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Abstract

There is cross-sectional evidence that neurocognitive intra-individual variability (IIV), or 

dispersion, is elevated in HIV disease and is associated with declines in activities of daily living, 

including medication adherence. This longitudinal study extends this literature by examining 

whether increased neurocognitive IIV in HIV+ persons over time predicts declines in medication 

adherence above and beyond changes in mean level of performance over a six-month observation. 

After controlling for drug use, declines in mean performance, and changes in depressive 

symptoms, results confirmed that increases in IIV were associated with overall poorer 

antiretroviral medication adherence. HIV+ individuals with the greatest increases in dispersion 

demonstrated marked reductions in adherence by the third month that exceed that observed in less 

variable individuals. Our results indicate that increases in dispersion are associated with poorer 

declines in medication adherence in HIV disease, which may have implications for the early 

detection and remediation of suboptimal antiretroviral adherence.
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Neurocognitive impairment remains a significant concern in HIV/AIDS. Despite the 

development of potent antiviral drugs that target the virus, HIV-associated neurocognitive 

disorders (HAND) remain common, with prevalence rates of approximately 40–60% 

(Heaton et al., 2010; Sacktor, 2002). Such impairments can interfere with health-

maintenance behaviors including medication adherence (Hinkin et al., 2002; 2004; Woods, 

Moore, Weber, & Grant, 2009). In turn, poor adherence can lead to additional 

neurocognitive impairment, precipitating a deteriorating cycle (Ettenhofer, Foley, Castellon, 

& Hinkin, 2010a).

Neurocognitive impairment is most typically measured by mean scores on validated testing 

instruments. However, recent attention in the literature has turned to the phenomenon of 

intra-individual variability (IIV) within neurocognitive scores (Ettenhofer et al., 2010b; 

Levine et al., 2008; Morgan, Woods, Delano-Wood, Bondi, & Grant, 2011; Morgan, Woods, 

& Grant, 2012). IIV addresses within-person differences in test performance and is 

demarcated by differences across scores during a single session (dispersion) as well as on a 

single task across multiple time points (inconsistency) (Hilborn, Strauss, Hultch, & Hunter, 

2009; Ettenhofer et al., 2010; Stuss, Murphy, Binns, & Alexander, 2003; Stuss, Pogue, 

Buckle, & Bondar, 1994). There is growing evidence that increased IIV may be a sensitive 

measure of decline in functioning (Hilborn et al., 2009; Rapp, Schnaider-Beeri, Sano, 

Silverman, & Haroutunian, 2005). Cross-sectional studies report that increased IIV has been 

observed in individuals with traumatic brain injury (Stuss et al., 1994) and multiple sclerosis 

(Bruce, Bruce, & Arnett, 2010), and has been linked to focal brain lesions in the frontal lobe 

as well as white-matter hyperintensities (Stuss et al., 2003; Nilsson et al., 2014). IIV is also 

more pronounced in older patients and may signal a neurodegenerative condition (Morgan et 

al., 2011).

Within HIV infected populations, our group has identified a cross-sectional link between 

reaction time variability and medication adherence (Ettenhofer et al., 2010b; Levine et al., 

2008); individuals with more variability (i.e. inconsistency) on a test of sustained attention 

and reaction time (i.e., Continuous Performance Test) evidenced poorer medication 

adherence as well as poorer global neurocognition. This phenomenon may be related to 

relationships between white matter degradation, slowed processing speed, and increased 

reaction time variability observed in neurologically compromised individuals (Nilsson et al., 

2014), in that HIV positive individuals exhibit incipient cognitive changes related to 

neuronal degeneration associated with the disease.

It has been proposed that IIV is also related to changes in executive control (Bellgrove et al., 

2004). Declines in executive control are common sequelae of brain pathology and may 

affect response consistency on neurocognitive measures (Stuss et al., 1999). This framework 

lends support to existing findings on neurocognitive dispersion and adherence in HIV. It is 

well-established that individuals with HIV exhibit a subcortical pattern of deficits that 

impact executive functioning (Woods et al., 2009). In turn, executive functioning is a 

predictor of poorer medication adherence in HIV/AIDS (Hinkin et al., 2002). It may be that 

as individuals experience cognitive decline, they lose the ability to maintain focus and top-

down attentional control on neuropsychological tasks, which results in increased variability 

in performance. At the same time, these executive control deficits may lead to attentional 
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lapses in medication-cue monitoring and poorer adherence behaviors. Neuropsychological 

variability also reflects vagaries in attention, concentration, and memory that may occur in 

the earlier stages of cognitive impairment. Patients who have yet to exhibit mean level 

impairment may still incur lapses in their IADLS, such as medication management, as they 

experience these fluctuations in their cognitive abilities. In line with this, dispersion has 

been found to predict self-reported activities of daily living and medication adherence in 

patients with HIV even before they developed an HIV-associated neurocognitive disorder 

(HAND; Morgan et al., 2012). Dispersion may therefore be a proxy measure for cognitive 

changes in HIV and is therefore a promising method of predicting poorer medication 

adherence.

Given the documented degree of normal variability seen on neuropsychological testing 

(Schretlin et al., 2003), dispersion measured at a single time-point may be difficult to 

interpret. There may be clinical utility in assessing changes in dispersion over time. Just as 

significant decreases in test scores over time are hallmark indicators of poorer medication 

adherence, increases in within-subject variability may similarly signal dysfunction. 

However, while several cross-sectional studies on dispersion have emerged, no study has yet 

established whether longitudinal changes in dispersion across multiple time points might 

prove a useful marker of medication decline. To this end, our study examined whether 

changes in dispersion predicted overall medication adherence in an HIV+ cohort over a 6-

month period. Based on prior research, we hypothesized that increased IIV over time (i.e., 

between baseline and 6-month follow-up) would be associated with poorer overall 

adherence, signaling that increasing IIV over time may be associated with functional decline 

in IADLs. Such a finding would indicate that longitudinal changes in within-test 

neurocognitive dispersion have unique value in predicting health outcomes within HIV.

Methods

Participants

This sample included 150 HIV+ participants who were involved in a larger study examining 

risk factors for poor antiretroviral medication adherence. All participants were recruited 

from HIV treatment facilities throughout the greater Los Angeles area. Participants included 

in the parent study were currently taking at least one antiretroviral medication, and were 

responsible for administering their own medication(s). Prior to analyses, individuals were 

excluded if they reported a history of neurological disorder including stroke (n = 10), seizure 

disorder (n = 15), anoxic event (n = 2), or a head injury involving loss of consciousness 

exceeding 60 minutes (n = 19). Individuals were also excluded if they met diagnostic criteria 

for past or current psychotic disorder (n = 13) or bipolar disorder (n = 2), as determined by a 

modified Structured Clinical Interview for the DSM-IV (First, Spitzer, Gibbon, & Williams, 

1995). An additional four participants were excluded for using the MEMS cap incorrectly 

(i.e., reflected by medication adherence rates less than 5% at the first time point) and two 

more were excluded for having more than two missing MEMS time points, resulting in our 

final sample of 150.

Participants completed a baseline assessment that included eligibility screening, psychiatric 

questionnaires, and neuropsychological testing. Participants returned for monthly follow-up 
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over the course of six months, during which their medication adherence rates for the 

preceding month were recorded. Urinalysis screening for recent drug use was also conducted 

at each appointment. All participants received repeat neuropsychological testing during the 

final (i.e., six month) evaluation, with the battery identical to that given at baseline. On 

average, participants were 41.9 years of age (SD = 7.4) with 13.1 years of education (SD = 

2.1). The majority were African American (66.0%) and male (82.0%). Table 1 provides full 

demographic and clinical information.

Measures

Participants completed a neuropsychological battery consisting of several standardized 

neuropsychological tests. See Table 2 for a list of subtests and neurocognitive domains.

Medication adherence was assessed using the Medication Event Monitoring System (MEMS 

cap) system. The MEMS pill bottle includes a programmed microchip embedded in its cap 

that records the date and time of each bottle opening. One prescribed medication was 

assigned for each participant with priority based on medication type in the following order: 

protease inhibitors, nucleoside reverse transcriptase inhibitors, non-nucleoside reverse 

transcriptase inhibitors, and nucleotide reverse transcriptase inhibitors. Data from the 

microchip were downloaded at monthly follow-up visit. Adherence rates for each interval 

were determined by percent of doses recorded by the MEMS cap relative to the total number 

of doses prescribed. Monthly adherence rates (i.e., at each of the six 1-month intervals) as 

well as an overall 6-month mean adherence rate were calculated.

Several measures of dispersion were computed. First, neurocognitive dispersion was 

calculated both as variability at baseline and as change in variability over time. Baseline 

neurocognitive dispersion was defined as the standard deviation of the 18 

neuropsychological test T-scores, following the method described prior work on dispersion 

studies (Hilborn et al., 2009; Morgan et al., 2011). Higher dispersion scores indicate greater 

variability, which suggests that individuals exhibited less consistency across subtests. 

Conversely, lower dispersion scores indicate relatively consistent and stable performance 

across tests. Change in neurocognitive dispersion was conceived as a change score to 

account for baseline performance. To calculate this variable, we subtracted the dispersion 

score at 6-month follow-up from the baseline dispersion score and divided the difference by 

the baseline score (DispersionΔ). We also examined the change score for global 

neuropsychological test performance. First, global neuropsychological T-scores were 

computed for both baseline and 6-month follow-up by averaging performance across all 

neuropsychological tests at each time point. Change in global neurocognition was defined as 

the difference between the two baseline and 6-month follow-up neurocognitive score that 

was then divided by the baseline score (MeanΔ).

Data Analysis

Baseline and 6-month mean and dispersion scores as well as change in mean and dispersion 

scores were all normally distributed. Simple correlations were run to confirm that mean 

performance and dispersion both correlated with adherence. Hierarchical linear regression 

models were used for the main analysis with overall MEMS adherence serving as the 
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outcome variable. Given that a large proportion of the sample tested positive for use of at 

least one drug throughout the entire evaluation, positive drug use as determined by a 

urinalysis test in any of the six evaluations was entered as a covariate. Change in the BDI-II 

score (BDI-2Δ) was also entered as a covariate given the known association between 

depression and medication adherence (Safren et al., 2009). We entered the MeanΔ variable 

into the second block, and the DispersionΔ variable into the third block to test their 

incremental value to the regression model.

Secondary analyses were then conducted to further characterize the DispersionΔ variable. A 

cutoff score of a 0.5 standard deviation above the average DispersionΔ score within the HIV 

sample was set to characterize individuals with higher levels of dispersion change (Increased 

DispersionΔ) while a score of a 0.5 standard deviation below the average DispersionΔ score 

represented individuals, and whose dispersion dropped between the intervals (Reduced 

DispersionΔ). Individuals between these two values were labeled the Stable DispersionΔ 

group. We used a series of univariate analyses to compare the Increased DispersionΔ, Stable 

DispersionΔ, and Reduced DispersionΔ groups on demographic and clinical variables. 

Following this, a mixed-model ANOVA examined medication adherence with each month 

of the 6 intervals serving as the within-subjects factor and DispersionΔ group serving as the 

between-subjects factor.

Results

Pearson correlations confirmed that increases in mean neurocognition positively correlated 

with adherence, r(148) = .19, p = .019, while increases in dispersion negatively correlated 

with adherence, r(148) = −.18, p = .024. When drug use, BDI-2Δ, MeanΔ and DispersionΔ 

variables were entered as predictors of overall adherence, the overall model was significant, 

adjusted R2 = .152, p < .001. As seen in Table 3, both increase in depressive symptoms, β = 

−.17, p = .039 and active drug use, β = −.26, p = .002 predicted poorer overall medication 

adherence across all three blocks. In addition, there was a negative association between 

change in dispersion of neurocognitive scores and adherence, β = −.22, p = .005 that 

significantly contributed to the model after accounting for drug use, change in depression, 

and change in mean neurocognitive performance, R2 change = .049, p = .005. The results 

confirmed that participants who exhibited an increase in their neurocognitive test score 

dispersion had poorer mean 6-month adherence rates. The association between change in 

mean neurocognition and adherence was non-significant although a trend remained, (β = .14, 

p = .087).

The DispersionΔ variable was next split into groups comprising an Increased DispersionΔ 

group (z-score ≥ 0.5; mean change = .28; n = 39), a Stable DispersionΔ group (−0.5 < z-

score < 0.5; mean change = .03; n = 62), and a Reduced DispersionΔ group (z-score ≤ −0.5; 

mean change = −.25; n = 49). See Table 2 for group differences. There were no significant 

differences between the groups on most demographic and clinical variables although there 

were more women in the Increased DispersionΔ group.

Mixed-model ANCOVA found that gender was not significantly associated with adherence 

and so it was not retained as a covariate. Mixed-model ANOVA with group (Increased, 
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Stable, Reduced DispersionΔ) as the between subjects factor and time (monthly adherence 

rates) as the within subjects factor found a significant main effect for time, F(5, 735) = 

18.85, p < .001, partial η2 = .11 though the main effect for group was not significant, F(2, 

147) = 0.86, p = .425. However, there was a significant group by time interaction effect, 

F(10, 483) = 1.86, p = .047, partial η2 = .03. As seen in Figure 1, which illustrates the plot of 

the interaction effect, groups exhibited similar adherence rates during the first two months. 

However, by the third month, there was a dramatic drop in adherence for the Increased 

DispersionΔ group that continued to decrease each subsequent month at a sharper rate than 

the Stable or Reduced DispersionΔ groups. By the sixth month, there was over a 12-point 

discrepancy in adherence rates between the Increased DispersionΔ (M = 54.6, SD = 33.8) 

and Reduced DispersionΔ (M = 66.6, SD = 30.3) groups.

We next compared the percentage of participants in each group who declined form adequate 

adherence (defined at 90% or better) to sub-optimal adherence (<90%). Results revealed that 

10.0% of the Stable and 8.1% of the Reduced DispersionΔ participants who initially 

demonstrated adequate adherence became sub-optimal adherers at six-month follow-up. In 

contrast, 20.5% of the Increased DispersionΔ participants, or over twice that of the other two 

groups, converted to sub-optimal adherence levels over the same time frame.

Discussion

Intra-individual variability (IIV) is an emerging topic of interest in the neuropsychological 

literature. The current study examined if longitudinal changes in neurocognitive dispersion 

may signal declines in medication adherence. While cross-sectional research has reported 

that IIV during a single assessment predicted outcome (Ettenhofer et al., 2010; Morgan et 

al., 2012), to our knowledge no study has focused specifically on the potential role of 

longitudinal changes in IIV. As expected, declines in mean neurocognitive performance 

predicted worse medication adherence (Hinkin et al., 2002; Woods et al., 2009). Increases in 

dispersion also predicted adherence, indicating that this variable contributed unique variance 

to the model. Therefore, increases in neurocognitive dispersion may important to assess 

when medication adherence is a concern in HIV populations.

Consistent with prior work, adherence rates were found to drop over the six-month time 

period for all participants, which in part may be related to demotivation in study 

participation and other factors (Becker et al, 2011). However, the mixed-model group 

analyses indicated that individuals with increases in dispersion demonstrated a pronounced 

drop in adherence by the third month that was not observed in participants whose dispersion 

levels either did not substantially change or diminished over the same time period. Further 

descriptive analyses revealed that over the six months, more than twice as many participants 

with increasing IIV became poor adherers than participants with stable or decreasing IIV. 

This further illustrates the deleterious impact of increasing dispersion on longitudinal 

medication adherence. Of some significance, neither mean level performance nor changes in 

mean level performance differentiated the three groups, suggesting that increasing 

dispersion may be a significant clinical factor even when mean scores have yet to be 

affected. It is also noteworthy that differences over the six time points in adherence rates 

between the Increased and Stable/Reduced DispersionΔ groups did not appear during the 

Thaler et al. Page 6

Neuropsychology. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



first two months. This finding is in line with the notion that cognitive changes relating to the 

acceleration of dispersion scores over time may not have been present at baseline or in the 

earlier months of follow-up for the Increased DispersionΔ group.

Results suggest that increasing neurocognitive IIV over time is linked to adherence 

behaviors in HIV infection. The mechanisms underlying increased IIV likely reflect the 

heterogeneity of cognitive decline in HIV (Morgan et al., 2012). Individuals with higher 

variability may be experiencing mild or temporary cognitive perturbations that do not yet 

translate to generalized impairment. However, these perturbations nonetheless impact day-

to-day functioning. For example, patients with more cognitive variability may have 

difficulty with adherence because they sometimes but not always have the ability to 

maintain focus, remember adherence schedules, organize pill boxes, and similar strategies. 

In other words, variability across neuropsychological tests may translate into variability with 

medication management. Other measures of IIV, such as inconsistency in reaction time 

tasks, have been tied to neuroanatomical changes in both white and gray matter (Nilsson et 

al., 2014; Stuss et al., 2003). It remains to be seen if within-subtest IIV also has existing 

neurobiological correlates, though it is possible that white matter disruptions tied to frontal-

subcortical dysfunction also provoke erratic subtest performance in HIV/AIDS.

The current findings have potential clinical implications, as neuropsychologists may be able 

to assess for and identify those HIV+ individuals who are most at risk for suboptimal 

medication adherence by examining changes in dispersion scores over time. These 

individuals should be targeted for interventions aimed at compensating for cognitive 

difficulties and improving medication adherence. There is some evidence that cognitive 

neurorehabilitation of HAND can improve mean level neurocognitive performance (Weber, 

Blackstone, & Woods, 2013) though less is known about IIV. Research on other clinical 

populations typified by high levels of cognitive variability may provide some direction. For 

example, self-monitoring techniques can assist individuals with attention deficit/

hyperactivity disorder (Gureasko-Moore et al., 2006) and may similarly be beneficial for 

patients with HIV who have adequate cognitive reserve. For those with more severe mean 

neurocognitive impairment, external support systems that provide explicit structure for one’s 

daily routine, including medication schedules, may be more appropriate. Medication 

adherence can be improved through the use of pill boxes and electronic reminder systems. 

Given that dispersion likely represents temporary lapses in cognitive domains, patients who 

exhibit increased IIV yet do not have noticeable drops in mean levels of cognition may 

require similar compensatory approaches to treatment. Regardless, it remains to be seen 

whether rehabilitation efforts might also lower clinically significant levels of IIV as 

cognitive restoration takes place

This study has some limitations, such as the predominance of men versus women in our 

sample, which may limit the generalizability of these findings to HIV+ females though it 

should be noted that the percentage of women in our sample exceeded base rates for the Los 

Angeles catchment area. However, gender was not a significant covariate in our repeated 

measures ANOVA analysis and so as a variable does not appear to affect our results. 

Additionally, while IIV may certainly be a precursor for emerging neurologic illness, it is 

possible that some of the dispersion on neurocognitive tests may be due to normal IIV and 
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reduced test-retest reliability of certain tests. Furthermore, we had no control group to 

compare with the HIV sample. Finally, the effect size for differences in adherence among 

the three groups was modest, and we do not have additional longitudinal data past the six-

months. Nonetheless, this study also has several strengths, including the use of an objective 

measure of medication adherence as opposed to self-report, the longitudinal nature of the 

data, and inclusion of a large sample of African American individuals who are relatively 

understudied in the HIV medication adherence literature.

In summary, clinicians should be attuned to and directly assess for IIV in HIV+ patients’ 

neurocognitive test performance in order to help prevent the cognitive and functional 

morbidity associated with poor adherence. In addition, our results present evidence that 

increases in IIV over time may be clinically relevant in evaluating cognitive changes that 

predict poor adherence. Further research on IIV change is required, including identifying 

potential “cutoff” points in which IIV increases and then declines, as would be expected in 

individuals who transition to moderate to severe dementia and fail across multiple 

neurocognitive measures. Studies of neuroimaging correlates of increased dispersion over 

time are also warranted to provide a more in-depth understanding of this phenomenon.
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Figure 1. 
Medication adherence across six months stratified by increased, stable, and reduced % 

dispersion groups.

Note. MEMS = Medication Event Monitoring System

Note. The y-axis has been truncated for effect.
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Table 2

Neuropsychological subtests and domains

Domain Test Name Variable Normative Data

Information Processing Speed WAIS-III Digit Symbol Taylor & Heaton, 2001

WAIS-III Symbol Search Taylor & Heaton, 2001

TMT Part A Heaton et al., 2004

Learning and Memory CVLT/CVLT-II Trials 1–5 Total Test Manual

CVLT/CVLT-II LDFR Trial Test Manual

Attention WAIS-III Letter-Number Taylor & Heaton, 2001

WAIS-III Digit Span Taylor & Heaton, 2001

PASAT Series 1 Diehr et al., 2003

Verbal Fluency COWAT FAS Heaton et al., 2004

Executive Functioning TMT Part B Heaton et al., 2004

Stroop Interference Trial Test Manual

WCST-64 Perseverative Errors Test Manual

Motor Functioning GPT Dominant Hand Heaton et al., 2004

GPT Nondominant Hand Heaton et al., 2004

Note. WAIS-III = Wechsler Adult Intelligence Scale – Third Edition; TMT = Trail Making Test; CVLT-II = California Verbal Learning Test 
Second Edition; LDFR = Long Delay Free Recall; PASAT = Paced Auditory Serial Addition Test; COWAT = Controlled Oral Word Association 
Test; WCST = Wisconsin Card Sorting Test; GPT = Grooved Pegboard Test
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