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Abstract

Background—Vascular stiffness is associated with aging and cognitive impairment in older 

populations without HIV. HIV has been linked to increased vascular stiffness. We examined 

whether vascular stiffness relates to cognitive decline at younger ages in women with or at risk for 

HIV.

Methods—We evaluated the association of carotid artery stiffness with decline in 

neuropsychological test performance among participants in the Women’s Interagency HIV Study, 

and assessed whether HIV modified the association. Baseline carotid stiffness, defined by the 

distensibility index, was determined at a single visit using carotid artery ultrasound. Longitudinal 

neuropsychological testing from 2004–2016 included Trail Making Tests A and B (TRLA, TRLB) 

and the Symbol Digit Modalities Test (SDMT). Relationships were assessed with linear mixed-

effects models adjusted for demographic, behavioral, cardiometabolic, and neuropsychological 

factors.
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Results—Among 1662 women (1192 [72%] HIV+), median baseline age was 41 years (IQR 34–

47), with 60% non-Hispanic black and 28% Hispanic. Lower baseline distensibility (greater 

carotid stiffness) was associated with greater decline in neuropsychological test scores over 10-

year follow-up as measured by SDMT (adjusted β=−0.06 per SD, p<0.001), TRLA (β=−0.08 per 

SD; p<0.001), and TRLB (β=−0.08 per SD; p<0.001). Changes in cognitive function did not differ 

by HIV serostatus, or HIV-related factors.

Conclusions—Higher carotid stiffness was independently associated with faster decline in 

executive functioning, information processing and psychomotor speed even in mostly middle-aged 

minority women and regardless of HIV serostatus. Our study highlights the need for 

cardiovascular risk factor modification to prevent premature cognitive deterioration in this at-risk 

population.
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Introduction

Arterial stiffness increases with advancing age, and is closely linked to hypertension, 

diabetes, and other cardiovascular risk factors.1–4 Increased stiffness of the central arteries 

leads to higher pulse pressure, exposing the brain, heart, and kidneys to damage from 

amplified blood pressure oscillation.5–9 Consistent with such end-organ damage, higher 

arterial stiffness assessed by aortic pulse wave velocity or carotid ultrasound has been 

associated with increased cardiovascular disease morbidity and mortality in general 

population samples of primarily older adults.10–15 In such cohorts, increased arterial 

stiffness has also been linked to cognitive decline, supporting the notion that increased 

pulsatile load is deleterious for cerebral vasculature.7–8

Human immunodeficiency virus (HIV) infection has a well-documented link to 

cardiovascular disease,16–17 with evidence not only of greater atherosclerosis,18–19 but also 

of increased vascular stiffness, reflecting arteriosclerosis.20 In particular, increased T-cell 

activation in a female cohort and low nadir CD4 T-cell count in a predominantly male cohort 

have been linked to vascular stiffness.21–22 HIV is also associated with cognitive impairment 

in both men and women, with deficits highlighted in various cognitive domains.23–24 Such 

deficits have been linked in cross-sectional studies to cardiovascular risk factors and 

measures of subclinical atherosclerosis in HIV-infected individuals of both sexes, 

underscoring a putative vascular basis.25–26 Although vascular stiffness offers a more direct 

link to cerebral vascular damage than clinical risk factors5–9, its relationship with cognitive 

function has scarcely been studied in people living with HIV, especially women.27 Nor has 

the prospective association between measures of vascular stiffness and cognitive decline 

been examined in such at-risk individuals. We leveraged availability of carotid stiffness 

measures and serial assessments of cognitive function in a longitudinal study of women with 

or at risk for HIV infection to study this relationship in a high-risk population at mid-life. 

We hypothesized that higher carotid stiffness at baseline relates to greater decline in 

executive functioning, information processing and psychomotor speed during long-term 

follow-up, and that HIV infection strengthens this association.
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Methods

Study Population

The Women’s Interagency HIV Study (WIHS) is a prospective cohort study of women with 

or at risk for HIV infection.28–29 Participants were initially enrolled in the WIHS at six US 

study sites between 1994 and 2002. Women were recruited by referral from physician 

offices, HIV community and social service organizations, churches, and fellow participants. 

Women in the WIHS without HIV were selected only if they engaged in ≥1 high-risk 

behaviors, and are demographically similar to women with HIV. Participants are seen at 

semi-annual visits for detailed examinations, structured interviews, and laboratory testing.
28–29 We used available baseline carotid stiffness measures and serial cognitive assessments 

obtained between 2004 and 2016. Inclusion criteria for the current analysis were completion 

of a carotid artery ultrasound examination at baseline (2004–2006), at least one assessment 

of cognitive function within one year of the baseline ultrasound visit, and the ability to 

complete neuropsychological testing in English. Exclusion criteria included self-reported 

history of stroke, transient ischemic attack, heart failure, or other heart disease. Given the 

high prevalence of mental health disorders in the population under study, we did not exclude 

women with such disorders in order to improve generalizability, instead adjusting for 

depressive symptoms. The study was approved by the Institutional Review Board at each 

study site.

Cognitive Outcome Measures

From 2004 through 2006, select neuropsychological assessments of executive function, 

information processing and psychomotor speed were performed yearly in the WIHS. 

Beginning in 2009, a more comprehensive neuropsychological assessment was added, with 

the participants completing testing every two years. The primary outcomes of our study were 

changes in score over time for the 3 neuropsychological tests available during the study 

period of 2004 to 2016 including the Trail Making Test Parts A and B (TRLA and TRLB)30 

and the Symbol Digit Modalities Test (SDMT).31 These tests assess executive function 

(TRLB) and psychomotor and information processing speed (TRLA and SDMT) and are 

scored based on time to completion (Range: 0 to 5 minutes) for TRLA and TRLB and total 

correct (Range: 0 to 110) for SDMT. Testing was performed by trained psychometrists using 

standardized protocols.32 Standardized unadjusted Z-scores were derived for each outcome 

measure using the 470 HIV-uninfected women enrolled in the study as the normative 

sample. A Z-score was calculated as the difference between the individual 

neuropsychological test score and the normative sample mean neuropsychological test score 

at baseline divided by the normative sample standard deviation at baseline. The absolute 

value was taken so that positive Z-score indicates improved performance.

Carotid Artery Stiffness

The primary exposure was a one-time measure of carotid artery stiffness assessed beginning 

in 2004 using high-resolution B-mode ultrasound of the right common carotid artery, and 

interpreted at a central location.20 The baseline carotid stiffness visit was defined to be the 

closest visit within one year of the baseline neuropsychological testing visit.
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The primary measure of carotid stiffness, a distensibility index,33 was calculated from 

ultrasound and contemporary seated brachial blood pressure measurements as:
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Right common carotid artery diameter was assessed at maximum diameter at systole 

(RCCAmax) and minimum diameter at diastole (RCCAmin). Pulse pressure was calculated 

from the mean of five brachial artery measurements.

An alternative measure of carotid stiffness, Young’s elastic modulus,33 was used in 

secondary analyses instead of distensibility. Young’s elastic modulus also accounts for 

carotid wall thickness, and was calculated as:
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Carotid artery intima-media thickness (CIMT) was measured at the right distal common 

carotid artery18.

Baseline Covariates

All covariates were assessed at baseline. HIV serostatus was determined using ELISA with 

confirmation by Western blot. Educational achievement was determined by the Wide Range 

Achievement Test-3 (WRAT-3)34 and depressive symptoms by the Center for 

Epidemiological Studies Depression Scale (CES-D).35 Psychoactive medication use was 

defined as use of one or more antidepressant, antipsychotic, sedative or dementia 

medication. Diabetes was defined as fasting blood glucose ≥126 mg/dl, hemoglobin A1c 

≥6.5%, or use of anti-hyperglycemic medication.36 Body mass index (BMI) was defined as 

the ratio of body weight in kilograms to height in meters squared. Hypertension was defined 

by systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg or self-

reported use of anti-hypertensive medication. History of coronary heart disease (CHD), 

stroke, heart failure, or other heart disease were assessed by self-report. History of hepatitis 

C virus (HCV) infection was determined by antibody status and RNA level. Estimated 

glomerular filtration rate (eGFR) was determined using the CKD-EPI equation.37 

Framingham 10-year and the Data-collection on Adverse Effects of Anti-HIV Drugs 

(D:A:D) reduced 5-year risk scores for all cardiovascular disease were calculated using 

previously published regression equations.38–39

Statistical Analysis

Linear mixed-effects models were used to examine the association of baseline measures of 

carotid artery stiffness with change in neuropsychological testing performance over time, 

accounting for HIV status, with time operationalized as participant age. Z-scores for 

neuropsychological tests were analyzed as outcomes in separate regression models. 

Adjustments were made for baseline demographic, behavioral, cardiometabolic and 

neuropsychological covariates. Age was included as baseline age (time-constant) as well as 
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current age (time-dependent) to capture its cross-sectional and longitudinal association with 

cognitive performance, respectively. This model is equivalent to widely used approaches for 

the analysis of longitudinal data that include baseline age and time since enrollment. Here 

we use current age instead of time since enrollment for ease of interpretation. Current age 

(for simplicity referred to as age hereafter) was included as a random effect in the mixed 

effect models (i.e. random slope) to capture heterogeneity in patterns of cognitive 

performance over time observed among participants. Further, cross-product terms of 

exposure measures with participant age were included to examine the relationships of these 

predictors with change in the slope of neuropsychological performance over time. For 

example, an interaction between distensibility and age represents how much the change in 

neuropsychologic performance over time is modified by distensibility. The statistical 

approach and assumption of linearity was modeled on previous longitudinal studies of 

cognitive function in general population cohorts without HIV.7–8

HIV-related covariates were assessed in separate linear mixed-effect models including 

baseline CD4 count, nadir CD4 count prior to antiretroviral therapy (ART) initiation, 

baseline plasma HIV RNA level, history and duration of ART, history of clinical AIDS, and 

persistent viral suppression, defined as both suppressed HIV RNA (<80 copies per ml) and 

consistent use of potent ART at every visit during the study period.

Potential effect modification by HIV status or by HIV-related factors of the relationship 

between baseline carotid artery stiffness and change in neuropsychological performance was 

assessed through the three-way interaction between HIV status or HIV-related factor, age, 

and each stiffness measure. Linear mixed effects models without longitudinal terms were 

used to assess cross-sectional associations between baseline covariates and 

neuropsychological performance at baseline.

Multiple imputation was performed for 146 (9%) women who had missing data for one or 

more adjustment variables (89% were HIV infected).40 In sensitivity analysis, excluding 

women with missing adjustment variables did not alter patterns of association. A two-sided 

p<0.05 was considered statistically significant. SAS 9.4 (SAS Institute, Cary, NC) was used 

for all analyses.

Results

Characteristics of Study Population

Of the 2301 WIHS eligible participants attending at least one visit during the study period, 

1735 underwent carotid ultrasound, and 1723 of these had at least one neuropsychological 

assessment within 1 year of their single (baseline) carotid examination. Of these women, 85 

had only one neuropsychological assessment; however excluding these women did not 

change longitudinal patterns of association. Another 61 women were excluded because of 

self-reported history of stroke, transient ischemic attack, heart failure, or other heart disease 

resulting in 1662 women (1192 HIV-infected, 72%) in the study sample (Figure 1). 

Compared with those excluded for not undergoing carotid ultrasound, included participants 

were younger (median 2 years less), and less likely to be post-menopausal, have 

hypertension or CHD, have AIDS history, or use psychoactive medications. Included 
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participants were more likely to be non-Hispanic black or Hispanic and of low 

socioeconomic status and had marginally lower performance on some neuropsychological 

tests. Included and excluded women were otherwise similar including baseline carotid 

stiffness and the proportion HIV-infected (Supplementary Table 1). Women in the study 

sample had a median baseline age of 41 (IQR 34–47) years (Table 1). Most were non-

Hispanic black (60%) or Hispanic (28%). Compared to HIV-uninfected women, HIV-

infected women were older and more commonly post-menopausal, with higher prevalence of 

HCV infection and psychoactive medication use, and lower prevalence of smoking. Across 

lower carotid distensibility tertiles (higher arterial stiffness), women were older, more often 

non-Hispanic black, and exhibited higher BMI. They had a higher frequency of 

hypertension, diabetes, lipid-lowering or psychoactive medication use, HCV infection, and 

post-menopausal status, and lower eGFR. Correspondingly, women in lower carotid 

distensibility tertiles had higher Framingham and D:A:D cardiovascular risk scores. In 

addition, women in the lower and middle distensibility tertiles more often were HIV-infected 

and used illicit drugs. Performance on all three neuropsychological tests tended to be worse 

in the lower carotid distensibility tertiles. Among the HIV-infected group, women with lower 

carotid distensibility exhibited greater cumulative exposure to protease inhibitors and 

nucleoside reverse transcriptase inhibitors.

Cross-sectional Associations with Cognitive Function at Baseline

Some factors in adjusted models were associated with cross-sectional differences in Z-scores 

at the baseline visit across the three neuropsychological tests (Supplementary Table 2). 

Higher baseline age, HIV infection, Hispanic ethnicity, Black race, higher CES-D score, 

hypertension and post-menopausal status were associated with lower Z-scores indicating 

worse neuropsychological test performance. Greater distensibility at baseline, income of >

$30,000 per year, higher WRAT-3 score, and higher BMI were associated with higher Z-

scores indicating better neuropsychological test performance.

Longitudinal Association of Carotid Distensibility with Cognitive Decline

Serial cognitive assessments were performed at a median (range) of 6 (1–7) visits over 8.5 

(0–12) years. Participants experienced an unadjusted rate of decline in Z-score over ten 

years of age in SDMT, TRLA, and TRLB of −0.10 (95% CI −0.13 to −0.07), −0.12 (−0.16 

to −0.09), and −0.18 (−0.21 to −0.14). In fully adjusted linear mixed-effects models, lower 

baseline carotid distensibility (greater arterial stiffness) was associated with greater cognitive 

decline with increasing age (Table 2 and Figure 2). Interactions of distensibility with age 

were significant for all three neuropsychological outcome measures, indicating a significant 

corresponding decline in executive function, information processing and psychomotor speed 

over time. The β coefficients in Table 2 represent the increase in rate of cognitive decline, 

measured as the difference in Z-score per 10-year increase in age, for one standard deviation 

(SD) decrement in distensibility. Additional adjustment for mean arterial pressure and heart 

rate did not alter these longitudinal relationships. Associations were similar when examining 

elastic modulus (Supplementary Table 3 and Supplementary Figure 1). Examination of 

spaghetti plots showed that no one single pattern could characterize the trend in all 

individuals, supporting linearity that incorporates the random slope as a reasonable 

approximation.

Huck et al. Page 6

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Longitudinal Associations of HIV infection and HIV-related Factors with Cognitive Decline

Participants with HIV had fewer serial cognitive assessments than those without HIV, with 

medians (ranges) of 5 (1–7) and 6 (1–7) assessments respectively (p<0.001). As calculated 

from the beta coefficients for the time-varying age terms, the unadjusted rates of 

neuropsychological testing score decline over 10 years of age in HIV-infected participants 

were similar to those of uninfected participants (SDMT: −0.09 [95% CI −0.13 to −0.05] vs 

−0.10 [-0.15 to −0.05], p=0.95; TRLA: −0.12 [-0.17 to −0.07] vs −0.11 [-0.17 to −0.05], 

p=0.35; TRLB: −0.18 [-0.22 to −0.14] vs −0.16 [-0.21 to −0.11], p=0.47). In a fully adjusted 

model controlling for carotid stiffness, the rate of decline in neuropsychological testing 

scores was not different in HIV-infected compared to HIV-uninfected women (see Table 2 

and Supplementary Table 3). Associations of a variety of HIV-related factors with 

longitudinal decline in neuropsychological testing performance were also analyzed in 

separate fully adjusted linear mixed-effects models (Supplementary Table 4). The following 

covariates were significantly associated with the longitudinal slope in neuropsychological 

test scores: history of AIDS (versus AIDS-free, SDMT: β=−0.09 SD units over 10 years 

increasing age, p=0.03 and TRLA: β=−0.20, p=0.002), persistent viral suppression (versus 

participants with 1+ viremic or untreated visit during follow-up, TRLA: β=−0.20, p=0.03), 

and duration of protease inhibitor use at baseline (per year, TRLA: β=−0.02, p=0.009 and 

TRLB: β =−0.01; p=0.03).

The longitudinal association of carotid stiffness measures with cognitive performance did 

not differ by HIV status (all p interaction values nonsignificant), as assessed by the three-

way interaction between HIV status, age, and carotid stiffness measures. Additionally all 

three-way interactions between HIV-related factors, age and carotid stiffness measures were 

not statistically significant.

Discussion

Among middle-aged women with or at risk for HIV infection, we found that baseline carotid 

stiffness was associated with substantial decline in executive function, information 

processing and psychomotor speed over time, independent of potential confounders. In 

adjusted models, HIV serostatus was not associated with decline in neuropsychological test 

performance over time, nor did it modify the association of carotid stiffness with 

longitudinal decline in neuropsychological performance. By contrast, certain HIV-related 

factors were associated with significantly steeper rates of decline in neuropsychological 

performance, including a history of AIDS and duration of protease inhibitor use, although 

these were likewise not found to modify the relationship between carotid stiffness and 

longitudinal decline in neuropsychological performance.

The women under study were predominantly a low-income, minority, urban cohort with high 

prevalence of smoking, substance use, diabetes, hypertension, and HCV infection. This 

placed these women at greater cardiovascular risk41 than reflected by their age or captured 

by their Framingham or D:A:D risk scores. Indeed, these women with or at risk for HIV 

were younger than participants in previous longitudinal studies of aging and cognition in the 

general population. Despite their relative youth, we identified an association between 

vascular stiffness and cognitive decline. As these women age, cognitive performance for 
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those with greater vascular stiffness is expected to continue to decline at a faster rate, 

increasing risk for cognitive impairment and dementia.

A strength of our study is its longitudinal nature, mitigating the risk of bias inherent in the 

comparison to external norms by comparing individuals to their own performance over time. 

An additional strength is the use of HIV-uninfected women who are demographically and 

behaviorally similar to their HIV-infected counterparts. Both HIV-infected and HIV-

uninfected women in this study are cognitively impaired compared to community-based 

general population samples, with mean TRLA, TRLB, and SDMT scores below the general 

population mean scores at each age group.42–43 The relationship of carotid artery stiffness 

with cognitive function in this high-risk cohort of women cannot be directly compared to 

different measures of vascular stiffness and neuropsychological assessments in the general 

population. Yet, the magnitude of associations proved substantial, with each SD decrement 

in carotid artery distensibility showing 10-year declines in neuropsychological outcome 

measures that were a substantial proportion of the average 10-year rate of decline in the 

entire sample. Such associations highlight the potential importance of intervening more 

aggressively in these high-risk individuals to modify risk factors influencing vascular and 

cognitive health.

HIV-associated Neurocognitive Disorders (HAND) are common, but their severity is waning 

in the era of potent ART. Age, cardiovascular risk factors, use of illicit drugs, and psychiatric 

disorders have all been identified as determinants.44 In previous cross-sectional analyses in 

the present cohort, HIV has been associated with lower performance in multiple cognitive 

domains including executive function, complex attention, learning, and memory.24, 32 

Previous findings that HIV infection, and in particular increased CD4+ T cell activation, is 

associated with increased carotid stiffness21–22 suggest that one contribution to poor 

performance in HIV-infected women could be increased vascular stiffness. However, neither 

the current study nor a previous longitudinal study in the same cohort that included a more 

comprehensive battery of neuropsychological assessments45 found a longitudinal association 

of HIV infection with greater decline in performance in most cognitive domains. The current 

study did find that HIV-infected women with high-risk features including AIDS history and 

longer protease inhibitor use had faster decline in neuropsychological performance 

compared with HIV-infected women without these features. These findings are consistent 

with prior data linking protease inhibitors with atherosclerosis and increased vascular 

stiffness.46 A link between persistent viral suppression and greater slope of decline in 

neuropsychological test performance runs counter to expectation, but could be explained by 

deleterious effects of long-term potent ART use on central and cerebral vasculature. This 

finding was observed in only one neuropsychological performance measure however. The 

premise of HIV-related vascular stiffness being associated with deficits in cognition will 

require further investigation in larger samples.

The impact of vascular stiffness on cognition is thought to be mediated by a downstream 

influence on small vessels, including endothelial dysfunction and exposure to high 

pulsatility.5–6 White matter lesions can be an imaging sign of such vascular damage 

occurring in younger individuals47 and have been correlated with deficits in cognition.48 
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Neuroimaging would further elucidate the pathophysiology behind vascular stiffness-

associated cognitive decline and how this process might differ in people living with HIV.

Several limitations of the present study bear mention. The neuropsychological tests utilized 

primarily assess executive function and psychomotor speed. Deficits in learning, memory, 

and attention have also been identified in women with HIV, and there may be a differential 

effect of HIV on the longitudinal association of vascular stiffness found with a more 

comprehensive cognitive battery. Additionally, carotid stiffness measured by ultrasound is a 

less validated measure for vascular stiffness than aortic pulse wave velocity. We suspect that 

using carotid stiffness underestimated the association of vascular stiffness with cognitive 

function based on previous studies finding that the aorta stiffens more than the carotid artery 

with age and increasing cardiovascular risk factors.49 Moreover, pulse pressure was 

measured peripherally, and not centrally, which may have underestimated true arterial 

stiffness and biased the results toward the null. Unexpectedly we did not find that HIV 

infection or HIV-related factors modified longitudinal associations of carotid stiffness with 

cognitive performance, possibly because of sample size limitations, limited follow-up 

period, or because almost two-thirds of women were taking potent ART at baseline 

attenuating the HIV effect. Women with HIV also had significantly fewer follow-up 

neuropsychological tests than those without HIV. Although this differential loss to follow-up 

was modest, it may have diminished the study’s ability to detect differences by HIV 

serostatus. Furthermore, we only included carotid stiffness measures at or within one year of 

the baseline neuropsychological assessment, so we cannot account for change in carotid 

stiffness over time. Whether HIV infection accentuates longitudinal changes in carotid 

stiffness differentially impacting cognition will require future study. We had a limited 

number of women (N=43) who were age 60 or older limiting our ability to extrapolate 

findings to older adults with HIV. Finally, the study only included women, most of whom 

were non-Hispanic black or Hispanic, so the findings are not necessarily generalized to men 

or non-Hispanic white women.

Conclusions

The findings of this study underscore the impact of adverse socioeconomic, behavioral and 

clinical factors on vascular health in women, manifesting even in early middle age, and the 

importance of loss of such vascular health to premature deterioration in cognitive function. 

Preventive interventions in this population are important to lessen not only cardiovascular 

risk, but also premature cognitive decline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Study inclusion and exclusion flow diagram
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FIGURE 2. Multivariable adjusted longitudinal change in neuropsychological performance as a 
function of distensibility index (tertiles)
Models adjusted for baseline age, HIV serostatus, carotid distensibility index, race-ethnicity, 

income, Wide Range Achievement Test (WRAT)-3 reading score, Center for Epidemiologic 

Studies Depression Scale (CES-D), current smoking, current alcohol use, history of 

intravenous drug use, current crack/cocaine, history hepatitis C virus, body mass index, 

hypertension, diabetes, menopausal status, total cholesterol, HDL cholesterol, use of lipid-

lowering medications, psychoactive medication use, history of coronary heart disease, and 

eGFR
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Table 2

Association of baseline carotid distensibility index or HIV serostatus with longitudinal change in 

neuropsychological testing score (SD/per 10-year increase)

Increase in rate of decline per SD
decrement in distensibility

Increase in rate of decline for
HIV positive women (versus

HIV negative women)

Cognitive Test β* (95% CI) P β† (95% CI) P

Symbol Digit Modalities Test, Z Score −0.06 (−0.03 to −0.10) 0.0002 −0.03 (−0.10 to 0.03) 0.33

Trail Making Test A, Z Score −0.08 (−0.04 to −0.09) <0.0001 −0.07 (−0.10 to 0.02) 0.11

Trail Making Test B, Z Score −0.08 (−0.06 to −0.09) <0.0001 −0.05 (−0.10 to 0.02) 0.18

Models adjusted for baseline age, HIV serostatus, carotid distensibility index, race-ethnicity, income, Wide Range Achievement Test (WRAT)-3 

reading score, Center for Epidemiologic Studies Depression Scale (CES-D), current smoking, current alcohol use, history of intravenous drug use, 

current crack/cocaine, history hepatitis C virus, body mass index, hypertension, diabetes, menopausal status, total cholesterol, HDL cholesterol, use 

of lipid-lowering medications, psychoactive medication use, history of coronary heart disease, and eGFR.

*
β is the distensibility × age interaction term, and represents the increase in rate of cognitive decline (measured as difference in Z-score per 10-year 

increase in age) for one standard deviation (9.4 × 10−6 × Newtons−1 × meters2) decrease in distensibility

†
β is the HIV serostatus × age interaction term, and represents the increase in rate of cognitive decline (measured as difference in Z-score per 10-

year increase in age) for an HIV-positive woman versus an HIV-negative woman
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