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Introduction

Older adults are one of the fastest growing subgroups among 
the HIV infected population. By the year 2015 they are predicted to 
comprise 50% of all HIV infected individuals in the US population 
(CDC, 2007) and therefore understanding the factors that contribute to 
morbidity in this increasingly prevalent subgroup remains paramount. 
Older adults with HIV are particularly vulnerable to CNS dysfunction 
due to overlapping neuropathological processes common to both 
normal aging and HIV. A number of studies have demonstrated that 
older HIV-infected adults have higher prevalence and severity of 
cognitive abnormality when compared to both younger HIV+ and 
HIV-seronegative healthy elderly controls [1-7]. Yet, very few studies 
have looked within the older HIV cohort to understand factors that 
may place some older adults at risk for cognitive and functional decline. 
Substance abuse is one such factor with particular relevance to this 
population. 

Substance abuse is a common comorbidity in HIV and can result 
in behavioral consequences such as poor medication adherence, 
impulsivity, and risky decision-making [8,9]. Multiple studies 
have shown that HIV-infected drug abusers evidence more severe 
neurocognitive dysfunction than non-drug-abusing HIV-infected 
individuals [10-13] And among older adults, the need for substance 
abuse treatment is estimated to increase from 1.7 million in 2000 
and 2001 to 4.4 million in 2020 [14]. Therefore, a critically important 
question that must be answered is, “Does past stimulant abuse lead to 
downstream neurological dysfunction in older adulthood among HIV 
positive individuals?” Based upon results from prior investigations, 
there is reason to suspect that older adults with substance abuse histories 
are at disproportionate risk for both neurological and cognitive decline, 
and in particular individuals with histories of stimulant abuse more 
specifically (including cocaine and/or methamphetamine) demonstrate 

localized basal ganglia degeneration among a host of additional 
neuropathological responses.

Cocaine, HIV and neurological dysfunction 

Cocaine use up-regulates cytokine release impairing macrophage 
and CD4+T cell function which in turn accelerates HIV progression 
Friedman et al. (2003) [15,16]. Cocaine is also known to modulate the 
expression of interleukin (IL)-10 [17,18] a cytokine involved in HIV 
replication. Dhillon and colleagues [19] found that cocaine potentiates 
the expression of HIV-1 in human macrophages and in latently infected 
promonocytic U1 cells. Increases were associated with activation of NF-
κB and egr-1, and proviral LTR activity, increases in IL-10 production, 
and activation of macrophages.

Studies examining the neurotoxic effects of cocaine use among 
individuals with HIV have found that cocaine potentiates viral 
replication [20] and results in decreases in dopamine receptor (D2) 
availability [21]. Both cocaine and HIV can downregulate tight junction 
proteins, thereby increasing endothelial permeability [22,23]. In a study 
comparing cocaine dependent individuals to healthy controls, cocaine 
dependence was associated with decreased grey matter volume in 
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orbitofrontal, cingulate, insular, temporoparietal and cerebellar cortex, 
and with a more localized increase in grey matter volume in the basal 
ganglia. Greater duration of cocaine dependence was correlated with 
greater grey matter volume reduction in orbitofrontal, cingulate and 
insular cortex and increased volume of caudate nucleus [24]. 

During a task that manipulates immediate versus delayed rewards, 
HIV + recovered cocaine users demonstrated a more complex pattern 
of brain activation during the delayed rewards when compared to 
current users and drug-naïve controls. For easy choices, recovered users 
performed similarly to drug naïve participants, with greater increases in 
activation in the anterior cingulate cortex (ACC), orbitofrontal cortex 
(and the overlapping ventromedial prefrontal cortex (areas involved in 
decision making) compared to active cocaine users. In contrast, for hard 
choices, recovered users evidenced deficits similar to those observed in 
active cocaine users, suggesting that sustained remission from cocaine 
use may reverse some, but not all, of the impairments associated with 
active cocaine dependence [25].

Methamphetamine, HIV and basal ganglia dysfunction

Since the early 1990s, there has been a rise in the number 
of individuals abusing methamphetamine (METH) in the U.S. 
According to the U.S. 2006 National Survey on Drug Use and Health, 
approximately 10 million people (around 4.5% of the U.S. population) 
have experimented with METH at some point in their lives, while 1.3 
million persons reported using METH in the past year (Substance 
Abuse and Mental Health Services Administration [SAMHSA], 2006) 
[26]. 

METH has high lipid solubility, allowing more rapid transport of 
the drug across the blood-brain barrier [27]. METH administration 
stimulates the release of dopamine and alters functions of the 
dopamine transporter (DAT), thus resulting in neurotoxicity [28]..
High dose and chronic administration of METH can result in depletion 
of dopamine and destruction of dopamine nerve terminals [29,30]. 
There is suggestion that dopamine levels are more severely reduced 
in the caudate than in the putamen [31]. Jernigan and colleagues 
[32] examined the synergistic effects of HIV and METH use on brain 
volume and found overlapping, and in some instances opposing, effects 
of METH dependence and HIV on brain volumes. For some structures, 
the independent effects of HIV or METH were more dominant 
and resulted in differential regional patterns. Interestingly, volume 
increases in the basal ganglia were reported among METH abusers and 
possibly represent compensatory responses to neuroinflammation and 
astrogliosis.

Similarly, Chang and colleagues [33] observed larger BG volumes in 
chronic METH users, possibly representing a functional compensatory 
response. In a follow-up study using proton MR, reduced markers of 
neuronal integrity and increased markers of gliosis were found in the 
cerebral cortex and basal ganglia, suggesting that glial proliferation may 
follow neural damage [34]. Using diffusion tensor imaging (DTI), lower 
fractional anisotropy (i.e., less directional diffusivity of water, possibly 
indicating decreased parallel ordering of axons) values were found 
bilaterally in the frontal white matter of 32 METH abusers compared 
with 30 healthy comparison subjects [35]. 

Hippocampal abnormalities have also been associated with METH 
use. Chronic METH use resulted in a selective pattern of cerebral 
deterioration near hippocampal structures which contributed to 
impaired memory performance [36]. Chronic METH has also been 
associated with impairing neural progenitor cells (NPCs), which are 
produced in the adult hippocampus and play a role in hippocampal-

dependent cognitive functions [37]. Among abstinent METH users, 
Kim and colleagues [38] examined differences in gray matter density 
in abstinent METH-dependent participants. METH participants 
displayed a gray-matter deficit in the right middle frontal gyrus when 
compared to controls, and this deficit was more prominent in those 
who were newly abstinent (less than six months) compared to those 
who achieved sustained abstinence. 

HIV-associated basal ganglia dysfunction

HIV enters the CNS early in the course of infection generating a 
cascade of immunological responses that preferentially target striatal 
functions [39]. Histopathological investigations of postmortem brain 
tissue have demonstrated the highest levels of HIV in the basal ganglia 
[40,41]. Examinations of biochemical metabolites have observed lower 
levels of N-acetylaspartate (a marker of neuronal integrity) and higher 
levels of choline and myoinsonital (markers of inflammation and cell 
turn over) in the basal ganglia of HIV infected patients. Studies using 
structural MRI have demonstrated volume reductions in subcortical 
structures and white matter microstructural pathology [42,43]. More 
recently, DTI is being used to examine basal ganglia dysfunction in 
HIV. Although typically used as a method for studying white matter 
microstructure, DTI is becoming increasingly used as a tool to measure 
gray matter integrity as well Wang et al. (2009) [44,45].

DTI provides a quantitative noninvasive method for delineating 
structural abnormality by measuring the extent and directionality of 
water diffusion in n-directional space. The directionality of diffusion 
can be quantified by fractional anisotropy (FA), while mean diffusivity 
(MD) indicates the degree of diffusion Sullivan et al. [46]. Alterations 
in subcortical integrity may reflect changes in relative intracellular/
extracellular volumes or net loss of structural barriers of diffusion in 
surrounding white matter tissue [47,48]. The quantitative sensitivity to 
brain pathology is a major advantage of DTI over standard T1 and T2 
weighted MRI scans.

The purpose of the present study was to use DTI and structural 
MRI to examine brain integrity (as measured by FA and MD) and 
volume in the basal ganglia and hippocampus among older HIV-
infected adults with histories of stimulant abuse. Overall, we expected 
that past stimulant users would evidence greater basal ganglia and 
hippocampal compromise than drug naïve participants. These 
decrements would be represented by lower FA values and higher MD 
values among patients who reported histories of substance abuse/
dependence, thus demonstrating a breakdown of structural barriers of 
diffusion. Based upon findings reported by [38] we hypothesized that 
length of abstinence would be associated with imaging metrics (i.e., FA, 
MD, volume), such that individuals with shorter abstinence periods 
would demonstrate more basal ganglia and hippocampal compromise 
than those with longer abstinent periods. We also expected to observe 
larger basal ganglia volume (functional compensation) and decreases 
in hippocampal volume among individuals who reported past abuse. 

Method

UCLA and VA Institutional Review Board (IRB) approval was 
obtained prior to implementing study procedures. Written informed 
consent was obtained from all participants in the study.

Participants

Participants included 20 older (age 50+) HIV + adults (age M = 53.25, 
SD = 4.2 years; education M = 13.5, SD = 2.0 years) recruited from local 
infectious disease clinics and community agencies as part of a larger 
study examining the effects of aging and HIV on neuropsychological 



Citation:	 Thames AD, Foley JM, Panos SE, Singer EJ, Patel SM, El-Saden S and Hinkin CH et al.  (2011) Past Stimulant Abuse is Associated with Reduced 
Basal Ganglia and Hippocampal Integrity in Older HIV+ Adults: A Diffusion Tensor Imaging Study. J AIDS Clinic Res 2:129. doi:10.4172/2155-
6113.1000129

Page 3 of 6 

Volume 2 • Issue 6 • 1000128
J AIDS Clinic Res
ISSN:2155-6113 JAR an open access journal 

outcomes. (See Table 1 for sample demographics). Prior to study entry, 
participants received explanation of study procedures and completed 
consent forms.

Inclusion criteria: (1) 18 years of age or older; (2) HIV seropositive 
- Status confirmed based upon serologic testing for HIV antibody 
[screening ELISA, confirmed by Western blot if positive]; (3) willing 
and able to comply with study procedures; (4) willing and able to 
provide written informed consent; (5) demonstrated at least 6th grade 
English reading level.

Exclusionary criteria: (1) Unable to provide informed consent; (2) 
presented with a non-HIV neurologic disorder, such as moderate-severe 
head injury, seizure disorder, demyelinating illness, or CNS neoplasm; 
(3) have history of an HIV-associated CNS opportunistic infection (e.g. 
toxoplasmosis) or neoplasm; (4) presented with a current psychotic 
spectrum disorder or mood disorder; (5) presented with substance 
abuse/dependence within the past year; (6) presented with past abuse 
of hallucinogens, opiates, or alcohol (7) if MRI was contraindicated 
(e.g. due to claustrophobia or metallic inclusions); (8) recent drug use 
(verified by urine toxicology screens).

Past stimulant use 

Past stimulant abuse and dependence (greater than 12 months) was 
gathered based upon self-report from the Structured Clinical Interview 
for DSM-IV disorders [49]. A majority of our sample who met DSM-
IV criteria for abuse also met criteria for dependence; therefore we 
combined these individuals into one group. Based upon SCID data, we 
classified participants into stimulant (n= 12) and stimulant- free (n= 

8) groups (see table 1 for demographics). With respect to other drugs, 
most of our sample (n= 18) reported past alcohol (n= 18) and marijuana 
(n= 3) use, with 2/18 reporting abuse (> 12 months). Statistical analyses 
were conducted with and without these two participants. Eliminating 
these participants did not change study results; therefore, we elected to 
include the two participants in the final analyses.

DTI acquisition

MRI images were obtained using a 1.5T Magnetom Sonata scanner 
(Siemens AG, Erlangen, Germany), using a single-shot, echo-planar 
acquisition sequence (TR/TE=10,000/88ms; four b=0/b=750s/mm2; 
4 averages; matrix =128 X 128, 256 X 256mm field of view; slice 
thickness=2mm). The protocol included an initial multiplanar scout, 
axial-oblique, proton density-/T2-weighted double spin-echo, and 
sagittal whole-brain high-resolution T1-weighted MRI sequences. 
Scans planes were oriented perpendicular to the AC-PC line.

ROI Delineation

Subcortical ROIs (caudate, putamen, hippocampus) were extracted 
from the T1 image for each subject using LONI Brain Parser. The LONI 
Brain Parser software is an automated learning‐based algorithm that 
efficiently performs whole brain image segmentation to parse an input 
MRI image into 56 anatomical structures of interest [50].

DWI-T1 Registration

Raw diffusion-weighted images were co-registered to each subjects 
T1 weighted image using a two-stage process. First, eddy current and 
motion correction was performed by affine (12-parameter) registration 
of each DWI to the corresponding b0 volume using FMRIB’s Linear 
Image Registration Tool (FLIRT). Next, a second affine transformation 
was computed, again with FLIRT, to map the b0 volume into the T1 
space. These two transformations were multiplied and then applied to 
each DWI in a single step to minimize interpolation artifacts. Accurate 
registration to MNI-152 space was visually verified, and the b-matrix 
corresponding to the DWI acquisitions was corrected in accord with 
these transformations.

DTI Reconstruction and Analysis

We then used the Diffusion Imaging Reconstruction and Analysis 
Collection (DIRAC) modules, available on the Pipeline tool from the 
Laboratory of NeuroImaging (LONI) to perform the diffusion tensor 
reconstruction and anisotropy index calculations. First, the second-
order diffusion tensors were calculated at each voxel using a weighted 
linear least-squares approach. The tensors were diagonalized to yield the 
three principal diffusion directions (eigenvectors) and corresponding 
diffusivities (eigenvalues). Anisotropy statistics were then calculated 

Stimulant free (n 
= 8)

Stimulant abuse/dependence (n = 12) 
p value

Age in years 53.2 (7.0) 54.5 (3.6) p > .05
Years of education 14.0 (2.2) 13.7 (1.8) p >.05

% Male 75 83 p >.05
Ethnicity p < .05

 % African Ameri-
can 75.0 58.3

% Caucasian 8.3 33.3
% Hispanic 8.3 8.3

% Asian 0 0
 % Other  8.3 0

Median Recent 
CD4 count

416.5 

(I.Q. range – 186)

468.0 

(IQ range – 504) p >.05

 Nadir CD4 count
97 

(I.Q. range – 258)

200 

(IQ range – 639) p < .05

% undetectable 
viral load 62 50 p > .05

% AIDS diagnosisa 66 50 p > .05
Length of ARV 

therapy 8 8 p > .05 

0-11 months

1-3 years

% over 3 years

0

13

87

0

17

83
Length of HIV 

infection (years) 16 (1.2) 17 (2.4) p > .05

a. Based upon CD4< 200 or Opportunistic infection

Table 1 : Sample Characteristics (N = 20).

Data (N = 20) Stimulant free (n = 8) Stimulant abuse/
dependence (n = 12)	 p value

Basal Ganglia FA 0.24 (.0002) 0.17 (.0006) p < .05*
Basal Ganglia MD 0.34 (.0004) 0.42 (.0007) p <.05*
Basal Ganglia 
Volume 6.7 mm3  (.08 mm3) 6.2 mm3 (1.1 mm3) p > .05

Hippocampal FA .08 (.02) 0.10 (.04) p > .05
Hippocampal MD 0.10 (.00006) 0.12 (.00010) p < .05*
Hippocampal 
Volume 4.6 mm3 (.05 mm3) 3.8mm3 (1.1 mm3) p >.05

* Statistically significant at p < .05

Table 2: Basal Ganglia and Hippocampus Fractional Anisotropy (FA), Mean 
Diffusivity (MD), and Volumetric.
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from these eigenvalues for each subject in the T1 space. These indices 
were averaged over each subcortical ROI using the FMRIB’s fslstats 
utility.

Volumetric analysis

Basal ganglia and hippocampal volume data were extracted from 
the T1 weighted scans using the UCLA Laboratory of Neuroimaging 
LONI) BrainParser. 

Results
Demographics and HIV-disease variables

Former stimulant abusers did not significantly differ from non-
stimulant abusers on age, education, gender, or recent CD4 count. 
However, stimulant-naïve individuals reported significantly lower 
nadir CD4 counts than former stimulant abusers (see table 1). 

The first analyses compared FA and MD measures of the basal ganglia 
and hippocampus as a function of past stimulant abuse. Participants 
who reported past stimulant abuse demonstrated lower FA values in 
the basal ganglia when compared to participants who did not report 
past abuse, t (18) =2.302, p = .03. Past stimulant abusers demonstrated 
greater diffusivity (MD) in the basal ganglia t (18) = -2.120, p = .03 and 
hippocampus t (18) = -3.124, p = .006 than stimulant-naïve individuals. 
Among the stimulant drug group, length of abstinence was significantly 
correlated with MD of the caudate, r (11) = -.78, p = .04.

Volume findings	

There were no significant group differences between past stimulant 
users and non-users in basal ganglia volume t (18) = -.459, p = .654. 
However, there was a statistical trend towards decreased hippocampal 
volume among past stimulant users relative to non-users, t (18) = 1.562, 
p = .10. 

Discussion
To our knowledge, this is the first application of DTI to compare 

basal ganglia and hippocampal integrity in older HIV+ adults with 
and without histories of stimulant abuse. We observed lower fractional 
anisotropy (FA) values in our participants with histories of substance 
abuse, suggesting that older adults with histories of stimulant abuse may 
be at disproportionate risk for breakdown in microstructural barriers. 
In addition, length of abstinence was associated higher diffusivity in 
the caudate, which is consistent with prior knowledge that the caudate 
is a region that is highly susceptible to the effects of HIV and stimulant 
[51]. Our findings are consistent with prior studies demonstrating 
reduced microstructural integrity in the basal ganglia and subcortical 
white matter of patients with HIV encephalitis [52,53], stimulant abuse 
histories [33], and basal ganglia anisotropy in HIV [54]. Although 
gray matter is generally isotropic in nature when compared to white 
matter, the differences in the measured anisotropy in gray matter may 
reflect factors such as injury or morphologic variation in highly aligned 
cellular structures (e.g., axons) or replacement of axonal fibers with less 
ordered cells (e.g., glial cells) [55].

Basal ganglia dysfunction is one of the hallmarks of HIV infection 
and healthy older adults are also particularly vulnerable to these 
changes. Numerous investigations have demonstrated relationships 
between HIV-associated neurological dysfunction within the basal 
ganglia and impairments in cognitive functions of attention/working 
memory, information processing speed, motor functions, and executive 
functions [56] in addition to declines in instrumental activities of daily 
living [IADLs] [57,58]. 

Normal aging confers its own risk for neuropathological processes 
and HIV+ older adults are likely to be more vulnerable to these 
changes given the additive, if not synergistic, effects of these processes 
upon neurocognitive and neurophysiogical function. It has been 
demonstrated that markers of striatal dopamine function decline with 
age and measures of nigrostriatal neurons have indicated a loss of 70% 
in the putamen after the age of 55 [59]. In addition, the age-related loss 
of dopamine appears to accelerate after age 60 [59,60].

We observed differences in diffusivity and a trend in hippocampal 
decline among past stimulant users, which is consistent with prior 
studies examining stimulant use and hippocampal dysfunction [36] 
and with expected age-associated changes. Longitudinal studies of 
hippocampal volume decreases have ranged from 0.8%-2.0% [61,62]. 
Lack of statistical significance in the current study may be a function 
of limited power. 

Due to our modest sample size, we limited our focus to stimulant 
use as opposed to alcohol abuse or opiate use, which are drugs that 
have also been demonstrated to be associated with neurological 
compromise and which target alternative receptor systems and 
confer vastly divergent neurochemical and physiological effects. 
Furthermore, we were unable to separate out effects from METH 
versus cocaine given the limited subsample of METH users (n= 4) 
and given the presence of combined substance use among a limited 
range of participants (n= 3). However, rather than exclude our METH 
using individuals, we combined our METH and cocaine groups given 
the overlapping biochemical properties of these substances of abuse. 
Given the preliminary nature of the study, we were unable to gather 
estimates of severity, which would have been optimal. Although there 
were no statistically significant differences in reported length of ARV 
therapy and current medication adherence, we were unable to gather 
data regarding overall medication adherence since first starting ARV 
therapy. It is possible that our former drug abuse participants would be 
more likely demonstrate a fluctuating pattern of medication adherence, 
which could also influence neurological integrity.

Unlike prior studies [33], we were unable to document volumetric 
differences between stimulant abuse groups in basal ganglia structures. 
Perhaps our inability to observe volumetric differences is attributable 
to lack of an appropriate control group. Future investigations should 
include an HIV- seronegative older adult group. 

Despite the aforementioned limitations, we believe our findings 
are important for a number of reasons. First, our results suggest that 
older HIV+ adults with histories of stimulant abuse are vulnerable to 
basal ganglia and hippocampal dysfunction. Despite our rather limited 
sample size, the effect sizes of the current study are encouraging and 
warrant for future investigations into the deleterious effects of past 
substance use for older adults with HIV using a larger sample of HIV+ 
and HIV- seronegative individuals. It has been well-established that 
current drug abuse/dependence is associated with neurocognitive 
abnormalities. However, the neurocognitive effects of past drug 
use are less clear with some studies demonstrating no differences 
after even prolonged abstinence to [63,64] to those finding robust 
differences [25,65]. There are a number of reasons that may explain 
why neuropsychological findings may differ; many studies examining 
neuropsychological performance fail to account for premorbid factors 
such as cognitive reserve capacity [66] that can result in performance 
variation. Furthermore, discrepancies may be secondary, at least in 
part, to insufficiently sensitive and precise cognitive measurement, 
to inclusion of participants with comorbid disorders (e.g., Hepatitis 
C), to measures of HIV disease severity, and to inadequate control in 
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measuring time to last use of drug. Future research should consider 
further identifying the distinct changes associated with the combined 
impacts of HIV, advanced age, and stimulant abuse history. Appropriate 
methodological goals should entail inclusion of a larger sample in the 
service of enhancing statistical power, additional sample cells reflected 
by the presence versus absence of current stimulant use, older age, 
and HIV-seropositive status in order to further refine and provide 
support for the current findings documented here, as well as a refined 
appreciation of severity of HIV. Addressing these issues will serve to 
increase our understanding of the additive versus synergistic effects 
of the combined impacts of HIV status, age and stimulant abuse upon 
neuropathological outcome. 

The present findings have important scientific and clinical 
implications for the field of NeuroAIDS, aging, and substance abuse. 
As mentioned previously, both cocaine and METH has been found 
to deplete dopaminergic neurons in the basal ganglia, which may 
predispose individuals to Parkinsonism [67]. Hence, coupled with age 
associated changes and HIV-associated neurological dysfunction, the 
cognitive and clinical profile of these participants may appear much 
different than that of HIV+ adults who have successfully aged. 
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