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Abstract

Objective—To determine the relationship of lifestyle factors and neurocognitive functioning in 

older adults with vascular risk factors and cognitive impairment, without dementia (CIND).

Methods—One hundred sixty adults (Mean = 65.4±6.8 years) with CIND completed 

neurocognitive assessments of executive function, processing speed, and memory. Objective 

measures of physical activity using accelerometry, aerobic capacity determined by exercise testing, 

and dietary habits quantified by the Food Frequency Questionnaire and 4-Day Food Diary to 

assess adherence to the Mediterranean and DASH diets were obtained to assess direct effects with 

neurocognition. Potential indirect associations of high sensitivity C-Reactive Protein (hsCRP) and 

the Framingham Stroke Risk Profile (FSRP) also were examined.

Results—Greater aerobic capacity (β =0.24) and daily physical activity (β = 0.15) were 

associated with better Executive Functioning/Processing Speed and Verbal Memory (βs = 0.24; 

0.16). Adherence to the DASH diet was associated with better Verbal Memory (β = 0.17). Greater 

hsCRP (βs = −0.14; −0.21) and FSRP (β= −0.18; −0.18) were associated with poorer Executive 

Functioning/Processing Speed and Verbal Memory. Greater stroke risk partially mediated the 

association of aerobic capacity with Executive Functioning/Processing Speed, and Verbal Memory, 

and greater inflammation partially mediated the association of physical activity and aerobic 

fitness, with Verbal Memory.

Conclusions—Higher levels of physical activity, aerobic fitness, and adherence to the DASH 

diet are associated with better neurocognitive performance in adults with CIND. These findings 
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suggest that the adoption of healthy lifestyle habits could reduce the risk of neurocognitive decline 

in vulnerable older adults.

Trial Registration—NCT0157354
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death and disability in the United 

States, affecting more than 80 million Americans.(1) It is well established that CVD risk 

factors such as hypertension(2), diabetes,(3) and hyperlipidemia(4) place individuals at risk 

not only for stroke and ischemic heart disease, but also for neurocognitive impairment and 

dementia,(3, 5, 6) and that the effects of these CVD risk factors on the brain may be 

additive.(7) CVD risk factors also are associated with cognitive decline in patients without 

dementia,(8) a condition referred to as CIND (Cognitive Impairment, No Dementia).(9)

Current medical therapies for CIND offer limited benefit and appear to have no effect on the 

underlying disease pathophysiology.(10) With no medical treatments currently available to 

effectively halt or reverse the neuropathology of CIND, recent attention has shifted to 

prevention strategies in vulnerable individuals. Lifestyle behaviors, including physical 

activity and healthy dietary habits have been shown to improve CVD risk factors and may 

aid in the prevention of neurocognitive decline. Physically active individuals are less likely 

to develop dementia(11, 12) and studies have suggested that aerobic exercise may improve 

neurocognition in healthy adults,(13, 14) although few studies have included individuals 

with cognitive impairments.(15) Dietary habits also have been shown to be associated with 

neurocognition.(16) Higher CVD risk(17) and greater inflammation(18) have been linked to 

impaired neurocognition (19, 20) and may mediate the relationship of lifestyle habits and 

neurocognition.(21–24)

Two dietary patterns that have received the most attention are the Dietary Approaches to 

Stop Hypertension (DASH) eating plan and the Mediterranean Diet (MediDiet). Both diets 

recommend high consumption of fruits, vegetables, legumes and nuts, and low amounts of 

red or processed meat. The Dietary Approaches to Stop Hypertension (DASH) eating plan 

places greater emphasis on low fat dairy products and is part of current national 

recommendations for the prevention and treatment of hypertension, (25, 26) while the 

MediDiet emphasizes greater consumption of olive oil and red wine. Observational studies 

have shown that the MediDiet is associated with slower cognitive decline, improved 

cognitive function, and decreased risk of dementia (27–29), while the DASH diet also has 

been shown to be associated with better cognitive function in older adults and with less 

cognitive decline over time. (30) In a large prospective study of 16,144 women participating 

in the Nurses’ Health Study, Berendsen and colleagues(31) reported that greater adherence 

to the DASH diet was associated with better cognitive performance and verbal memory, 

which was equivalent to being one year younger compared to those women who were non-

adherent to the DASH diet.
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The purpose of the present report is to examine the relationship of key lifestyle behaviors--

physical activity and dietary habits (including examination of both the DASH diet and 

MediDiet) on neurocognitive functioning in a sample of sedentary older adults with CIND 

and CVD risk factors. Because inflammation also has been shown to be associated with 

increased risk for adverse CVD events(32, 33) and impaired cognitive function, (34) we also 

sought to determine whether the relation between lifestyle factors and neurocognitive 

function is explained by C-reactive protein and CVD risk factors.

METHODS

Participants

One hundred sixty older adults were recruited from newspaper and television 

advertisements, flyers posted throughout the community, and physician referrals as part of 

the Exercise and Nutritional Interventions for Neurocognitive Health Enhancement 

(ENLIGHTEN) trial (NCT01573546).(35) The protocol was approved by Duke University 

and written informed consent was provided by each participant. Data were collected 

between December 2011 and April 2016.

Inclusion criteria included sedentary adults age ≥55 years with subjective cognitive 

complaints and a score of 19–25 on the Montreal Cognitive Assessment (MoCA)(36, 37) or 

letter fluency < 13 or animal fluency < 15,(38) and either the presence of ischemic heart 

disease or at least one CVD risk factor (in addition to physical inactivity). The MoCA has 

been well-validated as a screening measure of cognitive decline, with scores <26 suggesting 

the presence of mild cognitive impairment.

Procedures

Assessment of Neurocognitive Functioning—Neurocognitive functioning was 

assessed using a 45–60 minute test battery recommended by the Neuropsychological 

Working Group for vascular cognitive disorders:(39) A more complete description of the 

instruments along with normative data are available for the interested reader.(40–42)

Verbal Memory

Hopkins Verbal Learning Test- Revised (HVLT-R)(43): The HVLT-R requires participants 

to learn and recall a 12-item word list.

Animal Naming Test(44): This test requires participants to rapidly generate words in a 

specified category (in this case, animals) within a 60-second time period.

Visual Memory

Medical College of Georgia Complex Figure Test (CFT)(45): The CFT requires 

participants to copy and then recall a complex geometrical shape..
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Executive Function/Processing Speed

Stroop Test(46): This test requires participants to view color names presented in various ink 

colors and name the color of the ink. In incongruent stimuli, color names and ink colors are 

non-matching.

Digit Span Forward (DST)(47): This subtest from the Wechsler Adult Memory Scale 

requires participants to repeat digits of increasing length in the forward and then reverse 

direction as they have heard the numbers.

Controlled Oral Word Association Test (COWA)(44): This test requires participants to 

rapidly generate as many words as possible beginning with a particular letter (i.e. P-R-W or 

C-F-L) in 60 seconds.

Trail Making Test (TMT)(48): This test consists of two parts: For Part A of the test, 

participants draw lines to connect consecutively numbered circles (1,2,3, etc.); for Part B, 

these items are both numbers and letters (1,2,3, A,B,C etc.) and the order is determined by a 

combination of increasing numbers AND letters (e.g., 1 A 2 B 3 C..) requiring participants 

to alternate between letters and numbers.

Digit Symbol Substitution Test (DSST)(47): This subtest from the Wechsler Adult 

Intelligence Scale requires participants to draw symbols that match one of 10 digits copied 

from a key. Scores on this task are the number of correct symbols drawn in 120 seconds.

Ruff 2 & 7 Test(49): This requires participants to cross out all instances of the numbers ‘2’ 

and ‘7’ under two conditions: one in which they are embedded among other digits and in the 

second in which they are embedded among letters. The score is the total number of correct 

cancellations within a five-minute time period.

Assessment of Lifestyle Habits

Daily Activity and Aerobic Fitness: We performed two objective measures of functional 

capacity: a measure of routine, physical activity during daily life and a measure of aerobic 

fitness using standardized exercise stress testing.

Accelerometry: Physical activity during daily life was quantified using the Kenz Lifecorder 

Plus accelerometer (Model NL-2160; Suzuken Co. Ltd., Nagoya, Japan). Patients wore the 

accelerometer during waking hours for 2 successive days on the waist in a horizontal 

position, placed between the navel and hip. The accelerometer was removed at bedtime and 

was programmed for each individual participant and personalized with age, sex, height, and 

weight. We utilized the Physical Activity Analysis Software compatible with the 

accelerometer and all data were downloaded to a secure PC via a USB cable after each 

participant’s use. This device accurately counts more than 85% of manually observed steps 

in older adults at walking speeds as low as 54 m/min and greater than 95% of observed steps 

at speeds of at least 67 m/min.(50) The Kenz Lifecorder has been shown to be exceptionally 

accurate, having 95% prediction intervals that are within ± 17 steps from zero.(51) The 

average number of steps per day was used for the current analysis.
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Exercise testing: Participants underwent a maximal graded exercise treadmill test in which 

workloads were increased at a rate of 1 metabolic equivalent per minute. Expired air was 

collected by mouthpiece for quantification of minute ventilation, oxygen consumption, and 

carbon dioxide production with the Parvo Medics TrueOne measurement system (model 

2400; Parvo Medics, Sandy, Utah).

Assessment of Inflammation

High-Sensitivity C-Reactive Protein (hsCRP): hsCRP was quantified by Lab Corp using 

commercial enzyme-linked immunosorbent assay kits (R&D Systems). Values exceeding 10 

mg/dL were truncated at 10 mg/dL, consistent with current guidelines for the analysis of 

inflammatory markers.(52)

Assessment of Stroke Risk

The Framingham Stroke Risk Profile (FSRP) was used as a marker of stroke risk: The 

FSRP is a clinical assessment tool used to quantify the risk of incident stroke (53) and has 

previously been shown to be associated with neurocognitive performance.(53, 54) Stroke 

risk is quantified separately for men and women and includes the following CVD risk 

factors: systolic blood pressure (SBP), use of antihypertensive therapy, diabetes mellitus, 

cigarette smoking, ischemic heart disease, atrial fibrillation, and left ventricular hypertrophy. 

Because age was modeled separately, age was not included in the stroke risk factor 

calculation, which is consistent with our prior work.(54)

Assessment of Dietary Habits

Block Food Frequency Questionnaire (FFQ) and 4-day food diary: We sought to quantify 

the degree of concordance between participants’ daily dietary intake and the DASH and 

Mediterranean diets. To quantify the DASH eating pattern, we used a modified DASH 

scoring algorithm adopted from Folsom and colleagues.(55, 56) Each dietary component is 

scored as 0, 0.5 or 1.0, with a total range of scores of 0 to 10 with higher scores indicating 

greater adherence to the DASH eating plan. Because the FFQ may be more susceptible to 

inaccurate recall among older adults with memory impairment,(57) dietary intake entered 

for each meal for four days was utilized to compute dietary components for which a score 

could be derived (fruits, vegetables, dairy, grains, fat calories, saturated fat calories, and 

sodium), and the remaining categories that could not be quantified by the diary being 

generated from the FFQ (meats, nuts, seeds, legumes, and sweets).

Similarly, a Mediterranean diet (MediDiet) score was derived from weekly reported 

frequency of dietary consumption of the following food groups: non-refined cereals, 

potatoes, fruits, vegetables, legumes, fish, red meat, poultry, full fat dairy products, use of 

olive oil for cooking, and alcohol consumption. Scores of 0 to 5 were derived for each 

dietary component for a total score range of 0 to 55, with higher scores indicating better 

MediDiet adherence.(58)
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Data Analysis

Data analyses were performed using SAS 9.3 (Cary, NC) and R 3.3.1 (https://cran.r-

project.org). General linear models were used to examine the association between physical 

activity, aerobic fitness, diet, and neurocognitive functioning. Within each model we 

adjusted for age, education, sex, and ethnicity, which were previously set forth as a priori 
covariates,(35) as well as family history of dementia and chronic use of anti-inflammatory 

medications (inflammation analyses only). In models examining the DASH and MediDiet 

we also adjusted for total caloric intake. In response to a request from an anonymous 

reviewer, neurocognitive subtests were grouped into factors based on Principal Axis Factor 

analysis (PROC FACTOR) using a Promax rotation (see Table S1, Supplemental Digital 

Content 1). Results yielded a three-factor solution: 1) Executive Functioning/Processing 

Speed (Stroop Test, DST, Ruff, COWA, TMT, and DSST), Verbal Memory (HVLT-R 

immediate, HVLT-R delayed recall, and Animal Naming), and Visual Memory (CFT copy, 

immediate, and delayed recall). All subtests were transformed to z-scores and a mean of all 

subtests was generated for each factor.(59) In order to examine the independent and additive 

associations of the diet and physical activity/aerobic fitness, we conducted a series of 

regression models. We first tested the association between 1) the DASH diet (model 1), 2) 

total step count (model 2), and peak VO2 (model 3) with neurocognitive performance. We 

then examined two combined models in which DASH diet score was modeled 

simultaneously with total step count (model 4) or peak VO2 (model 5). In a final step, we 

examined whether the relationship between total step count, peak VO2, and/or DASH score 

was attenuated after accounting for hsCRP and/or the FSRP by examining the bootstrapped 

procedures available using the PROCESS macro in SAS (60).

RESULTS

Sample Characteristics

Background and demographic characteristics are provided in Table 1. The average age of the 

study sample was 65 years, two-thirds of study participants were women, and the sample 

was nearly equally distributed between white and African-American participants. 

Participants tended to be well-educated and approximately half were retired at the time of 

enrollment.

Dietary Patterns and Neurocognition

Examination of dietary intake revealed that most participants did not consume a diet 

consistent with the DASH eating plan (mean DASH score = 3.5 points [SD = 1.12; range 1.5 

to 7; possible scores range from 0 to 10]). MediDiet scores across the sample suggested 

modest agreement between usual food consumption and the MediDiet, with a mean score of 

30.7 points (SD = 4.6; range = 14 to 44) out of a possible 55. Higher DASH diet scores were 

associated with better Verbal Memory (Table 2, Model 1: β = 0.18, P = .018), but were not 

associated with Executive Functioning/Processing Speed (Table 3, Model 1: β = 0.04, P = .

569) or Visual Memory (β = 0.09, P = .248). In exploratory analyses of individual DASH 

diet components, we observed that the relationship between Verbal Memory and DASH diet 

tended to be most strongly influenced by the association with lower total dietary fat intake 

(β = 0.15, P = .053). In contrast, MediDiet scores were unrelated to any cognitive domain: 
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Executive Functioning/Processing Speed (β = −0.01, P = .901), Verbal Memory (β = 0.11, P 

= .167), or Visual Memory (β = 0.01, P = .978).

Physical Activity, Aerobic Fitness, and Neurocognition

Physical activity and aerobic fitness levels varied widely across the sample (Table 1). 

Participants averaged 5,273 (SD = 2,577) total steps per day, ranging from 898 to 13,553 

steps. Most participants were relatively inactive, with a median number of > 10 minute bouts 

of moderate activity of 5.0 [IQR = 8.5] per day and 0.0 [IQR = 0] bouts of daily vigorous 

activity. Peak VO2 levels also varied widely, with a mean level of 18.3 ml/kg/min (SD = 

4.47). Examination of physical activity levels, defined as the average number of steps per 

day, revealed that higher levels of physical activity were associated with better Verbal 

Memory (Table 2, Model 2: β = 0.16, P = .041); physical activity also tended to be 

associated with better Executive Functioning/Processing Speed (Table 3, Model 2: β = 0.15, 

P = .058), but was unrelated to Visual Memory (β = −0.03, P = .690). Similarly, higher 

levels of aerobic fitness were associated with better Executive Functioning/Processing Speed 

(Table 3, Model 3: β = 0.18, P = .048) and Verbal Memory (Table 2, Model 3: β = 0.22, P = .

022), but were not associated with Visual Memory (β = 0.05, P = .613).

Interestingly, the associations between physical activity, aerobic fitness, and Verbal Memory 

remained significant in a final model in which DASH diet scores were included as an 

additional predictor (Table 2, Models 4 and 5), suggesting an additive effect. Those 

individuals demonstrating higher levels of physical activity or aerobic fitness and higher on 

DASH adherence obtained higher Verbal memory scores compared to those individuals who 

scored lower on measures of fitness, physical activity or DASH adherence. Unadjusted 

correlations between dietary habits and physical activity and fitness measures with the 

neurocognitive tests are provided in Table S2, Supplemental Digital Content 1.

Stroke Risk and Neurocognition

Examination of baseline FSRP levels demonstrated that greater stroke risk was associated 

with poorer Executive Functioning/Processing Speed (β = −0.18, P = .021), Verbal Memory 

(β = −0.18, P = .025), and tended to be associated with poorer Visual Memory (β = −0.15, P 

= .068). Because Visual Memory was not associated with any of our predictors of interest, 

no further testing of indirect associations was conducted. In order to test the indirect 

association between stroke risk and neurocognition, we first examined whether stroke risk 

was associated with the DASH diet, physical activity, or aerobic fitness. We found that lower 

stroke risk was associated with greater physical activity (β = −0.20, P = .03), but was 

unrelated to either physical activity (β = −0.05, P = .513) or the DASH diet (β = 0.05, P = .

554). In a final model incorporating both aerobic fitness and stroke risk, the association 

between aerobic fitness and Executive Functioning/Processing Speed approached 

significance (β = 0.18, P = .061) while the association with stroke risk and Executive 

Functioning/Processing Speed was attenuated (β = −0.12, P = .128) (Figure 1);bootstrapped 

estimates of the indirect effects suggested that stroke risk did not completely mediate the 

observed associations (direct effect = 0.20 [0.02, 0.38]; indirect effects: 0.03 [−0.01, 0.10]).. 

Similarly, a final model incorporating both aerobic fitness and stroke risk demonstrated that 

the association between aerobic fitness and Verbal Memory tended to remain significant (β = 
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0.18, P = .061) while the association with stroke risk and Verbal Memory was attenuated (β 
= −0.12, P = .128), and bootstrapped estimates of the indirect effects suggested that stroke 

risk did not completely explain the observed associations (direct effect = 0.14 [−0.01, 0.29]; 

indirect effect = 0.03 [−0.01, 0.07]).).

Inflammation and Neurocognition

Examination of baseline hsCRP levels revealed that higher inflammation was associated 

with poorer Verbal Memory (β = −0.21, P = .009) and tended to be associated with poorer 

Executive Functioning/Processing Speed (β = −0.14, P = .070). In order to test the indirect 

association between inflammation and neurocognition, we first examined whether hsCRP 

was associated with the DASH diet, physical activity, or aerobic fitness. hsCRP was 

associated with greater physical activity (β = −0.17, P = .032) and aerobic fitness (β = 

−0.33, P < .001), but was not associated with the DASH diet (β = −0.07, P = .349). The 

association between aerobic fitness and Executive Functioning/Processing Speed was not 

mediated by hsCRP (hsCRP: β = −0.08, P = .338; VO2: β = 0.21, P = .020; bootstrapped 

direct effect = 0.17 [−0.01, 0.36]; indirect effect = 0.03 [−0.02, 0.10]). The association 

between aerobic fitness and Verbal memory appeared to be partially mediated by hsCRP 

(hsCRP: β = −0.15, P = .073; VO2: β = 0.19, P = .047; bootstrapped direct effect = 0.13 

[−0.02, 0.28]; indirect effect = 0.04 [−0.002, 0.10]). hsCRP did not mediate the association 

between physical activity and Executive Functioning/Processing Speed (hsCRP β = −0.11, P 

= .155; total steps: β = 0.15, P = .093; bootstrapped direct effect = 0.15 [−0.03, 0.32]; 

indirect effect = 0.02 [−0.01, 0.06]), but tended to explain the association between physical 

activity and Verbal Memory (hsCRP β = −0.18, P = .032; steps: β = 0.13, P = .095; 

bootstrapped direct effect = 0.12 [−0.02, 0.27]; indirect effect = 0.03 [−0.001, 0.07]) (Figure 

2).

DISCUSSION

Results of this cross-sectional study of baseline data from the ENLIGHTEN trial provide 

support for the value of the DASH eating plan and physical activity in promoting improved 

neurocognitive function in a sample of sedentary older adults with CVD risk factors and 

evidence of cognitive impairments, without dementia (i.e., CIND). Participants who were 

more active as indicated by higher average daily step count, and who were more physically 

fit as documented by greater aerobic capacity, demonstrated better performance on cognitive 

tasks associated with executive function and processing speed, and with verbal memory.

Other observational studies, and several interventional studies, also have examined the 

relation of physical fitness and aerobic fitness on neurocognition. Observational studies have 

shown that physically active individuals perform better on neurocognitive tests compared to 

their less active counterparts.(11, 61) Results from interventional studies also suggest that 

aerobic exercise may result in improved cognitive functioning,(62–64) although the evidence 

is inconsistent.(65) The discrepancies in the literature may be in part due to differences in 

characteristics of the study populations and in the measures used to assess neurocognition. 

Some studies, for example, have excluded patients with cognitive impairments,(13) while 

others have suggested that patients with cognitive impairments may be more likely to benefit 
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compared to cognitively intact individuals.(63) Importantly, the present analysis showed that 

greater aerobic capacity and higher levels of physical activity were associated with better 

executive function, processing speed, and verbal memory, but not visual memory, providing 

support for the hypothesis that aerobic fitness may selectively improve some cognitive 

functions but not others. Kramer and colleagues have maintained that exercise may be 

particularly beneficial for tasks of executive functioning.(62) More recent work by our 

group(66) has shown that improvements in aerobic fitness are associated with improved 

memory and others have shown that aerobic fitness improvements are associated with small 

volume increases within mesial temporal brain structures preferentially important for 

memory, but not executive function.(67, 68)

In addition to the association of greater physical activity and greater aerobic fitness with 

better neurocognitive performance on tasks of executive function, processing speed, and 

verbal memory, participants with diets high in fruits, vegetables, and low fat dairy products 

and with reduced fats and sweets, performed better on tasks of verbal memory, but not on 

executive function and processing speed or verbal memory. This pattern of results raises the 

possibility that aerobic fitness and the DASH eating plan can be complementary. Indeed, 

participants who were more physically active, aerobically fit, and more adherent to the 

DASH diet exhibited better verbal memory compared to those who were adherent to either 

physical activity or the DASH diet, but not both. Those individuals with both lower levels of 

physical activity and lower DASH diet scores had the poorest verbal memory performance.

Several studies in non-cognitively impaired adults have examined the combined effects of 

diet physical activity. In a previous study of cognitively intact adults with high blood 

pressure, we found that participants on a caloric restricted DASH diet combined with an 

exercise program exhibited greater improvements in executive function-memory-learning 

and psychomotor speed compared to controls.(66) In an observational study, Scarmeas and 

colleagues(69) demonstrated that adherence to a Mediterranean-type diet and greater 

physical activity were independently and additively associated with lower risk of developing 

Alzheimer’s Disease. In addition, two randomized trials have examined the effect of the 

MediDiet on neurocognition (28, 70), one of which found improvements on a global 

cognitive screening measure(28). The MediDiet was not associated with neurocognitive 

functioning in our sample of patients with CIND, however. Similarly, a large prospective 

study of over 130,000 middle aged adults, reported that the DASH diet, but not the 

MediDiet, was associated with lower risk of colorectal cancer.(71), suggesting that the two 

diets may not provide the same benefits. Further research is needed to examine the relative 

merits of these two dietary patterns.

The beneficial effects of lifestyle behaviors on neurocognition are thought to be partly 

explained by reduced CVD risk factors and inflammation (21–24), although few studies 

have evaluated this possible mechanism (72, 73). Studies have demonstrated that higher 

levels of physical activity(74–77), greater aerobic fitness(78, 79), and healthier dietary habits 

(80–87) are associated with reduced CVD risk and less inflammation. Studies also have 

shown that CVD risk factors and inflammation are associated with elevated risk of 

neurocognitive decline(88–90), including Alzheimer’s disease (AD) (6, 19, 20, 91) and 

dementia(22, 92–94). For example, in one prospective study, Gu and colleagues(72) found 
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that better MediDiet adherence was associated with lower CRP and reduced risk of AD, 

although the association between the MediDiet and AD risk was unchanged when CRP 

levels were accounted for in the analysis, suggesting that the observed association between 

the MediDiet and AD was not mediated by inflammation. The present study found that 

greater inflammation was related to impaired neurocognitive function, but also found that 

inflammation did not explain the relationship between physical activity or the DASH diet 

and neurocognitive impairment.

Limitations

Dietary intake was based on self-reported food consumption. We recognize that dietary 

recall is subject to bias and inaccuracies. There is also some degree of arbitrariness in the 

scoring algorithms used to determine adherence to the DASH and MediDiet eating plans. 

However, our quantification of dietary habits was based on established scoring systems and 

we believe that our system accurately captures the essential elements of the two diets. 

Because this was a cross-sectional analysis, we cannot infer causation from the observed 

associations between lifestyle habits and neurocognitive functioning. It is possible that 

individuals with better cognitive functioning are more likely to adopt healthier lifestyles. 

The extent to which improving physical activity, aerobic fitness, or dietary habits may result 

in improved neurocognition in individuals with cognitive impairments must await the results 

of interventional trials.

Summary and conclusions

Healthy lifestyles, including adherence to the DASH eating plan and higher levels of 

physical activity and aerobic fitness, were associated with better performance on tasks of 

executive function, processing speed, and verbal memory. Some evidence of specificity of 

benefit was noted, with better adherence to the DASH diet associated with better verbal 

memory and higher levels of physical activity and aerobic fitness associated with better 

executive function, processing speed, and verbal memory. Greater consumption of the 

DASH diet combined with greater physical activity or higher aerobic fitness appears to 

provide added benefit for verbal memory. Randomized clinical trials are needed to determine 

the value of adopting the DASH diet and increasing physical fitness for improving 

neurocognitive function in older adults with cognitive impairments, without dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Acronyms

AD Alzheimer’s Disease

CFT Medical College of Georgia Complex Figure Test

CI Confidence Interval

CIND Cognitive impairment, no dementia

COWA Controlled Oral Word Association test

CVD Cardiovascular disease

DASH Dietary Approaches to Stop Hypertension

DBP Diastolic Blood Pressure

DST Digit Span Test

DSST Digit Symbol Substitution Test

FFQ Food Frequency Questionnaire

FSRP Framingham Stroke Risk Profile

hsCRP High Sensitivity C-Reactive Protein

HVLT-R Hopkins Verbal Learning Test- Revised

MediDiet Mediterranean diet

MOCA Montreal Cognitive Assessment

SBP Systolic Blood Pressure

SD Standard Deviation

TMT Trail Making Test
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Figure 1. 
Indirect associations between aerobic fitness, stroke risk, inflammation, and Executive 

Function and Processing Speed. Values represent the standardized beta coefficients from 

separate models examining the indirect associations of hsCRP (inflammation) and the 

Framingham Stroke Risk Profile (stroke risk) on neurocognition. Within each model, 

parameter estimates from individual predictive models are denoted with β and parameters 

from the final model including all predictors are denoted with β’. As show, the association 

between aerobic fitness and Executive Function and Processing Speed remained significant 

in both models. The association between hsCRP and Executive Function and Processing 

Speed was attenuated and examination of the bootstrapped estimates of the indirect effect 

indicated that hsCRP was not a significant mediator of the aerobic fitness and Executive 

Function and Processing Speed association (direct effect = 0.17 [−0.01, 0.36]; indirect effect 

= 0.03 [−0.02, 0.10]). The association between stroke risk and Executive Function and 

Processing Speed tended to be attenuated and examination of the bootstrapped estimates of 

the indirect effect indicated that stroke risk was not a significant mediator of the aerobic 

fitness and Executive Function and Processing Speed association (direct effect = 0.20 [0.02, 

0.38]; indirect effects: 0.03 [−0.01, 0.10]).). Taken together, the pattern of findings suggested 

stroke risk partially mediated the association between aerobic fitness and Executive Function 

and Processing Speed, whereas inflammation did not.
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Figure 2. 
Indirect associations between physical activity, inflammation, and Verbal Memory. Values 

represent standardized beta coefficients. Within each model, parameter estimates from 

individual predictive models are denoted with β and parameters from the final model 

including all predictors are denoted with β’. As show, the association between physical 

activity and verbal memory was modestly attenuated in a final model incorporating 

inflammation, although the bootstrapped estimates of the indirect effect indicated that 

hsCRP was not a significant mediator of the physical activity and Verbal Memory 

association (direct effect = 0.12 [−0.02, 0.27]; indirect effect = 0.03 [−0.001, 0.07]).
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Table 1

Background and clinical characteristics of the sample.

Variable Total Cohort (n = 160)

Age (Mean±SD) 65.4 (6.8)

Male Sex, n (%) 53 (33%)

Ethnicity, n (%)

 White 83 (52%)

 African-American 74 (46%)

 Other 1 (1%)

Married, n (%)

 Married 86 (54%)

 Divorced/Widowed 63 (39%)

 Single, Never Married 11 (7%)

Level of Education, n (%)

 < High School 1 (1%)

 High School Graduate 14 (9%)

 Some College 48 (30%)

 College Degree 50 (31%)

 Graduate School + 47 (29%)

Annual Household Income, n (%)

 <$30k 23 (15%)

 $30–60k 66 (46%)

 $61–100k 44 (29%)

 $100k+ 17 (11%)

Employment Status, n (%)

 Full-Time 38 (24%)

 Part-Time 21 (13%)

 Retired 82 (51%)

 Not Employed 19 (12%)

Montreal Cognitive Assessment Battery (Mean ± SD) 24.7 (2.6)

Cardiovascular Risk Factors and Inflammation

Hypertension, n (%) 118 (74%)

Hyperlipidemia, n (%) 93 (58%)

Diabetes, n (%) 35 (22%)

Obesity, n (%) 104 (65%)
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Variable Total Cohort (n = 160)

Body Mass Index (BMI), kg/m2 32.5 (4.8)

Current Smoker, n (%) 6 (4%)

History of Cardiovascular disease (CVD), n (%) 27 (17%)

Family history of CVD, n (%) 50 (31%)

Charlson Comorbidity Index, n (%) 0.8 (1.1)

Framingham Stroke Risk Score 6.1 (3.1)

C-Reactive Protein, mg/dL (Mean ± SD) 3.5 (2.6)

History of Cardiac Rehabilitation, n (%) 15 (9%)

Dietary, Physical Activity, and Fitness Variables

DASH Score (Mean ± SD) 3.49 (1.12)

 Vegetables, servings/day 4.3 (3.1)

 Fruits, servings/day 2.3 (2.1)

 Total Grains, servings/day 4.9 (2.1)

 Dairy, servings/day 0.9 (0.7)

 Meat, servings/day 1.9 (1.0)

 Nuts/Beans/Legumes, servings/day 1.1 (0.9)

 Sweets, servings/week 15.6 (12.1)

 % Calories from Fat 39.2 (6.1)

 % Calories from Saturated Fat 11.2 (3.1)

 Dietary Sodium, mg/day 2949 (1029)

Calories, kcal/day 1844 (566)

Peak VO2, ml/kg/min (Mean ± SD) 18.3 (4.5)

Total Actigraphy Steps per Day, (Mean ± SD) 5273 (2577)

Neurocognitive Test Performance

Stroop Word 86.3 (13.9)

Stroop Color 63.2 (10.5)

Stroop Color-Word 31.4 (8.9)

Digit Span 15.7 (3.8)

Ruff 2 & 7 Test 242.2 (42.1)

Controlled Oral Word Association Test 38.2 (10.9)

Digit Symbol Substitution Test 59.9 (11.3)
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Variable Total Cohort (n = 160)

Trail Making Test B, seconds to completion 89.1 (38.4)

Trail Making Test A, seconds to completion 36.8 (13.3)

Hopkins Verbal Learning Test Delay 8.6 (2.1)

Hopkins Verbal Learning Test Total Learning (Trials 
1–3)

24.8 (4.1)

Animal Naming 18.0 (4.5)

Medical College of Georgia Short Delay 19.2 (6.9)

Medical College of Georgia Long Delay 19.1 (6.9)

Medical College of Georgia Copy 29.7 (5.0)

N for income does not sum to 160 because some individuals did not respond to this item.
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