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With the advent of virally suppressive antiretroviral therapy
(ART), life expectancy for persons with human immunodeficiency
virus (HIV) with access to ART now approaches that of the general
population. As persons with HIV age, noninfectious comorbidities
occur more frequently compared with persons without HIV. Such
comorbidities are likely to affect cognitive health, which may also
be affected by lifestyle factors that may differ in persons with HIV.

At the National Institutes of Health-supported meeting on
Biotypes of Central Nervous System (CNS) Complications in per-
sons with HIV, a session was devoted to early HIV treatment,
noninfectious comorbidities, and aging as each pertains to cogni-
tive health. Areas of consideration included acute and early HIV
infection (presentation by Phillip Chan), drugs of abuse (Scott
Letendre), stroke and cerebrovascular disease (Felicia Chow),
mental health (John Joska), and aging (Julian Falutz).

These presentations were followed by a discussion session led
by Woody Lin, Jose A. Mufioz-Moreno, Paola Cinque, and Jeff
Taylor. Alan Winston and Bruce Brew chaired the meeting with
Jasmini Alagaratnam and Htein Linn Aung acting as rapporteurs.

Here we present the main topics covered in the presenta-
tions, and the associated discussions highlighting knowledge
gaps and future directions.
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Correspondence: Bruce Brew, MD, PhD, Department of Neurology, Level 4 Xavier Bldg, St
Vincent's Hospital Sydney, 390 Victoria St, Darlinghurst NSW 2010, Australia (bruce.brew@
svha.org.au).

The Journal of Infectious Diseases® 2023;227(S1):S38-47

© The Author(s) 2023. Published by Oxford University Press on behalf of Infectious Diseases
Society of America.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs  licence  (https://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial reproduction and distribution of the work, in any medium, pro-
vided the original work is not altered or transformed in any way, and that the work is properly
cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/infdis/jiac388

IMPACT OF ART WITHIN THE FIRST YEAR OF
HIV INFECTION

Cognitive disorders remain prevalent among persons with HIV
with viral suppression in the ART era. It is well described that a
longer duration of untreated HIV, lower nadir CD4"
T-lymphocyte count, and previous AIDS-defining illnesses
are associated with cognitive impairment in persons with
HIV [1]. The time of onset of CNS injury following HIV acqui-
sition and its reversibility after early initiation of ART remain
unclear. The extent to which early ART protects the CNS re-
mains a major question in the field [2, 3].

Recent studies assessing the CNS impact of acute HIV infection
(AHI) [4] or primary HIV infection (PHI, here defined as the first
12 months following HIV infection) have provided insight into
some of these questions. The RV254 Thai AHI cohort character-
izes the very earliest effects of HIV on the CNS. HIV RNA is de-
tectable in the cerebrospinal fluid (CSF) within days of HIV
acquisition, with more than 90% of individuals having detectable
CSF HIV RNA by the end of AHI [5]. Although slowed hand
movements [6], peripheral neuropathy [6], depressed mood
[7, 8], impaired cognition [9] and elevated CSF inflammatory
and immune activation markers [10] are common during untreat-
ed AHI, the timing of CNS HIV compartmentalization and onset
of neuronal damage remain elusive. Recent work suggests that
these events may occur as early as the first year of HIV infection.
CSF neurofilament light chain protein, a biomarker of axonal in-
jury, is elevated in up to 40% (PHI) and 75% (chronic HIV infec-
tion) of individuals, but rarely during AHI [11, 12]. Evidence of
compartmentalized HIV replication within the CSF was demon-
strated in up to 30% of individuals during PHI [13-15].
Conversely, a recent deep sequencing study revealed that only a
limited number of persons with AHI had evidence of compart-
mentalized HIV in CSF, exclusively among those who acquired
multiple transmitted or founder (T/F) viruses [16].
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While evidence supporting HIV compartmentalization and
neuronal injury during AHI is lacking, initiation of ART during
AHI points toward favorable neurological outcomes [10, 11,
17, 18]. The frequency of CSF viral escape was 1% in RV254 par-
ticipants who commenced ART during AHI [18], compared with
up to 5%-10% in individuals who commenced ART during
chronic infection. Additionally, the cognitive test performance
and mood symptoms of RV254 cohort participants improved
with immediate ART and remained stable up to 288 weeks of
follow-up [17]. RV254 participants also normalized inflammatory
and immune activation biomarkers in CSF but not in plasma after
96 weeks of ART [10]. Biomarker studies focusing on later time
points are needed to determine the long-term benefit of early
ART in the CNS.

To date, the cohorts investigating early HIV infection on the
CNS have predominantly enrolled young men and therefore
results may not generalize to other populations with differing
demographic factors and comorbidities, including age, sex,
coinfections, infection with multiple T/F viruses, and substance
use, each of which may alter the degree of HIV transmigration
between blood and CSF. Furthermore, cohorts assessing the
early effects of HIV on the brain have been undertaken in set-
tings with the infrastructure to identify early HIV infection; this
may not be achievable in all healthcare settings.

There are differences in compartmentalization and degree
of neuroinvasion of HIV into the CNS, though the factors
that drive such differences are unclear. Similarly, the reasons
for higher CD4/CDS8 ratios and larger differences between
plasma and CSF HIV RNA in people with AHI need further
study.

Given that macrophage activation markers are strongly asso-
ciated with cognitive decline, it would be important to investi-
gate whether these markers normalize in the blood
compartment over the longer term (>10 years of follow-up)
and whether associations with cognitive impairment persist.

In people who initiated early ART, cognitive function re-
mains stable, though whether this remains true in the longer
term requires longer follow-up. Participants with the poorest
cognitive performance at baseline had the greatest improve-
ments over 6 years of follow-up. This is in contrast with what
is seen in people with chronic HIV infection, who are at higher
risk of further deterioration in cognitive function [19, 20].

DRUGS OF ABUSE AND BRAIN HEALTH

The prevalence of HIV infection is high in people who inject
addictive drugs. A systematic review estimated that the preva-
lence of HIV among people who inject drugs globally is 17.8%
(10.8%-24.8%) [21]. Drug use is also common among people
with HIV; for instance, the United States (US) Centers for
Disease Control and Prevention reported that about 12% of
persons with HIV have ever injected an addictive drug [22]

and about 40% have used a noninjection drug in the past 12
months in the US [23].

HIV infection and drug use have synergistic effects on the
CNS [24, 25]. For example, both HIV infection and drug use
alter dopamine uptake and release by dysregulating the dopa-
mine transporter and subsequently lead to increased extracellu-
lar dopamine level in the CNS [26]. This, in turn, could have
adverse effects because extracellular dopamine can affect lym-
phoid, myeloid, and glial cell function [26]. For example, dop-
amine can increase the migration of CD14"CD16" monocytes
across blood-brain barrier models, which is important as in
people with HIV, these cells harbor higher HIV DNA content
and have been linked to cognitive impairment [27, 28].

HIV infection and drug use also affect the vascular system,
which may manifest as white matter abnormalities in the brain.
A recent study reported that both HIV infection and metham-
phetamine use increased fractional anisotropy in diffuse tensor
imaging, which reflects disruption of white matter tracts and is
associated with poorer cognitive outcome [29]. The combined
effects of HIV infection and drug use on cerebral blood flow
and functional blood flow are also evident [30].

Understanding the effects of different patterns of addictive
drugs on the brain is important. Drug use pattern can vary
based on sites, regions, and countries; the use of standardized
data collection across studies will allow assessment of geo-
graphical variation of drug use, along with additional informa-
tion, such as the route, quantity (both current and over the
lifetime), and age of first drug use. Syndemic social and struc-
tural factors should also be considered when managing drug
use and HIV. Poor socioeconomic status and childhood adver-
sity often coexist with drug use and also have an adverse impact
on engagement in healthcare [31, 32]. Thus, data on social and
structural factors, along with drug use patterns, are important.

Genetic and epigenetic factors also play a role in how HIV and
addictive drug use affect the CNS. For instance, the effects of
methamphetamine on cognition may differ based on genotypic
variation in catechol-O-methyltransferase (which is involved in
the metabolism of dopamine and other neurotransmitters) [33]
and cytochrome P450-2D6 enzyme, which metabolizes metham-
phetamine [34]. A postmortem study of brain tissues reported the
synergistic effects of HIV and drug use on the increase in global
DNA methylation, which is associated with neuropsychiatric dis-
orders [35]. Interventions that could address these epigenetic
changes may decrease the legacy effects of drug use.

The concept of molecular networks, which identifies HIV
transmission networks through viral genetics, also require con-
sideration [36]. These transmission networks can be mapped
geographically, to examine where transmissions occur, where
they are concentrated, how networks interact with each other,
and where high-transmission events occur [37]. Using this in-
formation, targeted interventions could be provided to “high
transmitters” to encourage drug use cessation and use of safer
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practices [38]. Clinical trials of new drugs to treat drug depend-
ency (eg, naltrexone or bupropion for methamphetamine de-
pendence) have had encouraging results and could be used in
these interventions [39]. Other factors to consider include the
stressful effects of drug use withdrawal on HIV disease and
mental health, and the nonlinear effects of some drugs on the
brain. For example, even though heavy use of cannabis is det-
rimental, mild to moderate use may be beneficial in persons
with HIV, possibly related to the anti-inflammatory effects of
cannabis counterbalancing the adverse effects of chronic dop-
aminergic stimulation [40, 41].

Key gaps exist in multiple areas of how drug use affects CNS
biotypes. As summarized in NIH RFA-DA-22-040 (https:/
grants.nih.gov/grants/guide/rfa-files/RFA-DA-22-040.html) and
other sources, these can be categorized as those that relate to (1)
cognition, psychiatry, and behavior; (2) pathogenesis; (3) preven-
tion and therapeutics; and (4) modeling. With regard to cognition,
psychiatry, and behavior, key gaps include (1) identifying the in-
fluence of psychiatric comorbidities on drug use/effects in persons
with HIV and (2) determining strategies and interventions to re-
duce stigma and address social and structural issues that affect
persons with HIV. With regard to pathogenesis, key gaps include
identifying (1) the influence of infectious diseases on prevention
and treatment of drug use disorders in persons with HIV and
(2) the influence of drug use on the molecular mechanisms of
HIV latency in the CNS. Examples of key gaps in prevention
and therapeutics include developing and testing (1) methods to
deliver HIV and drug use therapeutics to persons with HIV and
(2) approaches to achieve sustained ART-free remission among
persons who use drugs and who experience ART interruptions
and delays, and relapse in drug use. Continuing work in modeling
of HIV and drug use includes using spatial genomics and other
state-of-the art strategies to address questions at the intersection
of HIV and drug use disorders.

STROKE, CEREBROVASCULAR DISEASE, AND
HIV-ASSOCIATED COGNITIVE IMPAIRMENT

Both large vessel stroke and cerebral small vessel disease
(CSVD) contribute to vascular cognitive impairment. The
prevalence of stroke is higher among persons with HIV than
the general population [42]. A meta-analysis of prospective ob-
servational studies reported that the risk of ischemic stroke
and hemorrhagic stroke are 1.3 times and 2.2 times higher
among persons with HIV than persons without HIV [43].
Furthermore, in high-HIV-prevalence areas of the world,
HIV is a primary risk factor for stroke. In a study conducted
in Malawi, HIV infection was the second leading risk factor
for stroke after hypertension [44].

Despite the robust evidence of a higher burden of stroke
among persons with HIV than persons without HIV, findings
from previous studies on the risk for CSVD among persons
with HIV are mixed. Several studies have demonstrated a

higher risk of CSVD, measured by the burden of white matter
hyperintensities (WMH), among persons with HIV. One study
found the risk of CSVD was 2.3-fold higher among 456 treated
persons with HIV under viral suppression compared with 154
persons without HIV [45]. In another study, 203 treated per-
sons with HIV (viral load <200 copies/mL) had a 3.7-fold
greater risk of WMH than 58 persons without HIV [46].
However, not all studies have identified a higher burden of
CSVD in persons with HIV [47]. For instance, a study conduct-
ed among 119 treated and virally suppressed persons with HIV
and 55 persons without HIV reported no difference in WMHs
between the groups [48]. Several factors may explain these dis-
parate findings, including differences in the age and sex distri-
bution of participants, the degree of viral suppression of
persons with HIV, and the quality of matching of persons
with HIV and persons without HIV.

While the risk of stroke and possibly of CSVD is higher
among persons with HIV, differences in the effect of aging
on cerebrovascular pathology among persons with HIV com-
pared with persons without HIV has not been shown. Several
studies suggest that the effect of age on brain pathology includ-
ing WMHs is worse among persons with HIV than persons
without HIV [49, 50]. However, the Comorbidity in Relation
to AIDS (COBRA) study, which recruited persons without
HIV who were well-matched to HIV-infected participants in
terms of vascular risk factors, did not find accelerated brain pa-
thology among persons with HIV [51].

Both HIV-specific variables (eg, viral load, immunosuppres-
sion, and possibly immune reconstitution, inflammatory mark-
ers, and antiretroviral drugs) and non-HIV-related vascular
risk factors (eg, older age, smoking, and hypertension) contrib-
ute to cerebrovascular pathology among persons with HIV
[52-56]. However, in most studies, traditional vascular risk fac-
tors appear to be the primary drivers of CSVD in persons with
HIV [46].

As in the general population, CSVD and cardiovascular risk
factors (eg, diabetes and hypercholesterolemia) are associated
with poorer cognition among persons with HIV [57-60]. Few
studies have evaluated the association between clinical stroke
events and cognitive impairment among persons with HIV.
In studies that have identified an association between CSVD
and cognition, the effect of CSVD on poorer cognition was in-
dependent and not synergistic with HIV infection [48, 57].

Sex may moderate the effect of cerebrovascular disease on
cognition. Previous studies have found a higher risk of stroke as-
sociated with HIV for women compared with men [55, 61, 62].
A US-based study conducted by Chow et al [55] among 4308
persons with HIV (73% with viral load <400 copies/mL)
and 32423 persons without HIV identified that the hazard of
developing ischemic stroke was 76% higher among women
compared with men. In addition, studies have observed sex dif-
ferences in the association between cardiovascular risk factors
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and cognition in persons with HIV, with a significant associa-
tion present only among women and not men [55]. Hence,
future studies should be balanced for sex and conduct stratified
analyses based on sex to identify the drivers of risk differences
between women and men with HIV.

Stress and depression, which are highly prevalent among
persons with HIV, may modify the association between cere-
brovascular disease and cognition. Stress and depression are
established risk factors for stroke [63-66] and cognitive
dysfunction [67-69] among both persons with HIV and the
general population. Inflammation may be a shared mechanism
through which stress contributes to and aggravates the risk of
stroke and cognitive impairment in persons with HIV [70].

Critical knowledge gaps in the field include whether target-
ing cardiovascular risk factors will decrease the risk of cognitive
impairment or prevent cognitive decline among persons with
HIV; whether the impact of stroke and CSVD on cognition is
similar in low- and middle-income countries as in the high-
income settings where most of these studies have been done;
if race/ethnicity alters the relationship between cerebrovascular
disease on cognition; and, finally, which biomarkers identify
those at higher risk of vascular-related cognitive impairment
and those who may respond best to interventions.

MENTAL HEALTH AND COGNITIVE DISORDERS IN
PERSONS WITH HIV

Mental health disorders are common among persons with HIV,
and median depression prevalence in the combination ART era
is estimated to be 24% [71], ranging from 11% to 53% [72].
Notably, mental health disorders are at least 20%-100% more
common among persons with HIV than the general population
[73]. For instance, lifetime posttraumatic stress disorder is
about 4 to 8 times more prevalent and current depression is 3
times more common among persons with HIV than the general
population, albeit with wide confidence intervals.

Depression has a complex association with cognitive impair-
ment. Previous cross-sectional and longitudinal studies con-
ducted among persons with HIV reported that depression is
associated with cognitive impairment and decline to sympto-
matic cognitive disorders [71]. However, the association be-
tween depression and cognitive disorders is not greater
among persons with HIV than the general population, indicat-
ing that there is no interaction effect between HIV infection
and depression on cognition [71]. The association between de-
pression and cognition may depend on the severity of the de-
pression and whether it is current, recurrent, or lifetime [71,
74]. In addition, aging may also mediate the effect of depression
on cognition, and older people may be more vulnerable to the
effect of depression on cognitive disorders.

Depression may be related to peripheral inflammation. In a
study conducted among persons without HIV [75], antidepres-
sants improved inflammatory biomarkers such as CCR5 and

CCL5 among those who responded to the treatment, and inter-
leukin 6 in all the participants irrespective of response to anti-
depressants. In another study conducted among 143 persons
with HIV (79% with undetectable viral load), increased
C-reactive protein, an inflammatory biomarker, was associated
with cognitive impairment, but only among those with severe
depression [76].

Another important finding is that antidepressants may im-
prove cognition. In a preclinical study by Steiner et al [77], par-
oxetine had a protective effect on hippocampal neurons among
rats. Another phase 1/2 double-blinded randomized controlled
trial conducted by the same group among 45 persons with HIV
on stable ART showed that paroxetine improved performance
in some cognitive domains after 24 weeks [78].

In terms of depression assessment tools, currently available
brief screening tools that are commonly used and assumed to
be gold-standard tests have limitations when used globally.
First, they were developed in high-income settings and not val-
idated in low- and middle-income countries. Second, these
tools do not consider local aspects of distress. Third, they em-
phasize current symptoms rather than lifetime depression.

Mental health problems need to be assessed in a life-course
approach. All life events including childhood trauma, poverty,
lower education, deprivation, food insecurity, and unstable re-
lationships need to be considered in the diagnostic assessment.
These conditions increase the risk for traumatic stress, depres-
sion, and alcohol and drug use disorders, which are related to
cognitive disorders [79-81].

Research Domain Criteria (RDoC) is a research framework,
which unlike traditional symptom-based diagnostic approach-
es, classifies mental disorders biologically based on neurosci-
ence, genetics, and behavioral science [82, 83]. While RDoC
is increasingly recommended to identify the influences on neu-
rological manifestations in persons with HIV, integrating fea-
tures of RDoC into research and clinical practice could be
challenging [82, 83]. Important questions to be addressed are
whether current diagnostic or screening tools can be translated
into RDoC measures or if RDoC is needed alongside traditional
measures, and whether clinician researchers can invest suffi-
cient time and resources to apply all the aspects of RDoC.

There are numerous limitations in the existing research such
as small sample sizes, dominance of cross-sectional study de-
signs, paucity of studies with female participants, and heteroge-
neities in measures used and sample characteristics. Therefore,
the following points should be considered for future research:
which tools are to be commonly used for mental health screen-
ing (a single or a set of tools); if it is possible to recruit a large
cohort and collect both retrospective and life-course data,
which is always challenging; whether these data can be integrat-
ed across different cohorts for innovative big-data analysis; and
how cost-effective trials can be conducted in resource-limited
settings.
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AGING CONSIDERATIONS

The impact of selected geriatric syndromes on cognitive func-
tion in treated persons with HIV is a current topic that inter-
links
impairment. Preliminary data suggest that persons with HIV

with frailty, sensory impairment, and mobility
on virologically suppressive ART continue to be at increased
risk of common geriatric syndromes compared to persons
without HIV [84]. However, the impact of unmeasured con-
founders driving these differences is unclear.

Frailty is a state of increased vulnerability to biological and
environmental stressors, which leads to increased risk of co-
morbidities, disabilities, and mortality. Frailty is related to the
inability to maintain homeostasis in multiple organ systems
and is due in part to decreased physiological reserve [85].
Frailty is associated with aging, and an association is increas-
ingly recognized between frailty and chronic inflammation
[86], which may also contribute to other common age-related
conditions. The consequences of frailty include the develop-
ment of new comorbidities, increased risk of hospitalization,
malnutrition, loss of independence, cognitive impairment,
and increased mortality.

A novel concept is that of cognitive frailty, which is a heterog-
enous condition that is characterized by the concurrent pres-
ence of both cognitive impairment, without dementia, and
physical frailty [87]. In this context, the cognitive impairment
may be mild, related to the underlying physical condition, and
importantly, has the potential for reversibility. However, unre-
solved controversies include the precise diagnostic criteria, the
distinction from mild cognitive impairment, its relationship
with cognitive reserve, and whether it is a precursor for demen-
tia [88].

Low gait speed is reported to be associated with poorer cog-
nitive performance in multiple domains, both in the general
population [89] and in persons with HIV [90]. Sarcopenia
may link impaired mobility with the pathogenesis of cognitive
decline [91]. With regard to sensory impairment and cognition,
visual and hearing impairment in the general population are as-
sociated with increased risk of dementia [92]. While these asso-
ciations have not been specifically investigated in persons with
HIV, they are at increased risk of macular degeneration [93], as
well as both high- and low-frequency pure tone hearing impair-
ment, which can lead to communication difficulties [94]. Early
data suggest that in the general population, smell impairment
may be an early marker of Alzheimer disease [95].
Preliminary data from 2 US-based studies suggest that persons
with HIV who are at high risk for amnestic mild cognitive im-
pairment have poorer ability to detect smells in objective tasks,
compared with people considered to be at low risk [96]. In the
general population, the presence of multiple sensory impair-
ment increases the risk of developing dementia compared
with single sensory impairments [97]. Persons with HIV with

multisensory impairments may have at least a similar increased
risk of dementia but this remains to be determined.

In summary, these data surrounding geriatric syndromes in
persons with HIV remain preliminary and descriptive, and im-
portant knowledge gaps exist with regard to the relationship be-
tween geriatric syndromes and the impact on cognition. The
presence of multiple geriatric syndromes may increase the risk
of cognitive impairment in the general population, with evi-
dence to suggest that this is also the case in persons with HIV.
Cognitive frailty is still a novel and evolving concept, with
several controversial facets that need defining and investigating
before it can be accepted as a true entity and incorporated into
clinical and research criteria. In persons with HIV, this also
currently remains an unknown but potentially important condi-
tion to be investigated. Certain geriatric syndromes may be
manageable and potentially reversible. Thus, a major area of
future research will be on interventions to prevent, mitigate,
or reverse cognitive disorders associated with geriatric syn-
dromes, and thereby to potentially improve the overall health
span of persons with HIV.

The interactions between frailty and sarcopenia remain under
investigation, as does the contribution of sarcopenia to mobility
impairment, thereby affecting functional status with downstream
consequences for cognition. Further studies of the impact of var-
ious sensory deficits on cognition are warranted. Cognitive frailty
is still an evolving construct, with several aspects that need defin-
ing and clarification before it can be incorporated into clinical and
research protocols. Its potential for reversal increases the interest
into better insight into this condition.

CONCLUSIONS

Herein we have outlined the potential contribution of the initi-
ation of ART within the first year of HIV acquisition, drug
abuse, cerebrovascular health, mental health, and aging to cog-
nitive health in persons with HIV. The contribution of these
factors, and some other factors not discussed in this report,
are summarized in Figure 1. While current thinking and data
point to an additive rather than synergistic role for the effect
of comorbidities on cognitive health in persons with HIV, the
exact contribution the presence of comorbidities has on cogni-
tive health remains unclear. Indeed, questions remain around
possible increased susceptibility to some comorbidities (even
in the presence of traditional risk factors) and whether there
is increased severity or altered phenotype of such comorbidities
(eg, noncalcified atheromatous plaque appears to be more clin-
ically important in persons with HIV).

Several important considerations have been highlighted.
First, evolving data suggest that the very early initiation of
ART may partly, or even entirely, mitigate the CNS effects of
HIV infection, the so-called legacy effects of untreated HIV.
However, these findings need to be validated in other settings,
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Figure 1.
HIV, human immunodeficiency virus.

Effects of early treatment, comorbidities, and aging on cognition among persons with human immunodeficiency virus. Abbreviations: ART, antiretroviral therapy;

have a longer duration of follow-up, and include other sensitive
modalities to assess CNS health. Nonetheless, consideration
must be given to the rapid initiation of ART in individuals
with newly acquired HIV infection. Most healthcare settings
worldwide are unable to undertake frequent HIV testing and
ensure that HIV care is offered rapidly to those with newly ac-
quired HIV. To facilitate this, early detection and treatment
clinical pathways are urgently needed across all healthcare
settings.

Second, the impact of comorbidities, drug abuse, aging, frail-
ty, and mental health on cognitive health in persons with HIV
are likely highly significant, as outlined in the above sections of

this manuscript. However, the true impact each of these factors
has on cognitive health in persons with HIV is challenging to
ascertain. Longitudinal studies are required with a long enough
duration to observe the effects of such factors. Funding for lon-
gitudinal studies of sufficient duration is always challenging,
but awareness of this challenge should be highlighted to nation-
al and international funding bodies, citing the profound success
of other cohorts such as Framingham [98]. Determining the
impact of these complex social, medical, and psychological fac-
tors across different healthcare settings and different economic
settings is needed. Consensus on the optimal metrics is urgently
required while being mindful that such metrics have to be
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acceptable and achievably measured across diverse cultural and
healthcare settings.
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