% vs. 22%) or recreational drug (6% vs. 8%) use. The 
WLWH reported using more NC-AE medications than 
HIV-negative women (p < 0.05), although opioid and an-
ticonvulsant use was similar in both groups.

The WLWH performed worse than HIV-negative 
women on global function (p = 0.01), memory (p = 0.04), 
attention/working memory (p = 0.02) and executive func-
tion (p = 0.02), but measures of fluency and motor skills 
were similar. NC-AE medication use was not associated 
with worse cognitive performance nor did it moderate 
the association between HIV and performance. However, 
anticholinergic burden was negatively associated with 
learning and executive function; a greater association in 
WLWH than in HIV-negative women suggested an in-
creased cognitive vulnerability.

Meyer et al. investigated the impact of illicit drug use 
on 1003 women with and 496 women without HIV [49]. 
Reported drug use was high regardless of HIV status, with 
recent recreational drug use reported by 9.6% of WLWH 
and 11% HIV-negative women, and former use by 48.6% 
and 42.4%, respectively. Regardless of reported drug use, 
WLWH performed worse than HIV-negative women 
on total learning, learning slope, delayed recall and rec-
ognition (p-values  <  0.05). While recent drug users per-
formed worse on learning slope (p = 0.04), delayed recall 
(p = 0.007) and recognition (p = 0.002), former users did 
not perform differently to never-users on any measure. 
Recent drug use (compared with never-use) had a nega-
tive impact on verbal learning and memory in WLWH but 
not in HIV-negative women, suggesting a potential syn-
ergistic neurotoxicity between HIV serostatus and recent 
drug use which remained following adjustment for HIV-
specific characteristics.

Stress and neurocognitive disease in WLWH

Four studies from the WIHS cohort examined the im-
pact of stress on cognitive impairment. The first of these 
by Rubin et al. considered the relationship between per-
ceived stress and cognitive performance [50], demon-
strating similar proportions of WLWH and HIV-negative 
women reporting high perceived stress (38% vs. 36%; 
p  =  0.41). Regardless of HIV status, those with higher 
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perceived stress performed worse on all indices of the 
Hopkins Verbal Learning test. In WLWH, those with 
higher levels of perceived stress performed worse on the 
verbal memory domain (p < 0.001), specifically driven by 
delayed recall (p < 0.001). This was not seen among the 
HIV-negative women, where there were no significant dif-
ferences in either the verbal domain (p = 0.99) or delayed 
recall (p  =  0.76) between those with higher and lower 
perceived stress. Among the WLWH, those with higher 
perceived stress had lower CD4 counts and higher plasma 
HIV RNA; however, the relationship with poor verbal 
memory and delayed recall persisted after controlling for 
these factors.

A further analysis of the WIHS cohort examined the re-
lationship between post-traumatic stress disorder (PTSD) 
and verbal learning and memory in women with and 
without HIV [51]. Again, the proportions of women with 
PTSD (defined by the PTSD Checklist-Civilian version) 
were similar in WLWH and HIV-negative women (18% vs. 
16%; p = 0.49) and, regardless of HIV status, PTSD was 
significantly and inversely associated with cognitive per-
formance, particularly verbal learning (p < 0.001), mem-
ory (p < 0.001) and psychomotor speed (p < 0.001). There 
was no relationship between HIV status and the impact 
of PTSD on verbal learning or memory, although WLWH 
meeting criteria for PTSD performed worse on assessment 
of fine motor skills (p = 0.003). Of note, in this cohort the 
WLWH were significantly older (p < 0.001), had a higher 
minority representation, and were more likely to be HCV-
Ab-positive (31% vs. 19%; p <  0.001) and to use antide-
pressants (17% vs. 10%; p < 0.001) and less likely to report 
excessive alcohol (15% vs. 25%; p < 0.001) or marijuana 
use (15% vs. 22%; p < 0.001) compared with HIV-negative 
women.

A small sub-study of 38 predominately African-
American WLWH used structural magnetic resonance 
imaging (MRI) to examine the association between stress, 
verbal memory and brain volume [52]. In this cohort, 
26% reported depressive symptoms, 26% had an elevated 
PTSD burden and 84% reported having experienced abuse 
(sexual, physical or domestic). Women with a higher per-
ceived stress score performed worse on testing of verbal 
memory (p < 0.005). As established in the HIV-negative 
population, high perceived stress score was associated 
with smaller volumes bilaterally in the medial temporal 
region (parahippocampal gyri) and prefrontal cortex re-
gions, both involved in verbal memory. A further study, 
utilizing functional MRI to explore cortical activation 
during verbal memory tasks in 36 WLWH, found that pat-
terns of brain activation during recognition, but not en-
coding, were associated with perceived stress score [53]. 
Women with higher perceived stress score demonstrated 
greater deactivation in medial prefrontal cortex.

DISCUSSION

This review confirms the high burden of age-related mor-
bidity experienced by WLWH. As compared with HIV-
negative women, WLWH are at an increased risk of an 
acute cardiovascular event, reduced BMD and impaired 
cognitive performance. Female sex was also consistently 
identified as a risk factor for renal disease in PLWH.

However, this review also highlights the inadequacy 
of our understanding of the drivers behind this increased 
disease burden. During screening and assessment of eli-
gibility, multiple large studies were excluded due to poor 
female representation among participants or a failure to 
present any sex-based analysis. Only 21 studies focused 
specifically on comorbidities in women (five cardiovascu-
lar, four bone and eight neurocognitive disease); notably 
no studies looked specifically at renal disease in WLWH.

There may be underlying, HIV-driven biological mech-
anisms contributing to this increased burden of comor-
bid disease. Fitch et al. [13] identified differing patterns 
of coronary calcification between women living with and 
without HIV, which raised questions as to the efficacy of 
our current tools for screening for ischaemic heart disease 
in WLWH. Similarly, to ensure the safe use of medication 
that acts on the central nervous system in WLWH, we need 
a better understanding of the increased cognitive vulner-
ability highlighted by Rubin et al. [48]. To ensure we are 
able to screen and manage comorbidities effectively in 
WLWH, it is essential that future research explores these 
mechanisms by focusing specifically on women.

A number of other limitations impair our ability to 
draw conclusions from this review. The studies lack geo-
graphical diversity, restricting our ability to generalize the 
results. The marked differences in population demograph-
ics, behaviours, healthcare systems and approach to HIV 
treatment between settings also impair our ability to draw 
any meaningful comparisons between different studies. 
Few studies focused on postmenopausal women which 
may not capture the true impact of ageing and comorbid 
disease in WLWH.

However, by far the greatest factor limiting our ability 
to draw conclusions from this review is the number of both 
acknowledged and unacknowledged confounding factors. 
Control groups were often poorly matched, particularly in 
terms of ethnicity. This is profoundly important when we 
consider how readily different populations are able to ac-
cess healthcare. Abraham et al. [32] noted that the rate of 
HIV viral suppression was markedly lower in black than 
in non-black participants (47% vs. 73%). Ogunbayo et al. 
[31] also found that WLWH, of whom a higher proportion 
were black compared with the MLWH, were significantly 
less likely to undergo coronary revascularization follow-
ing MI. These two studies, both from North America, 
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highlight the need to explore sex and race-related inequal-
ity in the healthcare setting as a barrier to WLWH access-
ing care.

Very few studies attempted to report on wider socioeco-
nomic factors that influence health and access to health-
care. Those that did found striking differences in measures 
such as educational attainment [21,45], household income 
[21] and unemployment [18] between WLWH and either 
MLWH or HIV-negative controls.

In order to provide the best possible care and sup-
port for women as they age with HIV, it is essential that 
more research, focusing specifically on women, explores 
the complex and multiple drivers behind the increased 
burden of age-related comorbidities in this population. 
Potential biological mechanisms must be explored, 
but equally it is essential that we gain a greater under-
standing of the multiple factors that drive disparities 
in healthcare to improve the holistic management of 
WLWH.
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APPENDIX 1

MEDLINE search strategy
	 1.	 "HIV Infections"/ep, mo (42749)
	 2.	 (hiv or hiv-1* or hiv-2* or hiv1 or hiv2 or "hiv infect*").

ti,ab. (304957)
	 3.	 ("human immunodeficiency virus" or "human im-

munedeficiency virus" or "human immuno-deficiency 
virus" or "human immune-deficiency virus").ti,ab. 
(85384)

	 4.	 ("human immun*" and "deficiency virus").ti,ab. (627)
	 5.	 ("AIDS virus" or "HIV/AIDS").ti,ab. (29158)
	 6.	 1 or 2 or 3 or 4 or 5 (327266)
	 7.	 exp Women/ (35746)
	 8.	 Female/ (8535316)
	 9.	 (wom?n* or female* or girl* or mother* or widow*).

ti,ab. (2192690)
	10.	 7 or 8 or 9 (8929644)
	11.	 exp *Pregnancy/ (148784)
	12.	 10 not 11 (8782685)
	13.	 6 and 12 (135636)
	14.	 exp Comorbidity/ (104912)
	15.	 exp Aging/ (241043)
	16.	 exp Chronic Disease/ (260908)
	17.	 (comorbidit* or non-AIDS-related).ti,ab. (115382)
	18.	 (aging or ageing).ti,ab. (210046)
	19.	 (chronic disease* or chronicity).ti,ab. (68863)
	20.	 14 or 15 or 16 or 17 or 18 or 19 (844741)
	21.	 13 and 20 (6600)
	22.	 Morbidity/ or Incidence/ or Prevalence/ (539398)
	23.	 exp Mortality/ (372714)
	24.	 (morbidity or incidence or prevalence or mortality or 

cause of death).ti,ab. (2010947)
	25.	 exp Epidemiologic Studies/ (2432397)
	26.	 ep.fs. (1623791)
	27.	 22 or 23 or 24 or 25 or 26 (4680495)

	28.	 21 and 27 (5314)
	29.	 28 (5314)
	30.	 limit 29 to yr="2000 -Current" (4815)
	31.	 exp *neoplasms/ (2860074)
	32.	 (cancer* or sarcoma* or neoplasm* or oncolog* or ma-

lignan* or carcinoma* or lymphoma* or melanoma* 
or tumor* or tumour* or leukemia* or leukaemia*).
ti,ab. (3458503)

	33.	 *Developing Countries/ (27369)
	34.	 (Africa or Asia or Caribbean or West Indies or South 

America or Latin America or Central America).ti,ab. 
(186319)

	35.	 (Afghanistan or Albania or Algeria or Angola or 
Antigua or Barbuda or Argentina or Armenia or 
Armenian or Aruba or Azerbaijan or Bahrain or 
Bangladesh or Barbados or Benin or Byelarus or 
Byelorussian or Belarus or Belorussian or Belorussia or 
Belize or Bhutan or Bolivia or Bosnia or Herzegovina 
or Hercegovina or Botswana or Brasil or Brazil or 
Bulgaria or Burkina Faso or Burkina Fasso or Upper 
Volta or Burundi or Urundi or Cambodia or Khmer 
Republic or Kampuchea or Cameroon or Cameroons 
or Cameron or Camerons or Cape Verde or Central 
African Republic or Chad or Chile or China or 
Colombia or Comoros or Comoro Islands or Comores 
or Mayotte or Congo or Zaire or Costa Rica or Cote 
d'Ivoire or Ivory Coast or Croatia or Cuba or Cyprus 
or Czechoslovakia or Czech Republic or Slovakia or 
Slovak Republic or Djibouti or French Somaliland or 
Dominica or Dominican Republic or East Timor or East 
Timur or Timor Leste or Ecuador or Egypt or United 
Arab Republic or El Salvador or Eritrea or Estonia 
or Ethiopia or Fiji or Gabon or Gabonese Republic 
or Gambia or Gaza or Georgia Republic or Georgian 
Republic or Ghana or Gold Coast or Greece or Grenada 
or Guatemala or Guinea or Guam or Guiana or Guyana 
or Haiti or Honduras or Hungary or India or Maldives 
or Indonesia or Iran or Iraq or Isle of Man or Jamaica or 
Jordan or Kazakhstan or Kazakh or Kenya or Kiribati 
or Korea or Kosovo or Kyrgyzstan or Kirghizia or 
Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR 
or Laos or Latvia or Lebanon or Lesotho or Basutoland 
or Liberia or Libya or Lithuania or Macedonia or 
Madagascar or Malagasy Republic or Malaysia or 
Malaya or Malay or Sabah or Sarawak or Malawi or 
Nyasaland or Mali or Malta or Marshall Islands or 
Mauritania or Mauritius or Agalega Islands or Mexico 
or Micronesia or Middle East or Moldova or Moldovia 
or Moldovian or Mongolia or Montenegro or Morocco 
or Ifni or Mozambique or Myanmar or Myanma or 
Burma or Namibia or Nepal or Netherlands Antilles 
or New Caledonia or Nicaragua or Niger or Nigeria 
or Northern Mariana Islands or Oman or Muscat or 
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Pakistan or Palau or Palestine or Panama or Paraguay 
or Peru or Philippines or Philipines or Phillipines or 
Phillippines or Poland or Portugal or Puerto Rico 
or Romania or Rumania or Roumania or Russia or 
Russian or Rwanda or Ruanda or Saint Kitts or St Kitts 
or Nevis or Saint Lucia or St Lucia or Saint Vincent or 
St Vincent or Grenadines or Samoa or Samoan Islands 
or Navigator Island or Navigator Islands or Sao Tome 
or Saudi Arabia or Senegal or Serbia or Montenegro or 
Seychelles or Sierra Leone or Slovenia or Sri Lanka or 
Ceylon or Solomon Islands or Somalia or South Africa 
or Sudan or Suriname or Surinam or Swaziland or 
Syria or Tajikistan or Tadzhikistan or Tadjikistan or 
Tadzhik or Tanzania or Thailand or Togo or Togolese 
Republic or Tonga or Trinidad or Tobago or Tunisia 
or Turkey or Turkmenistan or Turkmen or Uganda or 
Ukraine or Uruguay or USSR or Soviet Union or Union 
of Soviet Socialist Republics or Uzbekistan or Uzbek 
or Vanuatu or New Hebrides or Venezuela or Vietnam 
or Viet Nam or West Bank or Yemen or Yugoslavia or 
Zambia or Zimbabwe or Rhodesia).ti,ab. (1188643)

	36.	 ((developing or less* developed or under developed 
or underdeveloped or middle income or low* income 
or underserved or under served or deprived or poor*) 
adj (countr* or nation? or population? or world)).ti,ab. 
(96280)

	37.	 ((developing or less* developed or under developed 
or underdeveloped or middle income or low* income) 
adj (economy or economies)).ti,ab. (516)

	38.	 (low* adj (gdp or gnp or gross domestic or gross na-
tional)).ti,ab. (238)

	39.	 (low adj3 middle adj3 countr*).ti,ab. (15068)
	40.	 (lmic or lmics or third world or lami countr*).ti,ab. 

(7110)
	41.	 transitional countr*.ti,ab. (157)
	42.	 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 

or 41 (5284091)
	43.	 30 not 42 (2884)
	44.	 exp *Bacterial Infections/ (736756)
	45.	 (multiple or recurrent).ti,ab. (1465160)
	46.	 44 and 45 (32017)
	47.	 ((mutilple or recurrent) adj1 bacterial infection*).

ti,ab. (585)
	48.	 exp *Candidiasis/ (22433)
	49.	 (bronchus or bronchi or trachea* or lung* or pulmo-

nary or espohag* or oesophag*).ti,ab. (1072622)
	50.	 48 and 49 (1027)
	51.	 ((bronchus or bronchi or trachea* or lung* or pulmo-

nary or espohag* or oesophag*) and candidiasis).ti,ab. 
(1120)

	52.	 *Coccidioidomycosis/ (2505)
	53.	 (disseminated or extrapulmonary).ti,ab. (66572)
	54.	 52 and 53 (510)

	55.	 ((disseminated or extrapulmonary) adj1 coccidioido-
mycosis).ti,ab. (345)

	56.	 *Cryptococcosis/ (5788)
	57.	 extrapulmonary.ti,ab. (8232)
	58.	 56 and 57 (41)
	59.	 extrapulmonary cryptococcosis.ti,ab. (17)
	60.	 *Cryptosporidiosis/ (4443)
	61.	 chronic intestinal.ti,ab. (2497)
	62.	 60 and 61 (3)
	63.	 chronic intestinal cryptosporidiosis.ti,ab. (2)
	64.	 exp *Cytomegalovirus Infections/ (19394)
	65.	 (cytomegalovirus Infections or cytomegalovirus dis-

ease*).ti,ab. (2280)
	66.	 *AIDS Dementia Complex/ (2835)
	67.	 (AIDS Dementia Complex or "HIV encephalopath*").

ti,ab. (910)
	68.	 exp *Herpes Simplex/ (18427)
	69.	 "herpes simplex".ti,ab. (39802)
	70.	 *histoplasmosis/ (4997)
	71.	 (disseminated or extrapulmonary).ti,ab. (66572)
	72.	 70 and 71 (1201)
	73.	 ((disseminated or extrapulmonary) adj1 histoplasmo-

sis).ti,ab. (1174)
	74.	 *Isosporiasis/ (196)
	75.	 chronic intestinal.ti,ab. (2497)
	76.	 74 and 75 (1)
	77.	 chronic intestinal isosporiasis.ti,ab. (2)
	78.	 lymphoid interstitial pneumonia.ti,ab. (217)
	79.	 pulmonary lymphoid hyperplasia complex.ti,ab. (1)
	80.	 *Mycobacterium avium Complex/ (1701)
	81.	 *Mycobacterium kansasii/ (329)
	82.	 (disseminated or extrapulmonary).ti,ab. (66572)
	83.	 81 and 82 (45)
	84.	 mycobacterium avium complex.ti,ab. (2878)
	85.	 ((pulmonary or disseminated) adj1 mycobacterium 

kansasii).ti,ab. (84)
	86.	 *Mycobacterium tuberculosis/ (36014)
	87.	 (pulmonary or disseminated or extrapulmonary).

ti,ab. (566676)
	88.	 86 and 87 (4402)
	89.	 ((pulmonary or disseminated or extrapulmonary) 

adj1 mycobacterium tuberculosis).ti,ab. (138)
	90.	 *Mycobacterium/ (12240)
	91.	 (disseminated or extrapulmonary).ti,ab. (66572)
	92.	 90 and 91 (198)
	93.	 ((disseminated or extrapulmonary) adj1 mycobacte-

rium).ti,ab. (774)
	94.	 *Pneumocystis carinii/ (1207)
	95.	 pneumonia.ti,ab. (110638)
	96.	 94 and 95 (856)
	97.	 ((Pneumocystis carinii or Pneumocystis jirovecii) and 

pneumonia).ti,ab. (6000)
	98.	 recurrent pneumonia.ti,ab. (971)
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	99.	 *Leukoencephalopathy, Progressive Multifocal/ 
(2354)

	100.	 progressive multifocal leukoencephalopathy.ti,ab. 
(3013)

	101.	 salmonella septic?emia.ti,ab. (98)
	102.	 *Toxoplasmosis, Cerebral/ (936)
	103.	 cerebral toxoplasmosis.ti,ab. (834)
	104.	 (brain adj1 toxoplasmosis).ti,ab. (40)
	105.	 *HIV Wasting Syndrome/ (368)
	106.	 HIV wasting syndrome.ti,ab. (74)

	107.	 46 or 47 or 50 or 51 or 54 or 55 or 58 or 59 or 62 or 63 
or 64 or 65 or 66 or 67 or 68 or 69 or 72 or 73 or 76 or 
77 or 78 or 79 or 80 or 83 or 84 or 85 or 88 or 89 or 92 
or 93 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 
103 or 104 or 105 or 106 (124759)

	108.	 (case report or case series).ti. (248880)
	109.	 Case Reports.pt. (2073732)
	110.	 108 or 109 (2128812)
	111.	 107 or 110 (2228141)
	112.	 43 not 111 (2683)
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