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ABSTRACT 

Purpose: Self-determination theory (SDT) has been widely used as a useful 

motivational framework for improving long-term adherence to physical activity (PA) 

and health-related quality of life (HRQoL). The aim of this study was to examine the 

effects of a 6-month motivational PA intervention (MPAI) on bariatric patients’ PA 

levels and HRQoL from pre-surgery to the end of the MPAI (7 months post-surgery). 

Additionally, a re-test was performed 13 months post-surgery. 

Methods: 40 participants undergoing sleeve gastrectomy were assigned to a 6-month 

MPAI or to a control group. The MPAI was based on techniques and messages from 

SDT. At baseline and post-intervention measures, both groups wore accelerometers for 

one week and completed the SF-36 questionnaire. 

Results: 32 participants (78.1% female) completed all measures and were included in 

the final analyses. PA levels did not significantly differ between groups as a 

consequence of the intervention. Clinically significant differences (d ≥ 0.5) favoring the 

MPAI group were found for SF-36 domains of bodily pain (at pre-surgery, increasing at 

7- and 13-months post-surgery), general health and vitality (7 months post-surgery), and 

physical functioning and the physical component score (both 7- and 13-months post-

surgery). Social functioning also showed clinically significant differences favoring the 

MPAI group at pre-surgery, increasing at 7 months post-surgery. These differences 

disappeared at 13 months post-surgery. 

Conclusions: SDT-based PA interventions could enhance several dimensions of 

bariatric patients’ HRQoL after surgery. Further research is needed to understand what 

motivational processes are key aspects to promote PA participation in these patients. 
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INTRODUCTION 

Patients seeking bariatric surgery commonly show reduced levels of physical 

activity (PA) and impaired health-related quality of life (HRQoL) compared to normal-

weight individuals [1-3]. Within the first year after surgery, these patients experience 

not only a significant weight loss but they also substantially improve their HRQoL [4, 

5]. 

Postoperative PA is critical for the improvement of long-term weight and 

HRQoL’ outcomes. Research has shown positive associations between PA and greater 

weight loss at 12 and 24 months [6-8]. Meeting PA recommendations have also been 

associated with higher HRQoL 12 months post-surgery [9]. However, in spite of the 

potential contribution of PA to further increases in weight loss and HRQoL, objectively 

measured post-surgery PA does not usually increase [10, 11]. Therefore, increasing the 

post-surgical PA habits of bariatric patients represents a major concern from a public 

health perspective. 

Self-determination theory (SDT) [12] has been widely used as a useful 

motivational framework for improving long-term adherence to PA [13] and HRQoL 

outcomes [14, 15]. In health-care contexts, SDT establishes that social agents (e.g., 

health-care providers, exercise professionals) play an important role in supporting three 

basic psychological needs which are required for patients’ optimal development, 

integrity, and well-being. These needs are competence, which represents feeling 

effective (e.g., by receiving feedback about their progress); autonomy, which makes 

reference to the feeling of being the origin of one’s own behaviors (e.g., by receiving 
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opportunities for choice in how treatment plans are enacted); and relatedness, that 

consists in feeling understood and cared for by others (e.g., by a professional that listen 

their perspectives). More autonomous forms of motivation, understood as processes of 

internalization that facilitate behavioral engagement and its maintenance, will appear if 

the basic psychological needs are satisfied by practitioners. Need satisfaction and 

autonomous regulation will lead to positive consequences such as enjoyment, better 

physical and mental health outcomes, and positive attitudes towards PA [15]. 

SDT has been successfully applied in overweight and obese populations, 

promoting basic psychological need satisfaction in PA interventions [16, 17]. 

Nevertheless, SDT-based PA interventions aimed at improving both PA and HRQoL in 

the field of bariatric surgery are scarce. In this regard, the results of a qualitative study 

revealed promising results related to enjoyment, pain reduction, and intention to be 

physically active as a result of a 6-month postoperative intervention focused on SDT 

[18]. Regarding quantitative designs, only one randomized trial has tried to apply some 

SDT principles (e.g., supporting patients’ competence and autonomy by providing 

feedback and reinforcement and increasing their knowledge about PA, respectively) 

within a preoperative 6-week behavioral PA intervention, finding positive changes in 

patients’ PA levels 6 months post-surgery [19, 20]. However, Bond et al. [19, 20] 

conducted face-to-face counseling, but not practical PA sessions in which bariatric 

patients have to exercise together under a need-supportive environment. In addition, 

although Bond et al.’s studies [19, 20] represent an illustrative example of theory-driven 

programs to increase bariatric patients’ PA, they did not explore the isolated role of 

SDT to improve both PA levels and HRQoL. Consequently, the potential of behavioral 

PA interventions for further increases in PA and HRQoL still remains unknown. 
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Considering that postoperative PA programs have modestly improved patients’ 

HRQoL [21] and failed to increase PA levels over time [21-23], guiding PA 

interventions by motivational frameworks such as SDT could help to address both 

objectives. For instance, Stolberg et al. [21] did not report significant increases in PA 

and for any HRQoL domain except for general health after a 26-week supervised 

physical training. Carnero et al. [22] reported no significant PA differences between a 6-

month exercise training program and lifestyle educational classes. Herring et al. [23] 

found that PA declined in their exercise group after the end of a 12-week supervised 

exercise intervention. Some SDT tenets, such as the introduction of group sessions to 

improve relatedness or the training of social agents (e.g., instructors) to provide a need-

supportive environment, might have increased the effectiveness of these interventions. 

The aim of this study was to examine the effects of a 6-month postoperative 

motivational PA intervention (MPAI) on bariatric patients’ objective PA levels and 

HRQoL from pre-surgery to the end of the MPAI (7 months after surgery). 

Additionally, we explored the (possible) prolonged effects of the SDT-based 

intervention by performing a re-test 13 months after surgery. Previous research has 

shown that PA levels [22] and HRQoL [24] tend to decline over time in post-

intervention follow-up measurements. Persistent postoperative non-related obesity 

barriers towards PA (e.g., lack of self-efficacy or knowledge to engage in PA) [25], and 

the high rates of physical inactivity after surgery [20] could help to explain this 

decrease. Thus, carrying out behavioral PA interventions in early postoperative stages 

could be crucial to counteract this phenomenon. 

We hypothesized that: (a) the MPAI group (MPAI-G) would present significantly 

higher post-intervention PA levels, decreasing sedentary activity, and increasing light 

and moderate-to-vigorous physical activity (MVPA) when compared to a control group 
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(CG); (b) both MPAI-G and CG would obtain positive changes on HRQoL domains 

after surgery, but these changes would be greater in the MPAI-G; and (c) positive 

outcomes would decrease 13 months after surgery but they would remain higher for the 

MPAI-G compared to the CG. 

 

METHODS 

Participants 

Participants were 40 individuals aged between 31-60 years with morbid obesity 

(body mass index [BMI] ≥ 40kg/m
2
) seeking sleeve gastrectomy (SG). To be eligible 

for bariatric surgery, patients had to have a BMI greater than 40kg/m
2
 or greater than 

35kg/m
2
 with an associated comorbidity. Additionally, patients had to be between 18 

and 60 years old, having experienced previous failed obesity treatments with restrictive-

caloric diets and medications, having followed endocrinology and nutritional 

monitoring, adequately adhering to the therapeutic instructions, and having no medical, 

physical, psychological, or social contraindications. To participate in the MPAI and to 

continue in it, all patients had to obtain the consent of the surgeon and the clinical 

psychologist. Consent implied favorable compliance with the usual postoperative 

medical evaluations of bariatric patients (e.g., regarding medication or nutrition). 

Exclusion criteria included unavailability to attend the program regularly, having any 

physical complication derived from SG, as well as suffering any other medical or 

psychological condition that prevented habitual participation in PA during the course of 

the study. 

 

Design 
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Participants were recruited from a Spanish hospital (University Hospital of 

Vinalopó, Elche) between November 2011 and May 2013. During their preoperative 

visit to the clinical psychologist, patients were asked if they wanted to participate in a 

follow-up intervention to improve their PA levels and various psychological variables 

related to exercise. Participants who showed interest after this interview (100% of 

patients asked) were assigned to the MPAI-G or the CG. 

A quasi-experimental design with pseudo-random assignment was chosen to carry 

out this study. The first 10 participants who consulted the clinical psychologist were 

assigned to the MPAI-G, while the next 10 visitors were assigned to the CG. This 

procedure was repeated with the following 20 bariatric patients, such that the next 10 

patients were assigned to the MPAI-G and started the PA program from the beginning 

after surgery, while the next 10 were assigned to the CG. We chose this pseudo-random 

assignment because, considering the tenets of SDT, participation in a group-PA 

program was a key aspect to improve relatedness, motivation, well-being, and 

adherence to PA. Taking into account that only 2 to 4 patients were operated per month, 

the most reasonable way to develop a group program with enough participants was to 

select patients for each group (MPAI-G and CG) in batches of 10 participants. 

Patients were contacted by phone to arrange a baseline visit to the sport research 

center two weeks before surgery, during which they were informed about the aims and 

procedure of the study, they provided written consent and completed a questionnaire to 

assess HRQoL. Moreover, participants were asked to wear an accelerometer at their 

right hip for seven consecutive days, warning them to take it off only to sleep, when 

having a shower, or performing activities that could damage the device (e.g., 

swimming), as reported in similar studies [9, 21]. 
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The characteristics of the intervention in the MPAI-G are described below. 

Regarding the participants in the CG, they only followed the usual exercise 

recommendations of their doctors. These recommendations focused on trying to 

maintain an active lifestyle after surgery (e.g., highlighting its importance to weight loss 

and maintenance), but without giving any more specific information or prescriptions 

related to exercise (e.g. type, frequency, duration, or intensity). 

At post-intervention measurements (7- and 13-months post-surgery), patients 

again completed the HRQoL questionnaire and wore an accelerometer during another 

week. Ethical approval was obtained from the hospital and from the Research Ethical 

Board of the first’s author university (clinicaltrials.gov registration NCT03666481). All 

research was carried out in accordance with the Helsinki Declaration. 

 

Motivational Physical Activity Intervention (MPAI) 

The MPAI began one month after surgery, when the surgeon and clinical 

psychologist gave permission and medical discharge to the patients belonging to this 

group. The MPAI was carried out during 6 consecutive months and took place in a 

public fitness center located at the first author’s university. The sessions were directed 

and supervised by two exercise and sport science professionals (Degree in Sport 

Sciences, Master’s degree in PA and Health). These professionals were trained by one 

of the researchers responsible for the study in the application of SDT-based techniques 

and messages for the satisfaction of the needs for competence, autonomy, and 

relatedness (Table 1). Specifically, instructors’ training was divided into two parts. The 

first one consisted of a 10-hour theoretical and practical lesson about SDT-based 

techniques and messages in exercise settings. The second part (2-month long) involved 

the application of these techniques in a real-world context, where an external observer, 
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expert in SDT, rated the instructors’ compliance with the techniques using an 

observation sheet. After that, feedback was provided to the instructors to enhance their 

need-supportive style. 

The frequency of patients’ training, as well as the duration of the sessions, 

progressively increased throughout the 6 months. Thus, the MPAI consisted of two 

sessions per week during the first two months, three sessions per week during the 

intermediate two months, and four sessions per week during the last two months. The 

sessions lasted about 60 minutes the first two months, whereas the rest of months, the 

duration was about 90 minutes. Patient adherence to training was recorded through a 

follow-up sheet. Two types of sessions were designed: (a) Cardiorespiratory fitness and 

muscular strength training with machines; (b) Sessions that introduced novelty and 

enhanced psychosocial aspects of the PA program. These sessions included body 

expression, dance, directed activities (aerobic, spinning, etc.), beach and pool activities, 

core-training, trekking, and traditional Spanish games. STD-based techniques and 

messages were implemented in both types of sessions. At-home exercises were also 

provided to the patients, so that they had enough knowledge to do PA without having 

large resources or joining a gym. For example, participants were instructed to use 

quotidian materials (e.g., full bottles, shopping bags, etc.) to autonomously exercise at 

home. 

 

[SEE TABLE 1 BELOW] 

 

The MPAI, therefore, entailed two main purposes. First, to provide a need-

supportive environment focused on the satisfaction of competence, autonomy, and 

relatedness to improve patients’ attitudes towards PA, and to increase their PA 
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participation after the intervention. Second, to transfer the physical and psychosocial 

benefits of the MPAI on patients’ perceived HRQoL. 

 

Measures 

Physical Activity. Actigraph
TM

 GT3X accelerometers (Pensacola, FL) were used 

to measure PA levels. Participants were asked to wear the accelerometer at the right hip 

for 7 consecutive days. A total of ≥ 3 days with at least ≥ 10 hours wear time per day at 

all measurements was required to estimate the PA of each participant [26]. Vector 

magnitude (Vm) activity counts, calculated as the square root of the sum of the vertical, 

medio-lateral, and antero-posterior axes, were used according to previous studies 

performed with this population [27, 28]. Non-wear time was defined as 60 min of 

consecutive zeros, allowing for 2 min of non-zero interruptions [29]. Cutoffs to classify 

different intensities of PA were based on the studies of Santos-Lozano et al. [30] and 

Hanggi et al. [31]. Time spent in sedentary activity was defined as all minutes showing 

equal or less than 100 counts per minute (cpm), light PA as 101-3027 cpm, and 

moderate-to-vigorous PA (MVPA) as the number of minutes showing equal or more 

than 3028 cpm. 

HRQoL. The 36-item Short-Form Health Survey (SF-36) was used to measure 

patients’ quality of life in physical and mental domains. This questionnaire measures 

eight domains of functioning that can be employed to reflect (a) a physical component 

score (PCS), consisting of physical functioning, bodily pain, general health, and role-

limitations because of physical problems; and (b) a mental component score (MCS), 

consisting of social functioning, vitality, mental health, and role-limitations because of 

emotional problems. Scores ranged from 0 (worst possible level of functioning) to 100 

(best possible level of functioning). The SF-36 has been widely used in obese and 
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bariatric surgery populations [32, 33], showing high internal consistency, reliability and 

validity [34]. 

Other measures. Socio-demographic characteristics (i.e., sex, age, race/ethnicity, 

educational level, socioeconomic status, marital status) were collected by the hospital’s 

clinical psychologist, who provided us with the data. The BMI data were taken at the 

sport research center during the baseline visit and at each post-intervention 

measurement. 

 

Statistical Analysis 

All statistical analyses were performed using SPSS 25.0 (IBM, Corp., Armonk, 

NY, USA) software, excluding the effect sizes (ES) which were computed through an 

online ES calculator [35]. Descriptive participants’ characteristics are presented as 

percentages (%) and means ± standard deviations (M ± SD). 

Comparison of preoperative differences in PA levels and HRQoL between groups 

were assessed using analysis of covariance (ANCOVA), adjusting for sex, age, and 

BMI. The effects of the MPAI on the continuous outcome variables were assessed by 

mixed-effects model for repeated measures. The model was adjusted by sex, age, and 

percentage of excess weight loss (% EWL). % EWL was determined by using the 

midpoint of the 1983 Metropolitan Life Insurance tables for a medium frame: 

[(operative weight – follow-up weight)/operative excess weight)] x 100. 

Effect sizes (Cohen’s d) with 95% confidence intervals for the differences 

between groups at each assessment point were calculated. Magnitude of these 

differences were considered as not statistically significant when the confidence interval 

included the value zero [36]. Differences equal to or greater than d = 0.5 were 

considered as clinically relevant in the case of SF-36 dimensions [37]. Effect sizes and 
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95% confidence intervals of intra-group changes between assessment points are 

provided in supplementary material. 

 

RESULTS 

Demographic Data and Retention 

Of the 40 patients who initially agreed to participate in the study, one participant 

eventually did not participate after the group assignment, alleging personal reasons. 

From this sample of 39 patients, 32 (82%) completed all the assessment measures and 

were subsequently included in the final analyses (Figure 1). The retention rates for 

MPAI-G and CG at the second post-intervention measurement point (13-months post-

surgery) were 89.4% and 75%, respectively. Comparison of baseline characteristics 

showed no statistically significant differences (p > 0.05) on any variable of completers 

compared to those who did not complete post-intervention measurements. Therefore, 

results are based on complete cases only. The attendance rate for the MPAI-G sessions 

was 80% on average (range, 68.1–88.9). The final disposition of the groups and the 

descriptive characteristics of the participants are presented in Table 2. 

 

[SEE FIGURE 1 BELOW] 

[SEE TABLE 2 AND 3 BELOW] 

 

Changes in PA levels 

Mean PA levels (expressed in minutes/day), effect sizes, and 95% confidence 

intervals (CI) for all measurement points are presented in Table 3. Differences between 

groups in PA levels are shown in Figure 2. MPAI-G showed more light PA than CG at 

preoperative time-point (d = 0.86, 95% CI [0.13, 1.58]), and this difference remained 7 
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months (d = 0.84, 95% CI [0.11, 1.56]) and 13 months after SG (d = 0.86, 95% CI 

[0.13, 1.58]). However, CG showed more MVPA than MPAI-G before SG (d = -2.99, 

95% CI [-4.01, -1.99]), and this difference was larger 7 months (d = -4.47, 95% CI [-

5.77, -3.18]) and 13 months after SG (d = -4.05, 95% CI [-5.26, -2.84]). MPAI-G and 

CG did not differ significantly on sedentary activity or total PA throughout all time 

points. 

 

[SEE FIGURE 2 BELOW] 

 

Changes in HRQoL 

HRQoL mean scores, effect sizes, and 95% CIs for all measurement points are 

presented in Table 3. Group differences in the physical and mental domains of HRQoL 

are shown in Figures 3 and 4, respectively. Regarding physical domains, no significant 

group differences were found for physical functioning at the preoperative time-point (d 

= 0.35, 95% CI [-0.35, 1.35]). However, MPAI-G showed higher physical functioning 

than CG both 7 months (d = 1.96, 95% CI [1.12, 2.81]) and 13 months after SG (d = 

1.34, 95% CI [0.57, 2.11]). With regard to bodily pain, MPAI-G showed higher scores 

than CG before SG (d = 0.92, 95% CI [0.19, 1.65]), and these differences were greater 7 

months (d = 1.06, 95% CI [0.32, 1.81]) and 13 months after SG (d = 1.34, 95% CI 

[0.57, 2.10]), indicating less pain in MPAI-G. In relation to the general health domain, 

no significant group differences were observed preoperatively (d = 0.32, 95% CI [-0.38, 

1.02]). However, MPAI-G showed more general health than CG 7 months after SG (d = 

1.26, 95% CI [0.50, 2.03]), although this difference was not maintained 13 months after 

SG (d = 0.34, 95% CI [-0.36, 1.03]). No significant group differences were found for 

the physical role domain at any time point. Regarding PCS, no significant group 
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differences were obtained at the preoperative time-point (d = 0.46, 95% CI [-0.25, 

1.16]). However, MPAI-G showed a higher PCS compared to CG 7 months (d = 1.32, 

95% CI [0.56, 2.09]) and 13 months after SG (d = 1.10, 95% CI [0.35, 1.84]). 

 

[SEE FIGURE 3 BELOW] 

 

Respecting mental domains, MPAI-G showed higher social functioning than CG 

before surgery (d = 0.76, 95% CI [0.04, 1.48]), and these differences were greater 7 

months after SG (d = 1.45, 95% CI [0.67, 2.23]). No significant group differences were 

found in social functioning 13 months after SG (d = -0.41, 95% CI [-1.11, 0.29]). For 

vitality, no significant differences between MPAI-G and CG were seen before SG (d = 

0.36, 95% CI [-0.34, 1.05]). However, MPAI-G showed more vitality than CG 7 months 

after SG (d = 0.72, 95% CI [0.01, 1.43]). These differences were similar 13 months after 

SG (d = 0.71, 95% CI [-0.01, 1.42]). No significant group differences were found for 

mental health, mental role, or MCS at any time point. 

 

[SEE FIGURE 4 BELOW] 

 

DISCUSSION 

Bariatric patients’ PA levels did not significantly differ between MPAI-G and CG 

after a 6-month SDT-based PA intervention. In contrast, we found clinically significant 

differences favoring MPAI-G for several SF-36 domains immediately after the 

intervention (7 months post-surgery), which included higher scores in physical 

functioning, bodily pain (indicating less pain), general health, PCS, social functioning, 
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and vitality. Some of these differences remained 13 months after SG, as in the case of 

physical functioning, bodily pain, and PCS. 

Effects of the MPAI on bariatric patients’ PA levels 

Previous research has indicated the need to conduct interventions focused on 

improving patients’ PA after bariatric surgery [21]. Our study was based on SDT, a 

commonly used framework to promote active behaviors in health-impaired populations 

[12, 15]. However, we found no additional PA improvements favoring MPAI-G at any 

of the assessment points when compared to CG. These results contradict one of our pre-

established hypotheses but are consistent with similar studies [21-23]. For instance, 

Stolberg et al. [21] reported non-significant increases in step count, light PA, and 

MVPA immediately after a 26-week supervised physical training intervention, which 

failed to persist 24 months after surgery. In contrast, Bond et al. [19, 20] found that 

preoperative increases in bout-related MVPA after a 6-week behavioral intervention 

remained 6 months post-surgery. 

A possible explanation of why we did not find differences in PA levels in favor of 

the MPAI-G with respect to the CG, could be that approximately 75% of patients 

belonging to CG accumulated ≥ 150 min of MVPA per week preoperatively, as 

recommended by the American College of Sports Medicine [38]. Nevertheless, only 

41% of MPAI-G patients accomplished these recommendations at the same stage. This 

fact could potentially limit the group comparisons, as the initial heterogeneity between 

them was high. Second, we could also speculate that MPAI-G’s PA levels did not 

increase because we did not include a follow-up intervention, which could have 

facilitated the increase of the patients’ PA levels after the intervention [18]. Although 

part of our primary goal was to develop a positive predisposition towards PA that would 

lead to PA maintenance over time, we must acknowledge that life for these patients 
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after surgery is complex, with many barriers/factors that can interfere with the 

maintenance of long-term behaviors [39-41]. Therefore, holding periodic follow-up 

meetings (e.g., face-to-face or by phone) could have been an appropriate strategy after 

completing the PA program. Moreover, we have to take into account that we provided 

MPAI-G patients with an ideal environment to participate in PA immediately after SG. 

In fact, they participated in four sessions per week during the MPAI. However, although 

we tried to develop a need-supportive climate, patients may have felt ignored or 

neglected when they finished the MPAI. According to these results, a key aspect of this 

type of interventions should be to design strategies that facilitate patients’ transition 

from the intervention to real life. This point is particularly important, taking into 

account that the services offered by conventional sport centers are usually far from the 

special needs of bariatric patients. 

Effects of the MPAI on bariatric patients’ HRQoL 

The current study was conducted at an early postoperative stage, characterized by 

a phase of active weight loss associated with extensive improvements in HRQoL. 

Consequently, both MPAI-G and CG showed remarkable increases on several HRQoL 

domains from pre-SG to immediately after the intervention (7 months post-SG), in 

accordance with our hypothesis. These improvements were especially evident in those 

dimensions related to the physical component of the SF-36, which coincide with 

previous research [4, 5]. However, when comparing both groups, we observed 

significant and clinically relevant differences favoring MPAI-G for physical 

functioning, bodily pain, general health, PCS, social functioning, and vitality. Previous 

PA interventions (without a motivational component) have obtained modest results even 

in improving variables related to the physical component of the perceived HRQoL, 

when compared to control groups [21]. To our knowledge, this is the first quantitative 
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study that analyzes the effects of an SDT-based PA intervention in the HRQoL of this 

population. The design of interventions attending to motivational frameworks could 

help researchers to better structure ideas and strategies in line with psychological 

mechanisms and, therefore, to achieve greater positive outcomes [42]. A meta-analysis 

examining the role of SDT on health contexts supports this view, as need-supportive 

health-care climates were essential predictors of patients’ psychological well-being [15]. 

At 13-months post-SG, the significant and clinically relevant differences favoring 

MPAI-G remained only for the domains of bodily pain, physical functioning, and PCS, 

compared to CG. Bodily pain showed an improvement with respect to the values found 

7 months post-SG, while physical functioning and PCS showed a decrease with respect 

to the same assessment point. These results coincide with the last hypothesis set out at 

the beginning of this study and highlight the need to carry out similar studies with 

longer interventions and/or with longer follow-ups, in order to observe the functioning 

of the HRQoL variables over time. 

In this line, an unexpected result was found for social functioning, which showed 

clinical differences favoring MPAI-G at pre-surgery and 7 months post-surgery, but 

disappeared at 13 months post-surgery. We performed a group intervention where 

patients were always accompanied by their peers, with activities adapted to them, and 

with exercise professionals always fully available. It was an “ideal” situation in which 

they felt accepted and cared for by the people around them. Therefore, although an 

increase in social functioning was found just after finishing the intervention, an adverse 

effect may have been generated in patients after completing the PA program and going 

back to “real life.” This aspect could have limited the potential benefits of the program 

in the long term. Future studies should also consider the deferred effects of SDT 

interventions on patients’ perceptions. 
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Strengths and Limitations 

The current study has notable strengths. To our knowledge, this is the first study 

carried out with bariatric surgery patients that has developed a supervised PA 

intervention based on a motivational framework (SDT). More research is needed to 

explore the role of theoretical/motivational frameworks in PA interventions with this 

population. In this sense, directing programs not only towards biological/physical 

objectives, but also towards psychosocial objectives, would be desirable to increase 

patients’ well-being and PA adherence. The high attendance rate of patients to the 

MPAI sessions could be an argument supporting this idea. The use of the d = 0.5 

criterion to determine clinically relevant differences between groups and to better 

understand the magnitude of these differences was another strength [37]. 

This study also has some limitations that must be considered. First, the fact of 

employing a quasi-experimental design with pseudo-random assignment prevents us 

from inferring causality between the MPAI and PA/HRQoL results. Second, we failed 

to retain several participants at the post-intervention measures, especially in the CG. 

Although there were no differences in the baseline characteristics between completers 

and non-completers, carrying out retention strategies over time could have prevented 

this sample loss. Third, we were also limited by the small number of participants 

involved in the study. The restricted number of bariatric surgeries performed in a small 

hospital during the intervention period hindered the recruitment of more participants. 

Consequently, further studies involving MPAI with larger samples are warranted. 

Finally, despite using accelerometer PA intensities (i.e., cut-offs) that have been 

commonly used with bariatric patients [9, 27, 28], Santos-Lozano et al. [30] validated 

their cut-offs points in normal-weight adults and not in obese or bariatric populations. 

Moreover, these authors validated their equations in laboratory settings, instead of free-
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living conditions. Regarding this argument, we agree with other authors about the lack 

of consensus to establish accelerometer PA intensities, which limits comparability 

between studies [9]. All this advises interpreting the accelerometer data with caution. 

 

CONCLUSIONS 

Findings from the present study suggest that an SDT-based PA intervention could 

enhance several HRQoL dimensions of bariatric patients after surgery. These findings 

suggest that SDT could be applicable for the development of programs framed in 

health-care settings to enhance bariatric patients’ HRQoL. Health-care practitioners, 

biomedical ethicists, exercise professionals, and public health authorities could benefit 

from the principles of SDT for delivering their messages towards patients. However, the 

intervention did not result in greater PA levels for the MPAI-G, when compared to the 

CG. Further research is needed to understand what motivational processes, and 

personal, social, physical, and environmental factors are key aspects to promote PA in 

these patients. 

 

FUNDING 

This study was carried out with the aid of the research projects: “Physical and 

psychological effects of an exercise program in bariatric patients” (UEM2.11X), funded 

by the Escuela de Estudios Universitarios Real Madrid-Universidad Europea de Madrid, 

and “Physiological and psychological effects of a physical activity program on bariatric 

patients,” funded by the Fundación MAPFRE. Alejandro Jiménez-Loaisa was supported 

by the Valencian Council of Education, Research, Culture and Sports with reference 

ACIF/2017/155. Manuel Alcaraz-Ibáñez was supported by the Spanish Ministry of 

Education through an FPU grant with reference FPU17/01158. 



20 

 

 

CONFLICT OF INTERESTS 

The authors declare that they have no conflict of interest. 

 

ETHICAL APPROVAL 

All procedures in studies involving human participants were in accordance with 

the ethical standards of the institutional and/or national research committee and with the 

1964 Helsinki declaration and its later amendments or comparable ethical standards. 

 

INFORMED CONSENT 

Informed consent was obtained from all individual participants included in the 

study. 

 

ACKNOWLEDGMENTS 

The authors would like to thank all the patients involved in the study. We would 

also like to thank the exercise instructors for their efforts and professionalism during the 

physical activity program, and for their caring attitude toward the patients during the 

training sessions. 

 

REFERENCES 

1. Bond DS, Jakicic JM, Vithiananthan S, et al. Objective quantification of physical 

activity in bariatric surgery candidates and normal-weight controls. Surg Obes 

Relat Dis. 2010;6:72-8. 

2. Bond DS, Thomas JG, King WC, et al. Exercise improves quality of life in bariatric 

surgery candidates: Results from the bari-active trial. Obesity. 2015;23:536-42. 



21 

 

3. King WC, Chen JY, Bond DS, et al. Objective assessment of changes in physical 

activity and sedentary behavior: Pre- through 3 years post-bariatric surgery. 

Obesity. 2015;23:1143-50. 

4. Monpellier VM, Antoniou EE, Aarts EO, et al. Improvement of health-related quality 

of life after Roux-en-Y gastric bypass related to weight loss. Obes Surg. 

2017;27:1168-73. 

5. Karlsen TI, Lund RS, Røislien J, et al. Health related quality of life after gastric 

bypass or intensive lifestyle intervention: A controlled clinical study. Health 

Qual Life Outcomes. 2013;11:17. 

6. Egberts K, Brown WA, Brennan L, et al. Does exercise improve weight loss after 

bariatric surgery? A systematic review. Obes Surg. 2012;22:335-41. 

7. Jacobi D, Ciangura C, Couet C, et al. Physical activity and weight loss following 

bariatric surgery. Obes Rev. 2011;12:366-77. 

8. Livhits M, Mercado C, Yermilov I, et al. Behavioral factors associated with 

successful weight loss after gastric bypass. Am Surg. 2010;76:1139-42. 

9. Sellberg F, Possmark S, Willmer M, et al. Meeting physical activity 

recommendations is associated with health-related quality of life in women 

before and after Roux-en-Y gastric bypass surgery. Qual Life Res. 

2019;28:1497-1507. 

10. Herring LY, Stevinson C, Davies MJ, et al. Changes in physical activity behaviour 

and physical function after bariatric surgery: A systematic review and meta-

analysis. Obes Rev. 2016;17:250-61. 

11. Crisp AH, Verlengia R, Ravelli MN, et al. Changes in physical activities and body 

composition after roux-Y gastric bypass surgery. Obes Surg. 2018;28:1665-71. 



22 

 

12. Ryan RM, Deci EL. Self-determination theory: Basic psychological needs in 

motivation, development, and wellness: Guilford Press; 2017. 

13. Teixeira PJ, Carraça EV, Markland D, et al. Exercise, physical activity, and self-

determination theory: A systematic review. Int J Behav Nutr Phys Act. 

2012;9:78. 

14. Campbell R, Vansteenkiste M, Delesie L, et al. The role of basic psychological need 

satisfaction, sleep, and mindfulness in the health-related quality of life of people 

living with HIV. J Health Psychol. 2019;24:535-45. 

15. Ng JY, Ntoumanis N, Thøgersen-Ntoumani C, et al. Self-determination theory 

applied to health contexts: A meta-analysis. Perspect Psychol Sci. 2012;7:325-

40. 

16. Silva MN, Markland D, Minderico CS, et al. A randomized controlled trial to 

evaluate self-determination theory for exercise adherence and weight control: 

Rationale and intervention description. BMC Public Health. 2008;8:234. 

17. Silva MN, Vieira PN, Coutinho SR, et al. Using self-determination theory to 

promote physical activity and weight control: A randomized trial in women. J 

Behav Med. 2010;33:110-22. 

18. González-Cutre D, Megías A, Beltrán-Carrillo VJ, et al. Effects of a physical 

activity program on post-bariatric patients: A qualitative study from a self-

determination theory perspective. J Health Psychol. 2018. 

doi:10.1177/1359105318770729 

19. Bond DS, Vithiananthan S, Thomas JG, et al. Bari-Active: A randomized controlled 

trial of a preoperative intervention to increase physical activity in bariatric 

surgery patients. Surg Obes Relat Dis. 2015;11:169-77. 

https://doi.org/10.1177/1359105318770729


23 

 

20. Bond DS, Graham-Thomas J, Vithiananthan S, et al. Intervention-related increases 

in preoperative physical activity are maintained 6-months after bariatric surgery: 

Results from the bari-active trial. Int J Obes (Lond). 2017;41:467-70. 

21. Stolberg CR, Mundbjerg LH, Bladbjerg EM, et al. Physical training following 

gastric bypass: Effects on physical activity and quality of life – a randomized 

controlled trial. Qual Life Res. 2018;27:3113-22. 

22. Carnero EA, Dubis GS, Hames KC, et al. Randomized trial reveals that physical 

activity and energy expenditure are associated with weight and body composition 

after RYGB. Obesity. 2017;25:1206-16. 

23. Herring LY, Stevinson C, Carter P, et al. The effects of supervised exercise training 

12-24 months after bariatric surgery on physical function and body composition: 

A randomised controlled trial. Int J Obes (Lond). 2017;41:909-16. 

24. Kolotkin RL, Davidson LE, Crosby RD, et al. Six-year changes in health-related 

quality of life in gastric bypass patients versus obese comparison groups. Surg 

Obes Relat Dis. 2012;8:625-33. 

25. Zabatiero J, Smith A, Hill K, et al. Do factors related to participation in physical 

activity change following restrictive bariatric surgery? A qualitative study. 

Obes Res Clin Pract. 2018;12:307-16. 

26. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity 

assessments in field-based research. Med Sci Sports Exerc. 2005;37:531-43. 

27. Berglind D, Willmer M, Eriksson U, et al. Longitudinal assessment of physical 

activity in women undergoing Roux-en-Y gastric bypass. Obes Surg. 

2015;25:119-25. 



24 

 

28. Berglind D, Willmer M, Tynelius P, et al. Accelerometer-measured versus self-

reported physical activity levels and sedentary behavior in women before and 9 

months after Roux-en-Y gastric bypass. Obes Surg. 2016;26:1463-70. 

29. Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in the United States 

measured by accelerometer. Med Sci Sports Exerc. 2008;40:181-88. 

30. Santos-Lozano A, Santin-Medeiros F, Cardon G, et al. Actigraph GT3X: Validation 

and determination of physical activity intensity cut points. Int J Sports Med. 

2013;34:975-82. 

31. Hanggi JM, Phillips LR, Rowlands AV. Validation of the GT3X ActiGraph in 

children and comparison with the GT1M ActiGraph. J Sci Med Sport. 

2013;16:40-4. 

32. Adams TD, Pendleton RC, Strong MB, et al. Health outcomes of gastric bypass 

patients compared to nonsurgical, nonintervened severely obese. Obesity. 

2010;18:121-30. 

33. Sockalingam S, Wnuk S, Kantarovich K, et al. Employment outcomes one year after 

bariatric surgery: The role of patient and psychosocial factors. Obes Surg. 

2015;25:514-22. 

34. Ware JE. SF-36 Health Survey update. Spine. 2000;25:3130-9. 

35. Lenhard W, Lenhard A. Calculation of effect sizes. Retrieved from: 

https://www.psychometrica.de/effect_size.html. 2016; Psychometrica. 

36. Nakagawa S, Cuthill IC. Effect size, confidence interval and statistical significance: 

A practical guide for biologists. Biol Rev Camb Philos Soc. 2007;82:591-605. 

37. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related 

quality of life: The remarkable universality of half a standard deviation. Med 

Care. 2003;41:582-92. 



25 

 

38. Donnelly JE, Blair SN, Jakicic JM, et al. American College of Sports Medicine 

Stand. Appropriate physical activity intervention strategies for weight loss and 

prevention of weight regain for adults. Med Sci Sports Exerc. 2009;41:459-71. 

39. Jiménez-Loaisa A, Beltrán-Carrillo VJ, González-Cutre D, et al. Psychosocial 

effects of surgery and physical activity in bariatric patients: A systematic review. 

Eur J Hum Mov. 2015;35:12-33. 

40. Dikareva A, Harvey WJ, Cicchillitti MA, et al. Exploring perceptions of barriers, 

facilitators, and motivators to physical activity among female bariatric patients: 

Implications for physical activity programming. Am J Health Promot. 

2016;30:536-44. 

41. Beltrán-Carrillo VJ, Jiménez-Loaisa A, Jennings G, et al. Exploring the socio-

ecological factors behind the (in)active lifestyles of Spanish post-bariatric 

surgery patients. Int J Qual Stud Health Well-being. 2019;14:1626180. 

42. Biddle SJH, Gorely T, Mutrie N, et al. Interventions for physical activity and 

sedentary behavior. 3
rd 

ed. Champaign, IL: Human Kinetics; c2012. Advances in 

motivation in sport and exercise; p. 357-86. 

 

Fig. 1 CONSORT flow diagram. 

 

Fig. 2 Forest plots of differences (95% confidence intervals) between groups in 

sedentary activity, light physical activity, moderate-to-vigorous physical activity, and 

total physical activity at the different time points. Dots represent Cohen’s effect sizes; 

error bars represent confidence intervals. MPAI = Motivational physical activity 

intervention. SG = Sleeve gastrectomy. Sedentary = Sedentary activity. PA = Physical 

activity. MVPA = Moderate-to-vigorous physical activity. 
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Fig. 3 Forest plots of differences (95% confidence intervals) between groups in physical 

functioning, bodily pain, general health, physical role, and physical component score 

(PCS) at the different time points. Dots represent Cohen’s effect sizes; error bars 

represent confidence intervals. MPAI = Motivational physical activity intervention. SG 

= Sleeve gastrectomy. 

 

Fig. 4 Forest plots of differences (95% confidence intervals) between groups in social 

functioning, vitality, mental health, mental role, and mental component score (MCS) at 

the different time points. Dots represent Cohen’s effect sizes; error bars represent 

confidence intervals. MPAI = Motivational physical activity intervention. SG = Sleeve 

gastrectomy. 
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Table 1 Examples of strategies based on SDT applied by instructors. 

Need Strategies 

Autonomy Giving options to choose different activities, machines, and working ranges. 

Patients received training on how to perform healthy exercise by themselves. 

Asking participants for their opinion on the activities. 

Competence Providing positive feedback and information to the patients about their progress. 

Establishing short-term goals so that patients assess their progress every month. 

Follow-up of an individualized program with achievable goals. 

Relatedness Proposing physical and nonphysical tasks (e.g., a meeting to have lunch) in which patients had to interact. 

Participants were encouraged to correct each others’ performance of exercises. 

The instructors smiled, supported, and encouraged patients. A caring climate was created, in which the instructors showed 

interest in patients’ lives. 
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Table 2 Final sample characteristics. 

Variable Full sample (n = 32) CG (n = 15) MPAI-G (n = 17) 

Sex (%) 
   

Men 21.9 26.7 17.6 

Women 78.1 73.3 82.4 

Age (years) (M ± SD) 45.2 (± 10.0) 42.6 (± 10.9) 47.5 (± 8.8) 

Anthropometric characteristics (M ± SD) 
   

Weight (kg) 115.7 (± 19.1) 116.6 (± 16.8) 114.9 (± 21.4) 

BMI (kg/m
2
) 43.9 (± 4.9) 43.1 (± 4.5) 43.8 (± 5.3) 

Race/Ethnicity (%) 
   

White 96.9 100.0 94.1 

Hispanic 3.1 - 5.9 

Education (%) 
   

Without/Incomplete Primary school 15.6 26.7 5.9 

Primary school 34.4 33.3 35.3 

High school 46.9 40.0 52.9 

College or university degree 3.1 - 5.9 

Socioeconomic status (%) 
   

Low 18.8 20.0 17.6 

Medium 78.1 80.0 76.5 

High 3.1 - 5.9 

Marital status (%) 
   

Single 21.9 33.3 11.8 

Married/Partnered 68.7 60.0 76.5 

Divorced 9.4 6.7 11.7 

CG = Control group. MPAI-G = Motivational physical activity intervention-group. 
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Table 3 Physical activity (PA) levels measured by GT3X accelerometers (expressed in minutes per day) and health-related quality of life’ scores 

measured by the SF-36 questionnaire at pre-SG, 7 months-after SG, and 13 months-after SG (M ± SD). 

Variable 
Pre- SG*  7 months-after SG**  13 months-after SG** 

CG MPAI-G d 95% CI 
 

CG MPAI-G d 95% CI 
 

CG MPAI-G d 95% CI 

GT3X (min/day)                  

Sedentary activity 
623.96 

(± 37.74) 

624.21 

(± 35.33) 
0.01 [-0.69, 0.70]  

603.74 

(± 33.15) 

612.30 

(± 25.36) 
0.29 [-0.40, 0.99]  

626.27 

(± 32.20) 

631.65 

(± 24.46) 
0.19 [-0.51, 0.89] 

Light PA 
337.03 

(± 33.70) 

365.04 

(± 31.56) 
0.86

a
 [0.13, 1.58]  

357.81 

(± 30.31) 

380.28 

(± 23.36) 
0.84

a
 [0.11, 1.56]  

338.25 

(± 29.57) 

360.69 

(± 22.64) 
0.86

a
 [0.13, 1.58] 

MVPA 
48.91 

(± 6.87) 

29.02 

(± 6.43) 
-2.99

a 
[-4.01, -1.99]  

50.04 

(± 5.84) 

27.16 

(± 4.38) 
-4.47

a
 [-5.77, -3.18]

 
 

47.09 

(± 5.46) 

27.84 

(± 4.04) 
-4.05

a
 [-5.26, -2.84] 

Total PA 
385.94 

(± 37.80) 

394.06 

(± 35.39) 
0.22 [-0.47, 0.92]  

407.94 

(± 33.23) 

406.75 

(± 25.42) 
-0.04 [-0.73, 0.65]  

385.65 

(± 32.23) 

387.22 

(± 24.49) 
0.05 [-0.64, 0.75] 

SF-36 scores (0-100) 
    

 
     

 
     

 

Physical functioning 
54.57 

(± 5.90) 

56.55 

(± 5.53) 
0.35 [-0.35, 1.05] 

 

73.75 

(± 3.06) 

79.42 

(± 2.72) 
1.96

a,b 
[1.12, 2.81] 

 

74.25 

(± 3.18) 

78.32 

(± 2.90) 
1.34

a,b 
[0.57, 2.11] 

Bodily pain 
49.37 

(± 6.88) 

55.49 

(± 6.44) 
0.92

a,b 
[0.19, 1.65] 

 

62.03 

(± 4.50) 

66.65 

(± 4.19) 
1.06

a,b 
[0.32, 1.81] 

 

56.81 

(± 4.82) 

63.03 

(± 4.51) 
1.34

a,b 
[0.57, 2.10] 

General health 
53.41 

(± 5.46) 

55.11 

(± 5.11) 
0.32 [-0.38, 1.02] 

 

64.55 

(± 3.52) 

68.84 

(± 3.27) 
1.26

a,b 
[0.50, 2.03] 

 

65.55 

(± 3.79) 

66.78 

(± 3.55) 
0.34

 
[-0.36, 1.03] 

Physical role 
55.80 

(± 11.10) 

56.65 

(± 10.40) 
0.08 [-0.61, 0.77] 

 

76.92 

(± 5.83) 

77.72 

(± 5.20) 
0.14 [-0.55, 0.84] 

 

76.53 

(± 5.60) 

78.13 

(± 5.09) 
0.30 [-0.40, 1.00] 

PCS 
37.28 

(± 2.56) 

38.41 

(± 2.40) 
0.46 [-0.25, 1.16] 

 

45.19 

(± 1.58) 

47.19 

(± 1.45) 
1.32

a,b 
[0.56, 2.09] 

 

44.58 

(± 1.66) 

46.33 

(± 1.54) 
1.10

a,b 
[0.35, 1.84] 

Social functioning 
77.68 

(± 5.11) 

81.45 

(± 4.79) 
0.76

a,b 
[0.04, 1.48] 

 

83.47 

(± 2.96) 

87.57 

(± 2.69) 
1.45

a,b 
[0.67, 2.23] 

 

82.64 

(± 3.29) 

81.34 

(± 3.05) 
-0.41 [-1.11, 0.29] 

Vitality 
51.33 

(± 6.40) 

53.53 

(± 5.99) 
0.36 [-0.34, 1.05] 

 

60.59 

(± 3.83) 

63.22 

(± 3.53) 
0.72

a,b 
[0.01, 1.43] 

 

59.28 

(± 3.90) 

61.94 

(± 3.62) 
0.71

b 
[-0.01, 1.42] 

Mental health 
69.68 

(± 4.63) 

71.69 

(± 4.33) 
0.45 [-0.25, 1.15] 

 

73.10 

(± 3.20) 

74.51 

(± 2.99) 
0.46 [-0.25, 1.16] 

 

72.40 

(± 3.29) 

72.00 

(± 3.08) 
-0.13 [-0.82, 0.57] 

Mental role 
79.24 

(± 9.36) 

79.10 

(± 8.76) 
-0.01 [-0.71, 0.68] 

 

81.28 

(± 6.23) 

80.97 

(± 5.80) 
-0.05 [-0.75, 0.64] 

 

81.43 

(± 6.69) 

80.25 

(± 6.28) 
-0.18 [-0.88, 0.51] 
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MCS 
50.31 

(± 2.53) 

51.16 

(± 2.37) 
0.35 [-0.35, 1.05] 

 

49.62 

(± 1.68) 

49.99  

(±1.57) 
0.23 [-0.47, 0.92] 

 

49.52 

(± 1.86) 

49.12 

(± 1.75) 
-0.22 [-0.92, 0.47] 

* Adjusted by sex, age, and BMI. ** Adjusted by sex, age, and %EWL. SG = Sleeve gastrectomy. CG = Control group. MPAI-G = Motivational 

physical activity intervention-group. PA = Physical activity. MVPA = Moderate-to-vigorous physical activity. PCS = Physical component score. 

MCS = Mental component score. 
a
 Significant differences considering that the 95% CI did not include the value zero. 

b
 Denotes clinically 

relevant differences between groups as per criterion of Norman et al. (2003). 
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Assessed for eligibility (n = 40) 

Analysed (n = 15) 

 Excluded from analysis (invalid 

accelerometer data; n = 1) 

 Missed 7 months follow-up 

(declined to participate; n = 3) 

 Missed 13 months follow-up 

(declined to participate; n = 1) 

Allocated to CG (n = 20) 

 Received standard care (n = 20) 
Allocated to MPAI (n = 20) 

 Received intervention (n = 19) 

 Did not receive intervention (personal 

reasons) (n = 1) 

Analysed (n = 17) 

 Excluded from analysis (invalid 

accelerometer data; n = 2) 

Assigned to groups (n = 40) 
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