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Highlights 

 

• Lifestyle interventions for sarcopenic obese adults lack a psychological foundation  

• BCTs are often omitted in interventional studies on sarcopenic obesity in adults 

• An interdisciplinary approach is advised when aiming for effective interventions 

• Implementing BCTs can foster adherence to interventions in sarcopenic obese adults 
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Abstract 

Background. Sarcopenic obesity significantly burdens health and autonomy. Strategies to intervene 

in or prevent sarcopenic obesity generally focus on losing body fat and building or maintaining 

muscle mass and function. For a lifestyle intervention, it is important to consider psychological 

aspects such as behavioral change techniques (BCTs) to elicit a long-lasting behavioral change. 

Purpose. The study was carried out to analyze BCTs used in exercise and nutritional interventions 

targeting community-dwelling adults around retirement age with sarcopenic obesity. Methods. We 

conducted an analysis of articles cited in an existing systematic review on the effectiveness of 

exercise and nutritional interventions on physiological outcomes in community-dwelling adults 

around retirement age with sarcopenic obesity. We identified BCTs used in these studies by applying 

a standardized taxonomy. Results. Only nine BCTs were identified. Most BCTs were not used 

intentionally (82%), and those used derived from the implementation of lifestyle components, such as 

exercise classes (“instructions on how to perform a behavior,” “demonstration of the behavior,” 

“behavioral practice/rehearsal,” and “body changes”). Only two studies used BCTs intentionally to 

reinforce adherence in their interventions. Conclusions. Few studies integrated BCTs in lifestyle 

interventions for community-dwelling persons around retirement age with sarcopenic obesity. Future 

studies on interventions to counteract sarcopenic obesity should include well-established BCTs to 

foster adherence and, therefore, their effectiveness. 

Keywords. Behavioral Change Techniques, lifestyle interventions, sarcopenic obesity, exercise, 

nutrition 
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1. Introduction 

Sarcopenic obesity is defined as the simultaneous occurrence of obesity and sarcopenia. Thus, it is 

characterized as the co-occurrence of adiposity and low muscle mass and function, both which are 

related to older age [1]. On the basis of a meta-analysis, the global prevalence of sarcopenic obesity 

has recently been estimated to be 11% [2]. However, it must be noted that high amounts of fat mass 

are known to disguise the lack of muscle mass; therefore, causing sarcopenic obesity to be overlooked 

[3].   

Sarcopenia and obesity can enhance each other, increasing the risk of sarcopenic obesity as well as the 

consequential negative impact of both conditions on a person’s health. Research has shown that adults 

with sarcopenic obesity have a higher risk of disability, institutionalization, comorbidity, and 

metabolic disorders than those with sarcopenia or obesity alone [4, 5]. A prospective study with an 

eight-year follow-up showed that the disability risk in older adults with sarcopenic obesity increased 

by 2.5-fold, whereas no significant increase was observed for persons affected by obesity or 

sarcopenia alone [6]. Furthermore, the British Regional Heart Study including 4107 men showed that, 

over a follow-up period of six years, men between the ages of 60 and 79 with sarcopenic obesity had 

55% higher mortality risk than men without sarcopenia or obesity [7].  

These alarming numbers indicate an urgent need for effective lifestyle interventions to prevent and 

treat sarcopenic obesity. In general, the objectives of applying interventions are to help people lose 

body fat and build up muscle mass and function. Changing a lifestyle, requires both effective 

(nutrition and/or exercise) interventions and effective and last-longing behavioral changes, which can 

present a challenge. Therefore, to effectively implement a lifestyle intervention, such as regular 

resistance training or a healthy diet, and to ensure that these changes are sustained over a longer 

period of time, it is beneficial to apply specific behavior change techniques (BCTs) [8–10]. BCTs 

have been defined as “an observable, replicable, and irreducible component of an intervention 

designed to alter or redirect causal processes that regulate behavior; that is, a technique is proposed to 

be an “active ingredient” (e.g., feedback, self-monitoring, and reinforcement)” [11]. Different BCTs 

are described in the literature [11] and have been studied extensively with regard to exercise and 
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nutritional interventions. For example, in adults with obesity, BCTs have been shown to improve the 

effectiveness of interventions [12–14]. Implementing BCTs has also been shown to improve 

adherence to lifestyle interventions [15, 16], and they have been described as important tools health 

professionals can use to improve the effectiveness of interventions [17].  

Retirement opens up a window of opportunity to improve the lifestyle of older adults, as people in this 

life phase already need to restructure their daily activities and are often motivated to do so [18]. Thus, 

retirement age (between the ages of 49 and 67 years in OECD countries [19]) is an ideal time to 

implement long-lasting lifestyle changes to contribute to healthy ageing. Without intervention, 

however, researchers have shown that retirement increases the risk of negative changes in body 

composition, such as an increase in body fat and loss of muscle mass, which are also key features of 

sarcopenic obesity [20–22]. Researchers have also shown that exercise interventions, such as 

resistance training, and nutrition interventions, (e.g., hypocaloric diets), are promising for adults with 

sarcopenic obesity [4].  Lara et al. [14] found that using BCTs such as barrier identification and 

problem-solving, plan for social support, use of follow-up prompts, and goals setting are essential to 

increase the effectiveness of lifestyle (nutrition) interventions in older adults near retirement age [14]. 

However, it is unknown which BCTs in lifestyle interventions can specifically support people with 

sarcopenic obesity around retirement age. This information is essential to find and design optimal 

interventions for people with sarcopenic obesity, as these techniques could be used to elicit 

sustainable lifestyle changes and increase the number of healthy life years in retirement. Due to 

BCT’s positive impact on effectiveness and adherence to interventions, this study was conducted to 

identify BCTs used in randomized controlled trials (RCTs) implementing nutritional and/or exercise 

interventions for community-dwelling adults around retirement age with sarcopenic obesity. 

 

2. Methods  

We previously conducted a meta-analysis to assess the effectiveness of different exercises and 

nutritional interventions on physiological outcomes in community-dwelling adults around retirement 

age with sarcopenic obesity. These findings have been recently published [23], and the review was 
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prospectively registered in the PROSPERO database (CRD42021276461). The present study was 

carried out to analyze BCTs used in the primary studies identified by the systematic review and meta-

analysis that was published in 2023. 

We included randomized controlled trials investigating nutrition and/or exercise interventions in 

community-dwelling adults around retirement with sarcopenic obesity. The review's inclusion criteria 

were based on the PICO question (Table 1). As retirement age varies across countries (approximately 

between 49 and 67 years old [19]), a range of 50 to 70 years old was established in order to be 

exhaustive. For a study to be included, its mean age should either be within these limits or fall within 

them when considering the standard deviation.  

The systematic literature review was conducted by searching the following databases: PubMed 

(MEDLINE), EMBASE via OVID, CINAHL via EBSCO Host, and the Cochrane Central Register of 

Controlled Trails (CENTRAL) in the Cochrane Library from the inception of each database up to and 

including September 16
th
, 2021. Additionally, we searched two trial registers (ClinicalTrials.gov and 

the WHO International Clinical Trials Registry Platform), the web search engine Google Scholar, and 

the reference lists of the eligible studies. We also conducted two updated searches, once in September 

and December 2022, using the same search strategy with adjusted time frames. The search strings 

used are provided in Supplementary Table 1. Two independent reviewers (D.E. and L.R.) performed 

the study selection and data extraction. A third reviewer was consulted if consensus was not met by 

the two reviewers through discussion.  

In addition, for this study and purpose, the data extraction process included the identification of 

psychological techniques (i.e., BCTs). In order to obtain replicable and reliable results, from a 

deductive approach, we followed a standardized behavior change technique taxonomy (v1) [11]. This 

taxonomy was developed by coding different psychological treatments, identifying irreducible active 

ingredients, and reaching intercoder agreement. A total of 93 BCTs were included in the taxonomy 

(for more information, see Supplementary Table 2). This taxonomy has been widely used for the same 

purpose in previous studies and serves as a standard nomenclature for describing psychological 

components used in lifestyle interventions. For an operational description of each BCT, consult 
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Michie et al. [11].  The presence or absence of BCTs (identified based on this taxonomy) was 

assessed by two clinical psychologists independently who were familiar with the taxonomy (M.S.I. 

and P.C.C). Mentions of BCTs were sought in the descriptions of the interventions found in the 

published papers for the included studies. However, if available, additional articles, protocols, or 

materials that provided a more detailed explanation of the interventions were used.  In the case of a 

disagreement, a consensus was achieved through a discussion between the two reviewers.  

Two independent reviewers (P.C.C. and L.J.R.) assessed the risk of bias using the RoB 2 [24]. This 

assessment tool consists of five domains (bias arising from the randomization process, deviations 

from the intended intervention, missing outcome data, measurement of the outcome, and selection of 

the reported result) as well as a total score; both domains and the total score were rated as low, high, 

or some concerns, regarding the risk of bias. If at least one domain presented some concerns, the 

overall ratio was established as ‘some concerns’, if at least one domain presented a high risk of bias or 

several domains presented some concerns, a total score for the high risk of bias was obtained. 

Regarding the data analysis and synthesis, the initial intention had been to conduct a meta-regression 

to study the influence of BCTs as moderators on effect sizes (the intervention’s overall effect sizes 

were reported in the previously published meta-analysis). However, as recommended in the Cochrane 

Handbook [25], there were not enough studies nor BCTs to perform a meta-regression. Therefore, a 

qualitative synthesis of the data was performed. First, studies were grouped depending on the 

behavior the intervention targeted (exercise, diet, or both). For these studies, we synthesized study 

characteristics (i.e., inclusion and exclusion criteria, type of intervention and control, and number of 

BCTS) and results (effectiveness and adherence to the intervention), which can be seen in Table 2. 

Second, the uses of BCTs in each study, depending on the target behavior, were synthesized in 

Supplementary Table 3; these are also qualitatively described in the results section. Furthermore, the 

total use frequency for each BCT was calculated, and these are displayed in Supplementary Table 2. 

Additionally, the risk of bias was assessed: This is presented in a forest plot created with Robvis in 

Supplementary Figure 1 [26]. This review was reported following the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA; Supplementary Table 4) [27]. 
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3. Results 

The systematic literature review conducted in September 2021 yielded a total of 176 studies, which 

were screened according to predefined inclusion criteria after duplicates had been removed. After the 

titles and abstracts were screened, 61 full texts were assessed for eligibility. The reasons for excluding 

full texts were recorded and are shown in Figure 1. Eleven different RCTs were deemed eligible 

according to the inclusion criteria. One additional RCT was identified through the updated search 

conducted in September 2022 [28]; however, the authors of this study defined sarcopenic obesity only 

by BMI and did not measure muscle parameters, and it was therefore excluded. The updated search 

conducted in December 2022 did not yield further RCTs that were eligible for inclusion. Ultimately, 

this review resulted in a total of eleven included RCTs.  

Six studies focused only on exercise interventions [29–34], and two only on nutritional interventions 

[35, 36]. The remaining three RCTs studied a combination of exercise and dietary interventions [37–

39]. The duration of interventions ranged from 8 to 16 weeks, with sample sizes ranging from 18 [35] 

to 104 participants [38]. Most of the included RCTs were two-armed, except one three-armed [37], 

and one four-armed study [33]. One study recruited both male and female participants [33], and one 

study recruited only male participants [37]. The remaining nine studies included only female 

participants. In these studies, body composition was measured using either DXA or BIA. The mean 

age of the participants ranged from 55 to 74 years. Six studies reported adherence to the interventions, 

ranging from 85 to 97.6%. Detailed study characteristics are published in the initial systematic review 

and meta-analysis (blinded for review). An overview of the number of BCTs used in the studies, as 

well as their results on effectiveness, are shown in Tables 2 and 3. The specific BCTs used according 

to the taxonomy of Michie et al. [11], as well as the frequency of the used BCTs in each study, can be 

found in Supplementary Tables 2 and 3, respectively.  

a. BCTs targeting physical activity 

All eight interventions (reported in six studies; Table 2) that targeted physical activity were carried 

out in classes or with a trainer who taught participants how to perform the exercises. Identified BCTs 

that were present in all eight active interventions were: “Instructions on how to perform a behavior” 
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(advise on how to perform a behavior), “demonstration of the behavior” (demonstrate the behavior so 

the person can imitate it), “behavioral practice/rehearsal” (ask the person to rehearse the target 

behavior), and “body changes” (alter body function or structure to facilitate behavioral change, for 

example, by encouraging the person to conduct strength training). These techniques were presented in 

exercise classes, where the trainer instructed participants how to perform the exercises, demonstrated 

the exercises, encouraged the practice of exercises, and thus induced body function or structure 

changes.  

The interventions that targeted resistance training (n = 7) included an extra BCT: “graded tasks”. 

“Graded tasks” refers to the progressive establishment of tasks according to their difficulty. The 

progressive use of elastic bands could be interpreted as an approximation of this technique. 

Among all the physical activity interventions, one used other kinds of techniques that were not 

automatically derived from the exercise intervention: Banitalebi et al. [29] used “goal setting 

(behavior)” (set a behavioral goal to be achieved; in this case the performance of different exercises) 

and “review behavioral goal(s)” (review the current behavioral goals and consider changing them 

according to progress and achievements. This led to either increase, reduce, maintain, or change their 

prior goal and, in this case, to set the goal higher based on their individual achievements. 

b. BCTs targeting nutrition with or without physical activity 

Regarding the studies targeting nutrition (either accompanied by physical activity for all participants 

or alone), the characteristics, effectiveness, and number of BCTs are presented in Table 3. Among the 

three studies implementing both nutrition and exercise training, two of them [37, 39] implemented the 

mentioned BCTs usually used in exercise classes: “Instructions on how to perform a behavior,” 

“demonstration of the behavior,” “behavioral practice/rehearsal,” and “body changes”. The BCTs 

used in each study are found in Supplementary Table 3. Also, both studies used resistance training; 

however, unlike in Maltais et al. [37], only Nabuco et al. [39] described the progressive use of elastic 

bands. For this reason, “graded tasks” was identified as a BCT only in the latter study. 
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The third study [38] did not implement physical activity classes; therefore, the usual BCTs associated 

with these were absent. The BCTs included in this study were: 1) “goal setting (behavior)” –

establishing behavioral goals to achieve a protein-rich diet and to do physical activities, and 2) 

“instructions on how to perform a behavior” – providing instructions for the type, frequency, and 

amount of physical activity to be performed.  

Of the two studies targeting only nutrition [35, 36], one of these did not contain BCTs [35]. The 

second study [36] is the only one implementing BCTs that are not derived inherently from the 

lifestyle component intervention. To enhance adherence to the dietetic intervention, these researchers 

used: 1) “goal setting (behavior)” by establishing dietetic goals, 2) “social support (unspecified)” by 

providing counseling, and 3) “monitoring of behavior by others without feedback” by monitoring the 

partipants’ adherence to the diet. 

4. Risk of bias 

The overall RoB2 ratings of the included studies were low risk of bias in four studies [30–32, 39], 

some concerns toward the risk of bias in five studies [29, 34–37], and high risk of bias in two studies 

[33, 38]. For the assessment of all domains for each study, see Supplementary Figure 1. 

 

5. Discussion 

This study aimed to identify the BCTs used in lifestyle interventions targeting physical activity and/or 

nutrition in community-dwelling older adults around retirement age with sarcopenic obesity. 

Unfortunately, the number of BCTs identified in the included studies was very limited.  Although the 

objective of the included trials was not to implement BCTs or incorporate psychological components, 

these are an essential part of behavior change interventions [8–10], and, therefore, the inclusion of 

BCTs in lifestyle interventions is essential to reach effective and sustainable results.  

The findings of this study suggest that the intentional use of techniques that facilitate a behavior 

change –i.e., BCTs– is mostly absent and, if they are implemented, their use is not based on a 

theoretical background. Indeed, most of the identified BCTs are those automatically present when 
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conducting a lifestyle intervention, such as the techniques generally used in an exercise class. For 

example, “graded tasks” was only identified due to the progressive use of elastic bands in resistance 

training, which is a standard procedure for this form of exercise [39, 40]. This hindered us from 

relating the use of BCTs with effectiveness or adherence in the selected studies. Regarding nutritional 

interventions, the intentional use of BCTs was only noted in the study of Sammarco et al. [36] 

reinforcing adherence to the dietetic intervention. However, except for the study by Maltais et al. [37], 

compliance was not specified in any nutritional interventions, so it was impossible to determine if 

implementing the BCTs resulted in a higher adherence rate.  

Maintenance of and adherence to the target behaviors as well as to the interventions, are some of the 

main challenges that lifestyle interventions face [41, 42]. Several studies have reported that including 

behavioral components is critical to successfully changing behaviors and facilitating their 

maintenance [8–10]. Although several studies have pointed out the importance of following a 

multidisciplinary approach and including psychological aspects in lifestyle interventions [43, 44], the 

results of this review show the poor level of implementation and integration of lifestyle interventions 

with psychological components for community-dwelling older adults with sarcopenic obesity.  

Lifestyle interventions promoting healthy behaviors should be implemented as early as possible to 

ensure that individuals enter retirement with established healthy habits to prevent functional loss and 

sarcopenic obesity. Nevertheless, this transition period presents an opportune moment to introduce 

these interventions to adults who have not followed such practices prior to retirement. As previously 

mentioned, research indicates that, without intervention, retirees tend to gain weight and fat mass 

while losing muscle [20–22]. Nevertheless, retirees appear to be receptive to health recommendations 

and can be motivated to engage in healthy behaviors such as physical activity [45–47]. Therefore, the 

retirement transition can either worsen health behaviors and anthropometrics or serve as a pivotal 

period to cultivate new healthy habits, mitigating the risk of diseases like obesity, sarcopenia, and 

sarcopenic obesity.  

Focusing on the treatment of (sarcopenic) obesity, it is essential to consider that overweight and obese 

people usually have a personal history of failed attempts to lose weight [48]. One of the predictors for 
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failure and lack of maintenance is low self-efficacy [49], which is prevalent among people who 

struggle to maintain weight loss and suffer relapses [50]. This creates a vicious cycle in which each 

failed attempt can diminish self-efficacy, hindering the possibility of a future successful attempt [51]. 

In fact, low self-efficacy has been identified as the main predictor of relapses in both: nutrition and 

exercise [50] and is one of the main characteristics present in sedentary adults [52]. Thus, 

implementing appropriate BCTs (e.g., “graded tasks,” “feedback on behavior,” or “review behavioral 

goal/s”) in lifestyle interventions may act on these variables and prevent future failures and weight 

regain; for a meta-analysis, see Awoke et al. [12].  

Regarding the challenge of adhering to interventions, our results show that the adherence rate was 

only reported in six out of eleven studies and ranged from 85 to 97.6%. The studies reporting 

adherence usually have conducted in-person interventions. Therefore, the studies monitor attendance 

rather than true adherence to the prescribed exercises or diet on their own. In particular, in nutritional 

interventions, compliance is hardly reported. This result is highly concerning, since these studies 

assessed effectiveness without knowing whether the participants followed the instructions for their 

diet or prescribed supplements. Thus, if the effectiveness of nutritional interventions in RCTs is low, 

this may not reflect the intervention's low efficacy; it may result from participants' lack of adherence. 

This point is of special importance, because adherence and effectiveness are closely associated. For 

example, an RCT assessing the effectiveness of four different weight loss diets revealed that the 

amount of weight loss depended on the dietary adherence level but not the diet type [53]. 

Furthermore, a lack of adherence to the intervention was identified as one of the most frequent 

methodological threats to randomized trials [54], in addition to significantly high attrition rates [41]. 

Studies usually address this problem by using different statistical methods with assumptions that are 

generally not realistic (e.g., data missing at random [54, 55]) or explanatory variables that are 

insufficient (e.g., sociodemographic variables [56, 57]). Thus, efforts should be made to increase 

adherence to the study and intervention design. To do so, the systematic inclusion of behavioral 

strategies such as BCTs is fundamentally important, as their implementation significantly increases 

adherence [15, 16, 41]. 
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An important aspect to consider is the relationship between BCTs and cognitive status or impairment. 

Previous research has indicated that the effectiveness of BCTs that rely on cognitive processes may be 

compromised in adults with cognitive impairments, such as those with dementia, due to their 

diminished cognitive functioning [58, 59]. This highlights the potential necessity for strategies that are 

not dependent on cognitive processes, particularly for older individuals facing cognitive challenges. 

Strategies like goal setting, providing social support (unspecified), and leveraging credible sources 

may be more applicable and effective for this demographic [59]. 

The study results do not enable us to make recommendations for which BCTs and behavioral theories 

should be used in future studies investigating nutrition and exercise interventions or in clinical 

practice. However, it remains essential to acknowledge that null results must be reported and gaps and 

actual limitations in the conduct of studies and interventions must be identified [60]. Thus, the 

absence of results (i.e., identified BCTs in this context) calls out for a need to comprehensively 

include appropriate BCTs in lifestyle interventions. As a guide for which BCTs to implement, another 

systematic review, which identified interventions targeting the improvement of adherence to dietary 

advice, also concluded that recommending the optimal combination of BCTs to improve adherence 

proves challenging [61]. These authors, however, identified potentially beneficial BCTs that could be 

used in practice, including behavioral contract and feedback [61]. Although evidence is too limited to 

provide specific recommendations on particular BCTs for this population, some basic techniques have 

proved successful across different intervention types and populations, including “goal setting” and 

“self-monitoring” [62, 63]. These techniques are commonly implemented in lifestyle interventions 

and should routinely be incorporated to increase adherence rates successfully [15]. Furthermore, other 

approaches could prove useful in promoting healthy behavior and adherence to interventions, and 

these can be implemented through policies and context cues, such as nudging. Overall, the evidence 

suggests that making small changes in the environment can enhance and promote healthier choices 

[64]. However, further research is needed to develop specific guidelines for designing nutrition and 

exercise interventions, including psychological components. With this, it needs to be acknowledged 

that the use of BCTs and behavioral theories in research and practice should depend on the 
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intervention’s characteristics, the target population, the preferences and values of the target groups, as 

well as on the organizational context and other relevant variables (e.g., personality, history of failed 

attempts, self-efficacy). Thus, as mentioned it is important that primary studies targeting sarcopenic 

obese adults start using these techniques. In this regard, it is also worth mentioning the importance of 

defining precisely this population as, despite the recent publication of the European Society for 

Clinical Nutrition and Metabolism (ESPEN) and European Association for the Study of Obesity 

(EASO), consensus on the definition and diagnosis of sarcopenic obesity is still under debate [1], 

leading to limited comparability of primary studies within this research field. However, the consensus 

statement does identify specific cutoffs for various parameters that can be applied when diagnosing 

sarcopenic obesity, depending on the characteristics of the studied population, such as sex, age group, 

and ethnicity, which can be helpful in future studies [1]. When examining the parameter of body fat 

%, for example, the cutoff for Caucasian females aged 60–79 years is 41%, while for Caucasian 

males, it is 31% [65]. Therefore, cutoff points and diagnosis criteria used in future studies targeting 

sarcopenic obesity should be set according to the studied population instead of universally [1]. This 

would enhance the comparability of research, increasing our understanding of lifestyle interventions 

for older adults with sarcopenic obesity and their adherence to these interventions. 

In summary, considering the challenging profile of lifestyle intervention’s target population, their 

history of failed attempts, and the usual lack of adherence, it would be appropriate to consider these 

aspects when designing and implementing studies using any lifestyle intervention. Although these 

aspects can be considered in different ways, a multimodal approach in which psychological aspects 

can be comprehensively integrated remains fundamental to (1) facilitate and maintain behavioral 

change, (2) carry out a lifestyle intervention without undermining participants’ self-efficacy, and (3) 

increase adherence to the intervention. This approach may yield more reliable results in studies 

addressing lifestyle interventions such as nutrition and exercise interventions. 

This study has certain limitations worth considering. First, this study examined a narrow population 

of adults, which might have contributed to the low number of identified RCTs. However, as 

retirement can be seen as a time of transition and change, setting this specific age cutoff in this 

research provided the possibility to search for targeted recommendations that may not be 

appropriate for adults outside the studied age range. Furthermore, considering the varying age of 
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retirement and its potential impact on cognitive status, this aspect should be considered when 

designing and implementing lifestyle interventions for this population, adapting the BCTs accordingly 

to the target population. In this regard, it is also pertinent to mention that only a subset of the 

studies included in our systematic review explicitly considered cognitive status as an inclusion or 

exclusion criterion. Thus, this critical aspect is not always being considered in the studies and 

interventions’ design, limiting the generalization of our findings. Second, these results cannot be 

generalized, in part because of the specific population studied, but also because the included studies 

do not represent the overall lifestyle interventions nor the general inclusion of psychological 

aspects. Furthermore, additional psychological techniques might have been included in these studies 

but not sufficiently described and, therefore, are not being considered. This is a common problem 

encountered in descriptions of interventions [66]. Third, few BCTs were used in these studies, thus, 

it was not possible to statistically analyze an association between the use of BCTs and the 

effectiveness or adherence of interventions.  

Conclusion 

By analyzing BCTs in studies included in a systematic review, we found that few BCTs are used in 

randomized controlled trials implementing nutritional and/or exercise interventions for community-

dwelling adults around retirement age with sarcopenic obesity. If BCTs were used, they were mainly 

used unintentionally from a psychological perspective, for example, BCTs included when conducting 

an exercise class (e.g., instructions on how to perform a behavior, demonstration). These findings 

indicate a need for interdisciplinary collaboration with psychology professionals who can 

comprehensively integrate BCTs into lifestyle interventions.  BCTs can be successfully used to 

improve adherence to lifestyle interventions, which is particularly important for people with chronic 

conditions like sarcopenic obesity. Therefore, integrating psychological components in lifestyle 

interventions, and especially interventions for this target group, would help to ensure that they make 

sustainable changes in their nutrition and exercise habits. Future studies investigating the 

effectiveness of interventions counteracting sarcopenic obesity should include BCTs to foster their 

effectiveness. 
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Table 1. Inclusion criteria based on the PICO question. 

Participants  Community dwellers with sarcopenic obesity diagnosed 
according to sarcopenia (i.e., SMMI, FFM) and obesity 
parameters (i.e., BMI, BF%) 

 Mean age ± SD between 50 and 70 years at baseline 

Intervention  Duration of interventions ≥ 8 weeks 

 Any nutrition and/or exercise intervention 

Control  Usual care or other nutrition or exercise intervention 

Outcomes  Body composition (fat mass, muscle mass, and lean 
mass), muscle strength (grip strength), and physical 
functioning (gait speed) 

Study design  RCTs 

Legend: SMMI = Skeletal muscle mass index, FFM = Fat Free Mass, BMI = Body Mass Index, RCT = 

Randomized Control Trial 
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Figure 1. Flow-chart of the identification and screening process of eligible studies  
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Table 2. Overview of the number of BCTs used and the effectiveness of the intervention(s) targeting 

exercise used in the studies. 

Study; 
country 

Inclusion/Exclusion criteria Intervention/Control BCTs Effectiveness 
a
 Adherence 

 Exercise interventions     

Banitalebi 
et al. 2021 
(22); Iran 

Inclusion criteria 
women aged between 65-80, 
body fat % > 32%, BMI > 
30kg/m

2
, − 2.5 ≤ T-score ≤ − 1.0 

of L1-L4 and/or total femur or 
femoral neck, 10m gait speed ≤ 
1 (m/s), SMMI ≤ 28% or ≤ 7.76 
kg/m

2
, no regular exercise 

training > 30 min once a week 
over the last 6 months, 
Montreal Cognitive 
Assessment 
(MoCA) cutoff score ≥ 21 
 
Exclusion criteria 
hormonal replacement 
therapy, resting blood pressure 
≥ 160/100 mmHg, fasting 
triglyceride ≥ 5.7 mmol/L, 
cardiovascular disease, thyroid 
problems, 
cancer, endocrine disorders 
such as diabetes, kidney 
or liver diseases, surgeries, 
smoking, or use of recreational 
drugs or alcohol. 

1) IG: RT – elastic 
band training 3x/wk 
2) CG: typical diet 
and activity habits 

7 

Significant 
outcomes: 
None 

85% 

Chen et al. 
2017 (26); 
Taiwan 

Inclusion criteria 
age between 65-75 years, 
sarcopenic obesity, willing to 
participate 
 
Exclusion criteria 
immediate disease, current 
infection, vaccination within 
last 4 weeks, alcohol or drug 
abuse, cancer 
long period of medicated 
chronic illness 
Medication that influences the 
immune system 

1) RT: 60-70% of 1 
RM 2x/wk for 60 
minutes per session 
2) AT: 2x/wk for 60 
minutes per session 
3) CT:1x/wk AT after 
48h RT 
4) CG: day-to-day 
lifestyle 

5 

Significant 
outcomes  

 RT: 
body 
fat %, 
SMMI, 
muscle 
mass % 

 AT: 
body 
fat %, 
SMMI, 
BMI 

 CT: 
body 
fat %, 
SMMI, 
BMI 

Not 
specified 

Huang et al. 
2017 (23); 
Taiwan 
  

Inclusion criteria 
postmenopausal women age 
between 60-90, ability to 
independently perform daily 

1 )IG: RT – elastic 
band training 3x/wk, 
55 minutes per 
session 

5 

Significant 
outcomes: 
None 
  

Not 
specified 
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activities, sarcopenic obese 
 
Exclusion criteria 
neurological impairments, 
severe musculoskeletal 
disorders or artificial implants, 
diabetes mellitus, unstable 
chronic disease 

2) CG: health 
education 

Liao et al. 
2018 (24); 
Liao 
  

Inclusion criteria 
women aged 60-80 years with 
sarcopenia or obesity 
 
Exclusion criteria 
uncontrolled hypertension, 
joint contraction or internal 
metal implants, cardiovascular 
or pulmonary disease, 
neurological impairment 

1 )IG: RT – elastic 
band training, 3x/wk 
for 55 minutes per 
session 
2) CG: no 
intervention 

5 

Significant 
outcomes: body 
fat %, muscle 
mass %, upper 
extremity 
strength 

97.6% 

Park et al. 
2017 (27); 
Korea 

Inclusion criteria 
sarcopenic obesity, women 
over the age of 65, exclusion 
criteria, history of chronic 
vascular disease,  
medicated hypertension, 
diabetes, osteoporosis, 
arthritis, physical activity: 
≥20min/day and ≥3 times/wk 

1) IG: RT – elastic 
band exercise 20-30 
min per session 
3x/wk + AT 30-50 
min per session 
5x/wk 
2) CG: usual physical 
activity 

5 

Significant 
outcomes: 
Upper extremity 
strength, gait 
speed 92% 

Vasconcelos 
et al. 2016 
(25); Brazil 
  

Inclusion criteria 
women aged 65 – 80 yrs, 
sarcopenic obesity 
 
Exclusion criteria 
physical, sensory or cognitive 
disability that affects 
measurements or exercise, 
unstable or acute 
cardiovascular, articular or 
metabolic disease 

1) IG: RT – high 
speed intervention 
2x/wk for 1 hour per 
session 
2) CG: monitored by 
therapists once a 
week by phone 

5 

Significant 
outcomes: 
Lower extremity 
strength 

85% 

a Significant outcomes refer to significant differences between intervention and control groups (or 

different intervention groups) 

b Results are based on before/after measurements within the intervention/control group 

Legend: RT = resistance training, AT = aerobic training, BMI = body mass index, BW = body weight, 

CT = combined training, CG = control group, WP = whey protein, NPI = normal protein intake, HPI = 

high protein intake, IG = intervention group, DXA = dual energy X-ray absorptiometry, wk = week, SO 

= sarcopenic obesity monitored. 
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 Table 3. Overview of the number of BCTs used and the effectiveness of the intervention(s) in the 

studies targeting nutrition with or without exercise for all participants. 

Study; 
country  

Inclusion/Exclusion 
criteria 

Intervention/Control BCTs Effectiveness 
a
 Adherence 

Nutrition Interventions 

Aubertin-
Leheudre 
et al. 
(2007); 
Canada 

Inclusion criteria 
postmenopausal 
women between 50-70 
years, no major 
physical incapacity 
sedentary, stable 
weight (+/- 2 kg) in 6 
months, non-smoker, 
moderate drinker, no 
menses in past 12 
months 
 
Exclusion criteria 
no hormone 
replacement therapy, 
medication intake that 
influences glucose or 
lipometabolism 
 

1) IG: 4 capsules 
daily: 70 mg/d 
isoflavones 
2) CG: Placebo 

0 

Significant outcomes: 
Leg FFM, appendicular 
FFM, MMI 
  

Not 
specified 

Sammarco 
et al. 
(2017); 
Italy  

Inclusion criteria 
women aged 41-74 
years with sarcopenic 
obesity 
who underwent clinical 
evaluation at the 
obesity unit (University 
Hospital, Naples Italy) 
 
Exclusion criteria 
None mentioned  

1. IG: 
Hypocaloric 
+ high 
protein 

2. CG: 
Hypocaloric 
+ placebo 

3 

Significant outcomes
b
  

 Hypocaloric 
diet + high 
protein intake: 
Body weight, 
total body fat 
mass in kg, 
body fat % 

 Hypocaloric 
diet + placebo: 
body weight, 
total body fat 
mass in kg, 
body fat %, 
LBM, muscle 
strength 

Not 
specified 

Nutrition Interventions with Exercise 

Maltais et 
al. (2016); 
Canada 

Inclusion criteria 
men aged between 60-
75yrs, non-smoker, 
sedentary for at least 
5yrs, BMI< 30 kg/m

2
, 

no major physical 
disabilities, light 
drinker, stable weight 
(+/- 2 kg in 6 months), 
no resistance training 
in last 3 years  
 

1) IG1: milk powder= 
14 g protein + RT 
3x/wk for 1 hour per 
session 
2) IG2: commerical 
EAA powder = 12 g 
protein + RT 3x/wk 
for 1 hour per 
session 
3) CG: RT 3x/wk for 1 
hour per session 

4 

Significant outcomes 

 Milk powder 
protein + RT: 
gat mass, lean 
mass 

 EAA protein + 
RT: body 
weight, lean 
mass 

> 90% 
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Exclusion criteria 
kidney disease 
uncontrolled blood 
pressure, medication 
that influences 
metabolism 
 

Muscariello 
et al. 
(2016); 
Italy 

Inclusion criteria 
women >65 years of 
age, BMI > 30 kg/m

2
  

 
Exclusion criteria 
kidney failure, systemic 
inflammatory 
disorders, cancer, 
neurodegenerative 
disorders, 
pharmacological 
treatment with 
steroids, antiretroviral 
drugs, weight-loss 
medications or insulin, 
and endocrine 
disorders 

1 )IG: Hypocaloric 
diet and NPI: 0.8 g 
protein/kg DBW/d 
+AT: 5x/wk for 30 
minutes  
2) CG: Hypocaloric 
diet and HPI: 1.2 g 
protein/kg DBW/d 
+AT: 5x/wk for 30 
minutes 

2 

Significant outcomes
b
 

 High protein + 
AT: body fat in 
kg, BMI, waist 
circumference 

 Normal protein 
+ AT: body fat 
in kg, BMI 

Not 
specified 

Nabuco et 
al. (2019); 
Brazil 

Inclusion criteria 
women ≥ 60 years with 
sarcopenic obesity, 
physically 
independent, no 
hormone replacement 
therapy 
 
Exclusion criteria 
completed 8-week-
long RT program, 
cardiac or orthopedic 
illness, metallic 
implant, or artificial 
pacemaker, unable to 
perform training 
sessions, failed medical 
examination 

1) IG: WP+ RT 
(3x/wk) 
2) CG: RT 3x/wk + 
Maltodextrin 

5 
Significant outcomes: 
None 

Not 
specified 

a Significant outcomes refer to significant differences between intervention and control groups (or 

different intervention groups) 

b Results are based on before/after measurements within the intervention/control group 

Legend: RT = resistance training, AT = aerobic training, BMI = body mass index, BW = body weight, 

CT = combined training, CG = control group, WP = whey protein, NPI = normal protein intake, HPI = 

high protein intake, IG = intervention group, DXA = dual energy X-ray absorptiometry, wk = week, SO 

= sarcopenic obesity 
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