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Abstract

IMPORTANCE Sarcopenia and obesity are 2 global concerns associated with adverse health
outcomes in older people. Evidence on the population-based prevalence of the combination of
sarcopenia with obesity (sarcopenic obesity [SO]) and its association with mortality are still limited.

OBJECTIVE To investigate the prevalence of sarcopenia and SO and their association with all-cause
mortality.

DESIGN, SETTING, AND PARTICIPANTS This large-scale, population-based cohort study assessed
participants from the Rotterdam Study from March 1, 2009, to June 1, 2014. Associations of
sarcopenia and SO with all-cause mortality were studied using Kaplan-Meier curves, Cox proportional
hazards regression, and accelerated failure time models fitted for sex, age, and body mass index
(BMI). Data analysis was performed from January 1 to April 1, 2023.

EXPOSURES The prevalence of sarcopenia and SO, measured based on handgrip strength and body
composition (BC) (dual-energy x-ray absorptiometry) as recommended by current consensus
criteria, with probable sarcopenia defined as having low handgrip strength and confirmed sarcopenia
and SO defined as altered BC (high fat percentage and/or low appendicular skeletal muscle index) in
addition to low handgrip strength.

MAIN OUTCOME AND MEASURE The primary outcome was all-cause mortality, collected using
linked mortality data from general practitioners and the central municipal records, until
October 2022.

RESULTS In the total population of 5888 participants (mean [SD] age, 69.5 [9.1] years; mean [SD]
BMI, 27.5 [4.3]; 3343 [56.8%] female), 653 (11.1%; 95% CI, 10.3%-11.9%) had probable sarcopenia
and 127 (2.2%; 95% CI, 1.8%-2.6%) had confirmed sarcopenia. Sarcopenic obesity with 1 altered
component of BC was present in 295 participants (5.0%; 95% CI, 4.4%-5.6%) and with 2 altered
components in 44 participants (0.8%; 95% CI, 0.6%-1.0%). An increased risk of all-cause mortality
was observed in participants with probable sarcopenia (hazard ratio [HR], 1.29; 95% CI, 1.14-1.47) and
confirmed sarcopenia (HR, 1.93; 95% CI, 1.53-2.43). Participants with SO plus 1 altered component
of BC (HR, 1.94; 95% CI, 1.60-2.33]) or 2 altered components of BC (HR, 2.84; 95% CI, 1.97-4.11) had a
higher risk of mortality than those without SO. Similar results for SO were obtained for participants
with a BMI of 27 or greater.

CONCLUSIONS AND RELEVANCE In this study, sarcopenia and SO were found to be prevalent
phenotypes in older people and were associated with all-cause mortality. Additional alterations of BC
amplified this risk independently of age, sex, and BMI. The use of low muscle strength as a first step
of both diagnoses may allow for early identification of individuals at risk for premature mortality.
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Key Points
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Meaning These findings suggest that

sarcopenic obesity may be associated
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screening for muscle function may help

prevent premature death among

older people.
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Introduction

Age-related body composition (BC) changes are characterized by an increase in fat mass and a steady
decrease in both muscle function and mass. These changes lead to different clinical and functional
phenotypes, such as sarcopenia and sarcopenic obesity (SO), which contribute to increased
morbidity and mortality.1-5 As life expectancy has increased, the proportion of older people with high
body fat and/or low muscle function and mass has progressively risen.6-8 Nevertheless, sarcopenia
and SO are closely related conditions that are still rarely detected and untreated in clinical practice.9-11

Sarcopenia, with an estimated prevalence ranging from 3.2% to 26.3%, is characterized by low
muscle function and mass.12-14 Obesity, or high body fat mass, is the most common chronic disease in
the world.8 Sarcopenia can occur concurrently with, and may be worsened by, body fat gain in the
context of obesity, a condition recently defined as SO by the European Society for Clinical Nutrition
and Metabolism (ESPEN) and the European Association for the Study of Obesity (EASO).3 Previous
studies found a global prevalence of SO of 11% (95% CI, 10%-13%) using various definitions, cutoffs,
techniques, and population setting.15 Using the contemporaneous ESPEN/EASO definition, more
recent studies have found a prevalence of SO ranging from 7.9% to 23% in clinical16 and 7.1% to 9.6%
in community-dwelling settings.17-19

Obesity and sarcopenia are both independently linked to adverse outcomes,20,21 but their
combination might act synergistically, amplifying their health-threatening effects.22-29 Although the
definition of SO is still evolving, it is recognized as a scientific and clinical priority among people at
increased risk of cardiometabolic and functional deficiencies.4,24,30 Moreover, the prevalence of SO
and its association with risk of mortality among the general population remains unknown and needs
to be evaluated to understand the potential clinical impact of SO.31,32 Therefore, this study examined
the prevalence of SO at the population level using the most recent definition and evaluated
associations of sarcopenia and SO with mortality risk during a 10-year follow-up period among
participants of a large-scale, population-based study.

Methods

Study Design and Participants
This cohort study included individuals from the Rotterdam Study, a prospective, population-based
cohort study ongoing since 1989.33 Briefly, the Rotterdam Study includes almost 15 000 participants
45 years or older living in Ommoord district in the city of Rotterdam, the Netherlands. The ethnicity
of the Rotterdam Study represents a homogeneous population largely of European ancestry
(98.0%). Every 4 to 5 years, participants undergo follow-up examinations, testing, and monitoring
of clinically significant outcomes at the research center. We included all participants who visited the
research center between March 1, 2009, and June 1, 2014, and excluded all of those who had no
reliable or available measurements of handgrip strength and dual-energy x-ray absorptiometry (DXA)
scan. The Rotterdam Study has been approved by the Medical Ethics Committee of Erasmus Medical
Center University according to the Population Study Act Rotterdam Study, executed by the Ministry
of Health, Welfare, and Sports of the Netherlands. In accordance with the Declaration of Helsinki,34

all included participants provided written informed consent to participate in the study and to obtain
information from their treating physicians. This study adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

Assessment of Obesity
Height and weight were measured at the research center with individuals barefoot in standing
position wearing light indoor clothes. Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. Obesity was defined based on a BMI of 27 or greater because
the median (IQR) BMI of 27 (25-30) reflects a significant correlation (r > 0.7, P < .001) with an excess
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of fat percentage in this study population (eFigure 1 in Supplement 1). In addition, previous studies
have reported that a BMI of 27 or greater can predict fat percentage in older people.35

Assessment of Sarcopenia
We defined sarcopenia according to the updated European Working Group of Sarcopenia in Older
People (EWGSOP2) criteria12 (eTable 1 in Supplement 1). Probable sarcopenia was defined as having
a low handgrip strength and was confirmed as having a low appendicular skeletal muscle mass index.
Maximum handgrip strength was obtained as the maximum value of 3 trials performed in the
nondominant hand. Low handgrip strength was defined as less than 27 kg for men and less than 16
kg for women.36 The same examinator measured lean mass by DXA scan, using a total body-beam
densitometer (iDXA, GE Lunar Corp). The scans were analyzed with Encore software, version 13.6
(Encore Software LLC), providing measurements across predefined body regions of interest, namely,
the head, trunk, arms, and legs. The sum of the lean mass from the upper and lower limbs is called
appendicular lean mass (ALM), and appendicular skeletal muscle index (ASMI) was defined as ALM
divided by height squared. Low ASMI was defined as less than 7.0 for men and less than 5.5
for women.12

Assessment of SO
Sarcopenic obesity was defined using the ESPEN/EASO Consensus Statement (eTable 2 in
Supplement 1).3 We applied the diagnosis criteria of this consensus to all participants. We determined
6 categories for those participants who have normal or low handgrip strength, with or without
altered BC. Participants with low handgrip strength and altered BC (1 or 2 components: high fat
percentage and/or low ALM-weight ratio) were considered to have SO (Figure 1). In addition, we
screened all participants according to a BMI of 27 or greater.

Handgrip strength and ALM were measured as explained earlier. Low lean mass was defined as
an ALM-weight ratio of less than 25.7% for men and less than 19.4% for women.37 Fat percentage
was calculated as total body fat mass divided by body weight multiplied by 100. High fat percentage

Figure 1. Flowchart of the Study Population Diagnosed as Having Sarcopenic Obesity
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Step 2: body composition
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Cutoffs

Low handgrip strength
<27 kg (M)
<16 kg (F)

Low ALM-weight ratio
<25.7% (M)
<19.4% (F)

High body fat percentage
<60 y

>29% (M)
>41% (F)

≥60 y
>31% (M)
>43% (F)

Altered body composition
1 component: low ALM-weight ratio
or high body fat percentage
2 components: low ALM-weight ratio
and high body fat percentage

Diagnostic criteria for sarcopenic obesity were adapted from the European Society for Clinical Nutrition and Metabolism and the European Association for the Study of Obesity
consensus. Cutoffs for muscle function were a low handgrip strength of less than 27 kg for men and less than 16 kg for women. Cutoffs for body composition were low appendicular
lean mass (ALM) divided by weight of less than 25.7% for men and less than 19.4% for women and high percentage of body fat of more than 29% for men and more than 41% for
women at younger than 60 years and greater than 31% for men and greater than 43% for women at 60 years or older. For altered body composition, 1 component indicates low ALM
divided by weight or high percentage of body fat and 2 components indicate low ALM divided by weight and high percentage of body fat.
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was classified for different age and sex groups: 40 to 59 years: more than 29% male and more than
41% female; 60 to 79 years: more than 31% male and more than 43% female.38

Assessment of All-Cause Mortality
Information on vital status was obtained from general practitioners and the central registry of the
Municipality of Rotterdam. Follow-up time started at the date of DXA scan, assessed between March
1, 2009, and June 1, 2014, and ended at the date of death or the end of the study (October 20, 2022),
whichever came first.

Assessment of Covariates
For each participant in this study, we retrieved information on the following covariates from
questionnaires and interviews: age (categorized into <70 and �70 years), sex (male or female), and
smoking status (categorized as current if they were smoking at the first visit, past if they had quit
smoking, or never). Dietary intake was assessed with food-frequency questionnaries,39 from which
we calculated protein intake standardized for energy intake and adjusted for body weight. Physical
activity levels were assessed using a validated adapted version of the Longitudinal Aging Study
Amsterdam Physical Activity Questionnaire and expressed in metabolic equivalent of task hours
per week.40

Fasting blood samples were collected at the study center. Full blood cell counts were performed
(Coulter Ac∙T diff2 Hematology Analyzer, Beckman Coulter). A homeostasis model assessment of
insulin resistance score (HOMA-IR) was calculated using the following formula: fasting
glucose × fasting insulin / 22.5.41 Triglycerides and glucose index was calculated based on the
following formula: [ln(fasting triglycerides) × (fasting glucose) / 2].42 Estimated glomerular filtration
rate was calculated with calibrated creatinine values using the equation from the Chronic Kidney
Disease Epidemiology Collaboration.

The total number of comorbidities per individual was defined as 0, 1, 2 or more, or unknown (at
least 1 missing). Eleven prevalent comorbidities were included (eTable 3 in Supplement 1).

Statistical Analysis
Statistical analyses were performed from January 1 to April 1, 2023, using R, version 1.4.1106 (R
Foundation for Statistical Computing) using the packages survival and VennDiagram. First,
descriptive characteristics were summarized for all participants stratified by SO categories and sex.
We calculated the prevalence of sarcopenia and SO and provided 95% CIs using the Wilson score
method for a binomial proportion. All the analyses on sarcopenia by using the EWGSOP2 were
included in the eAppendix in Supplement 1.

Second, survival probability was described using Kaplan-Meier curves for participants across
prespecified sarcopenia and SO categories. For all-cause mortality as the primary outcome,
associated with sarcopenia and SO, 2 Cox proportional hazards regression models were performed.
Model 1 was sex and age adjusted, and model 2 was additionally adjusted for BMI. In model 2, we
fitted an interaction term to investigate effect modification by BMI (sarcopenia × BMI and SO × BMI,
respectively) on sarcopenia or SO. The results were expressed as hazard ratio (HRs) and their 95%
CIs. We confirmed the assumptions of proportional hazards by statistical evaluation of Schoenfeld
residual plots, inspecting for symmetry over time and P values. A 2-sided P < .05 was considered to
indicate significance in all analyses.

We conducted a sensitivity analysis by including additional adjustments for comorbidities,
smoking status, HOMA-IR, triglycerides and glucose index, physical activity, and protein intake
because these variables have been previously associated with mortality risk and sarcopenia and
SO.43,44 Obesity has been classically considered as a BMI of 30 or higher45; thus, we reran analyses
with obesity based on a BMI of 30 or higher. Moreover, because age is a crucial driver of sarcopenia
and SO, we stratified our analysis for age group (<70 vs �70 years). Additionally, we performed
accelerated failure time models to complement the survival analysis as described in the eMethods in
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Supplement 1. Moreover, we presented graphically the overlapping categories of sarcopenia and SO
by using a Venn diagram.

Results

Main Characteristics of the Study Population
Between 2004 and 2019, a total of 7162 participants were recruited from the Rotterdam Study, and
5888 had full data available on SO (Figure 2). Baseline demographic and clinical characteristics of
this study population are given in the Table. Moreover, sex-stratified characteristics are detailed in
eTable 4 in Supplement 1. Biochemical characteristics are provided in eTable 5 in Supplement 1. In the
total population, the mean (SD) age was 69.5 (9.1) years, mean (SD) BMI was 27.5 (4.3), 3343 (56.8%)
were female, and 2545 (43.2%) male. Approximately 98% of the study population was of European
ancestry, with the remaining 2% being of sub-Saharan African, East Asian, or multiethnic background.
Given the largely homogeneous characteristics of the study population, ethnic background was not
included as a factor in the analysis. During a median (IQR) of 9.9 (8.8-11.1) years of follow-up, 1538
deaths (26.1%) occurred.

Prevalence of Sarcopenia Using the EWGSOP2 Definition
Within the total population, probable sarcopenia was found in 653 participants (11.1%; 95% CI,
10.3%-11.9%) and confirmed in 127 (2.2%; 95% CI, 1.8%-2.6%). Additionally, 243 participants (4.1%;
95% CI, 3.6%-4.6%) had normal muscle function with a low ALM divided by height squared.

Prevalence of SO Using the ESPEN/EASO Definition
In the total population, 295 participants (5.0%; 95% CI, 4.4%-5.6%) had SO with 1 altered
component of BC and 44 (0.8%; 95% CI, 0.6%-1.0%) had SO with 2 altered components of BC
(Figure 1). In the subgroup of 2938 participants with BMIs of 27 or greater, 227 (7.7%; 95% CI, 6.7%-
8.7%) had SO with 1 altered component of BC and 36 (1.2%; 95% CI, 0.8%-1.6%) had SO with 2
altered components of BC.

Sarcopenia and All-Cause Mortality
In the total population, survival probability was lower in individuals with sarcopenia (both probable
and confirmed) compared with those who were not classified as such (eFigure 2 in Supplement 1). We
confirmed a significant interaction between sarcopenia and BMI on all-cause mortality.
Consequently, we stratified the analyses by BMI (eFigure 2 in Supplement 1).

Adjusted for sex, age, and BMI, the HR for all-cause mortality was 1.29 (95% CI, 1.14-1.47) for
individuals with probable sarcopenia and 1.93 (95% CI, 1.53-2.43) for those with confirmed

Figure 2. Flowchart of the Total Study Population

7162 Participants from the Rotterdam Study (2009-2014) 

5888 With valid data on muscle function and body composition

Applying the definition of sarcopenia (EWGSOP2)
and sarcopenic obesity (ESPEN/EASO)

Follow-up for vital status (October 2022) 

1274 Excluded
1144 No handgrip data
130 No DXA data 

DXA indicates dual-energy x-ray absorptiometry;
ESPEN/EASO, European Society for Clinical Nutrition
and Metabolism and the European Association for the
Study of Obesity; EWGSOP2, European Working Group
of Sarcopenia in Older People.
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sarcopenia (eTable 5 in Supplement 1). Participants with normal handgrip strength and low ALM
divided by height squared were also at risk of death (HR, 1.66; 95% CI, 1.35-2.04). These associations
remained similar for individuals with a BMI less than 27 (eTable 6 in Supplement 1).

SO and All-Cause Mortality
Among all participants, SO with 2 altered components of BC had worse survival compared with those
without SO (Figure 3A). In participants with a BMI of 27 or greater, the descriptive Kaplan-Meier
curves maintained the differences across SO categories (Figure 3B).

In the age- and sex-adjusted model, participants with SO and 2 altered components of BC had a
higher risk of all-cause mortality (HR, 2.84; 95% CI, 1.97-4.11), as did SO participants with 1 altered
component of BC (HR, 1.94; 95% CI, 1.60-2.33). Likewise, participants with low muscle function and
normal BC had a significant association with mortality (HR, 2.15; 95% CI, 1.85-2.49). Participants with
normal handgrip strength and altered BC (2 components) had 57% higher risk of all-cause mortality
compared with those without SO (HR, 1.57; 95% CI, 1.13-2.18) (Figure 4A and B).

The proportional hazards assumptions for the association between SO and mortality were
partially reached. Therefore, the validity of these results was established by using parametric
accelerated failure time models (eMethods in Supplement 1).

Table. Main Characteristics of the Study Populationa

Characteristic
Total population
(N = 5888)

No sarcopenic-
obesity
(n = 3096)

Normal
handgrip
and altered BC
(1 component)
(n = 1903)

Normal
handgrip and
altered BC
(2 components)
(n = 109)

Low
handgrip and
normal BC
(n = 441)

Low
handgrip and
altered BC
(1 component)
(n = 295)

Low handgrip
and altered BC
(2 components)
(n = 44)

Age, mean (SD), y 69.5 (9.1) 68.4 (8.4) 67.7 (8.5) 71.6 (8.9) 78.6 (8.4) 76.9 (8.1) 77.2 (8.1)

Age ≥70 y 2690 (45.7) 1248 (40.3) 741 (38.9) 61 (56.0) 377 (85.5) 228 (77.3) 35 (79.5)

Sex

Female 3343 (56.8) 2047 (66.1) 816 (42.9) 26 (23.9) 312 (70.7) 137 (46.4) 5 (11.4)

Male 2545 (43.2) 1049 (33.9) 1087 (57.1) 83 (76.1) 129 (29.3) 158 (53.6) 39 (88.6)

BMI, mean (SD) 27.5 (4.3) 25.6 (3.0) 30.3 (3.9) 34.2 (5.1) 25.2 (3.2) 29.7 (4.1) 30.4 (4.4)

Retiredb 3546 (60.2) 1784 (57.6) 1071 (56.3) 85 (78.0) 334 (75.7) 232 (78.6) 40 (90.9)

Smoking status

Past 3154 (53.6) 1545 (49.9) 1103 (58.0) 73 (67.0) 209 (47.4) 191 (64.7) 33 (75.0)

Current 713 (12.1) 419 (13.5) 212 (11.1) 14 (12.8) 53 (12.0) 11 (3.7) 4 (9.1)

Physical activity, median (IQR),
MET h/wk

11.5 (5.0-22.0) 14.1 (6.0-24.7) 9.5 (4.1-19.0) 5.6 (3.0-12.0) 7.5 (3.5-17.5) 7.3 (3.0-16.0) 7.5 (3.9-14.7)

Daily protein intake, mean (SD), g/kg 1.1 (0.4) 1.2 (0.4) 0.9 (0.3) 0.8 (0.2) 1.2 (0.4) 0.9 (0.3) 0.8 (0.3)

HOMA-IR index, mean (SD) 3.7 (5.3) 2.8 (4.0) 4.8 (6.8) 6.4 (7.5) 3.0 (3.7) 4.4 (0.3) 5.6 (6.7)

Triglycerides and glucose ratio,
mean (SD)

4.7 (0.3) 4.6 (0.2) 4.8 (0.3) 4.8 (0.3) 4.8 (0.2) 4.8 (0.2) 4.8 (0.2)

Comorbidities, No.

1 983 (16.7) 669 (21.6) 231 (12.1) 5 (4.6) 52 (11.8) 22 (7.5) 4 (9.1)

≥2 4052 (68.8) 1945 (62.8) 1447 (76.0) 81 (74.3) 314 (71.2) 236 (80.0) 29 (65.9)

Sarcopenia status

No 4865 (82.6) 2932 (94.7) 1841 (96.7) 92 (84.4) NA NA NA

Only low ALM divided by height
squared

243 (4.1) 164 (5.3) 62 (3.3) 17 (15.6) NA NA NA

Probable sarcopenia 653 (11.1) NA NA NA 363 (82.3) 261 (88.5) 29 (65.9)

Confirmed sarcopenia 127 (2.2) NA NA NA 78 (17.7) 34 (11.4) 15 (34.1)

Abbreviations: ALM, appendicular lean mass; BC, body composition; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HOMA-IR,
Homeostatic Model Assessment for Insulin Resistance; MET, metabolic equivalent of task; NA, not applicable.
a Data are presented as number (percentage) of participants unless otherwise indicated. Number (percentage) of missing values per variable are as follows: retired, 228 (3.9%);

physical activity, 747 (12.7%); energy and protein intake, 1175 (20%); HOMA-IR, 120 (2.0%); and number of comorbidities, 563 (9.6%).
b Retirement status was defined according to the following events: (1) receipt of an official retirement pension (statutory retirement due to age �65 years), (2) early retirement, and

(3) renter or who is not retired but they are not working and living off the interest of their real assets (ie, properties). Original data without imputations are given.
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Sensitivity Analysis
Physical activity and protein intake attenuated the association between SO and all-cause mortality
(eTable 6 in Supplement 1). When the analysis was repeated with a BMI cutoff of 30, the results were
attenuated for SO with 1 altered component of BC (eTable 7 in Supplement 1). Results on accelerated
failure time regression analysis were in line with the Cox proportional hazards regression models
(eMethods in Supplement 1). eFigure 3 in Supplement 1 illustrates the overlap between different
categories of sarcopenia and SO.

Discussion

In this large, population-based cohort study, with the use of the contemporaneous consensus of
sarcopenia and SO, more than 13% had low muscle function, and 6% had additionally 1 or 2 altered
components of BC. Specifically, in participants with BMIs of 27 or greater, SO with 1 or 2 altered
components of BC was even higher (7.7% and 1.2%, respectively). During 10 years of follow-up,

Figure 3. Kaplan-Meier Curves for Survival Time
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participants with lower muscle function had a 29% increased risk of mortality from any cause
compared with those without sarcopenia from the total population. Participants with low muscle
function and a single altered component of BC had a 94% higher risk of all-cause mortality than those
without SO. The effect estimates for participants with confirmed sarcopenia or SO with 2 affected
components of BC were even more pronounced, although the prevalence was low (2.2% for
confirmed sarcopenia and 1.0% for SO). All these associations were unaffected by age, sex, and BMI,
highlighting the critical importance of future research for assessing the first component (ie, low
muscle function) of both phenotypes (sarcopenia and SO) in clinical practice.

Previous studies have found a large variability in the prevalence of sarcopenia or SO depending
on definitions, cutoffs, and population settings. For instance, Trajanoska et al46 reported a
prevalence of sarcopenia of 4.4% in the Rotterdam Study while applying the initial consensus on
sarcopenia (EWGSOP1), which prioritized muscle mass as the first defining component. Wagenaar
et al47 described a relatively low prevalence of SO, ranging from 0.9% to 1.4%. They used 24-hour
urine creatinine excretion to measure muscle mass in a Dutch population. In contrast, Vieira et al16

observed a relatively high prevalence of SO (ranging from 7.9% to 23.0%) in young patients who had
undergone postbariatric surgery by using ESPEN/EASO criteria. Our study expands these prior
findings by examining a larger population-based setting and adapting the combinations of low
muscle function and altered BC components.

Our results are in line with previous studies linking sarcopenia and SO to an increase in all-cause
mortality in older people.2,27,28,30,37,48 Zhang et al27 found that SO is a predictor of all-cause mortality
in older people, particularly in those who were hospitalized. Similarly to the findings of Batsis et al,49

our study observed no association between those categories of normal muscle function
accompanied by altered BC (low ALM-weight ratio and/or high fat percentage) and overall mortality.
Nevertheless, compared with people without sarcopenia, those participants with low ASMI (adjusted
by height squared) had an approximately 60% risk of death. Cruz-Jentoft et al50 recently explained
how low lean mass is another condition that occurs at any age, regardless of sarcopenia, mainly
associated with metabolic stress.

In this study, we used a BMI threshold of 27 or greater to define obesity, even though obesity
has been officially defined by the World Health Organization as a standard BMI measure of 30 or

Figure 4. Association Between Sarcopenic Obesity and All-Cause Mortality
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greater.45 Accordingly, Donini et al3 advocated screening people with BMIs of 30 or greater to make
an SO diagnosis. We have adapted 27 or greater as the BMI cutoff because previous studies have
mentioned the impact on mortality and better correlation with body fat percentage.35,51,52 Our
sensitivity analysis did not suggest any differences in the association of SO with all-cause mortality
using a BMI cutoff of 30, except for SO with 1 altered component of BC. In addition, sarcopenia and
obesity have complex interactions with multiple factors involved.30,53 When we additionally adjusted
for physical activity and protein intake in our sensitivity analysis, their effect on mortality decreased
but remained consistent among individuals with lower muscle function.

Strengths and Limitations
This study has several strengths, including the large population-based setting with a long follow-up
period, allowing a comprehensive examination of the research question, and the clinical assessment
of sarcopenia and SO based on the most recent consensus (ie, EWGSOP2 and ESPEN/EASO). These
consensus-based guidelines are particularly advantageous because they prioritize the identification
of low muscle function as a primary criterion for screening and diagnosis, thereby enabling a clinical
evaluation independent of BMI.

Nevertheless, potential limitations should be considered when interpreting the results. First,
because there was a low prevalence of SO with 2 altered components of BC, stratification by sex was
not possible. However, we applied sex-specific cutoffs for handgrip strength and ALM-weight ratio
to define our exposed groups (sarcopenia and SO), and all our models were adjusted for sex. Second,
we did not consider the specific cause of death analysis because the number of events in each
category of SO was scarce. Third, most participants had European ancestry, limiting the
generalizability of these results to other ethnicities.

Conclusions

Sarcopenia and SO are common phenotypes in older people, and both conditions are associated with
an increased risk of all-cause mortality. These results suggest that screening for SO might be
implemented in primary care. In addition, early nonpharmacologic interventions, such as nutrition
and exercise training, should be included to delay the onset of and to treat sarcopenia, especially SO.
Likewise, comprehensive approaches encompassing nonpharmacologic and pharmacologic
interventions may be more effective to treat both conditions. Finally, screening muscle function, as a
first step of SO algorithm and as an independent comorbidity of obesity, might better assess the
complexity of this metabolic disease.
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