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IMPORTANCE The association of themetabolic syndrome (MetS) and component

cardiovascular risk factors with the risk of developingmild cognitive impairment (MCI) and

MCI progression to dementia is not well established.

OBJECTIVE To investigate the association of theMetS and its component cardiovascular risk

factors with the incidence of MCI and its progression to dementia.

DESIGN, SETTING, AND PARTICIPANTS Prospective longitudinal study from September 1, 2003,

through December 31, 2009, in communities in 5 districts in the South East region of

Singapore. Study participants were a population-based sample of 1519 cognitively normal

adults 55 years and older.

MAIN OUTCOMES ANDMEASURES Prespecified outcomeswere incidentMCI andMCI

progression to dementia.

RESULTS The study cohort comprised 1519 participants. Their mean (SD) age was 64.9 (6.8)

years, and 64.8% (n = 984) were female. Baseline characteristics associated with an

increased risk of incident MCI were MetS (hazard ratio [HR], 1.46; 95% CI, 1.02-2.09), central

obesity (HR, 1.41; 95% CI, 1.01-1.98), diabetes mellitus (HR, 2.84; 95% CI, 1.92-4.19),

dyslipidemia (HR, 1.48; 95% CI, 1.01-2.15), and 3 or more component cardiovascular risk

factors (HR, 1.58; 95% CI, 1.13-2.33). Baseline characteristics associated with an increased risk

of MCI progression to dementia were MetS (HR, 4.25; 95% CI, 1.29-14.00), diabetes mellitus

(HR, 2.47; 95% CI, 1.92-4.19), and 3 or more component cardiovascular risk factors (HR, 4.92;

95% CI, 1.39-17.4).

CONCLUSIONS AND RELEVANCE TheMetS was associated with an increased incidence of MCI

and progression to dementia. Identifying individuals with diabetes mellitus or theMetS with

or without MCI is a promising approach in early interventions to prevent or slow progression

to dementia.
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T
hemetabolic syndrome (MetS) is a clustering of cardio-

vascular risk factors (CVRFs) (namely, obesity, diabe-

tes mellitus, hypertension, and dyslipidemia) that is

knowntopredict increased risksof cardiovasculardisease and

stroke.1Among them,diabetesmellitus inmidlife and late life

is consistently and strongly associated with subsequent de-

mentia (particularly vascular dementia), as well as with mild

cognitive impairment (MCI), a predementia syndromeknown

to confer an increased risk of progressing to dementia.2 Stud-

iesshowthathypertension inmidlife is stronglyassociatedwith

incidentdementia in later life,particularlyvasculardementia,2

but late-life hypertension is not associated with dementia.3,4

There are contradictory reports of associationsof bodyand fat

mass and total cholesterol levelwith incidentdementiaorvas-

cular dementia in the elderly.5-7

Evidence for anassociationbetween theMetS and the risk

of dementia is limited andconflicting. TheMetS appears to in-

crease the rate of cognitive decline,8-11 but no associationwas

found among individuals 85 years and older.12 Several cross-

sectional and case-control studies have found theMetS to be

associatedwithoveralldementiaamongwomen9andwithAlz-

heimer disease (AD).13,14 Prospective cohort studies have re-

portedpositiveassociationsof theMetSwithoveralldementia15

and vascular dementia,16,17 no association between the MetS

and incident dementia,18,19 and association of the MetS with

a lower risk of AD after age 75 years.19

Few studies20-23 have investigated the relationship be-

tween the MetS and MCI. One population-based cross-

sectional study20 found no association of the MetS with MCI

overall, and only the combination of theMetS and high levels

of inflammationwas significantly associatedwithnonamnes-

tic MCI (na-MCI). Our group’s previous case-control study21

showed an association between the MetS and amnestic MCI

(a-MCI). Among 2 prospective cohort studies, one study22

found that theMetS,hyperglycemia, andmoreCVRFswereas-

sociated with incident cognitive impairment (including MCI

and dementia) but had limited power to determine whether

theMetSwas associatedwith incidentMCI itself. Themore re-

cent Italian cohort study by Solfrizzi et al23 reported no sig-

nificant differences in overall risk of developing incidentMCI

among noncognitively impaired individuals with the MetS

comparedwith thosewithout theMetSover3½yearsof follow-

up, but the investigators found that among individuals with

MCI those with the MetS were more than 4 times more likely

to progress to dementia. In this study,we investigated the as-

sociation of the MetS and its component CVRFs with the

incidence of MCI and its progression to dementia over a me-

dian of 3.8 years of follow-up in a large Chinese population-

based sample.

Methods

Population

The Singapore Longitudinal Ageing Study (SLAS) is a popula-

tion-based studydesigned for long-term follow-upof a young

aging cohort (≥55 years) that aims to relate cardiovascular and

other risk factors measured in midlife and late life to subse-

quent risks of incidentMCI anddementia.Details of thepopu-

lation sampling and study methods of the first-wave recruit-

ment cohort (SLAS-1) among participants 55 years and older

have been described previously.24 Recruitment and baseline

assessments for 2804 participants were conducted in 2003-

2004, and approximately 3-year follow-ups were conducted

in 2005-2007 and 2007-2009. At baseline, each participant

underwent detailed structured interviews, clinical evalua-

tion, blood sampling, and performance-based tests for an

extensive range of demographic,medical, biological, psycho-

social, and neurocognitive characteristics. The studywas ap-

proved by the National University of Singapore Institutional

Review Board, and written informed consent was obtained

from all participants.

The study sample was restricted to 2611 Chinese partici-

pants, after excludingMalay and Indian participants because

of small numbers. After excluding individuals with prevalent

MCI (n = 506) and dementia (n = 53) at baseline, a cohort of

2042 (the remainderhadmissingdata) cognitivelynormalpar-

ticipantswith available data on theMetS andCVRFswere fol-

lowed up from January 1, 2006, to December 31, 2009 (me-

dian follow-up, 3.8 years). During this period, 227participants

died, and 296 participants were lost to follow-up. The longi-

tudinal analysiswas basedon 1519 individuals,with 5146per-

son-years of follow-up (mean [SD], 3.4 [1.5] person-years) to

incident MCI (n = 141). Individuals who were excluded from

the analysis owing todeath and loss to follow-upwere signifi-

cantly more likely to be older, male, smokers, and less physi-

cally and socially active and to have diabetes mellitus.

Among504participantswithMCI andavailableMetSdata

at baseline, longitudinal data were analyzed for 425 persons

with 1529 person-years of follow-up to dementia progression

(n = 14), after excluding 79 individuals who died (n = 44) or

were lost to follow-up (n = 35). The excluded individuals

withMCIwere significantlymore likely tobe smokers and less

physically and socially active and to have hypertension.

Measurements

Self-reports of a diagnosis of diabetes mellitus, hyperten-

sion, heart disease, and stroke, with details of medications,

were ascertainedby researchnurses at the individual’s home.

The mean of 3 blood pressure readings with the participant

Key Points

Question: Are themetabolic syndrome (MetS) and its component

cardiovascular risk factors (CVRFs) associated with increased risks

of the development of mild cognitive impairment (MCI) andMCI

progression to dementia?

Findings: In this prospective cohort study of 1519 cognitively

normal older adults, baseline MetS, central obesity, diabetes

mellitus, dyslipidemia, and 3 or more component CVRFs were

associated with increased risks of incident MCI. TheMetS,

diabetes mellitus, and 3 or more component CVRFs among those

with MCI carried an increased risk of progression to dementia.

Meaning: TheMetS and its components represent potential

targets for early intervention to prevent or slowMCI progression

to dementia.
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seated was recorded using a standard mercury sphygmoma-

nometer (Dekamet; Accoson).Waist circumferencewasmea-

sured in centimeters at the midpoint between the lowest rib

margin and the top of the iliac crest at minimal respiration to

the closest0.1 cm.Overnight fasting serumsampleswere ana-

lyzed for blood glucose and lipid levels using standard labo-

ratory techniques.

The MetS was defined using several International Dia-

betes Federation criteria.25 First was central obesity (waist

circumference ≥90 cm for men and ≥80 cm for women) plus

at least 2 CVRFs, including raised triglyceride levels (≥150

mg/dL) or specific treatment for this lipid abnormality (to

convert triglyceride levels to millimoles per liter, multiply

by 0.0113). Second was reduced high-density lipoprotein

cholesterol level (<40 mg/dL in men and <50 mg/dL in

women) or specific treatment for this lipid abnormality (to

convert cholesterol level to millimoles per liter, multiply by

0.0259). Third was raised blood pressure (systolic ≥130

mm Hg or diastolic ≥85 mm Hg or treatment of previously

diagnosed hypertension) and raised fasting plasma glucose

level (≥100 mg/dL or previously diagnosed type 2 diabetes

mellitus) (to convert glucose level to millimoles per liter,

multiply by 0.0555).

Neuropsychological Evaluation

Screening and assessment of cognitive impairment and de-

cline, as well as diagnosis of MCI and dementia, were

performed according to a standard clinical assessment for de-

mentia protocol. The Chinese modified version of the Mini-

Mental State Examination (MMSE) with education-stratified

norms26 (previously validated to have high sensitivity and

specificity) was used to screen for dementia and MCI.27 Par-

ticipants with a MMSE score below 27 or a MMSE score de-

cline of 2 points or at least 1 point per year underwent de-

tailed neuropsychological testing and the Clinical Dementia

Rating.

The neuropsychological evaluation with a standardized

test battery assessed included the following: (1)memory (Rey

AuditoryVerbal LearningTest immediate anddelayed recall28

and visual reproduction immediate and delayed recall29),

(2) executive function (Symbol Digit Modality Test,30 Design

Fluency,31 and Trail Making Test Part B32), (3) language (cat-

egorical verbal fluency31), (4) visuospatial skills (block

design29), and (5) attention (digit span forwardandbackward33

andspatial span forwardandbackward29).Theassessmentwas

administeredby trainedpsychology research assistants inEn-

glish, Mandarin, or Chinese dialects. Details of the neuropsy-

chological tests and their normative values have been de-

scribed previously.34,35

The Clinical Dementia Rating was conducted and scored

bytrainedresearchnurses (http://www.biostat.wustl.edu/~adrc

/cdrpgm/). Functional ability was assessed by dependency in

performing 10basic activities ofdaily living, includingbowels,

bladder, grooming, toilet use, feeding, transferring, mobility,

dressing, stairs, and bathing.

Final case ascertainment and diagnosis were performed

by a review panel consisting of 2 geriatricians (M.S.C. and

W.S.L.) and one psychiatrist (T.S.L.). These assessmentswere

based on all available information from baseline and fol-

low-up assessments, including brain magnetic resonance

imaging if available.

Diagnosis of MCI and Dementia

Mild cognitive impairment was defined according to pub-

lished criteria.36,37 These variables included the following:

(1) self-reported subjectivememory and cognitive difficulties

and the Informant Questionnaire on Cognitive Decline in the

Elderly; (2) cognitive deficits in 1 or more domains, including

amodifiedMMSE score of 24 to 27, decline of 2 ormorepoints

frombaseline, andaneurocognitivedomain (memory, execu-

tive function, language, visuospatial skills, or attention) score

that was 1 to 2 SDs below the age and education–adjusted

meansor decline frombaseline of0.5 SD fromserialmeasure-

ments); (3) Clinical Dementia Rating of 0 or 0.5; (4) no func-

tional dependency in performing basic activities of daily

living38; and (5) no dementia.

Dementia diagnosis was based on theDiagnostic and Sta-

tisticalManual ofMentalDisorders (FourthEdition) criteria for

dementia syndrome,39 evidence of cognitive deficit from

objective assessment (MMSE score ≤23 or neuropsycho-

logical domain scores 2 SDs below the age and education–

adjustedmeans), andevidenceof social or occupational func-

tion impairment (dependency in ≥1 basic activities of daily

living38 or Clinical Dementia Rating ≥1). Participants who did

notmeet these criteria forMCI or dementia were classified as

cognitively normal.

Covariates

Covariates includedage, sex, education (none, 1-5 years, or ≥6

years),APOE-ε4 (MIM 104310) genotype, smoking (current or

past smoking vs never smoking), and level of physical, social,

or productive activities. The latter were based on the number

and frequencies of usual participation in 18 different catego-

ries of physical, social, and productive activities.24

Statistical Analysis

The incidence rates of MCI andMCI progression to dementia

for groups with the MetS, component CVRFs, and 3 or more

componentCVRFswerecalculatedas thenumberofeventsper

1000 person-years at risk. Cox proportional hazards models

were used tomodel the time to newevents of incidentMCI or

MCI progression to dementia and to estimate hazard ratios

(HRs) and 95%CIs. Covariate adjustments weremade for age

(in years), sex, education,APOE genotype (1-2 ε4 alleles vs no

ε4 allele), andphysical, social, andproductive activities score.

Covariateadjustmentdidnot includecardiacdiseasesor stroke

because they were considered to be more likely mediators

rather than confounders. Individualswhodidnotdevelop the

outcome of interest, died, or were lost to follow-upwere cen-

sored at the time of their last evaluation. The Cox propor-

tional hazards assumptionwas checked using a log vs logmi-

nus log plot. Effect modifications were explored in stratified

analyses performed for subgroups defined by sex, age, and

APOE-ε4 genotype.Data analysiswas performedusing statis-

tical software (SPSS, version 21.0; IBM Corporation). Statisti-

cal significance was set at P < .05.
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Results

Thedemographics, risk factors, andMetScharacteristicsof the

cohort members are summarized in Table 1. Those with the

MetS comparedwith their non-MetS counterparts were older

and lesseducated;had lower levelsofphysical, social, andpro-

ductive activities; and reportedmore cardiac diseases but not

stroke. There were significantly more cases of incident MCI

fromfollow-upamong thosewith theMetS (13.5% [46of 340])

than among those without the MetS (8.1% [95 of 1179])

(P < .001).

The incidence rates, crude and adjustedHRs (95%CIs) of

MCIby theMetS, componentCVRFs, andnumberofCVRFsare

summarized in Table 2. Significantly (1.5-fold to 3-fold) in-

creased risks ofMCIwere associatedwith theMetS, aswell as

in those with diabetes mellitus, central obesity, dyslipid-

emia, and 3 or more component CVRFs (but not hyperten-

sion)comparedwith their counterparts.TheHRestimateswere

unchanged or modestly attenuated after adjustment for sex,

age, education,APOE-ε4genotype, smoking, andphysical, so-

cial, and productive activities score.

AmongcohortmemberswhohadMCIatbaseline (n = 425),

those with the MetS had lower levels of physical, social, and

productive activities and reported more cardiac diseases and

stroke (Table 3). There were significantly more cases of inci-

dentdementiaamongthosewiththeMetS (8of 103[7.8%]) than

among those without theMetS (6 of 322 [1.9%]) (P < .003).

The incidence rates andcrudeandadjustedHRs (95%CIs)

ofMCIprogression todementia among thosewithMCIatbase-

lineby theMetS, componentCVRFs, andnumberofCVRFsare

summarized in Table 4. Significantly increased risks of pro-

gression todementiawere associatedwith theMetS, 3ormore

component CVRFs (>4 fold), and diabetes mellitus (approxi-

mately ≥2 fold) compared with their counterparts. The risks

were also elevated (almost 2 fold) but with statistical non-

significance for thosewithcentral obesity,dyslipidemia, orhy-

pertension. The HR estimates were unchanged or modestly

attenuated after adjustment for confounding risk factors.

We repeated our analyses for stratified groups of partici-

pants younger than 75 years vs 75 years and older and found

that the MetS and component CVRFs were significantly and

positively associated with MCI only among the younger sub-

cohort.Nosignificantpositiveassociationwasobservedamong

those 75years andolder,withnonsignificanceof statistical in-

teractions (eTable 1 in theSupplement). Stratifiedanalysesand

tests of statistical interaction also did not reveal significant

effect modification by sex or APOE-ε4 genotype.

Discussion

This longitudinal analysis of a Chinese cohort of cognitively

normal older persons 55 years and older in Singapore showed

that the MetS, diabetes mellitus, central obesity, dyslipid-

emia, and the presence of 3 or more component CVRFs were

associated with a 1.5 to 2 times higher risk of developing

MCI. Among those with MCI at baseline, the risks of pro-

gression to dementia were more than 4 times greater among

those with the MetS or those with 3 or more component

CVRFs and more than 2 times greater among those with dia-

betes mellitus.

We assessed theMetS in a young aging cohort (mean age,

64.9 years) and observed them for up to 10 years (median, 3.8

years) to incident MCI andMCI progression to dementia. Our

finding that the MetS and component CVRFs were signifi-

cantly associated with MCI only among the younger subco-

hort,withno significant positive associationobserved among

those 75 years andolder, suggests that theMetS-MCI relation-

ship was most evident before age 75 years.

Table 1. Baseline Characteristics of Cognitively Normal SLAS-1 Participants by the Presence or Absence

of theMetabolic Syndromea

Variable
All
(N = 1519)

Metabolic Syndrome

P Value
Yes
(n = 340)

No
(n = 1179)

Central obesity, No. (%)b 663 (43.6) 340 (100) 323 (27.4) <.001

Type 2 diabetes mellitus, No. (%) 221 (14.5) 120 (35.3) 101 (8.6) <.001

Hypertension, No. (%) 824 (54.2) 324 (95.3) 500 (42.4) <.001

Dyslipidemia, No. (%) 912 (60.0) 310 (91.2) 602 (51.1) <.001

Female sex, No. (%) 984 (64.8) 228 (67.1) 756 (64.1) .32

Age, mean (SD), y 64.9 (6.8) 66.2 (6.3) 64.6 (6.9) <.001

Education <6 y, No. (%) 662 (43.6) 193 (56.8) 469 (39.8) <.001

APOE-ε4 genotype, No. (%) 267 (17.6) 52 (15.3) 215 (18.2) .22

Current or past smoker, No. (%) 230 (15.1) 54 (15.9) 176 (14.9) .66

Physical, social, and productive activities
score, mean (SD)

10.0 (4.3) 9.4 (4.3) 10.2 (4.3)
<.001

Self-reported stroke, No. (%) 39 (2.6) 9 (2.6) 30 (2.5) .91

Self-reported cardiac disease, No. (%) 105 (6.9) 48 (14.1) 57 (4.8) <.001

On cohort follow-up, No. (%)

MCI 141 (9.3) 46 (13.5) 95 (8.1)
<.001

Dementia 13 (0.9) 3 (0.9) 10 (0.8)

Abbreviations: MCI, mild cognitive

impairment; SLAS-1, Singapore

Longitudinal Ageing Study.

a Unless otherwise indicated, all data

are presented as number

(percentage).

bWaist circumference exceeding

90 cm inmen and exceeding 80 cm

in women.
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Previous studies involvingolderpopulationcohorts (mean

age, >75 years) have variously reported that the MetS was as-

sociatedwithMCIoverall,20with lesscognitivedecline,11orwith

better cognitive function among the elderly.40 On the other

hand, significant positive associations between the MetS and

cognitive impairment or decline have mostly been more con-

sistently reported in middle-aged and younger population-

based cross-sectional or case-control studies9,21,41 or prospec-

tive cohort studies.8,10,11,42,43

For the MCI syndrome, only 2 studies using cross-

sectional and case-control study designs, respectively, have

reported positive associations of the MetS with na-MCI20 or

Table 3. Baseline Characteristics of SLAS-1 ParticipantsWithMild Cognitive Impairment by the Presence

or Absence of theMetabolic Syndromea

Variable
All
(N = 425)

Metabolic Syndrome

P Value
Yes
(n = 103)

No
(n = 322)

Central obesity, No. (%)b 195 (45.9) 103 (100) 92 (28.6) <.001

Type 2 diabetes mellitus, No. (%) 95 (22.4) 54 (52.4) 41 (12.7) <.001

Hypertension, No. (%) 230 (54.1) 95 (92.2) 135 (41.9) <.001

Dyslipidemia, No. (%) 238 (56.0) 88 (85.4) 150 (46.6) <.001

Female sex, No. (%) 275 (64.7) 67 (65.0) 208 (64.6) .93

Age, mean (SD), y 68.3 (7.7) 69.1 (7.8) 68.1 (7.7) .23

Education <6 y, No. (%) 328 (77.2) 80 (77.7) 248 (77.0) <.09

APOE-ε4 genotype, No. (%) 79 (18.6) 18 (17.5) 61 (18.9) .70

Current or past smoker, No. (%) 65 (15.3) 16 (15.5) 49 (15.2) .94

Physical, social, and productive activities
score, mean (SD)

8.5 (4.2) 7.7 (4.1) 8.7 (4.2) .04

Self-reported stroke, No. (%) 22 (5.2) 11 (10.7) 11 (3.4) .004

Self-reported cardiac disease, No. (%) 36 (8.5) 15 (14.6) 21 (6.5) .01

Dementia on cohort follow-up, No. (%) 14 (3.3) 8 (7.8) 6 (1.9) <.003

Abbreviation: SLAS-1, Singapore

Longitudinal Ageing Study.

a Unless otherwise indicated, all data

are presented as number

(percentage).

bWaist circumference exceeding

90 cm inmen and exceeding 80 cm

in women.

Table 2. Associations of theMetabolic Syndrome and ComponentsWith IncidentMild Cognitive Impairment on Cohort Follow-up

of 1519 Cognitively Normal Participantsa

Variable
Person-years
at Risk

Incident Mild
Cognitive
Impairment
Cases, No.

Cases per
1000
Person-years Crude HR (95% CI) P Value

Multivariable-Adjusted
HR (95% CI)b P Value

Metabolic syndrome

No 4007 95 23.7 1 [Reference] NA 1 [Reference] NA

Yes 1139 46 40.4 1.67 (1.18-2.38) .004 1.46 (1.02-2.09) .04

Type 2 diabetes mellitus

No 4399 100 22.7 1 [Reference] NA 1 [Reference] NA

Yes 747 41 54.9 2.44 (1.70-3.52) <.001 2.84 (1.92-4.19) .001

Central obesity

No 2971 69 23.2 1 [Reference] NA 1 [Reference] NA

Yes 2174 72 33.1 1.54 (1.10-2.14) .01 1.41 (1.01-1.98) .045

Hypertension

No 2353 56 23.8 1 [Reference] NA 1 [Reference] NA

Yes 2793 85 30.4 1.09 (0.78-1.54) .60 0.90 (0.64-1.27) .55

Dyslipidemia

No 1998 37 18.5 1 [Reference] NA 1 [Reference] NA

Yes 3148 104 33.0 1.54 (1.06-2.24) .03 1.48 (1.01-2.15) .04

Component
cardiovascular risk
factors

<3 3804 84 22.1 1 [Reference] NA 1 [Reference] NA

≥3 1341 57 42.5 1.77 (1.26-2.48) .001 1.58 (1.13-2.33) .008

Abbreviations: HR, hazard ratio; NA, not applicable.

a Assuming that 13 cases of incident dementia were undetectedmild cognitive

impairment cases, HRs were reestimated as follows: metabolic syndrome

(HR, 1.42; 95% CI, 1.01-2.01; P = .048), type 2 diabetes mellitus (HR, 2.50;

95% CI, 1.75-3.57; P < .001), central obesity (HR, 1.43; 95% CI, 1.04-1.98;

P = .03), hypertension (HR, 0.87; 95% CI, 0.62-1.22; P = .42), dyslipidemia

(HR, 1.38; 95% CI, 0.97-1.97; P = .08), and 3 or more component

cardiovascular risk factors (HR, 1.55; 95% CI, 1.12-2.16; P = .008).

bAdjusted for sex, age, education, APOE-ε4 genotype, smoking, and physical,

social, and productive activities score.
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a-MCI.21However,2prospectivecohortstudies22,23failedtofind

a convincing association between theMetS and the risk of in-

cidentMCI. In one cohort study22 of postmenopausalwomen

(mean age, 66 years), the MetS was associated with incident

cognitive impairmentbutnotwithMCIper se. The Italianpro-

spective cohort study by Solfrizzi et al23 (mean age, 72 years)

reportednoassociationof theMetSwith incidentMCIbutposi-

tively reported that the MetS was associated with a 4-fold

higher risk of MCI progression to dementia.

In this study, significantly increased risks of incidentMCI

were foundtobeassociatedwithdiabetesmellitus, centralobe-

sity, dyslipidemia, and 3 or more component CVRFs but not

withhypertension.This result is inkeepingwith thestrongevi-

dence thatdiabetesmellitus throughout the life course is caus-

ally associated with dementia.2 Evidence is limited but con-

sistent in suggesting that central obesity inmidlife butnot late

lifemaybe a risk factor for late-life dementia, but evidence for

bodymass index is inconsistent.44-46Fordyslipidemia, thepub-

lished findings are inconsistent in supporting an association

with dementia.2,5Hypertension inmidlife has been shown to

be consistently strongly associatedwith incident dementia in

later life overall, particularly vascular dementia; however, in-

verseornoassociationsbetween late-lifehypertensionandde-

mentia are reported in cohort studies of older persons with

short follow-up.2

This study has important clinical and therapeutic impli-

cations. The predementia syndrome of MCI is widely re-

garded to be a critical new focus for early intervention. Many

potential antidementia treatments have been shown in clini-

cal trials to be ineffective for slowing cognitive decline asso-

ciated with advanced neuropathological disease. Early inter-

vention in patients with MCI represents a paradigmatic shift

in clinical trial interventions aimed at preventing or slowing

progression to dementia. There is already good and consis-

tent evidence that individuals with diabetes mellitus have a

higher prevalence of cognitive impairment and are at in-

creased risk of developing dementia. Identifying individuals

with diabetes mellitus or the MetS with or without MCI is a

promising approach in early interventions to prevent or slow

progression to dementia.

Thestudypopulationwasoptimallypoweredby its sample

sizeanddemographics todetect a significantassociationof the

MetS with incident MCI, with adjustment for important con-

founding risk factors. However, the number of cases of inci-

dentdementiawas small. Therefore, the study lacks thepower

todetermine the riskof incidentdementia associatedwith the

MetS.Amongthosewhowere freeofdementiaatbaseline (cog-

nitively normal and MCI included), with only 26 cases of in-

cident dementia from 6654 person-years of follow-up, el-

evated but statistically nonsignificant risks of incident

dementia were associated with the MetS (adjusted HR, 1.37;

95% CI, 0.60-3.12; P = .49) and diabetes mellitus (adjusted

HR, 2.07; 95% CI, 0.78-5.50; P = .14) (eTable 2 in the Supple-

ment). The estimated excess risk of incident dementia was

concentrated in the cohort subset with MCI at baseline but,

basedon a total of 14 caseswith progression todementia,was

surroundedbywide95%CIs.Therewerealso insufficientnum-

bers in subgroups to demonstrate statistically significant

Table 4. Associations of theMetabolic Syndrome and ComponentsWith Progression to Dementia on Cohort Follow-up

of 425 ParticipantsWithMild Cognitive Impairment at Baseline

Variable
Person-years
at Risk

Incident
Dementia
Cases, No.

Cases per 1000
Person-years Crude HR (95% CI) P Value

Multivariable-Adjusted HR
(95% CI)a P Value

Metabolic syndrome by
International Diabetes
Federation criteria25

No 1158 6 5.2 1 [Reference] NA 1 [Reference] NA

Yes 371 8 21.6 5.03 (1.63-15.50) .005 4.25 (1.29-14.00) .002

Type 2 diabetes mellitus

No 1182 8 6.8 1 [Reference] NA 1 [Reference] NA

Yes 347 6 17.3 3.16 (1.06-9.46) .04 2.47 (1.92-4.19) .13

Central obesity

No 836 5 6.0 1 [Reference] NA 1 [Reference] NA

Yes 693 9 13.0 2.98 (0.92-9.71) .07 2.97 (0.85-10.40) .09

Hypertension

No 711 5 7.0 1 [Reference] NA 1 [Reference] NA

Yes 819 9 11.0 2.08 (0.64-6.76) .22 1.84 (0.55-6.22) .32

Dyslipidemia

No 671 5 7.5 1 [Reference] NA 1 [Reference] NA

Yes 858 9 10.5 1.63 (0.54-4.90) .38 2.04 (0.61-6.78) .25

Component cardiovascular
risk factors

<3 1083 5 4.6 1 [Reference] NA 1 [Reference] NA

≥3 446 9 20.2 5.78 (1.78-18.8) .004 4.92 (1.39-17.40) .001

Abbreviations: HR, hazard ratio; NA, not applicable.

a Adjusted for sex, age, education, APOE-ε4 genotype, smoking, and physical, social, and productive activities score.
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effect modification by age groups and APOE-ε4 genotype.

Among cognitively normal individuals, therewere 13 cases of

dementia thatwerediagnosedwithout prior detectionofMCI

status during follow-up, suggesting less thanoptimal casede-

tection of this elusive predementia condition. Assuming that

these dementia cases were all undetected MCI cases, we re-

estimated the HR of association with the MetS (see the first

footnote toTable 2) andobtained similar results. Data permit-

ting the neurocognitive and etiological subtyping of MCI and

dementiawere not available for about half of the participants

with MCI or dementia who declined further in-person de-

tailed examinations. Based on data for 17 a-MCI cases and 39

na-MCI cases thatwere successfully classified,we found simi-

larly elevated adjusted odds of association for the MetS with

a-MCI (HR, 1.41;P = .56) andna-MCI (HR, 1.42;P = .31) and for

diabetesmellituswitha-MCI (HR, 1.83;P = .31)andna-MCI (HR,

1.68; P = 19).

Conclusions

TheMetS was associated with an increased incidence of MCI

andprogression todementia. Identifying individualswithdia-

betesmellitus or theMetSwith orwithoutMCI is a promising

approach in early interventions to prevent or slow progres-

sion todementia.Further studiesof theassociationof theMetS

with neurocognitive subtypes of MCI or etiological subtypes

of AD or vascular dementia are needed.
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