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Abstract

Background—Metabolic syndrome (MetS)—a cluster of cardiovascular risk factors—is linked 

with cognitive decline and dementia. However, the brain changes underlying this link are 

presently unknown. In this study, we tested the relationship between MetS, cerebral blood flow 

(CBF), white matter hyperintensity (WMH) burden and gray matter (GM) volume in cognitively 

healthy late middleaged adults. Additionally, we assessed the extent to which MetS was associated 

with cognitive performance.

Methods and Results—Late middle-aged adults from the Wisconsin Registry for Alzheimer’s 

Prevention (N=69, mean age=60.4 yrs) underwent a fasting blood draw, arterial spin labeling 

perfusion MRI, T1-weighted MRI, T2FLAIR MRI, and neuropsychological testing. MetS was 
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defined as abnormalities on 3 or more factors, including: abdominal obesity, triglycerides, HDL-

cholesterol, blood pressure, and fasting glucose.

Mean GM CBF was 15% lower in MetS compared to controls. Voxel-wise image analysis 

indicated that the MetS group had lower CBF across a large portion of the cortical surface, with 

the exception of medial and inferior parts of the occipital and temporal lobes. The MetS group also 

had lower immediate memory function; a mediation analysis indicated this relationship was 

partially mediated by CBF. Among the MetS factors, abdominal obesity and elevated triglycerides 

were most strongly associated with lower CBF.

Conclusions—The results underscore the importance of reducing the number of cardiovascular 

risk factors for maintaining CBF and cognition in an aging population.
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Introduction

Metabolic syndrome (MetS) refers to a cluster of cardiovascular risk factors that often occur 

together and reflect an increased risk for type 2 diabetes. Five core risk factors contribute to 

the clinical identification of MetS: abdominal obesity, high triglycerides, low HDL 

cholesterol, hypertension, and high fasting glucose (1). A diagnosis of MetS is made when 

three or more factors are present. It is estimated that 34% of American adults have MetS, 

and while the condition is increasingly identified in younger adults, the prevalence of MetS 

increases sharply in middle age(2). At the same time, the US population is aging(3), a 

phenomenon accompanied by an increased prevalence of dementia, in particular 

Alzheimer’s disease (AD). The current epidemic of MetS in middle age and the projected 

epidemic of AD in old age converge in findings that MetS and individual MetS factors 

occurring in middle-age are associated with increased risk of cognitive decline and AD(4–

6). In fact, several studies suggest that midlife may be a critical period when cardiovascular 

risk factors influence cognitive aging trajectories (4, 7, 8).

While several potentially complementary mechanisms have been proposed for linking MetS 

and its comprising factors to cognitive decline(9), little is known about the midlife brain 

changes that occur in people with MetS that may adversely impact cognition beyond normal 

aging. The factors comprising MetS are known cerebrovascular risk factors and abnormal 

triglycerides, HDL, blood pressure, and obesity have been linked to decreases in cerebral 

blood flow (CBF)(10–13). Recent studies have also identified global and regional CBF 

reductions in people with mild cognitive impairment (MCI) and AD(14), suggesting cerebral 

hypoperfusion as a possible mechanism for neural damage and cognitive decline.

Thus, the goal of the present study was to assess the extent to which MetS is associated with 

CBF differences in midlife and examine the role of cerebral perfusion as a potential 

mechanism for structural brain alteration and cognitive decline. Middle-aged participants 

were recruited from the Wisconsin Registry for Alzheimer’s Prevention (WRAP) cohort 

(15) to undergo magnetic resonance imaging (MRI) sensitive to CBF, and brain scans that 
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index regional gray matter (GM) volume and white matter lesion burden. We hypothesized 

that people with MetS would have lower CBF, lower GM volume, higher WMH burden, and 

lower cognitive performance compared to people without MetS. We also expected that 

differences between the MetS group and controls in cognition, GM volume and WMH 

lesion load would be explained by differences in CBF.

Methods

Subjects

Seventy-five participants were recruited from WRAP, a registry of cognitively normal adults 

who are followed longitudinally and comprise a cohort whose members either have a family 

history of late onset AD or no family history of AD(15). A positive family history was 

defined as having one or both parents with autopsy-confirmed or probable AD as defined by 

NINCDSADRDA research criteria (16). The inclusion criteria for this study consisted of: 

normal cognitive function determined by neuropsychological evaluation, no 

contraindications for MRI and a subsequent normal MRI scan, no current diagnosis of major 

psychiatric disease or other major medical conditions (e.g., myocardial infarction, or recent 

history of cancer), and no history of head trauma. All participants underwent a fasting blood 

draw, MRI, and neuropsychological testing. Four participants were excluded because of 

abnormal radiological findings from the reviewing radiologist (HAR). Two participants 

were excluded because of scan artifact, leaving 69 participants in the study. Subject 

demographics can be found in Table 1. The University of Wisconsin Institutional Review 

Board approved all study procedures and each participant provided signed informed consent 

before participation.

Cognitive testing

As part of their participation in WRAP, participants received at least one comprehensive 

neuropsychological assessment(15). On average, neuropsychological testing occurred within 

ten months of the MRI scan (M= 0.82 years, SD = 0.60 years). Time between testing and 

MRI did not significantly differ between the MetS group and the control group, t = 0.91, p 

= .37. The neuropsychological battery(15) tested cognitive function in the domains of 

memory, attention, executive function, verbal ability, and visuospatial ability. We analyzed 

four cognitive factor scores that were determined from a factor analytic study of the WRAP 

neuropsychological battery and adapted from work published in Dowling et al.(17): 

Immediate Memory (Rey Auditory Verbal Learning Test(18), Trials 1 and 2), Verbal 

Learning & Memory (Rey Auditory Verbal Learning Test(18), Trials 3–5 and Delayed 

Recall Trial), Working Memory (Wechsler Adult Intelligence Scale – 3rd edition(19), Digit 

Span, Arithmetic, and Letter-Numbering Sequencing subtests), Speed & Flexibility 

(interference trial from the Stroop Test(20), and Trail Making Test A and B(21)). These 

factors were selected for analysis because they represent domains of cognitive skill that may 

be affected in preclinical stages of AD (22). The speed and flexibility factor score was 

unavailable for one participant. Cognitive analyses used unadjusted factor scores but with 

age as a covariate.
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MetS factors

MetS was determined according to consensus criteria published in 2009(1). The criteria 

include the following: abdominal obesity > 102cm for men, >88cm for women; triglycerides 

≥ 150 mg/dL; HDL cholesterol < 40 mg/dL in men, and < 50 mg/DL in women; blood 

pressure ≥ 130/85 mmHg; fasting glucose ≥ 100 mg/dL. The use of medication to treat high 

blood pressure, elevated triglycerides, elevated glucose or low HDL also indicated the 

presence of the respective MetS factor. Participants who exceeded criteria on 3 or more 

factors (n = 29) were included in the MetS group while the rest of the sample (n = 40) were 

considered controls. The percentages of participants that met criteria on each factor in the 

MetS group and the control group are listed in Table 2.

Brain Imaging Acquisition

MR scanning was performed on a General Electric 3.0 Tesla Discovery MR750 (Waukesha, 

WI) MRI system with an 8-channel head coil and parallel imaging (ASSET).

A T1-weighted volume was acquired in the axial plane with a 3D fast spoiled gradient-echo 

(3D EFGRE FSPGR) sequence using the following parameters: TI = 450 ms; TR = 8.1 ms; 

TE = 3.2 ms; flip angle = 12°; acquisition matrix = 256 × 256 × 156 mm, FOV = 260 mm; 

slice thickness = 1.0 mm.

A T2-weighted fluid attenuated inversion recovery (FLAIR) sequence was acquired in the 

sagittal plane using the following parameters: TI = 1868 ms; TR = 6000 ms; TE = 123 ms; 

flip angle = 90°; acquisition matrix = 256 x 256 x 100 mm, FOV = 256 mm; slice thickness 

= 2.0 mm yielding a voxel resolution of 1 mm x 1 mm x 2 mm.

Resting CBF assessments were made using background-suppressed pseudo-continuous ASL 

(pcASL)(23, 24), featuring a 3D fast spin echo spiral sequence that utilizes a stack of 

variabledensity spiral 4ms-readout and 8 interleaves. Scan parameters were TR = 6000 ms; 

TE = 21 ms; FOV = 240 x 240 x 160 mm; slice thickness = 4 mm no gap; matrix size=128 x 

128; NEX=3; and labeling RF amplitude=0.24 mG. Multi-slice spin labeling was 

implemented using a single coil that eliminates off-resonance errors(25). Post-labeling delay 

was 1525 ms for 40 participants and 2025 ms for 29 participants and was entered as a 

covariate in all analyses utilizing pcASL scans. The distribution of inversion time was not 

different between MetS and controls. The pcASL scan included 3 averaged acquisitions, 

each consisting of a control image subtracted from a labeled image. The sequence also 

included a fluid-suppressed proton density (PD) acquisition, with the same imaging 

sequence/image slab location as the pcASL but without the RF labeling preparation, for 

CBF flow quantitation and image registration. In order to reduce variability in the CBF 

assessment, participants fasted for a minimum 4-hours prior to scan, abstaining from food, 

tobacco, caffeine, and medications with vasomodulatory properties. We have previously 

reported excellent test-retest reliability (r > 0.95) of this pcASL procedure(26).

pcASL processing

To derive quantitative CBF maps, sensitivity maps were first created that represent image 

sensitivity to water at each voxel and are a function of the PD image, saturation time, T1 
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image and assumed tissue water concentration. CBF is then calculated using the density of 

brain tissue, the labeling efficiency, the post-labeling delay, the labeling duration, the T1 of 

arterial blood, the density of water in the blood, and the signal intensities in the labeled and 

control images. Equations can be found in Xu et al.(26)

The averaged quantified CBF maps were brought into normalized space by first registering 

the PD map to the T1 volume and applying the derived transformation matrix to the CBF 

map using SPM8 (www.fil.ion.ucl.ac.uk/spm), bringing the CBF maps into the space of the 

T1 volumes. In a similar fashion the T1 volume was then normalized to the Montreal 

Neurological Institute (MNI) standard space and the derived transformation matrix applied 

to the CBF map. Finally, the normalized CBF images were smoothed with a 8mm kernel in 

SPM8.

To derive mean gray matter CBF, the ICBM probabilistic GM map available in SPM 

(thresholded at 0.30) was applied to the CBF maps in MNI space and the mean voxel value 

was extracted using MarsBaR (http://marsbar.sourceforge.net). Mean CBF values were 

scaled to 50 ml/min/100g.

Between and within subject noise was accounted for by using a reference cluster as a 

covariate in all voxel-wise analyses and mean CBF statistical analyses(27). The reference 

cluster consisted of 549, 2 x 2 x 2 mm voxels centered in the left middle temporal gyrus, in a 

region where there was no difference in CBF between the MetS group (M = 35.13, SE = 

1.68) and the control group (M = 37.92, SE = 1.42), F = 1.52, p = 0.22. The region was 

derived via a data-driven method developed for normalizing [(18)F]FDG Positron Emission 

Tomography scans(28). The raw values from the reference region were extracted with 

MarsBaR.

T1-weighted volumetric

Processing of the T1-weighted images was performed using a six-class segmentation 

processing stream in SPM8. Processing involved bias correction and iterative normalization 

and segmentation of the original anatomic images(29) into distinct tissue classes (gray 

matter, white matter, cerebrospinal fluid, skull, fat tissue, and image background) using 

spatial prior information. GM tissue segments were normalized to MNI template space via a 

12-parameter affine transformation and nonlinear deformation (with a warp frequency cutoff 

of 25). The segmented and normalized GM maps were “modulated”, which involves scaling 

the final GM maps by the amount of contraction or expansion required to warp the images to 

the template. The final result was a GM probability map for each participant in which the 

total amount of GM remained the same as in the original images. The spatially normalized 

GM maps were smoothed using an 8-mm Gaussian kernel before being entered into the 

statistical analysis. The volume of the SPM8 GM segmentation was divided by intracranial 

volume (ICV) to create a total GM volume ratio variable.

ICV was calculated to scale for differences in head size in the GM and WMH analyses using 

a “reverse brain masking” method(30). First, summing the gray, white and CSF ICBM 

probability maps created an ICV probability map. Then, the inverse deformation field 

resulting from unified segmentation on each subject image was applied to the ICV 
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probability map, in order to produce an ICV mask in native space. A threshold of 90% was 

applied to this subject specific ICV probability map and the total volume was extracted.

T2FLAIR Processing

Total WMH lesion volume was calculated using the lesion segmentation toolbox in 

SPM8(31). The toolbox seeds lesions based on spatial probability from T1 images and 

hyperintense outliers on T2FLAIR images. The initial threshold was set at 0.30 and is used 

to create the binary conservative lesion belief map from the GM lesion belief map. Next, a 

growth algorithm grows these seeds from the conservative lesion belief map toward a 

probabilistic liberal lesion belief map from GM, WM, and CSF. Lastly, we used a threshold 

of 1.00 on the resulting lesion belief map. The resulting WMH volume was divided by ICV 

to give a ratio (WMHr). For voxel-wise WMH analysis, probability lesion belief maps were 

normalized to MNI space and smoothed with a 10mm Gaussian kernel.

Statistical analyses

With the exception of the voxel-wise image analysis conducted in SPM8, statistical analyses 

were carried out in IBM SPSS version 20.0 (Chicago, IL). Demographic differences 

between groups were assessed with t-tests for continuous variables and χ2 tests for 

categorical variables. The effect of APOE4 and parental family history on the brain indices 

and cognitive function were assessed using ANCOVA. Age was used as a covariate in all 

tests involving WMHr, GM volume, or cognition.

To test the hypothesis that MetS is associated with changes in CBF, WMH, GM volume, 

and cognitive factor scores, ANCOVA was utilized. Each model used MetS status entered as 

the independent variable and a brain measure or cognitive factor score as the dependent 

variable. As a follow-up analysis, the sum of present MetS factors was used in linear 

regression to predict CBF in order to better understand how the clustering of MetS factors 

affects CBF. To determine the regional voxel-wise brain differences in CBF, WMHs and 

GM volume between MetS and control, ANCOVA was utilized in SPM8. To minimize type 

1 error, all voxel-wise analyses controlled for multiple comparisons using FWE p < .05. 

Age, sex, and ICV were used as covariates in WMH and GM volume voxel-wise analyses. 

Age, sex, reference region, and inversion time were used as covariates in voxel-wise CBF 

analyses. Voxel-wise GM volume analyses were restricted using an absolute threshold of 

0.10. CBF voxel-wise analyses were restricted using a GM mask created by thresholding the 

ICBM probabilistic GM map by 0.3. WMH voxel-wise analyses were restricted using a WM 

mask created by thresholding the ICBM probabilistic WM map by 0.3.

The hypothesis that differences in CBF were associated with differences in WMHr, GM 

volume ratio, and cognitive factor scores was tested using linear correlations between 

reference cluster adjusted CBF, WMHr, GM volume ratio, and cognitive factor scores 

partialing out age and inversion time.

Next, to test the extent to which MetS factors affected CBF, we used a single linear 

regression model with each MetS factor status (abdominal obesity, triglycerides, HDL 

cholesterol, blood pressure, and fasting glucose) entered as an independent variable and 
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mean CBF as the dependent variable controlling for the reference cluster and inversion time. 

Collinearity was assessed within the linear regression model using the tolerance statistic, 

which represents the proportion of variance explained by a factor that is not related to the 

other factors in the model (32).

Lastly, the hypothesis that CBF would mediate differences in cognition found between MetS 

and controls was tested using mediator analysis(33) performed in the PROCESS macro for 

SPSS (www.afhyes.com). CBF was adjusted for reference cluster and inversion time and 

age was used as a covariate in the mediation model. The direct and indirect effects were 

calculated and significance was determined using bootstrapping (k = 5000) with 95% 

confidence intervals.

Results

Demographic and Brain Measures

There were no differences between the MetS and the control group on sex, APOE4, or 

parental family history. MetS participants were 3.6 years older on average and had 1.8 fewer 

years of education than controls. Participant demographics between control and MetS 

groups are given in Table 1. With increasing age, WMHr increased and GM volume ratio 

decreased. Age did not have an effect on CBF in this age range. APOE4 carriers did not 

differ in WMHr or CBF compared to non-APOE4 carriers. APOE4 carriers had marginally 

lower GM volume ratio compared to non-carriers. Parental family history did not have an 

effect on brain indices in this sample. Table 3 shows the results of the tests performed with 

brain indices. In addition, no associations were noted between CBF, WMHr, or GM volume 

ratio.

WMH

While controlling for age, WMHr was marginally higher in the MetS group compared to the 

control group (Table 3). Voxel-wise analyses of WMH probability maps indicated no 

regional differences between MetS and controls.

GM Volume

The MetS and control groups did not differ on GM volume ratio controlling for age (Table 

3). A voxel-wise analysis of GM comparing MetS to controls revealed no significant 

regional volume differences between the two groups.

CBF

Total GM CBF was 15% lower in the MetS group compared to the control group (Table 3). 

As shown in Figure 1, possessing more MetS factors was associated with increasingly lower 

CBF, r(65) = 0.31, p < 0.001.

In order to determine how total GM CBF was predicted by the MetS factors, all of the 

factors were entered as independent variables into a linear regression model with CBF as the 

dependent variable. The resulting model (Table 4) shows that waist and triglycerides were 

significant predictors and glucose was near significance. Collinearity analysis in this model 
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demonstrated that each factor largely had an independent effect on CBF that was not related 

to the other factors.

A voxel-wise CBF analysis showed that the MetS group had lower CBF in the medial and 

lateral aspects of frontal and parietal lobe GM, and lateral areas of the temporal and occipital 

lobe GM (Figure 2).

Cognition

The MetS group (M = −0.33, SE = 0.17) had a significantly lower immediate memory factor 

score compared to the control group (M = 0.22, SE = 0.15), F(1, 66) = 5.58, p = 0.021. The 

speed and flexibility factor score was marginally lower for the MetS group (M = −0.092, SE 

= 0.140) compared to the control group (M = 0.267, SE = 0.117), F(1, 65) = 3.71, p = 0.058.

Total GM CBF, WMHr, and GM volume ratio were also used to predict cognitive function 

controlling for age. Correlation analysis showed that participants with lower CBF had lower 

immediate memory factor scores (r = 0.37, p = 0.002). There was a trend of higher WMHr 

being associated with lower immediate memory factor scores (r = −0.22, p = 0.070). None 

of the other factor scores were correlated with CBF, WMHr, or GM volume ratio.

Finally, based on the finding that MetS participants differed from controls on both CBF and 

immediate memory, we conducted a mediation analysis that tested the extent to which CBF 

mediated the relationship between MetS and lower immediate memory function. We found 

that CBF was a significant mediator between MetS and immediate memory (Figure 3). The 

direct effect of MetS on immediate memory was estimated to be r = −0.17, while the 

indirect effect of MetS on immediate memory accounted by CBF was estimated to be r = 

−0.41; 95 % CI [−0.82, −0.08].

Conclusions

The metabolic syndrome is increasingly recognized as contributing to adverse health 

outcomes, including increased risk for cardiovascular disease, type 2 diabetes and, more 

recently, cognitive decline(6). The purpose of this study was to examine the effect of MetS 

on brain health and cognition in middle-aged adults. In particular, the study aimed to 

determine the effect of MetS on CBF, and determine the extent to which CBF is associated 

with structural gray and white matter alterations and cognitive differences. We found that 

CBF is compromised in MetS, and both MetS and CBF are related to lower memory 

performance. Furthermore, the results of the mediation analysis indicate that CBF partially 

mediates the relationship between MetS and memory performance.

While several studies point toward midlife cardiovascular risk in predicting cognitive 

decline and dementia later in life (4, 7, 8), little is known about the midlife brain changes 

that may underlie such cognitive changes. Cardiovascular risk factors are associated with 

decreased cerebral perfusion (10–13). As an extension of these findings, our study found 

that CBF is compromised in participants with MetS. Indeed, having an increasing number of 

MetS factors was associated with decreasing cerebral perfusion.
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Regarding the individual contributions of the metabolic risk factors making up MetS, lower 

CBF was most robustly associated with abdominal obesity, and to a lesser extent 

triglycerides and fasting glucose. This finding is in line with recent studies suggesting that 

obesity may be the major underlying pathophysiology in metabolic syndrome(34). Larger 

sample sizes will be needed in future studies to further parse the independent effects of 

factors.

A voxel-wise comparison of CBF between MetS and controls showed that perfusion was 

lower in medial and lateral frontal and parietal lobes, and lateral areas of the temporal and 

occipital lobes. These brain regions are supplied primarily by branches of the internal 

carotid arteries. While Iit is unknown whether our participants were showing lower CBF due 

to differences in neural requirements, or due to vascular insufficiency. , the incidence of 

occlusion and atherosclerosis is more common in the carotid system than the vertebral-

basilar system(34), suggesting that the pattern of reduced CBF observed in MetS was due to 

arterial disease rather than a decrease in metabolic function. Furthermore, among patients 

with transient ischemic attack and stroke, metabolic syndrome is associated with more 

severe intracranial arterial stenosis and diabetes is more frequent with stenosis of the internal 

carotid arteries than in the vertebral-basilar system(35). The interaction between MetS risk 

factors and the structural and hemodynamic factors that vary by vascular location needs to 

be investigated.

Given the increased interest in altered brain metabolism in aging, and Alzheimer’s disease in 

particular(35–37), it will be of paramount importance to understand the mechanisms that 

underlie the observed differences in CBF found in this study. Further studies utilizing newly 

developed MR technology, for example PCVIPR (3D phase contrast vastly undersampled 

isotropic projection reconstruction) will provide flow measurements from large vessels, and 

will help clarify the contribution of flow to perfusion measurements and other blood based 

MR imaging (e.g. fMRI and resting BOLD). Likewise, complementary imaging using FDG-

PET is expected to shed light on the relationship between cardiovascular risk factors, in 

particular altered insulin signaling, and altered metabolic demand.

In consideration of the effect of MetS on structural brain changes, we found little evidence 

for an effect of MetS on either white matter lesion load or gray matter volume. Analyses 

using measures from the whole brain, and those using a voxel-wise approach, did not 

suggest that MetS at mid-life is associated with significant structural brain alteration.

While MetS has been associated with cognitive decline in older adults(38), this study shows 

that cognitive differences can be measured as early as midlife. Additionally, for the first 

time, this study significantly identified CBF as a partial mediator between MetS and 

cognitive performance. While suggestive, further work will be needed to determine whether 

lower CBF is responsible for the decreased immediate memory performance or is a 

consequence of subtle neural injury which underlies both the reduced CBF demand and 

altered cognitive performance.

Immediate memory as measured on initial trials of word list learning reflects the operation 

of multiple cognitive processes, including auditory verbal working memory, strategic 
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processing, and semantic encoding(39). These processes, as well as cognitive speed and 

flexibility, are relevant to the broad category of executive function, and current findings 

suggest that, at least in midlife, the cognitive footprint of MetS and/or lowered CBF may be 

most readily apparent on aspects of memory that are dependent on executive skills.

There are a few limitations that should be noted. This study is cross-sectional, and 

longitudinal studies are needed to determine cognitive decline. This study recruited 

participants from an established registry for Alzheimer’s research, potentially limiting the 

generalizability of these results. Another limitation is the sample size. While we successfully 

measured the independent contributions of individual risk factors, a larger sample would 

provide more power to observe the effects of single risk factors. Additionally, the sample 

size relative to the heterogeneity of WMH volumes and regional distribution may have 

restrained WMH analyses. The sample size also precluded analyses on the effects of 

medication, which is an interesting area of study and expected to shed light on the efficacy 

of interventions for cognitive decline. At the same time, it should be noted that one of the 

strongest predictors of CBF was abdominal obesity, which is the only factor lacking a drug 

intervention. Determining the effect of medications, and accounting for their use in 

statistical models may better reveal the effects of some of the MetS factors on CBF. The 

cross-sectional design and sample size also limited any analysis on the duration of MetS or 

consisting factors, which could modulate the results presented in this study. Finally, we 

consistently observed effects of MetS across analyses; although, type 1 error is possible and 

these results will need replication in additional samples.

In summary, this study suggests that reducing the number of metabolic risk factors may be 

important in preserving CBF and cognitive health.
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Figure 1. 
Mean CBF is displayed by groups defined by the number of MetS factors present in an 

individual. CBF is adjusted by reference cluster and inversion time.
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Figure 2. 
Participants with metabolic syndrome showed significantly lower CBF in large portions of 

the cortical surface of the frontal and parietal lobes, and the lateral and superior portions of 

the temporal and occipital lobes. Voxel-wise results are shown here at p < 0.05, FWE 

corrected, controlling for age, sex, and reference cluster. The color of the overlay reflects the 

size of the t-statistic.
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Figure 3. 
The first model displays the total effect, c, between MetS and immediate memory. The 

second uses CBF as a mediator that is partially accounting for the effect between MetS and 

immediate memory. The indirect effect, ab = −0.41, is the portion of the effect accounted for 

by CBF. Significance of the mediation was determined using bootstrapping (k = 5000) with 

95% confidence intervals of the indirect effect [−0.82, − 0.08]. Age, reference cluster, and 

inversion time were controlled.
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Table 2

Distribution of MetS factors in the sample (n, %)

All (N = 69) MetS (n = 29) Controls (n = 40)

High Waist 30, 43% 23, 79% 7, 17%

High Triglycerides 19, 28% 14, 48% 5, 13%

Low HDL 29, 42% 21, 72% 8, 20%

Hypertension 42, 61% 27, 83% 15, 38%

High Glucose 26, 37% 21, 72% 5, 13%
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Table 4

Linear regression model with MetS factors predicting mean CBF. R = 0.69, F = 11.65, p < 0.001

Standardized coefficients Collinearity

Beta t p tolerance

High Waist −0.34 −3.33 0.001** 0.79

High Triglycerides −0.32 −3.38 0.001** 0.94

Low HDL −0.13 −1.36 0.18 0.86

Hypertension −0.09 −0.93 0.36 0.83

High Glucose −0.19 −1.89 0.064 0.81

Controlling reference cluster and inversion time;

**
p < 0.01; type III sums of squares
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