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Abstract

Background—Midlife Metabolic Syndrome (MetS) may impact cognitive health as a construct
independently of hypertension, hyperlipidemia and other components.

Methods—10,866 participants aged 45 to 64 at baseline were assessed for MetS and completed
cognitive testing at two later time points (3 and 9 years from baseline visit).

Results—MetS is associated with increased odds of low cognitive performance in the domains of
executive function and word fluency, but not 6-year cognitive decline. Individual MetS
components explained this association (hypertension, diabetes, low HDL, elevated triglycerides
and increased waist circumference).

Conclusions—A focus on the individual risk factors as opposed to MetS during midlife is
important to reduce the incidence of cognitive impairment in later life.
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Introduction

Methods

Emerging evidence links the metabolic syndrome (MetS) with cognitive decline, but
whether the syndrome contributes to worsening cognition beyond the components of the
syndrome is less understood.13 Traditional cardiovascular risk factors such as diabetes,*%
hypertension,” obesity and smoking have also been associated with an increased risk of
dementia,8 © and as a composite, MetS and vascular risk factors have been shown to be
associated with short-term cognitive decline.10-12

MetS could influence cognition by creating a greater burden of small vessel disease and
subclinical strokes. In addition, individuals with MetS may have a distinct biology that
relates to cognitive function through signaling chemokines.13: 14 Prior studies demonstrate
“residual risk” of cardiovascular outcomes or dementia in participants with MetS after
adjusted for other risk factors.1%: 16 This study hypothesized that MetS would be associated
with 6-year cognitive decline and that there would be particularly “high risk” clusters of
MetS components, such as elevated blood pressure, increased waist circumference (WC) and
elevated fasting glucose.

Study Population

ARIC is a longitudinal, prospective, multi-site study of which the initial recruitment and
study participation has been previously described.1” The study was conducted at four sites
(Jackson, MS; Forsyth County, NC; Washington County, MD; suburban Minneapolis, MN),
and includes a biracial population of adults, who upon initial recruitment at visit 1 were ages
45 to 64. Visit 1 occurred from 1987 to 1989 and visit 5 from 2011 to 2013.

MetS components were evaluated at visit 1 (1987 to 1989). Neurocognitive testing (see
description below) was completed at visit 2 (1990 to 1992) and visit 4 (1996 to 1999). Only
participants who attended visit 1, visit 2 and visit 4 were included. Of 11,656 participants
who returned for visit 4, additional excluded participants included: missing cognitive test
data (n=566) and adjudicated strokes (n=157). Because of small numbers, those who were
neither white nor black (n= 30) and the black participants in the Minnesota (n= 12) and
Washington County cohorts (n= 25) were excluded, leaving 10,866 in the analytic
population. Participants missing data on any of the MetS parameters or other covariates
were dropped from the analysis specific to the missing parameter. The Institutional Review
Boards (IRB) at all institutions approved the study.

Measures

Cognitive testing

Three tests were used in the cognitive battery. The Delayed Word Recall (DWR)!8 involves
presenting the subject with a list of ten words, and after five minutes asking them to recall
the list. This test has shown have a high predictive accuracy for Alzheimer’s dementia, and
is primarily a test of verbal learning and recent memory.
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The Digit-Symbol-Substitution test (DSST) is a test of cognitive processing speed and
executive functioning, and is a part of the Weschler Adult Intelligence Scale-Revised
(WAIS-R). In this test, a subject is provided with a list of number-symbol pairs, then
presented with a list of numbers and asked to substitute the corresponding symbols. The
score (0 to 93) is determined by translating the correct number of symbols into numbers in
90 seconds.

In the Word Fluency Test (WFT), participants are asked to produce words beginning with a
particular letter and are given 60 seconds to complete the task. Three trials were completed
with the letters “F”, “A” and “S, and proper nouns were excluded. This test assesses
expressive language and executive function.

Metabolic Syndrome Definition

Covariates

Five components were used in the definition of MetS assessed at visit 1: elevated blood
pressure, increased waist circumference (WC), elevated triglycerides (TG), low high-density
lipoprotein (HDL), and impaired fasting glucose.

Systolic and diastolic blood pressure were measured sitting in the right arm, and were
recorded as the mean of the last two of three measurements using a random-zero
sphygmomanometer. WC was measured in centimeters at the level of the umbilicus. Blood
collection methods were described previously,1-21 and while the majority of participants
were fasting for all tests, non-fasting participants were excluded from lipid measurements.
TGs were measured by enzymatic methods, and HDL cholesterol was measured after
dextran-magnesium precipitation. Serum glucose was measured with the hexokinase/
glucose-6 phosphate dehydrogenase method.

MetS was categorized according to the American Heart Association (AHA)?2 criteria. To be
categorized as having MetS, participants had at least three of the following five criteria:

1) Elevated WD: WC >102 cm in men or > 88 cm in women; 2) low HDL: HDL < 40
mg/dL in men and <50 mg/dL in women; 3) elevated blood pressure =130 mmHg systolic or
>85 mmHg diastolic or on medication for hypertension; 4) elevated TG =150 mg/dL and 5)
Impaired fasting glucose or diabetes: elevated fasting glucose = 100, elevated non-fasting
glucose = 200 or on medication for diabetes. Separate variables were created for MetS
(yes/no) and the number of MetS components.

A combined variable of race and field center (race-center) was created to account for the co-
linearity, of which there five indicators. Diabetes was defined by: current use of diabetes
medication, fasting glucose of =126 mg/dL, or a hon-fasting glucose of = 200. Covariates in
adjusted models included: age, race-center, education, tobacco use, alcohol and coronary
heart disease history. Participants also brought current medications to each visit, which were
recorded by trained personnel. Participants categorized with coronary heart disease included
those with a history of myocardial infarction, myocardial infarction determined by ECG
adjudication, or history of coronary artery bypass graft (CABG) or angioplasty.
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Statistical Methods

Baseline characteristics for participants were analyzed for each variable. Between-group
comparisons were made stratifying for MetS and sex and race. Test scores at visit 2 and 4,
and the difference between these two, each were main dependent variables in separate
models, and were analyzed as both continuous and categorical variables. All analyses were
performed using Stata version 12 (StataCorp, College Station, Texas). A two-sided p-value
of <0.05 was considered significant for all analyses.

Cross-sectional Analysis

Logistic regression was used to examine performance in the lowest quintile at each visit
compared with quintiles 2-5, with cumulative MetS components, presence of MetS, or
individual MetS components as predictors in separate models. Interactions terms were
evaluated between pairs of components, such as WC and elevated blood pressure, and were
not included in final models.

A MetS cluster refers to groupings of 3 to 5 metabolic syndrome components. A separate
linear regression model defined cognitive performance for each test (3 models total), with
MetS components as predictors. A predicted test score for each cluster was created using a
dummy variable for each MetS characteristic indicating its presence or absence, for a
“typical subject” and the resulted score was computed. Predicted scores were compared
across MetS clusters.

Longitudinal Association

Results

Participants

The difference in test scores between visit 4 and visit 2 was calculated by subtracting the
visit 4 score from the visit 2 score, with a positive number indicating a decline in test scores.
The date at visit 2 was subtracted from the date at visit 4, and the score difference was
divided by the date difference to obtain the mean decline per year. Because not all
participants were tested exactly 6 years apart, to standardize years of cognitive decline this
number was multiplied by 6. A linear regression model was created, with MetS components
as predictors, adjusting for covariates described above. Interaction was examined as detailed
for logistic regression models.

Of 10,866 participants included in the study, 56.2% (n=6,109) were women, and 36.5%
(n=3,830) had MetS at baseline (Table 1). Based on WC measurements, 50.3% (N=5,497)
participants were classified as obese. Body mass index (BMI), WC and other parameters of
MetS (elevated blood pressure, blood glucose, and TG) were considerably increased in
participants that met criteria for MetS, by design. High-density lipoprotein (HDL), which is
protective against vascular disease if elevated, was also significantly lower in MetS
participants. The percentage of participants with each MetS component is shown in eTablel.
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Cross-sectional Association

The relationships of visit 1 MetS components and MetS to low cognitive performance at
visit 2 and 4 are shown in Table 2. MetS was associated with increased odds of poor test
performance for three tests across all visits (with the exception of DSST visit 2). Comparing
visit 4 to visit 2, more MetS components were associated with poor test performance on
DWR and DSST at visit 4, while a similar number of MetS components were associated
with WFT at visits 2 and 4. Overall, the relationships observed were the strongest for the
DSST, and were more consistent for visit 4 cognitive data than for visit 2 data.

All MetS components were significantly associated with increased odds of performing in the
lowest quintile on the DSST for visit 4, but only increased WC and elevated glucose
achieved statistical significance at visit 2. For DSST at visit 4, increased WC and elevated
blood pressure had the strongest associations, with a low HDL reaching marginal statistical
significance. WC was the only variable that maintained significance across all three tests.

Increasing number of MetS components were associated with increased odds of performance
in the lowest quintile for women only. Again, these results were stronger for the DSST,
where having five components versus no components was associated with increased odds of
performance in the lowest test quintile (Figure 1). Interaction terms for MetS components
and gender were significant in DSST and WFT, but not DWR (adjusted OR MetS*gender
(95% CI)): DWR 1.00 (0.93, 1.07); DSST 1.13 (1.03, 1.23); WFT 1.1 (1.02, 1.18).

MetS clusters, in the multivariable model of MetS components as predictors of performance
on the DSST, were not significantly different from each other (Figure 2). Having no MetS
components trended toward higher test scores at visit 4 than having all five components.
When MetS was included in the model with all of the individual components, it did not
reach statistical significance for worse cognitive performance, indicating that MetS did not
contribute to worse cognitive function above and beyond the individual factors (MetS
adjusted B (95% confidence interval) DWR:-0.04(-0.15, 0.07); DSST -0.10(-0.81, 0.62);
WFT -0.21(-1.03, 0.61)).

Longitudinal Association

MetS was not a significant predictor of 6-year change in test score (Table 3). Diabetes was
the only component associated with decline on all three tests; however in participants,
impaired fasting glucose (greater than 100 mg/dL) or diabetes was not associated with
cognitive decline. In men, elevated blood pressure (DSST), elevated TG (DWR) and low
HDL (WFT) were associated with cognitive decline in the respective cognitive tests, but
WC carried no association with more decline. In women, elevated TG (DWR) and diabetes
(DWR, DSST, and WFT) were associated with cognitive decline. When stratified by race, it
diabetes was associated with test score decline in white participants only, however
interaction terms for diabetes and race were not significant (eTable 2).

Discussion

This prospective study found that the presence of MetS at baseline was associated with
worse cognitive performance on three tests at individual visits in later life. The contribution
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of MetS to poor performance was not above and beyond the contribution made by individual
vascular risk factors. This result was robust for the DSST, which is a test of processing
speed and executive function, as well as for WFT, which measures language and executive
function.

The decrement in function in the DSST and the WFT was more concordant with changes in
function related to subcortical white matter disease or vascular cognitive impairment as
opposed to Alzheimer’s disease pathology. Lacunar infarcts, which are a marker of cerebral
small vessel disease, have been linked to decreased performance on the DSST,2% most likely
because subcortical disease increases task-processing time. Risk factors such as obesity and
hypertension are associated with psychomotor slowing and executive function deficits.24
The relationship between low performance on the DWR and MetS was the weakest, as this
test is preferentially affected in Alzheimer’s disease.18

These findings are consistent with other large studies, which have shown that traditional
vascular risk factors are associated with dementia.8 1525 One study?® suggested that a
composite score of four cardiovascular risk factors (hypertension, hyperlipidemia, smoking
and diabetes) at midlife was associated with a greater of dementia in later life in a dose-
dependent fashion. Similarly, the clustering of midlife obesity, hypertension and elevated
cholesterol was shown to be an additive in risk for dementia.®

Our results emphasize that MetS is no more than a risk profile of individual risk factors with
respect to its impact on cognition. The MetS definition does not include risk factors that are
known to impact cognition, such as smoking. WC seemed to be a particularly robust
predictor of the worst cognitive performance at visit 4. One possible explanation is that WC
was the most prevalent MetS characteristic (see eTable 1), and may be an early indicator of
poor cardiovascular health, even before other risk factors develop.

Change in cognitive performance, compared with performance on tests administered at one
point in time, has less potential for confounding, particularly for factors that are stable
within individuals, such as their education or early experiences. However, the cumulative
MetS or the number of components was not associated with 6-year cognitive decline in this
age group; with the exception of diabetes (Table 3). Of note the effect sizes observed are
small, and may not be clinically significant at the time studied. As this study only measures
six-year decline, those with some decline may be more likely to progress to dementia. ARIC
investigators have previously shown that both diabetes and elevated blood pressure are
associated with cognitive decline.!! The risk of cardiovascular disease contributed by MetS
in ARIC was not in excess of the level explained by the individual components,2® and the
present study suggests that the same pattern holds for cognitive decline.

An important study of the contribution of midlife vascular risk factors to cognitive health at
older ages was The Honolulu-Asia Aging Study, which included middle-age Japanese men
in longitudinal follow-up over 40 years. This cohort followed participants to a diagnosis of
dementia in their elderly years, and found that higher MetS z -scores were associated with a
higher likelihood of vascular dementia.® The present analysis adds to this literature by
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examining midlife risk factors to describe cognitive function even before the onset of
clinical dementia or mild cognitive impairment.

The American Heart Association has termed cardiovascular health as including 7
potentially modifiable risk factors that contribute to cardiovascular morbidity,2” and has set
goal levels for middle-aged adults. A recent study suggested that a greater number of these
ideal cardiovascular metrics were associated with better cognitive function.28 As opposed to
MetS, the 7 risk factors may be a better way to think about health, so that the emphasis for
public health messages can be that changing each factor individually reduces morbidity.

Another important result of this study is that women with more MetS components have
increased odds of performing in the lowest quintile for the DSST and the WFT, as compared
with men. MetS and insulin resistance have been associated with poorer executive cognitive
function in middle-age women but not men2° and other studies demonstrated that MetS
increases risk of cardiovascular disease in women more than men.26: 30 Taken together, this
literature suggests that a sex difference exists in vascular risk factors influence on
cerebrovascular burden of disease and brain health. This is in contradiction to other findings
that more MetS components are associated with worse cognitive outcomes and obesity was a
risk factor for lower cognitive functioning in men only31-33, More work is needed to explore
sex-specific outcomes in cognitive decline.

The strengths of the analysis are the size and larger percentage of blacks in the population.
Change in cognition was used as an outcome measure, which is more robust than cognitive
measures obtained at one visit to potential confounding. Our failure to find associations with
cognitive change in participants may reflect that participants are relatively young at study
onset, and less likely to have developed mild-cognitive impairment or dementia. The
cognitive measures used are more robust than chart reviews or the mini-mental state
examination, which do not delineate cognitive domains of impairment.

The study limitations include the possibility of unmeasured confounders to this relationship,
such as the presence of obesity in childhood or young adulthood, and early-life cognitive
measures, such as intelligence quotient (1Q). This study by design looked at the contribution
of mid-life metabolic syndrome on later cognitive change, and did not include those that
developed metabolic syndrome components after visit 1. This may underestimate the effect
size seen with cognitive change, and reflects the most conservative estimate of the results. In
addition, the included participants do not include those lost to attrition in ARIC, and
therefore may reflect a selection bias. It may be that the “unhealthiest” are the participants
who did not return to follow up visits, and therefore our population may not include those
who are most likely to have cognitive decline, again underestimating the effect size.

In this cohort of young-elderly participants, the number of MetS components was associated
with increased odds of poor cognitive performance on tests of executive and language
function. MetS was not associated with 6-year cognitive change. The individual
components, such as WC, elevated blood pressure and diabetes, explained the poor cognitive
function observed. Our results support efforts by AHA and other groups, to target markers
of cardiovascular health, rather that grouping heterogeneous risk factors (such as in MetS),
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which may not add information above and beyond the individual components. Future
directions should focus on defining accurate biomarkers of cardiovascular health in
relationship to cognition so that health behaviors can be linked with pathophysiology. This

Wi

I further clarify midlife vulnerabilities to dementia so that efforts can be focused on

treatment and intervention before disease onset.
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Word Fluency Test
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1.24 (096, 1.60)

Figure 1.

Number of metabolic syndrome (MetS) components at baseline and adjusted odds of lowest
test quintile performance at visit 4 with 95% confidence intervals. Covariates include age,
education, race-center number, sex, smoking and drinking status; reference (ref) category

was zero MetS components.
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Predicted Digit Symbol Substitution Test (DSST) performance

TG: Elevated triglycerides
HOL: Low high density lipoprotein
WC: Elevated waist circumference

Gluc: Impaired fasting glucose
Htn: Elevated blood pressure
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Figure 2.
Predicted mean digit symbol substitution test (DSST) score for the “average” participant

with each metabolic syndrome (MetS) cluster. Scores shown for men and women with error
bars for standard deviation. Model is adjusted for age, education, race-center number,
smoking and drinking status.
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