1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.

Published in final edited form as:
Curr Opin HIV AIDS. 2018 May ; 13(3): 187-195. doi:10.1097/COH.0000000000000458.

-, HHS Public Access
«

Non-communicable diseases in adolescents with perinatally-
acquired HIV-1 infection in high- and low-income settings

Steve Innes, MB BCh, MRCPCH, MPhil, PhD! and Kunjal Patel, DSc, MPH?

IFamily Infectious Diseases Clinical Research Unit (FAMCRU), Stellenbosch University, and
Department of Paediatrics and Child Health, Tygerberg Children’s Hospital, Cape Town, South
Africa

2Department of Epidemiology, Harvard T.H. Chan School of Public Health and Center for
Biostatistics in AIDS Research (CBAR), Boston, MA, USA

Abstract

Purpose of review—-Perinatally HIV-infected adolescents may be at increased risk of non-
infectious co-morbidities later in life. This review summarizes recent advances in the
understanding of non-communicable diseases (NCD) among HIV-infected adolescents in high-
income and lower-middle-income countries, and identifies key questions that remain unanswered.
We review atherosclerotic vascular disease (AVD), chronic bone disease (CBD), chronic kidney
disease (CKD), and chronic lung disease (CLD).

Recent findings—~Persistent immune activation and inflammation underlie the pathogenesis of
AVD, highlighting the importance of treatment adherence and maintenance of viral suppression,
and the need to evaluate interventions to decrease risk. Tenofovir disoproxil fumarate (TDF) and
trials of vitamin D supplementation have been the focus of recent studies of CBD with limited
studies to date evaluating tenofovir alafenamide as an alternative to TDF for decreasing risk for
bone and renal adverse effects among HIV-infected adolescents. Recent studies of CKD have
focused primarily on estimating prevalence in different settings while studies of CLD are limited.

Summary—As perinatally HIV-infected children age into adolescence and adulthood with
effective long-term ART, it is necessary to continue to evaluate their risks for non-infectious co-
morbidities and complications, understand mechanisms underlying their risks, and identify and
evaluate interventions specifically in this population.
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Introduction

Perinatally-infected children and adolescents will be exposed to more decades of
antiretroviral therapy (ART) than adults. Additionally, being infected perinatally when the
immune system is not yet matured, may lead to different long-term sequelae compared to
behaviourally-infected adolescents and adults. In particular, the damage done to immune
regulatory mechanisms may result in more severe non-infectious consequences later in life.
This review summarizes recent advances in the understanding of non-communicable
diseases (NCD) among adolescents with perinatally-acquired HIV, and identifies some key
questions that remain unanswered. We review atherosclerotic vascular disease, chronic bone
disease, chronic kidney disease, and chronic lung disease, as these co-morbidities are the
primary focus of recent publications among HIV-infected adolescents.

Atherosclerotic vascular disease (AVD)

Prior to ART, cardiomyopathy was the most concerning HIV-related cardiac problem [1].
Following effective ART, there remains excess AVD risk contributed by HIV infection
and/or ART in perinatally-infected adolescents, both in high-income countries (HIC) [2] and
lower-middle-income countries (LMIC) [3-5]. Metabolic syndrome is similarly increased
independent of traditional risk factors, both in HIC [6-8**] and LMIC [9-10] with
prevalence estimates of 2-7%. Prevalence of any lipid or glucose metabolic abnormality
could be up to 99% [9].

Etiology and pathogenesis/mechanisms—Multiple etiologies have been implicated
in HIV-related AVD. ART adverse drug effects contribute to etiology via dyslipidemia
(although less so with newer 2"9- and 3'd-generation drugs), both in HIC [8**, 11] and in
LMIC [12]. There is also sizeable contribution from low level HIV [13-14] and CMV [15]
replication, which fuel chronic inflammatory and immune activation processes. Bacterial
translocation is well-known to activate the inflammasome, a component of the innate
immune system that induces production of pro-inflammatory cytokines in response to
microbes [16]. In addition, dysbiosis, or alterations in the gut microbiome, in itself likely
also plays an underappreciated role in chronic immune activation and risk of cardiovascular
events [17].

Multiple immune cell types are implicated in chronic immune activation, especially
monocytes and CD8 T-cells (i.e. cytotoxic T cell, CTL). Monocyte activation is associated
with extensive pro-inflammatory biomarker expression (particularly IL-6, hsCRP, cystatin
C) with consequent inflammatory endothelial damage that in turn allows circulating low-
density lipoprotein (LDL) cholesterol particles entry into the intima where they become
oxidized (oxLDL) [18**]. Monocyte activation, accompanied by elevated monocyte-specific
markers (e.g., SCD14, sCD163, MCP-1), also promotes monocyte migration into the intima
of large arteries where, in the presence of large amounts of oxLDL, they become
dysfunctional foam cells [19].

Persistent CD8 T-cell activation (as defined by CD38 and HLA-DR expression by flow
cytometry) has been shown in young adults with early-acquired HIV to be associated with
coronary plaque and CD8 T-cell exhaustion and senescence [20-21]. With prolonged HIV
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suppression, the number and function of regulatory CD4+ CD25+ T-cells (Tregs) is also
reduced (ie opposite to the pattern seen in advanced HIV disease), leading to unbridled
helper CD4 T-cell activity and consequent persistent inappropriate immune activation [22].
Resultant inflammation causes or aggravates peripheral insulin resistance, leading to pro-
atherogenic dyslipidemia [6, 23—24] with increased production of both oxLDL and oxidized
high-density lipoprotein (oxHDL), which themselves have a broad-based inflammatory
effect [25]. Inflammation also contributes to increased coagulability (reflected in elevated D-
dimer) [26].

Finally, traditional AVD risk factors continue to play a major role among adolescents,
particularly diet and obesity [8**]. Renal dysfunction also remains a potent risk factor, both
via hypertension and other mechanisms [27-28**].

Therapeutics—Suppressive ART is a potent, albeit incomplete, suppressor of
inflammation driven by HIV replication. In addition, statins have lipid-lowering effects in
adults [29-30] and are beginning to be evaluated in children with one recent Phase I/11 trial
finding improvements in lipid parameters among children with ART-associated dyslipidemia
with atorvastatin use but also possible toxicity concerns in younger children [31**]. Vitamin
D supplementation was also evaluated as a potential mediator of AVD risk in HIV-infected
children but contrary to expectations may increase carotid intima-media thickness and be
detrimental to vascular health [32].

Traditional risk factor control remains paramount, particularly diet [8**] and exercise [8**,
33]. Cautious use of antihypertensives may also have a place in decreasing AVD risk where
essential hypertension related to metabolic syndrome is diagnosed [34].

Surveillance + monitoring—Given the long delay between pathogenesis and clinical
events among youth, surrogate endpoints have been used to facilitate recognition of early
abnormalities. One that can be directly measured by pulse wave velocity is arterial wall
stiffness [35]. Carotid intima-media thickness has also been utilized as an indicator of early
AVD where available [3]. Endothelial dysfunction which predates atherosclerosis [36] can
be monitored by augmentation index and reactive hyperemic index using digital pulse
amplitude tonometry [18**], while anthropometric metrics may be a useful surrogate screen
for AVD risk factors (i.e., dyslipidemia and/or insulin resistance), particularly in low-
resource settings [37].

Unanswered questions and foci for future research—Given the significant role of
persistent immune activation on AVD, there is a need to comprehensively evaluate
mechanisms by which such inappropriate immune activation is perpetuated, specifically in
well-suppressed patients. In the immune deficient state, gut epithelial cells are damaged,
allowing translocation of gut bacteria and large molecular weight bacterial components (eg
lipopolysaccharide, LPS). In the immune replete state following long-standing viral
suppression, the degree of translocation of bacterial antigens is similar to the general
population [38], presumably reflecting that normal epithelial integrity is restored and that
some gut-associated lymphoid tissue function has returned. The persistent immune
activation seen in individuals with long-standing viral suppression thus requires additional
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explanation. The answer may involve the recently elucidated zonulin system [39]. Zonulin is
a paracrine messenger released in a controlled way by gut columnar epithelial cells that
causes temporary and reversible relaxation of intercellular tight junctions, intentionally
allowing small (~600 to 1000 Daltons) antigenic fragments of dietary origin to enter the
lamina propria where they are taken up by antigen presenting cells and presented to naive
CD8 T lymphocytes to induce immune tolerance and thereby prevent food allergies and
intolerances [40]. Since zonulin is produced by /ntact gut epithelial cells, it is not surprising
that in the immediate post-AlIDS recovery period, serum zonulin is low and the deficit in
zonulin is proportional to the extent of gut epithelium damage [41]. Once immune recovery
is complete, zonulin becomes a marker of tight junction porosity, as in the pre-AIDS state.
However, even when viral suppression is maintained for a long period, previous HIV-
induced damage to regulatory T cells does not recover fully. This may allow CD4 T helper
cells to respond in an inappropriate, unbridled fashion to the routine antigen stimulation
supplied continuously by the zonulin system and may contribute in varying degree to
persistent low-grade immune activation. Of relevance, a zonulin blocker (larazotide acetate)
is now entering phase 3 clinical trials for celiac disease [42] and may have a role in similar
conditions driven by low-grade persistent immune activation.

Although statins are believed to have an anti-inflammatory effect in adults [29-30], their use
in children for this purpose may be limited by muscle-related toxicities (myalgia,
myopathies). There is a place for a cautious anti-inflammatory statin trial in older
adolescents, keeping in mind that the clinical benefit of statins’ anti-inflammatory action
remains uncertain. Newer experimental anti-inflammatory agents trialled in adults include
newer monoclonal antibodies to inflammatory cytokines, CCR5 blockade [43—-44] and tissue
factor blockade [45]. If shown to be effective, these modalities could also be cautiously
investigated in youth. In addition, omega-3 fatty acids and aspirin may have some benefit.

The efficacy of statins in treating persistent dyslipidemia has been compared to ART
switching in adults (specifically protease inhibitor, PI, to efavirenz, EFV), with mixed
outcome [30]. However, similar dyslipidemia efficacy trials have not been conducted in
adolescents. These may be important given the large cost and toxicity differences between
ART switch and statin initiation.

There remains a severe lack of observational data around cardiometabolic vascular
morbidity in suppressed youth from LMIC.

Chronic bone disease (CBD)

CBD risk is increased in perinatally-acquired HIV independent of traditional CBD risk
factors [46-49**], possibly leading to premature osteoporosis and fractures.

Etiology and pathogenesis/mechanisms—ART and persistent low-grade immune
activation are believed to play the largest roles in pathogenesis of HIV-related CBD. The
most notorious ART drug associated with bone turnover dysregulation is tenofovir
disoproxil fumarate (TDF) [50]. The extent of TDF toxicity on bone mineral density (BMD)
is assumed to be greater in children and adolescents undergoing a skeletal growth spurt;
however a small longitudinal study did not find evidence of this [51**]. While the
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mechanism by which TDF directly affects bone loss is still uncertain, TDF causes renal
tubular dysfunction resulting in inappropriate phosphaturia as a late feature [52]. Low
phosphate in turn stimulates parathyroid hormone release [53]. Although this should
increase vitamin D hydroxylation and activation, TDF interferes with vitamin D activation in
the kidney, further stimulating secondary hyperparathyroidism [46, 48, 54]. Excessive
parathyroid hormone activity inappropriately increases osteoclast and decreases osteoblast
differentiation resulting in increased bone resorption and reduced formation of new bone
matrix. Comorbid renal tubular disease of any kind (whether related to HIV or not) remains
a potent contributor. Also implicated in the pathogenesis of osteopenia are thymidine
nucleoside reverse transcriptase inhibitors (NRTI) [55] and boosted P1 exposure [47**, 49].

The likely role of inflammatory pathways is supported by the observation that immune
reconstitution immediately following ART initiation is associated with short-term bone loss
[56]. Persistent inappropriate CD8 T-cell and monocyte/macrophage activation beyond the
period of immune reconstitution have also been associated with low BMD, although the
mechanism is unclear [57-58]. Some studies suggest that T-cell activation is more potently
associated with low BMD than macrophage activation [59], while other data refute the
assertion that T-cell activation plays a significant role [60].

Interestingly, low BMD has recently been linked to disordered fat metabolism, possibly
reflecting the common origin and interchangeability of bone and fat progenitor cells [61].

Therapeutics—The primary therapeutic tool against persistent immune activation remains
consistent and uninterrupted HIV viral suppression by ART [11].

Although Vitamin D activity is a component of low BMD pathogenesis, there is conflicting
evidence around the efficacy of routine vitamin D supplementation; some studies suggest
efficacy [62—63] while others do not [64]. This may reflect varying degrees of pre-existing
vitamin D deficiency or repletion in different study populations. It should be borne in mind
that excessive vitamin D supplementation may be detrimental to vascular health [32].
Calcium supplementation has not been evaluated among HIV-infected adolescents to
improve BMD.

TDF’s bone and renal toxicity have severely limited its use in paediatrics. Industry-
sponsored trials suggest that these toxicities might be avoided by using tenofovir
alafenamide (TAF) instead of TDF [65-66]. Confirmatory studies are needed. Abacavir, a
more widely available and cheaper nucleoside reverse transcriptase inhibitor, may also be an
alternative to TDF among children. Switching from a Pl to EFV may also have a role in
preventing Pl-related BMD reductions [47**].

Surveillance + monitoring—While dual energy x-ray absorptiometry (DXA) is the gold
standard for measuring BMD, this modality is not commonly available outside of tertiary
centres. In addition, BMD change is a late feature of bone disease and, therefore, bone
turnover markers and parathyroid hormone monitoring may be more appropriate
surveillance measures. Serum bone-specific alkaline phosphatase and C-terminal collagen
crosslinks (a collagen degradation product released during bone resorption) directly measure
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metabolic bone turnover but the clinical utility of these measures to monitor BMD in young
HIV-infected children is uncertain and they are prohibitively expensive if utilized on a large
scale [67]. It is unclear whether BMD assessment by calcaneal quantitative ultrasound has a
place in routine surveillance; some studies find it helpful [68] and others not [69]. Delayed
bone age (by plain radiography) is associated with reduced BMD (by DXA) and may be
useful as a crude screening tool in individuals whose epiphyses have not yet fused [70]. A
novel recent study has suggested that anthropometric measures may provide simple and
widely-available surveillance for low BMD in adolescents on ART in LMIC [71].
Bioelectrical impedance does not appear to be useful as a surveillance method for BMD
[72].

Unanswered questions + foci for future research—Mechanism(s) by which HIV
independently accelerates CBD in perinatally-infected adolescents will be important to
elucidate. This may lead to novel (and effective) immune therapies to control persistent
inappropriate immune responses in the virologically suppressed state.

The toxicity of TDF is thought to be far more pronounced in individuals undergoing skeletal
bone growth. Whether switching from TDF to TAF in growing adolescents obviates that
toxicity would likely require serial DXA scans and, to date, this has not been performed.
Dipyridamole, which appears to prevent TDF-induced bone toxicity in adults, has not been
tested in adolescents [53].

The therapeutic benefit of calcium supplementation in HIV-related bone disease has not
been investigated in adolescents. Bisphosphonates given together with calcium have shown
temporary BMD benefit in HIV-infected adults, although the effect is not durable beyond
cessation of bisphosphonate exposure [73—74]. A trial of alendronate in HIV-infected
adolescents 11-24 years of age (NCT00921557) has recently been completed and results are
eagerly awaited.

There is a severe lack of observational data around bone health and morbidity in
virologically suppressed youth from LMIC.

Chronic kidney disease (CKD)

CKD risk is increased in perinatally-acquired HIV independent of traditional CKD risk
factors [75-80]. Prevalence of persistent renal dysfunction associated with TDF was 14% in
HIV+ Thai adolescents [75].

Etiology and pathogenesis/mechanisms—As with chronic bone disease, the
antiretroviral most strongly associated with CKD, particularly proximal renal tubular
dysfunction, is TDF [55, 75]. A recent study implicates boosted Pls, although specific drugs
are not mentioned [75].

In the combination ART era, the prevalence of classical HIV-associated nephropathy
(HIVAN) has declined substantially and HIV-associated immune complex kidney disease
(HIVICK) has become the predominant renal syndrome in virologically suppressed
individuals. HIV-induced activation and dysfunction of B cells results in
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hypergammaglobulinemia and monoclonal gammopathy that largely persists despite
effective ART. This may lead to excess circulating antibody-antigen complexes that
accumulate in the glomerular basement membrane and continuously trigger local
inflammatory responses [81]. In addition, with immune recovery, it has been proposed that
basic fibroblast growth factor (FGF-2) and vascular endothelial growth factor A may react to
accumulations of HIV Tat protein trapped in the glomerular basement membrane,
contributing to glomerular injury and excessive permeability to small proteins such as
albumin [82], leading to microalbuminuria characteristic of HIVICK. Interestingly, HIV may
be found persistently in renal tissue despite sustained viral suppression [83]. There may
therefore be a direct viral effect on renal epithelial cells, although this is poorly
characterized. While the APOL-1 renal risk allele (common in children of African descent)
increases risk of HIVVAN-associated focal segmental glomerulosclerosis in HIV+ youth [84],
it does not appear to increase risk of HIVICK [85]. Traditional CKD risk factors (especially
hypertension and type 2 diabetes) would also contribute substantially to both tubular and
glomerular renal deterioration in suppressed youth and should be viewed in a serious light
[28**].

Therapeutics—The primary therapeutic tool against persistent immune activation and
consequent CKD remains consistent and uninterrupted HIV viral suppression by ART [11],
avoiding TDF. Although angiotensin converting enzyme inhibitors are given empirically for
HIVICK-associated microalbuminuria, the effectiveness of this intervention has not been
investigated. Control of traditional risk factors, particularly hypertension, remains paramount
[28**].

Surveillance + monitoring—While albumin-creatinine ratio is a commonly used
screening test for microalbuminuria, detection of beta-2-microglobulin in urine (in the
absence of haematological malignancy) may be a useful marker of renal tubular function,
particularly among those using TDF [86]. Note that protein-creatinine ratio is non-specific
since it cannot differentiate glomerular protein leak from inflammation of lower urinary tract
due to urethritis or bladder trauma, prostatitis, or normal seminal fluid. However, it may be a
useful marker of tubular disease where urine albumin measurement is not available.
Glucosuria and phosphaturia (in the absence of an alternative explanation) are specific to
renal tubular injury [87]. An elevated ratio of tubular maximum phosphate reabsorption to
glomerular filtration rate (TMP/GFR) confirms inappropriate phosphate wasting by the
kidney.

Change in glomerular filtration rate is a late feature and suggests advanced renal disease.
Where this is suspected, serum cystatin C may be a more accurate and more sensitive
measure of glomerular filtration rate than creatinine. However, serum cystatin C is an acute
phase reactant and may be elevated during acute viral or bacterial infection or in
inflammatory conditions [88].

Unanswered questions + foci for future research—Mechanism(s) by which HIV
independently accelerates CKD in perinatally-infected adolescents will be important to
elucidate. This may lead to novel (and effective) immune therapies to control persistent
inappropriate immune responses in the virologically suppressed state. The effectiveness of
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angiotensin converting enzyme inhibitors for HIVICK-associated microalbuminuria requires
investigation. There remains a severe lack of observational data around renal health and
morbidity in suppressed youth from LMIC.

Chronic lung disease (CLD)

While there are few studies evaluating CLD among HIV-infected adolescents, CLD risk is
increased in perinatally-acquired HIV [89-91]. Prevalence of abnormal spirometry was
24-38% in HIV+ adolescents in Zimbabwe and Malawi respectively [90, 91].

Etiology and pathogenesis/mechanisms—A common pathology contributing to CLD
in perinatally-infected adolescents is small-airway bronchiectasis following repeated
pneumonias (especially tuberculosis and lymphocytic interstitial pneumonitis) prior to
immune reconstitution, resulting in permanent distortion of lung tissue by cicatrix (scarring)
[91]. Th1 /Th2 imbalance may increase the risk of atypical asthma that is poorly-responsive
to standard asthma therapies and may be a precursor to adult chronic obstructive pulmonary
disease [92]. Obliterative bronchiolitis may be more common than previously recognized,
present in 43% of ART-treated adolescents meeting a clinical case definition of chronic lung
disease (defined as chronic cough for =1 month in the absence of tuberculosis; resting
tachypnea or dyspnea; or desaturation with exercise)[93]. This lesion is a final common
pathway of various insults and is not specific to HIV.

There may be a direct viral effect on HIV-infected pulmonary epithelial cells, although this
is poorly characterized. This idea has been purported based on the finding that HIVV may be
found persistently in a variety of tissue sites despite sustained viral suppression [83].

Therapeutics—No recent data are available to support a particular therapeutic approach
other than strictly maintaining HIV viral suppression and diligent bronchiectasis and
reactive airways disease care.

Surveillance + monitoring—Spirometry is the gold standard surveillance method,
however this modality is not widely available outside of tertiary centres, particularly in
LMIC [89-92]. Exercise tolerance testing is a low-tech (yet sensitive) alternative screen for
functional respiratory decline [89-90].

Unanswered questions + foci for future research—It is unknown whether infants
receiving early ART, who are largely spared repeated lung infections, will remain at risk of
CLD in adolescence.

Mechanism(s) by which HIV independently accelerates CLD in virologically suppressed
perinatally-infected adolescents will be important to elucidate. This may lead to novel (and
effective) immune therapies to control persistent inappropriate immune responses in the
suppressed state.
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Conclusion

As perinatally HIV-infected children age into adolescence and adulthood with effective long-
term ART, it is necessary to evaluate their risks for non-infectious co-morbidities and
complications, understand mechanisms underlying their risks, and identify and evaluate
interventions specifically in this population. There are many studies of AVD risk among
HIV-infected adolescents though studies of interventions to reduce risk are relatively limited
compared to adults. TDF and trials of vitamin D supplementation have been the focus of
recent studies of CBD with few studies to date evaluating TAF as an alternative to TDF for
decreasing risk for both bone and renal adverse effects among adolescents. Recent studies of
CKD have focused primarily on estimating prevalence in LMIC settings while studies of
CLD are limited.

Acknowledgments

We would like to thank Dr. Mark Abzug, Dr. Mark Cotton, Dr. Richard Glashoff, Dr. Russell Van Dyke and Dr.
Sahera Dirajlal-Fargo for their review of the manuscript prior to submission.

Financial support and sponsorship

Sl was supported by research grants from Eunice Kennedy Shriver National Institute of Child Health & Human
Development (grant #1R01HD083042); South African Medical Research Council (grant #47884); South African
National Research Foundation (grant #29276); Bill & Melinda Gates Foundation (grant #0PP1065257); and GSK
Foundation (grant #COL116446). KP was supported by the National Institutes of Health, under cooperative
agreement HD052102 (PHACS Data and Operations Center, Harvard T. H. Chan School of Public Health).

References and recommended reading

Papers of particular interest (i.e., specifically focused on HIV-infected children or
adolescents), published within the annual period of review, (the last 2 years) have been
highlighted as:

* of special interest
** of outstanding interest

1*. Idris NS, Cheung MM, Grobbee DE, et al. Cardiac Effects of Antiretroviral-Naive versus
Antiretroviral-Exposed HIV Infection in Children. PLoS One. 2016; 11:e0146753. Cross
sectional study comparing ART-naive and ART-exposed perinatally HIV-infected children in
Indonesia showing the risks of untreated HIV infection on systolic function. [PubMed:
26789522]

2*. Hanna DB, Guo M, Biizkova P, et al. HIV Infection and Carotid Artery Intima-media Thickness:
Pooled Analyses Across 5 Cohorts of the NHLBI HIV-CVD Collaborative. Clin Infect Dis. 2016;
63:249-56. A large US-based pooled analysis of cIMT among people living with HIV showing
the association between HIV and cIMT by age range, with an HI\-associated increased risk of
higher cIMT only observed among younger individuals (6-29 years). [PubMed: 27118787]

3*. Idris NS, Grobbee DE, Burgner D, et al. Effects of paediatric HIV infection on childhood
vasculature. Eur Heart J. 2016; 37:3610-3616. A cross-sectional comparison of cIMT between
ART-naive, ART-exposed, and HIV-uninfected children in Indonesia (same cohort as [1])
showing risks of uncontrolled viremia on vasculature among perinatally HIV-infected children
and a suggestion of increased arterial stiffness among ART-exposed children. [PubMed:
26746627]

4*, Kuilder JS, Idris NS, Grobbee DE, et al. Association between human immunodeficiency virus
infection and arterial stiffness in children. Eur J Prev Cardiol. 2017; 24:480-488. Cross-sectional
comparison of arterial stiffness among ART-exposed perinatally HIV-infected children and HIV-

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 10

uninfected children in Indonesia (same cohort as [1,3]) showing no difference in pulse wave
velocity but increased aortic augmentation index among HIV-infected children. All
cardiovascular studies in this cohort seem to suggest benefits of ART on heart health but still a
potentially increased cardiovascular risk even among ART-treated children. [PubMed: 27885058]

5*. Innes, SEV., Cotton, MF., Otwombe, K., et al. 9th International AIDS Conference. Paris, France:
2017. Premature vascular stiffness in children slowly resolves following early ART: data from
post-CHER trial cohort. (Abstract no. TUPEBO0446. http://programme.ias2017.org/Abstract/
Abstract/351) Cross-sectional study of pulse wave velocity among South African early ART
treated perinatally HIV-infected school age children and HIV-exposed but uninfected and HIV-
uninfected comparison groups showing increased arterial stiffness among infected children with
improvements over follow-up

6*. Espiau M, Yeste D, Noguera-Julian A, et al. Adiponectin, Leptin and Inflammatory Markers in
HIV-associated Metabolic Syndrome in Children and Adolescents. Pediatr Infect Dis J. 2017;
36:€31-e37. A cross-sectional study of metabolic syndrome among HIV-infected adolescents in
Spain where the prevalence of metabolic syndrome was associated with lower adiponectin and
higher leptin levels. Prevalence of metabolic syndrome as defined was 2-6%. [PubMed:
27832021]

7*. Espiau M, Yeste D, Noguera-Julian A, et al. CoRISpe-MetS Working Group. Metabolic Syndrome
in Children and Adolescents Living with HIV. Pediatr Infect Dis J. 2016; 35:e171-6. A cross-
sectional study of metabolic syndrome among HIV-infected adolescents in Spain showing
variation in prevalence depending on definition and association with lipohypertrophy. Prevalence
of metabolic syndrome as defined was 4-7%. [PubMed: 26910591]

8**. Sonego M, Sagrado MJ, Escobar G, et al. Dyslipidemia, Diet and Physical Exercise in Children
on Treatment With Antiretroviral Medication in El Salvador: A Cross-sectional Study. Pediatr
Infect Dis J. 2016; 35:1111-6. A cross-sectional study showing benefits of a healthy diet and
consistent exercise on lipid parameters among ART-exposed children in El Savador. One of few
studies evaluating potential interventions for ART-associated dyslipidemia in young children.
[PubMed: 27254031]

9*. Landolt NK, Bunupuradah T, Achalapong J, et al. Carbohydrate, lipid, bone and inflammatory
markers in HIV-positive adolescents on antiretroviral therapy and hormonal contraception.
Journal of Virus Eradication. 2017; 3:56. Cross-sectional study of primarily perinatally HIV-
infected young women in Thailand showing a high prevalence of metabolic abnormalities as
measured by biomarkers of carbohydrate, lipid, and bone metabolism and markers of
inflammation and coagulation. Prevalence of any lipid or glucose metabolic abnormality was
99%. [PubMed: 28275459]

10*. Paganella MP, Cohen RA, Harris DR, et al. NISDI PLACES Protocol. Association of
Dyslipidemia and Glucose Abnormalities With Antiretroviral Treatment in a Cohort of HIV-
Infected Latin American Children. J Acquir Immune Defic Syndr. 2017; 74:e1-e8. Longitudinal
cohort study among Latin American HIV-infected children confirming the association between
protease-inhibitor based regimens and dyslipidemia, specifically hypertriglyceridemia. [PubMed:
27570910]

11*. Melvin AJ, Warshaw M, Compagnucci A, et al. PENPACT-1 (PENTA 9/PACTG 390/ANRS 103)
Study Team. Hepatic, Renal, Hematologic, and Inflammatory Markers in HIV-Infected Children
on Long-term Suppressive Antiretroviral Therapy. Pediatric Infect Dis Soc. 2017; 6:e109-e115.
Longitudinal study among children showing increases in cholesterol with initiation of protease
inhibitor and non-nucleoside reverse transcriptase inhibitor regimens over 4 years of follow-up
but also associated decreases in markers of inflammation.

12*. Gleason RL Jr, Caulk AW, Seifu D, et al. Efavirenz and ritonavir-boosted lopinavir use exhibited
elevated markers of atherosclerosis across age groups in people living with HIV in Ethiopia. J
Biomech. 2016; 49:2584-2592. Cross-sectional study among Ethiopian participants showing
adverse effects of lopinavir/ritonavir containing regimens on arterial stiffness as measured by
pulse wave velocity among children and adolescents (6-17 years). [PubMed: 27270208]

13. Beltran LM, Hernandez RM, de Pablo Bernal RS, et al. Reduced STWEAK and increased sCD163

levels in HIV-infected patients: modulation by antiretroviral treatment, HIV replication and HCV
co-infection. PL0oS One. 2014; 9:e90541. [PubMed: 24594990]

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.


http://programme.ias2017.org/Abstract/Abstract/351
http://programme.ias2017.org/Abstract/Abstract/351

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 11

14. Hunt PW, Martin JN, Sinclair E, et al. T cell activation is associated with lower CD4+ T cell gains
in human immunodeficiency virus-infected patients with sustained viral suppression during
antiretroviral therapy. The Journal of infectious diseases. 2003; 187:1534—43. [PubMed:
12721933]

15. Naeger DM, Martin JN, Sinclair E, et al. Cytomegalovirus-specific T cells persist at very high
levels during long-term antiretroviral treatment of HIV disease. PloS one. 2010 Jan 29.5(1):e8886.
[PubMed: 20126452]

16. Guo H, Callaway JB, Ting JP. Inflammasomes: mechanism of action, role in disease, and
therapeutics. Nat Med. 2015 Jul; 21(7):677-87. [PubMed: 26121197]

17. Sinha A, Ma Y, Scherzer R, et al. Higher Carnitine Levels are Associated with Subsequent
Myocardial Infarctions in HIV. CROI. 2017 Abstract #625.

18**, Dirajlal-Fargo S, Sattar A, Kulkarni M, et al. HI\V-positive youth who are perinatally infected
have impaired endothelial function. AIDS. 2017; 31:1917-1924. A cross-sectional study showing
that perinatally HIV-infected children were at greater risk of impaired peripheral endothelial
function as measured by endoPAT compared to behaviorally infected youth. [PubMed:
28590332]

19. Mosepele M, Hemphill LC, Moloi W, et al. Pre-clinical carotid atherosclerosis and sCD163 among
virally suppressed HIV patients in Botswana compared with uninfected controls. PLoS One. 2017;
12:e0179994. [PubMed: 28662159]

20*. Mattingly AS, Unsal AB, Purdy JB, et al. T-cell Activation and E-selectin Are Associated With
Coronary Plaque in HIV-infected Young Adults. Pediatr Infect Dis J. 2017; 36:63-65. Cross-
sectional cardiac imaging study among young adults who acquired HIV-infection early in life
showing the potential effects of inflammation and immune activation on presence of coronary
plaque. The study population was not restricted to virologically suppressed participants (45%
suppressed at <50 copies/mL). [PubMed: 27749650]

21*. Eckard AR, Rosebush JC, Lee ST, et al. Increased Immune Activation and Exhaustion in HIV-
infected Youth. Pediatr Infect Dis J. 2016; 35:e370-e377. A nice cross-sectional study among
HIV-infected adolescents on stable ART and viral loads <1000 copies/mL showing increased
levels of T-cell immune activation and exhaustion compared to sex, age, and race matched
healthy controls. [PubMed: 27626922]

22. Eggena MP, Barugahare B, Jones N, et al. Depletion of regulatory T cells in HIV infection is
associated with immune activation. J Immunol. 2005; 174:4407-14. [PubMed: 15778406]

23*. Dirajlal-Fargo S, Musiime V, Cook A, et al. Insulin Resistance and Markers of Inflammation in
HIV-infected Ugandan Children in the CHAPAS-3 Trial. Pediatr Infect Dis J. 2017; 36:761-767.
A one-year follow-up study of Ugandan children initiating ART showing a positive association
between changes in CD163 and changes in HOMA-IR, suggesting that insulin resistance in HIV-
infected children may be mediated by monocyte activation. [PubMed: 28067719]

24*. Innes S, Abdullah KL, Haubrich R, et al. High Prevalence of Dyslipidemia and Insulin Resistance
in HIV-infected Prepubertal African Children on Antiretroviral Therapy. Pediatr Infect Dis J.
2016; 35:e1-7. Single-center cross-sectional study of pre-pubertal South African children
showing the need for alternative treatment strategies for young children given high observed
prevalence of insulin resistance and dyslipidemia associated with lopinavir/ritonavir and
efavirenz use. Prevalence of any lipid or glucose metabolic abnormality was 40%. [PubMed:
26421804]

25. Kelesidis T, Jackson N, McComsey GA, et al. Oxidized lipoproteins are associated with markers of
inflammation and immune activation in HIV-1 infection. AIDS. 2016; 30:2625-33. [PubMed:
27603288]

26. Sinha A, Ma Y, Scherzer R, et al. Role of T-Cell Dysfunction, Inflammation, and Coagulation in
Microvascular Disease in HIV. Journal of the American Heart Association. 2016; 5:004243.
[PubMed: 27998918]

27. Thurn D, Doyon A, Sozeri B, et al. Aortic pulse wave velocity in healthy children and adolescents:
reference values for the vicorder device and modifying factors. American journal of hypertension.
2015; 28:1480-8. [PubMed: 25944878]

28**. Ryscavage P, Macharia T, Trinidad LR, et al. Patterns of Systemic Hypertension among Adults

with Perinatally Acquired HIV. J Int Assoc Provid AIDS Care. 2017; 16:3-7. A very nice study

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 12

showing increasing incidence of systemic hypertension with age among perinatally-HIV infected
young adults, highlighting the need to closely monitor perinatally HIV-infected adolescents and
young adults as they transition to adult care. [PubMed: 27644759]

29. Aberg JA, Sponseller CA, Ward DJ, et al. Pitavastatin versus pravastatin in adults with HIV-1

infection and dyslipidaemia (INTREPID): 12 week and 52 week results of a phase 4, multicentre,
randomised, double-blind, superiority trial. The Lancet HIV. 2017; 4:e284—e294. [PubMed:
28416195]

30. Calza L, Magistrelli E, Colangeli V, et al. Substitution of nevirapine or raltegravir for protease

inhibitor vs. rosuvastatin treatment for the management of dyslipidaemia in HIV-infected patients
on stable antiretroviral therapy (Nevrast study). Infect Dis (Lond). 2017; 49:737-747. [PubMed:
28683645]

31**. Melvin AJ, Montepiedra G, Aaron L, et al. P1063 Study Team. Safety and Efficacy of

32*.

33*.

34*,

35%.

Atorvastatin in Human Immunodeficiency Virus-infected Children, Adolescents and Young
Adults With Hyperlipidemia. Pediatr Infect Dis J. 2017; 36:53-60. First Phase 1/11 study to
evaluate the safety and efficacy of a statin among HIV-infected children. Found improvements in
lipid parameters among children with ART-associated dyslipidemia though there may be toxicity
concerns possibly related to atorvastatin in younger children. [PubMed: 27749649]

Eckard AR, Raggi P, O’Riordan MA, et al. Effects of vitamin D supplementation on carotid
intima-media thickness in HIV-infected youth. Virulence. 2017; 11:1-12. Interesting active
control randomized trial showing standard vitamin D dosing among HIV-infected children with
vitamin D insufficiency to be associated with larger decreases in cIMT over 24 months of follow-
up compared to supplementation dosing, suggesting that excessive exogenous vitamin D may be
detrimental to vascular health.

de Lima LR, Silva DA, da Silva KS, et al. Aerobic Fitness and Moderate to Vigorous Physical
Activity in Children and Adolescents Living With HIV. Pediatric Exercise Science. 2017:1-23.
One of the few studies among HIV-infected children evaluating aerobic fitness and physical
activity.

Sainz T, Serrano-Villar S, Mellado MJ. Prevalence of Elevated Blood Pressure in HIV-infected
Children, Adolescents and Young Adults. Pediatr Infect Dis J. 2016; 35:824-5. A nice comment
on the cautious interpretation of prevalence estimates of high blood pressure among HIV-infected
children that are based on single blood pressure measurements. [PubMed: 27351363]

Eckard AR, Raggi P, Ruff JH, et al. Arterial stiffness in HI\-infected youth and associations with
HIV-related variables. Virulence. 2017:1-9. A well-designed study evaluating the utility of pulse
wave velocity (PWV) in measuring subclinical cardiovascular disease. While no differences were
found in PWYV between virologically suppressed HIV-infected and healthy children, PWV was
associated with cIMT among HIV-infected children and may be a useful monitoring tool.

36. lantorno M, Schér M, Soleimanifard S, et al. Coronary artery endothelial dysfunction is present in

37*

38*.

HIV-positive individuals without significant coronary artery disease. AIDS. 2017; 31:1281-9.
[PubMed: 28353539]

. de Lima LR, Martins PC, Junior CA, et al. Are traditional body fat equations and anthropometry

valid to estimate body fat in children and adolescents living with HIVV? Braz J Infect Dis. 2017
21:448-456. This study highlights the need for low cost methods to monitor body fat among
HIV-infected children in resource-limited settings and develops a prediction algorithm using
anthropometrics. Validation of their algorithm in other cohorts would inform its clinical utility.
[PubMed: 28531380]

Fitzgerald F, Lhomme E, Harris K, et al. CHAPAS3 Trial Team. Microbial translocation does not
drive immune activation in Ugandan children with HIV. CROI. 2017 abstract #801. A
longitudinal study among HIV-infected Ugandan children showing no correlation between
microbial translocation markers and immune activation in the context of immune recovery after
ART initiation. There was no significant difference in microbial translocation between immune
reconstituted HIV-infected children and HIV-uninfected controls.

39. Sturgeon C, Fasano A. Zonulin, a regulator of epithelial and endothelial barrier functions, and its

involvement in chronic inflammatory diseases. Tissue Barriers. 2016; 4:¢1251384. [PubMed:
28123927]

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 13

40. Fasano A. Zonulin and its regulation of intestinal barrier function: the biological door to
inflammation, autoimmunity, and cancer. Physiol Rev. 2011; 91:151-75. [PubMed: 21248165]

41. Hunt PW, Sinclair E, Rodriguez B, et al. Gut epithelial barrier dysfunction and innate immune
activation predict mortality in treated HIV infection. JID. 2014; 210:1228-38. [PubMed:
24755434]

42. Leffler DA, Kelly CP, Green PH, et al. Larazotide acetate for persistent symptoms of celiac disease
despite a gluten-free diet: a randomized controlled trial. Gastroenterology. 2015; 148:1311-9.
[PubMed: 25683116]

43. Maggi P, Bruno G, Perilli F, et al. Effects of Therapy with Maraviroc on the Carotid Intima Media
Thickness in HIV-1/HCV Co-infected Patients. In Vivo. 2017; 31:125-131. [PubMed: 28064231]

44. Piconi S, Pocaterra D, Rainone V, et al. Maraviroc Reduces Arterial Stiffness in Pl-Treated HIV-
infected Patients. Sci Rep. 2016; 6:28853. [PubMed: 27352838]

45. Barska K, Kwiatkowska W, Knysz B, et al. The role of the tissue factor and its inhibitor in the
development of subclinical atherosclerosis in people living with HIV. PLoS One. 2017;
12:20181533. [PubMed: 28749986]

46*. Carmo FB, Terreri MT, Succi RCM, et al. Bone mineral density and vitamin D concentration: the
challenges in taking care of children and adolescents infected with HIV. Braz J Infect Dis. 2017;
21:270-275. Prospective cohort study among primarily perintally-infected Brazilian children and
adolescents showing an association between higher viral load and low BMD suggesting the
benefits of ART on bone health. No associations were observed between type of ART and bone
health in this population despite previous studies correlating TDF exposure with low bone mass.
[PubMed: 28399423]

47**. Arpadi SM, Shiau S, Strehlau R, et al. Efavirenz is associated with higher bone mass in South
African children with HIV. AIDS. 2016; 30:2459-2467. The first study assessing bone mass
among HIV-infected children in sub-Saharan Africa showing reduced bone mass accrual among
HIV-infected children who initiated ART early and had well-controlled viremia compared to
uninfected controls. The study further observed better bone mass among children who pre-
emptively switched to efavirenz after virologically suppressing on a lopinavir-based regimen,
further suggesting the need to limit extended lopinavir exposure in growing children. [PubMed:
27427876]

48*. Sudjaritruk T, Bunupuradah T, Aurpibul L, et al. Bone-D Study Group. Hypovitaminosis D and
hyperparathyroidism: effects on bone turnover and bone mineral density among perinatally HIV-
infected adolescents. AIDS. 2016; 30:1059-67. Cross-sectional study among perinatally HIV-
infected youth in Thailand and Indonesia showing vitamin D deficiency complicated by
hyperparathyroidism to be associated with accelerated bone turnover and demineralization, thus
noting the need to monitor vitamin D in this population and consider early supplementation
before secondary hyperparathyroidism develops. [PubMed: 26807972]

49*. Sudjaritruk T, Bunupuradah T, Aurpibul L, et al. Bone-D Study Group. Adverse bone health and
abnormal bone turnover among perinatally HIV-infected Asian adolescents with virological
suppression. HIV Med. 2017; 18:235-244. A multicenter cross-sectional study among Asian
HIV-infected children (same cohort as ref [47]) identifying potentially modifiable risk factors for
low bone mass such as low BMI, boosted PI exposure, and low CD4% prior to ART initiation.
[PubMed: 27477214]

50. Sudjaritruk T, Bunupuradah T, Aurpibul L, et al. Bone-D study group. Impact of tenofovir
disoproxil fumarate on bone metabolism and bone mass among perinatally HIV-infected Asian
adolescents. Antivir Ther. 2016 [Epub ahead of print] Cross-sectional study (same cohort as ref
[47 and 48]) showing TDF exposure to be associated with parathyroid hormone elevation and bone
turnover dysregulation but not low bone mass among Asian perinatally infected adolescents,
suggesting that BMD reduction is a late feature of bone toxicity and may not be the most
appropriate metric for monitoring TDF-related bone toxicity.

51**. Giacomet V, Maruca K, Ambrosi A, et al. A 10-year follow-up of bone mineral density in HIV-

infected youths receiving tenofovir disoproxil fumarate. Int J Antimicrob Agents. 2017; 50:365—
370. First long-term follow-up study (with annual DXA) showing no detrimental effect of
tenofovir disoproxil fumarate on bone health among perinatally HIV-infected children despite

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 14

previous studies showing bone mineral loss with extended TDF exposure among adults.
[PubMed: 28689877]

52. Casado JL, Santiuste C, Vazquez M, et al. Bone mineral density decline according to renal tubular
dysfunction and phosphaturia in tenofovir-exposed HIV-infected patients. Aids. 2016; 30:1423-31.
[PubMed: 26919733]

53. Conesa FM, Llamas P, Wilder T, et al. OP0186 Tenofovir, a nucleoside analog reverse transcriptase
inhibitor for treatment of hiv, promotes osteoclast differentiation and bone lost in vivo in a
mechanism depending on atp release and adenosine, and dipyridamole may be a useful treatment
to revert the effects. Annals of the Rheumatic Diseases. 2017; 76:128-9.

54*, Jacobson DL, Stephensen CB, Miller TL, et al. Pediatric HIVV/AIDS Cohort Study. Associations
of Low Vitamin D and Elevated Parathyroid Hormone Concentrations With Bone Mineral
Density in Perinatally HIV-Infected Children. J Acquir Immune Defic Syndr. 2017; 76:33-42.
Relatively large US-based cross-sectional study showing low vitamin D levels and high
parathyroid hormone concentrations to be associated with low BMD in perinatally HIV-infected
children, suggesting the need for vitamin D supplementation trials to improve bone health in
growing children. [PubMed: 28797019]

55*. Unsal AB, Mattingly AS, Jones SE, et al. Effect of Antiretroviral Therapy on Bone and Renal
Health in Young Adults Infected With HIV in Early Life. J Clin Endocrinol Metab. 2017;
102:2896-2904. Recent study among young adults with early acquired HIV-infection showing
duration of tenofovir disoproxil fumarate use to be associated with increased subclinical markers
of renal dysfunction but not bone mass. This study adds to the conflicting evidence base
regarding the effect of TDF on bone health among HIV-infected children. [PubMed: 28531309]

56. Ofotokun I, Titanji K, Vunnava A, et al. Antiretroviral therapy induces a rapid increase in bone
resorption that is positively associated with the magnitude of immune reconstitution in HIV
infection. AIDS. 2016; 30:405-14. [PubMed: 26760232]

57*. Manavalan JS, Arpadi S, Tharmarajah S, et al. Abnormal Bone Acquisition With Early-Life HIV
Infection: Role of Immune Activation and Senescent Osteogenic Precursors. J Bone Miner Res.
2016; 31:1988-1996. A nice mechanistic study suggesting early HIV infection and chronic
inflammation lead to replicative senescence and depletion of osteoblast precursors which results
in lower peak bone mass in young men. [PubMed: 27283956]

58*. Ruan A, Tobin NH, Mulligan K, et al. Brief Report: Macrophage Activation in HIV-Infected
Adolescent Males Contributes to Differential Bone Loss by Sex: Adolescent Trials Network
Study 021. J Acquir Immune Defic Syndr. 2016; 72:372-5. One of the few studies evaluating
mechanisms for bone loss among HIV-infected adolescents by sex. [PubMed: 26885808]

59*. Wilson LR, Gakpo R, Fischer B, et al. Lymphocyte Activation and Bone Turnover in HIV-
Infected Young Adults; A Sub-Study of Adolescent Medicine Trials Network Protocol 061.
Journal of Allergy and Clinical Immunology. 2016 Feb 1.137(2):AB112. Small mechanistic
study among HIV-infected young adults suggesting the potential benefit of ART on bone loss
through its effects on lymphocyte activation.

60*. Jiménez B, Sainz T, Diaz L, et al. Madrid Cohort of HIV-Infected Children and Adolescents
Integrated in the Pediatric Branch of the Spanish National AIDS Research Network (CoRISpe).
Low Bone Mineral Density in Vertically HIV-infected Children and Adolescents: Risk Factors
and the Role of T-cell Activation and Senescence. Pediatr Infect Dis J. 2017; 36:578-583. A
cross-sectional study among Spanish perinatally-infected adolescents showing no association
between T-cell activation or senescence with low BMD. [PubMed: 28005690]

61*. Jacobson DL, Lindsey JC, Coull BA, et al. Pediatric AIDS Clinical Trials Group P1045 Team.
The Association of Fat and Lean Tissue with Whole Body and Spine Bone Mineral Density is
Modified by HIV Status and Sex in Children and Youth. Pediatr Infect Dis J. 2017 [Epub ahead
of print] One of the few studies correlating fat mass and BMD, suggesting that HIV-associated
disruptions in body fat distribution may impact bone accrual among HIV-infected youth.

62*. Eckard AR, O’Riordan MA, Rosebush JC, et al. Effects of Vitamin D Supplementation on Bone
Mineral Density and Bone Markers in HIV-infected Youth. J Acquir Immune Defic Syndr. 2017
[Epub ahead of print] Same active control randomized trial as reference [31] but showing
supplementation dosing of vitamin D among HIV-infected children with vitamin D insufficiency
to be associated with lower bone turnover markers compared to standard dosing. This study along

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 15

with its companion, highlight the conflicting recommendations for vitamin D dosing in children
with respect to two different outcomes: cardiovascular disease and bone health.

63*. Havens PL, Stephensen CB, Van Loan MD, et al. Adolescent Medicine Trials Network for HIV/
AIDS Interventions (ATN) 109 study team. Vitamin D3 Supplementation Increases Spine Bone
Mineral Density in Adolescents and Young Adults with HIV Infection Being Treated with
Tenofovir Disoproxil Fumarate: A Randomized, Placebo-Controlled Trial. Clin Infect Dis. 2017
[Epub ahead of print] Randomized trial among HIV-infected adolescents virologically suppressed
on TDF-containing ART showing improvements in BMD with vitamin D3 supplementation.

64*. Rovner AJ, Stallings VA, Rutstein R, et al. Effect of high-dose cholecalciferol (vitamin D3) on
bone and body composition in children and young adults with HIV infection: a randomized,
double-blind, placebo-controlled trial. Osteoporos Int. 2017; 28:201-209. Randomized trial
among HIV-infected youth showing no association between vitamin D3 supplementation and
body composition or bone health. This trial did not examine the impact of vitamin D3 by type of
ART which may be an effect modifier based on the results of the ATN 109 trial (ref [62]).
[PubMed: 27837268]

65*. Gaur AH, Kizito H, Prasitsueubsai W, et al. Safety, efficacy, and pharmacokinetics of a single-
tablet regimen containing elvitegravir, cobicistat, emtricitabine, and tenofovir alafenamide in
treatment-naive, HIV-infected adolescents: a single-arm, open-label trial. Lancet HIV. 2016;
3:e561-e568. Small PK study showing the tolerability and appropriate dosing of a TAF-based
combination regimen as an alternative to TDF among youth > 12 years of age. [PubMed:
27765666]

66*. Natukunda E, Gaur AH, Kosalaraksa P, et al. Safety, efficacy, and pharmacokinetics of single-
tablet elvitegravir, cobicistat, emtricitabine, and tenofovir alafenamide in virologically
suppressed, HIV-infected children: a single-arm, open-label trial. Lancet Child & Adolescent
Health. 2017; 1:27-34. Small PK study showing the tolerability and efficacy of a TAF-based
combination regimen as an alternative to TDF among children at least 25 kg in weight.

67. Koga I, Seo K, Yoshino Y, et al. Decreased serum bone specific alkaline phosphatase and increased
urinary N-terminal telopeptide of type I collagen as prognostic markers for bone mineral density
loss in HIV patients on cART. Journal of Infection and Chemotherapy. 2016; 22:543-7. [PubMed:
27346381]

68. Fantauzzi A, Floridia M, Ceci F, et al. Usefulness of calcaneal quantitative ultrasound stiffness for
the evaluation of bone health in HIV-1-infected subjects: comparison with dual X-ray
absorptiometry. HIV/AIDS (Auckland, NZ). 2016; 8:109.

69*. Ramteke SM, Kaufman JJ, Arpadi SM, et al. Unusually High Calcaneal Speed of Sound
Measurements in Children with Small Foot Size. Ultrasound Med Biol. 2017; 43:357-361. South
African study showing that the calcaneal quantitative ultrasound may not be a valid tool to assess
bone health in young children. [PubMed: 27692859]

70*. Osorio LE, Boechat MI, Mirochnick M, et al. HIV Prevention Trials Network (HPTN) 057
Protocol Team. Bone Age and Mineral Density Assessments Using Plain Roentgenograms in
Tenofovir-exposed Infants in Malawi and Brazil Enrolled in HIV Prevention Trials Network 057.
Pediatr Infect Dis J. 2017; 36:184-188. Longitudinal cohort study showing the utility of using
plain roentgenograms to monitor bone density in HIV-exposed infants, particularly to those
exposed antenatally to TDF. [PubMed: 27798550]

71*. de Lima LR, Krug RR, Silva RC, et al. Prediction of Areal Bone Mineral Density and Bone
Mineral Content in Children and Adolescents Living With HIV Based on Anthropometric
Variables. J Clin Densitom. 2016; 19:457-464. This study highlights the need for non-invasive
and low cost methods to monitor bone health among HIV-infected children in resource-limited
settings and develops a prediction algorithm using anthropometrics. Validation of their algorithm
in other cohorts would inform its clinical utility. [PubMed: 26206526]

72*. de Castro JAC, de Lima LRA, Silva DAS. Accuracy of octa-polar bioelectrical impedance
analysis for the assessment of total and appendicular body composition in children and
adolescents with HIV: comparison with dual energy X-ray absorptiometry and air displacement
plethysmography. J Hum Nutr Diet. 2017 [Epub ahead of print] Cross-sectional study showing
that bioelectrical impedance analysis may not be a suitable monitoring tool for bone mineral
content among HIV-infected children and adolescents.

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 16

73. Natsag J, Kendall MA, Sellmeyer DE, et al. Vitamin D, osteoprotegerin/receptor activator of
nuclear factor-kappaB ligand (OPG/RANKL) and inflammation with alendronate treatment in
HIV-infected patients with reduced bone mineral density. HIV Med. 2016; 17:196-205. [PubMed:
26177791]

74. Ofotokun 1, Titanji K, Lahiri CD, et al. A Single-dose Zoledronic Acid Infusion Prevents
Antiretroviral Therapy-induced Bone Loss in Treatment-naive HIV-infected Patients: A Phase Il1b
Trial. Clin Infect Dis. 2016; 63:663-671. [PubMed: 27193748]

75*. Bunupuradah T, Phupitakphol T, Sophonphan J, et al. HIV-NAT 015 Study Team. Prevalence of
Persistent Renal Dysfunction in Perinatally HIV-infected Thai Adolescents. Pediatr Infect Dis J.
2017 [Epub ahead of print] Recent study among perinatally HIV-infected Thai adolescents
showing a 14% prevalence of persistent renal dysfunction strongly associated with TDF-
containing regimens. Renal monitoring may be warranted among children on TDF.

76*. Hisbiiyah Y, Prasetyo RV, Puspitasari D, et al. Persistent proteinuria as an indicator of renal
disease in HIV-infected children. Paediatrica Indonesiana. 2017; 56:343-9. Small study among
HIV-infected children in Indonesia providing a baseline prevalence of persistent proteinuria
(2.6%) in the combination ART era and prior to large scale use of TDF in that country.

77*. Sharma G, Mathai SS. Prevalence of Asymptomatic Microalbuminuria in HIV Positive Children
in India. The Indian Journal of Pediatrics. 2017; 84:417-9. Cross-sectional study among HIV-
infected children in India showing a 20% prevalence of microalbuminuria suggesting a need for
regular renal health screening in this population. [PubMed: 28176231]

78*. Gupta G, Hemal A, Saha A, et al. Proteinuria in HIV-infected Indian children. Trop Doct. 2017;
47:230-233. Cross-sectional study among HIV-infected children in India showing an 11%
prevalence of proteinuria, with higher prevalence associated with advanced HIV stage. [PubMed:
27655943]

79*. Fredrick F, Francis JM, Ruggajo PJ, Maro EE. Renal abnormalities among HIV infected children
at Muhimbili National Hospital (MNH)-Dar es Salaam, Tanzania. BMC Nephrol. 2016; 17:30.
Cross-sectional study among HIV-infected children in Tanzania showing a 20% prevalence of
microalbuminuria suggesting a need for regular renal health screening in this population.
[PubMed: 27000018]

80*. Ledo FV, de Menezes Succi RC, Machado DM, et al. Renal abnormalities in a cohort of HIV-
infected children and adolescents. Pediatr Nephrol. 2016; 31:773-8. Prospective cohort study of
HIV-infected youth in Brazil showing a 15% prevalence of microalbuminuria suggesting a need
for regular lab-based renal health screening in this population. [PubMed: 26637410]

81. Mazzaferri F, Cordioli M, Lattuada E, et al. Monoclonal Gammopathy in HIV-Infected Patients on
Stable Antiretroviral Therapy: Disappearance or Deep Reduction? JAIDS Journal of Acquired
Immune Deficiency Syndromes. 2016; 72:e11-2. [PubMed: 26689973]

82*. Das JR, Gutkind JS, Ray PE. Circulating Fibroblast Growth Factor-2, HIV-Tat, and Vascular
Endothelial Cell Growth Factor-A in HIV-Infected Children with Renal Disease Activate Rho-A
and Src in Cultured Renal Endothelial Cells. PLoS One. 2016; 11:e0153837. A mechanistic study
suggesting that two heparin-binding growth factors, Vascular Endothelial Cell Growth Factor-A
(VEGF-A) and Fibroblast Growth Factor-2 (FGF-2), in combination with the viral protein Tat,
may affect the glomerular filtration barrier in HIV+ children. The renal endothelial cell assay
used in this study may have clinical value in identifying high risk children. [PubMed: 27097314]

83. Lamers SL, Rose R, Maidji E, et al. HIV DNA Is Frequently Present within Pathologic Tissues
Evaluated at Autopsy from Combined Antiretroviral Therapy-Treated Patients with Undetectable
Viral Loads. J Virol. 2016; 90:8968-83. [PubMed: 27466426]

84*. Purswani MU, Patel K, Winkler CA, et al. Pediatric HIVAIDS Cohort Study. Brief Report:
APOL1 Renal Risk Variants Are Associated With Chronic Kidney Disease in Children and Youth
With Perinatal HIV Infection. J Acquir Immune Defic Syndr. 2016; 73:63-8. One of the few
studies to evaluate the association between a genetic variant and chronic kidney disease among
perinatally HIV-infected youth. Interaction between this genetic variant and modifiable risk
factors for renal disease such as tenofovir disoproxil fumarate would be of clinical interest.
[PubMed: 27035887]

85. Kopp JB, Heymann J, Winkler CA. APOL1 Renal Risk Variants: Fertile Soil for HIVV-Associated
Nephropathy. Semin Nephrol. 2017; 37:514-519. [PubMed: 29110758]

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes and Patel

Page 17

86. Nishijima T, Kurosawa T, Tanaka N, et al. Urinary 2 microglobulin can predict tenofovir
disoproxil fumarate-related renal dysfunction in HIV-1-infected patients who initiate tenofovir
disoproxil fumarate-containing antiretroviral therapy. AIDS. 2016; 30(10):1563-71. [PubMed:
26919734]

87. Bhimma R, Purswani MU, Kala U. Kidney disease in children and adolescents with perinatal
HIV-1 infection. J Int AIDS Soc. 2013; 16:18596. [PubMed: 23782479]

88*. Deya-Martinez A, Fortuny C, Soler-Palacin P, et al. Cystatin C: A Marker for Inflammation and
Renal Function Among HIV-infected Children and Adolescents. Pediatr Infect Dis J. 2016;
35:196-200. This study highlights cystatin C as a potential biomarker to monitor the renal health
of HIV-infected children. [PubMed: 26479972]

89*. Githinji LN, Gray DM, Hlengwa S, et al. Lung Function in South African Adolescents Infected
Perinatally with HIV and Treated Long-Term with Antiretroviral Therapy. Ann Am Thorac Soc.
2017; 14:722-729. This is the largest study of lung function among perinatally HIV-infected
children who are stable on ART and highlights the need to determine whether there is an
independent effect of HIV infection on lung function among children that is independent of prior
respiratory tract infections including tuberculosis. [PubMed: 28248548]

90*. Rylance J, Mchugh G, Metcalfe J, et al. Chronic lung disease in HIV-infected children established
on antiretroviral therapy. AIDS. 2016; 30:2795-2803. Cross-sectional study among HIV-infected
youth in Zimbabwe showing 24% prevalence of abnormal spirometry among youth on stable
ART. Late HIV diagnosis was associated with abnormal lung function highlighting the
importance of early HIV diagnosis and treatment. [PubMed: 27662546]

91*. Mwalukomo T, Rylance SJ, Webb EL, et al. Clinical Characteristics and Lung Function in Older
Children Vertically Infected With Human Immunodeficiency Virus in Malawi. J Pediatric Infect
Dis Soc. 2016; 5:161-9. Cross-sectional study among HIV-infected youth in Malawi showing
38% prevalence of abnormal spirometry and highlighting the high burden of lung disease in this
population. [PubMed: 26407277]

92*. Shearer WT, Jacobson DL, Yu W, et al. Pediatric HIVV/AIDS Cohort Study. Long-term pulmonary
complications in perinatally HIV-infected youth. J Allergy Clin Immunol. 2017; 140:1101-
1111.e7. US-based cohort of perinatally infected children and adolescents showing a 34%
prevalence of asthma with decreased reversibility. More follow-up is warranted to evaluate the
long-term effects of perinatal HIV infection on pulmonary function. [PubMed: 28279683]

93*. Desai SR, Nair A, Rylance J, et al. HIV-Associated Chronic Lung Disease in Children and
Adolescents in Zimbabwe: Chest Radiographic and High-Resolution Computed Tomography
Findings. Clin Infect Dis. 2017 [Epub ahead of print] Imaging study of lung function showing
that severity and extent of bronchiectasis may be associated with chronic lung disease among
HIV-infected children.

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Innes and Patel

Page 18
Key Points
. There are many studies of AVD risk among HIV-infected adolescents though
studies of interventions to reduce risk are relatively limited compared to
adults.
. Few studies to date have compared TAF to TDF for risk of bone or renal
adverse effects among HIV-infected adolescents.
. Recent studies of CKD have focused primarily on estimating prevalence in

LMIC settings while studies of CLD are limited.
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