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ABSTRACT

Background: Sarcopenic obesity has been suggested as a potential risk factor for cognitive decline; however, few prospective
studies have been conducted to test this hypothesis. We aimed to assess the relationship between baseline sarcopenic obesity and
6-year trajectories of cognitive performance and subtle cognitive impairment in older adults.

Methods: This longitudinal study comprised 1097 older adults aged 55-75years (mean [SD] age, 65.3 [4.9] years; 506 females [46.1%)]
and 591 males [53.9%]) exhibiting baseline overweight/obesity and metabolic syndrome. Baseline lower-limb muscle strength was de-
termined by the validated 30-s Chair Stand Test. Baseline total body weight, fat mass percentage and appendicular lean mass were ob-
tained through dual-energy x-ray absorptiometry scans. Baseline sarcopenic obesity (n =364 [33.2%]) was subsequently defined based
on the new European Society for Clinical Nutrition and Metabolism and the European Association for the Study of Obesity consensus
criteria. Cognitive performance was assessed at baseline, 2, 4 and 6years of follow-up through five composite scores derived from a
comprehensive battery of eight validated neuropsychological tests, encompassing global cognitive function, general cognitive func-
tion, executive function, attention and language. Subtle cognitive impairment was defined for those z-scores 0.5 standard deviations
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below the mean for each cognitive performance composite score at baseline. Linear and logistic two-level mixed models including lost

to follow-up participants were fitted as main analyses. Complete case analyses were additionally performed.

Results: After adjusting for multiple covariates, main analyses showed that, compared to older adults without sarcopenic obe-
sity, those with sarcopenic obesity showed a higher decline in global cognitive function (between-group difference, —1.0 [95% CI,
—2.2 to 0.2] after 6years; overall p=0.048) and general cognitive function (between-group difference, —2.5 [95% CI, —4.4 to 0.5]
after 6years; overall p=0.028) and had a higher risk of subtle global cognitive function impairment (between-group difference,

2.3[95% CI, 0.9 to 5.6] after 6 years; overall p=0.038) over 6years of follow-up. Associations remained consistent in the complete

case analysis and attenuated when comparing those participants with baseline sarcopenic obesity with those only presenting
sarcopenia, obesity or overweight. Of note, participants with baseline sarcopenia or obesity, compared to the absence of these
conditions, showed no relationship with cognitive performance and subtle cognitive impairment over 6years of follow-up.

Conclusions: Sarcopenic obesity may be considered a potential independent risk factor for cognitive decline over the long term

that warrants further evaluation in clinical settings.

1 | Introduction

Sarcopenic obesity, a condition combining sarcopenia and
obesity [1], and cognitive impairment have emerged as major
healthcare and public health concerns [2, 3], driven by popula-
tion aging alongside rising rates of obesity, physical inactivity
and unhealthy lifestyles [4, 5]. Sarcopenic obesity poses a dual
threat to the physical and cognitive well-being of older adults,
heightening their dependence on healthcare services and im-
posing considerable socioeconomic burdens on health systems
[6]. Consequently, there is a growing imperative for healthcare
policymakers to address the potential implications of sarcopenic
obesity on cognitive decline [7].

Evidence suggests that older adults with sarcopenic obesity tend
to exhibit lower cognitive performance and a higher incidence of
cognitive impairment compared to those without this condition
[8]. Differences across studies and the potential difficulties in the
interpretation and application of the findings [9] may be attributed
to the multiple methodological approaches used in body composi-
tion measurements, cognitive assessment techniques through in-
dividual tests, rather than encompassing a more holistic approach
using cognitive performance composite scores, population char-
acteristics and usage of non-standardised criteria for diagnosing
sarcopenic obesity [10]. Of note, most of the studies presented a
cross-sectional design and used a wide variety of different criteria
to classify individuals with or without sarcopenic obesity and cog-
nitive performance [9-13] or cognitive impairment [14-17].

The use of arbitrary cut-offs for sarcopenic obesity and reliance on
single-test cognitive outcomes have hampered precise estimation
of the impact of sarcopenic obesity on cognitive health, calling
into question its value as a clinical predictor of cognitive decline
and impairment [18]. Cognitive performance composite scores
improve reliability, reduce error and increase power to detect
subtle changes, especially in older adults, where single-test scores
are more variable [19-21]. To enhance comparability and clinical
relevance, the new European Society for Clinical Nutrition and
Metabolism (ESPEN) and the European Association for the Study
of Obesity (EASO) consensus criteria, provide harmonised defini-
tions and diagnostic thresholds for sarcopenic obesity and advocate
for deeper research on sarcopenic obesity diagnostics as a relevant
clinical priority and a future objective of sarcopenic obesity-related
comorbidities [1]. In a recent umbrella review of systematic reviews

with meta-analysis, it was acknowledged that sarcopenic obesity
may be considered a potential risk factor for cognitive impairment,
with evidence coming only from cross-sectional and case-control
studies, underscoring the need for longitudinal research using the
aforementioned standardised frameworks and extended follow-up
to clarify cognitive trajectories [22].

To date, only one longitudinal study has addressed this research
question only for cognitive performance, reporting a higher
risk of cognitive performance decline over an 8-year period in
those individuals with sarcopenic obesity compared to those
without this condition at baseline [23]. In addition, to the best
of our knowledge, the association between sarcopenic obesity
and risk of cognitive impairment has never been explored [24].
Therefore, the present study aims to investigate the association
between baseline sarcopenic obesity and 6-year trajectories of
cognitive performance and subtle cognitive impairment in older
adults with overweight or obesity and metabolic syndrome. By
addressing key gaps in the literature, specifically by employing
the newly established ESPEN-EASO criteria for diagnosing sar-
copenic obesity, focusing on domain-specific cognitive perfor-
mance outcomes and subtle cognitive impairment and utilising
a long-term longitudinal design, we hypothesised sarcopenic
obesity to be associated with greater cognitive performance de-
cline and an increased risk of subtle cognitive impairment over
time compared to the absence of this condition.

2 | Materials and Methods
2.1 | Study Design

The present study conducted an observational prospective
study design within the framework of the PREDIMED-Plus
trial (Figure 1) [25]. Briefly, PREDIMED-Plus is a multicentre,
parallel-group, randomised, single-blind clinical trial evaluat-
ing the long-term effects of a lifestyle intervention including an
energy-reduced Mediterranean diet, physical activity promotion
and behavioural support for weight loss (intervention group) vs.
general ad libitum Mediterranean diet recommendations (con-
trol group) on primary cardiovascular disease prevention and
total body weight loss. Further details regarding the trial pro-
tocol can be accessed at https://www.predimedplus.com/ and
in previously published sources [26, 27]. Ethical approval was
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https://www.predimedplus.com/

obtained from all participating centres, and written informed
consent was obtained from all participants. The trial was regis-
tered in 2014 at www.isrctn.com/ISRCTN89898870.

2.2 | Participants

The study enrolled community-dwelling adults aged 55 to
75years with overweight or obesity (body mass index [BMI]
ranging from 27 to 40kg/m?) who met at least three criteria
for metabolic syndrome (Figure 1a) [28]. To identify metabolic
syndrome, the following updated criteria from the International
Diabetes Federation, the American Heart Association and the
National Heart, Lung and Blood Institute were used: hyper-
tension (>130/85mmHg), plasma triglycerides (>150mg/dL),
plasma high-density lipoprotein cholesterol (HDL [<40mg/
dL for men or <50mg/dL for women]), fasting blood glucose
(>100mg/dL) and central obesity (>102cm for men or >88cm
for women) [28]. Exclusion criteria were based on (I) unwilling-
ness to give written informed consent, (II) institutionalisation,
(III) pre-existing cardiovascular diseases, psychiatric disorders

PREDIMED-Plus
(n=1,097 participants)

Community-dwelling

older adults with MetS
(55-75 years)

Spain (7 recruiting centers)

or bowel diseases, (IV) weight loss medication use and (V) in-
ability to follow the intervention based on religious purposes,
food allergies or intolerances or injuries. From October 2013 to
December 2016, a total of 6874 eligible participants were ran-
domly assigned in a 1:1 ratio to either the intervention group or
the control group. The randomisation procedure was blinded to
all staff members and principal investigators. For participant
couples sharing the same household, randomisation was done
by cluster, with the couple as the unit of randomisation. For the
purposes of the present study, data from a subsample of partici-
pants who underwent dual energy x-ray absorptiometry (DXA)
measurements in 7 of the 23 recruiting centres having access
to DXA scanners (DXA sub study) were used. A total of 2520
participants were eligible for the present analysis, with 1097 par-
ticipants presenting available information at baseline (Figure 2).

2.3 | Sarcopenic Obesity Assessment

Lower-limb muscle strength was determined at baseline
using the validated 30-s Chair Stand Test, based on the times

8 neuropsychological
tests

v
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FIGURE 1 | Study design. ALM, appendicular lean mass; DXA, dual-energy x-ray absorptiometry; FM, fat mass; MetS, metabolic syndrome;

PREDIMED-Plus, Prevencion con Dieta Mediterrdnea—Plus.
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9,677 PREDIMED-Plus randomized clinical trial participants assessed for elegibility

2,803 Excluded, did not meet the inclusion criteria

6,874 PREDIMED-Plus randomized clinical trial participants assessed for randomization

4,355 Excluded, did not undergo DXA scan

A 4

(16 out of 23 recruiting centers)

2,520 PREDIMED-Plus randomized clinical trial participants included in the present study

1,423 Excluded:

1,007 Without baseline sarcopenic obesity
412 Without baseline cognitive performance
4 Without baseline smoking status

A 4

1,097 PREDIMED-PIlus randomized clinical trial participants included in the main analyses

FIGURE 2 | Flowchart of the study population. DXA, dual-energy x-ray absorptiometry; PREDIMED-Plus, Prevencién con Dieta

Mediterranea-Plus.

participants stand and sit in a chair within 30s, following an
established protocol [1]. Height (cm) was measured at baseline
in light clothing and without shoes with the use of a calibrated
scale and a wall-mounted stadiometer. Baseline dual-energy x-
ray absorptiometry scans (Lunar iDXA and DXA Lunar Prodigy
Primo, GE Healthcare, Madison, WI) were performed by trained
radiology technicians to assess body composition following a
validated standardised protocol and subject positioning provided
by the manufacturer. The DXA was calibrated daily according
to the manufacturer's guidelines. Total bone mineral content,
total lean mass, total fat mass and regionally distributed lean
mass in arms and legs (appendicular lean mass [ALM]) were
obtained. Total body weight (kg) was calculated as the sum of
total bone mineral content, total lean mass and total fat mass.
ALM (kg) was calculated as the sum of the lean mass from the
four limbs. BMI was calculated as total body weight (kg)/height
(m)?). The ALM to total body weight ratio (ALM [kg]/total body
weight [kg] X 100) was also determined.

According to the new criteria established by the ESPEN-EASO
consensus for Caucasian older adults, obesity was defined as a
BMI>30kg/m? [1]. Low lower-limb muscle strength was deter-
mined using the following age- and sex-specific cut-off points:
15 repetitions for females and 17 for males aged 55-64years; 15
for females and 16 for males aged 65-69 years; 14 for females and
15 for males aged 70-74 years and 13 for females and 14 for males
aged 75years [1]. Low ALM was defined by the ALM to total
body weight ratio, with diagnostic cut-off points of <28.27% for
males and <23.47% for females aged 55years or older [1]. High
fat mass percentage was defined using the following age- and
sex-specific thresholds: >41% for females and >29% for males
aged 55-59years, and >43% for females and >31% for males
aged 60-75years [1].

Baseline sarcopenic obesity was subsequently defined in accor-
dance with the ESPEN-EASO consensus as the simultaneous
presence of obesity and surrogate biomarkers (screening crite-
ria), in combination with both low muscle strength and concomi-
tant low ALM and high fat mass percentage (diagnostic criteria).
Individuals meeting these criteria were further stratified into
two clinical stages based on the presence of complications (stag-
ing), aiming to reflect the severity of sarcopenic obesity and pro-
vide insight into potential primary or secondary forms. Stage I
included participants with no complications attributable to al-
tered body composition or skeletal muscle function, while Stage
II comprised those with at least one such complication (e.g., met-
abolic diseases, disabilities related to high fat mass and/or low
ALM, cardiovascular or respiratory conditions) (Figure 1c) [1].

2.4 | Cognitive Performance and Subtle Cognitive
Impairment Evaluation

Cognitive performance evaluation was conducted by trained
personnel at baseline, 2, 4 and 6years of follow-up (Figure 1b).
A battery of eight neuropsychological tests, validated specifi-
cally for the Spanish population, was administered via individ-
ual interviews. These tests comprised the Mini-Mental State
Examination, the Clock Drawing Test, the Verbal Fluency Tests,
the forward and backward versions of the Digit Span Test (DST-f
and DST-b, respectively) from the Wechsler Adult Intelligence
Scale-III and the Trail Making Test parts A and B (TMT-A and
TMT-B). Detailed descriptions of these neuropsychological as-
sessments can be found elsewhere [29]. Each cognitive test ad-
ministered was standardised for every participant to a z-score,
utilising the mean and standard deviation (SD) derived from the
baseline data [21, 30].
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Composite measures for four cognitive composite scores (gen-
eral cognitive function, executive function, attention and lan-
guage), as well as a global assessment of cognitive function
(GCF), were computed for each participant to delineate the do-
mains of cognitive function that are likely to be affected based
on standardised criteria [31]. Using cognitive performance com-
posite scores reduces Type I error and improves sensitivity to
subtle longitudinal changes by synthesising performance across
multiple neuropsychological tests, which may fluctuate individ-
ually over time [20, 32]. The cognitive performance composite
scores were determined by aggregating or deducting individual
test z-scores based on whether a higher score indicates superior
or inferior cognitive performance, respectively, as detailed in
Table S1. Following this procedure, the resulting five cognitive
performance composite scores were further standardised to z-
scores using the mean and SD values from baseline cognitive
performance composite score data. Older adults with baseline
z-scores 0.5 SD below the mean for each of the five cognitive
performance composite scores were classified as presenting sub-
tle cognitive impairment [33, 34]. This threshold was defined to
identify participants with poorer cognitive performance with
early cognitive difficulties that do not yet reach the threshold for
mild cognitive impairment (MCI) [35].

2.5 | Covariate Assessments

Sociodemographic and lifestyle information regarding age, sex,
education level, marital status and smoking status was collected
through administered questionnaires. Physical activity was es-
timated utilising the validated REGICOR (Registre Gironi del
Cor) Short Physical Activity Questionnaire for the adult popula-
tion adapted from the Minnesota Leisure Time Physical Activity
Questionnaire [36], whereas sedentary behaviour was obtained
using the validated Spanish version of the Nurses' Health Study
questionnaire [37]. Personal medical history, encompassing
conditions such as type 2 diabetes, hypercholesterolaemia, met-
abolic syndrome components (i.e., hypertension, hypertriglyce-
ridaemia, low-HDL cholesterol, hyperglycaemia and central
obesity), as well as medication usage, was either self-reported
or extracted from medical records. Depressive symptomatology
was evaluated using the Beck Depression Inventory-II [38, 39].
Dietary intake was collected using a validated 143-item Food
Frequency Questionnaire [40]. Subsequently, daily energy in-
take and alcohol consumption estimations were derived utilis-
ing Spanish Food Composition Tables [41].

2.6 | Statistical Analyses

Main analyses were performed in the evaluable population in-
cluding all baseline available data for exposure, outcome and
confounders and those participants lost to follow-up over 2, 4
and 6years of follow-up.

Baseline characteristics of the study population were presented
for both, overall participants and categorised by the presence
of sarcopenic obesity, as means + SDs for continuous variables
and numbers (percentages) for categorical variables. Unpaired
Student's t-test and Chi-square tests were employed for continu-
ous and categorical variables, respectively.

Two-level linear mixed models and two-level logistic mixed mod-
els were conducted to assess the relationship between baseline sar-
copenic obesity and cognitive performance composite scores and
subtle cognitive impairment, respectively, over 2, 4 and 6years,
with random intercepts at cluster family (as couples from the same
household were randomised together) and individual participants’
levels (Figure 1d). In both cases, an interaction term between base-
line sarcopenic obesity (yes or no) and time, age (years), sex (male
or female) and recruiting centre was included as fixed effects in the
basic models. Intervention group (control or intervention), baseline
education level (primary or less, secondary or college), marital sta-
tus (single, divorced or separated, married or widower), smoking
status (current, former or never), depressive symptomatology (yes
or no), type 2 diabetes prevalence (yes or no), hypertension prev-
alence (yes or no), hypercholesterolaemia prevalence (yes or no),
physical activity (metabolic equivalents in minutes per day) and
time varying sedentary time (hours per day), alcohol consumption
(grams per day) and total energy intake (kilocalories per day) were
additionally included as fixed effects in the multivariable-adjusted
models. Linear mixed models results were presented as intragroup
mean changes and intergroup mean differences, whereas the re-
sults of logistic mixed models were presented as odds ratios (ORs),
along with their corresponding 95% ClIs.

A priori interaction analyses were conducted for cognitive per-
formance composite scores by baseline categories of age (<65 or
> 65years), sex (male or female), intervention group (control or in-
tervention), depressive symptomatology (yes or no), type 2 diabetes
prevalence (yes or no), physical activity (< median or > median),
alcohol consumption (< median or > median) and energy intake
(< median or > median), using the likelihood ratio test. An interac-
tion term between time, sarcopenic obesity and each potential ef-
fect modifier was included within multivariable-adjusted models.

Moreover, as sensitivity analyses, we (I) conducted a complete
case analysis by excluding participants with missing cognitive
performance data at 2, 4 and 6years of follow-up and (II) ex-
amined trajectories of cognitive performance and subtle cogni-
tive impairment by comparing baseline sarcopenic obesity with
sarcopenia-only, obesity-only or overweight-only (i.e., without
sarcopenia or obesity), as well as baseline sarcopenia-only or
obesity-only with participants without these conditions.

All statistical analyses were conducted with Stata/SE ver-
sion 14.2 (StataCorp LLC, College Station, TX, USA) using the
PREDIMED-Plus study dataset updated to December 19, 2023.
All graphs were plotted using GraphPad Prism software v.9.0
(GraphPad Software, San Diego, CA, USA). Statistical signifi-
cance was defined as a two-tailed p <0.05.

3 | Results

Table 1 presents the baseline characteristics of the overall study
population, stratified by the presence or absence of baseline sar-
copenic obesity. A total of 1097 participants, with a mean age
of 65.3 (4.9) years (506 [46.1%] female), were included in the
current analysis. A total of 364 (33.2%) participants were iden-
tified as presenting sarcopenic obesity at baseline, all of whom
were Caucasians and met the criteria for stage II of the condition
as all of them presented metabolic syndrome. Compared with
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TABLE1 | Baseline characteristics of the PREDIMED-Plus participants .

Total subsample

of PREDIMED- Non sarcopenic Sarcopenic

Characteristic Plus (n=1097) obesity (n=733) obesity (n=364) P
Sociodemographic variables

Age, mean (SD), years 65.3+4.9 65.1+4.9 65.7+4.8 0.041

Female, 1 (%) 506 (46.1) 323 (44.1) 183 (50.3) 0.052

Education level, n (%)

Primary or less 501 (45.7) 309 (42.2) 192 (52.8) 0.004

Secondary 349 (31.8) 248 (33.8) 101 (27.8)

College 247 (22.5) 176 (24.0) 71 (19.5)

Civil status, n (%)

Single, divorced or separated 146 (13.3) 90 (12.3) 56 (15.4) 0.056

Married 851 (77.6) 584 (79.7) 267 (73.4)

Widower 100 (9.1) 59 (8.1) 41 (11.3)

Ethnicity

Caucasian 1097 (100) 733 (100) 364 (100) —

African 0(0) 0(0) 0(0)

Asian 0(0) 0(0) 0(0)

Hispanic or Latino 0(0) 0(0) 0(0)

Other 0(0) 0 (0) 0(0)

Disease presence or medication usage at recruitment

Type 2 diabetes, n (%) 271 (24.7) 184 (25.1) 87(23.9) 0.664
Hypercholesterolaemia, n (%) 742 (67.6) 495 (67.5) 247 (67.9) 0.913
Depression, n (%) 216 (19.7) 130 (17.7) 86 (23.6) 0.021
Metabolic syndrome, n (%) 1097 (100) 733 (100) 364 (100) —
Hypertension, n (%) 924 (84.2) 614 (83.8) 310 (85.2) 0.549
Hypertriglyceridaemia, n (%) 435 (39.7) 302 (41.2) 133 (36.5) 0.137
Low HDL, n (%) 495 (45.1) 339 (46.3) 156 (42.9) 0.288
Hyperglycaemia, n (%) 711 (64.8) 467 (63.7) 244 (67.0) 0.278
Central obesity, n (%) 862 (78.6) 577 (78.7) 285(78.3) 0.873
Medication use, n (%)
Insulin or other antidiabetic drugs 209 (19.1) 135 (18.4) 74 (20.3) 0.448
Antihypertensive agents 889 (81.0) 585 (79.8) 304 (83.5) 0.140
Statins or other hypolipidaemic 553 (50.4) 362 (49.4) 191 (52.5) 0.336
drugs

Lifestyle variables
Physical activity, mean (SD), 402.9+340.1 431.8+346.2 344.9+320.0 0.001
METs/min per day
Sedentary time, mean (SD), h/d 5.8+1.9 57+1.8 6.0+1.9 0.005

Smoking status, n (%)

(Continues)
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TABLE1 | (Continued)

Total subsample

of PREDIMED- Non sarcopenic Sarcopenic
Characteristic Plus (n=1097) obesity (n=733) obesity (n=364) P
Current smoker 139 (12.7) 87 (11.9) 52 (14.3) 0.102
Former smoker 495 (45.1) 347 (47.3) 148 (40.7)
Never smoker 463 (42.2) 299 (40.8) 164 (45.1)
Sarcopenic obesity variables
BMI, mean (SD), kg/m2 32.0£3.3 31.0x3.1 34.2x2.7 0.001
Lower-limb muscle strength, 14.8+4.8 16.2+4.9 11.9+2.7 0.001
mean (SD), n
ALM to total body weight ratio, 25.5+3.5 26.5+3.4 23.6+2.9 0.001
mean (SD), %
Total fat mass, mean (SD), % 40.1+6.9 38.3+6.8 43.6+5.8 0.001
Dietary variables
Alcohol intake, mean (SD), g/d 12.2+15.7 12.2+15.6 12.3+15.8 0.954
Energy intake, mean (SD), kcal/d 2462+ 560 2457 £575 2474 +528 0.628
Cognitive performance
Global cognitive function -0.1+£1.0 0.1+1.0 -0.2+1.0 0.001
Cohen's d effect size 0.24
General cognitive function 0.1+£0.9 0.1+0.9 -01=x1.0 0.039
Cohen's d effect size 0.13
Executive function 0.1+1.0 01+1.0 -01+1.0 0.001
Cohen's d effect size 0.23
Attention 0.1x1.0 0.1x1.0 -0.1x1.0 0.001
Cohen'’s d effect size 0.21
Language 0.1+1.0 0.2+1.0 -01£1.0 0.002
Cohen's d effect size 0.20
Subtle cognitive impairment
Global cognitive function, n (%) 319 (29.1) 194 (26.5) 125 (34.4) 0.007
General cognitive function, n (%) 329 (30.0) 204 (27.8) 125 (34.3) 0.027
Executive function, n (%) 319 (29.1) 190 (25.9) 129 (35.4) 0.001
Attention, 1 (%) 319 (29.1) 192 (26.2) 127 (34.9) 0.003
Language, n (%) 324 (29.5) 200 (27.3) 124 (34.0) 0.020

Note: Data are presented as n (%) or mean + SD for categorical and continuous variables, respectively. Significant values (p <0.05) between participants with or without

sarcopenic obesity at baseline were highlighted in bold type.

Abbreviations: ALM, appendicular lean mass; BMI, body mass index; HDL, high-density lipoprotein cholesterol; METs, metabolic equivalents; PREDIMED-Plus,

Prevencion con Dieta Mediterranea-Plus.

those without this condition, participants with baseline sarco-
penic obesity presented higher age, depressive symptomatology
scores, sedentary behaviour and lower educational level and
physical activity (all p <0.041; Table 1). Lower baseline cognitive
performance and higher subtle cognitive impairment were also
observed for all domains (all p <0.035; Table 1). The numbers of
study participants with and without data on sarcopenic obesity
variables from centres having access to DXA devices are shown

in Table S2. The baseline participant characteristics of those se-
lected for DXA measurements compared with those not selected
from the total cohort are shown in Table S3.

Table 2 and Figure S1 display the longitudinal associations
between baseline sarcopenic obesity and changes in cognitive
performance composite scores over 6 years. After adjusting for
multiple covariates, compared to participants without baseline
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Abbreviation: CI, confidence interval.

aTwo-level linear mixed models were fitted with random intercepts at cluster family (as couples from the same household were randomised together) and individual participants to assess relationships between the baseline presence

of sarcopenic obesity (yes or no) (exposure) and cognitive function composite scores (outcome) measured repeatedly over time (at each follow-up visit and for the overall follow-up period). An interaction term between baseline

sarcopenic obesity (yes or no) and time, age (years), sex (male or female) and recruiting centre were included as fixed effects in the basic models. Intervention group (control or intervention), baseline education level (primary or

less, secondary or college), marital status (single, divorced or separated, married or widower), smoking status (current, former or never), depressive symptomatology (yes or no), type 2 diabetes prevalence (yes or no), hypertension

prevalence (yes or no), hypercholesterolaemia prevalence (yes or no), physical activity (metabolic equivalents in minutes per day) and time varying sedentary time (hours per day), alcohol consumption (grams per day) and total

energy intake (kilocalories per day) were additionally included as fixed effects in the multivariable-adjusted models. Data are presented as mean standardised values (95% CI). Significant differences (p <0.05) were highlighted in

364).

=733) and sarcopenic obesity (n=

1097), non-sarcopenic obesity (n

bExpressed as multiples of 10~ (x107%).

bold type. Overall (n

¢p values for the overall follow-up period.

sarcopenic obesity, those with sarcopenic obesity showed a
higher decline in global cognitive function (between-group
difference, —1.0 [95% CI, —2.2 to 0.2] after 6years; overall
p=0.048) and general cognitive function (between-group
difference, —2.5 [95% CI, —4.4 to 0.5] after 6years; overall
p=0.028) over 6years of follow-up. Associations remained
consistent in the complete case analysis (Table S4) but were
attenuated when comparing participants with baseline sarco-
penic obesity to those with sarcopenia-only, obesity-only or
overweight (Table S5). Moreover, participants with baseline
sarcopenia or obesity, compared with those without these con-
ditions, showed no association with cognitive performance
(Table S6), and similarly, no relationship was observed be-
tween sarcopenia-only and participants without obesity (data
not shown) over 6years of follow-up.

The following interactions were found for cognitive perfor-
mance composite scores over 6years by the presence or absence
of baseline sarcopenic obesity (Figure S2): for global cognitive
function and age (p=0.028), sex (p =0.027) and baseline energy
intake (p=0.002); for general cognitive function and baseline
type 2 diabetes status (p =0.028); for executive function and age
(p=0.001) and sex (p=0.011); for attention and age (p=0.019)
and for language and age (p=0.038) and baseline physical ac-
tivity (p=0.034). No significant interactions were observed for
intervention group, depressive symptoms or alcohol intake.
Additional stratified analyses by age and sex are presented in
Tables S7 and S8, respectively.

Table 3 shows the relationship between baseline sarcopenic
obesity and subtle cognitive impairment over 6years. After
adjusting for multiple confounders, compared to participants
without sarcopenic obesity, those with baseline sarcopenic obe-
sity presented a higher risk of subtle global cognitive function
impairment (between-group difference, 2.3 [95% CI, 0.9 to 5.6]
after 6years; overall p=0.038) over 6years of follow-up. Results
remained consistent in the complete case analysis (Table S9) and
were attenuated when comparing participants with baseline sar-
copenic obesity to those with sarcopenia or obesity or overweight
alone (Table S10). Furthermore, no associations were observed
between baseline sarcopenia or obesity alone and participants
without these conditions (Table S11), nor between sarcopenia-
only and participants without obesity (data not shown), in rela-
tion to subtle cognitive impairment over 6years.

4 | Discussion

The present longitudinal research provides significant and
novel prospective findings on the relationship between sarco-
penic obesity and cognition using standardised criteria, as older
adults with baseline sarcopenic obesity showed a greater cog-
nitive performance decline and higher odds of subtle cognitive
impairment over 6years of follow-up compared to those with-
out sarcopenic obesity. In particular, after adjusting for multiple
confounders, higher global and general cognitive performance
decline and higher risk of subtle global cognitive function im-
pairment were observed in older adults with baseline sarcopenic
obesity compared to those without this condition but were at-
tenuated when the non-presence of sarcopenic obesity was fur-
ther stratified into sarcopenia, obesity or overweight. Notably,
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TABLE 3 | Baseline sarcopenic obesity and subtle cognitive impairment over 2, 4 and 6years of follow-up®.

Basic model

Multivariable-adjusted model

Variable Sarcopenic obesity Overall p® Sarcopenic obesity Overall p®
Global cognitive function
Year 2 vs. baseline 0.6 (0.3-1.1) 0.055 0.6 (0.3-1.1) 0.038
Year 4 vs. baseline 0.9 (0.5-1.8) 0.9 (0.4-1.7)
Year 6 vs. baseline 2.1(0.9-5.3) 2.3(0.9-5.6)
General cognitive function
Year 2 vs. baseline 0.8 (0.5-1.2) 0.664 0.8 (0.5-1.2) 0.621
Year 4 vs. baseline 0.9 (0.6-1.4) 0.9 (0.6-1.4)
Year 6 vs. baseline 1.1 (0.6-1.9) 1.1 (0.6-1.9)
Executive function
Year 2 vs. baseline 0.7 (0.4-1.2) 0.044 0.7 (0.4-1.2) 0.160
Year 4 vs. baseline 1.3 (0.7-2.5) 1.2 (0.6-2.3)
Year 6 vs. baseline 1.7 (0.9-3.3) 1.5(0.7-3.0)
Attention
Year 2 vs. baseline 1.1 (0.7-1.9) 0.957 1.1 (0.7-1.9) 0.864
Year 4 vs. baseline 1.0 (0.6-1.8) 1.0 (0.6-1.8)
Year 6 vs. baseline 1.1 (0.7-1.9) 1.3(0.7-2.3)
Language
Year 2 vs. baseline 0.9 (0.5-1.4) 0.801 0.8 (0.5-1.4) 0.768
Year 4 vs. baseline 0.9 (0.5-1.5) 0.8 (0.5-1.4)
Year 6 vs. baseline 1.1 (0.6-1.9) 1.0 (0.6-1.9)

Abbreviations: CI, confidence interval; OR, odds ratio; SD, standard deviation.

aTwo-level logistic mixed models were fitted with random intercepts at cluster family (as couples from the same household were randomised together) and individual
participants to assess relationships between the baseline presence of sarcopenic obesity (yes or no) (exposure) and subtle cognitive impairment (outcome) measured
repeatedly over time (at each follow-up visit and for the overall follow-up period). An interaction term between baseline sarcopenic obesity (yes or no) and time, age
(years), sex (male or female) and recruiting centre were included as fixed effects in the basic models. Intervention group (control or intervention), baseline education
level (primary or less, secondary or college), marital status (single, divorced or separated, married or widower), smoking status (current, former or never), depressive
symptomatology (yes or no), type 2 diabetes prevalence (yes or no), hypertension prevalence (yes or no), hypercholesterolaemia prevalence (yes or no), physical activity
(metabolic equivalents in minutes per day) and time varying sedentary time (hours per day), alcohol consumption (grams per day) and total energy intake (kilocalories
per day) were additionally included as fixed effects in the multivariable-adjusted models. The non-presence of sarcopenic obesity was considered as 1 (reference).
Subtle cognitive impairment was defined as presenting a cognitive performance composite score less than or equal to the baseline 0.5 SD of the distribution for each
z-score. Data are presented as OR standardised values (95% CI). Overall (n =1097), non-sarcopenic obesity (n =733) and sarcopenic obesity (n=364).

bp values for the overall follow-up period.

sarcopenia or obesity alone, compared with the absence of these
conditions, was not associated with cognitive decline or subtle
cognitive impairment. Taken together, these findings deepen re-
search on sarcopenic obesity diagnostics as a potential relevant
clinical priority.

The aforementioned findings are consistent with previous stud-
ies examining the association between sarcopenic obesity and
cognitive performance or impairment. Despite the heterogeneity
in the criteria used to define both sarcopenic obesity and cog-
nitive outcomes across cross-sectional and case-control study
designs, the evidence collectively suggests a link between sarco-
penic obesity and cognitive decline or impairment [22]. Similarly,
the unique longitudinal study to date addressing this research
question defined sarcopenic obesity using the older consensus
definitions of the Foundation of the National Institutes of Health

[23, 42]. In this study, Batsis and colleagues also reported sarco-
penic obesity to be associated with greater long-term risk of im-
paired cognitive performance over the course of the 8-year study
in a sample of cognitively unimpaired older adults. Interestingly,
similar associations were observed for the sarcopenia-only
group. However, their study included a larger sample size and a
more balanced distribution of subgroups, which may have pro-
vided greater statistical power to detect these associations com-
pared to our sarcopenia-only analyses. It is also worth noting
that cognitive performance was based on individual tests and
not on composite scores. Moreover, the authors agreed as a clear
limitation not to have classified sarcopenic obesity using the
new ESPEN-EASO consensus criteria [1, 23].

In our study, we additionally observed that the older partic-
ipants with sarcopenic obesity presented a higher tendency to
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cognitive decline compared to younger individuals with the
same condition. Of note, in the unique cross-sectional study
using the new ESPEN-EASO consensus criteria, as used in the
present study, the association between sarcopenic obesity and
lower cognitive performance was significant only in those par-
ticipants aged >60. These results may be due to the use of self-
reported memory questions or to the fact that older individuals
are at higher risk of cognitive impairment [9]. In this context,
although cognitive decline is a natural process associated with
aging, its progression may be more accelerated in certain pop-
ulations, such as in the case of older adults presenting sarcope-
nic obesity [43]. In parallel, we observed male participants with
sarcopenic obesity to exhibit a higher risk of cognitive decline
compared to their female counterparts. A cross-sectional study
investigating sex differences in the association between sarco-
penic obesity and cognitive decline reported that sex-related dif-
ferences may be partially explained by the limited sample size,
particularly among males, as women tend to exhibit a higher
prevalence of sarcopenic obesity [13]. Despite sarcopenia or obe-
sity independently, not being associated with cognitive perfor-
mance decline and subtle cognitive impairment, it is important
to note that the findings reported in our study may have been
partially attenuated by the fact that older adults without sarco-
penic obesity at baseline still exhibited metabolic syndrome and
an unfavourable body composition profile. This underscores the
potential impact of sarcopenic obesity itself as a more indepen-
dent determinant of cognitive health, at least, in our cohort [22].

Understanding the underlying mechanisms behind the associa-
tion between sarcopenic obesity and cognition is key for prevent-
ing this condition in at-risk individuals [12]. Although the link
is complex, sarcopenic obesity has been associated with insulin
resistance and chronic inflammation, which are well-known
contributors to cognitive decline and impairment [44]. An in-
crease in insulin resistance has been hypothesised to contribute
to B-amyloid accumulation in the brain, potentially increasing the
risk of cognitive decline and impairment [45], whereas chronic in-
flammation markers such as C-reactive protein, interleukin-6 and
tumour necrosis factor-a have been correlated with a higher risk
of cognitive decline and have been positively correlated with fat
mass and negatively associated with ALM [11]. Individuals with
sarcopenic obesity also present decreased growth hormone se-
cretion, which is suggested to be involved in muscle strength and
cognitive function preservation [14]. Furthermore, altered myok-
ine and adipokine signalling in sarcopenic obesity may influence
muscle-brain communication and the blood-brain barrier [24].
These pathways remain hypothetical, and future studies incor-
porating relevant biomarkers are needed to clarify the biological
mechanisms linking sarcopenic obesity and cognitive outcomes.

Collectively, our findings underscore the importance of evalu-
ating sarcopenic obesity in older adults as a feasible approach
to potentially predict or mitigate cognitive performance decline
or impairment as an independent and synergistic factor of sar-
copenia and obesity. Further prospective studies aimed at de-
termining whether sarcopenic obesity is a simple correlate of
cognitive performance or has a role in the processes that lead to
cognitive impairment are therefore warranted [12]. This analy-
sis highlights the need to identify individuals with sarcopenic
obesity in clinical practice. Multicomponent interventions tar-
geting this condition are needed to reduce dementia risk and

functional decline, potentially preventing institutionalisation.
Future research should also assess cognitive decline and health-
care resource use in this population, with early interventions,
even nonpharmacological, being potentially critical [23].

Our study presents notable strengths. First, its longitudinal pro-
spective design facilitated the observation of temporal associa-
tions over a 6-year follow-up period, although this design does not
establish potential causal relationships. Second, the comprehen-
sive assessment of cognitive performance utilised a diverse array
of neuropsychological tests, enabling the measurement of com-
posite scores across multiple cognitive performance domains.
Lastly, the study benefited from a large sample size, affording the
adjustment of statistical models for various potential confounding
factors. Nevertheless, our study findings should be interpreted in
light of certain limitations. Firstly, the potential for reverse cau-
sality and residual confounding persists, particularly from un-
measured factors not accounted for in the analyses. Secondly, the
generalizability of the results may be limited to older populations
with overweight/obesity and metabolic syndrome, precluding
extrapolation to other populations. Thirdly, ALM and fat mass
are mathematically intertwined in DXA measurements, making
it difficult to fully separate the independent effects of muscle and
adiposity on cognitive outcomes. Of note, we used DXA-derived
ALM, which, although limb-focused, remains a proxy that in-
cludes non-muscle tissues and extracellular water rather than
direct skeletal muscle. This may attenuate true muscle-outcome
associations and inflate independent effects of adiposity. Studies
using direct muscle measures (e.g., D,-creatine dilution) report
stronger associations and minimal added effect of adiposity, sup-
porting the use of direct methods to more accurately quantify
skeletal muscle and its health effects [46]. Fourthly, the sample
size of the non-sarcopenic obesity subgroups is relatively small,
especially for the sarcopenia-only group, which may limit sta-
tistical power when the non-sarcopenic obesity group is divided
into three separate subgroups. Fifthly, although the observed
differences in cognitive scores were statistically significant, a
longer follow-up might have revealed larger or more clinically
meaningful differences. Sixthly, as PREDIMED-Plus is a ran-
domised controlled trial, although all the analyses were adjusted
for the intervention group and showed no a priori interaction, the
lifestyle advice that participants received could be affecting our
findings [27]. Of note, dietary patterns and physical activity have
a direct impact on body weight that is also critical, as overweight
or obesity are linked to cognitive decline [47].

5 | Conclusion

In conclusion, the findings of this study highlight that sar-
copenic obesity together with clinical complications may be a
significant and potential independent risk factor for cognitive
performance decline and subtle cognitive impairment over the
long term. These results underscore the importance of evaluat-
ing sarcopenic obesity in clinical settings as a potential predic-
tor and risk factor for future cognitive decline. Future research
should focus on standardising diagnostic criteria for sarcopenic
obesity, exploring potential underlying mechanisms and refin-
ing interventions taking into account the potential moderating
effects of age and sex, with the aim of mitigating concomitant
sarcopenic obesity and cognitive decline.
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