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Abstract
Introduction: Studies have reported the prevalence, incidence and risk of health challenges and comorbidities expe-
rienced by people living with HIV (PLHIV) in developed countries. Yet, no systematic review to appraise and summate 
these studies exists.
Methods: Electronic database searches included studies conducted in developed countries which reported health chal-
lenges and comorbidities in PLHIV compared to a HIV negative population. Critical appraisal was conducted using the 
Appraisal Tool for Cross Sectional Studies (AXIS). 
Results: Eligible studies (n = 51) were of moderate to high methodological quality (range: 7-19/20). PLHIV had increased 
rates or risk of ischaemic stroke, myocardial infarction, reduced bone mineral density, lung and anal cancer, chronic 
obstructive pulmonary disease, lung infections, and peripheral lipodystrophy. 
Conclusions: In developed countries several health challenges and comorbidities remain of greater concern in PLHIV 
compared to HIV negative individuals. Evidence for other comorbidities remains limited or inconclusive, and requires 
further research. 
Keywords:  Adult, AIDS, Developed Countries, HIV, Health, Review.  

Introduction
In most developed countries, Human Immuno
deficiency Virus (HIV) has become a chronic, non-
terminal condition, due in part to early diagnosis and 
the introduction of antiretroviral therapy (ART) [1].  
The resulting increased life expectancy of PLHIV 
now approaches that of the HIV uninfected (HIV-ve) 
population [2,3,4]. 

Nevertheless, despite increased life expectancy, 
PLHIV can experience a variety of physical and 
psychological health challenges compared to HIV-
ve individuals [5,6]. These findings have been 
related to aging with HIV in line with increased life 
expectancy [5], but also the direct effect of HIV 
infection, or the sequelae of ART [2]. 

Previous research has reported the prevalence, 
incidence, and risk of health challenges and 
comorbidities in PLHIV. A synopsis of which, includes 
decreased bone mineral density, increased rates 
of neurocognitive impairments, and respiratory 
symptoms [7,8], and high rates of dyslipidaemia and 
increased muscle fat content, resulting in weakness, 
falls, decline in physical activity [9], psychological 
and social function, which can manifest as ‘frailty’ 
[10].  Therefore, the potential for these comorbidities 
and health challenges to increase disability and thus 
reduce quality of life in this population is of concern. 

Yet no study has systematically reviewed the evidence 
from developed countries on prevalence, incidence or 
risk rates for health challenges and comorbidities in 
PLHIV compared to the HIV-ve population. 

No critically appraised, summative, and comparative 
evidence exists to show if any health challenges and 
comorbidities are experienced by, or pose a greater risk 
in PLHIV. Thus, health professionals who manage these 
HIV related challenges and comorbidities, and their 
sequalae remain uninformed of the greater healthcare 
needs specific to PLHIV. The purpose of this systematic 
review was to critically appraise published literature 
which reported health challenges and co-morbidities 
experienced by PLHIV compared to matched HIV-ve 
individuals in developed countries.

Methods
This review was guided by the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses 
(PRISMA) framework [11], and was registered with the 
International Prospective Register of Systematic reviews 
(CRD42020147864). 

Eligibility Criteria

Studies were published in English, from peer-reviewed 
journals, were conducted in developed countries as 
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defined previously [12], reported prevalence, incidence, 
or risk of any health challenge or co-morbidities in a 
HIV positive (HIV+ve) target population (>18 years) with 
or without exposure to ART, and included a comparison 
HIV-ve population, or profile statistics from an existing 
epidemiological data set. Studies which included 
pregnant women, were reviews, meta-analyses, opinion 
pieces, or conference proceedings were excluded.

Search Strategy and Study Selection 

Between 1st June and 31st July 2019, Medline, Emcare, 
CINHAL and Scopus were searched using a pre-determined 
search string (Table 1).

Identified articles were imported to EndnoteTM (X8.2).  
Duplicates were deleted and titles screened for 

relevance (LJ). Suitable abstracts were then screened 
and full text articles selected (LJ & CAF). At each stage 
both reviewers were blinded to each other’s decision. 
Articles for quality appraisal were approved following 
reviewer discussion and consensus.

Quality Assessment of Included Studies
Articles were critically appraised using the Appraisal 
Tool for Cross Sectional Studies (AXIS) [13]. To maximise 
reliability between reviewers, the interpretation of each 
AXIS guideline was discussed prior to its application. 
Reviewers independently appraised articles before 
discussion to reach consensus on scores. Study quality 
was categorised as low (<4 axis criteria met), low to 
moderate (5-10), moderate to high (11-15), or high (>15) 
as described previously [14]. 

Table 1: Search Strings

HIV String ART String Health condition and/or co-morbidity string

HIV coinfection 
HIV coinfections 
HIV infection 
HTLV iii infections 
HTLV iii lav infections 
HTLV-iii infection 
HTLV-iii infections 
HTLV-iii-lav-infection 
HTLV-iii-lav infections HIV 
HTLV-iii 
Human immunodeficiency virus 
Human immunodeficiency viruses 
Human t cell leukemia virus  
type iii 
Human t cell lymphotropic virus 
type iii 
Human t-cell lymphotropic virus 
type iii 
Human t-lymphotropic virus  
type iii 
Lav-HTLV-iii 
Lymphadenopathy associated virus 
Lymphadenopathy-associated virus 
Lymphadenopathy-associated  
viruses 
Virus 
Human immunodeficiency 
Viruses 
Lymphadenopathy-associated 
HIV seropositivity 
Lymphadenopathy associated  
retrovirus 

HAART 
Highly active  
antiretroviral therapy 
ART 
Antiretroviral therapy 
Anti-HIV agents

Disease 
Cardiovascular disease 
Cardiovascular diseases 
Heart 
Musculoskeletal disease 
Musculoskeletal diseases 
Orthopaedic disorder 
Respiratory tract disease 
Respiratory tract diseases 
Anaemia 
Myocardial infarction 
MI 
Tuberculosis 
Physical impairment 
Impairment 
Impairments 
Deficit 
Deficits 
Gait deficit 
Locomotor impairment 
Balance 
Abnormal gait 
Co morbidities 
Comorbidity 
Dementia 
Osteoporosis 
 

Osteopenia 
Multiple sclerosis 
Metabolic syndrome 
Carcinoma 
Insulin resistance 
Cancer 
Diabetes mellitus 
Type 2 diabetes 
Depression 
Anxiety 
Psychosocial disorders 
Loneliness 
Neurocognitive  
disorders 
Neuro psycho-social 
impairment 
HIV associated  
dementia 
Visual deficit 
Memory deficit 
Encephalitis 
Frailty 
Drug sensitivity 
Adverse drug reaction 
Health challenge
Multi-morbidity
Neuropathy  
Lipodystrophy 
Neurological  

ART: Antiretroviral Therap y; HTLV: Human T lymphotrophic Virus; HAART: Highly Active Antiretroviral Therapy; MI: 
Myocardial Infarction;  
HIV: Human Immunodeficiency Virus  
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Data Extraction

AXIS scores and key article information was extracted 
and tabulated to allow comparison and synthesis of 
research findings, risk of bias, and quality rating. 

Results 
Searches yielded 6,814 studies. The database search 
and selection process are shown in Figure 1. The fifty-
one appraised articles included cohort studies (n = 23), 
cross-sectional studies (n = 23), case control studies  
(n = 4), and a retrospective medical chart review (n = 1). 

Reported health challenges and co-morbidities were 
categorised into 14 groups (Table 2). The reporting 
of prevalence, incidence, or risk for cardiovascular 
related diseases predominated. Six of the groups were 
represented by only one article. Overall quality of 
studies was moderate to high (range 7–19). Eight articles 
were high quality (range 16-19), 41 moderate to high 
quality (range 10-15), and two low to moderate quality 
(range 7-9) (Table 3). 

HIV Related Cardio Vascular (CV) Disease
Out of 15 articles, two rated high quality [15,16], and 13 
moderate to high (Table 2). Prevalence of a CV related 
disease was reported by five articles [17-21], incidence 
by six [15,22-26], and risk by nine [15,16,23-29]. Six 

articles reported a combination of either prevalence, 
incidence, or risk [15,16,23-26]. Four articles reported 
the prevalence of hypertension [17-20], three of which 
reported prevalence to be no greater in PLHIV compared 
to HIV-ve controls [17,18,20]. Peripheral vascular disease 
(PAD) was the focus of only one article which identified 
a significantly higher cumulative incidence of PAD, and 
post-PAD event mortality in PLHIV [15].  

Four studies reported on coronary artery disease 
[21,24,26,28], of which three reported the incidence 
and/or risk of acute coronary events [24,26,28]. The 
other reported prevalence of coronary atherosclerosis 
using the Coronary Artery Disease-Reporting and Data 
System, and found a significantly increased prevalence 
of coronary atherosclerosis in PLHIV (2.21 ± 1.4 vs. 1.69 
±1.5; p=0.031) [21]. 

Two of the studies on acute coronary events detailed 
higher rates of acute myocardial infarction (AMI) in 
PLHIV [24,26]. Greater incidence, with increased odds 
ratio for AMI was associated with the antiretrovirals 
abacavir, efavirenz, lopinavir, and ritonavir, indicating 
greater risk for AMI in PLHIV, associated with exposure 
to certain ARTs [24]. Similarly, increased relative risk for 
AMI was found in HIV+ve women [26].

In contrast, De Socio et al. [28] used the Framingham 
Risk Score (FRS) to show that average 10-year risk for 
acute CV disease was not significantly different for PLHIV.  
However, risk of death from CV disease was greater in 
PLHIV. The FRS was used by Bergersen et al. [27] showing 
risk of CV disease (>20%) was more than double in PLHIV 
on HAART. A later study also reported increased risk in 
PLHIV, but this was not significant compared with HIV-ve 
controls (p=0.24) [29]. A third study showed significantly 
increased incidence of CV disease identified from ICD-9 
codes in younger PLHIV (M<34yrs; F<44yrs) [23]. 

Greater Incidence or risk of ischaemic stroke (IS) in PLHIV 
was reported by three articles [16,22,25].  HIV was an 
independent predictor of IS, with incidence particularly 
higher in young and female PLHIV, independent of 
common risk factors [22]. Similarly, veterans living with 
HIV demonstrated a higher IS incidence (IR 1.25 [1.09–
1.43]; p=0.01), and risk (HR 1.17 [1.01–1.36]; p=0.04), 
compared to their HIV-ve counterparts [25]. The third 
article reported increased incidence and risk in HIV+ve 
women, highlighting a risk almost twice that of HIV-ve 
women. Interestingly, this risk was lowered by long term 
ART exposure (HR 0.86 per year, 95% CI: 0.76–0.96) [16]. 

HIV Related Changes in Bone Mineral Density (BMD)
All articles in this category found significantly reduced 
BMD, altered bone metabolism, or higher rates of Figure 1: PRISMA Flow Chart of Selected Studies
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Table 3: Articles according to reported comorbidity or health challenge and AXIS quality appraisal score

Comorbidity/
Health Challenge Author

AXIS 
Criteria Met Quality Rating 

Cardiovascular disease 
(n=15) 

Baekken et al. (2008) 14/20 Moderate to High

Beckman et al. (2018) 16/20 High

Bergersen et al. (2004) 12/20 Moderate to High

Bergersen et al. (2003) 15/20 Moderate to High

Chow et al. (2012) 15/20 Moderate to High

Chow et al. (2018) 16/20 High

Currier et al. (2003) 13/20 Moderate to High

De Socio et al. (2007) 12/20 Moderate to High

Durand et al. (2011) 15/20 Moderate to High

Gazzaruso et al. (2014) 11/20 Moderate to High

Jerico et al. (2005) 14/20 Moderate to High

Kakinami et al. (2013) 14/20 Moderate to High

Senoner et al. (2019) 14/20 Moderate to High

Sico et al. (2015) 13/20 Moderate to High

Triant et al. (2007) 14/20 Moderate to High

Bone Mineral Density 
(n=6)

Arnsten et al. (2007) 14/20 Moderate to High

Bruera et al. (2003)   9/20 Low to Moderate

Loiseau-Peres et al. (2002)   7/20 Low to Moderate

Slama et al. (2017) 15/20 Moderate to High

Tebas et al. (2000) 11/20 Moderate to High

Teichmann et al. (2003) 12/20 Moderate to High

Cancer (n=6) Bower et al. (2003) 10/20 Moderate to High

Crum-Cianflone et al. (2010) 12/20 Moderate to High

Meijde et al. (2017) 13/20 Moderate to High

Massad et al. (2016) 13/20 Moderate to High

Palefsky et al. (1998) 13/20 Moderate to High

Hammad et al. (2011) 15/20 Moderate to High

Diabetes (n=5) Brown et al. (2005) 16/20 High

Butt et al. (2009) 13/20 Moderate to High

Justman et al. (2003) 13/20 Moderate to High

Rasmussen et al. (2012) 12/20 Moderate to High

Tien et al. (2007) 14/20 Moderate to High

Respiratory/Pulmonary  
disease (n=4) 

Crothers et al. (2011) 16/20 High

Crothers et al. (2006) 15/20 Moderate to High

Gingo et al. (2013) 15/20 Moderate to High

Patil et al. (2014) 14/20 Moderate to High

Neurocognitive dysfunction 
(n=4) 

Ciccarelli et al. (2011) 15/20 Moderate to High

Ciccarelli et al. (2012) 14/20 Moderate to High

Crum-Cianflone et al. (2013) 16/20 High

Giesbrecht et al. (2014) 15/20 Moderate to High
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Comorbidity/
Health Challenge Author

AXIS 
Criteria Met Quality Rating 

Altered body fat  
distribution (n=3) 

Carr et al. (1998) 10/20 Moderate to High

Bacchetti et al. (2005) 18/20 High

Grant et al. (2016) 16/20 High

Vestibular and auditory  
dysfunction (n=2) 

Cohen et al. (2012) 15/20 Moderate to High

Torre et al. (2013) 13/20 Moderate to High

Neurological conditions (n=1) Mateen et al. (2012) 14/20 Moderate to High

Sexual function/desire 
(n=1)

Dijkstra et al. (2018) 19/20 High

Metabolic syndrome 
(n=1)

Bonfanti et al. (2007) 13/20 Moderate to High

Renal system dysfunction (n=1) Lucas et al. (2007) 14/20 Moderate to High

Age associated co-morbidities 
(n=1)

Schouten et al. (2014) 15/20 Moderate to High

Gastrointestinal conditions 
(n=1)

Siddiqui et al. (2007) 15/20 Moderate to High

osteoporosis or osteopaenia in PLHIV [30-35]. Four 
articles rated as moderate to high quality [30,33-35]. Of 
note two further articles rated low to moderate quality 
(AXIS score 5-10), rendering them the two lowest rated 
articles in this review [31,32]. 

The earliest study, compared three groups of men, HIV+ve 
on protease inhibitors (HIV+ve +PI), HIV+ve not on PIs 
(HIV+ve -PI), and HIV-ve controls [34]. BMD was calculated 
from three proximal femoral measurement regions, 
showing that osteopenia and osteoporosis incidence in 
HIV+ve +PI men was significantly greater than controls, 
and concluding that osteoporosis was a side effect of PIs 
[36]. This was later supported by others who also showed 
significantly reduced BMD in the lumbar spine as well as 
the femur [30-32].  A 38% increased fracture rate in PLHIV, 
was also reported, but this was not significant compared 
with HIV-ve controls [30]. In white HIV+ve males, both 
HIV and use of ART were shown to adversely affect bone 
metabolism and increase osteoporosis rates, particularly 
at HIV seroconversion when key bone formation 
biomarkers decreased, leading to reduced sclerostin [33]. 
Evidence supporting a reduced BMD specific to women 
living with HIV was provided by only one article in this 
review, showing osteoporosis rates of 14%, and osteopenia 
identified by significantly greater loss of BMD in the lumbar 
spine compared to matched HIV-ve women (p=0.01) [35]. 

HIV and Cancer
All six articles in this category, rated as moderate to 
high quality. Increased prevalence (23%) for human 
papillomavirus (HPV) infection as a potential cancer 

precursor in HIV+ve women [36], and an increased 
4-year incidence (49%) and risk of high-grade squamous 
intra-epithelial lesions (HSIL) as a potential precursor to 
anal cancer in HIV+ve men [37] was identified. Increased 
incidence rates for lung cancer [38], anal cancer [39,40], 
AIDS and non-AIDS defining cancers [41] were reported in 
four further articles. 

Anal cancer incidence rates per 1000,000 person-years 
were substantially greater in both the pre- and post-
ART era compared to the HIV-ve population (32 and 56 
respectively vs. 1.4) [39]. When the pre- and post-ART 
era were compared, incidence was increased during in 
the latter, especially at a younger age [39], but overall 
survival rate did not differ between PLHIV and the HIV-
ve population (p=0.49) [40].  One article reported the 
incidence of lung cancer, reporting that HIV related lung 
cancer in the post-ART era occurred more frequently, 
but these authors did not report whether statistical 
significance was achieved [38]. 

However, lung cancer was identified as the most common 
non-AIDS defining cancer (NADC) in PLHIV with higher 
incidence rates than HIV-ve controls, along with Hodgkin 
Lymphoma (SIR=4.2; 95% CI: 2.8–6.5, and SIR=16.1; 95% 
CI: 5.0–51.3 respectively) [41]. Further, the incidence 
of all types of AIDS defining and NADCs was shown to 
be significantly increased in PLHIV (SIR=3.8; 95% CI: 3.3–
4.4), with twice the risk of developing a NADC [41]. 

HIV and Diabetes Mellitus (DM)
There were five articles in this category, one rated high 
quality [42], and four moderate to high [43-46]. One 
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article reported prevalence of DM [43], two incidence in 
women [44,46], one both prevalence and incidence [44], 
and one risk [45]. Studies of HIV+ve women showed no 
overall significant difference in incident DM in women 
with no ART exposure (HIV+ve -ART) compared to HIV-
ve controls [44,46]. Nevertheless, those exposed to 
ART including PIs (HIV+ve +PI), showed significantly 
increased DM incidence compared to HIV-ve women, and 
women on ART including reverse transcriptase inhibitors 
(RTI) [44]. Furthermore, longer cumulative exposure to 
ART including nucleoside reverse transcriptase inhibitors 
(NRTI) also significantly increased DM incidence [46].

This review identified that HIV+ve men exposed to ART 
had greater incidence (10%) of DM compared to HIV-ve 
men (3%) [42]. Similarly, a later study in a mostly male 
population, concluded that HIV itself did not increase DM 
risk but long-term use of ART did [43]. More specifically, 
Rasmussen, reported that between 1996 and 1999 PLHIV 
had a significantly greater risk for DM compared to HIV-ve 
controls, but not so between 1999 and 2010, concluding 
that some ART no longer in use may have increased DM 
risk [45].

HIV and Respiratory/Pulmonary Disease 
Four articles reported on respiratory related 
comorbidities and health challenges [49-50]. One 
rated as high [48], and three moderate to high quality 
[47,49,50]. Significantly lower prevalence of sleep 
disordered breathing (SDB) in HIV+ve men compared to 
HIVve individuals was reported in one of these studies 
[50]. In another study, COPD and bacterial pneumonia 
were the most common pulmonary disease amongst 
PLHIV, and albeit asthma, incidences of COPD, lung 
cancer, pulmonary hypertension, pulmonary fibrosis, 
and lung infections in HIV+ve veterans and younger 
individuals were greater than in HIV-ve controls [48]. 
PLHIV on ART and with lower HIV Ribonucleic acid levels, 
were less likely to have COPD, asthma or pulmonary 
infections [48]. These findings align with statistically 
increased incidence of COPD reported in men in the pre-
ART era compared with HIV-ve individuals, and incidence 
of respiratory infections in men and women in both pre- 
and post-ART eras [49]. This supports earlier reports of 
greater COPD prevalence, and a 50-60% greater risk of 
developing COPD in PLHIV [47]. 

HIV and Neurocognitive Dysfunction
The four studies included in this category, rated high 
[51], and moderate to high [52-54]. Three reported 
prevalence [51,52,54], and one risk [54]. 

The earliest article found that HIV+ve men demonstrated 
significantly greater prevalence of HIV-associated 

neurocognitive disorders (HAND) in three specific 
neuropsychological test domains, concluding that the drug 
efavirenz was associated with increased risk of cognitive 
impairment [52]. In a similar population, significantly 
more overall neuropsychological performance deficit 
was also reported [53]. 

Contrary findings were later found in a predominantly 
male population (95.5%) of military beneficiaries. 
Prevalence of neurocognitive impairment between 
HIV+ve and HIV-ve beneficiaries was not significantly 
different, and neither was there any significant 
difference between PLHIV for > 10 years compared to 
those recently infected [51].

Cognitive function impairment was reported in a female 
population, with information processing speed, executive 
function, and quality of decision making significantly 
affected compared to HIV-ve controls [54].

HIV and Body Composition
Three eligible studies reported on body composition 
changes. Two rated as high quality [55,56], and one 
moderate to high [57]. The earliest study reported that 
only PLHIV on ART+PI had significantly lower total body fat 
mass compared to HIV-ve controls, and after an average 
13.9 months on PI therapy, significant lipoatrophy in all 
body regions albeit the abdomen was noted [57]. This was 
supported by a later study which found that significant 
fat loss occurred in the peripheries of face, upper and 
lower limbs and buttocks [55]. However, these authors 
also reported a loss of central body fat. The third article 
in this category reported similar findings, but specifically 
results showed that within 96 weeks of ART initiation, 
lean body mass and fat increased in PLHIV compared to 
HIV-ve controls, although after 96 weeks fat increases 
remained significantly higher, but lean mass significantly 
reduced [56].

HIV and Vestibular or Auditory Dysfunction
Two articles of moderate to high quality were included in 
this review [58,59]. Vestibular impairments measured by 
the head thrust, Romberg and Dix-Hallpike manoeuvre, 
and balance were not significantly greater in community 
dwelling men and women with HIV [58], and no evidence 
of cochlear dysfunction was found in HIV+ve men and 
women regardless of ART exposure [59].

HIV and Neurological Conditions, Sexual Function/Desire, 
Metabolic Syndrome, Renal System Dysfunction, Age 
Associated Co-morbidities (AANC), or Gastrointestinal 
conditions

Several comorbidities or health challenges were reported 
by only one eligible article. One study was of high 
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methodological quality [60], others rated moderate to 
high [61-65]. For each comorbidity or health challenge, 
significantly greater prevalence [60,61,64,65], or 
incidence [62,63] was reported in PLHIV compared with 
HIVve controls. 

Incidence of end stage and chronic renal disease in 
African-American PLHIV was more than 10 times that of 
matched HIV-ve controls [62]. PLHIV had higher incidence 
of nervous system infections, dementia, peripheral 
nervous system disorders, and seizures/epilepsy, but not 
stroke [63]. There was greater prevalence of metabolic 
syndrome [61], diarrhoea [65], 'AANC' hypertension, MI, 
and PAD [64], but significantly lower erectile function, 
desire, and satisfaction [60]. 

Discussion
This systematic review critically appraised 51 studies 
conducted in developed countries, and which reported 
health challenges and co-morbidities experienced by 
PLHIV compared to matched HIV-ve individuals. To the 
authors knowledge no previous review has summated and 
appraised literature to identify if any health challenges 
and comorbidities are experienced by, or pose a greater 
risk in PLHIV than HIV-ve individuals. 

An array of comorbidities and health challenges were 
identified in studies, which were of moderate to high 
quality, albeit two [31,32]. Thus, findings reliably 
represent PLHIV in developed countries. Sample size 
justification, addressing and categorising non-responders 
were the main methodological concerns particularly in 
the low to moderate quality articles, which potentially 
introduced volunteer bias, reducing reliability of some 
study findings. Notwithstanding, this review identified 
substantial evidence that higher prevalence, incidence, 
or risk for several comorbidities and health challenges 
exist in PLHIV in developed countries, even after 
statistical adjustment for known risk factors. Further, 
results suggest that the prevalence, incidence, and risk of 
developing certain comorbidities and health challenges 
relate to current or historical exposure to ART regimes. 

HIV and Cardio Vascular (CV) Related Disease
Evidence specific to PAD, ischaemic stroke, AMI, mortality 
from CV disease overall, and coronary atherosclerosis 
indicated that rates of certain CV comorbidities 
surmount those in matched HIV-ve individuals. This has 
been attributed to an increasing burden of vascular 
risk factors combined with the ageing HIV population 
[66]. Additionally, PLHIV may have an increased risk 
of ischemic stroke if they are not virally suppressed 
[16,22,25], which reflects the results from other non-

comparative studies [66,69]. In contrast, increased 
prevalence of hypertension in PLHIV compared to HIV-ve 
controls was not found by this review. 

There were three articles which reported risk of CV 
disease [27-29].  All used the FRS which has shown 
accuracy to measure risk in PLHIV [68]. Greater risk for 
CV disease was unsubstantiated by two of the studies 
[28,29]. Albeit conducted in populations across different 
countries (Italy, Norway and USA) these studies had 
similar population demographics, recruitment sites, 
moderate to high study quality, and were published 
within nine years of each other. Therefore, the divergent 
results demonstrated by Bergeson et al. [27] cannot be 
easily explained, complicating the ability to draw firm 
conclusions on overall CV disease risk from the current 
review. 

CV disease was the largest category of evidence in this 
review, but most comorbidities and health challenges 
were represented by less than four articles. Thus, 
the body of comparative evidence is limited, and any 
inferences made should be placed in context of this. 
Future comparative research on CV disease is required.   

HIV and Changes in Bone Mineral Density (BMD)
A link between HIV infection, and low BMD was indicated 
by this review, despite two studies having low to moderate 
methodological quality. Slama et al. [33], postulated 
that dysregulation of bone turnover markers increased 
levels of bone reabsorption as a precursor to osteopaenia 
in PLHIV, refuting evidence that dysregulation in bone 
turnover markers, and low BMD are not evident in young 
PLHIV [69].  

BMD was measured using Dual Energy X-ray Absorptiometry 
(DEXA) in five out of six studies, thus allowing comparison 
[30-32,34,35]. These studies included males and 
females, decreasing confounding factors such as risk for 
osteoporosis in older females [70]. 

Regardless, of the roll that dysregulate bone turnover 
markers may have on BMD, in PLHIV there was moderate 
to strong evidence of reduced BMD in this review, 
indicating that health professionals should screen for 
decreased BMD in the management of PLHIV. 

HIV and Cancer
There was moderate to strong evidence that prevalence, 
incidence and risk of certain cancers, and precursors to 
cancer development, such as HPV infection and HSIL 
is greater in PLHIV than HIV-ve individuals. The rates 
of lung [38], and anal cancer [39], ADC and NADC [41] 
remain higher in PLHIV despite advances in ART, and 
frequency of SCCA has increased in younger PLHIV 
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[40]. These findings cannot be a sole consequence of 
increased life expectancy and reduced opportunistic 
infections. Thus, early detection of cancer red flags is 
a primary responsibility for health professionals [71], 
and the importance of understanding the link between 
HIV infection and cancer via professional educational 
programs, is crucial. 

HIV and Diabetes Mellitus (DM)
There was minimal and conflicting evidence of increased 
prevalence of DM in this review [42,43]. Butt et al. [43], 
who reported lower prevalence in PLHIV, had a large 
veteran population (n=3,227), confirmed DM via ICD-9 
codes, and recorded medication. In contrast, Brown et 
al. [42], reported higher prevalence in a younger MSM 
population (n=568), using self-reported DM diagnosis and 
medications. This study’s smaller sample population, 
and self-reporting methods may have led to erroneous 
rates of DM, and thus contradictory findings.

Two studies indicated greater incidence of DM relate to 
ART with PI and RTI exposure [44], or with cumulative 
NRTI use [46], and between 1999-2010 another noted 
decreased DM risk prior to ART exposure [45]. This 
supports a narrative review of DM in PLHIV that found 
associations with NRTI, PI and specific ART regimes [72]. 

Evidence from this systematic review identified that 
DM incidence and risk are increased in PLHIV who are 
exposed to ART. Specific details of which ART may 
increase incidence and risk remain unclear. Future 
research is recommended to determine the specific ART 
regimes that increase DM risk, and assess how increased 
risk may be minimised. 

HIV and Respiratory/Pulmonary Disease
Increased prevalence, incidence or risk of COPD [47], and 
lung infections, but not asthma [48,49] was evidenced by 
this review when adjusted for confounding factors such 
as smoking. Studies had large sample populations, and 
used valid diagnostic methods, allowing comparability. 
Two studies [47,48] had a mostly male and veteran 
population with a mean age 15 years older than that of 
the later study of MSM and women [49], but population 
differences did not cause divergent findings. 

COPD incidence was greater in the pre-ART era (1984-
1994), and only in MSM, not females [49].  The incidence 
of several other non-infectious respiratory conditions 
appeared to be no greater in the post-ART era [49], and 
may represent the direct effect of ART, and the under 
representation of females in pre-ART era studies due 
to either decreased reporting, or fewer HIV+ve female 
numbers [73]. 

A single study reported lower rates of SDB in PLHIV [50], 
and had a much smaller population than other studies 
in this review. Demonstrating, insufficient evidence for 
SDB as a major health problem in PLHIV.  This review 
indicates that COPD and respiratory infections remain 
concerning in PLHIV, but due to the limited number 
of studies identified it remains unclear whether other 
non-infectious respiratory conditions pose significant 
heath challenges in PLHIV over and above the HIV-ve 
population. Regular and optimal health promotion with 
specific focus on COPD and respiratory infections is 
recommended, and would ensure appropriate treatment 
to improve health care for PLHIV. 

HIV and Neurocognitive Dysfunction
This review suggests PLHIV experience NC dysfunction 
[51,52,54]. However, evidence was limited, with only 
one study on a female population [54], and one study 
finding no significant increased prevalence [51], despite 
all having similar sample size, outcome measures and 
percentage of ART exposure. Until further comparative 
research on NC function is available, no conclusions can 
be reached regarding the impact of living with HIV on 
cognitive ability compared to HIV-ve individuals. 

HIV and Altered Body Fat Distribution
Evidence was limited, but lipoatrophy in most 
peripheral regions was identified [55-57]. Carr et 
al. [57], hypothesised ART causes insulin resistance 
and mitochondrial toxicity resulting in these body 
changes, and in all studies the majority of PLHIV were 
taking ART.  Evidence suggests that gains in lean mass 
and total body fat resulting from ‘return to health’ is 
not maintained after 96 weeks of ART exposure, 

negating any initial gained benefits in body composition 
[56]. Such body composition changes have subsequently 
been documented in previous studies [74]. This review 
identified historical and convergent evidence that 
negative effects of ART on body fat persist, despite 
improvement in HIV drug management. This may have 
considerable influence on the health of PLHIV. 

HIV and Other Co-morbidities and Health Challenges
In this review only one or two articles reported on each 
of several different comorbidities and health challenges 
[58-65].  De Jong et al. [75] proposed synaptic loss, local 
inflammation and degeneration followed by cochlear 
damage and central pathology in PLHIV, but in this 
review, there was no indication that cochlear function 
and vestibular impairments are greater in PLHIV with or 
without ART than HIV-ve controls. Further, the paucity of 
comparative studies on this topic, aligns with previous 
comment that literature is limited [76].
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A similar paucity of literature was evident for several 
other comorbidities and health challenges. Despite this, 
existing studies provide insight that certain conditions 
such as nervous system infection, dementia, metabolic 
syndrome, peripheral nervous system disorders, sexual 
dysfunction and desire, renal disorders, AANCs, and 
diarrhoea may be experienced with greater frequency in 
PLHIV compared to HIV-ve individuals. Although, previous 
reviews have reported high rates of some of these 
conditions in PLHIV, they made no direct comparison 
with HIV-ve individuals [77-81]. Thus, evidence on these 
co-morbidities in PLHIV remains limited, with further 
research needed.

Strengths and limitations of this Systematic Review
All articles in this review included HIVve controls, 
allowing comparison of prevalence, incidence, and risk 
for comorbidities and health challenges with PLHIV. 
A valid quality appraisal tool was utilised, and two 
reviewers conducted article appraisal under blinded 
conditions which increased standardisation and reduced 
selection bias.  

This review was limited by the inclusion of articles not 
published in English, and studies conducted in developing 
countries. Therefore, literature pertaining to some health 
challenges and co-morbidities may have been excluded. 
However, demographics, access to ART, and health care 
in developing countries often differs from developed 
countries. To have included studies from developing 
countries would have introduced confounding factors, 
and rendered the conclusions and recommendations of 
this review less specific. Understanding the comorbidities 
and health conditions of PLHIV in developing countries is 
important, and should be the subject of a future review. 

Relevance to Health Care Professionals
A number of health challenges and comorbidities should 
be a focus of concern when attending PLHIV. Any increased 
rate and risk over and above healthy uninfected individuals 
pose a unique burden on PLHIV, with potential to increase 
disability and reduce quality of life. This review provides 
evidence that should be taken into consideration by health 
professionals treating PLHIV, to ensure routine screening 
and early onward referral, appropriate diagnosis and 
management, to improve outcomes.

Conclusions   
Moderate to high quality evidence indicates increased 
rates or risk of ischaemic stroke, myocardial infarction, 
reduced bone mineral density, lung and anal cancer, 
chronic obstructive pulmonary disease, lung infections, 
and peripheral lipodystrophy in PLHIV compared with 

HIVve individuals in developed countries. However, 
evidence for other comorbidities remains limited or 
inconclusive. Future comparative primary research is 
needed to build on current evidence and provide a larger 
body of evidence to increase understanding on how HIV 
and the role of ART affects the co-morbidities and health 
challenges which have greater impact on the health and 
wellbeing of PLHIV. 
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AMI: Acute myocardial infarction 
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