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Background: Cognitive reserve theory may help to explain why some individuals are better 

able to withstand greater neurological insult before neurobehavioral manifestations occur. 

The present study provides a direct test of the cognitive reserve hypothesis in a sample 

particularly predisposed to cognitive impairment, ie, older human immunodeficiency virus 

 (HIV)-positive adults.

Methods: Eighteen older HIV-positive adults, of mean (standard deviation) age 53.25 ± 4.2 

years, with 13.5 ± 2.0 years of education, underwent magnetic resonance imaging and neu-

ropsychological assessment. Regions of interest in the basal ganglia were extracted from T1 

weighted scans and volumetric measurements were acquired. Cognitive reserve capacity was 

measured using premorbid intelligence quotient estimates and years of education. Participants 

were matched based on global neuropsychological performance.

Results: Individuals with higher levels of cognitive reserve demonstrated greater atrophy in 

the basal ganglia compared with individuals with lower levels of reserve, despite consistent 

cognitive function.

Conclusion: Older HIV-positive patients with higher levels of cognitive reserve may appear 

cognitively healthier than their striatal integrity would suggest.

Keywords: cognitive reserve, human immunodeficiency virus, magnetic resonance imaging, 

aging, basal ganglia

Introduction
Human immunodeficiency virus (HIV) is in the class of retroviruses that disrupt 

functioning of the central nervous system. Despite advances in antiretroviral therapy, 

approximately 30%–60% of patients will report cognitive decline during the course 

of their illness.1,2 HIV preferentially targets subcortical white and gray matter, par-

ticularly the basal ganglia, although other brain regions are also affected (eg, the hip-

pocampus). Studies using voxel-based morphometry have found atrophy of the basal 

ganglia in patients with HIV3,4 that results in dopaminergic abnormalities.5 A recent 

study demonstrated that atrophy of the basal ganglia persists despite implementation 

and maintenance of antiretroviral treatment.6

Nevertheless, a common conundrum facing clinicians working with HIV patients 

is why some patients demonstrate overt signs of disease whereas others do not, despite 

equivalent biomarkers of disease progression. Of particular interest is that, irrespec-

tive of HIV-related immunosuppression, some individuals afflicted with HIV fail to 

demonstrate HIV-associated neurocognitive dysfunction.7–9
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Cognitive reserve capacity, which refers to the threshold 

of brain damage that must be sustained before an individual 

will display overt neurobehavioral impairment,10,11 may help 

to explain neurobehavioral differences observed in HIV and 

other neurodegenerative diseases. The effects of cognitive 

reserve may particularly explain the potential for preserved 

(or greater than expected) cognitive function in some indi-

viduals despite the presence of such neuropathology.12–17

Cognitive reserve was first introduced as a protective fac-

tor that preserved cognitive skills in the face of pathological 

effects associated with normal aging.13,15,17 The study of cogni-

tive reserve has also been applied to neurodegenerative disor-

ders of aging,14,18 particularly Alzheimer’s disease. Within the 

aging and dementia literature, two models have been proposed 

to explain neural compensation. The first is the “brain reserve 

capacity” model. The brain reserve capacity model focuses 

on anatomical correlates, suggesting that passive factors 

(such as the number of synapses or brain volume) confer a 

particular capacity to endure neuropathological processes. The 

brain reserve capacity model serves to mask neurobehavioral 

manifestations until a critical threshold is reached.

A major criticism of the passive brain reserve capacity 

model is that it does not account for individual differences in 

cognitive or functional processing. To address this concern, 

a “functional” model of reserve, ie, the cognitive reserve 

hypothesis, was conceptualized.19 In this hypothesis, cogni-

tive reserve reflects the ability to use cognitive processes and 

brain networks in an effective way. Neural compensation, on 

the other hand, refers to adopting new compensatory brain 

networks after pathology has impacted those networks typi-

cally utilized for particular tasks. Neural compensation, and 

accordingly, the cognitive reserve hypothesis, emphasizes 

the ability to withstand age-related processes or Alzheimer’s 

disease pathology.20 Studies of cognitive reserve in aging 

suggest that individuals with higher cognitive reserve may 

be better able to compensate for cognitive deficits resulting 

from neurodegeneration.

Applying the cognitive reserve model in aging/ dementia 

to HIV has provided critical insights into factors that  protect 

against the development of HIV-associated cognitive 

 dysfunction. It has been demonstrated that educational attain-

ment21 and estimated premorbid intelligence quotient (IQ)7 

tend to buffer the deleterious effects of HIV neuropathology. 

Hence, active cognitive reserve factors, such as educational 

attainment, estimated premorbid intellectual function, and 

occupational complexity, may increase the threshold for neu-

ropsychological dysfunction in the  presence of  cognitive risk 

factors, such as advancing age and  neurological disease.13–18

Using positron emission tomography, Stern et al 

 conducted a series of seminal studies demonstrating this phe-

nomenon in patients with Alzheimer’s disease.22 After match-

ing subjects on Mini-Mental State Examination scores, they 

found that patients with higher levels of cognitive reserve 

demonstrated a greater degree of cerebrometabolic reduc-

tion in the parietotemporal region. Among HIV-seropositive 

participants with low levels of cognitive reserve, deficits in 

frontal-striatal functions, such as information processing 

speed, attention, verbal learning and memory, and executive 

functioning, have been documented.23

There is reason to expect that older adults with HIV 

may be at greater risk for cognitive decline. Studies have 

found that the longer an individual is infected with HIV, the 

greater the loss in subcortical volume.6 Furthermore, there 

is an increased rate of HIV-associated dementia among older 

patients.24,25 The Multicenter AIDS Cohort Study identified a 

relative hazard ratio for dementia of 1.60 per decade of life 

at AIDS onset.26 Similarly, after controlling for duration of 

infection, use of highly active antiretroviral therapy, and CD4 

T lymphocyte count, older patients are three times more likely 

to meet criteria for HIV-associated dementia in a research 

setting.25 Whether there is an additive or synergistic relation-

ship between aging and HIV on neuropsychological testing 

performance is not fully known, but there is compelling 

evidence that HIV accelerates the brain aging process.27

Therefore, it is plausible that cognitive reserve conceals 

the expression of underlying differences in HIV neurodegen-

eration. The purpose of the current study was to determine 

whether cognitive reserve functions in a similar manner in HIV 

when compared with other dementias, including Alzheimer’s 

disease, with notable functional discrepancies between under-

lying neuropathology and cognitive outcomes based upon 

cognitive reserve status. Although prior work has documented 

the effects of cognitive reserve upon cognition alone, what 

remains to be investigated is what role, if any, cognitive reserve 

status plays in the integrity of striatal function among older 

adults with HIV. The current investigation focused on older 

adults, a group of scientific and clinical relevance given that 

older adults are one of the fastest growing (and to date largely 

understudied) segments of the HIV-infected population.

To test this hypothesis, we used an approach similar 

to that used by Stern et al,22 whereby magnetic resonance 

imaging was used to determine whether neurocognitively 

matched HIV-infected patients with higher levels of cogni-

tive reserve would demonstrate greater brain atrophy than 

patients with lower levels of cognitive reserve. Cognitive 

reserve theory would predict that patients with higher levels 
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of cognitive reserve could withstand a greater degree of 

underlying  neurological damage before this would be evident 

in neuropsychological function. Accordingly, given the 

predilection of HIV for basal ganglia pathology, we antici-

pated that, despite equivalent extent of overt neurocognitive 

compromise, patients with higher levels of cognitive reserve 

would demonstrate a greater degree of striatal atrophy.

Materials and methods
Participants in this study were HIV-positive adults, aged 

18 years and older (mean 53.25 ± 4.2 years), with a mean length 

structures of interest.28 Basal ganglia were selected for 

study because HIV has been shown to damage the striatum 

 preferentially (see Figure 1).

cognitive reserve capacity
Participants were administered the Wechsler Test of Adult 

Reading29 to assist in calculating premorbid IQ estimates. 

Cognitive reserve was estimated based upon a median split 

of a composite score which averaged the sum of premorbid 

IQ and standardized years of education. Standardized years 

of education was calculated based upon the formula:

Figure 1 Basal ganglia regions of interest (caudate and putamen extractions). 
(A) axial view, (B) coronal view.

of education of 13.5 ± 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 

outcomes. Exclusion criteria were inability to provide informed 

consent, a neurological disorder, such as HIV-associated 

central nervous system opportunistic infection/neoplasm, 

moderate-severe head injury, seizure disorder, demyelinating 

illness, cerebrovascular accident, current psychotic spectrum 

disorder or mood disorder, substance abuse/dependence within 

the past year, or if magnetic resonance imaging was contraindi-

cated (eg, due to claustrophobia or metallic inclusions).

Acquisition of magnetic resonance images
Structural magnetic resonance images were obtained using 

a 1.5 T Magnetom Sonata scanner (Siemens AG, Erlangen, 

Germany), using a single-shot, echo-planar acquisition 

sequence (repetition time/echo time 10,000/88 mS, four 

b = 0/b = 750 S/mm2, four averages, matrix 128 × 128, field 

of view 256 × 256 mm, and slice thickness 2 mm). The pro-

tocol included an initial multiplanar scout, an axial-oblique, 

proton density/T2 weighted double spin echo, and sagittal 

whole brain high-resolution T1 weighted magnetic resonance 

image sequences. Scan planes were oriented perpendicular 

to the anterior-posterior commissure line.

segmentation of region of interest
Basal ganglia (caudate, putamen) regions of interest were 

extracted from the T1 weighted scans using the University of 

California, Los Angeles Laboratory of Neuroimaging Brain-

Parser software, an automated learning-based algorithm that 

efficiently performs whole brain image segmentation to 

parse an input magnetic resonance image into 56  anatomical 

Standardized education =
Years of education average years of educa− ttion (sample)

Standard deviation of thesample






× +15 100
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A median split of the cognitive reserve score was used to 

classify individuals as “low” and “high” reserve.

Neurocognitive assessment
All participants completed a comprehensive neuropsy-

chological battery, for which a description of testing and 

 normative data has been published elsewhere,30 administered 

by trained psychometrists supervised by a board-certified 

neuropsychologist (CHH). Test scores were converted to 

demographically (age, ethnicity, and education) corrected 

T scores (mean 50 ± 10) using published normative data, 

which yielded a global index of neuropsychological function 

against which cognitive reserve groups were matched at an 

individual participant level.

Data analysis and procedures
Caudate and putamen values were first corrected for whole 

brain volume. Distributions of volumetric data and neu-

rocognitive scores were inspected for normality and linearity. 

To examine the effects of cognitive reserve, participants were 

matched on global neurocognitive performance. Matched-

groups t-testing was used to examine differences in basal 

ganglia volume as a function of cognitive reserve capacity.

Results
Demographics and primary study 
variables
There were no significant differences between the cognitive 

reserve groups for demographic-related and disease-related 

variables such as age, past substance abuse, length of HIV 

infection, recent and nadir CD4 count, and viral load. 

 Significant group differences were observed in ethnicity, 

years of education, and premorbid IQ (see Table 1). While 

HIV-related and past substance abuse variables failed to 

reach statistical significance, they yielded modest effect sizes. 

Therefore, a series of bivariate correlations and t-tests were 

conducted to determine if relationships existed between eth-

nicity, recent and nadir CD4 count, viral load, past substance 

abuse, and basal ganglia volume.

There were no statistically significant (p . 0.05) rela-

tionships between recent and nadir CD4 count and basal 

ganglia volume (r = 0.08 and r = 0.21, respectively). Length 

of HIV infection was not significantly correlated with basal 

ganglia volume (r = −0.09, p = 0.89). There were no statisti-

cally significant basal ganglia volume differences between 

viral load (detectable [.50 copies/mL] vs undetectable), 

t (16) = −0.65, p = 0.75) and substance abuse/dependence 

groups [t (16) = −0.80, p = 0.59]. There were also no 

 significant ethnic group differences for basal ganglia volume 

[F (2,15) = 2.34, p = 0.10].

cognitive reserve and basal ganglia  
volume
Consistent with expectations based on cognitive reserve the-

ory, participants with higher cognitive reserve demonstrated 

greater atrophy of the basal ganglia [t (8) = 3.63, p = 0.007, 

d = 1.47] despite similar levels of global neurocognitive 

 function. More detailed analyses revealed greater bilateral 

Table 1 Demographic characteristics of cognitive reserve groups

Low reserve (n = 9) High reserve (n = 9) Results Effect size (d)

Age in years 54.3 (3.2) 55.1 (5.3) p . 0.05 0.18
ethnicity p , 0.001 2.35
 % African American 100% 33% –
 % caucasian 0 44% –
 % Hispanic 0 23% –
Years of education 12.5 (1.1) 14.1 (1.5) *p = 0.04 1.21
Male % 63% 75% p . 0.05 0.72
Median recent cD4 count 331.0 (IQ range 165) 434.5 (IQ 396) p . 0.05 0.72
Nadir cD4 count 66 (IQ range 120) 135 (IQ 245) p . 0.05 0.35
% Undetectable viral load 62% 50% p . 0.05 –
% AIDs diagnosisa 66% 77% p . 0.05 0.49
% on ArV medication 100% 100% p . 0.05 –
Length of HIV infection (years) 16 (1.2) 17 (2.4) p . 0.05 0.63
% reported past abuse/dependence 77% 55% p . 0.05 0.88
Premorbid IQ 86.3 (19.4) 113.0 (13.7) *p , 0.01 1.58 range (42–107)

range (86–123)
cognitive reserve score 184.0 (13.2) 233.4 (18.1) *p , 0.001 3.11

Notes: aBased on cD4 count , 200 or opportunistic infection. *Significant group differences at P , 0.05.
Abbreviations: AIDS, aqcuired immunodeficiency syndrome; ARV, antiretroviral; HIV, human immunodeficiency virus; IQ, intelligence quotient.
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caudate [t (8) = 2.33, p = 0.04, d = 0.79] and putamen 

[t (8) = 3.27, p = 0.01, d = 0.73] atrophy among individuals 

with higher cognitive reserve compared with individuals 

having lower levels of reserve (see Table 2).

Discussion
The present study provides a direct clinical test of the cogni-

tive reserve hypothesis, and highlights an important factor to 

consider when treating patients with higher levels of premor-

bid intellectual function who present with neurodegenerative 

disorder. Consistent with this hypothesis, we found that after 

matching participants on neuropsychological performance, 

individuals with higher levels of cognitive reserve dem-

onstrated greater atrophy of the basal ganglia. Our results 

suggest that older HIV-positive adults with higher levels of 

cognitive reserve may be able to shoulder greater disease 

burden before overt signs of disease emerge. Similar findings 

have been reported in studies of Alzheimer’s disease,31,32 and 

also more recently for HIV,7,33 suggesting that these findings 

may be generalizable to a wider array of neurodegenerative 

disorders. Although already appreciated among other neuro-

degenerative conditions of aging, the findings of the present 

study also suggest that in the post-combination antiretroviral 

therapy era of HIV, cognitive reserve may apply to cognitive 

preservation in isolation, and that underlying neurobiological 

variables will remain predictably affected even in the pres-

ence of these protective mechanisms.

Investigation into the contribution of cognitive reserve 

for this vulnerable subgroup afflicted by the double assault of 

HIV-positive serostatus and older age has become an increas-

ingly important objective, since some individuals with both 

risk factors fail to demonstrate significant neuropsychological 

deficits, and since little is understood about the reasons for 

this unexpected preservation of function. The results of the 

present study suggest that some individuals who remain at 

particular risk for cognitive compromise, and who present 

with documented evidence of neuropathological deteriora-

tion within areas known to be preferentially affected by 

the combined effects of advancing age and HIV infection, 

maintain adequate neuropsychological function, suggesting 

that cognitive reserve acts as a neuroprotective factor in 

preventing overt cognitive deterioration despite underlying 

physiological abnormality. Future studies, including lon-

gitudinal follow-up of individuals at similar risk with high 

cognitive reserve, should be conducted to determine whether 

cognitive deterioration proceeds more rapidly than would 

otherwise be expected after a threshold of neuropathologi-

cal degeneration has been reached, as has been shown with 

a variety of other neurodegenerative populations, including 

Alzheimer’s disease. Finally, prior work from our group34 has 

demonstrated that among a sample of subjects with varying 

levels of risk for cognitive dysfunction (HIV serostatus, age 

group), those at greatest risk but who maintain high cogni-

tive reserve demonstrated preserved cognition at a level that 

exceeded all other groups, suggesting that cognitive reserve 

may successfully and preferentially protect individuals 

affected with HIV infection and advancing age. Therefore, 

future research should examine whether the relationship 

between varying risk for striatal neuropathological decline 

is similarly mediated by cognitive reserve status. Our find-

ings, although preliminary, suggest that cognitive reserve 

delays the cognitive manifestations of underlying striatal 

 pathology. Nevertheless, the concept of cognitive reserve 

in HIV would be further strengthened by replicating these 

results in other brain regions of interest (eg, frontal gray 

matter, hippocampus) that have also been demonstrated to 

atrophy as a result of HIV.

We recognize that our small sample size and convenience 

sampling methodology limits the generalizability of our 

findings to other subgroups, particularly for younger HIV 

cohorts. Furthermore, given the age restriction ($50 years) 

and the cross-sectional nature of the study, it is also possible 

that our sample may be undergoing normal age-associated 

neurological changes that could at least in part explain our 

current findings. While our study findings would be strength-

ened by inclusion of younger HIV-positive adults, identifying 

whether cognitive reserve may protect older HIV adults from 

cognitive decline was our primary study objective, because 

recent estimates suggest that over half of the individuals with 

HIV in the US will be over the age of 50 years by 2015.35 

Table 2 global neuropsychology and basal ganglia volumes

Low reserve (n = 9) High reserve (n = 9) Results Effect size (d)

global neuropsychology 42.7 (5.5) 43.10 (6.0) p . 0.05 −0.06
Basal ganglia 7.3 mm3 (0.62) 6.3 mm3 (0.73) *p = 0.001 1.47
Bilateral caudate 3.1 mm3 (0.74) 2.5 mm3 (0.70) *p = 0.04 0.79
Bilateral putamen 4.1 mm3 (0.43) 3.8 mm3 (0.38) *p = 0.01 0.73

Note: *Statistically significant at P , 0.05.
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Table 3 Individual participant values for global neuropsychology and basal ganglia volumes (reserve groups matched on global 
neuropsychological performance)

Low  
reserve

Global NP* Basal  
ganglia  
volume

Bilateral  
caudate  
volume

Bilateral  
putamen  
volume

High  
reserve

Global NP* Basal  
ganglia  
volume

Bilateral  
caudate  
volume

Bilateral  
putamen  
volume

1 36.29 7.8 mm3 3.3 mm3 4.5 mm3 1 36.13 5.4 mm3 1.4 mm3 4.0 mm3

2 37.05 6.5 mm3 2.7 mm3 3.8 mm3 2 37.14 5.2 mm3 1.8 mm3 3.4 mm3

3 37.93 7.2 mm3 3.2 mm3 4.0 mm3 3 37.25 6.7 mm3 3.1 mm3 3.6 mm3

4 39.97 7.5 mm3 4.9 mm3 3.6 mm3 4 40.47 6.7 mm3 3.1 mm3 3.6 mm3

5 42.89 6.6 mm3 2.6 mm3 4.0 mm3 5 43.12 5.5 mm3 1.8 mm3 3.8 mm3

6 44.88 6.8 mm3 2.6 mm3 4.2 mm3 6 44.95 6.4 mm3 2.8 mm3 3.7 mm3

7 45.16 7.2 mm3 2.9 mm3 4.4 mm3 7 46.75 6.9 mm3 2.4 mm3 4.6 mm3

8 48.62 7.4 mm3 2.5 mm3 4.9 mm3 8 49.18 7.3 mm3 3.3 mm3 4.1 mm3

9 52.13 8.5 mm3 5.8 mm3 3.6 mm3 9 53.75 6.4 mm3 3.1 mm3 3.4 mm3

Note: *global T score.
Abbreviation: NP, neuropsychological.

Establishing such “proof of concept” among this  population 

encourages further investigation into the neuroprotective 

effects of cognitive reserve in a younger HIV cohort. Despite 

these limitations, the effect sizes related to cognitive reserve 

were moderate, which suggests that our findings may be 

able to be replicated in a larger sample.  Clinicians treating 

older HIV-positive patients with higher levels of cognitive 

reserve should be aware that such patients may appear 

cognitively intact despite progression of underlying neuro-

degeneration and consider this phenomena when arriving 

at diagnostic or treatment decisions. Our findings, albeit 

preliminary, may explain discrepancies in findings between 

neuropsychological function and functional outcomes and 

HIV brain imaging. Also, patients at greatest risk for neu-

ropsychological compromise (HIV positivity and aging) 

receive most benefit from cognitive reserve mechanisms. 

Therefore, it appears that cognitive reserve successfully and 

preferentially protects individuals affected by HIV infec-

tion and advanced age. Future research should focus on the 

means by which protective mechanisms of cognitive reserve 

may contribute to a higher threshold for neuropsychological 

dysfunction. It is commonly believed that proxies for cerebral 

reserve support maintenance of neuroplasticity in cognitive 

aging. Stimulating cognitive activities, such as education and 

complex occupational roles, may support these neuroplastic 

mechanisms.

Findings addressing the impact of cognitive reserve 

among predisposed individuals may contribute to our under-

standing of a possible mechanism by which some individuals 

who remain at particular risk for neuropsychological com-

promise (HIV-positive, aging) fail to demonstrate evidence 

of cognitive impairment. Further, results of this study 

may highlight a possible functional discrepancy between 

neuropathology and cognitive function that may be attrib-

utable to cognitive reserve, which would imply that these 

variables cannot be reliably used as proxies for one another 

and are modifiable based upon cognitive reserve status. 

This is particularly relevant in clinical practice, because a 

neurocognitive-neuropathological discrepancy based upon 

cognitive reserve status suggests that clinical concern should 

be raised in the presence of high cognitive reserve and neu-

ropsychologically intact status. Clinicians working with such 

individuals should therefore consider obtaining neuroimaging 

to detect subthreshold neurodegeneration so as to help with 

diagnostic decision-making and treatment planning. Prior 

studies have offered support that greater cognitive reserve 

may in fact serve as a defense against the neuropsychologi-

cal presentation of normal aging and the neuropathological 

effects of neurodegenerative diseases, and the results of the 

current study suggest that these findings may extend to the 

HIV-infected population as well.
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