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Abstract

The Human Immunodeficiency Virus (HIV-1) infection remains a persistent predicament for the
State of Texas, ranking seventh among the most documented HIV cases in the United States. In
this regard, the Rio Grande Valley (RGV) in South Texas is considered as one of the least
investigated areas of the state with respect to HIV infection and HIV associated comorbidities.
Considering the 115% increase in average HIV incidence rates per 100,000 within the RGV from
2007-2015, it is worth characterizing this population with respect to their HIV-1 infection, HIV-1
Associated Neurocognitive Disorders (HAND), and the association of treatment with combined
antiretroviral therapy (CART). Moreover, the increased rate of Type-2 Diabetes (T2D) in the RGV
population is intertwined with that of HIV-1 infection facing challenges due to the lack of
knowledge about prevention to inadequate access to healthcare. Hence, the role of T2D in the
development of HAND among the people living with HIV (PLWH) in the RGV will be reviewed
to establish a closer link between T2D and HAND in cART-treated patients of the RGV.
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1. INTRODUCTION

1.1.

2.

Prevalence and Incidence Rates of HIV-1 in the RGV

HIV-1 infection has been a concern for Texas, now ranking seventh in the US with the most
HIV documented cases [1]. Geographically, the RGV consists of four major counties (Starr,
Hidalgo, Willacy, and Cameron) in the southeastern part of Texas on the Texas and Mexico
border area. It has gained attention because of its exponentially increasing Hispanic
population that now exceeds 1.4 million. Moreover, one-third of RGV’s population live
under the federal poverty line, which limits their access to adequate health care service [2].
We have investigated the incidence rate of HIV-1 infection (2007-2015) and T2D change
(2004-2013) in the RGV compared to four other highly populated counties in Texas, namely
Bexar, Dallas, Harris, and Travis (Fig. 1). Our independent analysis from the Texas
Department of State Health Services (TDSHS) and Texas State Library and Archives
Commission records indicated that there is a significant increase in the average HIV-1
prevalence rate per 100,000 residents in the RGV over the years from 2007 to 2015 (p-value
0.0003) (Fig. 2A). In addition, there was a significant increase in the average HIV-1
incidence rates per 100,000 residents in the RGV over the years from 2007 to 2015 (p-value
0.0165) compared to other populated counties in Texas (Fig. 2B) [3-5]. Though the HIV-1
incidence rates are higher in the other four counties in Texas compared to the RGV, there
was a clear upward trend in the HIV-1 incidence rates in the RGV in the last nine years.
Although the RGV is less populous, the rate of HIV-1 infection is increasing at a faster rate
in the RGV than the other counties [5].

Considering the low socioeconomic status of the RGV, the poverty-stricken areas along the
Texas-Mexico border known as colonias, and remote access to healthcare, make it very
difficult to provide quality care to these patients [6]. Since HIV-1 infection causes a
progressive decline of the human immune system, especially without combined
antiretroviral treatment (CART), timely detection and adhering to the treatment are a
necessity to avoid progression to fully developed AIDS and any further complications [7].
Therefore, understanding the HIV infection/AIDS in the RGV is important to provide access
to HIV testing, HIV-disease prevention and early intervention services, pre- and post-
exposure prophylaxis, as part of ending the HIV/AIDS epidemic in this region.

HIV ASSOCIATED NEUROCOGNITIVE DISORDER (HAND)

People living with HIV (PLWH) can now live an extended period provided they are
optimally treated with cCART. In spite of this remarkable success in the treatment outcome,
mild and moderate forms of cognitive impairment have been observed in the patients who
are progressively evolving towards a nuerobehavioral manifestation also known as HAND
[8]. HAND can be subdivided into three subtypes: asymptomatic neurocognitive impairment
(ANTI), mild neurocognitive disorder (MND) and HIV associated dementia (HAD) [9].
Various neurological symptoms have been identified in conjunction with HAND, early
neurocognitive decline with impaired thinking, attention, concentration, memory, speed of
information processing and judgment and associated extrapyramidal motor dysfunction can
also be found [10-12]. The immunopathogenesis of HAND is associated with HIV-1 infected
monocytes and T-cells infecting microglia of the brain resulting in a cascade of
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proinflammatory cytokines such as Tumor Necrosis Factor-alpha (TNF) and interleukins
(ILs) that eventually activate other resident microglia and astrocytes [13].

Neuroimaging of HAND patients reveal generalized atrophy consisting of enlarged
ventricles and widened sulci. On autopsy, pathological features included a reduction in the
number of neurons, abnormal dendritic arborization, and neuronal apoptosis [14, 15]. Toxins
implicated in this process include quinolinic acid, arachidonic acid metabolites, and others.
Quinolinic acid has been of special interest because it interacts with HIV protein gp120 to
bind with the NMDA receptor, which results in receptor neurotoxicity [16-18]. While it has
been established that HIV Tat and Rev protein are neurotoxic, actual studies linking HIV
viral load to HAND are lacking [19, 20] TNF-alpha may play a pivotal role in the production
of neurotoxic metabolites as it has been shown to stimulate gliosis as well as independently
altering neuronal function by direct toxicity to oligodendrocytes /n vitro [21-23]. Besides, it
stimulates mononuclear phagocytes and astrocytes to produce several neurotoxins, which
include quinolinic acid and nitric oxide. It also potentially increases HIV viral load which
would indirectly further compromise the remaining Central Nervous System (CNS) function
[24, 25].

3. ASSOCIATED COMORBID NEUROCOGNITIVE CHANGES

The effects of the added burden in the form of diabetes are of great interest with HIV
infection since they likely impact overlapping neuropathogenesis and impact CNS
pathologies and disease progression for both disease states [26, 27]. Inflammatory cytokines
linked either directly or indirectly to HIV neurotoxicity include TNF-alpha, Interleukin - 1
(IL-1), interferongamma (IFN-gamma), and IL-6. These cytokines act to stimulate
predominately mononuclear phagocytes and astrocytes as well as to generate other cytokines
and inflammatory precursors such as eicosanoids, nitric oxide, quinolinic acid, and
superoxides [28]. TNF-alpha, IL-1, and IL6 potentiate HIV replication, while HIV
stimulates the production of these cytokines [29, 30].

When diabetes is present along with features of HAND, neuropsychological testing has
given support to the theory that diabetes may hasten or worsen HIV related cognitive
dysfunction [31]. It has been established that many of the described pathological
abnormalities associated with HAND are also associated with diabetes [32, 33]. Therefore,
HAND and dementia have also been frequently attributed to diabetes [34, 35]. A fully
developed dementia due to the complications of diabetes reveals neurocognitive deficits and
frontal lobe dysfunction overlapping with those found in HAND [36-39]. Comparative
imaging reveals similar degrees of generalized atrophy predominately in the frontal lobes,
and cerebral functional imaging reveals gray matter abnormalities in frontal regions [40].
Finally, pathological studies indicated a similar pattern of neuronal loss, dendritic
arborization abnormalities, and frontal cortex neuronal dropout. More recently, insulin
deficiency and insulin resistance have been associated with pathological abnormalities akin
to Alzheimer’s disease type neurodegeneration [41]. This is similar to the neurotoxic
cytokine cascade reported for HAND and has led to the speculation that Alzheimer’s disease
is “type 3 diabetes” [42-46].
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While cytokines have been implicated in the neuropathogenesis of both diabetes and HAND,
relatively little work has been done regarding the interactive effects of both on the immune
system of the CNS. Evidence that diabetes dysregulates the immune system is quite
convincing; however, diabetes can also alter the native cytokine levels, making them
presumably more susceptible to neurocognitive impairment [47, 48]. The estimated
prevalence of T2D in the USA is 12.3%, while in the RGV, it is 30.7 %. Considering the fact
that the RGV population is disproportionately affected, we hypothesize that HIV infection in
the RGV is prone to develop or progress to T2D much faster or earlier during their lifetime
[49]. Therefore, the root cause of this incidence needs to be investigated for proposing a
better treatment option.

4. DEVELOPMENT OF HAND THROUGH cART THERAPY

Early intervention with cART has improved the lifespan of infected patients by suppressing
their viral load [50]. Yet, HIV remains latent in the CNS, causing neurobehavioral
impairment even with adequate CART prophylaxis [51, 52]. The pathogenesis of cognitive
impairment during HIV infection is still not completely understood [53]. Previous studies
have indicated that certain classes of anti-HIV drugs cannot cross the Blood-Brain Barrier
(BBB) therefore, facilitating a viral reservoir for neuroinflammatory changes that can
potentially lead to HAND [54-56]. Viral reservoir formation and related neuroinflammation
are a significant impediment to treating HAND [57]. Moreover, some of the existing drug
combinations like Efavirenz / Emtricitabine / Tenofovir have shown brain and other organ-
related toxicities in patients [58, 59]. To overcome this issue, new drug combinations have
been modeled like Emtricitabine / Rilpivirine / Tenofovir and have proven to be better
tolerated [60, 61]. Nonetheless, it has not been investigated how far the new class of drugs
can help in eliminating the residual viral reservoir in the brain and improve the
neurocognitive dysfunction in treated patients when compared to other classes of CART
drugs [62].

Over 50% of HIV infected patients, including those with well-controlled systemic infection,
commonly experience memory problems, depression, psychomotor slowing, difficulties in
concentration, planning, and multitasking are clinically consistent with HAND [63]. The
deposition of AP plaques is also a common pathological feature of HIV infection [64].
However, it is not clear whether this accumulation is due to AD-like processes, HIV-
associated immunosuppression, Tat protein-induced Ap elevations, and/or the effects of
CART. Published studies suggest that cART has played a significant role in cCART induced
neurological disorders that, in turn, developed into HAND [65-67]. CART formularies have a
wide range of toxic effects on neurons, a study comparing two cART formularies showed a
significant degeneration of MAP-2 neurons, after being treated with Efavirenz and
Atazanavir [68].

5. TESTING FOR HAND

Neuropsychological testing helps delineate the early stages of HIV-related neurocognitive
impairment and/or cART regimens. However, the various screening tools that have been
developed for detecting HAND lack sensitivity and specificity, making them unreliable
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measures of HIV-CNS disease [69]. A recent study in the USA and South Africa compared
the Montreal Cognitive Assessment (MoCA) sensitivity and specificity to the Mini-Mental
state examination (MMSE) in patients already diagnosed with HAND. The MMSE was
originally developed to diagnose cortical dementia and is the most widely used in cognitive
impairment screening instrument [70]. Results showed the MMSE with a sensitivity of
23.81% and a specificity of 97.96%, while MoCA had a sensitivity of 89.32 % and
specificity of 22.45% [71]. MMSE poses a clinically challenging task as it requires several
other factors including level education, as well as age that moderately affect the MMSE
score in older adults. While others have mentioned adjusting scores for age and education
fails to identify people in the early stages of HAND through MMSE [72, 73]. MoCA is a
validated cognitive screening test that was developed in response to the poor sensitivity and
high rate of producing false negatives of the MMSE [69, 74]. The MoCA test is
advantageous when compared to other neurocognitive screening tools because it assesses
attention, motor skills, language, orientation, and short-term memory with high sensitivity.
Moreover, it is available in Spanish and is less of a test burden on patients making it more
acceptable. Advantageously, the MoCA is also more promising for populations with low
literacy rates [71, 75]. The Spanish version of MoCA has maintained adequate psychometric
properties for its target population <6 years of education level [76]. On the contrary, MoCA
has also shown no significant correlation between cognitive scores with lower educational
levels among Hispanics in a separate study [77]. In addition, ethnicity and cultural
differences in cognitive scores have been observed among HIV+African-American,
Hispanic, Asian, and Caucasian (non-Hispanic) populations within the USA, respectively
[78]. In this regard, MoCA has been tested on the Hispanic population with Alzheimer’s
disease but is still not a widely accepted method for testing cognitive status in minority
populations [79].

6. PREVALENCE AND INCIDENCE RATES OF T2D IN THE RIO GRANDE

VALLEY

T2D is a metabolic disease in which blood glucose levels are abnormally high
(hyperglycemia) due to an inadequate secretion of insulin made by the beta cells () [80].
The overall prevalence of diagnosed diabetes in the RGV has increased up to 30.7%, which
is much higher than the US national average of 12.3% [49]. In our study, we have performed
trend analyses using the Mann-Kendall (MK) test [81-83]. MK test statistically assesses
whether there is a consistent increase (or decrease) over time. However, MK test is not well
suited when there are alternative increasing and decreasing trends. Our independent analysis
of average T2D prevalence rate in other areas of Texas does not show any significant trend
for the period of 2007-2013 (p-value 1.0000) (The timeline was selected from the year 2007
to 2013 to be consistent with the trend analysis for the T2D incidence rate due to the above
limitation in the MK test). Although the prevalence of T2D is significantly higher in the
RGV than the other populated counties of Texas, no such monotonic changes were observed
in average T2D cases (p-value: 0.4475, Fig. 3A) from 2007 to 2013. Nonetheless, from the
year 2010 to 2011, there was a 13% increase in the T2D prevalence rate in the Hidalgo
County in the RGV, creating a significant increase in the average T2D prevalence rate in the
RGV as observed in Fig. (3A). According to our analysis, we can see that even though the
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population in the RGV is less than the four major counties of Texas [84], the rate of T2D is
significantly higher than the rest of the states. As per Fig. (3B), we can see increasing trends
in average T2D incidence rates from the year 2004 to 2007 and decreasing trends afterwards,
both in the RGV and other areas of Texas. Our independent analysis of T2D incidence rates
for other areas of Texas supports the claim that there is a decreasing trend (p-value:0.0069)
in T2D incidence rates from the year 2007 to 2013. We also observe a decreasing trend in
the average T2D incidence rates in the RGV (p-value:0.0163) from 2007 to 2013. However,
the average T2D incidence rate in the RGV has decreased only by 10% from 2004 to 2013.

The connection between T2D diabetes and neurological disorders arises from various
disease manifestations across different populations [85-89]. In addition, there is a strong
correlation between HIV infection and T2D with respect to chronic immune activation,
endothelial dysfunction, inflammation, and associated neurological disorders [90-93].
Therefore, it has been observed that there is a growing concern among patients with T2D to
find the right line of treatment when they find themselves as HIV positive. Since T2D is
associated with many other complications, treating these patients with the right combination
of cART needs more collaborative approaches among clinicians in order to avoid multi-
organs related complications [94, 95].

7. DEVELOPMENT OF T2D THROUGH cART THERAPY IN OTHER

STUDIES

Recent studies suggest that cCART regimens and an ongoing infection of HIV are highly
associated with the development of metabolic disorders like T2D, dyslipidemia, and
lipodystrophy. [96, 97]. Despite the sophistication in cART regimens, the prevalence of T2D
has significantly increased compared to other HIV-1 associated co-morbidities. A cross-
sectional study conducted by The Data Collection on Adverse events of HIV studied over
130,000 HIV-infected patients and the development of new-onset diabetes. The study
concluded that 744 patients out of the population pool developed diabetes during the study
(an incidence rate of 5.72 per 1,000) was attributed to the significant exposure of CART
regimens for long periods of time [92, 94, 95, 98]. The mechanism of cART-induced
hyperglycemia is still unknown. It is suggested by some studies that certain CART regimens
are peptidomimetic inhibitors, therefore, these regimens are able to alter the production of
pro-insulin to insulin leading to hyperglycemia [99]. It has also been observed that CART
regimens have a direct impact on the GLUT-4 transporter. The inhibitory effects of the
transporter protein lead to a decrease in insulin secretion [100]. Considering that a greater
risk of developing T2D among PLWH from the RGV, developing a treatment model will be
very crucial than any other population studied so far.

8. METHODOLOGY FOR INCIDENCE AND PREVALENCE RATE
CALCULATION

The prevalence rates of HIV-1 infection: The number of people living with HIV for the years
2007 to 2015 was obtained from the Texas HIV Surveillance Report 2017 [5]. The county
population per each year was obtained by the Texas State Library and Archives Commission
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[3, 4]. The prevalence rates for HIV-1 were calculated per each county for each year;
(Number of people living with HIV-1/County population) 100,000. The average HIV-1
prevalence rates for the four counties: Cameron, Hidalgo, Starr, and Willacy were
considered as the average HIV-1 prevalence rate of the RGV per each year. Similarly, the
average HIV-1 prevalence rate of the four other populated counties: Bexar, Dallas, Harris,
and Travis were considered as the average HIV-1 prevalence rate of these counties in Texas
per each year. Fig. (2A) represents these two averages HIV-1 prevalence rates (named as the
RGV and Other counties) per each year.

The incidence rates of HIV-1 infection: The HIV-1 incidence rates per 100,000 were
obtained from the Texas HIV Surveillance Report 2017 [5]. The average HIV-1 incidence
rate for the four counties: Cameron, Hidalgo, Starr, and Willacy were considered as the
average HIV-1 incidence rate of the RGV per each year. Similarly, the average HIV-1
incidence rate of the four other populated counties: Bexar, Dallas, Harris, and Travis were
considered as the average HIV-1 incidence rate of these Counties in Texas per each year. Fig.
(2B) represents these two averages HIV-1 incidence rates (named as RGV and Other
counties) per each year.

The prevalence rates of T2D: The T2D prevalence rates per 1000 were obtained from the
Center for Disease Control and Prevention Data for the year of 2004-2013 [101]. The
average T2D prevalence rate for the four counties: Cameron, Hidalgo, Starr, and Willacy
were considered as the Average T2D prevalence rate of the RGV per each year. Similarly,
the average T2D prevalence rate of the four other populated counties: Bexar, Dallas, Harris,
and Travis were considered as the average of T2D prevalence rates of these Counties in
Texas per each year. Finally, those values were multiplied by 100 to convert it to the rates
per 100,000. Fig. (3A) represents these two average T2D prevalence rates (named as RGV
and Other counties) per each year.

The incidence rates of T2D: The T2D incidence rates per 1000 were obtained from the
Center for Disease Control and Prevention Data [102]. The average T2D incidence rate for
the four counties: Cameron, Hidalgo, Starr, and Willacy were considered as the average T2D
incidence rate of the RGV per each year. Similarly, the average of T2D incidence rate of the
four other populated counties: Bexar, Dallas, Harris, and Travis was considered as the
average T2D incidence rate of these Counties in Texas per each year. Finally, those values
were multiplied by 100 to convert it to the rates per 100,000. Fig. (3B) represents these two
average T2D incidence rates (named RGV and Other counties) per each year.

9. SUMMARY

In the early 2000s, the Hispanic community in the United States accounted for 12.5% of the
population [103]. In 2005, the Hispanic population grew to 14.4%. In the same year,
Hispanics comprised 18% of HIV cases [104, 105]. The HIV+ Hispanic patient population
in the RGV presents significant challenges with regard to optimizing health status in triply
and quadruply diagnosed patients. There are many factors that have been considered based
on education and socioeconomic status. In this regard, it is worth to mention that as per
American Community Survey Data obtained from 2013- 2017, the Rio Grande Valley has an
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average of 33.4% people living below the poverty line, and 61% of residents have obtained a
high school education or higher [106]. Consequently, the low socioeconomic status of this
community and remote access to healthcare make it very difficult to provide quality care to
these patients. These are the other related factors in the development of both HAND and
T2D including the use of cCART treatment of these patients. Accessing proper healthcare is a
significant issue among the RGV population. There are obvious delays in making the
diagnosis of any major illness especially HIV/AIDS. Therefore, most of the time when the
patients are detected with HIV, they are at the advanced stages of the disease with several
other HIV associated comorbidities including T2D and HAND. Thus, having a robust HIV-
testing and early intervention program providing effective treatment strategies is critical for
this community. A focus on integrated, team collaborative care with wrap-around services
for HIV/AIDS and T2D is essential.

For all persons in an HIV/AIDS treatment program, the benefits of integrated care are in
combined comorbidities like cognitive changes, psychiatric disorders and diabetes. Ideally,
HIV/AIDS and diabetes treatment programs would offer neurobehavioral assessments and
early neuropsychiatric interventions for HAND and diabetes. Drug-drug interactions
between ARV drug and hypoglycemic agents and prescribed psychotropics can increase or
decrease the action of prescribed regimens. Thus, special attention must be given to potential
drug-drug interactions in the triply-quadruply diagnosed patient. Whenever possible, ARV
drug with high penetrance to the CNS may be used with the co-morbid neurocognitive
disorder to improve neurocognitive impairment.

CONCLUSION

The majority of the RGV population are Mexican Americans with a significantly higher risk
of developing T2D compared to any other studied population. However, even though T2D
does affect HIV-1 infection and neurocognitive disorders, no separate CART treatment
strategy has been designed for such patient populations in the RGV. Therefore, it's crucial to
address the development of a treatment strategy for their HIV infection and other treatment-
emergent comorbidities primarily. Such strategies will aid them to tackle the disease more
effectively or will minimize the adverse effects of their CART regimen. Detecting and
managing the treatment of HIV associated co-morbidities would increase the patient’s
lifespan while mitigating any therapy complications.
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Fig. (1).
The map illustrates the different counties of the RGV’s HIV and T2D incidence rates. The

percentage difference was calculated to analyze the increase in HIV incidence rates from
2007-2015 in the RGV. Hidalgo county had a 3.58% increase while Cameron County had
27.77%. In 2007 TDSHS HIV census reported zero new cases in Starr and Willacy County;
therefore, no percentage difference was calculated. According to our statistical analysis,
T2D incidence rate from 2004 to 2013 in Hidalgo County were increased by 12.66%
whereas the incidence rates in Cameron, Willacy, and Starr counties were decreased.
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Fig. (2).

(Ag) ,(A)trend analysis using the Mann-Kendall test was performed in order to investigate the
change in the average HIV-1 prevalence rates per 100,000 in the RGV compared to four
other highly populated counties in Texas namely Bexar, Dallas, Harris, and Travis during the
period from 2007 to 2015. Both, average HIV-1 prevalence rates in the RGV and Other areas
of Texas depict significantly increasing trends (p-value=0.0003) at a 5% level of
significance. (B). A trend analysis using the Mann-Kendall test was performed in order to
investigate the change in the average HIV-1 incidence rates per 100,000 in the RGV
compared to four other highly populated counties in Texas namely Bexar, Dallas, Harris, and
Travis during the period from 2007 to 2015. Average HIV-1 incidence rates in the RGV
depicted a significantly increasing trend (p-value=0.0165) whereas other areas of Texas
resulted in a significantly decreasing trend (p-value=0.0476) at a 5% level of significance.
Data for this analysis was obtained from the Texas Department of State Health Services
(https://www.dshs.texas.gov/records) and Texas State Library and Archives Commission
(https://www.tsl.texas.gov/ref/abouttx/popcnty2010-11.html).
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Fig. (3).
(A) Shows the average T2D prevalence rates per 100,000 in the RGV compared to four other

counties in Texas namely Bexar, Dallas, Harris, and Travis for 2004 to 2013. The MK trend
analysis did not show a significant trend in other areas of Texas (p-value: 1.0000) within the
period of 2007-2013. Please note that that trend analysis was performed for a shorter time
period than the graph depicts (from 2007 to 2013), as the MK test is not well suited when
there was an alternating increasing and decreasing trend (as T2D incidence rates of RGV
and other areas of Texas both increase from 2004-2006 and then decrease). Although the
prevalence of T2D is significantly higher in the RGV than the other populated counties of
Texas, a monotonic change was not observed in the average T2D rate (p-value: 0.4475, Fig.
3A) from 2007 to 2013. Nonetheless, from the year 2010 to 2011, there was a 13% increase
in the T2D prevalence rate in the Hidalgo county in the RGV, creating a significant increase
in the average T2D prevalence rate in the RGV as observed in Fig. (3A). (B), T2D incidence
rates for other areas of Texas supports the claim that there is a decreasing trend (p-value:
0.0069) in T2D incidence rates from the year 2007 to 2013. A decreasing trend in the
average T2D incidence rates in the RGV (p-value: 0.0163) was observed from 2007 to 2013.
However, the average T2D incidence rate in the RGV has decreased only by 10% from 2004
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to 2013.. Data for this analysis was obtained from the Centers for Disease Control and
Prevention. (https://www.cdc.gov/diabetes/data/countydata/countydataindicators.html).
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