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Abstract

Objective—Although both high and low levels of total and low-density lipoprotein (LDL) 

cholesterol have been associated with poor neuropsychological function, little research has 

examined nonlinear effects. We examined quadratic relations of cholesterol to performance on a 

comprehensive neuropsychological battery.

Method—Participants were 190 older adults (53% men, ages 54–83) free of major medical, 

neurologic, and psychiatric disease. Measures of fasting plasma total and high-density lipoprotein 

(HDL) cholesterol were assayed, and LDL cholesterol was calculated. Participants completed 

neuropsychological measures of attention, executive function, memory, visuospatial judgment, and 

manual speed/dexterity. Multiple regression analyses examined cholesterol levels as quadratic 

predictors of each measure of cognitive performance, with age (dichotomized as <70 vs. 70+) as 

an effect modifier.

Results—A significant quadratic effect of total cholesterol2 × age was identified for Logical 

Memory II (b=−.0013, p=.039), such that the 70+ group performed best at high and low levels of 

total cholesterol than at mid-range total cholesterol (U-shaped), and the <70 group performed 

worse at high and low levels of total cholesterol than at mid-range total cholesterol (inverted U-

shape). Similarly, significant U- and J-shaped effects of LDL cholesterol2 × age were identified for 

Visual Reproduction II (b=−.0020, p=.026) and log of Trails B (b=.0001, p=.044). Quadratic 

associations between HDL cholesterol and cognitive performance were nonsignificant.

Conclusions—Results indicate differential associations between cholesterol and 

neuropsychological function across different ages and domains of function. High and low total and 
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LDL cholesterol may confer both risk and benefit for suboptimal cognitive function at different 

ages.
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An extensive yet conflicting literature has documented linear associations between total and 

low-density lipoprotein (LDL) cholesterol and cognitive functioning. For example, high 

levels of total and/or LDL cholesterol have been associated with poor performance on the 

Mini-Mental State Examination (MMSE) (Carlsson et al., 2009) and the Modified Mini-

Mental State Examination (Yaffe, Barrett-Connor, Lin, & Grady, 2002). High serum levels 

of cholesterol precursors (lathosterol and lanosterol) have also been associated with poor 5-

trial learning and delayed recall of a 15-word list (Teunissen et al., 2003). However, low 
levels of total and/or LDL cholesterol have been associated with poor cognitive functioning 

as well. For instance, low total and/or LDL cholesterol has been associated with slowed 

psychomotor speed in university students (D. Benton, 1995) and healthy adults (Muldoon, 

Ryan, Matthews, & Manuck, 1997; Zhang, Muldoon, & McKeown, 2004). Low total and 

LDL cholesterol were associated with worse performance on a memory factor score in a 

non-demented elderly sample (West et al., 2008), and similarly, low LDL cholesterol was 

related to poorer verbal memory performance among 52–63-year-old women (Henderson, 

Guthrie, & Dennerstein, 2003).

In the longitudinal literature, growing evidence suggests that elevations in midlife total and 

LDL cholesterol increase risk of accelerated cognitive decline and dementia, as 

demonstrated in a recent meta-analysis (Anstey, Lipnicki, & Low, 2008). However, 

longitudinal data from the Framingham Heart Study cohort (Elias, Elias, D'Agostino, 

Sullivan, & Wolf, 2005) and the National Heart, Lung, and Blood Institute Twin Study 

(Swan, LaRue, Carmelli, Reed, & Fabsitz, 1992) show associations between lower total 

cholesterol values and accelerated declines in performance on measures of abstract 

reasoning, attention/concentration, executive function, word fluency, and psychomotor 

speed.

Researchers have devoted less attention to HDL cholesterol and cognition, but the few 

studies that exist seem to suggest a cognitive advantage of higher HDL levels. In cross-

sectional studies, higher HDL levels have been associated with higher MMSE scores in 

centenarians (Atzmon et al., 2002) and better working memory, MMSE, and global 

composite performance in 60–98-year-olds in the Maine-Syracuse Study (Crichton, Elias, 

Davey, Sullivan, & Robbins, 2014). Longitudinally, low baseline HDL levels have predicted 

poor future memory performance across two studies, at 12- and 5-year follow-up, 

respectively (Komulainen et al., 2007; Singh-Manoux et al., 2008). In contrast to these 

patterns, one notable inconsistency involves a study in which higher late-life HDL levels 

were correlated with increased plaques and neurofibrillary tangles at autopsy in a 

population-based sample (Launer, White, Petrovitch, Ross, & Curb, 2001).

Multiple explanations could account for the seemingly conflicting findings that occur in the 

literature. Omitted effect modifiers such as statin use may obscure true patterns of 
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association (Benito-Leon, Louis, Vega, & Bermejo-Pareja, 2010), and pathologic declines in 

cholesterol can occur in the years prior to diagnosis of mild cognitive impairment (Tukiainen 

et al., 2012) and dementia (Mielke et al., 2005). Findings from studies with truncated age 

ranges, interpreted in isolation, may also appear to contradict one another, and important 

differences in sample characteristics are plentiful (e.g., demographic, geographic, and 

health-related differences). However, none of these possibilities, either alone or in concert, 

presents an entirely satisfactory explanation for the apparent discrepancies of the current 

cholesterol-cognition literature.

Notably, separate literatures have detected nonlinear associations between other 

cardiovascular risk factors and cognitive performance. For example, inverse U-shaped or J-

shaped cross-sectional associations between blood pressure and cognitive function have been 

noted, such that both high and low pressures are related to poorer performance on screening 

and domain-specific cognitive measures (Molander, Gustafson, & Lovheim, 2010; Morris et 

al., 2002). Highly similar findings have been noted in the obesity literature, such that both 

underweight and overweight individuals show the poorest cognitive functioning (Sabia, 

Kivimaki, Shipley, Marmot, & Singh-Manoux, 2009; Sturman et al., 2008). It follows that 

the cholesterol-cognition literature could benefit from corresponding analysis. In that regard, 

nonlinear longitudinal relations of total cholesterol to cognitive decline were identified 

among >1,600 participants in the Baltimore Longitudinal Study of Aging (Wendell, 

Waldstein, & Zonderman, 2014). Specifically, higher cholesterol levels were associated with 

cognitive decline in the middle-aged (40–59 years) and young-old (60–69 years), whereas 

lower cholesterol levels were related to cognitive decline among old-old (80–89 years) 

participants. Another study has implied a similar nonlinear pattern of findings, albeit without 

direct examination of nonlinear effects (Reynolds, Gatz, Prince, Berg, & Pedersen, 2010).

The present study thus aimed to augment the current understanding of cholesterol-cognition 

associations. While the study serves as an extension of our group’s prior nonlinear 

longitudinal examination of total cholesterol (Wendell et al., 2014), to our knowledge, no 

prior study has directly addressed cholesterol subcomponents nonlinearly. We examined 

potential quadratic relations of multiple cholesterol levels (total, LDL, and HDL cholesterol) 

to performance across a relatively comprehensive neuropsychological battery, including 

measures of attention, executive function, memory, visuospatial judgment, and manual 

dexterity/speed. Based on the implications of prior literature, we hypothesized that lower 

total and LDL cholesterol would be associated with the poorest cognitive performance in 

older participants (>70 years), with the opposite pattern appearing among middle-aged and 

young-old participants (<70 years). However, we expected these associations to show 

inflection points at mid-range cholesterol levels, such that a simple linear dose-response 

curve would not best describe the associations. Less evidence points toward potential HDL 

cholesterol nonlinearity (Wendell, Katzel, & Waldstein, 2013), so we anticipated either 

linear or marginal nonlinear effects to arise in analyses examining this cholesterol 

subcomponent.

Wendell et al. Page 3

Neuropsychology. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Method

Participants

Participants were 190 stroke- and dementia-free, community-dwelling older adults enrolled 

in a cross-sectional study of the relation of cardiovascular risk factors to subtle brain 

abnormalities and cognition (Waldstein & Katzel, 2006; Waldstein, Lefkowitz, et al., 2010). 

Participants were recruited by local advertisement, from the Geriatric Research Education 

and Clinical Center at the Baltimore Veterans Affairs Medical Center (B-VAMC), and by 

general advertisement at the B-VAMC. Participants gave a full medical history and 

underwent extensive physical, medical, neuroradiological, and neuropsychological 

examinations over the course of multiple study visits occurring within a 3-month window. 

Medical exclusions were: self-reported history or clinical evidence of cardiovascular disease 

(except mild-to-moderate hypertension), diabetes mellitus, other major medical disease (e.g., 

renal, hepatic, pulmonary), neurologic disease (including stroke, transient ischemic attack, 

and known or suspected dementia, with MMSE<24), psychiatric disorder, severe head injury 

(loss of consciousness >30 minutes), or medications affecting central nervous system 

function. Participants provided written informed consent according to the guidelines of the 

Institutional Review Boards of University of Maryland, Baltimore and University of 

Maryland, Baltimore County.

Biomedical Assessment

Participants underwent a comprehensive medical evaluation that included history, physical 

examination, blood chemistries, and an oral glucose tolerance test. Age and education were 

assessed in years. Blood for assay was drawn in the General Clinical Research Center at the 

University of Maryland Medical Center in Baltimore, Maryland after an overnight fast. Total 

cholesterol, HDL cholesterol, and glucose levels were determined enzymatically. LDL 

cholesterol concentrations were calculated using the Friedewald equation [LDL = total 

cholesterol – HDL – triglycerides/5.0 (mg/dL)]. Clinical assessment of blood pressure was 

performed on two to three occasions with participants in a seated position using an 

automated vital signs monitor (Dinamap Model #1846SX, Critikon, Tampa, FL) and 

appropriately sized occluding cuff. The readings were averaged to yield an estimate of 

participants’ resting systolic and diastolic blood pressures. Alcohol consumption was 

assessed as the average number of drinks consumed per week over the past month, with one 

drink defined as 12 oz. beer, 4 oz. wine, or 1 oz. hard liquor. Smoking status was assessed as 

ever vs. never. Current antihypertensive and lipid-lowering medication use was recorded.

Neuropsychological Assessment

Participants underwent neuropsychological testing in the Cardiovascular Behavioral 

Medicine Laboratory at University of Maryland, Baltimore County. Tests of attention and 

executive function included the Trail Making Test, Parts A and B (Reitan, 1992) and Digit 

Span of the Wechsler Adult Intelligence Scales-Revised (WAIS-R) (Wechsler, 1981). Tests 

of memory included the Logical Memory and Visual Reproduction subtests from the 

Wechsler Memory Scales-Revised (WMS-R) (Wechsler, 1987). WAIS-R Block Design 

(Wechsler, 1981) and Judgment of Line Orientation (A. L. Benton, Sivian, & Hamsher, 
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1983) assessed visual spatial abilities. Psychomotor speed and manual dexterity were 

assessed with the Grooved Pegboard Test (Matthews & Kløve, 1964). Lastly, participants 

completed the self-report Beck Depression Inventory to assess current depressive symptoms 

(Beck, 1987).

Statistical Analyses

All statistical analyses were performed using SAS version 9.2 (Cary, NC). Data were 

carefully evaluated for normality and homoscedasticity. Independent samples t-tests and chi-

square tests assessed presence of any significant differences across age groups. Logarithmic 

transformations were indicated for Visual Reproduction I, Trail Making Test, and the 

Grooved Pegboard Test (bilaterally) due to non-normal distributions. Separate general linear 

model (GLM) multiple regression analyses were constructed for each neuropsychological 

outcome variable. Age was dichotomized at 70 (<70 = 0; ≥70 = 1) to examine group 

differences between younger and older participants according to Burnside, Ebersole, and 

Monea’s (1979) widely-used age labels. The former age category included middle-aged 
(ages 40–60) and young-old (ages 60–69) participants, while the latter category included 

middle-aged old (ages 70–79) and old-old (ages 80–89) participants. This cut-off represents 

a meaningful transition period among older adults with respect to cognitive decline, and 

prior research has identified cholesterol-cognition differences using this threshold (Wendell 

et al., 2014). Quadratic terms of interest included total cholesterol2 × age, LDL cholesterol2 

× age, and HDL cholesterol2 × age. Linear cholesterol terms were also included to ensure 

models were fully specified (i.e., all models included cholesterol, cholesterol × age, 

cholesterol2, cholesterol2 × age terms). Covariates included sex, education (years), systolic 

blood pressure (mm Hg), fasting plasma glucose (mg/dL), alcohol (drinks per week over last 

month), smoking (ever = 1; never = 0), depressive symptoms (Beck Depression Inventory 

total score), antihypertensive medication use (yes = 1; no = 0), and lipid-lowering 

medication use (yes = 1, no = 0). To explore the relative role(s) of covariates in these 

analyses, secondary hierarchical analyses were also computed including model (A): age 

group and cholesterol terms only, and model (B): model (A) + sex and education. Please 

refer to the online supplement for these results.

Results

Participants were 53% men, 88% white, and ranged in age from 54 to 83 years (mean = 66 

years). Age-stratified sample characteristics (Table 1) show that participants were relatively 

healthy and well educated. Additional cholesterol-stratified sample characteristics can be 

found in the online supplement. Chi-square tests and two-tailed independent samples tests t-

tests revealed no significant group differences according to age group on demographic or 

health status variables (all ps > .05). Not unexpectedly, younger participants performed 

significantly better on multiple neuropsychological tests, including Logical Memory (I and 

II), Visual Reproduction (I and II), Trail Making Test (Parts A and B), Block Design, and the 

Grooved Pegboard Test (both hands).

Regression equations, adjusted for sex, education, systolic blood pressure, glucose, alcohol 

use, smoking, depressive symptoms, antihypertensive use, and lipid-lowering medication 
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use, revealed significant cholesterol2 × age interactive effects for select neuropsychological 

tests. A significant quadratic effect of total cholesterol2 × age was identified for Logical 

Memory II (b = −.0013, p = .039), such that the 70+ group performed best at high and low 

levels of total cholesterol than at mid-range total cholesterol (U-shaped), and the <70 group 

performed worse at high and low levels of total cholesterol than at mid-range total 

cholesterol (inverted U-shape). Similarly, significant U- and J-shaped effects of LDL 

cholesterol2 × age were identified for Visual Reproduction II (b = −.0020, p = .026) and log 

of Trails B (b = .0001, p = .044). The Figure illustrates these patterns graphically for each of 

these significant measures. Beta coefficients and associated significance levels for all 

quadratic total and LDL cholesterol terms are presented in Table 2. Note that total and LDL 

cholesterol were examined in separate models; the quadratic cholesterol terms are presented 

alongside one another only for brevity. Quadratic associations between HDL cholesterol and 

cognitive performance were nonsignificant.

Quadratic cholesterol terms approached significance for multiple other neuropsychological 

tests, including Digit Span Backward (p = .057) and Grooved Pegboard non-dominant hand 

(p = .073) for total cholesterol2 and Digit Span Backward (p = .057), Block Design (p = .

059), and Grooved Pegboard non-dominant hand (p = .068) for LDL cholesterol2. For all 

non-significant findings, plots of the regression curves revealed nonlinear patterns highly 

similar to those described above.

Discussion

This study examined associations between multiple cholesterol measurements (total, LDL, 

and HDL cholesterol) and performance on tests of attention, executive function, auditory-

verbal memory, visuospatial memory, visuospatial judgment, and manual speed/dexterity. 

We found significant quadratic associations between total cholesterol and delayed story 

recall, as well as LDL cholesterol and delayed figure recall and Trails B performance. Each 

of these effects was modified by age. Specifically, for Logical Memory II performance, 

individuals aged 70+ years old performed best at high and low levels of total cholesterol (U-

shaped), whereas individuals <70 years old performed best at mid-range total cholesterol 

(inverted-U-shape). A nearly identical pattern arose for LDL cholesterol and Visual 

Reproduction II performance, with the exception that individuals <70 years old performed 

particularly poorly at high levels of LDL cholesterol. For LDL cholesterol and Trails B 

performance, younger participants (<70 years old) again performed particularly poorly at 

high levels of LDL cholesterol. However, degree of nonlinearity was less pronounced among 

older participants (70+ years old). Among younger participants (<70 years old) in particular, 

the performance difference between mid-range and extreme levels of total or LDL 

cholesterol approximated or exceeded 1 SD. We found no significant nonlinear effects for 

HDL cholesterol, or for tests of simple attention, visuospatial judgment, or manual speed/

dexterity.

Both high and low levels of total and LDL cholesterol have been associated with cognitive 

performance across different ages (Wendell et al., 2013; Wendell et al., 2014), but we are 

unaware of any other study that has directly examined cholesterol subcomponents in a 

nonlinear manner. Thus, select elements of our findings have been previously identified, but 
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to our knowledge, never within the same study using nonlinear analysis. For instance, 

Henderson and colleagues (2003) identified associations between low LDL cholesterol and 

poorer recall of a 10-item supraspan word list among 52- to 63-year-old women, similar to 

our finding of poorer delayed story and figure recall among 54- to 69-year-olds with lower 

LDL or total cholesterol. The particularly poor performance of our middle-aged/young-old 

individuals with high LDL cholesterol on Visual Reproduction II and Trails B is consistent 

with our prior findings (Wendell et al., 2014) and extends rapidly accumulating evidence 

relating midlife cardiovascular risk factors to poorer cognitive performance and decline 

(Anstey et al., 2008; Yaffe et al., 2014). The nonlinearity among our older participants (70+ 

years) is less striking, and yet there does appear to be at least a slight performance advantage 

for older participants with higher LDL or total cholesterol across cognitive measures, again 

similar to prior findings regarding total cholesterol (Wendell et al., 2014). This pattern is 

consistent with prior studies showing associations between low cholesterol and poorer 

cognitive performance in the elderly (West et al., 2008).

While the directionality of findings in prior studies has been variable, the broad domains of 

memory and psychomotor speed have been most often associated with cholesterol levels 

(Muldoon & Conklin, 2015). This pattern is consistent with our significant findings for 

Logical Memory II, Visual Reproduction II, and Trail Making Test, Part B. Our results 

imply that delayed, rather than immediate, recall may be more strongly related to cholesterol 

levels, and that stimulus modality (auditory-verbal vs. visuospatial) may be immaterial. Our 

non-significant findings for Trail Making Test, Part A and the Grooved Pegboard Test are 

surprising in light of previous literature, but it is possible that Part B of the Trail Making 

Test was more sensitive to speed decrements than these other measures in our relatively 

healthy sample. Alternatively, a higher-order executive function such as set-shifting may be 

the pertinent domain, rather than psychomotor speed per se.

Mechanistic explanations for nonlinear patterns in cholesterol-cognition associations are 

complex yet plausible, in part because different processes likely explain different aspects of 

the findings. Cholesterol is a critical structural component of neuronal membranes, glial 

membranes, and myelin sheaths and is also involved in numerous neuronal functions 

including synaptogenesis, synaptic transmission, and nutrient delivery (Muldoon & Conklin, 

2015). While the brain synthesizes its own cholesterol, it also interacts continuously with 

peripheral lipids via oxysterol molecules such as 24S and 27 hydroxycholesterol (Bjorkhem, 

2006). Low total and LDL cholesterol may thus be cognitively detrimental due to adverse 

effects on brain microstructure and function. Indeed, mice fed a high cholesterol diet have 

shown less cognitive decline on water maze testing and less hippocampal pathological 

changes than normally fed mice (Li et al., 2012). Low cholesterol has also been associated 

with increased risk of mortality in humans (Schatz et al., 2001; Schupf et al., 2005). 

Conversely, high levels of total and LDL cholesterol are formidably associated with 

atherosclerosis and its multitudinous health consequences, including micro- and 

macrovascular cerebrovascular disease, coronary disease, and peripheral vascular disease 

(Navab et al., 1995). High total and LDL cholesterol are also strongly correlated with other 

potent cardiovascular risk factors such as elevated blood pressure, obesity, and poor aerobic 

fitness, all of which are independently associated with structural and functional brain 

outcomes (Waldstein, Wendell, Hosey, Seliger, & Katzel, 2010).
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We would therefore hypothesize that among middle-aged and young-old individuals, high 

total and LDL cholesterol may be cognitively detrimental due to correlated cerebrovascular 

risk factors and disease, whereas low total and LDL cholesterol may be correspondingly 

detrimental due to problems with nutrient delivery and harmful effects on brain structure and 

function. Among the elderly, nonlinearity seems less pronounced. High total and LDL 

cholesterol are likely beneficial in this age group for the reasons outlined above, but we also 

suspect that these findings may reflect selective survival. Individuals aged 70+ are more 

likely to be resistant to the effects of correlated cerebrovascular risk factors and disease. For 

example, centenarians with diabetes mellitus have relatively fewer complications than 

younger individuals with diabetes (Davey et al., 2012). Further, old-old individuals may be 

less prone to age-related cognitive decline (Perls, Morris, Ooi, & Lipsitz, 1993) and at a 

minimum, may show more variability in cognitive functioning (Miller et al., 2010). As such, 

results in our older age group may simply reflect these patterns, rather than a direct 

association between higher total and LDL cholesterol and cognition.

Other indirect mechanisms warrant mention. Cholesterol serves as a precursor molecule of 

steroid hormones (e.g., cortisol, testosterone, estrogen) that have age- and sex-moderated 

effects on the brain and cognitive function (Hogervorst, 2013; Wingenfeld & Wolf, 2014). 

Apolipoprotein E genotype may also play a role given its known associations with lipid 

metabolism, cognitive decline, and risk of Alzheimer’s disease (Hauser, Narayanaswami, & 

Ryan, 2011; van den Kommer et al., 2012). In in vitro studies, increased cholesterol has 

been associated with increased synthesis of beta-amyloid (Stefani & Liguri, 2009), a known 

pathological component of Alzheimer’s disease.

Strengths of this study include its direct examination of nonlinear effects, inclusion of 

multiple cholesterol measurements, and use of a well-characterized, relatively healthy 

sample. The latter strength limits confounding by the known cognitive sequelae of many 

clinical medical, neurologic, and psychiatric diseases. Study limitations include use of 

WAIS-R and WMS-R subtests (for consistency with prior research protocols and years of 

testing) instead of current WAIS-IV and WMS-IV subtests and absence of tests directly 

assessing language functions. A word-list learning test would also have been useful for 

comparison with prior literature and analysis of learning efficiency. The study’s cross-

sectional design prohibits causal inferences, and its relatively well-educated, non-

representative sample limits its generalizability. Lastly, we consider this an exploratory 

rather than confirmatory study. As such, we conducted many hypothesis tests without regard 

to adjustments for multiple testing. We are hopeful that our results will lead to hypothesis-

driven confirmatory analyses with strict type I error control.

In sum, results from this investigation indicate nonlinear age-modified associations between 

total and LDL cholesterol levels and performance on measures of memory and speeded 

executive functioning. Middle-aged and young-old individuals showed inverse U- or J-

shaped associations between cholesterol and cognitive performance, whereas middle-old and 

old-old individuals showed more attenuated U- or J-shaped associations. These findings 

imply that mid-range total and LDL cholesterol levels may be cognitively “ideal” among the 

middle-aged/young-old, whereas mid-range cholesterol levels may actually confer cognitive 

disadvantage among the middle-aged-old and old-old participants. Quadratic associations 
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involving HDL cholesterol or measures of simple attention, visuospatial judgment, or 

manual speed/dexterity were not identified. These results suggest that ostensibly conflicting 

findings across prior studies may not be truly contradictory. Rather, it may be the case that 

abbreviated age ranges, variable covariate inclusion, and omission of nonlinear analysis have 

obscured true cholesterol-cognition associations. Such patterns require future replication but 

could have important clinical implications if causal relations are identified. For instance, 

younger (<70 years old) individuals may benefit cognitively from mid-range cholesterol 

levels. In contrast, among 70+ year-olds, lowering to mid-range cholesterol may be 

cognitively detrimental in the absence of other cardiovascular risk factors. Additional 

longitudinal and intervention work will clarify presence of causality, and if present, whether 

these associations operate via direct and/or indirect pathways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Significant nonlinear associations between cholesterol and cognitive performance. (A) Total 

cholesterol and Logical Memory II performance. (B) LDL cholesterol and Visual 

Reproduction II performance. (C) LDL cholesterol and log of Trail Making Test, Part B 

performance.
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Table 1

Sample Characteristics

Age <70 (n=126) Age ≥70 (n=64)

Variable Mean (SD) or % Mean (SD) or % Effect size (d or φ)†

Age 62.2 (4.4) 74.4 (3.2) 3.17**

Sex (% male) 52 56 0.04

Smoking (% ever) 50 56 0.06

Antihypertensive medications (% currently taking) 24 30 0.06

Lipid-lowering medications (% currently taking) 8 13 0.07

Education (years) 16.4 (2.7) 15.9 (3.2) 0.17

Systolic blood pressure (mm Hg) 128 (16.5) 129 (16.1) 0.06

Glucose (mg/dL) 94.7 (11.1) 94.1 (9.0) 0.06

Alcohol (drinks/week) 2.7 (3.0) 2.5 (3.8) 0.06

Beck Depression Inventory (total score) 4.4 (4.2) 3.8 (4.4) 0.14

Low-density lipoprotein cholesterol (mg/dL) 121 (25.4) 122 (31.8) 0.04

High-density lipoprotein cholesterol (mg/dL) 53 (16.7) 53 (15.1) <0.01

Total cholesterol (mg/dL) 196 (30.5) 197 (36.2) 0.03

Digit Span Forward (total score) 8.2 (2.0) 8.1 (2.1) 0.05

Digit Span Backward (total score) 7.3 (2.5) 6.8 (2.5) 0.20

Logical Memory I (total score) 25.7 (6.1) 23.5 (7.2) 0.33*

Logical Memory II (total score) 20.9 (7.3) 17.8 (8.5) 0.39*

Visual Reproduction I (total score) 33.3 (5.3) 31.6 (5.3) 0.32*

Visual Reproduction II (total score) 26.8 (7.8) 21.6 (9.1) 0.61**

Trail Making Test, Part A (seconds) 30.1 (9.8) 35.4 (11.9) 0.49**

Trail Making Test, Part B (seconds) 75.4 (44.3) 88.6 (31.3) 0.34*

Judgment of Line Orientation (total score) 24.5 (4.3) 23.7 (4.6) 0.18

Block Design (total score) 27.0 (9.6) 24.2 (7.5) 0.33*

Grooved Pegboard Test, dominant (seconds) 74.6 (10.7) 89.0 (16.2) 1.05**

Grooved Pegboard Test, non-dominant (seconds) 83.3 (15.6) 103.4 (51.8) 0.53**

†
T-tests performed for mean comparisons, with Cohen’s d effect sizes reported. Chi-square tests performed for percentage/categorical comparisons, 

with phi coefficients reported.

*
p<.05,

**
p<.01
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