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ABSTRACT
Background: Metabolic and bariatric surgery (MBS) is a proven treatment for obesity. Yet weight loss is accompanied by loss of 
muscle which may predispose to sarcopenia. The prevalence of low muscle mass in older adults after MBS remains unexplored, 
even though this group is more vulnerable to sarcopenia.
Methods: This cross-sectional study investigated sarcopenia and low muscle mass by comparing adults older than 65 years with 
previous MBS (BAR) to patients following nonsurgical obesity management (CON). A sample size of 100 was estimated from ap-
pendicular lean mass (ALM) in a similar study in younger adults. Patients were recruited from the University Hospitals Leuven 
Obesity Clinic, Belgium. Study assessments included dual-energy X-ray absorptiometry, handgrip, short battery of physical per-
formance, blood sampling and self-reported dietary intake. Sarcopenia was defined according to the European Working Group 
on Sarcopenia in Older People (EWGSOP1) criteria using obesity-specific cut-off points and sarcopenic obesity by the European 
Society for Enteral and Parenteral Nutrition (ESPEN) and the European Association of the Study of Obesity (EASO) consensus 
definition. Main endpoints were sarcopenia and ALM normalized to body mass index (%ALM/BMI). A multiple linear regression 
model was fitted to predict ALM.
Results: We included 50 participants per group (male, BAR 40%, CON 35%). BAR participants were older (68.3 ± 3.2 years vs. 
70.7 ± 3.9, p < 0.01), and more had diabetes (52% vs. 28%). BAR lost more bodyweight after MBS than CON following nonsurgical 
treatment (BAR 31.6 ± 9.5% vs. CON 12.1 ± 8.42%, p < 0.001). Fat free mass (FFM) was lower for BAR than for CON, but %ALM/
BMI was not different (64.7 ± 18.1% vs. 62.6 ± 15.8, p = 0.53). Twenty percent to 56% of participants had low muscle mass, depend-
ing on sex and criterium, but only 3% met the criteria for sarcopenia and 9% for sarcopenic obesity. Protein intake tended to be 
higher in BAR than in CON (1.36 ± 0.36 g/kg FFM/day vs. 1.25 ± 0.27, p = 0.09). Most participants did not meet optimal protein 
intake recommendations after BMS nor for older adults in general. In the linear regression model, muscle mass increased with 
male sex, BMI, adiposity and protein intake and decreased with age, (adjusted R2 0.80). Neither BAR compared to CON nor sur-
gery type or other clinical parameters influenced muscle mass.
Conclusion: Older adults with previous MBS were not more likely to develop sarcopenia than older adults following nonsurgical 
treatment. Rather, age, adiposity and low protein intake lower muscle mass, predisposing to sarcopenia.
Trial Registration: clini​caltr​ials.​gov identifier: NCT05582668.
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1   |   Introduction

The world's population is ageing and gaining weight, creating 
a profound public health challenge. Obesity prevalence statis-
tics are based on body mass index (BMI) and should be cau-
tiously interpreted in older adults where muscle mass declines 
and fat mass increases. Notwithstanding, overweight preva-
lence in Europe is the highest in adults aged 65 to 74 years [1]. 
Simultaneously, sarcopenia is becoming a greater concern as the 
population ages. Sarcopenia and obesity can co-occur, termed 
sarcopenic obesity [2]. This can be an insidious condition as sar-
copenia is masked by obesity, yet there is significant crosstalk 
through shared risks and underlying mechanisms. The patho-
geneses both of obesity and sarcopenia are characterized by 
low-grade inflammation, insulin resistance and myosteatosis, 
leading to poorer morbidity and increased frailty [3].

Metabolic and bariatric surgery (MBS) is a proven treatment 
for obesity and typically results in 30% weight loss within the 
first year [4]. This rapid weight loss leads to an average fat free 
mass (FFM) loss of 7 kg [5]. Several studies have investigated the 
increased risk of sarcopenia after MBS but rarely include older 
adults, even though they are more vulnerable to the effects of 
lean tissue loss [6–9]. While most MBS is performed in younger 
adults, the anatomical reconfiguration of the gastrointesti-
nal tract could have repercussions into later life. Inadequacies 
of nutrient intake and absorption could accumulate to make 
older adults with previous MBS more prone to sarcopenia than 
their peers. In addition, protein intake is often low after MBS, 
due to early satiety, taste changes, and food intolerances [10]. 
Inadequate protein intake can exacerbate the loss of lean mass 
after MBS, although reports are inconsistent [10].

The prevalence of low muscle mass and sarcopenia in older 
adults after MBS remains unexplored. Sarcopenia may be more 
prevalent compared to older adults with obesity who were 
treated nonsurgically. Alternatively, greater weight loss may 
enable more physical activity compared to patients who re-
main obese, improving physical performance and muscle mass. 
Additionally, weight loss after MBS results in improved glycae-
mic status and inflammation, which in turn may reduce the 
risk of sarcopenia [11]. The aim of this study was to investigate 
sarcopenia and low muscle mass in adults older than 65 years 
who previously underwent MBS, compared to patients following 
nonsurgical obesity treatment.

2   |   Methods

2.1   |   Study Design and Setting

This was a cross-sectional study comparing patients older than 
65 years with previous MBS (BAR group) to a group of patients 
older than 65 years who received nonsurgical obesity manage-
ment (CON group). The primary endpoint was the prevalence 
of sarcopenia, and the secondary endpoint was appendicular 
lean mass (ALM), a measure of skeletal muscle mass (SMM). 
Exposure to MBS was identified retrospectively, and the out-
comes were assessed cross-sectionally. This single-centre study 
was performed at the University Hospitals Leuven Obesity 
Clinic in Leuven, Belgium. The sample size was based on a 

study which investigated sarcopenia in 60 women after MBS in 
comparison to a matched nonsurgical group where ALM index 
(ALM/height2) was 6.88 ± 1.0 kg/m2 and 7.58 ± 1.1, respectively 
[6]. A priori sample size calculation in G*Power 3.9.1.7 with a 
one-tailed alpha of 0.05, power of 0.95, allocation of 1:1 and effect 
size of 0.67 resulted in a sample size of 50 participants per group.

Participants were recruited from an ongoing clinical patient reg-
istry. Patients were prescreened and contacted by telephone to 
participate in the study. Recruitment continued through conve-
nience sampling until the sample size was reached, commencing 
in December 2022 and concluding in July 2024. The study was 
registered with clinicaltrials.gov (NCT05582668). Reporting is 
aligned to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines [12].

2.2   |   Participants

We included patients from 1 year after MBS but did not limit the 
maximum time lapsed, to include the time since surgery as an 
effect modifier. We included adults older than 65 years who con-
sented to participate in the study. For BAR, patients with previ-
ous MBS were included, except for gastric banding. For CON, we 
included patients assessed in the obesity clinic, without indica-
tion of MBS or patients chose not to undergo surgery. Exclusion 
criteria included diseases known to cause disease-associated 
sarcopenia such as advanced organ failure, recent or current 
cancer, debilitating neuromuscular conditions, inability to mo-
bilize without a wheelchair and weight above 130 kg, which pre-
cludes dual-energy X-ray absorptiometry (DXA) assessment.

2.3   |   Clinical and Anthropometric Measurements

All study assessments occurred on 1 day after an overnight fast. 
Weight and height were measured with calibrated equipment 
and medical history was self-reported. Type and date of MBS 
and weight history were retrieved form electronic medical re-
cords. Baseline weight was weighted before MBS or weighted on 
the first obesity clinic assessment for CON. For the secondary 
surgery, the weight before the last surgery (mostly RYGB) was 
considered as baseline. Weight loss was calculated as percent-
age total weight loss (TWL) and as percentage excess weight loss 
(EWL), where excess weight corresponds to additional weight 
above an ideal body weight (IBW) at a BMI of 25 kg/m2. Both 
TWL and EWL were calculated from baseline to treatment nadir.

2.4   |   Body Composition Measurements

Body composition was measured by DXA using a Horizon 
scanner (Hologic, USA) and in some instances a Lunar Prodigy 
scanner (GE Healthcare, USA). Lunar values were adjusted for 
systematic differences between the equipment [13]. SMM was 
estimated based on a recently developed model, including older 
adults and obesity [14]. To express muscularity relative to adi-
posity, we used ALM divided by BMI, an indicator developed for 
the Foundation for the National Institutes of Health Sarcopenia 
Project [15]. We expressed this as a percentage (%ALM/BMI) for 
ease of use. Obesity was defined by fat percentage above 43% for 
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females and 31% for males, based on age ranges recommended 
by the European Society for Clinical Nutrition and Metabolism/
European Association for the Study of Obesity (ESPEN/EASO) 
sarcopenic obesity consensus statement [2]. We estimated the 
resting energy expenditure (REE) using the Mifflin–St Jeor 
Equation, which shows less bias than other equations after 
MBS [16].

2.5   |   Blood Biochemistry

Blood samples were collected using BD Vacutainer® tubes 
(Becton, Dickinson and Company, Franklin Lakes, USA). 
Whole blood was analysed for haemoglobin, platelet count and 
HbA1C. Blood serum was analysed for creatinine, albumin, 
aspartate transaminase (AST), alanine transaminase (ALT), 
cystatin C, blood glucose, insulin, C-reactive protein (CRP), 
25-hydroxyvitamin D and zinc. Plasma was analysed for blood 
glucose. Blood analysis was conducted by the UZ Leuven clin-
ical laboratory using standardized protocols. For reporting 
CRP as a measure of chronic low-grade inflammation, values 
above 10 mg/L were excluded as probable acute inflamma-
tion. HOMA-IR (Homeostatic Model Assessment for Insulin 
Resistance) was calculated except for participants who were 
nonfasting or prescribed with exogenous insulin. To predict 
the presence of metabolic dysfunction associated liver disease 
(MAFLD), we used the NAFLD-Fibrosis score and adjusted for 
severe obesity as previously done [17]. Scores below −1.1455 are 
indicative of no fibrosis, while scores greater than 0.676 predict 
fibrosis. We calculated the sarcopenic index from cystatin C and 
creatinine, as a validated biomarker of sarcopenia [18].

2.6   |   Physical Activity, Gastrointestinal Symptoms 
and Quality of Life

Physical activity was self-reported using the International 
Physical Activity Questionnaire, short form (IPAQ-SF) [19]. 
Gastrointestinal symptoms were measured using the gastroin-
testinal symptom rating scale (GSRS), where higher scores in-
dicate more severe symptoms [20]. Health-related quality of life 
(HRQoL) was assessed using the EQ-5D-5L, and index scores 
were calculated using a Belgian value set [21].

2.7   |   Physical Performance, Muscle Strength 
and Sarcopenia Assessments

Physical performance was measured by the short physical per-
formance battery (SPPB), and gait speed was reported separately 
as an additional measure of physical performance [22]. Skeletal 
muscle strength was measured by handgrip strength using a 
Jamar dynamometer (Performance Health, Warrenville, USA), 
using the Southampton standardized protocol [23]. Handgrip 
strength was interpreted according to the European Working 
Group on Sarcopenia in Older People consensus guidelines 
(EWGSOP1) which provides reference ranges per BMI category 
[24]. Muscle strength was also assessed by sit-to-stand test, a part 
of the SPPB. Sarcopenia was defined by the EWGSOP1 criteria 
which provide obesity-specific cut-off points [24]. Sarcopenic 
obesity was assessed according to the ESPEN/EASO criteria [2].

2.8   |   Dietary Intake Assessment

Dietary intake was measured using two nonconsecutive 24-h di-
etary recalls, one during the study visit and one unannounced by 
telephone, following the automated multiple-pass method [25]. 
Dietary recalls were completed by the first author, a dietitian or 
two researchers under his direct supervision. Portion sizes were 
estimated using sketches of portions sizes, household measures 
or branded items. Records were analysed using the Belgian food 
composition database (version 2020, Nubel, Brussels, Belgium), 
and missing values were extracted from the Dutch Food compo-
sition database (NEVO). The total daily energy intake (kcal) and 
macronutrient intake were calculated as the average of 2 days. 
To assess adequacy of protein intake for older adults, we used 
cut-off points of 1.0 g/kg/day actual bodyweight and 1.6 g/kg/
day FFM [26, 27]. Protein intake after MBS was compared to 
recommendations from clinical guidelines of at least 60 g/day 
and up to 1.5 g/kg IBW [28].

2.9   |   Statistical Analysis

For comparisons between BAR and CON, an independent sam-
ple student t-test was used for continuous data and chi-square for 
categorical variables. When comparing subsets, normality was 
evaluated by the Shapiro–Wilk test and by visually inspecting 
the data distribution. Values are reported at means and standard 
deviations unless stated otherwise. For nonnormally distributed 
data with multiple groups, we used the Kruskal–Wallis test with 
post hoc Dunn test with Bonferroni correction for multiple com-
parisons. For categorical comparison where observed frequencies 
were fewer than five, the Fisher exact test was used. For compar-
ing weight changes over time, a repeated measures ANOVA was 
used. For investigating the role of various covariates to predict 
ALM (kg), we used multiple linear regression modelling using 
the R function ‘lm’. The model was manually fitted with clinically 
meaningful variables, removing variables which did not improve 
the model. Variables tested included sex, BMI, fat percentage, 
TWL, BAR vs. CON, protein intake, NAFLD score, years since 
surgery, diabetes, glucagon-like peptide-1 use, physical activity 
level, plasma zinc, HOMA-IR, CRP, HbA1c and eGFR. Models 
were checked for normality of residuals, homoscedasticity, linear-
ity and collinearity. Performance of the models were compared 
using the likelihood ratio test, and a model was retained if was 
p < 0.05 compared to the previous model. Significance was set 
as p < 0.05. All analyses were performed, and graphs were con-
structed using R Statistical Software (v4.4.1; R Core Team 2021).

3   |   Results

3.1   |   General Characteristics, Medical History 
and Biochemistry

We screened 307 patients of which 100 patients were included, 
50 for BAR and 50 for CON (Figure  1). Groups did not dif-
fer in the proportion of males included (BAR 40%, CON 35%. 
p = 0.84). BAR participants were 2.4 years younger than CON 
participants (68.3 ± 3.2 years vs. 70.7 ± 3.9, p < 0.001). BAR 
consisted of 25 participants after primary RYGB, 11 after 
secondary RYGB, 13 after SG and 1 after a vertical banded 



4 of 12 Journal of Cachexia, Sarcopenia and Muscle, 2025

gastroplasty (Table 1). Time since surgery was 9.3 ± 5.9 years. 
CON had a higher prevalence of diabetes (52% vs. 28%, 
p < 0.05) and scored worse on the NAFLD-fibrosis score than 
the BAR (−0.25 ± 0.97 vs. −0.74 ± 1.19, p < 0.05). BAR had 
lower levels of inflammation and insulin resistance compared 
to CON (CRP: 0.87 ± 1.21 mg/L vs. CON 1.86 ± 1.80, p < 0.01; 
HOMA-IR: 2.8 ± 2.3 vs. 5.0 ± 3.9, p < 0.001). Both groups 
reported few gastrointestinal symptoms (GSRS for BAR 
1.73 ± 0.77, CON 1.71 ± 0.75, p = 0.89).

3.2   |   Weight History

Weight, BMI, weight loss and weight regain are presented in 
Table 2. BAR patients had a higher BMI than CON at baseline 
(42.9 ± 6.2 kg/m2 vs. 38.2 ± 3.6, p < 0.001). As expected, BAR 
patients lost more weight after MBS than CON patients who 
lost weight with nonsurgical treatment (TWL 31.6 ± 9.5% vs. 
12.1 ± 8.42%, p < 0.001). CON regained a greater proportion of lost 
weight compared to BAR (41.3 ± 48.7% vs. 22.4 ± 21.9, p < 0.05).

3.3   |   Body Composition, Strength, Physical 
Performance and Physical Activity

Fat percentage was similar between CON and BAR (39.2 ± 7.8% 
vs. 41.6 ± 6.4, p = 0.09), but FFM and ALMI were lower in BAR 
compared to CON (FFM: 52.0 ± 12.6 kg vs. 57.5 ± 11.5, p < 0.05; 

ALMI: 7.2 ± 1.3 kg/m2 vs. 7.9 ± 1.4, p < 0.05). However, relative 
muscularity using %ALM/BMI was not different between the 
groups (BAR 64.7 ± 18.1% vs. CON 62.6 ± 15.8%, p = 0.53). The 
prevalence of low muscle mass based on the EWGSOP1 and 
ESPEN/EASO criteria varied between 20% and 47% based on 
sex and treatment group but was not statistically different for 
the whole group or when separated by sex (Table 3). There were 
no differences in SPPB score, handgrip strength, gait speed or 
sit-to-stand test between the CON and BAR. Physical activity 
levels were similar between groups (metabolic equivalent of task 
5.9 ± 6.9 h/day vs.5.8 ± 8.6, p = 0.95).

3.4   |   Sarcopenia and Sarcopenic Obesity 
Prevalence

The EWGSOP1 criteria for sarcopenia was only met in 3% of 
the total study population, and the ESPEN/EASO sarcopenic 
obesity prevalence was 9%. Although sarcopenic obesity prev-
alence was 15% in CON and 4% in BAR, this was not signifi-
cant (p = 0.159). Sarcopenia index was not different between the 
groups (81.7 ± 20.3 vs. 82.0 ± 15.3, p = 0.939).

3.5   |   Dietary Intake With Emphasis on Protein

Energy, fat and carbohydrate intakes were similar between 
the BAR and CON (Table  4). Dietary intake for males was 

FIGURE 1    |    Flow diagram of study recruitment.
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1875 ± 480 kcal/day and for females was 1420 ± 321 kcal/
day. For comparison, REE was 1761 ± 198 kcal/day for males 
and 1357 ± 189 kcal/day for females. Protein intake per kilo-
gramme actual bodyweight was higher for BAR than for CON 
(0.83 ± 0.25 g/kg/day vs. 0.73 ± 18, p < 0.05). This difference re-
mained as a tendency when expressed relative to FFM (BAR 
1.36 ± 0.36 g/kg/day FFM vs. CON 1.25 ± 0.27, p = 0.09).

For BAR, 32% of participants did not meet the minimum intake 
level of 60 g of protein/day and only 4% met the 1.5 g/kg IBW rec-
ommended after MBS (Figure 2) [28]. When comparing to rec-
ommendations of 1 g/kg/BW for older adults, this was achieved 
by 13% of the total population based on actual body weight [29]. 
Similarly, only 19% of all patients achieved 1.6 g/kg FFM recom-
mended for older adults [27].

3.6   |   Quality of Life

HRQoL index score was higher for BAR than for CON (0.84 ± 0.14 
vs. 0.75 ± 0.25, p < 0.05). Self-rated health (BAR 75.62 ± 16.71 vs. 
CON 75.84 ± 12.94, p = 0.941) and the percentage of participants 
with optimal health (BAR 23% vs. CON 20%, p = 0.635) were not 
different between groups.

3.7   |   Factors Predicting ALM

In the linear regression model, male sex was associated with a 
4.39 kg higher ALM compared to females (p < 0.001). Each unit 
increase in BMI corresponded to a 1.48 kg increase in ALM 
(p < 0.001), while each additional year of age was linked to a 
0.19 kg decline (p = 0.007). Fat percentage showed a positive 
but nonsignificant association with ALM (0.37 kg, p = 0.061), 

TABLE 1    |    Patient characteristics by group.

BAR (n = 50) CON (n = 50) p-value

Demographic 
information

Age (years) 68.3 ± 3.2 70.7 ± 3.9** < 0.001

Sex male (%) 40% 36% 0.837

Medical history

Number of 
medications

6.2 ± 3.5 6.5 ± 3.5 0.615

Diabetes 
prevalence (%)

28% 52%* 0.016

GLP-1 
analogue 
usage (%)

20% 32% 0.254

NAFLD-
fibrosis score

-0.74 ± 1.19 −0.52 ± 0.97* 0.024

Weight loss 
treatment 
history

Time since 
baseline 
(years)

9.2 ± 5.9 10.1 ± 15.6 0.272

Roux-en-Y, 
primary (n)

25

Roux-en-Y, 
secondary (n)

11

Sleeve 
gastrectomy 
(n)

13

Mason 
gastroplasty 
(n)

1

Biochemistry

eGFR 
Creatinine (mL/
min/1.73m2)

76.4 ± 17.3 69.1 ± 15.6* 0.031

eGFR 
Cystatin (mL/
min/1.73m2)

94.97 ± 25.52 88.45 ± 21.40 0.170

HbA1C 
(mmol/mol)

40.4 ± 9.0 44.0 ± 9.0* 0.048

Vitamin D 34.5 ± 15.1 28.2 ± 11.4* 0.020

Zinc 88.9 ± 17.4 93.1 ± 12.6 0.174

CRP (mg/L) 0.87 ± 1.21 1.86 ± 1.80** 0.002

HOMA-IR 
(mg/L)

2.8 ± 2.3 5.0 ± 3.9* 0.001

(Continues)

BAR (n = 50) CON (n = 50) p-value

Sarcopenia 
index

81.7 ± 20.3 82.0 ± 15.3 0.939

Other

EQ 5D5L 
quality of life 
(index score 
0–1)

0.84 ± 0.14 0.75 ± 0.25* 0.022

IPAQ activity 
rating (MET 
hours/day)

5.9 ± 6.9 5.8 ± 8.6 0.950

GSRS score 
(1–7)

1.73 ± 0.77 1.71 ± 0.75 0.888

Note: Continuous data are reported as means ± standard deviations. Group 
comparisons with independent sample student t-test.
Abbreviations: BAR, group after bariatric surgery; CON, nonsurgical group; 
eGFR, estimated glomerular filtration rate; EQ 5D5L, EuroQol 5-dimensions 
5-levels questionnaire; GLP-1, glucagon-like peptide-1; HbA1c, Haemoglobin 
A1C; IPAQ, International Physical Activity Questionnaire; METS, metabolic 
equivalents of task; NAFLD, nonalcoholic fatty liver disease.
*p < 0.05. 
**p < 0.01.

TABLE 1    |    (Continued)



6 of 12 Journal of Cachexia, Sarcopenia and Muscle, 2025

but it significantly interacted with BMI, indicating that as 
BMI increases, the positive effect of fat percentage on ALM 
diminishes (−0.02 kg, p < 0.001). Each additional gramme of 
dietary protein per day predicted a 0.04 kg increase in ALM 
(p = 0.008), while BAR compared to CON did not improve pre-
diction. The model explained a substantial proportion of the 
variance in ALM (Adjusted R2 = 0.8035, p < 0.001; Table 5 and 
Figure 3).

4   |   Discussion

Our study aimed to investigate sarcopenia and muscle mass 
in older adults after MBS by comparing them to a nonsurgical 

group. The prevalence of sarcopenia was low across groups 
at 3% overall. Given this low prevalence, the comparison of 
sarcopenia between groups was not meaningful. We used 
EWSGOP1 criteria to define sarcopenia as the updated 
EWSGOP2 criteria do not make provision for obesity within 
its appendicular mass cut-offs. Indeed, several studies have 
critiqued the EWSGPO2 guidelines as less sensitive, includ-
ing for MBS or obesity [7, 30–32]. A recent systematic review 
suggested that EWSGOP1 maybe be better at predicting poor 
health outcomes than EWSGOP2 [33]. For people with obesity, 
it is important to use muscle mass and strength indices which 
consider the extra muscle mass accrued with obesity. Only the 
EWSGOP1 guidelines provide handgrip cut-off points per BMI 
category. However, even using these cut-offs, only 5% of our 
sample population had low handgrip. Ruthes et  al. recently 
argued that low muscle mass is a more important indicator 
of sarcopenia after MBS rather than muscle strength, which 
contrasts with updated sarcopenia guidelines [31]. Most sar-
copenia research after MBS has been conducted in adults 
under 65 years, and sarcopenia guidelines were not developed 
for this purpose. Therefore, while we agree that the emphasis 
on muscle quantity is more important in nonolder adults, this 
should be termed presarcopenia if muscle mass is the defin-
ing criterion. Our study is the first report of muscle mass and 
sarcopenia exclusively in older adults after MBS. Still, 90% of 
participants were young-old (65 to 74 years), and none were 
oldest-old (>85 yeas). This may have contributed to the low 
prevalence of sarcopenia, as prevalence increases with age. As 
it remains important to identify presarcopenia after MBS, uni-
versal cut-offs, adjusted for adiposity, are needed.

The ESPEN/EASO sarcopenic obesity prevalence was 9% 
even though prevalence of obesity was high (>60% by group 
and sex); therefore, the low prevalence of sarcopenic obesity 
is mainly due to the sarcopenia criterium not being met. A 
recent study by Vieira et  al. investigated sarcopenic obesity 
in 186 participants at least 2 years after MBS [7]. They re-
ported 8% ESPEN/EASO sarcopenic obesity when using bio-
impedance analysis (BIA) and 23% using DXA. When using 
EWSGOP2 to define the sarcopenia component, this was 
only 1% for DXA. The participants in this study were much 
younger (mean 44 years) compared to ours, and only 10% were 
male. Another recent study reported 13%–23% ESPEN/EASO 
sarcopenic obesity in 124 candidates before bariatric surgery, 
all adults younger than 60 years [8]. A third recent study re-
ported ESPEN/EASO sarcopenic obesity prevalence of 89% in 
nonolder women presurgery, dramatically decreasing to 3% at 
12 months after surgery [9]. They did not include strength or 
physical performance tests, which means sarcopenic obesity 
in their results are in fact presarcopenia. The dramatic drop 
in low muscle mass illustrates the importance of selecting ap-
propriate cut-offs and interpreting them correctly. This study 
used ALM/weight which improved with dramatic weight 
loss. However, this could provide a skewed picture as abso-
lute ALM decreased by approximately 4 kg. A recent critical 
review stresses the importance of selecting sarcopenia criteria 
which are suitable to the study objective [34].

When comparing our findings with those of older adults with-
out MBS, the prevalence of sarcopenic obesity appears modest. 
A recent study of 90 patients with at least class II obesity and 

TABLE 2    |    Bodyweight and weight loss history by group.

BAR(n = 50) CON(n = 50) p-value

Height (m) 1.65 ± 0.11 1.66 ± 0.10 0.605

Weight

Baseline 
(kg)

116.6 ± 19.0* 105.1 ± 12.3** 0.001

Nadir post-
treatment 
(kg)

79.7 ± 16.7* 92.5 ± 14.15** < 0.001

Current (kg) 86.0 ± 19.7* 98.2 ± 13.8** < 0.001

Body mass 
index

Baseline 
(kg/m2)

42.9 ± 6.2* 38.2 ± 3.6** 0.001

Nadir post-
treatment 
(kg/m2)

29.3 ± 5.5* 33.5 ± 4.5** < 0.001

Current (kg/
m2)

31.5 ± 6.5* 35.6 ± 4.3** < 0.001

Weight loss 
(baseline to 
nadir)

Total weight 
loss (%)

31.6 ± 9.5 12.1 ± 8.42** < 0.001

Excess 
weight loss 
(%)

80.4 ± 27.2 37.0 ± 27.2** < 0.001

Weight regain

From nadir 
(kg)

8.9 ± 9.6 5.8 ± 8.0 0.081

Proportion 
of lost 
weight (%)

22.4 ± 21.9 41.3 ± 48.7* 0.014

Note: Continuous data are reported as means ± standard deviations. Group 
comparisons with independent sample student t-test. Groups comparisons over 
time points with Kruskal–Wallis's test. * p < 0.001 for time effect; ** p < 0.001 for 
group effect.
Abbreviations: BAR, group after bariatric surgery; CON, nonsurgical group.
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older than 60 years reported an ESPEN/EASO sarcopenic obe-
sity prevalence of 23%–40%, dependant on diagnostic cut-offs 
used [35]. In a larger study with 1559 participants who were 
older (mean 75 years) and did not all have obesity, ESPEN/EASO 
sarcopenic obesity was 30%. In a third study, in patients with 
obesity and above 70 years, prevalence was 27%, based on BIA 
assessments [36]. As our study investigated the role of MBS in 
sarcopenia, we excluded other potential causes of sarcopenia, 
and this could explain some of these differences. Unlike the 
Global Leadership in Malnutrition (GLIM) criteria for malnutri-
tion, sarcopenia criteria do not include an aetiology component, 
and it is applied to ageing populations and populations with a 
specific disease, irrespective of age [37]. Separating the role of 

age and disease in sarcopenia will be complex, but aetiology 
should be considered, and cut-offs should be age-dependant.

With several definitions of both sarcopenia and obesity and sev-
eral cut-off points even within definitions, it will remain diffi-
cult to compare studies until more standardized methodologies 
are agreed upon. In the interim, our findings on muscle mass 
rather than sarcopenia are more clinically relevant. When con-
sidering the higher BMI of the CON group, there was no differ-
ence in muscle mass between the groups. Similarly, there were 
no differences in any measure of strength or physical perfor-
mance between the two groups. Despite recruiting participants 
from the same clinic, the groups had important differences. 
For example, the BAR group had a higher baseline BMI, more 
weight loss, lower diabetes prevalence, were 2 years younger, 
had less systemic inflammation and fewer had MAFLD. In fact, 
several of these factors may explain why BAR participants were 
not more prone to low muscle mass than CON patients. The lack 
of difference in muscle mass between the two groups was also 
confirmed by the similarity in the sarcopenic index biomarker 
between the groups.

A recent meta-analysis demonstrated that absolute FFM and 
muscle mass decrease when comparing patients prior to and 
after bariatric surgery [5]. However, whether the amount of mus-
cle mass loss is excessive when taking the change in total body 
weight into account is more clinically relevant. Our study shows 
that muscle mass relative to BMI is not different for BAR com-
pared to CON. The regression model we fitted confirmed this 
across the whole study population, indicating that sex, BMI, fat 
percentage and age were important predictors of muscle mass. 
The impact of these factors is expected but nonetheless import-
ant to illustrate that these factors predict muscle while MBS 
does not. Overall, the absence of lower muscle mass in the BAR 
group is reassuring, indicating that older adults with previous 
MBS can have equal if not better musculoskeletal function than 
nonoperated individuals.

In a study with a similar design to ours, Santini et al. matched 
41 postmenopausal women who previously underwent RYGB 
surgery (mean 7.5 years prior) with 41 women with obesity. 
ALM adjusted for BMI, and age was not different between the 
groups, and TWL was associated with change in lean mass in 
multiple linear regression analysis [38]. This contrasts with the 
study from Buzza et al., who compared postmenopausal women 
at least 2 years after RYGB with an age-matched control group 
and reported lower ALMI in the RYGB group. However, in the 
latter study, the RYGB group had a lower BMI, yet ALMI was 
not adjusted for BMI or weight [6]. Still, neither of these studies 
includes adults older than 65 years.

A secondary aim of our study was to investigate the role of pro-
tein intake in maintaining muscle mass after MBS. Clinical 
guidelines recommend 60 g protein per day, but this singular 
value does not account for differences in body size between in-
dividuals. Guidelines mention a secondary protein target of up 
to 1.5 g/day/kg IBW [28]. While 68% of the BAR group achieved 
60 g/day, only 4% met the second target. Inadequate protein in-
take after MBS is well-documented; however, our results per-
tain to older adults, who are more vulnerable to sarcopenia [10]. 
Though many patients did not meet recommendations, it is 

TABLE 4    |    Dietary intake by group.

BAR (n = 50) CON (n = 50) p-value

Energy intake

Total daily 
intake (kcal)

1524.0 ± 453.3 1662.3 ± 432.9 0.122

Energy/IBW 
(kcal/kg)

19.8 ± 6.4 19.5 ± 6.3 0.807

Fat intake

Total daily 
intake (g)

61.3 ± 24.2 70.6 ± 24.6 0.059

Fat as % 
energy

35.6 ± 7.1 37.8 ± 8.1 0.164

Carbohydrate 
intake

Total daily 
intake (g)

154.8 ± 40.9 166.6 ± 54.1 0.221

Carbohydrate 
as % energy

41.3 ± 6.3 40.3 ± 7.9 0.490

Total sugar 
(g)

65.0 ± 26.2 65.1 ± 35.3 0.995

Fibre intake 
(g)

15.1 ± 5.0 16.4 ± 6.1 0.230

Protein intake

Total daily 
intake (g)

69.8 ± 21.6 71.5 ± 19.4 0.672

Protein as % 
energy

18.6 ± 4.1 17.5 ± 3.3 0.138

Protein/BW 
(g/kg)

0.83 ± 0.25 0.73 ± 18* 0.029

Protein/IBW 
(g//kg)

0.90 ± 0.29 0.84 ± 0.29 0.313

Protein/FFM 
(g/kg)

1.36 ± 0.36 1.25 ± 0.27 0.088

Note: Continuous data are reported as means ± standard deviations. Group 
comparisons with independent sample student t-test.
Abbreviations: BAR, group after bariatric surgery; BW, body weight; CON, 
nonsurgical group; FFM, fat free mass; IBW, ideal body weight.
*p < 0.05.
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encouraging that protein intake was not lower for BAR than for 
CON. We also compared protein intake against recommended 
intake for older adults of at least 1.0 g/kg, but these recommen-
dations do not make provision for obesity and therefore may 
underestimate recommended intake [26]. Therefore, we com-
pared the protein intake to protein requirements of 1.6 g/day/kg 
FFM which were determined for older adults using the Indicator 
Amino Acid Oxidation method (IAAO) method [27]. Only 19% 

met this target, with no group differences. In our regression 
model, protein intake was an independent predictor of muscle 
mass, although the effect size was small. Still, this suggests that 
low protein intake could contribute to presarcopenia, predis-
posing individuals to sarcopenia as they age. This finding un-
derscores the need for continued screening for presarcopenia, 
including assessment for and dietary modification of low protein 
intake. Our findings also highlight the need for accurate protein 
recommendations after MBS.

4.1   |   Limitations

We powered our study to measure differences in muscle mass 
between two groups, and therefore, we are confident that the 
lack of difference between groups, confirmed by our regres-
sion model, shows that individuals with previous MBS are not 
at greater risk of low muscle mass compared to patients with 
obesity treated nonsurgically. However, the sample size remains 
small, and subanalysis by sex, surgery type or health state is 
underpowered and should be considered exploratory in nature. 
The sample size of 100 further restricts the number of variables 
that can be included in the multiple linear regression analysis, 
potentially limiting the complexity of the model. Equally, the 
prevalence of sarcopenia was very low, making comparison be-
tween groups impossible. Sarcopenic obesity was numerically 
higher in CON, and it is possible that the difference could grow 
towards significance in a larger sample.

FIGURE 2    |    Protein intake by group compared to protein recommendations. All bars are mean for the groups. (a) Total dietary intake compared to 
minimum recommendations after MBS of 60 g/day. (b) Intake/actual bodyweight (ABW) compared to recommended intake for older adults of > 1 g/
kg/day. (c) Intake/ideal bodyweight (IBW) compared to recommended intakes of 1.5 g/kg/IBW recommendation after MBS. (d) Intake/fat free mass 
compared to EAR of 1.6 g/kg FFM for older adults determined by the indicator amino acid oxidation (IAAO) method.

TABLE 5    |    Multiple linear regression models fitted for appendicular 
lean mass (kg).

Estimate (95% CI) p-value

Intercept −5.045 (8.886, −0.568)

Sex (male) 4.387 (0.898, 4.884) < 0.001

BMI (kg/m2) 1.478 (0.252, 5.866) < 0.001

Fat percentage (%) −0.021 (0.006, −3.761) 0.061

BMI*fat percentage −0.021 (0.006, −3.761) < 0.001

Age (years) −0.193 (0.070, −2.751) 0.007

Protein intake (g/
day)

0.040 (0.015, 2.709) 0.008

Note: Adjusted R-squared = 0.8035, p < 0.001.
Abbreviations: %ALM/BMI, %appendicular lean mass/body mass index; CI, 
confidence interval; CON, nonsurgical group; SD, standard deviation.
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We recruited 100 participants after excluding 132 patients 
during prescreening based on their poor health and removing 16 
patients who had died. If proportionately more patients with or 
without MBS were excluded, the remaining sample could be bi-
assed. Such bias could be bidirectional as BAR participants have 
more severe obesity at baseline, yet they lose more weight and 
may thus have greater improvements in metabolic health there-
after. However, exclusion based on factors such as advanced 
organ failure, poor mobility or cancer was deemed important to 
exclude other causes of sarcopenia. Additionally, as all partici-
pants were from one region in Belgium, the generalizability of 
the findings to other populations could be questioned. Still, our 
study is the first to study muscle mass specifically in older adults 
after MBS and therefore remains valuable.

The cross-sectional design restricts inferences to causality. To 
address this to some extent, we included retrospective weight 
histories for both groups and investigated these in regression 
modelling. Yet, future prospective studies are warranted to con-
firm our findings.

A final limitation of our study is the use of self-reported dietary 
intake methodology, namely, 24-h recalls. Comparison of en-
ergy intake and estimated REE suggests that dietary energy in-
take is an underestimation, although the older age, low activity 

levels and high adiposity of our sample will contribute to lower 
total energy expenditure (TEE). A substantial body of litera-
ture shows that self-reported energy intake is underreported 
in people with obesity, irrespective of measurement tool used 
[39]. Such bias is difficult to avoid in nutritional studies, yet 
comparison with biomarkers previously showed that underre-
porting for protein is typically less than for energy. The use 
of two versus one 24-h recalls further improves the prediction 
of true protein intake [40]. Nitrogen excretion can be used to 
estimate protein intake, although faecal nitrogen excretion 
changes after MBS, potentially limiting the applicability of this 
method [41].

5   |   Conclusion

In summary, our study suggests that older adults with previous 
MBS are not more likely to develop sarcopenia than older people 
for whom obesity was nonsurgically treated. Rather, older age, 
higher adiposity and lower protein intake can lead to lowered 
muscle mass and thereby predispose patients to sarcopenia. 
Standardized methodologies to assess sarcopenic obesity which 
also takes aetiology and age into account will enable the com-
parison of studies and aid in evaluating interventions to treat 
sarcopenia.

FIGURE 3    |    Linear model effects on appendicular lean mass (ALM) sex. BAR vs. CON did not improve model fit but is included visually for com-
parison purposes. Shaded grey areas are 95% confidence intervals. Plot d depicts the effect of BMI on the x-axis and the interaction effect between 
BMI and fat proportion through shading of data points.
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