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Abstract

Purpose of Review Metabolic syndrome (MetS) is a cluster of cardiovascular disease risk factors that are related to several
adverse health outcomes, including poor cognitive function. This review seeks to summarize and critically review select
recent findings on the association between MetS and cognition.

Recent Findings MetS was associated with lower domain-specific and global cognitive function in most cross-sectional stud-
ies, but findings from longitudinal studies are not consistent. The associations varied depending on age, sex, cognitive test,
genetic susceptibility, and the duration of follow-up in prospective studies. MetS was associated with a higher risk of mild
cognitive impairment (MCI) and progression from MCI to dementia, particularly vascular dementia. Among MetS compo-
nents, high blood pressure, high waist circumference, and hyperglycemia were the strongest predictors of cognitive function.
Summary MetS is associated with higher risk of cognitive impairment. Research is needed on how preventing or treating

MetS affects cognition.

Keywords Metabolic syndrome - Cognition - Dementia - Cognitive impairment - Cardiovascular risk factor

Introduction

Dementia, the most extreme form of cognitive impairment,
is defined as a loss of mental abilities combined with impair-
ments in the ability to perform basic activities of daily living.
It is estimated that roughly 11% of Americans aged 65 years
and older have Alzheimer’s disease (AD) or a related demen-
tia [1]. While non-modifiable risk factors, such as age and
genetic susceptibility, are primary drivers of the risk of cog-
nitive impairment and dementia [2], identifying modifiable
risk factors for dementia is important because it provides an
opportunity for intervention and prevention. In particular,
there has been increasing interest on how the aggregation
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of risk factors affects the risk of cognitive impairment. The
metabolic syndrome (MetS) is one of the most commonly
used definitions of aggregation of risk factors.

MetS refers to a cluster of cardiometabolic conditions
with shared pathophysiology that together have been shown
to increase the risk of cardiovascular disease (CVD), stroke,
and type 2 diabetes (T2D) [3]. MetS has been operationalized
in many ways [4]. The World Health Organization (WHO)
first defined MetS in 1998, with insulin resistance being at
the center of the WHO definition. Without evidence of insulin
resistance, a diagnosis of MetS cannot be made even with the
presence of the other criteria which are: waist/hip ratio >0.90
for men, > 0.85 for women; or BMI> 30 kg/m? triglycer-
ide =150 mg/dl or HDL-C: < 35 mg/dl for men, <39 mg/dl for
women, blood pressure > 140/90 mmHg, microalbuminuria
[4]. The most widely used definition of MetS was operational-
ized by the National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) and later updated by the
American Heart Association (AHA) and the National Heart
Lung and Blood Institute (NHLBI) in 2005 [5]. This definition
combined previous concepts to provide simple criteria that
can be readily measured and easily applied in both clinical and
epidemiological settings [4]. In this definition, MetS requires
the presence of three or more of the following conditions:
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1. Central or abdominal obesity measured by waist circum-
ference (men: > 40 inches, women: > 35 inches)

2. High triglycerides = 150 mg per deciliter (mg/dL) or if
taking a medication for high triglycerides.

3. Low HDL cholesterol (men <40 mg/dL, women < 50
mg/dL) or if taking a medication for low HDL choles-
terol.

4. High blood pressure > 130/85 mm of mercury (mm Hg)
or if taking a medication for high blood pressure.

5. High fasting glucose = 100 mg/dL, or if taking a medica-
tion for high blood glucose.

Epidemiology and Prevalence of MetS

Data from the National Health and Nutrition Examination
Survey (NHANES) conducted between 1988 and 2012 esti-
mated the prevalence of the MetS to be nearly 34% among
US adults [6]. The prevalence of MetS is often difficult to
ascertain due to the secular trends in increasing obesity and
incidence of T2D and because of differences in MetS cri-
teria and adiposity thresholds applied across various stud-
ies. The prevalence of MetS also differs by age, sex, and
race. It has been reported that the prevalence of MetS is
higher among older (35-64 years old) compared to younger
(20-34 years old) adults and among Mexican Americans
compared to non-Hispanic Whites [7]. MetS is also higher
in non-Hispanic white men compared to non-Hispanic black
men and in non-Hispanic black women compared to non-
Hispanic white women [6]. Differences in the prevalence of
MetS have also been observed by socioeconomic status and
education subgroups [6].

Important Concepts of Cognitive Function

The American Psychological Association (APA) defines
cognition as “all forms of knowing and awareness, such as
perceiving, conceiving, remembering, reasoning, judging,
imagining, and problem solving” [8]. Major cognitive pro-
cesses (or domains) that are often measured by neuropsy-
chological tests include: memory (encoding, storing, and
retrieving information), learning (acquiring and integrating
new information), language (understanding and expressing
thoughts), visual-spatial skills (processing a visual stimu-
lus and understanding the spatial relationship between
objects), and executive function (mental processes that
leads to a goal-driven action). Standardized and validated
neuropsychological tests are often used to assess perfor-
mance in a single cognitive domain or across multiple cog-
nitive domains. Impairments in cognition may be present if
an individual has difficulty in operating and performing in
one or more cognitive domains compared to the expected
performance for an individual’s age and level of education
[9]. Cognitive impairment can range from mild to severe.

@ Springer

Mild cognitive impairment (MCI) represents an intermedi-
ate phase between normal cognitive functioning and clinical
dementia. The primary distinction between MCI and demen-
tia is the loss of independence in functional abilities, such
as basic activities of daily living, among individuals with
dementia [10]. MCI is often subdivided into amnestic MCI
(aMCI) and non-amnestic (naMCI). In aMCI, memory is
impaired while in naMCI, memory is preserved and domains
other than memory are impaired [10-12]. Both aMCI and
naMCI can progress to dementia [10, 12].

Search Strategy

We used PubMed as the main database for our literature
search with a focus on observational studies published in
the past 5 years through March 9th, 2021. We searched both
original and relevant review articles. We used the search
term “metabolic syndrome” paired with; cognition, cogni-
tive, dementia in the abstract/title of each article or as a
Medical Subject Headings (MeSH) term. An article was
selected if it investigates MetS as a construct and any meas-
ure of cognitive function as an outcome in Humans. Stud-
ies examining only individual components of MetS were
not included. A separate search was performed for MetS
and biomarkers of Alzheimer’s disease and other dementias
using the search term “metabolic syndrome” paired with
amyloid, tau, cerebrovascular disease and neurodegenera-
tion. Reference lists of included studies and relevant review
articles were reviewed to identify additional studies.

MetS and Cognitive Performance

A summary of select recent studies that examined the asso-
ciation of MetS with cognitive performance using individual
neuropsychological tests or cognitive domain scores are
detailed in Table 1.

Most recent cross-sectional studies reported an inverse
association between the presence of MetS and lower global
and domain-specific cognitive performance [13-24]. The
reported association in most of the studies differed depend-
ing on the type of neuropsychological test used with some
neuropsychological tests being more sensitive than others
[15, 16, 18, 19]. Lower performance across multiple cogni-
tive domains was reported among those with MetS com-
pared with those without MetS, including memory [13, 15,
17, 20], executive function [13—15, 19, 20], attention/speed
[13, 16, 18], and global cognition [13, 20].

Age and sex are other important factors to take into con-
sideration that can influence the association between MetS
and cognitive function. Studies among both middle-aged
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[15, 17] and older adults [16, 18, 21] reported a lower cog-
nition among individuals who have MetS. Age, however,
can be a modifier in this association. Gonzalez et al. [20]
reported that the association of MetS with cognition was
stronger among middle-aged as compared to older adults,
particularly in tests of verbal memory. The observation of
weaker association between MetS and cognition in older
adults was also previously described in longitudinal cohorts
[25, 26]. Differences in the magnitude and strength of asso-
ciations between MetS and cognition when comparing stud-
ies conducted in mid-life as compared to late-life may be due
to several factors including survival bias [25], differential
validity of measures of the MetS components across the
lifespan, and the fact that some MetS components change
with age. For example, triglyceride levels and waist circum-
ference may be lower among older adults as a result of inad-
equate nutrition and sarcopenia, which has its own adverse
health consequences [25, 27].

Longitudinal studies are critical to establishing temporal-
ity in the associations between MetS and cognitive func-
tion. There have been several recent reports on the longi-
tudinal associations of MetS with cognition, but the results
are inconsistent [13, 27, 28, 29+, 30, 31]. The Women’s
Health across Nation (SWAN) study reported that the pres-
ence of MetS in midlife was associated with a 24% acceler-
ated decline in perceptual speed over 10 years [29¢]. In the
Singapore Longitudinal Aging Study (SLAS), there was a
trend of cognitive decline in memory/learning, executive
function, processing speed, attention/working memory, and
global cognition related to the presence of MetS among late-
middle aged adults over 4.5-year follow-up but the results
did not reach statistical significance [13]. In contrast to the
SWAN study, the European Male Aging Study (EMAS)
reported no significant cognitive decline in those with MetS
compared with those without MetS over a mean of 4.4 years
[28]. EMAS, however, reported hyperglycemia, a component
of the MetS, as the primary predictor of cognitive decline
in tests of processing speed and visual-spatial abilities [28].
The discrepant results between these studies may be due to
the characteristics of the study population or follow-up time.
EMAS included a representative cohort of healthy European
men, while the SWAN study included a cohort of US women
traversing menopause. It is also possible that these discrep-
ant results reflect sex differences in the association between
MetS and cognitive function [32, 33], with the associations
being stronger in women compared to men, as reported in
some studies [34, 35].

A key large prospective study from the Framingham Off-
spring Study illustrates additional factors that may influ-
ence the association between MetS and cognitive function
[30+]. Spanning midlife to late life, the authors reported
that baseline MetS was not associated with change in cog-
nitive function in the overall sample. However, results were

different after conducting a stratified analysis by APOE-e4
carrier status and dementia status. Specifically, baseline
MetS was associated with lower cognitive function among
non-demented vs. demented and APOE-e4 non-carriers vs.
APOE-#4 carriers. Furthermore, participants with evidence
of a more rapid rate of cognitive decline were more likely
to have MetS compared to those who had a slower rate
of cognitive decline [30¢]. Finally, the study reported that
both mid-life (at age 50) and late-life (at age 70) MetS were
both associated with poor cognitive function; however,
mid-life MetS was associated with more affected cognitive
domains compared to late-life; memory, global cognition,
processing speed/executive function were all affected at
mid-life while memory was not affected at late-life [30].
In addition to midlife and late life, the negative impact of
MetS on cognition may extend to adolescents as well. Poor
performance of reading, attention, working memory [22],
executive function, and cognitive flexibility [19], were all
reported in studies among adolescents. It should be noted
however that there are only few studies published on Mets
and cognition among adolescents and more studies are
needed in order to assess these associations.

Severity of MetS, quantified as the overall number of
MetS components present, was also related to lower cogni-
tion in some studies [13, 17, 21]. In some studies, the number
of MetS components present appeared to be more strongly
associated with lower cognitive function than the presence/
absence of MetS [13]. Among the MetS components, hyper-
glycemia, high blood pressure, and high waist circumference
were the component measures that were mostly strongly asso-
ciated with cognitive performance [19, 21, 22, 28].

Fewer studies reported no association between the pres-
ence vs. absence of MetS and cognitive performance [28,
36-38]. A lack of an association in these studies could
be due to common use of less sensitive global cognition
screening tools, such as the Montreal Cognitive Assess-
ment (MoCA) or the Mini Mental Status Exam (MMSE),
rather than standardized and validated neuropsychological
tests. These tests are more commonly used as dementia
screening tools and are therefore not able to detect subtle
changes in cognition that can be present before cognitive
impairment is clinically present [37, 38]. Heterogenous
results may also be due to the characteristics of the study
population, covariates included in multivariate models,
and different criteria used to define MetS.

MetS and Cognitive Impairment Syndromes
(MCI, Dementia)

A summary of select recent studies that examined MetS
and cognitive impairment syndromes are detailed in
Table 2.

@ Springer
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Relatively few recent studies have examined the asso-
ciation of MetS with MCI [39, 40, 41, 42]. The Singa-
pore Longitudinal Ageing Study Cohort (SLAS) reported
that MetS was associated with an increased risk of inci-
dent MCI [40¢]. Similar results were reported in a cross-
sectional study by Wang and colleagues [39]. Similarly,
fewer studies have examined the association of MetS with
MCT subtypes (aMCI vs naMCI). Bae and colleagues [43]
reported that MetS was associated naMCI but not with
aMCI; however, the study was limited by a small aMCI
sample size [43]. Some studies however reported no asso-
ciation between MetS and MCI. As with cognitive func-
tion as an outcome, factors such as the study population
[42], study design, and definition of MetS used [41] may
play a role in the differences across studies. For example,
Martinez et al. reported no association between MetS and
cognitive impairment among older high socioeconomic
status participants, suggesting the importance of socio-
economic factor when it comes to the association between
MetS and cognitive impairment [42].

On the other hand, many recent studies reported that MetS
is related to an increased risk of progression from MCI to
dementia [44, 45]. In the SLAS study, MetS was associated
with an increased risk of progression from MCI to dementia
[40+]. While the SLAS study did not specify dementia sub-
types, Lee, and colleagues reported an increased risk of all
dementia types including both Alzheimer’s disease (AD) and
vascular dementia (VD) [46]. Reports also exist of only VD
[44] or only AD dementia [47] when both dementia types
are compared to each other. It is more plausible, however,
that MetS is more prevalent in VD than it is in AD dementia
given that cardiovascular risk factors such high blood pres-
sure, hyperglycemia and dyslipidemia are individual risk
factors of VD which is primarily due to micro- and mac-
rovascular disease such as small and large strokes [44, 46].

Among subjects with MetS, there may be differences
in dementia progression depending on whether their MetS
status improved or worsened. Fan et al. reported that there
is a higher risk of dementia in patients with worsened
MetS compared to those with improved MetS [48+]. Like-
wise, improvement in MetS status can result in reduced
risk of dementia [46, 48¢]. Categories of persistent, wors-
ened and improved were defined by using changes of MetS
diagnosis at different screening points. Fan and colleagues
used 2 screenings that are 5 years apart where persistent
MetS was defined as a diagnosis of Mets at the two screen-
ings points; Worsened Mets as no MetS at the first screen-
ing and MetS at the second screening; and Improved MetS
as MetS diagnosis at the first screening and no MetS at the
second screening [48¢]. These findings suggest that inter-
ventions that modify the trajectory of MetS may reduce
the risk of dementia.

@ Springer

MetS and Biomarkers of Alzheimer’s Disease
and Other Dementias

Advances in in-vivo brain imaging, cerebral spinal fluid
(CSF) and blood biomarkers have led researchers to use
in vivo biomarkers to define AD. The current research
framework from the National Institute on Aging and Alz-
heimer’s Association (NIA-AA) suggests a biologic defini-
tion of AD that focuses on amyloid (A), tau, and neurode-
generation as constructs regardless of cognitive impairment
[49]. According to the NIA-AA, evidence of brain AP by
biomarkers defines AD pathologic change and the AD con-
tinuum [49], making AP the primary construct of AD. There
is a dearth of studies that have examined the association
between MetS as a construct and biomarkers of AD and
the associations in these studies are inconsistent [50]. Most
studies report no association between MetS and AD neu-
ropathology [51, 52]. In the Baltimore Longitudinal Study
of Aging (BLSA), Gomez and colleagues [51] reported an
association between MetS and accelerated A deposition on
amyloid Positron Emission Tomography (PET), only among
AP positive participants, suggesting that pre-existing amy-
loid pathology is required in order to have an accelerating
effect of MetS on further AP deposition. As such, subjects
with no significant AP deposition at baseline may not be
affected by MetS. Therefore, MetS could be an important
factor in the progression of AD pathology but not necessar-
ily the initiation of AP accumulation [51]. Similar to MetS,
conflicting results are reported in regard to components of
MetS. Some studies reported no association between AP on
PET imaging and dyslipidemia [52, 53], high blood pres-
sure [52, 54, 55] and waist circumference/obesity [52, 56].
On post-mortem neuropathology, Crane and colleagues
reported no associations between glucose levels and Braak
neurofibrillary tangles (representing tau) or neuritic plaque
(representing AP plaques) [57]. Others however did report
positive associations between AP on PET imaging, high
blood pressure [51], and hyperglycemia [58]. Using CSF
biomarkers of AP and tau, Nédgga et al. reported a positive
association between higher levels of triglycerides in midlife
and higher CSF Ap,, and AB,,/p-tau ratio 20 years later
[59]. Inconsistent results between MetS and AD pathology
may be due to the few studies with the abilities to examine
this association or potentially a result of the heterogeneity
between studies in terms of demographics, specifically the
age of AD biomarker measurement [50]. More longitudinal
studies are needed in order to assess temporality between
MetS and AD biomarkers [50].

Several studies have investigated and reported an associa-
tion between MetS and biomarkers of CVD, an important
factor in the clinical manifestation of AD [60, 61]. CVD
and MetS are two interlinked conditions [62]. In fact, one of
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the feared complications of MetS along with cardiovascular
disease is stroke, which is the most common manifestation
of CVD [63, 64]. Stroke is a well-known cause of neuro-
logic deficits, cognitive impairment and dementia [65, 66].
MetS is also associated with subclinical manifestations of
CVD, including microinfarcts, microbleeds and white mat-
ter lesions [63]. These small silent brain insults are usu-
ally incidentally found in neuroimaging and a large body of
literature do correlate these lesions with cognitive decline
and dementia [63, 67, 68]. Among the MetS components,
impaired glycemia, high blood pressure, and obesity were
most often examined and were associated with cerebrovas-
cular disease measured using magnetic resonance imaging
(i.e., higher prevalence of microinfarcts and microbleeds)
and worse brain microstructural integrity measured using
diffusion tensor imaging (i.e., lower fractional anisotropy
suggesting adverse alterations in white matter connectivity)
[67].

Conclusion

MetS is an important risk factor for cognitive dysfunction.
However, as discussed in the present review, many factors
play a role in this association and account for some of the
discrepancies observed in the literature. More longitudinal
studies are needed to assess causality between MetS and
cognitive dysfunction. When examining cognitive function,
ideally these studies should use a battery of neuropsycho-
logical tests that tap into multiple cognitive domains instead
of relying on a single test or on cognitive screening tools.
More studies are also needed to assess which MCI subtype
is more related to MetS. Similarly, more studies are needed
to assess the association between AD biomarkers and MetS.
Furthermore, among MetS components: high blood pres-
sure, high waist circumference and hyperglycemia were
among the strongest predictors of cognitive function. It
should be noted however that our focus in this review was
studies that examined MetS as a construct and we discuss
MetS components according to findings from these studies.

Finally, there have been several clinical trials that tar-
get individual components of MetS such as blood pressure
[69, 70], glycemic control [71], or lipid control [72, 73].
An intervention study that targets all MetS components is
potentially not feasible due to cost. Most MetS components
however are associated with excess weight (blood pressure,
glucose, and lipid levels) [74], and therefore may show
reductions in response to a weight loss intervention and have
downstream impacts on cognitive outcomes [75, 76].

Based on this review, data suggest that MetS is associated
with cognitive impairment. Further research is needed on
how preventing or treating MetS across the life course will
impact downstream cognitive outcomes.
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