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ABSTRACT
Title of Dissertation: Association of Body Mass Index and Viral Burden with
Neurocognitive Performance among HiMnfected Patients
JibreelA. Jumare, Ph.D2017
Dissertation Directed by: Samer S. EKamary, M.D., M.P.HAssociate Professpr
Department of Epidemiology and Public Health
Introduction:The pathogenesis of HIV associated neurocognitive disorders (HAND)
involves interaction of viral, host, treatmeand comorbid factors, though the specific
mechanisms remain uncledve examined the associationbaidy mass index@Ml) and
viral burden with cognitive function among HYinfected individuals in high burden
and resource limited settings.
Methods:This was a secondary analysis of data obtained from 3 prospective cohort
studies conducted in China, India and Nigeria. A total of 761-Hikfected participants
from these 3 cohorts were inded for the analyses BMI and cognitive function; 179
participants from lhe Nigeria cohort for the analysesptsma HIV RNA and @gnition;
while 36 individuals at baseline from the Nigeria study were includéoeimnalysis of
HIV DNA levels and cognitive performance. Data on demographic and clinical
information were obtained using stamdaed questionnaires atisorough general
medical assessments at each study visit duha conduct of thprimary studies.
Utilizing demographic and practice effect adjusted T scores obtained freshoraain

neuropsychologiddest battery, cognitive status was determined by the global deficit

score (GDS) approach, with a GDS of O 0.5



Resultsin a multivariable logistic regression of pooled longitudinal data, adjusting for
clinical and demoguzhic variables, the odds of global mecognitive impairment were
higher among the overweight/obes®l the underweiglats compared to normal weight
participants (OR: 18[95% CI: 1.1, 1.72]; P=0.0049; a@R: 1.39 [95% CI: 1.03,

1.87]; P=0.0292espectiely). The odds of neurocognitive impairment were 30% higher
per loggincrease in plasma HIV RNA (OR: 1.3 [95% CI: 1115]; P=0.0048among the
Nigeria cohort Alsoamong this groupthe odds of cognitive impairment were 6.2 times
greater per log increase in HIV DNA within T&B lymphocytes (OR: 6.2 [95% CI, 1:01
37.4]; p= 0.048). (p= 0.048).

Conclusionin thisstudy, we found significargssociations between weight categories,
plasma HIV RNA levels as well as HIV DNA levels within peripheral blood
lymphocytes, andeurocognitivgperformancemong HI\:1 infected patients in resource
limited and HIV high burden settingsurther studies anequired to characterize the

mechanistic basis for these findings.
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I. BACKGROUND AND SIGNIFICANCE
A. Introduction

The introduction of combination antiretroviral therapy (CART) has ledsignificant
reduction in the incidence of severe forms of HIV associated neurocognitive disorders
(HAND).! However, milder forms still persist with prevalence up to 36%he
pathogenesisf HAND probably involves the interaction of viral, host, treatment, and
comorbid factors, though the specific mechanisms reomaitear*>

Among important comorbid host factors implicated in HAND pathogenesis are
metabolic disorders like overweight/obegifyHigh body mass index (BMI), an indicator
of excess visceral adiposity, is associated with high blood pressure, diabetes mellitus and
metabolic syndrome, which are risk factors for cardiovasculeagésand neurocognitive
dysfunction®*® Many studies among HIV uninfected individuals have linked higher BMI
with increased risk of cognitive impairmeit? Few studies have explatehis
association in the context of HIV infection. These were mainly from HIV low burden
settings, mostly cross sectional in design, mmbrtedvariable findings>2® As HIV
patients receive lifsaving treatmenthey gain weight significantly and may become
overweight/obese like the general populafitfi thereby potentially accentuating their
existing risk for neurocognitive impairmefitThus, it is important to determine the
extent of contributiorof excess weight in HAND pathogenesis.

HIV disease progression is known to differ by HI\&ubtype®*! and some subtypes
are more neurirulent than otherd? A few studies conducted amorgppulations with
HIV-1 subtype Bor CRFO1_AEas dominant strajindicated that the level of HIV DNA

within peripheral blood mononuclear cells (PBMCs) correlates with HANBrigV,



possilly suggesting a likely role for this peripheral viral reservoir in HAND
pathogenesiOn the other handyhile anumber of studiebavereported a significant
asso@tion between plasma HIV RNand HAND during the preART era, thihas not
been consistently demonstraiadhe cART era*® Viral factors, beyond plasma HIV
RNA level, that are postulated to plagkroles in the cCART era include the amount of
virus within the cerebrospinal fluid compartm@ntevels of virus within mononuclear
cells*3” and HIV viral subtyp&® among others. Few studies have explored the
association of these factors with HAND especially in HIV high burden settings.

This study examined the association between BMI and neurocognitive performance
among HIA1 infected patients across 3 interinatl cohorts in resource constrained
settings, utilizing individual patient data metaalytic approaches. We also explored the
association of plasma HIV RNIvelsand HIV DNA levels within PBMC subsets with
cognitive function among the Nigeria cohorhélpotential modifying role of HAL
subtype, looking at G and CRF02_AG, the predominant clades in Niyérithe
association betven plasma HIV RNA andHAND was also assessed.

The study has the unique advantage of utilizing a-waditlated comprehensive 7
domain neuropsychological test battery, unprecedented for this type of analysis in these
populations, for the assessmef cognitive function. Additionally, we specifically
examinedor within person associationgeyondlooking atconventional combined
(between andvithin person) correltions

Findings from this study will improve our understanding of the obienportant host

and viral factors in the pathogenesis of HAND.



B. HIV -Associated Neurocognitive Disorders (HAND)

HIV/AIDS is considered the worst pandemic of thd' 2@ntury, and remains a
leading cause of morbidity and mortality globally despite significant strides in treatment
and control effort8® An estimated 37 million people were living with HIV/AIDS at the
end of 2015, while a cumulative 34 million Hi¢lated deaths occurred since theatns
of the epidemié* SubSaharan Africa bears the brunt of this epidemic, having around
70% of the total burden. Nigeria, the most populous country in Africa, has been ranked
second worldwide for the overalufen of HIV/AIDS. India follows closely in the third
position and China ranks 3globally.*? While the prevalence rates are relatively low in
these countries, particularly the latter, the absaligease burden is huge because of
their large population. Moreover, there are concentrated epidemics that remain
uncontrolled among most at risk populatidhs

HIV infection leads to complications that affect virtually every organ sysaeih
without treatment many have &nvariably fatal outcomeAlthough the virus is not
known to infect neurons, there are broad effects on the nervous system affecting the
brain, spinal cord and peripheral nerves. These are due to either direct immune mediated
neuropathic damage by thews and its toxic proteins or indirect effects from
opportunistic diseases that are secondary to immune suppré&ssion

TheHV virus enters the central nNervous SYyst e
mainly through trafficking within infected mononuclear c&fi§his leads to a cascade of
inflammatory events that result in neural damage. Progeessiural damage in the brain

attributable directly to the virus or the inflammatory response it induces, results in
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HAND encompasses a spectrum of disorders ranging from subtle neuropsychological
impairment to a profound disabling dementia. The specific entities, based on the revision
of the American Academy of Nealogy (AAN) nosology, as proposed by the HIV
Neurobehavioral Research CenldNRC) at the University of California San Diego are:
asymptomatic neurocognitive impairment (ANI), mild neurocognitive disorder (MND),
and HIV associated dementia (HAf)These, especially HAD, occur more frequently in
advanced HIV, but may also be seen among individualsoiligrwiseasymptomatic
HIV infection.*’

The prevalence of the severest form of HAND, HAD, previously called AIDS
dementia complex (ADC), declined remarkably from over 50% duringpRT era to
less than 10% in theART era. In contrast, there appears to be no significant change in
the prevalence of milder forms of HAND, which persist in the cART era with reported
estimates up to 5096 A few studies that explored HAND in Nigeria reported prevalence
rates between 21% and 54%6° Reported prevalence estimates for different populations
are generally comparable, though thare wide variations between studies within
individual populations due to different assessment methods and patient diversity.

Determination of HAND requires evidence of impaired performance on
neuropsychological tests in at least 2 cognitive ahilitimains'® Various cognitive
domains are affected in HIV, ranging from higher order cognitive processing to motor
skills. The most frequently affected domains anemory (especially the episodic type

and its prospective form), executive function (abstract reasoning, planning and problem



solving), speed of information processing, and motor sKildanifestations of the latter

2 in the form of bradyphrenia and bradykinesia are considered cardinal symptoms of
HAND, particularly HAD, and may underlie deficits observed in other dontaifisis

pattern is consistent with the neuropathological correlate of the HAND phenotype which
is thought to be primarily of sutortical origin, though cortical involvement is seen
increasingly in the era of cAR¥>?

Thereare intrinsic and nascent characteristics of the-Hiwus that are known or
postulated to be associated with the burden and severity of HAND. These include HIV
RNA viral load (especially within the cerebrospinal fluid compartm&ifHIV DNA
reservoir within peripheral blood mononuclear &SIV viral subtype®® pattern of
viral tropism>? andpolymorphisns in toxic viral proteins likeéat andgp120°%>*

Beyond the central role of the HYvirus, which is the sine qua non in the
etiopathogenesis of HAND, there are other laost comorbid conditions that have
compounding effects on the resultant neurocognitive dysfunction observed. These factors
are known to exacerbate cognitive impairment in HIV and include aging, metabolic
disorders and cardiovascular risk factors, coinfectwth Hepatitis C or B virus,
substance abuse, gloid related neurodegeneratiand possible neurotoxic side effects
of some antiretroviral drugs>® Additional host and comorbid factors associated with
HAND include education, gender, nadir CBgunt and depression among oth&ts

Unl i ke other neurodegenerative disorders |
progressive, HAND has a variable course. There may be a considerable recovery
following cART, a progressive decline as HIV disease advances, a pattern of stable

impairment, or a fluctuating course with periods of remission and refapse



Nevertheless, HAND stands out among the most debilitating complications of
HIV/AIDS, resulting in profound adverse impact on function and quality of life. It has
been shown to significantly interfere with cognitively demanding tasks like medication
adheence, employment, and driving among ottt&r& Furthermore, HAND confers an
increased risk for early mortality independent of other medical condffions
C. Neuropathogenesis of HAND
The brain is the second most frequently affected organ after the lungs among patients
with the acquired immune deficiency syndrome (AlIB'S)s a neurotropic virus, HIV
has strong affinity for the nervous system, resulting in newasion through direct and
indirect mechanism¥
The virus gains entry to theentral nervous syster@NS) soon after infection and this
process might continue throughout the natural s®of the infectiofi>®® CNS entry
occurs by a combination of cell free viral seeding and trafficking within mononuclear
cells across the blood br aifhtismetknownéor i n a 6T
what extent early viral entry leads tédadevelopment of cognitive dysfunction.
However, it is likely that both dédautonomousé
progressing from early viral entry, and O6tr a
CNS during the course of chronic HIVsease, contribute to the pathogenesis of
HAND %>
The 6Trojan horsed hypot he%Fiswidelyni ti ally pr
believedto be the main avenue for delivering HIV into the CNS, and this is supported by
the most evidence. Monocytes and CD4+ T lymphocytes, the major cells infected by

HIV, are involved in this process, mostly as part of the normal process of immune



surveillanceacross the bloobrain barrier (BBBY® Additionally, infected mononuclear

cells assum an activated phenotype that aiadilitates migration into tissue$ Upon

entry to the CNS, these cells interact with and lead to infection of resident cells, mainly
perivascular macrophages and microgliaimfection of these susceptible cells continues

to be propagated, the process of cellular activation becomes amplified, resulting in further
damage to the BBB and an accelerated influx of infected cells enhanced by a chemotactic
gradient® [Figure 1].

Figure 1: HIV -1 entry into the CNS
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Figure 1s h o w sTrojamhers&@mnechanism of viral entry into the CNS, interaction
with resident cellsand formation of multinucleated giant cells (MNGC).

Expression of HIV envelopglycoproteins on surfaces of infected cells causes fusion
of multiple cells, including unfected cells that express CaAadotherHIV co-receptors
(CCR5 or CXCR4)resulting in the formation of multinucleated giant c@NGC) or
syncytia MGNC are conglered the neuropathological hallmark of HIV encephalitis

(HIVE), and this is an underlying pathological correlate of HIV deménffa



Perivascular microphages, microglia and the syncytia they form are the only resident
cells that support productive infection in the CNS

Figure 2: Pro-apoptotic and Anti-apoptotic Neuronal Response to HIV entry into
CNS
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Figure 2 showgpro-inflammatory and artinflammatory processeasvolved in
neurodegeneration and neuroprotectimiowing viral entry into the CNS

Although neurons are not susceptible to infection by HIV, due to lack of CD4+
receptors, they are affected either directly by toxic viral prodgpd?(Q, tat, vpretc.) or
indirectly as bystanders in the cascade of inflammatory responses emanating from the
infection of susceptible celf§ The latter ivolvesproduction of cytokines (TN, - | L
1 b ,-6, IL-B etc.) and other molecules (quinolinic acid, arachidonic acid, nitric oxide,
plateletactivaing factor [PAF] etc.known to have neurotoxic effedsThese
inflammatory products also promdt&ther activation of othemacrophags and
microglia as well as the proliferation and activation of astrogytesulting in the

compromise of the BBB and increasedyration ofmononuclear cells into the braihhe



activation of these cells causes increased release of glutamate ancatheorg
molecules, leading to uncontrolled intracellular accumulation &f\@éhin neurons, and
eventuallyresulting in neuronal apoptosfsOther pathways to neuronal degeneration,
such as caspaseediated cell death, especially in relation to toxic viral proteins, have
also been describ&Figure 2]. Together, these toxic and immune mediatedegres
lead toprogressive neurodegeneration that result in the clinical phenotype of HAND.
While mononuclear cells and astrocytes play central roles in the mechanisms leading
to neuraldamage, there is evidence showing that their activation may also be associated
with anti-apoptotic activities and neuronal protecti3f The neuroprotective
mechamsms promote the releasef®themokines (e.g. MGR) and growth factors (e.qg.
transforming growthfacteb ) t hat r egul ate calcium balance
inhibiting other apoptotic pathways related to toxic ymateins and excitotoxic
molecules’®* The balance between these divergent processes pyatsaermines the
neuropathological and clinical outcome observed. Thus, there is a tremendous potential
for exploiting some of these mechanistic pathways in the quest for therapeutic and
preventative interventions.
D. Neuropsychology of HAND
Early studies have indicated that the neurocognitive profile of HAND may have a
predominantly subcortical origin, with deficits observed mainly in psychomotor speed,
information processing, executive function and membfy’® Evidence for a
significantly higher viral load within subcortical structures, when compared to cortical
levels, was also demonstrated among individuals with HARBonetheless, the effects of

HIV on the brain may be quite diffuse, and cortical involvement is observed increasingly



in this era of CART>? Overall, the neuropthological features in HAND appear to
involve lesions affecting a broad neural network, with primary disruption of the
functional connectivity between subcortical nuclei (basal ganglia) and the neocortex
(fronto-striatal circuits)>®

Understandinghe primary subcortical effects of HIV on the brain has influenced the
design of neuropsychological tools, which were developed to target the expected
neurobehavioral manifestations of HAND. Among commonly used screening tools are
the HIV Dementia Scale (HDS) aitd modified international version (IHD3j These
instruments are however grossly limited in their ability to detect mild cases of
impairment®® A number of other tools, some with superior performance to HDS/IHDS,
exist, especially for use in the clinical settf§' However, a comprehensive
neuropsychological battery is necessary for the accurate diagnosis of HAND, including
determining its precise category, in line with current recommendations, as articulated in
the6 Frascaf® criteriab

The updated nosology for HAND recogniZesategories: Asymptomatic
Neurocognitive Impairment (ANI); Minor Neurocognitive Disorders (MND); and HIV
Associated Dementia (HADf Performance on neuropsychological tests at least 2
standard deviations (SD) below normative mean in at least 2 cognitive domains, with
evidence of marked fictional impairment in activities of daily living, constitute the
definitional criteria for HAD. The diagnoses of MND and ANI require performance at
least 1 SD below normative mean on neuropsychological tests in at least 2 cognitive

domains, with evidencef at least mild interference of daily function as additional

criterion for MND*
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The afore mentioned diagnostic criteria for HAND may be more suited to research
settings, because of the preferential requirement for the use of a comprehensive
neuropsychological battery that may not be feasible in the clinicapesadigm.

However, therera available guidelines faliniciansto make approximate
determinations on HAND classification using abridged tools like the HDS or the Mini
Mental State Examination (MMSE$®?

For appropiate diagnosis, comprehensive neuropsychological batteries are required to
include tests of the followingognitive ability domains: speed of information processing,
attention/working memory, abstraction/executive function, memory, verbal function and
motor skills**®® Additionally, performance on neuropsychological batteries should be
interpreted in the context of standard adjustments that employ appropriate normative
controls, while accounting for potential confounding comorbid conditions.

An international battgrassembled by the HIV Neurobehavioral Research Center at
the University of California San Diego (HNRQCSD) [Table 1], and tailored towards
assessment of HAND, including its gross and subtle manifestations, has been widely
adopted for use in the UnitedaBs and many countrié&sThe HNRCbattery complies
with the recommendations of an expert committee of the National Institute of Mental
Health (NIMH) and the National Institute of Neurological Diseases and Stroke
(NINDS).*®® performance on thisattery has been demonstrated to corealdth HIV
disease stage, performance in domains consistent with the expected subcortical effects of
HIV, as well as concordance with nedmoaging, immune activation and neurological
abnormalitie$* Furthermore, there is robust evidence in support of the reliability and

validity of the tests within this battef$®>°
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Table 1: HNRC International Neuropsychological Test Battery

Speed of Information Processing

WAIS-III Digit Symbol

WAIS-III Symbol Search

Color Trails Test 1

Trail Making Test A
Attention/Working Memaory

Paced Auditory Serial Addition Task

WMS-III Spatial Span
Executive Function

Color Trails Test 2

Stroop Test Word Total

Stroop Test Color Total

Stroop Test Word Color/Total
Learning

HopkinsVerbal Total Learning

Brief Visuospatial Memory Tes$t Revised
Memory

Hopkins Verbal Learning Te$tRevised

Brief Visuospatial Memory Te$t Revised Delayed Recall
Verbal Fluency

Letter (Word Sound) Fluency

Category Fluency: Nouns (animals)

Category Fluency: Verbs (actions)
Motor Speed and Dexterity

Grooved Pegboard Test

Finger tapping test

Timed gait

The National Institute dflental Health (NIMH) workgroup recommended the use of
clinical rating methodology, in conjunction with neuropsychological test scores, for the
assessment of impairment, and this is the preferred approach for the application of the
6 Fr as c a °f° Because the diiriical éating method is cumbersome and time
consuming, actuarial methods like the Global Deficit Score (GDS) approach have been
developed to simulate the clinical rating methodology, and were shdvavéo

satisfactory performand The GDS approach for classifying impairment status has a
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di agnostic accuracy of 85% when compared
method®
E. Body Mass Index and Cognition

Body mass index (BMI) is a simple measure of weightheight used to classify
individuals into weight categories. Although not a direct measure of body fat, BMI is
highly correlated with more direct measures of body fatcandiometabolic disease
outcomeg®%°

Overweight and obesity are part of the continuum of excess weight that constitutes a
major public health challenge, and is projected to be among the leading causes of death
and disability in the Zlcentury®™®? The global prevalence of obesity has more than
doubled since 1980. In 2014, an estimated 13% and 39% of all adults worldwide were
obese and overweight respectiv&ly.ow and middle income countries are now facing
the double tragedy of underweight (due to high burdenfetiious diseases and
undernutrition) and overweight/obes{gue to an in@ased consumption of a Western
style diet in the wealthier cities)ndividuals with overweight/obesity are at an increased
risk for cardiovascular disease, typeliabetes, ansome cancers**

Overweight/obesity is characterized by visceral as well as peripheral enlargement and
proliferation of adipocys. In addition to storagadipose tissue is now increasingly
recognized as an endocrine organ wihltiple metabolic and homeostatic roles. Notable
hormones secreted, called adipokines, include leptin and adipoticttia levels of
these hormones correlate with overweight/obesity, insulin resistance and levels of some
inflammatory cytokine$® Enlarged adipocytes have been shown to recruit macrophages

and promote inflammation, resulting in higher expression of sommffanmatory
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cytokines (tumor necrosis alpha [TNF] I nt e f6], mondcytercheotactic L
protein 1 [MCRL1] etc.) that are believed to mediate many of the downstream
complications of overweight/obesity These cytokines are also produced as part of the
inflammatory response to HIV infection, so that HIV infected patients with obesity may
experience an accentuation of the detrimental effectsesttinflammatory mediators.

Many studies in the general population provided some evidence linking
overweight/obesity to poor cognitive performarnitelowever, a few studies, particularly
among the elderly, reported conflicting results that may be related to-tadesb
phenomenon of .66°®%neoe defintivemssociatidroiscthat between
underweight and impaired cognitive performance, which was reported by several
studies™ The latter is believed to be due to underlying disease conditions responsible for
both underweight and cognitive dysfunction.

In a metaanalysis of prospective studies of older adults (age@04gears) published
between 1995 and 2007, Beydoun eP&hund evidence of a {dhaped association
between BMI and dementia, with dementia risk increased for obese and underweight
persons. The pooled odds ratios for underweight, overweight, and obesity compared to
normal weight in relation to incident dementia were: 1.36 (1.07, 1.73), 0.88 (0.60, 1.27)
and 142 (0.93, 2.18) respectively. A much stronger association was observed in studies
with longer follow up and younger age of participants at baseline. There was also a
stronger evidence for Al zhei mthe aciationfe ease t h
BMI with cognitive impairment

00

Gunstad et al:™, reporting findings from the Baltimore Longitudinal Study of Aging,

indicated that higher BMI was associated with lower overall cognitive function as well as
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performance in executive and memory domains among older adults. Similarly, Sabia et
al. (Whitehal Il Study)*® reported significant associations between overweight/obesity in
early midlife and lower scores in mini menttdte examination, memory and executive
function in late midlife. Furthermore, results from the Framingham Heart'8tudy
demonstrated associations of obesity and hypertension, individually and jointly, with
lower performance in global cognitive function, learning, memory, verbal andiatte
domains among men (aged-88 years) after a follow up period ofdyears. In contrast,
a recent retrospective cohort study of 2 million participants in theedKingdom the
largest so far, reported an inverse association between BMI and deriséifia

A number of potential causal pathways have beestufated in the relationship
between overweight/obesity and cognitive dysfunctfdfirst, overweight/obesity has
been linked to cardimetabolic disorders like typ2 diabetes and hypertension, which
are known to be strongly associated with cognitive impairment. These dsaordg
potentially play substantial mediatory role between overweight/obesity and impaired
neurocognitive function. The afore cited Framingham stfiishowing greater
impairment among participants with obesity and hypertension, may be indicative of either
interactive effects, mediationr a combination of both, since neither was rigorously
tested in the analyses. As the causal relationship between overweight/obesity and
hypertension is already established, mediation is quite plausible in this.t&g&td

Second, the peinflammatory cytokines produced in obesity8L. TNFU, ML P
have been shown to be associated with cognitive decline in other contexts, and this may
be due to either direct neuropathic damage or the result of induced atherosclerotic

changes, also known to interfere with cognitive functn®’
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Third, there is growing evidence on the effects of adipokines on cognitive fufittion
Obese individuals appear to have central leptin resistance in the brain despite peripheral
elevation of this neuroprotective hormone. Leptin resistance, coupled with an associated
insulin resistancanay lead to dysregulated neuronal metabolism and dysfurt&ion
addition the reduced level of adiponectin that occurs in obesity results in impairment of
its antiinflammatory, anthyperglycemic, and antitherogenic activity® This
potentially allows for myriads of downstream unopposed adverse effects that may include
cognitive dysfunction.

Finally, it has been postulated that a common cause for overweight/obesity and
cognitiveimpairment may exist’ Because of the key role of genetic disposition for both
conditions, it is possible that common genes may be responsible for these disorders, as
suggested by findings from the Finnish Twin Cohort Stfigandida¢ genes for
possible evaluation may include the-#éstsociated (FTO) gene, apolipoprotein E4 and
sortilin related receptoSORLL) genes®
F. Body Mass Index and HAND

Following the introduction of cART, the clinical course of HIV infection has been
transformedrom an inexorably progressive disease with invariably fatal outcome, to a
manageable chronic condition with extended survival approaching that of uninfected
individuals™! Consequently, wasting/underweight has become increasingly less
common, while overweight/obesity rises steadily similar to the trends in the general
population?” In fact, it was recently reported that overweight/obesity is now more

prevalent than wasting among individsiiving with HIV/AIDS %2
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Beyond the expected weight gain due to restoration ofthBglctART, certain
antiretroviral medications have been shown to cause lipohypertrophy, which may lead to
overweight/obesity*? This manifests clinically as abnormal fat depositaffecting the
abdomen (visceral adiposity), breast region, darsor vi cal area (o6buffalo
the skin (lipomata), muscles, and other visceral org=irotease inhibitors are the
leading class of antiretroviral drugs responsible for this and other forms of lipodystrophy.
Furthermore, these lifsaving medications are also known to induce other raktab
complications, including the cluster of diso
component of which is overweight/obesit§*** Also contributing to the
overweight/obesity burden is the reported tendency among some HIV/AIDS patients for
deliberate weight gain in order to obscure their diagnosis, a defensive strategy against the
stigma associated with this dise&’ Other factors respore for the rising tide of
overweight/obesity in the general population are also applicable to the HIV patient
population.

There are a few studies that looked at the association between body mass index and
neurocognitive performance among HIV/AIDS ipats. These studies were conducted
mainly in resource rich settings, were mostly cresstional in design, had relatively
small sample sizes, and reported variable findings.

Gustafson et & reporteda significantly lower performance in tests of executive
function and speed of information processing among underweight as compared to normal
wei ght women in the 6Women I nteragency HIV S
to normal weight participants shed variable results; there was marginal evidence for

lower performance in speed of information processing but better performance for the
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executive function domain. This cressctional study had a fairly large sample size
(N=1200), but assessed only a lied number of neuropsychological tests and cognitive
domains, thereby limiting the ability to explore associations with global cognitive
function.

In a crosssectional electrophysiological study among 170 Hifécted and
uninfected participants, Bad*® reported a significant interactive effect between BMI
and HIV infection on the increased latency of frontal electroenceplagloigrevoked
response. This may be consistent with a potential synergistic effect of higher BMI on the
disruption of frontostriatal pathways known to occur in HAND

McCutchan et af® reported a significantly higher likelihood of neurocognitive
impairment with increasing BMI from a bdise substudy of participants with available
metabolic data (N=90) in the CHARTER cohort. An even stronger association was found
for waist circumference, which is considered a better indicator of visceral adiposity,
though among a much smaller subsetastipipants (N=55). However, the authors of this
study emphasized in their report the reversal of association for BMI observed in their
analysis model that incorporated waist circumference and BMI together, explaining that
higher BMI appeared protective e waist circumference was accounted for. This
approach may be inappropriate because of the expected high correlation between those 2
markers of obesity and the likely collinearity to be induced. Besides the limited sample
size and the potential for typeetror, this study did not explore associations with

individual cognitive domains.
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G. High Blood Pressure and HAND

Hypertension is a major risk factor for cardiovascular disease, morbidity and
mortality.**” While prevalence estimates for hypertension show modest decline between
1980 and 2010, particularly in high income settings, tre¥aiburden has steadily risen
over the years due to increased aging and growth of the popuf&tidre prevalence of
hypertension among HIV infected individuals was regbttebe higher than among age
matched uninfected segment of the general popul&tioff This may be related to the
pro-inflammatory effects of HIV leading to accelerated vascular agmmplications
affecting the kidneys likéllV associated nephropathy, and adverse effects of
antiretroviral medications among othé7§'?® Several factors have been implicated in the
pathogenesis of hypertension, including exeght/obesity:’3!%*

High blood pressure (BP) wakown to have adverse effects on cognitive function in
many studies in the general population.alsystematic review, Van den Berge €et'al.
presentedesults showing significant association between elevated BP and worsening
cognitive function in 7 out of 11 crosectional and 10 out of 13 longitudinal studies
reviewed. Strong and consistent evidence was obtained from longitudinal studies that
assessethe relationship between midlife BP and late life cognition, particularly among
untreated individual¥>*?® Furthermore, Waldstein et &’ and Morris et at?, in
longitudinal and cross sectional studies respectively, reported evidence shicpddl
association between blood pressure and performance in multiple cognitive domains.
Studies among HIV infected patients, mostly exploring the effects of hypertension
alongside other cardiovascular risk factors or components of the metabolic syndrome,

reported similar adverse impact on cognitive funcitii'3!
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High BP is thought to impact cognition through mechanismsactkat atherosclerosis
and cerebral hypperfusion, silent cortical infarcts and subcortical white matter lesions,
blood brain barrier dysfunction and increased vascular permeability, as well as cerebral
metabolic disturbances resulting from these potepéitiways->>'* |t is undear to what
extent each of these pathophysiologic mechanisms contributes to the clinical
manifestations observed.

H. Viral Burden and HAND

The HIV virus belongs to the retrovirus family, which has the unique characteristic of
reverse transcription from RNA to DNA, and subsequent integration into host cell DNA.
Following integration, it hijacks the cell machinery towards replication wf RBIA
virions.***Whereas HIV DNA remains mainly within infected cells in either episomal
(linear and circular cDNA) or integrated (proviral) formM-RNA, the infective virion,
is ubiquitous across tissues and body fluid compartn&ecordingly, plasma HIV
RNA is traditionally considered as an indicator mavreplication, while celassociated
HIV DNA represents the reservoir capacity that maintains viral latency, and is a
formidable challenge to HIV cure and eradication effb{ts*’

The levels of plasma HIV RNA and HIV DNA within peripheral blood mononuclear
cells (PBMCs) were both shown to correlate with HIV disease progression, morbidity
and mortality**** However, studies have not consistently demonstrated a significant
association between plasma HIV RNA and HAND, particularly among patients on
CART.>®

Childs et aP* reported an 8.5 times higher hazard of dementia among patients with

high baseline HIV RNA (>30,000 copies/ml) compared to those with baseline levels
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below 3000 copies/ml during & Year follow up of a large cohort (N=1600). This study
did not look at association with milder forms of cognitive impairment.

On the other hand, Reger et‘®found no significant association between HIV RNA
levels and performance within cognitive domgiaéention, language, executive
function, visualperceptual skills, memory, motor functicethong 140 cART
experienced participants; however, global d¢gm function was not examined in this
study. Similarly, in relatively small studies with mixed cARR@ive and experienced
participants, Elis et &f and Robertson et &f! reported significant association between
cognitive impairment and CSF HIV RNA, buttqdasma HIV RNA levels. Thus, there is
a need for large studies to fully characterize this association, including across HAND
spectrum, in addition to exploring the potential moderating role of other associated
factors.

Emerging evidence from a few studies indicates that the level of HIV DNA within
PBMCs correlates with HAND severity among both treatment naive patients and
individuals on suppressive therapy’ Valcour et af’ reported strong association
between HAND and levels of HIV DNA within CI2+ cells, but not within CD4+ T
lymphocytes and not for unfractionated PBMC, among cART naive Thai cohort.

Shiramizu et at**143

also reported significant association between HIV dementia and
HIV DNA levels within total PBMCs among both treatment naive and experienced
cohorts in Hawaii and Thailand. These studies wenelacted among populations with
HIV-1 subtype Bor CRFO1_AEas dominant strain. Similar studies, especially from other

settings, with larger sample sizes are required.
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Chronic immune activation plays a key role in the pathogenesis of HIV infection and
HAND .}41¢ systemic immune activation has been shown to be associated with viral
replication, response to antiretroviral therapy, disease progression, as well as trafficking
of the virus into the CN&"" Thus, viral burden within body compartments, including
levels of HIV RNA and cell associated HIV DNA, may potentially be associated with the
level of immune activatiah'®**° Multiple factors have been postulated as likely causes
of immune activation in HIV infection. These include: innate and adaptive immune
response to HIV and its proteins, rantigen specific bystander activation of T and B
cells following increased prodtion of prainflammatory cytokines, depletion and/or
dysfunction of regulatory CD4+ T cells that normally suppress immune activation, host
immune response to opportunistic infections, as well as microbial translot4titn

The phenomenon of microbial translocation, initially proposed by Benchleyt al.
refers to the noiphysiological passage of gastrointestinal microflora or microbial
products into the systemic circulatibecause of damage to intestinal epithelia by the
cytopathic effects of HIV. This results in an elaborate host immune response that
contributes to the chronic immune activation in HIV diséaSMicrobial translocation
has been cited among factors believed to be partly responsible for the persistence of mild
forms of HAND in this era of combination @metroviral therapy"*>* The level of
lipopolysaccharide (component of gram negative bacterial cell wall) is considered a
reliable marker of microbial translocatiof Indirect markers for this phenomenon
include levelof lipopolysaccharide binding protein (LBP), endotoxin core antibodies
(EndoCADb), and soluble CD14 (sCDT4Given the increasing realization of the likely

key role of gut microbiome in nervous system disordari would be valuble for
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studies looking at the role of factors involved in HIV and HAND pathogenesis to
determine the extent of contribution of microbial translocation, and indeed other sources
of immune activation, towards the clinical phenotypes observed.
I. HIV -1 Subtype and HAND
The HIV-1 virus is classified into 4 phylogenetic groups: M, N, O and P. Group M,
the most widespread, is further divided into subtypes (A, B, C, D, F, G, H, J, and K) as
well as some circulating recombinant forms (CRFs) based ahenwelope genetic
diversity**** These subtypes have regional pattern of distribution across populations that
is thought t o be du eosttpopula@iontgdnetic selactiob,foraunder 6 e
combination of boti>* In Nigeria, CRF02_AG and G are the predominantHIV
subtypes reported, each constituting at least 30% in nearly all reports. Other subtypes
found, at a much lower proportion, include CRF06_cpx, A3, ahtd D
HIV -1 subtype has been shown to be associated with disease progression in a number
of studies from different populations across theltdt*'*® There are also indications
from a few studies that HM subtype may be associated with HAND. Sacktor &t al.
showed a significantly higher proportion of patients with HI¥ubtype D infection
having dementia as compared to those with-HISubtype A infection among a small
sample (N=60) btreatment naive participants with advanced HIV disease in Uganda.
Empiric observations also indicate a significantly lower@k&T incidence of severe
forms of HAND in India (84%), where HIY1 subtype C predominates, in contrast to
populations wth HIV-1 subtype B as dominant strain {36%)°? Moreover, it was
shown that majority of subtype C isolates, unlike-sabtype C, have tat protein with

genetic polymorphism that disrupts a dicysteinifr(@ys31S), resulting in reduced
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ability of thistat to induce inflammatory response or cause direct neurotoXiéity?
Therefore, observed subtype differences in relation to HAND occurrence and severity,
likely reflect inherent variability in subtype newvaulence potential.

From the foregoing concise review, highlighting the state of the literature regarding
important viral and host characteristics involved in HAND pathogenesis, it is clear that
there is limited knowledge on tispecificrole ofbody mass indefa surrogate marker
for adiposity)as well as viral burden aridlV -1 subtype in relation to cognitive function,
particularly among patients in HIV high burden and resource limited setfihggsstudy
sought to explore these relationshipsomg individuals from the most populous countries
in Africa and Asia as articulated in the following specific aims.

J. Specific Aims and Hypotheses

Aim 17 Investigate the association between body mass index (BMI) and

neurocognitive performance among HI\ 1 infected patients in three international

cohorts.

Hypothesis: Compared to those with normal BMI, those who are either overweight or

underweight have a greater likelihood of impaired neurocognitive performance that

may be partly mediated through blood pressure changes

Approach:Utilizing data from cohorstudies conducted in Nigeria, China and India, we

compared the neurocognitive performance of those with high or low BMI, to those with

normal BMI while accounting for blood pressure, and performed a similar wigrson

analysis for the subset of patiemtso change their BMI category during the study.
SubAim la: Determine the association between BMI and global neurocognitive

performance at baseline and longitudinally
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SubAim 1b: Compare the associations between BMI and individual
neurocognitive domaiperformance at baseline and longitudinally
(Domains: speed of information processing, attemtiworking memory,
abstractionéxecutive function, learning, memory, verbal fluency, motor
speed/dexterity)
SubAim 1c: Examine whether the association betweerl BiMi neurocognitive
performance is mediated through blood pressure changes
Aim 21 Investigate the association between plasma HY viral load and
neurocognitive performance among HI\A1 Infected patients in Nigeria.
Hypothesis: Compared to those with lomgral load, participants with higher viral
load have greater risk of impaired neurocognitive performance which may be modified
by HIV-1 subtype
Approach:We compared neurocognitive performance between individuals with higher
and those with lower levetsf plasma HIV RNA and assessed whether HISubtype
modified this association
SubAim 2a: Determine the association between plasma viral load and
neurocognitive performance at baseline and longitudinally
SubAim 2b: Examine whether the association betwpkasma viral load and
neurocognitive performance is modified by HI\Vsubtype
Aim 3 (Exploratory) i Investigate the association between cedissociated HI\:1
viral DNA and neurocognitive performance among HI\A1 Infected patients in

Nigeria.
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Hypothesis: @mpared to the unimpaired, those with impaired neurocognitive
performance have higher viral DNA levels within peripheral blood mononuclear cells
(PBMCs)
Approach:Utilizing a cross sectional design among a subset of participants at baseline,
we compared leels of HIV DNA within PBMC subsets (monocytes and lymphocytes)
between the impaired and unimpaired
SubAim 3a: Compare the levels of HIV DNA within peripheral blood monocytes
between participants with and without inmea neurocognitive performance
SubAim 3b: Compare the levels of HIV DNA within peripheral blood
lymphocytes between participants with and without impaired neurocognitive
performance
K. Study Rationale
The advent of cARhas remarkably improved survival among persons living with
HIV/AIDS. As patients live longer they experience diseases associated with aging similar
to their uninfected counterpa/t§ including metabolic disorders like overweifgitiesity
lipodystrophy, diabetes and hypertensi@trhe risk for these disorders also increases
with the use of cARTOverweightobesityis considere@ prainflammatory condition
associated with the production of neurotoxic adipocytokjadgponectin, leptin,
interleukin6 etc.) which increase the risk of cognitive dysfunctfmdditionally,
overweight/obesity increases the risk of canalietabolic diseases that also lead to higher
risk for cognitive impairmenSimilarly, being underweight is associated with a higher

risk for cognitive dysfunction, due to underlying disease conditifrBonsequently,
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HIV patients that are overweight or underweight may experience a doaivkded
deleterious effect on their cognitive functith

The HIV virus is centrain theetiopathogenesis of HAND, andgh viral burden may
be responsible for the high rates of severe forms of HAND observed prior to the
introduction of cART. In the era of cCART, however, plasma HIV RNA may not be a
reliable marker for HAND” Therefore, other viral characistics such as viral reservoir
burden (e.g. HIV DNA within PBMCs) and subtype may be better indicators of HAND.
Thus, it is imperative to determine the role of these factors in HAND occurrence and
severity.

Understanding the extent and pattern obasgion of BMI and key viral factors with
cognitive dysfunction among HIV patients, particularly in high burden settings, is vital

towards unraveling the complex mechanisms involved in HAND pathogenesis.
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II. RESEARCH DESIGN AND METHODS
A. Primary Studies and Design

This study was a secondary analysis of data from 3 prospective cohort studies
conducted in China, India and Nigeria. These studies utilized similar design and
participant assessment to look at determinants of pathogdaesilV associated
neurocognitive disorders.
Nigeria StudyThis study was conducted between 2011 and 2014 at 2 tertiary hospitals in
Abuja, Nigeria. Neurocognitive impairment (NCI) and HAND severity before and during
antiretroviral treatment were stedi in 216 HIV infected participants followed for 3
years'?
India Study:This study was conducted at the Government of India (GOI) Hafrirent
program facilities in Pune district between 2008 and 2013. It aimed to identify
determinants of NCI and antiretroviteeatment response. Around 200V positive
treatment naivewith many male partners in sedescordant relationships, wefalowed
for 4 years®®
China StudyThis study was conducted between 2005 and 2010 in rural Anhui and urban
Yunnan provinces of China. The study sought to determine neurobehavioral effects in
404 treatment experienced and naive Hlinfected patients followed for 4 yedfé
Those from Anhui were former plasma donors while the Yunnan participants were
injection drug users.
B. Study Participants

HIV infected participants from the 3 cohorts constituted the study population for the

objectives in Aim. A totalf 404participants from the Chineohort, 200participants
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from thelndia cohortand 157 individuals from the Nigeria cohort with BMI assessime
wereincluded Only participants in the Nigeria cohort provided the data for the analysis
of Aim 2 and exploratory Aim A total of 179 and 36 individuals with available HIV
RNA and HIV DNA measurements were includedtferanalyse®of the latter aims
respectively.

Each study also recruited HIV uninfected cont®ls141 [China], N=89 [India] and
N=114 [Nigeria])against which the cognitive performance of the HIV patients were
normalized in line with recommended standards. The HIV uninfexetiols were
selected from HIV counseling and testing centers as well as sexually transmitted disease
clinics to ensure similarities in background characteristics and risk profile with the HIV
infected participants. The controls were also comparabletdlitVi infected participants

with respect to key demographic characteristics (age, gender and education)

Eligibility Criteria

Inclusion Criteria Exclusion criteria
Criterion Cohort Criterion Cohort
Age O 18 Al Psychiatric illness All
Antiretroviral naive Nigeria, India Head injury All
English literacy Nigeria Learning disability All
Active CNS/systemic infections All
Neuramedical conditions unrelated to HIV All
Viral hepatitis Nigeria
Substance abuse Nigeria, India

The eligibility criteria for the Nigeria study included: adult aged 18 years or older,
ability to communicate in Englistmeuropsychological ligery yet to be translated into
local languages)ocumented evidence of HIV infection, and being antiretroviral
treatment naive. Participants were excluded if they had prior history of psychiatric iliness,

head injury with loss of consciousness, learrmisgbility, substance abuse, active
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systemic or central nervous system infection, and other fmeadical conditions
unrelated to HIV infection.

The India study differed from the Nigeria study by allowing patients with viral
hepatitis B and C infectits to be enrolled.

The China study also recruited participants with substance abuse and viral hepatitis
infections. Ability to communicate in English was not regdifor the China and India
studiesas cognitive assessments were done using tooldatea$o the local languages.

For exploratory Aim 3, a cross sectional design was used among a subset of
participants from the Nigeria cohort. A total sample of 36 participants with available
archived blood samples collected at baseline were incliede¢de analyses of cell
associated HIV DNA. The sample was comprised of 17 participants determined to be
neuracognitively impairedhat werematched by 19 unimpaired individuals with similar
CD4 count and viral load distribution.

C. Study Variables
1. Outcome Measures

The primary outcome in this study was global neurocognitive performance among
HIV infected patients with and without the exposures specified in our respective aims.
Neurocognitive performance within each of the following 7 cogaittomains
constituted our secondary outcome measures: (1) speed of information processing; (2)
attention/working memory; (3) executive function/abstraction; (4) learning; (5) memory;
(6) verbal/language; (fhotor speed/dexterityf hese were assessed atle study
utilizing scores obtained from a comprehensive battery of neuropsychological tests

administered to participant®
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Neuropsychological assessmetit:.detailed standardized comprehensive
neuropsychological batte(fANRC international batteryyas administered tall study
participants at each study visit during the course of the primary sttfdfét® The

following seven ability domains and individual tests withindenains were examined:
speed of information processing (WAIB Digit Symbol, WAIS-11l Symbol Search,

Color Trails Test 1 and Trail Making Test A); attentfiworking memory (Paced

Auditory Serial Addition Task, and WMBI Spatial Span); executive functions (Color
Trails Test 2 and Stroop Color and Word Test), learning (Hopkins Verbal Learning Test
i Revised [HVLTR] total learning and the Brief VisuospatdMémory Test Revised

[BVMT -R] total learning); memory (HVLAR delayed recall; BVMIR delayed recall);
verbal fluency (Letter [Word Sound] Fluencyat€gory Fluency: Nouns [animakshd
Category Fluency: Verbs [actions]); motor speed and dexterity (Grooved Pegboard Test,
Finger Tapping Test and Timed Gdit}®’

Raw scores from the neuropsychological tests were converted to scaled scores based
on the scores of the HIV uninfected controls, which were then used to generate
standardized -Bcores (with mean of 50 and stardideviation [SD] of 10), and these
were adjusted for age, gender and educatiestores were used to create deficit scores
(DS) ranging from 0 to 5 (0=no deficit and 5=severe deficicdre>40= DS score of
0; T-score 35839= DS score of 1;-5core 3034= DS score of 2;-Bcore 2829= DS
score of 3; Tscore 2624= DS of 4; Fscore <20= DS score of 5. The deficit scores for
individual tests were averaged to generate a deficit score for each domain and across all
tests to calculate a global deficit scé@DS). Unlike the mean-$core approach, in

which a very high score on one test obscures the presence of impairment on another, the
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DS approach gives less weight to scores within the normal range (for which DS=0) and
instead emphasizes the number and sgveirany impairments.

Follow up scores were also adjusted for practice effect, using HIV uninfected
individuals as controls for all follow up visits in the China and India cohorts, but only for
the first follow up visit in the Nigeri@ohort(the HIV uninfected participants were only
followed until the secondisit in thisstudy). Therefore, HIV infected participants with
stable HIV disease during follow up (WHO clinical stage 1, stable CDC stage, and
plasma viral load change less than Ldpwere utilized for this adjustment during
subsequent follow up visits among the Nigeria colfdgo, the HIV infected controls
used had neuropsychological change scores that were comparable to those of the HIV
uninfected participants at the first follayp visit.

Global cognitive performance was assessed quantitatively using global T scores, and
dichotomously by categorizing the global deficit scores (GDS) into impaired and
unimpaired at a cubff level of 0.5 in line with standard recommendal{f Domain
cognitive performance was analyzed quantitatively using average domain T scores and
dichotomously at a ctiff level of 40 (equivalent to 1 standard deviation laetbe
normative mean®
2. Exposure Measures

The primaryexposure for the analysis in Aim 1 is BMI, which was calculated from
the ratio of weight (in kilograms [Kg]) to the square of height (in meters squafd [m
BMI was analyzed both quantitatively and as a categorical variable with 3 levels (normal
weight,underweight and overweight/obese) based on World Health Organization (WHO)

prescribed cubff levels'®® Blood pressure (BP) was a secondary exposure variable
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analyzed specifically as a potential mediatinggdafor part of the association between
BMI and neurocognitive performance. BP was assessed primarily in 3 categories (high,
low, and normal) in line with WHO definition.

The primary exposures for Aim 2 and exploratory Aim 3 were plasma HIV RNA vir
load and cellassociated HIV DNA levels within PBMC subsets, respectively. HIV viral
subtype (G versus CRF02_AG) constituted the secondary exposure variable in the
analyses for Aim 2. Plasma HY RNA viral load and HIV DNA within the PBMC
subsets werassessed quantitatively after jptransformation.

3. Potential Confounding Variables

Demographic variables like age, gender, and education/socioeconomic status are
known to beassociated with BMI and performance on neurocognitive te§ting
Similarly, disease conditions such as diabetes, hypertension and depression, as well as
antiretrovial treatment status alsorrelate with BMI andheurocognitive
performancé*>® These variables were therefore controlled as confounders in the analysis
for Aim 1. Other variables known to be associated with neurocognitive impairment (CD4
count, HIV viral load, Hepatitis C status, and substance use) were disteth@as
covariates They were also explored for association with BMI to ascertain if they
fulfilled the confounding criteria. Similarly, all afore listed variables were explored as
potential confounderf®r Aim 2 and exploratory Aim 3. HIV subtype (G versus
CRF02_AG) was assessed for effect modification in Aim 2 as specified for this objective.
Other covariates were also explored as potential effect modifiers, by including interaction
terms with the prim@ exposure, for all aims based orittknown associations with

cognitive performance.
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D. Clinical and Laboratory Assessment

Demographic and clinical information were obtained using st
guestionnaires artthiorough general medical assessment at each study visit during the
conduct of the individual primary studies. Information regarding the presence and
severity of symptoms of depression were al so
Inventory. Weight andéight measured at each visit were used to determine body mass
index BMI). HIV serological status was determined for all prospective participants in
accordance with recommended national guidelines for each primary study. Blood
samples were collected fronanpicipants at each visit during the implementation of the
primary studies for the measurement of plasma HIV RNA, CD4+ T cell count, as well as
other routine laboratory tests for HIV care and monitoring.

Plasma HIV1 RNA viral load was measuredd ng 6 Abbott m2000 syst e
reversetranscription polymerase chain reaction (RTR) with lowest detection limit of
20 copies/ml and a specificity of 100%. Similarly, HIV DNA was quantified using real
time PCR assay targeting HIV LTgag for eaciPBMC subset after edation by bead
separationn the Nigeria studyAlso in the latter study,hylogenetic analysis was done
among participants with plasma HIV RNA >=1000 to determine-HRUbtype based on
Polymerasefol-PR/R7) region subtype classifitian.
E. Operational Definitions

In this study, we used the following definitions for our outcome and exposure
assessments:

Global neurocognitive impairment Gl o b a | Deficit Score (GDS) O

Domain impairmentAverage domain T score <40.
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Weight categories (WHO Classification)

A Overweight/obese: BMI025 kg/nf

A Underweight: BMI <18.5 kg/nf

A Normal weightl 8 . 5 ©25g)Mf

- Recommended trigger cuff for Asian populations was alsxplored®®
A Overweight/ obese: BMI 023 kg/m

Both cutoffs for overweight/obesityC25 and(®23) were explored for our pooled and
individual cohort analyses (including for the Nigerian cohort) as recommended by the
WHO.™®

Blood pressure classification

A High blood pressure: Systolic BP O 140
history of treatment for hypertension
A Low BP: Systolic BP <90 or diastolic BP <60 mmHg
A Normal BP: §stolic 90 OBP <140 and diastoli6 0 BRX 90 mmHg
F. Ethical Considerations
All study procedures were approved for the primary studies by the Institutional
Review Boards of: University of Maryland Baltimore, National Hospital Abuja, and
University of Abuja Teaching Hospital [Nigeria studyniversity of California at San
Diego (UCSD), National AIDS Research Institute (NARI) {India study]; @hniha
CDC/National Center for AIDS (NCAIDS), as well as the Peking University and the

Universityof California at San Diego (UCSD) [China Study].
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G. Data Management and Statistical Analysis

De-identified datasets were obtained from the data repositories of the individual
studies in line with the ethical provisions for such transfers. Theetatevere
harmonized, using common variable names and units of measurement, and merged
preparatory to analysis. We conducted univariable analyses to generate descriptive
statistics for all variables, including frequency distributions for categorical \esiab
well as box and normal plots for continuous variables. These provided opportunity to
assess level of missing data, detect outliers, and for our continuous outcome variables
determine any significant departures from normality.

Bivariable analyss, using Pearson ebguare or Fishers test, t or Wilcoxon test,
analysis of variancBANOVA) or KruskalWalis test, as appropriate for each variable,
were performed to determine association between key demographic and clinical
characteristics and our exgure and outcome variables. Participants with and without
missing data, as well as those retained and those lost during follow up, were also
compared for these characteristics to assess if significant bias was introduced as a result
of missing observatia

Variables known to be associated with both exposure and outcome, as well as those
found to show similarly significant associations in our bivariable exploration, were
included as covariates in multivariable analyses. We assessed for effect atiodifior
each covariate using interaction terms with the primary exposures.

1. Sample Size and Power Considerations
As asecondary analysis, this studysv@nstrained by the sample size composition of

the primary studies, and in particular the availability of the specific data elements
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required for the assessment of our exposure, outcome and third level variables. Based on

the number of participants withé exposure and outcome measures of interest, we
estimated the projected power for looking at the specific aims in this study.
Sub-Aim l1a: Determine the association between BMI and global neurocognitive

performance at baseline and longitudinally

The analysis for this aim compared participants with normal weight to those who were

overweight and those that were underweight for neurocognitive performance across the 3

cohorts. For these analyses we assumed a prevalence of 20% for neurocognitive
impairmentNCI) among individuals with normal weight based on the lower range of
reported prevalence in the respective reference populatibith 284 and 359

participants in these cohorts that were in the overweight and normal weight categories
respectively, a type 1 error (U) of 0.
10% at baseline, using therorentional formula for such estimatioir¢rmula:z, = Z -
[(Pe-Pu)&(Peqge/N + Puqu/N)]). "

Similarly, using a longitudinal repeated measures framework with 4 visits, 210 and
257 participants retained in the overweight and normal weight categories respectively,
andanintrec | ass corr el at i ountfdrWwit@icpersgn korreation fr 4
repeated neuropsychological testiifwe also had a power of 92%rfa detetable
difference of 10% (Table)Z'Formula:Z, = Zy - {(Pe-Pu)A[(1+(n-1)} ) (Peqe/Nn +

PUQU/N,I’])]}] .14,173174

! 7, standarchormal variateeritical limit for type Il error; Z; standarchormal variateeritical limit for type
| error; Peproportion of exposed with NCtje: complement of Pe; Pproportion of unexposed with NCI;
gu: complement of Pl number exposedN,: number unexposed; n: number of study visitgsmean
score among exposed;,. mean score among unexposeit standard deviation of scoreg; intra-class
correlation
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Utilizing neurocognitive performance quantitatively, and assuming a global T score of
50 among individuals with normal weight, as well as a typedr ef 0.05, we had a
power overB9% to detect a small effect size of 0.3 at baseline. For the longitudinal
repeated measures approach, after accounting for loss to follow up and an ICC of 0.4, we
had a power of at least 99% for a small effect size ofTh8re was also sufficient power
(over 90%) to observe a moderate effect size of 0.5 for the individual cohorts in looking
at the comparison of overigit with normal weight (Table)3'Formula: Z = Zyi{ (<€
e/ GAJ(IH(n-1)1) (UNen+ UNG)IY -7

These power estimates also applie®t-aim 1b that looked at the individual
cognitive domains since the global neurocognitive performance derives from the domain
performance.

Table 2: Power and Sample Size Analyses for Repeat®dtieasures: Dichotomous
Outcome

Specific | Cohort | Outcome Proportion Number of | Number | Number Power
Aim of interest with NCI unexposed Exposed | of visits
among retained in | retained
Unexposed Cohort in Cohort P-P,
P, 0.1 0.15 0.25
. Overall | NCI: Overweight 0.2 257 210 4| 092 | 5099 | >0.99
vs Normal weight
NCL
Undererweight vs 0.2 257 66 4 0.59 | 0.89 | =0.99
Normal weight
NCI: High BP vs
Normal BP 0.2 433 88 4 073 | 095 | >0.99
2 Nigeria | NCIL: Upper
quartilevslower 0.2 40 40 300|027 | 049 | 084
quartile viral load

P,: proportion exposed with NCI; a: Type 1 error (¢=0.05); p: intra-class correlation (p=0.4); Pu: proportion unexposed with NCI

Utilizing the product approach for indirect effect in mediation analy3there was
also at least a power of 80% to detect a significant indirect association at an effect size of

0.5 for the analyses fBub-aim 1c
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Table 3: Power and Sample Size Analyses for Repeated Measures: Continuous
Outcome

Specific | Cohort | Outcome Mean Number Number | Number Power
Aim of interest among Unexposed | Exposed | of visits
Unexposed/ | retainedin | retained
Normal cohort in Cohort
weight ES:0.3 ES:0.5 ES:1
1 Overall | T score: Overweight | 50 257 210 4 =0.99 (=099 |>0.99
vs Normal weight
T score: Underweight | 50 257 66 4 0.83 |[>099 |>099
v Normal weight
T score: High BPvs | 50 433 88 4 0.93 [>099 | =099
Normal BP
Nigeria | T score: Overweight | 50 46 95 3 0.58 | 0.95 >0.99
vs Normal weight
India T score: Overweight | 50 91 44 3 0.56 | 0.94 >0.99
vs Normal weight
China T score: Overweight | 50 167 Vi 3 0.9 =099 | >0.99
v Normal weight
2 Nigeria | T score: Upper 50 40 40 3 0.41 0.82 >0.99
quartile vs lower
quartile plasma viral
load
3 Mean Logyp HIV 3 17 19 1 014 |[032 0.85
DNA: Impaired vs
Unimpaired

T Score: Global T score ES: Effect size o Type 1 ervor (0=0.05) p: intra-class correlation (p=0.4)

Sub-Aim 2a: Determine the association between plasma viral load and
neurocognitive performance at baseline and longitudinally

With similar assumptions as in Aim 1 (prevalence of impairment and global T score
among participants in the | ower quartile of
the comparison between upper and lower quartiles of plasma viral load (l&#pati
retained at visit 3) had a power of 84% for the dichotomous outcome to observe a
difference of 25% (Table 2) and a power of 82% for the quantitative global T score

outcome to detect a modezagffect size of 0.5 (Table 3).
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For Sub-Aim 2b, assumig a beta coefficient of 0.15 and a standard error of 0.035, for
the interaction of subpe G with HIV RNA,we had a power of at least 82% to detect
significant interaction for thquantitative T score outcome.

Exploratory Sub-Aim 3a: Compare the levels oHIV DNA within peripheral blood
monocytes between participants with and without impaired neurocognitive
performance

For this exploratory cross sectional sstbhdy in a conveniently selected sample of 36
participants (17 cognitively impaired and 19mpaired) at baseline, we assumed a mean
HIV DNA level among unimpaired of 3 log copies and a standard deviation of*¥log
as wel |l as an U of 0.05. These provided
The power estimates fexploratorySub-Aim 3b were similar.

2. Statistical Analyses
Sub-Aim la: Determine the association between BMI and global neurocognitive
performance at baseline and longitudinally

This analysis involved comparing neurocognitive performance between individuals in
the reference normal weight category and the overweight and underweight categories
respectively. Our dependent variable was neurocognitive performance while the
indepenlent variable was weight category.

For baseline analysis, we utilized generalized linear model with binomial and normal
distribution options to implement logistic and linear regression analyses for the
dichotomous (impaired versus unimpaired) godntitative (global T scores) outcomes

respectively.
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Generalized estimating equations (GEE) platform was usddddongitudinal
analyss of dichotomous and quantitative outcomes. An exchangeable working
correlation was used based on our asgion@f symmetrical pattern of correlation
between successive cognitive assessments. However, even if this option was wrong,
estimates of association from the GEE are expected to be robust to misspecification.

As an exploratory analysis, we assessgdin person changes in cognitive
performance for individuals who changed their weight category using conditional logistic
regression for the dichotomous cognitive impairment outcome.

Demographic (age, gender, education), clinical (deshenypertension, depression,
HCV infection, cART status), and immuwwrologic (CD4count viral load) variables
were included as covariates in our multivariable regression analyses to establish
independent associations. Variables known to be signifjcassociated with both
exposure and outcome, or demonstrated to have these associations in our univariate
analyses, or shown to improve model fitness (likelihoods’sta®istic) were retained.
We assessed for effect modification for each covariate usi@gaction terms with the
primary exposures.

These analyses were done using the overall data (pooled from the 3 cohorts), after
assessing for evidence of heterogeneity between the 3 cohorts. There was no significant
interaction between our expossit@nd the cohort variabéntered as a fixed effect in the

models, thereby justifying the pooled analyses.
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Sub-Aim 1b: Compare the associations between BMI and individual neurocognitive
domain performance at baseline and longitudinally

The analyses for this stédm looking at the 7 individual cognitive domains were
similar in approach to those in sabnla aboveWe also assessed if pattern of
association differed between the cohorts by including an interaction term between the
expaures ana@ohort variableentered as a fixed effect in theodels Furthermore
domain associatioeffect sizerankingswere comparetietween the 3 cohorts
gualitativelyusingheat maps
Sub-Aim 1c: Examine whether the association between BMI andeurocognitive
performance is mediated through blood pressure changes

We used regression based decomposition path analysis to estimate total, direct, and
indirect effects in the association between BMI, blood pressure (BP) and neurocognitive
impairmert (NCI). The following models were fit for this analysig:BMI-NCI; 2)
BMI -BP; 3) BMI, BP-NCI. For the estimation of indirect effect, we used the product of
coefficient method of Sobel [product of coefficients of BMI for models 2 an@3f
Significance of these estimates was determined by a bootstrap approach utilizing SAS
macros published by VanderWeele and Vai&i
Sub-Aim 2a: Determine the association between plasma viral load and
neurocognitive performance at baseline and lagitudinally

For this analysis, the dependent variable was neurocognitive performance while the
independent variable wagasmaHIV RNA viral load. HIV RNA was assessed as a
continuous variable that was log transformed for meaningful interpretatipeatel

measures GEE platform was used to analyze the association with neurocognitive
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performance for both dichotomous (impaired versus unimpaired) and quantitative
outcomes (global T score). Exploratory analysis for within person association, like in
Aim 1, was done using conditional logistic regression for the dichotomous outcome.
Covariates irAim 1 and HI\A1 subtype (G versuSRF02 AG) were similarly explored
for confounding and effect modification as specified above.
Sub-Aim 2b: Examine whether theassociation between plasma viral load and
neurocognitive performance is modified by HI\A1 subtype

Forthis, we assessed the interaction begw HI\-1 subtype and HIV RNAIn
addition to looking at the independent association of-HRUbtype with newcognitive
performance.
Exploratory Sub-Aims 3a & b: Compare the levels of HIV DNA within PBMC
subsets{monocytes and lymphocytes, respectivelypetween participants with and
without impaired neurocognitive performance

This crosssectional analysis & accomplished in a sisample at baseline using
multivariable linear regression to assess change in log transformed HIV DNA per unit
increase in cognitive scores for each PBMC subset (monocytes and lymphocytes). The
dependent variable here was HIV DNAdd while the independent variable was
cognitive performance. Similarly, multivariable logistic regression was performed to
assess the odds of impairment per log change in HIV DNA within each PBMC subset.
For the latter, the dependent variable was cognithpairment status while the
independent variable was HIV DNA level. Plasma HIV RNA viral load, CD4 count,

HIV-1 subtype, as well as monocyte or lymphocyte count fomiveocyte and
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lymphocyte subset analysisspectively, were assessed for confounding effect
modification.
For all analyses specified above, effect estimates with 95% confidence limits and

corresponding ®Ralues were determined as appropriate.
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[ll. BODY MASS INDEX AND COGNITIVE FUNCTION AMONG HIV -1

INFECTED INDIVIDUALS: A POOLED ANALYSIS OF 3 PROSPECTIVE

STUDIES FROM CHINA, INDIA AND NIGERIA ?

Abstract

Introduction:Many studies in the general population have demonstrated an increased risk
of cognitive dysfunction among individuals with high or low body madex (BMI).

While somestudies havéounda similar relationshp among HIV infected patients in
resource rich settings (RR$his asociationhasnot beerexamiredin high burden and
resource limited setting®LS).

Methods:This was a secondary analysis of data obtained from 3 prospective cohort
studies conducted in China, India and Nigeria. A total of 761-Hikfected participants

were included in this study, comprising 404 individuals (53%) from the China cohort,

200 indviduals (26%) from the India cohort, and 157 participants (21%) from the Nigeria
cohort. World Health Organization (WHO) weight classifications (based on BMI),
including recommended trigger eotfs for Asian populations were used. Utilizing
demographicad practice effect adjusted T scores obtained frord@nain (speed of
information processing, attention/working memory, executive function, learning,

memory, verbal fluency and motor speed/dexterity) neuropsychological test battery,
cognitive status wadetermined by the global deficit score (GDS) approach, with a GDS
of O 0.5 indicating cognitive impairment.
Resultsin a multivariable logistic regression of pooled longitudinal data, adjusting for

clinical and demographic variables, the odds of globatageognitive impairment were

% Jumare J, EKamary S5, Magder L, Hungerford L, Umlauf A, Franklin D, Abimiku A, Charurat M,
Letendre SEllis RJ,Blattner WA,Royal W III, Marcotte TQ Heaton RK, Grant |, McCutchan JA
In preparation for submission
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38% higher among the overweight/obese as compared to normal weight participants (OR:
1.38 [95% CI: 1.1, 1.72]; P=0.0049). Similarly, the odds of global neurocognitive
impairment were 39% higher among the underweight as compmaneimal weight
participants (OR: 1.39 [95% CI: 1.03, 1.87]; P=0.0292). The odds of impairment tended
to be higher among the overweight participants across all individual cognitive domains,
but these were not statistically significant. For the underweigalyses, there were
significant associations within attention, and memory domains as well as a marginal
significance for the executive function domain. There was no evidence for a significant
mediating role of high blood pressure in the associationdstwverweight/obesity and
cognitive dysfunction (P=0.8814).

Conclusionin this study, we found a significantly higher likelihood of neurocognitive
impairment among HIM infected patients that are overweight/obese or underweight,

when compared to normadeight individuals in HIV high burdeand RLS
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Introduction

An estimated 37 million people were living with the human immdeficiency virus
(HIV) infection at the end of 2015 Sub-Saharan Africa bears the brunt of this epidemic,
with around 70% of the total burdeNigeria, the most populous country in Africa, has
been ranked second worldwide for the overall burden of HIV/AIDS; India follows closely
in the third position, andIna ranks 1% globally.*?

Following the introduction of combination antiretroviral therapy (CART), the clinical
course of HIV infection has been transformed from an inexorably progressive disease
with invarably fatal outcome, to a manageable chronic condition with extended survival
approaching that of uninfected individuats Similarly, there has been a remarlab
reduction in the incidence of severe forms of HIV associated neurocognitive disorders
(HAND), although milder forms persist with high prevaleh&eported prevalence
estimates for different populations are generally comparable, though there are wide
variations between studies within indiva populations due to differiregsessnrd
methods

The pathogenésof HAND involves interaction of viral, host, treatment, and
comorbid factors, though the specific mechanisms remain urfdléanong important
comorbid host factors implicated are metabolic disorders like overweight/obésiigh
body mass index (BMI), an indicator of excess visceral adiposity, is known to be
associated with high blood pressure, diabetes mellitus and metabolic syndrome, which
are risk factors for cardiovascular disease and wegritive dysfunctioff*® Many
studies among HIV uninfected individuals have linked higher BMI with increased risk of

cognitive impairment”?? The studies thatexplored this association in the context of HIV
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infectionare mainly from HIV low burden and resource rich settings, mostly cross
sectonal in designgenerally limited in poweand reportedariable findings>*41"®

As HIV patients receive lifsaving treatment , mangain weight significantly and
may become overweight/obeseratessimilar to the trend in the general populatfoff
In fact, it was reported that overweight/obesgyiow more prevalent than wasting
among individuals living with HIV/AIDS?® Elevated BMI among these patients may
potentially accentuate their existing risk for neurocognitive impairdidntthis report,
we examined the association between BMI categories and cognitive fyndtizing
data obtained frorthreecohort studies conducted RLS.
Methods
Design: This was a secondary analysis of data obtained from 3 prospective cohort studies
conducted in China, India and Nigeria. The Nigeria study was conducted between 2011
and2014 at 2 tertiary hospitals in Abuja, Nigéffathe India study was conducted at the
Government of India (GOI) HIV treatment programilities in Pune district between
2008 and 201> while the China study was conducted between 2005 and 2010 in rural
Anhui and urban Yunnan provinces of Chifig "
Study Participants: A total of 761 HI\:1 infected participant&ith BMI and
neuropsychological assessmeare included in this study, comprising 404 individuals
(53%) from the China cohort study, 200 individuals (26%) from the India cohort, and 157
participants (21%) from the Nigeria cohort. Each study also recruited HIV uninfected
controls(N=141 [China], N89 [India] and N=114 [Nigeriajagainst which the cognitive
performance of the HIV patients were normalized in line with recommended standards.

Participants were O18 years of age, had
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(CNS) or systemic diseasand had no history of significant head trauma. Prospective
participants were also excluded if they had previous diagnosis of a learning disability or
psychiatric disorder. The China and India studies included participants with hepatitis B or
C infections,n addition to those with history of substance use in the China Skhdy.
Nigeria and India studies recruited antiretroviral treatment naive patients, while the China
study had both treatment experienced and naive patients at enrolimige.the other
studies, the Nigeria study enrolledly individuals able to communicate in English.
Informed consent was obtained from all study participants independently or with the
assistance of a family member. Study procedures were approved pomntlaey studies
by the Institutional Review Boards of: University of Maryland Baltimore, National
Hospital Abuja, and University of Abuja Teaching Hospital [Nigeria studwyjyersity
of California at San Diego (UCSD), Natior®IDS Research Institute (NAIR[India
study]; andChina CDC/National Center for AIDS (NCAIDS), as well as the Peking
University and the University of California at San Diego (UCSD) [China Study].
Neuropsychological assessment

A standardized comprehensive neuropsychologicalriyattas administered to all
study participants at each study visit. Details of these are described in our other
reports'®1%41% | prief, the following seven ability domains and individual tests within
the domains were examinel).speed of information processing (WAIB Digit
Symbol, WAISIII Symbol Search, Color Trails Test 1 and Trail Making Test2));
attention/working memory (Paced Auditory Serial Addition Task, and WIMSpatial
Span);3) executive functions (Color Trails Test 2 and Stroop Color and Word #st),

learning (Hopkins Verbal Learning TdsRevised [HVLT-R] total learning and the Brief
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Visuospatial Memory Test Revised [BVMTR] total learning)5) memory (HVLT-R
delayed recall; BVMIR delayed recall)s) verbal fluency (Letter [Word Sound]
Fluency;CategoryFluency: Nouns [animalsgnd Category Fluency: Verbs [actions]);
motor speed and dexterity (Grooved Pegboard Test, Finger Tapping Test and Timed
Gait).”>'®" Participants were screened for effort using the Hiscock Digit Memory Test,
while information regarding the presence and severity of symptoms of depression were
collected using thBeck Depression Inventary°

Raw test scores from the neuropsychological tests were converted to scaled scores
based on the scores of the HIV uninfected controls aegwgrfor each cohort.

Standardized Iscoresadjusted for age, gender and educatiene generatefbr each
test (with mean of 50 arstandard deviation [SD] of 10)

Follow up scores were also adjusted for practice effect, using HIV uninfected
individuals as controls for all follow up visits in the China and India cohorts, but only for
the first ollow up visit in the Nigeria cohort (the HIV uninfected participants were only
followed until the secondisit in this study. Therefore, HIV infected participants with
stable HIV disease during follow up (WHO clinical stage 1, stable CDC stage, and
plasna viral load change less than 14ggvere utilized for this adjustment during
subsequent follow up visits among the Nigeria coldgo, the HIV infected controls
had neuropsychological change scores that were comparable to those of the HIV
uninfected articipants at the first follow up visit.

Deficit scores (DS) ranging from 0 to 5 (0=no deficit and 5=severe deficit) were
created for each test from thes€ores: Tscore>40= DS score of 0;-Bcore 3539= DS

score of 1; Tscore 3634= DS score of;2T-score 2529= DS score of 3;-Bcore 2624=
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DS of 4; T-score <20= DS score of 5. The T scores and deficit scores for individual tests
were averaged to generate a mean T score and deficit score for each of the 7 domains,
and across all tests to calculatglobal T score and global deficit score (GDS)
respectively. Mea T score below 40 (equivalent to at lehstandard deviation below
the normative mean) in each domain signified impant for that domain, whilglobal
neurocognitive impairmemwas defied agylobaldeficit score of 0.5 or mof&*®®
Clinical and Laboratory Assessment

Demographic and clinical information were obtained using standardized
guestionnaires, including a thorough general medical assessment at each study visit in the
individual cohorts. Weighaind height measured at each visit were used to determine
body mass index (BMI), calculated as the ratio of weight (in kilograms [Kg]) to the
square of height (in meters squared]jmVorld Health Organization (WHO) weight
classificationsincluding recormendedcut-offs for Asian populations (in parentheses),
were usedor all cohorts Underweight: <18.5 kg/faNormal weight: 18.525 kg/nf
(18.5<23kg/nf) ; Over wei ght 9 @Re3s’dEgBIcORpEsskey(BPN
measurements were also classified as foll ows
diastolic BP O 90 mmHg or history of treat me
90-<140 mmHg and diastolic BP 60 mmHg; Low BP: systolic BP <90 or diastoli
BP <60 mmHg. Blood samples were collected from participants at each visit for the
measurement of plasma HIV RNA, CD4+ T cell count, as well as other routine laboratory
tests for HIV care and monitoring.
Follow up Schedule:Participants were scheduleadl be seen at 6 months, 1 year, and 2

years after their baseline assessment visit in the Nigeria study. For the China and India
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studies, there were 4 annual follow up visits after enrollment. At each of these study
visits, participants had comprehensive no@sychological assessment as well as clinical
examination and laboratory tests (specified above).

Statistical Analyses

Demographic and clinical characteristics were compared between normal weight,
overweight and underweight participants, usingsdpiare, Kruskal Wallis and analysis
of variance (ANOVA) testsn addition to pairwise comparisaridnivariableand
multivariable logistic regression analyses were done to assess the odds of global and
domain impairment, comparing normal weight to overweight or underweight. Similarly,
univariable and multivariable linear regression models wiscefd to determinenean
differencedn global T scores comparing normal weight to overweight or underweight.
These analyses were explored for the individual cohorts as well as for the pooled data,
utilizing individual patieh data metaanalytic approach. Becausete was o statistical
evidence of significant interaction between cohort (entered as a fixed effect in our
models) and the weight categesjwe pooled the data from the three coh&otour
overallanalyses.

We carried out mediation analysis to determfriégh BP played some intermediary
role in the association between overweight and cognitive dysfunction. We estimated
direct and indirect components of this association, utilizing a SAS macro published by
VanderWeele and Valeti’whi ch builds on the 6product
Kenny'8!

Baseline analyses were implemented using generalized linear models, while

longitudinal analyses were implemented using a generalized estimating equation (GEE)
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framework with an exchangeable correlation structurevariable and multivariable
conditional logistic regression analyses were also done to assess within person
associations. Plasma HIV RNA levels were log transformed to achieve normality. All
statistical analyses were performed uss#fgs 9.3 (SAS Instit&, Inc.).
Results
BaselineDemographic and Clinical Characteristics

The median age of participants at baseline was 35 years, and those in the underweight
category had significantly lower median age compared to the othertwaigigories
(P=0.0014)Table4]. Females constituted approximately 42% of the participants in this
cohort, andh greater proportion afverweightparticipants weréemales(53%)when
compared to the normal weigl®5%)or underweigh{37%)individuals(P<0.0001).
Par t i anediaa mutmisedof years of education did not differ significantiywéen
the weight categories (P-0581).A higher proportion of overweight individuals had
high blood pressure (BP) as compared to the normahtvergunderweight participast
(P<0.0001). he median nadir CD4 cell count and hemoglobin level among participants
were 285 cells /miand 12.9 g/dl respectively. Both overweight and underweight
participants did not differ in median nadir CD4 count from the normal weight
individuals; however, the aierweight participants had significantly lower median nadir
CD4 count when compared to overweight individuals (P=0.0476). Similarly, the
underweight participants had significantly lower median hemoglobin levels when
compared to those in the normal gl a overweight categories €0.0001). The mean
plasma logy HIV RNA was significantly higher among the underweight as compared to

the other weight cat@ries(P=0.0018).
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Table 4: Baseline Demographic and Clinical Characteristic§N=761)

Characteristic All Normal Underweight Overweight P-value
N=761 Weight N=118 N=284
N=359
Age (vears), Median (IQR) 35(9) 35(9) 335(7) 36 (9) 0.0014*
Gender, Female n (%) 318(41.8) 125(34.8) 44 (37.3) 149 (52.5)  <0.0001°
Education (vears), Median (IQR) 9(5) 9(4) 9(3) 9(6) 0.0581%
High Blood Pressure, n (%) 102(13.6) 36(102) 5(4.3) 61 (21.6) <0.0001*
Diabetes Mellitus, n (%) 11(1.5) 6(1.7) 0(0) 5(1.8) 0.4604°
Nadir CD4 cell count/pL, Median (IQR) 285(275) 263 (273) 212.5(304.5)  293.5(253)  0.0476"
Hemoglobin g/dl 129(2.8) 13.3(2.6) 11.7(24) 13.1(2.6) <0.0001"
Log;, Plasma HIV RNA copies/ml, Mean (SD)  388(127) 3.81(1.28) 4.24 (1.13) 3.74(13) 0.0018*
Beck's Depression Score, Median (IQR) 9(14) 11(16) 10 (13) 7(13) 0.0007%
Global cognitive Impairment, n (%)
Overall 211(27.7)  87(242) 33(28) 91(32) 0.0925°
China 115(28.5) 39(249) 8(18.6) 48 (38.7) 0.0079°
India 52(26) 19(224) 22(33.9) 11 (22 0.2326°
Nigeria 44(28) 9(24.3) 3(30) 32(29.1) 0.8267
Domain Impairment, n (%)
Speed of Information Processing 130(17.1)  37(159) 18 (15.3) 55(19.4) 0.4566°
Attention/Working Memory 119(156) 56(15.6) 17 (14.4) 46 (16.2) 0.9265°
Executive Function 117(154) 48(134) 19 (16.1) 50 (17.6) 0.3150°
Learning 132(174) 60(16.7) 26 (22) 46 (16.2) 0.3451°
Memory 148 (19.5) 69(19.2) 30(254) 49 (17.3) 0.1692°7
Verbal Fluency 124 (16.3)  535(153) 26 (22.4) 43 (15.1) 0.1747"
Motor Speed and dexterity 131(17.2)  64(179) 20(17) 47 (16.6) 0.9155%
Antiretroviral Treatment, n (%)
Visit 1 208(273) 117(32.6) 15(12.7) 76 (26.8) <0.0001"
Visit 2 401 (594) 189 (58.9) 49 (58.3) 163 (60.4)  09152°
Visit 3 431(65.6) 200 (65.8) 65 (69.9) 166 (63.9)  0.5836
Visit 4 398(747)  201(782) 51(77.3) 146 (69.5)  0.0890°
Visit 5 192(853) 88(87.1) 16 (94.1) 88 (82.2 0.3933°
Study Population, n (%)
China 404 (33.1) 237 (66) 43(36.4) 124 (43.7)  <0.0001°
India 200(26.3)  85(23.7) 65 (55.1) 50 (17.6)
Nigeria 157206) 37(10.3) 10 (8.5) 110 (38.7)
Missing visit, n (%)
Visit 2 121(159)  48(134) 18 (15.3) 55(19.4) 0.1208°
Visit 3 136 (179)  70(19.5) 19 (16.1) 47 (16.6) 0.5628
Visit 4 242(31.8) 110(306) 34(28.8) 98 (34.5) 0.4400°
Visit 5 355(38.8) 203 (63) 83(76.9) 69 (39.7) <0.0001"

XKruskal-Wallis  "Fisher's test *ANOVA

IQR: interquartile range; SD: standard deviation; N: number of participants
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Medi an Beckds depression score was | ower amo
compared to normal weigahdunderweight participants (P=0.0007).
Overall, the proportion of participants with global impairment at baseline was 27.7%
(28.5% for China, 26% for India and 28% for Nigeriahile the proportion with
impaireddomain function ranged from 15.4% (for executive function) to 19.5% (for
memory).
The proportion of participants on antiretroviral treatment progressivelgased from
27% at baseline to 85% by the final study visit. Other than at baseline, where those in the
underweight category had lower profon of participants on cART &9.0001), the
di stribution of partici pant ssiniatduregfollove nt st at
up. The distribution of participants by weight category differed significantly between the
3 constituent cohorts. There were significantly higher proportions of overweight and
underweight participants in the Chinadandia cohortsespectively (R0.0001) [Table
4]. Proportion of participants lost to follow up ranged from approximately 16% in the
second visit to nearly 59% by the last visit. These did not differ by weight category
except for the final study visit, when the undenirilgd significantly higher drop out
rateas compared to the normal weight or overweigintipipants (R0.0001) [Table #
Association of BMI Categories with Global and Domain Specific Cognitive
Impairment
Baselineiln a multivariable logistic regressipadjusting fomadirCD4 cell count
(baseline CD4 among the Nigeria cohppfpsma HIV RNA age, gender, years of
educatonBeck6s depression score, antiretroviral

mellitus, 1V drug use, and study population, the cafdglobalneurocognitive
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impairment(NCI) were 48% higher among the overweight as compared to normal weight
participants (OR: 1.48 [95% (0.99, 2.2]; P=0.0537) (Table 5, Figurg 8ndthe odds

of NCI were higher among the underweight as compared to normal weight participants,
but this was not statistically significant. Similarly, for geedf information
processingattention/working memoryexeaitive function and motor dexterigognitive
domains the odds of impairment tended to be higher among overweight as compared to
the normal weight participants, but not statistically significant. The association for the
underweight showed the sartrend for executive function, learninggemoryandverbal
fluency domains (Table) 5

Longitudinal:In a multivariable logistic regression, adjusting for the same variables (as
above), the odds MCI were 38% higher among the overweight as compared to normal
weight participants (OR: 1.38 [95%:Al.1, 1.72]; P=0.009) (Table 6 Figure 3.

Adjusting for the same variables, the odd&afl were 39% higher among the
underweight as compared to normal weight participants (OR: 1.39 [95%0G3]:1.87];
P=0.0292) (Table & igure 3. The odds of impairment tended tolbgher among the
overweight as compared to normal weight participants across all cognitive dobugins,
there wa®nly amarginal significance for the attention/working memory domain (OR:
1.29 [95% CI: 0.96, 1.74]; P=0.095). The odds of impairment, congére

underweight to normal weight participants, were significantly higher foatteationand
memorydomains (ORs1.47 [1.04, 2.09and1.49 [1.05, 2.1]t P-values:0.0310and
0.0264respectively), as well as marginally significant for the executimetion domain

(OR: 1.45 [95% CI0.98, 2.13]; P=0.0609) [Tabld.6
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Table 5: Univariable and Multivariable Logistic Regression Analyses for Baseline

Association of Global and Domain Cognitive Impairment with Body Mass Index

Categories
N Univariable *Multivariable

OR  95%CI Pvalue OR 95%CI P-value

Global Normal weight 359 Ref Ref
Underweight 118 121 076,194 04181 135 08,229 02566
Overweight 284 147 1.04,209 00284 148 099.22 0.0537

Speed of Information Normal weight 359 Ref Ref
Processing Underweight 118 095 054,1.7 08719 095 05,181 08672
Overweight 284 127 085191 02474 136 0.86,2.15 0.1959

Attention/Working Memory ~ Normal weight 359 Ref Ref
Underweight 118 091 0.51,1.64 551 084 044,159 05847
Overweight 284 105 068,16 08366 12 074,193 04632

Executive Function Normal weight 359 Ref Ref
Underweight 118 124 07,222 04595 137 072,259 03378
Overweight 284 138 09,213 1389 138 0.85,224 0.1908

Learning Normal weight 359 Ref Ref
Underweight 118 141 084,236 01932 134 0.76,238 03078
Overweight 284 096 063,147 0861 098 061,158 09301

Memory Normal weight 359 Ref Ref
Underweight 118 143 0.88,234 01503 1.56 091,269 0.1059
Overweight 284 083 059,131 05226 05 059,149 0.7886

Verbal Fluency Normal weight 359 Ref Ref
Underweight 118 16 095,269 00791 127 07,23 0426l
Overweight 284099 064,152 09499 087 053,142 05649

Motor Speed and Dexterity Normal weight 359 Ref Ref
Underweight 118 094 054,163 0818 094 051.1.73 08391
Overweight 284091 06,138 063587 144 09,231 01273

*Adjusted for Plasma HIV RNA, Nadir CD4 Count, Beck's depression score, years of education, age,
gender, antiretroviral {reatment status, hypertension, diabetes mellitus, IV drug use, study population
OR: odds ratio; CI: confidence interval; N: number of participants
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Table 6: Univariable and Multivariable Logistic Regression Analyses for
Longitudinal Association of Global and Domain Cognitive Impairment with Body
Mass Index Categories

N Univariable *Multivariable
OR  95%CI Pvalue OR  95%CI  P-value
Global Normal weight 359 Ref Ref
Underweight 118 138 105,181 0.0228 139 1.03,187 0.0292
Overweight 284 138 L14.168 00017 138  LLLT2Z  0.0049
Speed of Information Processing ~ Normal weight 359 Ref Ref
Underweight 18 LIl 078,157 05612 101 07144 09799
Overweight 284 107 085133 05766 115 089.15  0.2886
Attention/Working Memory Normal weight 359 Ref Ref
Underweight 18 152 108213 00153 147  1.04209  0.031
Overweight 84 L17 09215 02078 129 096, 1.74  0.095
Executive Function Normal weight 359 Ref Ref
Underweight 18 133 09419 01111 145 098213  0.0609
Overweight 284 125 098,161 00788 122 092161 0.1678
Learning Normal weight 359 Ref Ref
Underweight 118 LIS 084158 03762 122 087171 02448
Overweight 284 112 087.144 03764 11 083,146 0515
Memory Normal weight 359 Ref Ref
Underweight 18 14 10L194 0.0464 149 105211  0.0264
Overweight 284 107 085135 05739 115 08815  0.3086
Verbal Fluency Normal weight 359 Ref Ref
Underweight 18 116 085,159 03451 105 075145 0.7948
Overweight 284099 079,125 0956 101 078,13 09595
Motor Speed and Dexterity Normal weight 359 Ref Ref
Underweight 18 121 085173 02984 LIl 077161  0.585
Overweight 284 102 079,132 08806 114 086,151 03776

*Adjusted for Plasma HIV RNA, Nadir CD4 Count, Beck's depression score, years of education, age, gender,
antiretroviral treatment status, hypertension, diabetes mellitus, IV drug use, study population
OR: odds ratio; CI: confidence interval; N: number of participants
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Figure 3: Forest Plots for Baseline and Longitudinal Association of Overweight and
Underweight with Global Cognitive Impairment

A) Baseline: Overweight vs Global Impairment B) Longitudinal: Overweight vs Global Impairment
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*Adjusted for Plasma HIV RNA, Nadir CD4 Count, Beck's depression score, years
of education, age, gender, and antiretroviral treatment status, hypertension,
diabetes mellitus and IV drug use

OR: odds ratio; CI: confidence interval
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The association®r the individual cohorts did naliffer significantly fromthe pattern of
the pooled analyses, but were only statistically significant foutigerweight (OR: 1.78
[95% ClI: 1.13, 2.78]; P=0.012@ndoverweight OR: 1.48 [95% CI: 1.09, 2.01];
P=0.013)comparisons with nornhaveight participants in thentlia and Chia cohorts
respectively (Tabke7 & 8. None of the domain associations within the individual
cohorts was statistically significant, and the rankingsomains (based on effect sizes)
did notappear taiffer qualitativdy between the cohoresspeciallyfor the China and
India studis (Figure 4. There waslsono significant interaction between the cohort
variable (entered as a fixed effect in oundels) and cerweight or underweigtior both
global and individual domain associatiqisible 9for global associationglobal

P=0.1213.

Table 7: Univariable and Multivariable Logistic Regression Analyses for Baseline
Associaton of Body Mass Index Categories with Global Cognitive Impairment
Individual Cohorts
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