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Abstract
Background  Sarcopenic obesity (SO) is an increasing phenomenon and has been linked to several negative health con-
sequences. The aim of this umbrella review is the assessment of effectiveness and certainty of evidence of nutrition and 
exercise interventions in persons with SO.
Method  We searched for meta-analyses of RCTs in PubMed, EMBASE and CENTRAL that had been conducted in the last 
five years, focusing on studies on the treatment and prevention of SO. The primary endpoints were parameters for SO, such 
as body fat in %, skeletal muscle mass index (SMMI), gait speed, leg strength and grip strength. The methodological quality 
was evaluated using AMSTAR and the certainty of evidence was assessed using GRADE.
Results  Four systematic reviews with between 30 to 225 participants were included in the umbrella review. These examined 
four exercise interventions, two nutrition interventions and four interventions that combined nutrition and exercise. Resistance 
training was the most frequently studied intervention and was found to improve gait speed by 0.14 m/s to 0.17 m/s and lower 
leg strength by 9.97 kg. Resistance, aerobic, mixed exercise and hypocaloric diet combined with protein supplementation 
is not significantly effective on selected outcomes for persons with SO compared to no intervention. The low number of 
primary studies included in the reviews resulted in moderate to very low certainty of evidence.
Conclusion  Despite the lack in certainty of evidence, resistance training may be a suitable intervention for persons with SO, 
in particular for improving muscle function. Nevertheless, further research is necessary to strengthen the evidence.

Keywords  Dietary protein · Resistance training · Review · GRADE approach · Sarcopenia · Obesity

Introduction

Ageing is associated with a variety of changes in body com-
position, such as an increase in fat accumulation as well 
as a loss of muscle mass and strength [1–3]. Consequently, 
with increasing age there is an increased risk of obesity, 
which is the excessive accumulation of fat [4], as well as 
the risk of sarcopenia, which is characterised by low muscle 
mass and muscle function [5]. Both sarcopenia and obe-
sity can occur simultaneously and synergistically aggravate 
each other, resulting in sarcopenic obesity [5]. The health 
consequences of sarcopenic obesity can be worse than for 
sarcopenia or obesity alone. Researchers have shown that 
sarcopenic obese individuals are 2.5 times more at risk of 
disability than individuals with sarcopenia or obesity alone 
[6]. Furthermore, sarcopenic obesity has been linked to sev-
eral negative health consequences, such as an increased risk 
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of falling, cardiovascular diseases, comorbidity and early 
mortality, as well as institutionalisation [7].

The European Society for Clinical Nutrition and Metabo-
lism (ESPEN) and the European Association for the Study of 
Obesity (EASO) recently reached a consensus on the defini-
tion of sarcopenic obesity, stating it being the co-existence 
of obesity and sarcopenia. More specifically, the defining 
criteria are an increased body mass index or waist circumfer-
ence as well as the simultaneous occurrence of increased fat 
mass, low muscle mass and low muscle strength and func-
tion. However, it is not yet clear if combining the separate 
definitions of obesity and sarcopenia is applicable for per-
sons with sarcopenic obesity [8••]. Nonetheless, a recently 
published systematic review and meta-analysis showed that 
the pooled global prevalence of sarcopenic obesity is at 11% 
[9•]. Furthermore, it must be taken into consideration, that 
sarcopenic obesity often is overlooked due to the fact that 
high fat mass masks low muscle mass [10•].

As well as reducing the accompanied complications such 
as cardiovascular disease, the main goals when treating sar-
copenic obesity are to decrease body fat and to support the 
build-up or preservation of muscle mass and muscle func-
tion [5, 11••, 12]. Several clinical trials have shown that 
nutrition interventions and physical exercise improve rel-
evant parameters regarding sarcopenic obesity such as grip 
strength, body fat and muscle mass [5, 13–17]. Furthermore, 
whole-body electromyostimulation (WB-EMS) has emerged 
in research as a useful treatment for sarcopenia [18] and 
sarcopenic obesity, showing promising effects due to its 
similarities to resistance training [5, 19, 20]. Currently, few 
systematic reviews are available on the efficacy of nutrition 
and exercise interventions as treatment strategies for sar-
copenic obesity. The available reviews mainly address the 
efficacy of exercise interventions and/or nutrition interven-
tions as a whole, instead of studying individual interventions 
such as resistance training or increased protein intake [21, 
22]. Therefore, the question of an optimal treatment strategy 
for sarcopenic obesity is left out and remains unanswered. 
To our knowledge, the current study represents the first 
umbrella review on sarcopenic obesity conducted to provide 
comprehensive insights into the effectiveness of different 
nutrition and exercise interventions for adults, therefore con-
tributing essential findings that will enable future research-
ers to devise an optimal treatment strategy for individuals 
with sarcopenic obesity.

Methods

To address the research question, we conducted an umbrella 
review in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 

guidelines [23]. This umbrella review was registered at 
PROSPERO (CRD42022342822).

Search Strategy

We conducted a comprehensive literature search to identify 
systematic reviews and meta-analyses available in PubMed 
via Medline, EMBASE, and the Cochrane Library (Cochrane 
Database of Systematic Reviews) via OVID.

We used the following search terms to identify relevant 
meta-analyses: “obese sarcopen*”, “sarcobesity”, “sar-
copenic obes*”, “train*”, “physical activity”, “exercise”, 
“diet”, “nutr*” and “energy restriction”. We also applied 
the MeSH terms “obesity”, “sarcopenia”, “exercise”, “Diet, 
Food, and Nutrition” and “Nutrition Therapy”. The search 
terms were combined using the Boolean operators AND or 
OR. Where possible, filters were set regarding the publica-
tion type (“systematic review” and “meta-analyses”) and age 
(> 18 years). We also narrowed the search down to the last 
five years. This limitation was set as sarcopenic obesity is a 
relatively new topic in research. Furthermore, the age limit 
was set to 45 and older in order to find reviews specifically 
focusing on adults. No language restriction was applied. The 
exact search strategy can be found in the Online Resource 
1. Furthermore, we conducted a manual search in Google 
Scholar by using the search terms “sarcopenic obesity sys-
tematic review” and screened the first five pages of results. 
In addition, we screened the reference lists of relevant stud-
ies to find further studies. In August 2022, we conducted 
an update search to find additional reviews which had been 
published since May 2022. In doing so, we applied the exact 
same search strategy in the same databases and applied the 
relevant time filter where possible. No additional systematic 
reviews were identified as a result of the update search.

Eligibility Criteria

For a systematic review to be included in this umbrella review, 
the following criteria had to be met: meta-analysis of RCTs and 
a comparison of any exercise or nutrition intervention with a 
control group of adults with diagnosed sarcopenic obesity. The 
outcomes of interest were based on the definition of the terms 
sarcopenia and obesity; therefore, the following parameters 
were selected: body fat in %, total body fat mass, total muscle 
mass in kg, appendicular skeletal muscle mass (ASMM) in 
kg, skeletal muscle mass index (SMMI), lower/leg extremity 
strength, grip strength and gait speed.

Two independent reviewers (M.T., S.B.) selected titles, 
abstract and full texts according to the inclusion criteria. If disa-
greements arose, a consensus was reached by discussion, and, if 
necessary, a third person was consulted to make a final decision.
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Data Extraction and Synthesis

Data were extracted from the final full texts which remained 
after screening was performed. The extraction process was 
conducted by two authors (M.T., S.B.) using a data extrac-
tion sheet. In addition to extracting the general characteristics 
(Table 1) of the research from the studies, we extracted the fol-
lowing data for each outcome: type of intervention, number of 
studies which were pooled per outcome, sample size accord-
ing to intervention group (IG) and control group (CG), metric 
(standardized mean difference or mean difference), effect-size 
(CI 95%), I2 and p-value. If data were not stratified accord-
ing to type of intervention (i.e. resistance training vs control; 
aerobic training + protein supplementation vs control), we 
analysed the table of study characteristics to group primary 
studies which measured the same types of interventions and 
outcomes. Subsequently, data from the primary studies with  
the same type of intervention were then pooled in RevMan 5.4.,  
and the effect sizes were calculated as mean differences or  
standard mean differences, depending on the outcome. The 
confidence interval was set to 95%, and a p-value < 0.05 was 
considered as statistically significant. Furthermore, we applied 
the random-effects model and assessed the heterogeneity (I2).

Newly calculated effect sizes are noted accordingly 
in the data extraction table. Studies which assessed the 
effects of the same intervention and outcome were grouped 
together in this table.

Assessment of Methodological Quality 
of the Systematic Reviews

We used the Assessment tool AMSTAR 2 (A Measurement 
Tool to Assess Systematic Reviews) to assess the methodologi-
cal quality of the systematic reviews. This tool is comprised of 
16 items of which seven (7) items (2, 4, 7, 9, 11, 13, 15) are 
considered as critical, meaning they have influential impact on 
the review’s quality. The overall rating of the AMSTAR can 
be categorised as high, moderate, low, or critically low and is 
based on the rating of critical items. [24] The appraisal was 
conducted by two authors (M.T., S.B.) independently, and dis-
crepancies were resolved until a consensus was met. The rating 
assigned to each study is shown in Table 2. 

Assessment of the Quality of the Evidence

To assess the quality of the evidence of the included stud-
ies, we used the Grading of Recommendation Assessment, 
Development and Evaluation (GRADE), which classifies 

the strength of evidence as high, moderate, low, or very 
low. These included the following points: (1) risk of 
bias in the individual studies, (2) inconsistency, (3) indi-
rectness, (4) imprecision and (5) publication bias. [25] 
Reviews which included only one primary study for an 
intervention were automatically rated as very imprecise, as 
heterogeneity (I2) was not applicable. Instead of assessing 
the risk of bias per outcome, the risk of bias was rated for 
an entire review. Two reviewers (D.E., S.B.) who had had 
experience working with GRADE assessed the quality of 
the evidence for each outcome. Disagreements were dis-
cussed until a consensus was met, and, if necessary, a third 
person was consulted (L.R.) to arrive at a final decision.

Results

As shown in Fig. 1, the search enabled us to identify 51 
systematic reviews and meta-analyses. After removing 
duplicates (n = 4), 47 articles were included in the title 
and abstract screening. Following, 18 full texts were 
assessed for their eligibility, resulting in the inclusion of 
two reviews for data extraction [21, 26]. A manual search 
resulted in the identification of two further studies which 
were deemed eligible for our review [22, 27••]. The rea-
sons for excluding studies can be found in the PRISMA 
flow chart (Fig. 1).

All four of the included studies were systematic reviews 
focussing on people with diagnosed sarcopenic obesity 
[21, 22, 26, 27••].

A total of ten interventions were identified in these 
reviews, representing either exercise or nutrition interventions 
or a combination of these. Exercise interventions included 
resistance training, aerobic training, WB-EMS (whole-body 
electromyostimulation) and mixed training (resistance train-
ing and aerobic training). Nutrition interventions comprised 
mainly of protein supplementation; and low-calorie diets 
combined with high-protein intake diets. The combinations 
of nutrition and exercise interventions were WB-EMS and 
protein supplementation, mixed training and protein supple-
mentation, resistance training and protein supplementation. 
No review was found that studied caloric restriction in com-
bination with exercise and/ or protein supplementation. The 
study characteristics can be seen in Table 1.

Methodological Quality

According to the AMSTAR 2 assessment results regarding 
the quality of the reviews, only one was rated as being of 
moderate quality [27••], two systematic reviews were of low 
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quality [21, 22] and one was rated as being critically low 
[26]. The methodological quality of the included studies is 
shown in Table 2. While three of the seven critical items 
were rated with “yes” (criterion met) or “partial yes” for all 
studies, the critical items no. 2 (methodology in protocol), 
13 (discussing risk of bias) and 15 (publication bias) appar-
ently contributed to the flaws in quality. Both Hita-Contreras 
et al. [21] and Hsu et al. [26] had not preliminarily defined 
the methodology used for their reviews in a protocol (item 
no. 2) and also failed to take the risk of bias into considera-
tion when interpreting the results, (item no. 13) resulting in 
items no. 2 and no. 13 being rated with “no” (criterion not 
met). Regarding a possible publication bias (item no. 15), 
neither Hsu et al. [26] nor Yin et al. [22] performed any 
statistical or graphical analyses to detect a publication bias. 
Furthermore, Hsu et al. [26] was the only review that did not 
perform the study selection through two reviewers indepen-
dently, which additionally contributed to the critically low 
quality of the review. Eglseer et al. [27••] which was the 
only review with moderate quality, was also the only review 
to take the risk of bias into consideration when interpreting 
results of the meta-analyses.

Exercise Interventions

Effect of Resistance Training

All reviews that measured gait speed and lower/leg extrem-
ity strength reported that significant improvements were 
observed with resistance training. The effect of resistance 
training on gait speed was studied in three reviews, with two 
reviews revealing significant improvements ranging from 
0.14 (95% CI, 0.05; 0.23) to 0.17 (95% CI, 0.01; 0.34) (CoE 
low) [22, 26, 27••]. Lower/leg extremity strength was ana-
lysed only by Eglseer et al. [27••] and showed a significant 
improvement of 9.97 kg (95% CI, 4.43; 15.51) (CoE low) 
(see Table 3).

Outcomes with partially significant improvements through 
resistance training were body fat in percent, total body fat 
mass and grip strength. Two out of the four reviews reported 
a significant decrease in the proportion of body fat, ranging 
from 1.53% (95% CI, -2.91; -0.15) [27••] to 2.67% (95% CI, 
-4.03; -1.32) [26] (CoE moderate and very low). Although 
the effects reported in the two other reviews were not signifi-
cant, both showed a tendency in favour of resistance train-
ing (CoE moderate and low) [21, 22]. One review concluded 
that resistance training had a significant effect on total body 
fat mass with an average decrease of 3.28 kg (95% CI -5.63; 
-0.94) (CoE very low) [26]. A significant effect regarding 
grip strength was reported in two of four reviews, with aver-
age improvements ranging from 3.73 kg (95% CI, 2.60; 4.85) 
[27••] to 4.52 kg (95% CI, 1.88, 7.17) (CoE moderate and Ta
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very low) [26]. Resistance training did not prove to be signifi-
cantly effective for the outcome SMMI (CoE low and moder-
ate) and total muscle mass (CoE very low).

Effect of Aerobic Training

Total body fat mass was the only outcome for which signifi-
cant improvement was observed through aerobic training. 
However, this significant effect was only measured in one 
out of the two reviews on total body fat mass with an aver-
age decrease of 5.2 kg (95% CI, -9.47 to -0.93) (CoE Very 
Low) [26].

Effect of Mixed training

Measurements of the effect of mixed training on gait 
speed were reported in three reviews, and this was the only 
outcome for which a significant improvement was seen 
across all reviews with improvements ranging from 0.12 
to 0.15 m/s (CoE very low to moderate) [21, 22, 26] see 
Table 3. Partially significant effects were measured for the 
outcomes of body fat in per cent and total body fat mass 

in kg. Regarding body fat in per cent, only one of three 
reviews cited a significant effect, reporting a decrease of 
2.05% (95% CI, -3.50; -0.61) (CoE very low) [26], while 
for total body fat mass only one out of two reviews showed 
a significant improvement of 2.34 kg (95% CI, -4.26; 
-0.43) (CoE very low) [26].

Effect of WB‑EMS

SMMI and gait speed were the only outcomes that 
showed significant improvements as a result of WB-
EMS. This was seen in all reviews that measured the 
respective outcomes. The effects of WB-EMS on SMMI 
and gait speed were measured in two reviews each [21, 
22]. Regarding SMMI, both reviews reported significant 
improvements that ranged from 1.25 (95% CI, 0.64; 1.86) 
[21] to 1.29 kg (95% CI, 0.68; 1.90) [22] (CoE low), 
while gait speed improved by 0.11 m/s (95% CI, 0.02; 
0.20) (CoE low) [21, 22]. WB-EMS was not reported 
as showing a significant improvement in any review of 
measurements of outcomes on body fat in percent (CoE 
low) or grip strength (CoE low).

Fig. 1   PRISMA flowchart 
showing screening process 
applied during the systematic 
literature search

Records identified from:
Databases (n = 51)
Pubmed (n = 21)
Embase (n = 28)
Cochrane (n = 2)

Records removed before screening:
Duplicate records removed
(n = 4)

Records screened
(n = 47)

Records excluded
(n = 29)

Full-text studies assessed for 
eligibility
(n = 18)

16 Reports excluded:
Patient population out of scope:
n = 10
Outcomes out of scope: n = 2
Study design out of scope: n = 1
No meta-analysis: n = 3

Studies included in review
(n = 4)

PRISMA Flow Diagram
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Table 3   Extracted data from reviews studying interventions regarding exercise, nutrition and a combination of exercise and nutrition

Author Intervention Included 
Primary 
Studiesc

Sample Size per 
Outcome

Effect (95% of 
CI)

p-value I2% GRADE 
Confidence in 
Evidence

AMSTAR 
Rating

Resistance Training

Eglseer et al. 
[27••]

Body fat in % 4 IG 104 CG 94 -1.53 (-2.91 to 
-0.15)

0.03 28% Moderate Moderate

Hita-Contreras 
et al. [21]

3 IG 102 CG 96 -0.56 (-1.46 to 
0.34)b

0.22 0% Low Low

Hsu et al. [26] 5 IG 121 CG 104 -2.67 (-4.03 to 
-1.32)

 < 0.05 17% Very low Critically low

Yin et al. [22] 3 IG 117 CG 102 -1.82 (-4.29 to 
0.65)

0.15 66% Moderate Low

Hita-Contreras 
et al. [21]

Total body fat 
mass in kg

2 IG 33 CG 32 -1.45 (-5.04 to 
2.14)b

0.43 0% Low Low

Hsu et al. [26] 3 IG 58 CG 53 -3.28 (-5.63 
to-0.94)

0.006 0% Very low Critically low

Eglseer et al. 
[27••]

Total muscle 
mass in kg

3 IG 73 CG 63 -0.01 (-0.98 to 
0.96)

0.99 11% Very low Moderate

Hsu et al. [26] 4 IG 88 CG 73 0.36 (-0.96 to 
1.68)

0.59 0% Very low Critically low

Hita-Contreras 
et al. [21]

SMMI 1 IG 15 CG 15 0.18 (-0.54 to 
0.89)b

0.63 n.a.* Low Low

Yin et al. [22] 2 IG 48 CG 38 0.28 (-0.15 to 
0.71)

0.20 0% Moderate Low

Eglseer et al.  
[27••]

Grip strength 
in kg

3 IG 73 CG 63 3.73 (2.60 to 
4.85)

 < 0.0001 0% Moderate Moderate

Hita-Contreras 
et al. [21]

1 IG 15 CG 15 6.00 (-1.68 to 
13.68)b

0.13 n.a.* Low Low

Hsu et al. [26] 3 IG 73 CG 67 4.52 (1.88 to 
7.17)

0.0008 0% Very low Critically low

Yin et al. [22] 2 IG 48 CG 38 2.88 (-0.88 to 
6.64)

0.13 46% Moderate Low

Eglseer et al. 
[27••]

Lower/leg 
extremity 
strength in kg

1 IG 14 CG 14 9.97 (4.43 to 
15.51)

0.0004 n.a* Low Moderate

Eglseer et al. 
[27••]

Gait speed in 
m/s

3 IG 72 CG 62 0.17 (0.01 to 
0.34)

0.04 85% Low Moderate

Hsu et al. [26] 3 IG 69 CG 55 0.23 (0.00 to 
0.46)

0.05 91% Very low Critically low

Yin et al. [22] 1 IG 33 CG 23 0.14 (0.05 to 
0.23)

0.002 n.a.* Low Low

Aerobic Training
Hita-Contreras 

et al. [21]
Body fat in % 1 IG 15 CG 15 -1.70 (-5.90 to 

2.50b
0.43 n.a* Low Low

Hsu et al. [26] 1 IG 15 CG 15 -1.50 (-4.83 to 
1.83)

0.38 n.a* Very low Critically low

Yin et al. [22] 1 IG 15 CG 15 -1.70 (-4.99 to 
1.59)

0.31 n.a* Low Low

Hita-Contreras 
et al. [21]

Total body fat 
mass in kg

1 IG 15 CG 15 -1.50 (-6.99 to 
3.99)b

0.59 n.a.* Low Low

Hsu et al. [26] 1 IG 15 CG 15 -5.20 (-9.47 to 
-0.93)

0.02 n.a.* Very low Critically low

Hsu et al. [26] Total muscle 
mass in kg

1 IG 15 CG 15 -1.00 (-3.51 to 
1.51)

0.44 n.a.* Very low Critically low
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Table 3   (continued)

Author Intervention Included 
Primary 
Studiesc

Sample Size per 
Outcome

Effect (95% of 
CI)

p-value I2% GRADE 
Confidence in 
Evidence

AMSTAR 
Rating

Resistance Training

Hita-Contreras 
et al. [21]

SMMI 1 IG 15 CG 15 0.26 (-0.46 to 
0.98)b

0.48 n.a.* Low Low

Yin et al. [22] 1 IG 15 CG 15 0.33 (-0.39 to 
1.05)

0.37 n.a.* Low Low

Hita-Contreras 
et al. [21]

Grip strength 
in kg

1 IG 15 CG 15 -0.40 (-8.08 to 
7.28)b

0.92 n.a.* Low Low

Hsu et al. [26] 1 IG 15 CG 15 -0.50 (-6.22 to 
5.22)

0.86 n.a.* Very low Critically low

Yin et al. [22] 1 IG 15 CG 15 -0.40 (-6.35 to 
5.55)

0.90 n.a.* Low Low

Mixed Training
Hita-Contreras 

et al. [21]
Body fat in % 3 IG 75 CG 74 -1.63 (-3.53 to 

0.27)b
0.09 0% Low Low

Hsu et al. [26] 3 IG 74 CG 74 -2.05 (-3.50 to 
-0.61)

0.005 0% Very low Critically low

Yin et al. [22] 3 IG 74 CG 74 -1.63 (-3.30 to 
0.03)

0.05 23% Moderate Low

Hita-Contreras 
et al.[21]

Total Body Fat 
Mass in kg

2 IG 50 CG 49 -0.40 (-3.08 to 
2.27)b

0.77 0% Low Low

Hsu et al. [26] 2 IG 49 CG 49 -2.34 (-4.26 to 
-0.43)

0.02 66% Very low Critically low

Hsu et al. [26] Total muscle 
mass in kg

1 IG 15 CG 15 0.20 (-2.48 to 
2.88)

0.88 n.a.* Very low Critically low

Hita-Contreras 
et al. [21]

ASMM in kg 2 IG 60 CG 59 0.22 (-0.69 to 
1.13)

0.63 0% Low Low

Yin et al.[22] 2 IG 59 CG 59 0.25 (-0.47 to 
0.98)

0.50 0% Moderate Low

Hita-Contreras 
et al. [21]

SMMI 2 IG 50 CG 49 -0.03 (-0.56 to 
0.51)b

0.96 38% Low Low

Yin et al. [22] 2 IG 49 CG 49 0.02 (-0.61 to 
0.66)

0.94 55% Moderate Low

Hita-Contreras 
et al. [21]

Grip strength 3 IG 75 CG 74 1.86 (-1.04 to 
4.75)b

0.21 59% Moderate Low

Hsu et al. [26] 3 IG 74 CG 74 2.33 (-1.63 to 
6.30)

0.25 88% Very low Critically low

Yin et al. [22] 3 IG 74 CG 74 1.71 (-1.25 to 
4.68)

0.26 78% Low Low

Hita-Contreras 
et al. [21]

Gait speed in 
m/s

2 IG 60 CG 59 0.12 (0.02 to 
0.22)b

0.02 0% Moderate Low

Hsu et al. [26] 2 IG 59 CG 59 0.15 (0.04 to 
0.26)

0.006 51% Very low Critically low

Yin et al. [22] 2 IG 59 CG 59 0.14 (0.05 to 
0.23)

0.002 27% Moderate Low

WB-EMS
Hita-Contreras 

et al. [21]
Body fat in % 1 IG 25 CG 25 -0.06 (-0.65 to 

0.53)b
0.84 n.a.* Low Low

Yin et al. [22] 1 IG 25 CG 25 -0.06 (-0.65 to 
0.53)

0.84 n.a.* Low Low

Hita-Contreras 
et al. [21]

SMMI 1 IG 25 CG 25 1.25 (0.64 to 
1.86)b

 < 0.0001 n.a.* Low Low

Yin et al. [22] 1 IG 25 CG 25 1.29 (0.68 to 
1.90)

 < 0.0001 n.a.* Low Low
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Table 3   (continued)

Author Intervention Included 
Primary 
Studiesc

Sample Size per 
Outcome

Effect (95% of 
CI)

p-value I2% GRADE 
Confidence in 
Evidence

AMSTAR 
Rating

Resistance Training

Hita-Contreras 
et al. [21]

Grip strength 1 IG 25 CG 25 0.97 (-0.05 to 
1.99)b

0.06 n.a.* Low Low

Yin et al. [22] 1 IG 25 CG 25 0.97 (-0.05 to 
1.99)

0.06 n.a.* Low Low

Hita-Contreras 
et al. [21]

Gait speed in 
m/s

1 IG 25 CG 25 0.11 (0.02 to 
0.20)b

0.02 n.a.* Low Low

Yin et al. [22] 1 IG 25 CG 25 0.11 (0.02 to 
0.20)

0.02 n.a.* Low Low

Protein supplementation
Yin et al. [22] Body fat in % 2 IG 66 CG 68 -1.03 (-2.29 to 

0.23)
0.11 37% Moderate Low

Hsu et al. [26] Total body fat 
mass in kg

2 IG 45 CG 40 -0.35 (-2.41 to 
1.72)

0.74 23% Very low Critically low

Hsu et al. [26] Total muscle 
mass in kg

1 IG 12 CG 6 1.07 (-1.70 to 
3.84)

0.45 n.a * Very low Critically low

Yin et al. [22] SMMI 2 IG 66 CG 68 0.32 (-0.60 to 
1.24)

0.49 86% Low Low

Hsu et al. [26] Grip strength 
in kg

2 IG 66 CG 68 -0.11 (-2.02 to 
1.80)

0.91 0% Very low Critically low

Yin et al. [22] 2 IG 66 CG 68 0.61 (-0.49 to 
1.70)

0.28 0% Moderate Low

Low-calorie + High-protein Intake
Hsu et al. [26] Total body fat 

mass in kg
2 IG 63 CG 59 -0.82 (-1.34 to 

-0.30)
0.02 58% Very low Critically low

Hsu et al. [26] Total muscle 
mass in kg

2 IG 63 CG 59 0.65 (-1.06 to 
2.42)

0.46 0% Very low Critically low

Hsu et al. [26] Grip strength 
in kg

2 IG 63 CG 59 0.68 (-1.06 to 
2.42)

0.45 0% Very low Critically low

Resistance training + Protein supplementation
Eglseer et al. 

[27••]
Total body fat 

mass in kg
2 IG 21 CG 23 -0.76 (-4.56 to 

3.04)d
0.70 0% Low Moderate

Eglseer et al. 
[27••]

Total muscle 
mass in kg

2 IG 21 CG 23 -0.45 (-2.54 to 
1.64)d

0.68 0% Low Moderate

Mixed Training + Protein supplementation
Hita-Contreras 

et al. [21]
Body fat in % 1 IG 36 CG 34 -0.30 (-3.35 to 

2.75)b
0.858 n.a.* Low Low

Yin et al. [22] 1 IG 36 CG 34 -0.30 (-2.54 to 
1.94)

0.79 n.a.* Low Low

Hita-Contreras 
et al. [21]

Total body fat 
mass in kg

1 IG 36 CG 34 -0.20 (-3.26 to 
2.86)b

0.90 n.a.* Low Low

Hita-Contreras 
et al. [21]

ASMM 1 IG 36! CG 34! -0.10 (-0.88 to 
0.68)a,b

0.80 n.a.* Low Low

Yin et al. [22] 1 IG 36 CG 34 -0.10 (-1.12 to 
0.92)

0.85 n.a.* Low Low

Hita-Contreras 
et al. [21]

SMMI 1 IG 36 CG 34 -0.02 (-0.49 to 
0.44)b

0.92 n.a.* Low Low

Yin et al. [22] 1 IG 36 CG 34 -0.03 (-0.49 to 
0.44)

0.92 n.a.* Low Low

Hita-Contreras 
et al. [21]

Grip strength 
in kg

1 IG 36 CG 34 0.70 (-2.34 to 
3.74)b

0.65 n.a.* Low Low

Yin et al. [22] 1 IG 36 CG 34 0.70 (-1.53 to 
2.93)

0.54 n.a.* Low Low
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Nutrition Interventions

Effect of Protein supplementation

Two reviews analysed the effect of protein supplementa-
tion [22, 26]. No significant improvement was reported in 
the studied outcomes, i.e. body fat in percent, total body 
fat mass in kg, total muscle mass in kg, SMMI, or grip 
strength in kg (CoE very low to moderate).

Effect of Low‑calorie and High‑Protein Intake Diets

One review analysed the effects of a low-calorie diet together 
with high protein intake [26]. Significant improvement in 
terms of total body fat mass in kg was observed, leading 
to a decrease in weight of 0.82 kg (95% CI, -1.34; -0.30) 
(CoE very low). No significant effect was measured for other 
outcomes.

Table 3   (continued)

Author Intervention Included 
Primary 
Studiesc

Sample Size per 
Outcome

Effect (95% of 
CI)

p-value I2% GRADE 
Confidence in 
Evidence

AMSTAR 
Rating

Resistance Training

Hita-Contreras 
et al. [21]

Gait speed in 
m/s

1 IG 36 CG 34 0.00 (-0.13 to 
0.13)b

1.00 n.a.* Low Low

Yin et al. [22] 1 IG 36 CG 34 0.00 (-0.09 to 
0.09)

1.00 n.a.* Low Low

Aerobic Training + Protein supplementation
Eglseer et al. 

[27••]
Total body fat 

mass in kg
1 IG 54 CG 50 -0.8 (-1.32 to 

0.28)e
0.003 n.a.* Low Moderate

Eglseer et al. 
[27••]

Total muscle 
mass in kg

1 IG 54 CG 50 -0.8 (-1.32 to 
0.28)e

0.003 n.a.* Low Moderate

WB-EMS + Protein supplementation
Hita-Contreras 

et al. [21]
Body fat in % 2 IG 58 CG 59 -1.27 (-3.33 to 

0.79)b
0.23 94% Low Low

Yin et al. [22] 2 IG 58 CG 59 -1.27 (-3.33 to 
0.79)

0.23 94% Very low Low

Hita-Contreras 
et al. [21]

Total body fat 
mass in kg

1 IG 33 CG 34 -2.01 (-2.82 to 
-1.20)b

 < 0.0001 n.a.* Low Low

Hita-Contreras 
et al. [21]

ASMM in kg 1 IG 33 CG 34 0.44 (0.20 to 
0.68)b

0.0003 n.a.* Low Low

Yin et al. [22] 1 IG 33 CG 34 0.46 (0.22 to 
0.70)

0.0002 n.a.* Low Low

Hita-Contreras 
et al. [21]

SMMI 2 IG 58 CG 59 0.72 (0.22 to 
1.23)b

0.005 43% Moderate Low

Yin et al. [22] 2 IG 58 CG 59 1.18 (0.78 to 
1.57)

 < 0.0001 0% Moderate Low

Hita-Contreras 
et al. [21]

Grip strength 
in kg

2 IG 58 CG 59 1.10 (0.30 to 
1.90)b

0.007 0% Moderate Low

Yin et al. [22] 2 IG 58 CG 59 1.31 (0.50 to 
2.11)

0.001 0% Moderate Low

Hita-Contreras 
et al. [21]

Gait speed in 
m/s

2 IG 58 CG 59 0.04 (0.02 to 
0.06)b

0.0001 0% Moderate Low

Yin et al. [22] 2 IG 58 CG 59 0.04 (0.02 to 
0.06)

0.0001 0% Moderate Low

IG Intervention Group, CG Control Group, CI Confidence Interval
*na, not applicable
a IG was corrected from n = 6 to n = 36 according to the primary study by Kim et al. 2016, and the effect was newly calculated using the mean 
and SD according to [21]
b Effect size was calculated using RevMan 5.4
c Primary studies included in the reviews are partially overlapping
d Compared to resistance training alone
e Compared to aerobic training alone
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Exercise and Nutrition Interventions

Effect of Resistance Training and Protein 
supplementation

The effects of resistance training together with protein sup-
plementation were analysed with respect to total body fat 
mass in kg and total muscle mass compared to only resist-
ance training in the review by Eglseer et a. Both body fat 
mass in kg and muscle mass in kg did not significantly 
improve (CoE low) [27••].

Effect of Aerobic Training and Protein 
supplementation

The combination of aerobic training and protein supplemen-
tation was analysed in the review by Eglseer et al. regarding 
total fat and muscle mass. This type of intervention was not 
significantly effective for both outcomes compared to per-
forming aerobic training alone (CoE low) [27••].

Effect of Mixed Training and Protein 
supplementation

The combination of mixed training and protein supple-
mentation did not provide a significant extra benefit 
compared to mixed training alone. This was seen for the 
outcomes body fat in per cent, total body fat mass in kg, 
ASMM, SMMI, grip strength in kg, or gait speed in m/s 
(CoE low) [21, 22].

WB‑EMS and Protein supplementation

WB-EMS combined with supplementation significantly 
improved total body fat mass in kg, ASMM, SMMI, 
grip strength and gait speed. The effect on total body fat 
mass was only analysed by Hita-Contreras et  al. [22], 
who reported a weight loss of 2.01 kg (95% CI, -2.82 to 
-1.20) (CoE low). ASMM improved by 0.44 kg (95% CI, 
0.20,0.68) to 0.46 kg (95% CI, 0.22; 0.70) (CoE low), 
SMMI improved by 0.72 (95% CI, 0.22; 1.23) to 1.18 kg 
(95% CI, 0.78; 1.57) (CoE moderate), and grip strength 
improved by 1.10 kg (95% CI, 0.30; 1.90) to 1.31 kg (95% 
CI, 0.50; 2.11) (CoE moderate) [21, 22]. WB-EMS was 
reported as improving gait speed by 0.04 m/s (95% CI, 0.02; 
0.06) (CoE moderate) in two reviews [21, 22].

Adverse events

None of the included reviews gave statements on any adverse 
events or injuries that might have occurred during the trials.

GRADE

The overall confidence in the evidence across all outcomes 
and interventions varied from very low to moderate (Table 3, 
Online Resource 2). When inspecting the ratings of individ-
ual criteria that served as the basis for assessing the certainty 
of the evidence (risk of bias, publication bias, imprecision, 
inconsistency and indirectness), we can see that the num-
ber of primary studies included in the reviews clearly had 
a profound influence on the GRADE rating. As all of the 
reviews regarding the outcomes for the interventions of aer-
obic training, WB-EMS, low-calorie combined with high-
protein intake, resistance training, aerobic training combined 
with protein supplementation, and mixed exercise combined 
with increased protein intake included only a single primary 
study, the imprecision was automatically rated as very seri-
ous. Further influential factors regarding imprecision were 
the small sample sizes, wide CI and the overall effect being 
insignificant. In contrast, the low number of included pri-
mary studies resulted in most of the outcomes showing no 
serious inconsistencies, but the serious inconsistencies noted 
were mainly due to a partial overlap of the CIs and con-
siderable heterogeneity. Hsu et al. [26] was the only study 
that was rated as having a serious risk of bias as well as a 
publication bias. This was due to the lack of allocation con-
cealment, blinding and application of Egger’s test. All other 
reviews and the respective outcomes that they measured 
had no serious risk of bias and publication bias. Regarding 
indirectness, all reviews included primary studies in accord-
ance with their inclusion and exclusion criteria,therefore, 
the indirectness was rated as low for all outcomes across all 
interventions.

An overview of the results and their certainty in evidence 
can be found in Table 3 and Online Resource 2.

Discussion

In this umbrella review, which included four systematic 
reviews that each included between 30 to 225 participants 
per included outcome, we provide comprehensive insights 
into the exercise and nutrition interventions for the treatment 
of SO that have been studied to date, as well as their certain-
ties of the evidence.

Resistance training was the most frequently studied 
intervention. This training improved gait speed and mus-
cle strength in persons with sarcopenic obesity, but con-
tradictory results were reported for the outcomes on body 
fat, SMMI and grip strength. Interestingly, gait speed was 
significantly improved in four of the five interventions that 
measured gait speed (resistance training, mixed training, 
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WB-EMS, mixed training + protein supplementation, WB-
EMS + protein supplementation). Nevertheless, it must be 
noted that none of these interventions led to a clinically rel-
evant improvement higher than 0.5 m/s [28]. Mixed exercise 
(combining resistance with aerobic training) was also one of 
the most frequently studied interventions, but contradictory 
results were also found for improving body composition and 
grip strength, with the certainty of evidence also ranging 
from moderate to very low.

Although the effect of resistance training for people with 
SO yielded partially contradictory results, its positive effects 
on sarcopenia and obesity as separate conditions have been 
verified in several studies [29•, 30]. A recent systematic 
review and meta-analysis which included 114 trials reported 
that resistance training significantly decreases the percent-
age of body fat and overall fat mass in overweight or obese 
adults of all ages [29•]. Additionally, an umbrella review 
conducted in 2019 provides high-quality evidence that resist-
ance training in older adults with diagnosed sarcopenia sig-
nificantly enhances muscle strength, mass and performance. 
However, the same review also stated that a low certainty 
of evidence exists against using a combination of resistance 
training and nutritional supplementation, such as increased 
protein intake [30]. With a low certainty of evidence, our 
umbrella review results reveal that protein supplementation 
combined with resistance training and protein supplemen-
tation combined with aerobic training and mixed training 
are not significantly effective interventions for persons with 
SO. Furthermore, our results on protein supplementation 
alone presented no significant improvement for any of the 
measured outcomes. Even in combination with a low-calorie 
intake, protein supplementation only improved the outcome 
of total body fat mass. To date, the effect of protein supple-
mentation in persons with SO is still to be explored. Due to 
the low certainty of evidence for protein supplementation in 
persons with SO, future researchers may change these previ-
ous results. However, contradictory results are also reported 
regarding protein supplementation with or without exercise 
in persons with sarcopenia [31], which supports our results.

The results of this umbrella review show that WB-EMS 
improved muscle mass, muscle strength and physical func-
tion in persons with SO. Similar results can be seen in a recent 
systematic review measuring the effect of WB-EMS in older 
adults, where 12 out of the 13 included primary studies with 
participants were either diagnosed with obesity, SO, or at risk 
of sarcopenia. The results show a significant improvement in 
gait speed, hand grip strength, lower limb strength and ASMMI 
[18]. Despite the positive effects on sarcopenic parameters, the 
wearable device described is extremely expensive, and unsuper-
vised private WB-EMS application has previously been associ-
ated with adverse effects such as musculoskeletal injuries [32]. 
For these reasons, we advise against using WB-EMS unless its 
use is strictly monitored by a professional.

Prior studies have proven that there are significant differ-
ences in body composition and strength regarding gender, 
with males being at an advantage [33–35]. As this systematic 
review did not set a limitation on gender, there is a possibil-
ity that the effects on the previously mentioned outcomes are 
distorted. Therefore, it is recommended that future primary 
studies report mean differences in percentage or perform 
gender specific analyses.

Our umbrella review highlights the need to improve the 
number and quality of RCTs as well as systematic reviews 
in this field of research. Despite our rigorous search strat-
egy, we were only able to find a small number of systematic 
reviews. The number of included primary studies support-
ing the effects was also very low across all interventions 
and outcomes. During the study, we realized that especially 
the effects of nutrition interventions as well as the com-
bination of exercise and nutrition interventions have only 
been vaguely explored with regard to SO. Therefore, in 
future, studies of high quality on the effect of hypocaloric 
diets with/without exercise and increased protein intake are 
needed. The small number of included primary studies also 
affected the certainty of the evidence. In most of the stud-
ied interventions and outcomes, we have only limited con-
fidence in the effect estimates, meaning that the true effect 
may change if more high-quality studies are conducted. 
Moreover, the differences in AMSTAR ratings ranged from 
moderate to critically low, showing that the methodologi-
cal quality of the individual systematic reviews additionally 
impacts the certainty of the evidence and leads to variance 
in certainty. This, in combination with the contradictory 
results, did not allow us to make specific recommendations 
regarding the most effective intervention for persons with 
SO. Moreover, the ideal duration, dose, intensity, or amount 
of exercise, as well as nutrition interventions, still need to 
be explored. As the consensus on the definition and diagno-
sis of sarcopenic obesity has only recently been published, 
the variety of criteria and definitions of sarcopenia found in 
research is still great. This can also be seen in the charac-
teristics of the included reviews of this study and might be 
an explanation of the lack of significant results. However, 
it can be expected that the consensus leads to inclusion of a 
more homogenous population of future studies [8••]. In turn, 
this will enhance the comparability of research results and 
facilitate the process of making specific recommendations 
for persons with SO.

Nevertheless, this review also has some limitations. 
Firstly, the literature search of this umbrella review was 
constricted to the last five years. However, as none of the 
included systematic reviews had set a time limit, it was pre-
sumed that the systematic reviews included all relevant pri-
mary studies conducted on the effectiveness of interventions 
for persons with SO so far. Secondly, due to the design of the 
umbrella review, we did not consider data from the primary 
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studies and trusted that the authors of the systematic reviews 
had extracted and pooled the data from the primary studies 
to the best of their abilities. Nevertheless, we found indica-
tions that errors had been made by the authors conducting 
the systematic reviews. For example, it came to our atten-
tion that both Hita-Contreras et al. [21] and Yin et al. [22] 
analysed the effects of mixed exercise combined with protein 
supplementation, but resulted in slightly different results for 
each of the outcomes concerning this intervention, although 
the same number of primary studies and the same number of 
participants were included. Despite assessing the methodol-
ogy of each review, it was not always possible to explain the 
observed differences in effects and CIs. Moreover,, the sys-
tematic reviews included primary studies which used differ-
ent definitions of SO. This might have led to contradictory 
results and, furthermore, decreases the comparability of the 
results. Furthermore, it must be taken into consideration that 
this umbrella review only included data from reviews which 
had performed meta-analyses.

Conclusion

We found only four systematic reviews and meta-analyses 
investigating nutrition and exercise interventions in per-
sons with SO. Resistance training was the most frequently 
studied intervention and showed the most promising results 
for improving muscle strength and physical performance. 
Regarding nutrition interventions, such as protein supple-
mentation with or without calorie restriction and/or exer-
cise, little evidence of effectiveness exists for this target 
group. Although the data are largely lacking, conducting 
further high-quality studies are likely to change these results. 
Due to the partly substandard methodology of the included 
reviews and the low number of primary studies, we were 
unable to identify an ideal intervention for persons with 
SO. Our umbrella review provides clear evidence that the 
effects of nutrition and exercise interventions in persons 
with SO requires further intensive study to provide specific 
recommendations.
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