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Abstract

In addition to the obvious health problems and/or physical limitations associated with HIV,
diabetes, and aging, each of these are known to independently affect cognitive functioning. While
this relationship to cognition does not necessarily mean frank cognitive impairments are inevitable
with HIV, diabetes, and aging, it does entail that each of these conditions may lead to poorer
cognitive performance compared to younger adults and individuals without HIV and diabetes.
Many individuals may be aware of the physical symptoms associated with these diseases, but may
be unaware of the cognitive outcomes associated with HIV and diabetes, especially if not
controlled by medication and a healthy lifestyle. Additionally, individuals may be unaware of the
significance of maintaining optimal cognitive functioning in order to maintain optimal everyday
functioning abilities such as driving, cooking, managing medication regimens, and negotiating
finances. Given that highly active antiretroviral therapy (HAART) has allowed individuals with
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HIV to live to reach older adulthood, and that dysglycemia and/or type 2 diabetes can be a
metabolic side effect of these medications (Biron et al., 2012; Norbiato, 2012; Raper, 2010), it is
reasonable to assume that there is a subset of individuals aging with HIV and diabetes, which may
become more prevalent as individuals continue to age with HIV in the coming decades. Thus, the
purpose of this article is to inform healthcare providers and researchers about the cognitive
outcomes associated with HIV, diabetes, and aging independently within the context of cognitive
reserve, and then to examine the potential synergistic effects of these conditions in individuals
living with all three (Figure 1). This article also incorporates potential intervention strategies to
protect and possibly improve cognitive functioning, or at the very least mitigate cognitive loss, in
this population.

Cognitive Reserve

Cognitive reserve, sometimes referred to as brain reserve, refers to the amount of damage
that neurons and neuronal connections can absorb and yet support the physiological function
needed to support cognition (Restak, 2009; Stern, 2009; Vance & Wright, 2009). Thus, the
more complex and sophisticated the connections between neurons are, the better they are
able to communicate and support cognition, even in lieu of disease-related insults. For
example, in a simplistic example, the left panel in Figure 2 shows a complex and intricate
connection between neurons A — G such that neural communication can be transmitted from
A to G from which cognition emerges. In the right panel in Figure 2, the connections
between neurons A — G is compromised due to cell death of neurons C, D, and F possibly
due to amyloid plaque, neuroinflammation, and oxidative stress, respectively. Yet the
remaining connections (i.e., cognitive reserve) allow the neural communication to be
transmitted from A to G via paths from A — B — E—G, therefore allowing cognition to
emerge despite such damage. Such rerouting of neural communication is similar to other
physiological processes. For example, when blood vessels are blocked in occlusive coronary
heart disease, the risk of myocardial ischemia is reduced by coronary collateral arteries
rerouting blood flow around such blockage (Berry et al., 2007).

This cognitive reserve is supported or reduced by positive neuroplasticity or negative
neuroplasticity, respectively. Positive neuroplasticity refers to those physiological activities
in the brain that help form more intricate and sophisticated neural connections. Factors that
support positive neuroplasticity are exposure to novel and stimulating stimuli (e.g.,
education, travel, learning a new language) and conditions that promote good overall health
(e.g., physical exercise, good sleep hygiene). Likewise, negative neuroplasticity refers to
those physiological activities in the brain that abate or stymie the formation of more intricate
and sophisticated neural connections. Factors that support negative neuroplasticity are lack
of exposure to novel and stimulating stimuli (e.g., lack of social contact) and conditions that
promote poor overall health (e.g., substance abuse, co-morbidities) (Vance & Crowe, 2006;
Vance & Wright, 2009).

These processes of positive and negative neuroplasticity have been observed in animal and
human studies alike (Restak, 2009; Stern, 2009; Vance & Crowe, 2006; Vance & Wright,
2009). For example, in a seminal study involving 60 community-dwelling older adults (Mage
= 60), Boyke and colleagues (2008) conducted brain MRIs to these participants (i.e., Time
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1). Then over a 3-month period, these researchers instructed these participants on how to
juggle for at least 1 minute in a 3-ball cascade pattern. At which point, brain MRIs of these
25 participants who were able to learn this task were conducted. Finally, after these 25
participants stopped juggling, brain MRIs were conducted again approximately 3 months
later (i.e., Time 3). These researchers found that from Time 1 to Time 2 when the
participants were challenged with the stimulating activity of learning to juggle, the size of
their hippocampi and nucleus accumbens — brain structures important for memory —
increased; this change in brain physiology reflects positive neuroplasticity. Also, these
researchers found that from Time 2 to Time 3 as participants were no longer challenged with
practicing juggling, the size of their hippocampi and nucleus accumbens decreased; this
change in brain physiology reflects negative neuroplasticity. From this and several other
studies (Brayne et al., 2010; Roe et al., 2008), activities that support cognitive reserve have
been shown to delay cognitive impairment or the on-set of dementia, even when the brain
experiences neurological insults such as observed with transient ischemic attacks,
hypertension, heart disease, and Alzheimer’s disease. It is within this context of cognitive
reserve that the cognitive impairments associated with HIV, type 2 diabetes, aging, and the
combination thereof are discussed.

HIV and Cognition

HIV not only affects the immune system, it also affects the nervous system and the brain
which can deplete cognitive reserve in a number of ways. First, HIV can cross the blood
brain barrier and infect and kill glial cells; glial cells are needed to support neuronal health
and the death of glial cells produces neurotoxins (Vance, Fazeli, Moneyham, Keltner, &
Raper, in press). Second, HIV is also considered an inflammatory disease as well as a
neuroinflammatory disease (Kusao et al., 2012). In general, such neuroinflammation has
been shown in several clinical populations to reduce cognitive reserve and induce cognitive
impairments (Satori, Vance, Slater, & Crowe, 2012). Finally, given the stigmatizing nature
of HIV, this can create much stress, depression, and anxiety in those coping with the disease.
Such prolonged negative emotion can lead to hypothalamic-pituitary-adrenal axis
dysfunction resulting in long-term exposure to the stress hormone cortisol; studies show that
excessive exposure to cortisol can be damaging to the brain and also induce cognitive
impairments (Karlamangla, Singer, Chodosh, McEwen, & Seeman, 2005; Lupien et al.,
2005).

A Several studies have shown that individuals with HIV, as a group, exhibit poorer
cognitive performance than their age-matched HIV-negative counterparts (Ettenhofer et al.,
2010; Hardy & Hinkin, 2002; Hardy & Vance, 2009). The affected cognitive domains
include psychomotor abilities, attention, speed of processing, executive functioning, and
memory, all of which reflect dysfunction of frontal-subcortical brain circuitry (Lojek &
Bornstein, 2005; Murji et al., 2003; Navia, Jordan, & Price, 1986; Reger, Welsh, Razani,
Martin, & Boone, 2002; van Gorp et al., 1993). These cognitive declines mirror the declines
seen in normal aging (Craik & Salthouse, 2000) and are particularly relevant as these
abilities underlie performance of many necessary everyday activities, such as medication
management and driving (Hinkin et al., 2004; Marcotte et al., 2004). The hallmark cognitive
impairment is a general slowing in performing cognitive tasks, with those with HIV

J Neurosci Nurs. Author manuscript; available in PMC 2015 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Vance et al.

Page 4

performing poorer on cognitive tests that include a speeded/timed component (Hardy &
Hinkin 2002; Reger et al.). While speed of processing deficits (either frank or subclinical)
may be a common symptom of cognitive sequelae in HIV that may be detected on
neuropsychological tests, when individuals with HIV are queried about subjective cognitive
complaints, many typically report memory problems, as these are more noticeable in
interfering with daily functioning (Vance et al., in press; Wilson & Moffat, 1984).

It is important to note that not all individuals with HIV exhibit these cognitive impairments.
In a recent cluster analytic study of adults with HIV (N = 78; Mage = 46.61), Fazeli and
colleagues (under review) found that a majority of the sample (59%) was classified as
neurocognitively “normal” compared to a demographically similar HI\V-negative reference
group (N = 84; Mage = 47.93). Age was the most influential correlate of cluster membership
(“normal” cluster versus lower performing cluster). This study suggests that many adults
with HIV maintain optimal cognitive functioning. Similarly, in one pre-HAART study,
Becker and colleagues (1995) found that in individuals with advanced HIV disease and
AIDS, 36% had subcortical impairments, 3% had cortical impairments, and 61% had no
impairments. In addition, there is evidence that cognitive functioning in HIV is associated
with disease severity, with those in later stages (i.e., symptomatic HIV and AIDS) being
more at risk for developing cognitive impairments (Baldewicz et al., 2004; Hardy et al.,
1999; Reger et al., 2002). Yet, there remains much inconsistency in the literature about the
degree and prevalence of such cognitive impairments. This is likely due to differences in the
criteria and operational definitions used to classify such cognitive impairments (Hardy &
Vance, 2009).

The most current criteria are the HIV Neurobehavioral Research Center definitions which
include three categories of HIV-associated neurocognitive disorders: HIV-associated
asymptomatic neurocognitive impairment (performance at least one standard deviation
below the mean for age-education-appropriate norms in at least two cognitive domains);
HIV-associated mild neurocognitive disorder (performance at least one standard deviation
below the mean for age-education-appropriate norms in at least two cognitive domains and
this impairment must mildly interfere with daily functioning); and HIV-associated dementia
(performance at least two standard deviations below the mean for age-education-appropriate
norms in at least two cognitive domains as well as more severe impairment in daily
functioning) (Antinori et al., 2007). While the incidence of HIVV-associated dementia has
decreased significantly in the HAART era, the prevalence and incidence of milder
manifestations of HIV-associated neurcognitive disorder seems to be increasing, with an
estimated 30% — 50% of individuals with HIV experiencing some form in their lifetime. In a
sample of 1,555 adults with HIV from six university clinics across the United States, Heaton
and colleagues (2010) found that 52% of the sample had some form of HIV-associated
neurocognitive disorder (33% with asymptomatic neurocognitive disorder, 12% with mild
neurocognitive disorder, 5% with mixed neurocognitive disorder, and 2% with HIV-
associated dementia).

In addition to the heterogeneity in the literature on definitions of cognitive impairment in
HIV, there are also confounding factors in this population that make extracting the unique
influence of HIV on cognitive functioning cumbersome. There are various factors such as
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age, education, depression and anxiety, physical and mental exercise, substance use, social
support, stress, HIV medication adherence, medical comorbidities (e.g., hepatitis C), and
side effects of medications for these comorbidities that may cause some individuals with
HIV to be at a greater risk for developing cognitive impairments (Vance et al., in press).
Examining these and other factors is imperative in order to avoid overestimating cognitive
impairments due to HIV itself. Furthermore, many of these confounding factors are lifestyle
factors that may be modifiable. For example, cognitive functioning may be improved by
treating anxiety and/or depression, increasing physical exercise, and addressing nutritional
deficiencies (Vance et al.). There are also other intervention strategies such as cognitive
remediation programs, mnemonic strategies, and certain medications that may help improve
or maintain cognitive functioning in individuals with HIV (Vance et al., in press). For
example, in a sample of 16 adults with HIV experiencing cognitive slowing, Hinkin and
colleagues (2001) used methylphenidate (Ritalin; 30 mg dose/once daily) in a placebo-
controlled, single-blind crossover study. These researchers found after 3 days that it was
effective in improving cognition. Given that some individuals with HIV may have no
cognitive impairments and that there are vast individual differences in factors that may
affect cognition, examining cognitive functioning in HIV (including development of
screening tools, interventions, and examining factors related to successful aging with HIV)
is an important area for those aging with HIV.

Diabetes and Cognition

Compelling evidence, from both cross-sectional and longitudinal studies, link metabolic
disorders and type 2 diabetes with increased risk of mild to moderate cognitive impairments.
Cross-sectional data demonstrates reduced cognitive performance of patients with type 2
diabetes when compared to the general population across all age groups (Noble, Manly,
Schupf, Tang, & Luchsinger, 2012; Stewart & Liolitsa, 1999; Strachan, Deary, Ewing, &
Frier, 1997), while longitudinal studies suggest a slow process of developing cognitive
impairments over time (Allen, Frier, & Stachan, 2004; Van den Berg et al., 2010). These
cognitive impairments are most consistently observed on measures requiring more mental
efficiency such as executive functioning, speed of processing, and verbal memory (Awad,
Gagnon, & Messier, 2004; Brands et al., 2007; Van den Berg et al.).

Evidence suggests that type 2 diabetes is also associated with either an accelerated cognitive
decline or an increased risk of dementia (Allen et al., 2004; Arvanitakis, Wilson, Bienias,
Evans, & Bennett, 2004; Umegaki et al., 2012). Individuals with type 2 diabetes over the
ages of 65 — 70 are particularly at risk for developing more severe and progressive cognitive
impairments (Allen et al.; Biessels, 2011). An increased risk of mild cognitive impairment, a
preclinical stage of dementia, has also been found in this population (Luchsinger et al.,
2007). Research suggests that the risk of developing vascular dementia and Alzheimer’s
disease is increased in people with type 2 diabetes; specifically, the risk of vascular
dementia is increased 2 — 3 times, and the risk of Alzheimer’s disease is increased 1.5 -2
times (Biessels, Staekenborg, Brunner, Brayne, & Scheltens, 2006; Cukierman, Gerstein, &
Williamson, 2005).
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Furthermore, duration (or chronicity) of type 2 diabetes has also been associated with
greater cognitive decline among both men and women (Gregg et al., 2000; Logroscino,
Kang, & Grodstein, 2004; Okereke et al., 2008), but findings regarding duration and
dementia have been mixed. For example, among 274 adults 80 — 93 years with (n = 36) and
without diabetes (n = 238), Hassing and colleagues (2003) found longer duration of type 2
diabetes was related to lower test performance in cognitive domains such as perceptual
speed, visuo-spacial ability, episodic memory, semantic memory, inductive reasoning, and
global cognition.

In addition to the debate in the literature regarding degree of cognitive impairments related
to duration of type 2 diabetes, there are also confounding factors that may cause some
individuals with type 2 diabetes to be at a higher risk for cognitive decline. Some studies
suggest that impairments in cognitive functions are associated with poorer glycemic control,
depression, cardiovascular and cerebrovascular disease, elevated glycohemoglobin,
hyperinsulinemia, metabolic dysfunctions, and hypertension (Anderson, Freedland, Clouse,
& Lustman, 2001; Awad et al., 2004; Biessels, 2010; Hassing et al., 2004; Kanaya, Barrett-
Connor, Gildengorin, & Yaffe, 2004). Subjective health and gate/balance have also been
found to mediate the relationship between type 2 diabetes and cognitive functioning
(McFall, Feall, Fischer, Dolcos, & Dixon, 2010), which suggests that neuromusculature may
also be compromised by these processes.

Brain imaging studies suggest a relationship between cognitive impairments and brain
abnormalities in those with and without diabetes. Maschot and colleagues (2006) examined
MRI brain scans among 113 participants with type 2 diabetes and 51 controls without type 2
diabetes. These researchers found white matter lesions, cortical and subcortical atrophy, and
the presence of cerebral infarcts (adjusted for age, sex, and estimated 1Q) were significantly
associated with type 2 diabetes. In addition, there was a modest association with Alc (i.e.,
glycated hemoglobin level which is an indicator of average plasma glucose concentration
over 2 to 3 months) and diabetes duration; this is important given that higher Alc was
associated with more cognitive impairment. This association was strongest for age, even
more so than in control participants, which suggest that the synergistic effects of type 2
diabetes and the aging process can create subtle neurological insults which accumulate
overtime and create cognitive impairment. In a related MRI study, Manschot and colleagues
(2008) compared 122 participants with type 2 diabetes and 56 matched controls and found
more white matter lesions and more atrophy among those with type 2 diabetes compared to
controls. Interestingly, 40 patients with type 1 diabetes with a mean duration of 34 years
were matched for age and education with 40 patients with type 2 diabetes with a much
shorter mean duration of 7 years. Brain MRI showed significantly more white matter lesions
and cortical atrophy among those with type 2 diabetes, regardless of their shorter duration
(Brands et al., 2007).

Interventions to ameliorate cognitive impairments in those with type 2 diabetes have been
investigated, with mixed results. In the Memory in Diabetes Study, researchers compared
the effects of intensive versus standard glycemic control on cognitive function and brain
volume among 2,977 patients with type 2 diabetes. Participants (55 — 80 years) with type 2
diabetes and elevated cardiovascular risk profiles (i.e., total cholesterol, low-density
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lipoprotein, high-density lipoprotein) were randomly assigned to receive either intensive or
standard glycemic control strategies over 40 months. Results indicated no significant
treatment difference in cognitive performance between groups, and an increased mortality
among participants in the intensive treatment group (Launer et al., 2011). Albeit,
Logroscino, Kang, and Grodstein (2004) investigated the results of treatment for diabetes
among 18,999 women aged 70 — 81. Results suggested that participants with type 2 diabetes
who were on oral hypoglycaemic agents performed similarly on cognitive tests to women
without diabetes at baseline and across 2 years. Women using insulin treatment had a
modest increase in odds of poor cognitive performance, and women not using any
medication had the greatest odds of poor cognitive performance compared with women
without diabetes at both baseline and across 2 years. Clearly, more research is needed to
determine the impact of diabetes management (i.e., hypoglycaemic agents, insulin, exercise,
diet) exerts on cognitive functioning, but clearly treatment for diabetes can be an important
factor in preventing or reducing impairments in cognitive functioning.

Aging and Cognition

Aging is associated with an increased risk for cognitive decline in older adults. In fact, as
measured from young to old, many cross-sectional studies demonstrate near linear decline in
many areas of cognitive functioning (Hedden et al., 2012; Park et al., 2002). Cognitive
impairments have been observed as early as middle age in the domains of attention,
memory, psychomotor functioning, and speed of processing (Ball, Vance, Edwards, &
Wadley, 2004; Birren, Woods, & Williams, 1980; Caban-Holt, Abner, Kryscio, Crowley, &
Schmitt, 2012; Salthouse, 1996). Regardless, it is important to note that cognitive aging is a
highly inter-individual process, with considerable individual differences observed in older
adults (Glisky, Rubin, & Davidson, 2001; Lee et al., 1994; Piguet et al., 2002; Willis &
Schaie, 1986). Thus, cognitive aging in older adults is the norm, but not necessarily
universally experienced and obviously not to the same degree in everyone.

Cognitive decline is an important factor to consider in older age health assessment, although
it is not considered debilitating unless the loss begins to impact everyday functioning (Ball
et al., 2004). Albeit, even with slight cognitive impairment, declines in speed of processing,
executive functioning, and memory in particular can negatively affect an older adult’s ability
to perform everyday tasks such as driving and managing finances, which can thus decrease
quality of life (McGuire, Ford, & Ajani, 2006). In fact, Vance, Ball, Moore, and Benz
(2007) proposed that optimal cognitive functioning as the most important component in
successful aging. Given that optimal cognition is needed to maintain health behaviors (i.e.,
remembering to exercise and take medications, negotiating the healthcare system) and to
actively engage in life (i.e., social interactions, attending to conversation, remembering
details from TV or the news, planning social events), unfortunately cognitive health is often
overlooked in medical treatment until it is indicated by serious conditions such as
Alzheimer’s disease, stroke, or traumatic brain injury (Vance, Larsen, Eagerton, & Wright,
2011).

Decades of research on cognitive aging have not produced a definitive consensus on the
causes and mechanisms of age-related cognitive decline, but several theories have gained
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prominence. One of the most thoroughly researched is the speed of processing hypothesis
(a.k.a., processing speed hypothesis; Ball et al., 2004; Birren, Woods, & Williams, 1980;
Salthouse, 1996). This theory posits that slower information processing by the central
nervous system is the primary mechanism of cognitive aging. According to Salthouse
(1996), cognitive efficiency is determined by an individual’s ability to utilize speed of
processing efficiently. As speed of processing slows with increasing age, demands on other
cognitive processes are increased, thus less information is being processed which results in
poorer overall cognition.

Another widely investigated theory is the common cause hypothesis. This hypothesis
suggests that cognitive declines occur as a result of gradual sensory degradation of the
physical and biological structures of the brain and the nervous system. As neuronal and
synaptic integrity decreases, the brains’ ability to efficiently transmit information between
neurons lessens, resulting in system-wide declines in sensory, cognitive, and motor
functions (Anstey, 1999; Ball et al., 2004). In fact, in one study with 894 older adults,
sensory functioning was found to explain nearly 80% of age-related cognitive variation in
verbal memory and speed (Anstey, Luszez, & Sanchez, 2001).

Similarly, Clay and colleagues (2009) examined the sensory deprivation hypothesis, which
suggests that sensory decline results in reduced neural processing resources, and compared it
to the common cause theory and the speed of processing theory of aging. In a cross-sectional
sample of 842 older adults (Mage = 72), these researchers found that visual decline was
associated with slower speed of processing, and consequently greater cognitive impairment.
Albeit, direct associations between age, memory span, and fluid intelligence were non-
significant, as long as age-related declines in vision and processing speed were taken into
consideration. Therefore, if visual sensory functioning and processing speed can be
maintained, perhaps normal cognitive aging does not necessarily result in a loss of fluid
intelligence (Clay et al.). Thus, older adults who develop strategies to cope with these
sensory declines may possibly evade the usual age-linked cognitive declines involved in
learning new information (Burke & MacKay, 1997; Clay et al.). The results of Clay and
colleagues support two theories of age-related cognitive decline — the sensory deprivation
hypothesis and speed of processing hypothesis. Regardless of which theory, or combination
thereof, is eventually found to completely explain cognitive aging, the importance of
ameliorating or mitigating declines is essential in facilitating successful aging.

There is growing concern that as people age with HIV, their exposure to aging processes,
HIV, and type 2 diabetes may increase their chances of experiencing cognitive declines that
interfere with everyday functioning, medication adherence, safe driving, and quality of life.
Rowe and Kahn (1997) posited that there are three components that are necessary to
facilitate successful aging and they are: 1) social and active engagement in life, 2) avoidance
of disease and disability, and 3) optimal cognitive and physical functioning; however,
optimal cognitive functioning may be the most important of these components. If cognitive
functioning is compromised, this will undoubtedly impact self-care and disease
management; in fact, older adults with HIV who experience cognitive impairments are
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observed to be less adherent to their HIV medications (Ettenhofer et al., 2009; Hinkin et al.,
2004). Likewise, the relationship between social and active engagement in life has also been
clearly shown in that those more at-risk of developing cognitive impairment interact less
socially (Green, Rebok, & Lyketsos, 2008; Moyle, Kellet, Ballantyne, & Gracia, 2011;
Vance, 2012).

The incidence of type 2 diabetes increases with age and this is also observed in those with
HIV. In a chart review of 1,478 patients, the incidence of diabetes was 4.3% in those 18-29
years, 3.2% in those 30-39 years, 9.0% in those 40-49 years, 12.6% in those 50-59 years,
and 28.8% in those 60 years and older (Vance, Mugavero et al., 2011). Given what is known
about the detrimental effects on cognition associated with HIV, diabetes, and aging, this
represents a growing concern for those aging with HIV who are vulnerable to developing
diabetes (Figure 1).

McCutchan and colleagues (2012) examined the effects of metabolic dysfunction, diabetes,
and obesity on cognitive functioning in 130 adults with HIV. They found that diabetes was
associated with poorer cognitive functioning; however, this relationship was found more
strongly in older adults. Likewise, in a small study of 22 older adults with HIV (Mage = 58,
D = 6), Nakamoto and colleagues (2012) examined microstructural changes in the brains of
those with and without cerebrovascular risks using diffusion tensor imaging (i.e., a MRI
technique). They found abnormal microstructural changes in the caudate and hippocampus
(i.e., brain structures associated with memory formation) of these participants; furthermore,
theses abnormalities were associated with irregular glucose metabolism which suggest that
conditions such as diabetes may play an increased role in poorer cognitive functioning in
those aging with HIV. Further evidence from the Hawaii Aging with HIV Cohort supports
this relationship between metabolic dysfunction and cognitive loss. Specifically, in this
cross-sectional study of 145 adults with HIV, Valcour and colleagues (2006) found that
increased levels of insulin resistance was associated with greater levels of cognitive
impairment. In addition, hypertension and greater body mass index were associated with
such cognitive impairment.

This relationship between HIV, diabetes, and aging is particularly troubling when one
considers that HAART, the medications that in many cases are prolonging life and health in
those infected with HIV, may also create metabolic side effects that contribute to the
development of dysglycemia leading to diabetes (Malaspina et al., 2011; Raper, 2010). For
example, in a sample of 1,046 adults with HIV followed over 10 years on HAART (i.e.,
specifically indinavir, stavudine, and didanosine), Capeau and colleagues (2012) found that
111 (10.61%) patients developed diabetes and that HAART use was a significant factor
predicting this outcome. Furthermore, the incidence of diabetes was over 3 times higher in
this population (14.1/1,000) compared to those without HIV (4 — 6/1,000).

In considering the synergistic effects of aging, HIV, and type 2 diabetes on cognitive
functioning, it is important to also consider several other issues. First, as already mentioned,
cognitive aging, even with HIV and type 2 diabetes, is an individual process; while some
people will be particularly vulnerable to the effects of all three, others may be more resistant
and not experience any observable cognitive impairments (Ball et al., 2004). This could be
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due to some individuals having more cognitive reserve than others. Second, nurses and
healthcare providers need to know how to address these synergistic effects on cognition and
make referrals as well as make recommendations for how to prevent, ameliorate, or mitigate
such cognitive impairments. (For such recommendations, please see Vance et al., in press.)
Finally, nursing and healthcare researchers and other allied healthcare professionals must
investigate new ways to address these issues in improving the life of those aging with HIV
and type 2 diabetes.

Implications for Practice

A (Alc)

In order to prevent or avoid cognitive impairments, healthcare providers must take an active
role in assisting patients to decrease their risk of co-morbidities associated with diabetes. A
very elementary approach may be taken and has been coined as the Diabetes ABCs of
Treatment (Varma, Boyle, Varma, & Piatt, 2008). In this approach, the A stands for Alc.
The B stands for blood pressure. The C stands for cholesterol management.

An Alc test is sometimes called HbA1c, glycated hemoglobin test, or glycohemoglobin. Its
relevance to diabetes management is that this blood test used to determine how well diabetes
is being controlled (ADA, 2013). In short, hemoglobin Alc provides an average of level
blood glucose control over the last 3 months (Makris & Spanou, 2011). Optimally it is used
in combination with home blood glucose self-monitoring to make modifications in diabetes
medicines.

For euglycemic individuals, the normal range for Alc test is between 4% to 5.6% (American
Diabetes Association (ADA), 2013). Whereas, Alc levels between 5.7% to 6.4% designate
increased risk of diabetes, and levels of 6.5% or upper indicate diabetes (ADA). Elevated
Alc levels indicate out-of-control diabetes and result in complications. For people with
diabetes, an Alc less than 7% is optimal.

When determining targets for Alc, the standard goal of < 7% can be individualized when
the need arises. For example, functional older adults who are cognitively intact should be
held to the same treatment goals as those for younger adults (ADA, 2013). However, for
those patients who have limited life expectancies, cognitive impairment, or severe
hypoglycemic reactions, the target for the Alc could be relaxed. When less stringent
individualized goals are set, they should still avoid acute hyperglycemic extremes.

Nurses and practitioners in healthcare are all well aware that the key to reducing diabetes-
related co-morbidities is to optimize glycemic control by lowering the Alc level. Of even
greater importance is the early recognition of insulin resistance, screening for lipodystrophy,
metabolic syndrome, and pre-diabetes as the key to early prevention of cognitive impairment
for the person living with HIV (Robles & Elston, 2011; Valcour et al., 2006). By the point in
time when dysglycemic levels reach the diagnostic threshold for frank diabetes, the
individual has likely already experienced some degree of neurodegeneration and cognitive
impairment (Chen et al., 2012; Roriz-Filho et al., 2009). Insulin resistance is the underlying
pathology of metabolic syndrome, pre-diabetes, and early type 2 diabetes.
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Insulin resistance is extensively used as a term but is inaccurate at best. The expression
“insulin resistance,” refers to the fact that the tissues do not respond physiologically to
endogenous insulin and resist its action. Thus, in order to avoid a hyperglycemic state, the
pancreas produces a hyperinsulimemic state (Williamson, McNeilly, & Sutherland, 2012).
Hyperinsulinemia occurs over prolonged periods of time, which may last for ten or more
years until the pancreas finally is unable to keep pace and reduces to the level of insulin
produced, resulting in hyperglycemia and ultimately frank type 2 diabetes. A prolonged
hyperinsulimemic state can be as deleterious as frank diabetes for development of the
traditional co-morbidities as well as fostering cognitive impairment (Williamson et al.).

Although the disturbances in insulin homeostasis are still to be fully elucidated, there are
hypotheses to explain the neurodegenerative pathophysiology that occurs with metabolic
syndrome, pre-diabetes, and frank type 2 diabetes. The molecular pathophysiology of
hyperinsulinemia is also thought to be associated with dysfunction of the cellular post-
receptor insulin signaling mechanism (Shulman, 2000); thus, higher levels of insulin are
needed to facilitate glucose uptake. Prolonged hyperinsulinemia as found in these fore
mentioned metabolic states is believed to cause endothelia proliferation, capillary
narrowing, and microinfarcts (Taylor & MacQueen, 2007). Coupling hyperinsulinemia with
other known vascular risk factors of the metabolic syndrome (e.g., hypertension,
dyslipidemia, and dysglycemia) leads to reduced cerebral perfusion, ischemia, lacunar
infarcts, and leukoaraios as well as amyloid angiopathy (Taylor & MacQueen).

Implications for healthcare providers are then to screen for early signs of insulin resistance
and metabolic dysfunctions. Euglycemic patients may benefit by having a determination of
the Homeostatic Model of Assessment-insulin resistance (HOMA-ir) (Appel, 2005).
HOMA-ir is a method used to calculate insulin resistance (Matthews et al., 1985). The
formula includes fasting plasma insulin and glucose concentrations to estimate the presence
of insulin resistance. A non-invasive clue that an individual may be insulin resistance and
benefit from screening is the presence of acanthosis nigricans, central obesity, and
lipodystrophy. Acanthasis nigricans is a darkening of skin located primary on the neck, but
can also occur on, elbows, knees, groin, or other locations of skin folds. Acanthosis is
hypothesized to occur when plasma insulin levels are elevated and stimulate the
melanocytes to produce more pigment (Vabres, 2012). Similarly, the presence of an
enlarged waist circumference (greater than 40 inches for men and 35 inches for women) is
considered the hallmark of the metabolic syndrome. In addition, HIV-drug induced
lipodystrophy should not be overlooked. Assessing for subcutaneous tissue depletion in the
face, arms, and legs coupled with the presence of a ‘buffalo hump’ and/or a cushinoid
appearance is equally imperative (Robles & Elston, 2011). Patients with any of these fore
mentioned findings indicative of insulin resistance and or abnormal fat accumulations need
to be carefully screened for prediabetes or diabetes.

In order to screen for prediabetes and diabetes, nurses, nurse practitioners, and other
healthcare providers can first start by checking either a blood glucose, an Alc, or perform an
oral glucose tolerance test (ADA, 2012). Patients meet the criteria for diagnosis of diabetes
if their fasting blood glucose level is 126 mg/dL or above or if their random blood glucose
levels are greater than 200 (with associated symptoms such as polyuria, polydipsia, or
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polyphasia). If their blood sugar levels are 100-125 mg/dL, then a diagnosis of prediabetes
can be made. Diabetes may also be diagnosed by an Alc level greater than or equal to 6.5%.
If a 75-gram oral glucose tolerance test is used for diagnosis, the criterion is met if their
blood glucose level is above 200 mg/dL. Regardless of the method initially used, the test
method must be repeated at a subsequent visit in order to ensure accuracy in the results.

The first step in treating patients with diabetes is lifestyle modification (ADA, 2012).
Findings from the Diabetes Prevention Program support the early initiation of lifestyle
modification including diet and exercise as it was noted to decrease the progression of
prediabetes to diabetes by 58% (Knowler et al., 2002). Patients should be encouraged to
include strategies to reduce calories and fat while increasing fiber intake (ADA). Lifestyle
changes should also include moderate weight loss (7%) for those who are overweight or
obese. Exercise can provide weight loss, but even if weight loss is not achieved, it has been
shown to lower Alc in patients with diabetes (Boulé, Haddad, Kenny, Wells, & Sigal,
2001). At times, further optimization of glycemic control is required and the use of insulin
sensitizing agents (e.g., metformin, pioglitazone) has been found helpful (Dominguez,
Marschoff, Gonzalez, Repetto, & Serra, 2012). Early introduction of insulin therapy may
offer optimal glycemic control and has been correlated with improved cognitive function
among Alzheimer’s patients (Morris & Burns, 2012).

As with any disease process, adherence to prescribed treatment measures is always a
challenge. In order to improve compliance with diabetes care routines in the HIV patient,
teams of healthcare providers should ensure proper education and support for the patients
and caregivers. The patient is the most important member of the team so individualizing
specific strategies and techniques to encourage compliance are needed. The team members
should gather information regarding meal patterns, work schedules, exercise habits,
availability of supplies, social situations, and cultural diversity that could potentially impact
compliance. Then the team members need to set commonly agreed upon goals for self-care
with the patient (ADA, 2013).

B (Blood Pressure)

Another way to prevent cognitive impairments related to diabetes is through the
identification and treatment of hypertension. In order to effectively screen and manage
hypertension, nurses, nurse practitioners, and other healthcare providers should use the
guidelines set forth by the Seventh Report from the Joint National Committee (JNC 7) on
the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (Chobanian et
al., 2003). The JNC 7 recommends that patients with diabetes maintain a blood pressure less
that 130/80 mmHg. The JNC 7 uses an algorithmic approach to treatment. Initial treatment
for patients diagnosed with hypertension is lifestyle modification including exercise and
adherence to the Dietary Approaches to Stop Hypertension Eating Plan (Appel et al., 1997).
If blood pressure targets are not met, then pharmacologic agents may be necessary. The
ADA (2012) guidelines, the Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group, 2002), and the United Kingdom Prospective Diabetes Study (1998)
findings support the use of diuretics, beta blockers, angiotensin receptor blockers, and
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angiotensin converting enzyme inhibitors, or calcium channel blockers in the management
of hypertension in patients with diabetes. Furthermore, angiotensin receptor blockers and
angiotensin converting enzyme inhibitors are protective against diabetic nephropathy and
reduction in albuminuria. Current practice guidelines encourage the use of angiotensin
converting enzyme inhibitors as the first line treatment, however, patients may be switched
to an angiotensin receptor blockers, if they are intolerant of the angiotensin converting
enzyme inhibitor (ADA, 2013). Additionally, angiotensin receptor blockers have been found
to reduce macroalbuminuria. Tsukuda and colleagues (2007) found angiotensin 1l type-1
receptor blocker candesartan to be effective in hypertensive mouse models with type 2
diabetes.

C (Cholesterol)

Medical practitioners should use the Adult Treatment Panel I11 (ATP I1) guidelines for the
management of cholesterol (National Institutes of Health (NIH), 2001). The ATP I1I advises
a two-step approach for the management of dyslipidemia. First, the low density lipoprotein
(LDL) cholesterol should be targeted initially. Second, once acceptable levels are achieved,
focus should be placed on managing the triglycerides when elevated over 150 mg/dL, low
HDL and other metabolic syndrome. Commonly a second or third oral dyslipidemic agent
may need to be added.

A risk assessment should be performed next to determine the cardiovascular heart disease
risk or risk equivalent. Evidence from the United Kingdom Prospective Diabetes Study
(1998) supports the concept that patients with diabetes belong in the same category of
cardiovascular heart disease as a patient with a previous myocardial infarction; hence,
patients with diabetes are considered to have a cardiovascular heart disease risk equivalent
(NIH). Therefore, patients with diabetes should be treated as aggressively in order to achieve
LDL levels less than 100 mg/dL. Initially, treatment may involve a trial period of diet and
exercise. If these efforts fail to achieve an LDL <100 mg/dL, then a statin may be added to
the treatment regimen. Likewise, for the lipodystrophic syndrome, optimizing lipid levels by
diet and use of dyslipidemic medications (e.g., fibrates and statins) are essential (Moretti,
Gorini & Villa, 2011). Although, often a progressive syndrome, lipodystrophy can regress
with the cessation of protease inhibitors and this may assist in reversal of the syndrome
(Carr et al., 1999; Vigano et al., 2007).

If nurse and nurse practitioners target treatment efforts on the ABCs of diabetes, then the co-
morbid conditions associated with diabetes such as stroke, hypertension, and atherosclerosis,
cognitive impairment may be lessened or even avoided altogether. Additionally, cognitive
function in the person living with HIV can be preserved by actively screening for
dysglycemia and dyslipidemia prior to initiating antiretroviral therapy. If levels are noted to
be normal, then the patient can be screened in 6 months then yearly afterwards (Robles &
Elston, 2011). Albeit, it is important to guard against dysglycemia and dylipidemia to avoid
problems later.
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Implications for Research

Future research will need to examine not only the cumulative impact of HIV, diabetes, and
aging on cognition, it will also be necessary to examine this relationship in lieu of other
common co-morbidities highly prevalent in older adults (50+) with HIV such as
hypercholesterolemia (51.07%), hypertension (52.67%), coronary artery disease (17.91%),
renal disease (12.03%), and hepatitis C (19.14%) (Vance, Mugavero et al., 2011). For
instance, Hinkin and colleagues (Hinkin, Castellon, Levine, Barclay, & Singer, 2008)
examined 83 adults with HIV and 35 adults with HIV co-infected with hepatitis C to
determine the impact of mono-infection and co-infection on cognition. These researchers
found that those adults co-infected with hepatitis C performed worse on measures of
memory and learning compared to those without hepatitis C. In addition, those co-infected
with hepatitis C exhibited a higher prevalence of global cognitive impairments at 63%
compared to those mono-infected at 43%. Given that a number of physical co-morbidities
(e.g., heart disease, hypertension) and psychiatric co-morbidities are known to promote
cognitive decline (Vance, Dodson, Watkins, Kennedy, & Keltner, in press; Vance et al.,
2011), it is important to consider the impact these co-morbidities exert on cognitive
functioning as adults age with HIV.

In addition, to promote positive neuroplasticity and cognitive reserve in this clinical
population, Vance, Eagerton, and colleagues (2011) developed cognitive prescriptions.
Cognitive prescriptions are individualized, tailored behavioral programs designed to
improve cognition by increasing behaviors known to support cognitive reserve such as
intellectual exercise, physical exercise, social stimulation, sleep hygiene, nutrition, reduction
of substance use, and mood support. Although it has not been tested in those with HIV or
those with diabetes, the principles of cognitive prescriptions may be used in tandem with
treatment for HIV and diabetes to support cognitive reserve and general health (Yamamoto
et al., 2009).

Finally, fascinating research has emerged on the use of intranasal delivery of neurotrophins,
insulin, and insulin-like growth factor-1 as a possible means of addressing cognitive
impairment caused by diabetes and HIV as well as in stroke and Alzheimer’s disease. In
preliminary studies, such intranasal delivery has been shown to improve short-term and
long-term memory as well as heighten mood and odor detection (Craft et al., 2012; Hanson
& Frey, 2007; Lindl, Marks, Kolson, & Jordan-Sciutto, 2010). Improvement of odor
detection and mood is an added benefit since many adults with HIV experience elevated
levels of depression and anxiety as well as reduced levels of olfaction (Vance, 2007; Vance
& Burrage, 2006; Vance, Mugavero et al., 2011).

Conclusion

As people age with HIV, metabolic dysfunction, type 2 diabetes, and other comorbidities
will become more prevalent, the combination of which will impact neural health and deplete
cognitive reserve. This depletion of cognitive reserve will eventually lead to poor cognitive
functioning and in more severe cases, result in mild cognitive impairment or even dementia.
Therefore, it is important to consider: 1) ways to prevent such metabolic diseases and co-
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morbidities, 2) ways to decrease the severity of these diseases and co-morbidities through
effective treatments and lifestyle choices, 3) ways to bolster cognitive reserve, and then
finally, 4) ways to mitigate cognitive losses through mnemonics and other cognitive
strategies. This research vector is not only important for people aging with HIV, it is
important for everyone given that many of the lifestyle choices that are made today impact
cognitive reserve which will be needed as people age normally or with a disease like HIV
and diabetes (Vance, 2012).
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HIV

HIV infects glial cells; cells
needed to support neuronal
functioning.

HAART dramatically
increases the incidence and
prevalence rates of diabetes

in adults with HIV.

By 2015, nearly half of
those with HIV in
developed countries will

be 50 and older.

DIABETES

Insulin resistance results in
poorer cognitive functioning.

AGING

With increasing age, cognitive
declines are more observable.

The incidence and
prevalence rates of diabetes
increases with age.

Figure 1.
The synergistic effects of HIV, type 2 diabetes, and aging on cognition and cognitive

reserve.
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DAMAGED OR DEAD NEURONS
DISRUPT NEURONAL
COMMUNICATION.

WITH MORE INTRICATE AND RE-ROUTING THROUGH NEURONS A
SOPHISTICATED NEURAL CONNECTIONS, —B—-E-GALLOWS NEURONAL
THERE ARE SEVERAL PATHS FROM NEURON COMMUNICATION TO CONTINUE,
A TO NEURON G TO COMMUNICATE. THUS SUPPORTING COGNITION.

Figure 2.
Cognitive reserve and an example of collateral neural communication. Darkened neurons

represent damaged or dead neurons that can no longer transmit neural information.
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