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Abstract

INTRODUCTION: In the neurotypical population, metabolic syndrome (MetS) is asso-

ciated with Alzheimer’s disease (AD). However, this has not beenwell studied in adults

with Down syndrome (DS).

METHODS: The prevalence of MetS and its subcomponents was examined in adults

with DS using the Alzheimer Biomarkers Consortium – Down Syndrome data (ABC-

DS, N = 389). Logistic regression was used to examine the relationship between MetS

and AD at baseline visits.

RESULTS: Prevalence of MetS, diabetes, hypertension, and hyperlipidemia was low

with DS, even though the prevalence of obesity was elevated. Obesity was positively

associated with AD in adults with DS (odds ratio = 2.79, P = 0.021), but there was no

association betweenMetS and AD in DS.

DISCUSSION: The prevalence of MetS was low in adults with DS. Although MetS was

not associated with AD, obesity, a subcomponent of MetS, was associated with AD in

adults with DS. This may inform targeted treatments in the future.
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Highlights

∙ There was a low prevalence of metabolic syndrome (MetS) in adults with Down

syndrome (DS).

∙ Overall MetS was not associated with dementia in adults with DS.

∙ Obesity, a subcomponent ofMetS, had a high prevalence in adults with DS.

∙ Obesity was positively associated with dementia in adults with DS.

1 INTRODUCTION

Metabolic syndrome (MetS) is defined by a combination of subcom-

ponents including elevated fasting glucose, elevated triglycerides,

reduced high-density lipoprotein-cholesterol (HDL-C), elevated blood

pressure, and elevated waist circumference.1 In the neurotypical pop-

ulation, the co-existence of MetS subcomponents is more frequent

than would be expected by chance, and the combined effect of these

co-occurring signs of metabolic dysfunction adds substantial cardio-

vascular risk beyond that of individual risk factors.2 AlthoughMetS is a

known risk factor for clinical Alzheimer’s disease (AD) in the neurotyp-

ical population,3,4 the relationship betweenMetS andAD in individuals

with Down syndrome (DS) has not yet been studied in a sufficiently

large cohort.

Adults with DS are at a high risk of developing Down syndrome–

associated Alzheimer’s disease (DS-AD), thought to be due to triplica-

tion of chromosome 21, including the amyloid precursor protein (APP)

gene, which leads to overproduction of amyloid beta peptides.5,6 For

this high-risk population, the relationship between various risk factors

and DS-AD is less than clear. To date, many studies have investigated

general cardiovascular risk in DS, but a limited number of studies have

investigated the prevalence of MetS in DS. Some prior studies report

higher prevalence of MetS in adults with DS,7,8 while others report

the opposite.9,10 Luchsinger and colleagues examinedmetabolic corre-

lates of obesity in adults with DS and found a relative lack of metabolic

risk factors, with the exception of high leptin levels.11 Prior studies

that investigated the prevalence of MetS in adults with DS had rela-

tively small sample sizes, ranging from 48 to 139 individuals.12,13 It is

important to note that adults with DS exhibit a unique set of pheno-

types that are less commonly observed in the neurotypical population.

Despite having a higher prevalence of obesity, they tend to have rel-

atively lower prevalence of type 2 diabetes and cardiovascular risk

factors (e.g., hypertension and atherosclerosis).5,14,15 This set of dis-

tinctive and unusual phenotypes in adults with DS offers a unique

opportunity to characterize the relation between subcomponents of

MetS andDS-AD.

We examined one of the largest cross-sectional studies of adults

with DS (N = 389) to understand the relationship between MetS (and

its subcomponents) and DS-AD. Specifically, we investigated whether

(1) the prevalence of MetS in a large cohort of adults with DS is ele-

vated or not in comparison to published data from the neurotypical

population, given their high prevalence of obesity; and (2) the presence

of MetS is associated with the presence of DS-AD in adults with DS

at baseline visits, given that prior studies in neurotypical adults have

shown a positive association betweenMetS and AD.

2 METHODS

2.1 Alzheimer Biomarkers Consortium – Down
Syndrome

2.1.1 Study participants

The Alzheimer Biomarkers Consortium – Down Syndrome (ABC-DS)

is a multidisciplinary, multi-site, longitudinal study examining biomark-

ers of DS-AD in a large cohort of adults with DS, ages 25 years and

older (N=503participants at baseline visit).Wedownloadeddata from

the LONI Image &Data Archive database on September 7, 2024. ABC-

DS participants were seen at 16-month intervals, at which time they

underwent cognitive testing aswell asmedical andneurological assess-

ments. In addition, bloodwas collected toprovideplasma-basedDS-AD

biomarkers, and caregivers completed questionnaires regarding DS-

AD symptoms, psychological well-being, and daily functioning. For the

present study, we used the baseline data to estimate cross-sectionally

the prevalence of MetS in a cohort of adults with DS. Because some

were missing subcomponent data, we restricted our analysis to 389

ABC-DS study participants who (1) had a baseline visit; (2) had data

recorded for all of MetS subcomponents (i.e., hyperlipidemia, hyper-

tension, diabetes, and obesity); and (3) had a valid consensus diagnosis

for cognitive status. Full details regarding inclusion and exclusion cri-

teria for the ABC-DS study were described previously along with

procedures for consensus diagnosis.16

2.1.2 MetS definition

Weused amodified version of theAmericanHeartAssociation’s defini-

tion ofMetS to identify prevalence ofMetS at baseline visit in ABC-DS
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given that fasting laboratory data and waist circumference data were

not available, and laboratory data at the time of writing has been

collected only for a subset of individuals. The American Heart Asso-

ciation defines MetS as having three of the five following: elevated

fasting glucose greater than or equal to 100 mg/dL (including diabetes);

triglycerides greater than or equal to 1.69 mmol/L (or on triglyceride

treatment); HDL-C in men less than 1.03 mmol/L, and in women less

than 1.29 mmol/L (or on HDL treatment); blood pressure greater than

or equal to 130/85 mmHg (or on antihypertensive medication); and

waist circumference in men greater than or equal to 102 cm, or 88 cm

in women.1 In the current study, we considered a participant as hav-

ing MetS if the individual had at least three of the four following MetS

subcomponents as permedical chart review: health history of diabetes,

health history of hyperlipidemia, health history of hypertension, and

obesity as determined by body mass index (BMI) greater than or equal

to 30 (BMI =weight in kg / height in m2). Height and weight measure-

ments were taken from physical and neurological exams, which were

performed at baseline visit. BMI has a strong correlation with waist

circumference 17; as such, we used BMI as a proxy measure for waist

circumference. Conversely, we classified thosewith two or fewerMetS

subcomponents as not having MetS. When we refer to MetS through-

out the study, we are referring to MetS and its subcomponents (i.e.,

hyperlipidemia, hypertension, diabetes, and obesity).

2.1.3 AD definition

DS-AD was defined based on consensus diagnosis in ABC-DS.16 Given

that DS-AD neuropathology is almost universal in adults with DS by

the age of 40 years,5,6 thosewith dementia in ABC-DSweremost likely

to have dementia of the Alzheimer’s type, although etiology of demen-

tiawas discussed at consensus conferences. Using consensus diagnosis

in ABC-DS, participants were classified clinically as cognitively stable

(CS), mild cognitive impairment (DS-MCI), DS-AD, or “undetermined”

based on review of medical history, neurologic exam findings, infor-

mant interviews, and participant performance on testing, independent

of biomarker profiles.16 “Undetermined” indicates that changes in

functioning have occurred, but assessment of symptoms of DS-AD is

confounded by other factors that might also affect functioning includ-

ing medical illness or other factors.We classified participants from the

CS and DS-MCI groups together as the reference group (those with-

outDS-AD) and thosewithDS-ADwere classified as the risk group.We

excluded the participantswhowere classified as “undetermined” in this

analysis (N= 21).

2.2 Statistical analysis

2.2.1 Descriptive statistics

All statistical analyses were performed using R software, version

4.3.2.18 We determined the prevalence of MetS in ABC-DS. Baseline

demographic characteristics and clinical characteristics are presented.

RESEARCH INCONTEXT

1. Systematic review: Metabolic syndrome (MetS) is a

known risk factor for Alzheimer’s disease (AD) in the neu-

rotypical population. However, MetS and its association

with dementia has not been well studied in adults with

Down syndrome (DS), who are known to have high preva-

lence of obesity and lowprevalence of cardiovascular risk

factors.

2. Interpretation:Our study founda lowprevalenceofMetS

in adults with DS, and no association between overall

MetS and dementia. However, obesity, a subcomponent

ofMetS, was positively associated with dementia.

3. Future directions: This cross-sectional study proposes

a framework for disparate relationships between each

MetS subcomponent and dementia in adults with DS.

Future studies will be needed to examine the longitu-

dinal relationships between MetS subcomponents and

dementia.

For baseline characteristics, we separated the cohort by consen-

sus diagnosis of dementia (CS, DS-MCI, and DS-AD). We applied a

Kruskal–Wallis test for continuous traits to take into account potential

non-normality. For categorical traits, we applied a chi-squared test or a

Fisher’s exact test when a cell had fewer than five subjects. Statistical

significance was defined as p< 0.05.

2.2.2 Associations of MetS and baseline
characteristics with prevalent DS-AD

To illustrate the effects of age and sex on adiposity, we showed changes

inBMI as a functionof age at visit, stratified by sex (Figure1). The figure

presents the relationship by locally estimated scatterplot smoothing

and 95% confidence bands. This plot identifies critical windows of

weight gainor loss, highlighting trends thatmay impact the relationship

betweenMetS andDS-AD.

We first used a univariate logistic regression analysis to examine the

association between age and MetS by dividing age into tertiles (older,

middle, and younger) to assess meaningful changes in DS-AD risk due

to age.We also used a univariate logistic regression analysis withMetS

as the outcome and with sex as the predictor to understand howMetS

differs based on baseline demographic characteristics. We created bar

graphs (Figures 2 and 3) to show the proportion of individuals with

MetS in each age tertile, and the proportion of females and males with

MetS, respectively.

We first used univariate logistic regression to examine the relation-

ship between MetS and dementia status by treating dementia status

as a binary variable (DS-AD vs. DS-MCI or CS). Subsequently, we used

multivariable logistic regression to examine the relationship between
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TABLE 1 Baseline characteristics for ABC-DS participants.a

Characteristic Total CS DS-MCI DS-AD p-value

N 389 303 51 35

Mean age (years)± SD 42.61± 10.13 39.58± 8.85 52.90± 6.74 53.91± 5.99 <0.001*

Range of age:Min-Max 25–81 25–72 40–81 40–67

Sex

Female (%) 177 (45.50%) 143 (47.19%) 15 (29.41%) 19 (54.29%) 0.034*

Male (%) 212 (54.5%) 160 (52.8%) 36 (70.6%) 16 (45.7%)

Racial group 0.393

White 374 (96.1%) 293 (96.7%) 48 (94.1%) 33 (94.3%)

Non-White 15 (3.9%) 10 (3.3%) 3 (5.9%) 2 (5.7%)

APOE ε4 alleles (N, %) 0.024*

2 6 (1.6%) 5 (1.7%) 1 (2.0%) 0 (0%)

1 86 (22.9%) 57 (19.5%) 15 (30.6%) 14 (42.4%)

0 283 (75.5%) 231 (78.8%) 33 (67.4%) 19 (57.6%)

Mean BMI (kg/m2)± SD 31.7± 7.4 32.5± 7.6 27.4± 5.2 30.4± 6.2 <0.001*

MetS (N, %) 0.869

Present 12 (3.1%) 9 (3.0%) 2 (3.9%) 1 (2.9%)

Absent 377 (96.9%) 294 (97.0%) 49 (96.1%) 34 (97.1%)

Hyperlipidemia (N, %) <0.001*

Present 125 (32.1%) 79 (26.1%) 27 (52.9%) 19 (54.3%)

Absent 264 (67.9%) 224 (73.9%) 24 (47.1%) 16 (45.7%)

Hypertension (N, %) 0.009*

Present 18 (4.6%) 9 (3.0%) 6 (11.8%) 3 (8.6%)

Absent 371 (95.4%) 294 (97.0%) 45 (88.2%) 32 (91.4%)

Diabetes (N, %) 0.4416

Present 17 (4.4%) 12 (4.0%) 4 (7.8%) 1 (2.9%)

Absent 372 (95.6%) 291 (96.0%) 47 (92.2%) 34 (97.1%)

Obesity (N, %) <0.001*

Present 206 (53.0%) 173 (57.1%) 13 (25.5%) 20 (57.1%)

Absent 183 (47.0%) 130 (42.9%) 38 (74.5%) 15 (42.9%)

Abbreviations: ABC-DS, Alzheimer Biomarkers Consortium –Down Syndrome; AD, Alzheimer’s disease; APOE, apolipoprotein E; BMI, body mass index; CS,

cognitively stable; DS, Down syndrome;MCI, mild cognitive impairment;MetS, metabolic syndrome; SD, standard deviation.
aFor continuous traits, we applied a Kruskal-Wallis test to account for non-normality. For categorical traits, we applied a chi-squared test or a Fisher’s exact

test when a cell had fewer than five subjects.

*Indicates statistically significant at p< 0.05.

MetS and dementia status (DS-AD vs. DS-MCI or CS), while adjusting

for baseline characteristics (age, sex, APOE ε4 carrier status). Age was

examined per 5-year increase. We classified participants as carriers (if

they had one or two copies) versus non-carriers of APOE ε4.

3 RESULTS

The baseline demographic and clinical characteristics of the ABC-DS

cohort are shown in Table 1. The cohort consisted of 389 adults with

DS,with ameanageof42.6 years (age range25–81years). As expected,

mean age was higher in groups with greater cognitive impairment.

The overall cohort was 45.5% female. The proportion of females was

lower in the DS-MCI group compared to the CS and DS-AD groups.

The majority of study participants (96.1%) were reported to be white.

The mean BMI was 31.7 kg/m2 (BMI range 16.8–69.2 kg/m2). Mean

BMI was lowest in the DS-MCI group. The percentage of APOE ε4
carriers increased in groups with greater cognitive impairment, as

expected. The prevalence of DS-AD in this cohort was 9.0%, MetS

overall was 3.2%, hyperlipidemia was 32.1%, hypertension was 4.6%,

diabetes was 4.4%, and obesity was 53.0%. MetS prevalence and dia-

betes prevalence were not significantly different across varying levels

of cognitive impairment. Hyperlipidemia and hypertension preva-

lence increased with greater levels of cognitive impairment. Obesity
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F IGURE 1 Change in BMI by age at visit, stratified by sex. Lines represent average BMI across age at visit among adults with Down syndrome,
shown separately for males (blue) and females (pink). Shaded areas indicate 95% confidence intervals. BMI, bodymass indes.

prevalence was lower in the DS-MCI group compared to the other two

groups.

We then examined the role of age in MetS, since age is a signifi-

cant risk factor for cognitive performance. Figure 1 shows an inverse

U-shaped distribution in body mass index (BMI) by age, stratified by

sex. Because adiposity differs by age and sex, this figure pinpoints key

periods of weight gain and loss that reveal patterns that may shape

the relationship betweenMetS and DS-AD. In both males and females,

BMI initially rises with age with its peaks being between age 35 and 40

for both females and males. Subsequently, the curves for BMI in both

females and males decrease in an inverse U-shaped fashion. However,

the peak in mean BMI for females had a sharper increase and slightly

later peak compared to the peak in mean BMI for males and continued

to remain elevated for longer compared tomales.

Table 2 presents the association of MetS with age group in tertiles

using univariate logistic regression analysis to detect threshold effects

such as a step change inMetS among various age groups (older agewas

considered 48–81 years, middle age 37–47 years, and younger age 25–

36 years). MetS and all subcomponents differed significantly based on

age tertile, as expected.

Specifically, as shown in Figure 2, MetS prevalence increased with

higher age group, with the younger age group having no individu-

als with MetS. The prevalence of hyperlipidemia and hypertension

increased with higher age group. Diabetes prevalence was similar in

middle and older age groups; however, the younger age group had

no individuals with diabetes. Obesity prevalence, on the other hand,

decreased with higher age group. When the effects of sex on MetS

were examined using logistic regression, neither MetS nor its subcom-

ponents differed significantly by sex with the exception of obesity,

whichwas elevated significantly for female sex, as presented in Table 2.

Figure 3 shows a graph ofMetS risk factors by sex, indicating that obe-

sity is present in a higher proportion of females than males; however,

other MetS subcomponents and MetS overall are present in similar

proportions in both females andmales.

Given the disparate relationships of MetS subcomponents with age

(with obesity having an early peak in young age followed by a steep
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TABLE 2 Effects of age and sex onMetS and its subcomponents.

Parameter MetS Hyperlipidemia Hypertension Diabetes Obesity

Age tertile (older, middle, younger)

OR 3.05 2.85 4.67 2.40 0.70

p 0.014* <0.001* <0.001* 0.012* 0.005*

Sex (M= 0, F= 1)

OR 0.59 0.96 0.58 0.48 1.67

p 0.395 0.848 0.294 0.182 0.013*

Abbreviations:MetS, metabolic syndrome; OR, odds ratio.

*Indicates statistically significant at p< 0.05.

F IGURE 2 MetS risk factors by age tertile (older, middle, younger). Bars represent the percentage of individuals with eachMetS risk factor,
including overall MetS, hyperlipidemia, hypertension, diabetes, and obesity, stratified by age tertile (older, middle, and younger). Older age was
considered 48–81 years, middle age 37–47 years, and younger age 25–36 years. MetS, metabolic syndrome.

decline, whereas hyperlipidemia and hypertension increase with age),

we examined which MetS subcomponents were associated with AD

risk. The relations between DS-AD and MetS are shown in Table 3. In

the univariate model, hyperlipidemia and hypertension were associ-

ated with increased odds of DS-AD; however, only hyperlipidemia was

significant at p < 0.05. A subsequent multivariable logistic regression

analysis revealed that the significant association observed for hyper-

lipidemiawas no longer significantwhen agewas included in themodel

along with sex and APOE ε4 carrier status. Of MetS and its subcom-

ponents, obesity was the only subcomponent that was significantly

associatedwithDS-AD risk in themultivariablemodel, inwhich obesity

was associated with a 2.8-fold increase in DS-AD risk.
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F IGURE 3 MetS risk factors by sex. Bars represent the percentage of individuals with eachMetS risk factor, including overall MetS,
hyperlipidemia, hypertension, diabetes, and obesity, shown separately for females (pink) andmales (blue). MetS, metabolic syndrome.

TABLE 3 Effects ofMetS and its subcomponents on DS-AD.a

MetS counts Univariate Multivariable

Parameter Total (N) Present (N) Present (%) OR p-value OR p-value

MetS 389 12 3.1% 0.92 0.935 0.67 0.721

DS-AD 35 1 2.9%

CS andDS-MCI 354 11 3.1%

Hyperlipidemia 389 125 32.1% 2.78 0.004* 1.02 0.966

DS-AD 35 19 54.3%

CS andDS-MCI 354 106 29.9%

Hypertension 389 18 4.6% 2.12 0.255 0.36 0.273

DS-AD 35 3 8.6%

CS andDS-MCI 354 15 4.2%

Diabetes 389 17 4.4% 0.62 0.649 0.51 0.539

DS-AD 35 1 2.9%

CS andDS-MCI 354 16 4.5%

Obesity 389 206 53.0% 1.20 0.603 2.79 0.021*

DS-AD 35 20 57.1%

(Continues)
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TABLE 3 (Continued)

MetS counts Univariate Multivariable

Parameter Total (N) Present (N) Present (%) OR p-value OR p-value

CS andDS-MCI 354 186 52.5%

Abbreviations: APOE, apolipoprotein E; CS, cognitively stable; DS, Down Syndrome; DS-AD, Down syndrome–associated Alzheimer’s disease; MCI, mild

cognitive impairment;MetS, metabolic syndrome.
aThemultivariablemodel includesMetS (or its subcomponents) as the predictor andDS-ADdiagnosis as the outcome, adjusting for age (per 5-year increase),

sex, and APOE ε4 carrier status.
*Indicates statistically significant at p< 0.05.

4 DISCUSSION

This study has shown that adults with DS have low prevalence of

MetS at 3.1%, even though over 50% of the study participants were

considered to be obese. While someMetS subcomponents (i.e., hyper-

lipidemia, hypertension, and diabetes) increased with age, the preva-

lence of obesity initially increased and then decreased with age.

Hyperlipidemia and hypertension were higher in groups with greater

cognitive impairment, but obesity was higher in the CS and DS-AD

groups, yet low in the DS-MCI group. Although MetS was not sig-

nificantly associated with DS-AD, obesity, a subcomponent of MetS,

was significantly positively associatedwithDS-AD.This cross-sectional

study suggests that given the early-life peak in obesity in adults with

DS, and the association of obesity with DS-AD, early-life obesity in

adultswithDS, particularly in youngwomenwithDSwho have a higher

prevalence of obesity compared to men with DS, could potentially be

a targetable modifiable environmental risk factor for DS-AD. Further-

more, the findings of this study show that MetS in adults with DS

may not be a unified syndrome as it is in the neurotypical population,

given that the cardiovascular subcomponents of MetS increase with

age, whereas obesity peaks early in life and then declines. Future stud-

ies may further investigate these striking differences in MetS in adults

with DS compared to the neurotypical population.

Our study shows that MetS subcomponents remain disparate in

adults with DS, in that although hyperlipidemia and hypertension rise

with increased age, obesity has an initial rise followed by a steep

decline with increased age. This is in contrast to the neurotypical pop-

ulation, in which MetS subcomponents tend to cluster together and

tend to increase with age.5 Given the opposite directionality of obe-

sity and cardiovascular risk factors in adults with DS, MetS in adults

with DS does not behave as a unified syndrome the same way that it

does in the neurotypical population. As such, future studies of MetS

and DS-AD should focus separately on early to mid-life effects of obe-

sity on cognitive impairment, versus mid- to late-life effects of other

cardiovascular risk factors such as hyperlipidemia and hypertension on

cognitive impairment. Failure to separately examine the cardiovascular

and metabolic subcomponents could obscure opportunities for early

intervention in adults with DS.

We observed that MetS as a whole did not increase the risk of

DS-AD in this cohort of adults with DS; however, some of the sub-

components of MetS were associated with DS-AD. Specifically, there

was a higher prevalence of hyperlipidemia and hypertension in those

whoweremore cognitively impaired as determined by consensus diag-

nosis of dementia. However, the prevalence of obesity was lower in

the DS-MCI group compared to the CS group, and higher in the DS-

AD group compared to the DS-MCI group. This finding may be in line

with an earlier study using a smaller subset of the ABC-DS data, which

showed that unintentional weight loss occurs alongside amyloid beta

deposition in adults with DS, and thus may be a useful early sign of

DS-AD.19 However, another possible reason for the lower prevalence

of obesity in the DS-MCI group may be that the proportion of females

was lower in the DS-MCI group compared to the CS and AD groups,

and that women with DS tend to have higher prevalence of obesity.20

When longitudinal data become available, future studies may examine

the change inmemory test scores andADbiomarkers as BMI increases

in males and females with DS.

The increase in prevalence of hyperlipidemia and hypertension

across varying levels of cognitive impairment may at least in part be

explained by age. We found that both hyperlipidemia and hyperten-

sion are both positively associated with age in adults with DS, while

obesity is negatively associated with age. Obesity in adults with DS

also differs by sex in that females have a sharper rise in BMI prior to

age 40 compared to males, and BMI in females remains elevated for

longer compared to males. This peak in BMI occurs earlier in adults

with DS compared to the neurotypical population, in which BMI tends

to increase while individuals are between 40 and 59 years of age as

perNational Health andNutrition Examination Survey (NHANES) data

from 2021 to 2023.21 Ultimately, the rise in obesity in early to mid-life

in adultswithDSandmid- to late-life peak in cardiovascular subcompo-

nents ofMetS suggests that clinicians and researchers should prioritize

treating early-life obesity in young adults, particularly young women,

withDS, over cardiovascular risk factors, highlighting the need for age-

, sex-, and disease-specific interventions rather than viewingMetS as a

unified syndrome in this population.

This study showed that adults with DS experience low prevalence

of MetS, despite prevalent obesity. That is, we observed only one indi-

vidual who had both MetS and DS-AD in this relatively large cohort

of adults with DS. This is in contrast to the neurotypical population,

in which 41.8% of US adults have MetS according to the NHANES.22

Our study found that, despite the lack of association between MetS

and DS-AD, there was an association between obesity, a subcompo-

nent of MetS, and increased odds of DS-AD (OR = 2.79, p = 0.021).

This suggests that although treatment of overall MetS may not mod-

ify DS-AD risk, targeted treatments for obesity in adults with DS (such
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as glucagon-like peptide 1 (GLP-1) agonists, diet, and exercise) could

potentially be beneficial in modifying DS-AD risk. The potential mech-

anisms underlying the observed phenomena are complex and likely

to involve multiple components, including diet, decreased metabolic

rate, hormonal differences in leptin and adiponectin, beta amyloid, and

other factors. To further address these questions, a longitudinal study

is warranted.

Given the relatively large sample size (N = 389 adults with DS), the

present study improved precision and statistical power comparedwith

earlier studieswith smaller sample sizes. Another strengthof this study

is thatwewere able to use available data fromABC-DS to dissectMetS

into its individual subcomponents, determine how age and sex affect

MetS and its subcomponents in adults with DS, and characterize the

relationship betweenMetS andDS-AD.

One of the limitations of the study is that we used surrogate data.

The study lacked measures of fasting laboratory data for MetS and

lacked a history of medication usage, such as antihypertensive medi-

cation use, statin use, etc. It used BMI (representing overall adiposity)

rather than waist circumference (representing central adiposity). Con-

sequently, some misclassifications of MetS might have weakened the

true association. Lastly, the findings from the present study are based

on European whites should be limited to cohorts that are predomi-

nantlywhite.While this is considered a limitation for generalizability to

external populations, it may minimize etiologic heterogeneity, thereby

enhancing statistical power.

This study was a cross-sectional examination of MetS and DS-AD.

Althoughwedid not find a cross-sectional relationship betweenoverall

MetS and DS-AD, it may be the case that when examined longitudi-

nally, relationships between MetS and DS-AD emerge. It may also be

the case that althoughMetS was not associated with DS-AD diagnosis,

MetS may be associated with quantitative changes either in memory

test scores or in DS-AD biomarkers. Future studies will be needed to

examine longitudinal relationships betweenMetS andDS-AD, and also

longitudinal changes in memory test scores and DS-AD biomarkers

depending onMetS status.

5 CONCLUSION

In this cross-sectional study of adults with DS, prevalence of MetS

overall was low and was not associated with DS-AD. Individual MetS

subcomponents displayed divergent relationships with age in that

hyperlipidemia, hypertension, and diabetes all rose with age, whereas

obesity initially rose and then declined with age. Given the opposite

directionality of cardiovascular andmetabolic subcomponents ofMetS

in adults with DS, this suggests that MetS may not be a unified syn-

drome in adults with DS, and that the relationships between MetS

subcomponents and DS-AD are complex. This study also shows that

obesity was the only MetS subcomponent that was significantly pos-

itively associated with DS-AD. Future studies may focus on targeted

treatments specifically for obesity in early- to mid-life, particularly in

young women with DS, as a means of potentially delaying the onset of

or slowing the progression of DS-AD.
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