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Abstract 

Aim: The purpose of this study was to assess the efficacy of an educational intervention 

based on the Behavior Change Wheel (BCW) framework for individuals with type 2 

diabetes mellitus (DM2) on dietary and exercise behavior in a Spanish region.  

Methods: A two-arm pilot research was developed. The intervention consisted of a 6-

month period with guidelines and 4 in-person interventions. The outcome was changes 

in behaviors, motivation, competence, autonomy, social support to implement the 

recommendations, HbA1c, and body composition.  

Results: n=111 patients were recruited. Individuals in the intervention experienced a 

significative improvement on adherence to dietary recommendations (+1.23; p=0.026), 

exercise (+0.86; p=0.001), and a decrease in HbA1c levels (-0.6%; p=0.002) and BMI (-

0.73; p<0.001).   

Conclusion: The intervention for DM2 individuals, based on the BCW framework, 

developed, and implemented by primary care nurses has been effective in improving 

the adherence to healthy eating, exercise, HbA1c levels, and body composition. 

Keywords:  Diabetes Mellitus, Type 2; Diet; Exercise; Health Education 
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1. Introduction

Diabetes Mellitus (DM) is a non-committable disease that can be managed as a priority 

[1]. Globally, there are approximately 463 million adults diagnosed with DM, and by 

2045 this number will rise to 700 million [2]. Among the different types of this disease, 

type 2 diabetes mellitus (T2DM) is the more frequent, representing 90-95% of the total 

cases [3]. 

T2DM patients are more at risk of developing cardiovascular diseases [4,5], 

nephropathies, retinopathies, neuropathies, and amputations [6]. With the aim of 

avoiding these complications, good glycemic control is essential [3], the most 

commonly used indicator of which is glycated hemoglobin (HbA1c). 

A healthy lifestyle has an impact on this control [7]. There is enough evidence to 

confirm that HbA1c levels can be lowered with a healthy diet [8,9], maintaining an 

adequate weight [10], or exercising regularly [7,8]. Moreover, interventions that 

improve these behaviors are effective in glycemic control and the reduction of 

cardiovascular risk [12,13], especially when both behaviors are targeted [14] and 

patients are motivated [15,16]. 

The efficacy of behavioral interventions depends greatly on an adequate design and 

implementation. It is therefore essential to develop interventions according to an 

effective theoretical framework [17], as the Behavior Change Wheel (BCW) [18]. The 

backbone of this model is known as COM-B, which stands for capability, opportunity, 

motivation, and behavior. The authors of the model indicate that a change in behavior 
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requires changes in at least one of the other 3 components and determines which 

interventions may be implemented to modify each of the components (18).  

Considering firstly that a lifestyle that includes a healthy diet and exercise is associated 

with good outcomes for T2DM patients, secondly that Primary Care is essential in 

Spain (as they are in charge of monitoring individuals with T2DM), and thirdly that no 

intervention with the BCW framework had been found in Spain, we chose to carry out 

the present study with the aim of analyzing the effectiveness of an educational 

intervention based on the BCW model for T2DM patients targeting dietary and exercise 

behavior and developed and implemented by Primary Care nurses. Then, we evaluated 

the influence of the intervention on motivation, social opportunity, HbA1c, and body 

weight. 

2. Methods

2.1. Study setting and selection criteria 

This was a two-arm pilot research, developed between March 2018 and June 2019, in 

T2DM patients from 4 health care centers in the sanitary area 3 of the Principality of 

Asturias (Spain). Measurements were taken at baseline and at 6 months post-

intervention, in both arms. 

The study included individuals over 18 years of age, who voluntarily chose to 

participate, were fluent in Spanish, were receiving care during the time of the study at 

the selected healthcare centers, and suffered no terminal diseases or severe psychiatric 

disorders. 
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One hundred and twenty individuals (120) met the criteria and were invited to join the 

study. Of these, 9 (7.5%) chose not to participate: 2 because they lacked the time, 2 

because they did not feel empowered to participate, 1 because they did not trust the 

usefulness of the research, and 4 because they were not interested. 

A non-probabilistic sampling strategy was used to avoid cross-contamination between 

groups, using the healthcare center where they were treated as a randomization unit, 

between two groups: intervention group (IG) and control group (CG). 

In this study, structured group education was an independent variable, and the 

recommendations related to diet and exercise, motivation, competence, autonomy, 

social support for healthy eating and exercise, HbA1c, and body weight were dependent 

variables. 

2.2. Data collection 

Data were collected before (Pre-intervention) and 6 months after the beginning of the 

intervention (Post-intervention) by 4 nurses from our research group, who previously 

studied and rehearsed the data collection protocol and intervention to homogenize the 

process and avoid biases. 

2.3 Information related to behavioral recommendations, competences, autonomy, and 

social support 

The questionnaire Motiva.Diaf-DM2 [22] was used to analyze adherence to and 

motivation of behaviors linked to healthy eating, exercise, and information related to 

personal variables. The questionnaire has three parts: 
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The first one collects sociodemographic and personal data, and information on the 

individual’s disease: sex, age (at the beginning of the study), level of education, time 

since T2DM diagnosis, and type of treatment. 

The second part includes 17 questions (11 about diet, and 6 about exercise) to measure 

adherence to behavioral recommendations. The answer to each of these 

recommendations was dichotomic and analyzed as such (follows recommendation=1; 

doesn’t follow recommendation=0). Additionally, participants from the IG were asked 

during Pre-intervention to note the number of recommendations they wanted to achieve 

(agreed recommendations) and the number of achieved recommendations was registered 

in Post-phase. 

The last part of the questionnaire includes questions related to the degree of satisfaction 

of basic psychological needs (BPNs) (competence, autonomy, and social support) for 

each behavior ranging from 0 (worst level of satisfaction) to 4 (best level of 

satisfaction). Scores of competence and autonomy were considered indications of 

capacity and motivation, and social support and the number of visits to Primary Care 

nurses as indicators of social opportunity. 

2.4 Information related to HbA1c and body weight 

Anthropometric measurements of weight (kg) and size (m) were performed to calculate 

body weight according to the Body Mass Index (BMI): “BMI= weight (kg)/size2 (m).” 
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Determination of HbA1c levels was obtained with venous blood work and interpreted 

quantitatively (levels from blood work) and qualitatively (control number ≤ 7%; control 

number >7%) [23]. 

2.5 Educational Intervention 

IG patients received a 6-month educational intervention about dietary and exercise 

habits designed according to the BCW framework [18] and delivered by the nurses in 

our research group. Interventions on psychological capacity, automatic and reflective 

motivation for diet, psychological and physical capacity, and autonomic and reflective 

motivation for exercise (Table 1) were specifically targeted. The BCW was selected due 

to the effectivity shown in previous behavioral interventions in T2DM patients [19, 20], 

and in Primary Care [21]. 

The intervention included the administration of written guidelines specifically designed 

for the study. The content, validated by T2DM experts and T2DM patients selected with 

the same criteria used in the study, was elaborated according to the behavioral 

recommendations included in the Motiva.Diaf-DM2 [22] questionnaire. Also, nursing 

professionals in the team made verbal recommendations to the participants, which 

included a standardized part for all the patients, and a customized one targeting 

everyone’s specific needs. 

The different activities of the intervention were developed in 4 nursing visits to Primary 

Care, lasting between 10 and 20 minutes each. In the first visit, coinciding with the start 

of the study, patients were explained the aim of the study and their collaboration was 

requested. Those who expressed their intention to participate signed the informed 
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consent form. Subsequently, they were measured (anthropometric measurements), blood 

work was performed, and they filled out the questionnaire (baseline measurements). 

In the second visit, 1 week after the first one, guidelines were administered to the 

participants and the nurses provided them with information through an educational-

persuasive intervention about the importance of diet and exercise for the management of 

T2DM. Likewise, the recommendations to be achieved during the intervention were 

agreed upon with each patient. 

In the third visit, 3 months after the start of the program, adherence to behavioral 

recommendations was reviewed, facilitators and barriers encountered were analyzed, 

and progress was positively reinforced. 

In the last visit, 6 months after the beginning of the program, anthropometric 

assessments and blood work were repeated, participants filled in a questionnaire (Post) 

and the achievement of the objectives agreed upon at the beginning of the study was 

evaluated. 

In all the visits, both in the 4 programmed visits and in those requested by the 

participants, the nurses answered any doubts raised by individuals in relation to T2DM. 

The usual care was delivered to CG patients, following guidelines and protocols 

previously established. 
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2.6. Data Analysis 

For the description of the personal characteristics of the sample, percentages, means, 

and standard deviations (SD) were calculated according to the nature of the variables. 

The assumption of normality was checked using the Kolmogorov-Smirnov test, and 

after corroborating it was met, the corresponding parametric tests were used. 

Mixed ANOVA intervariability analysis (between-subject factors: intervention with two 

levels, CG and IG) and intravariability analysis (within-subject factors: time with two 

levels, Pre-intervention and Post-intervention) were performed to determine the impact 

of the intervention on behavioral recommendations and BPNs. The Pearson correlation 

coefficient and the Kappa index were used to calculate the association among agreed 

recommendations. Finally, Student’s t was used to analyze the impact of the 

intervention on HbA1c and BMI. 

Analyses were performed using IBM® SPSS® Statistics version 24.0 software. 

2.7. Ethical considerations 

This study was approved by the Clinical Research Ethics Committee of the Principality 

of Asturias (numbered 16/18). 

3. RESULTS

3.1 Population included in the study 

The sample was constituted by 111 participants, 63 (56.76%) belonged to the IG, and 

48 (43.24%) to the CG. The characteristics of the study population are shown in Table 

2.
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Of the 111 individuals initially included in the study, 106 finished the study, with an 

abandonment rate of 4.5% (n=5; 4 from the IG and 1 from the CG) (Figure 1). 

 

3.2 Impact of the intervention on behavioral recommendations 

In the Post, CG participants achieved a mean of 9.43 dietary recommendations 

(SD=1.612) and 2.11 (SD=1.645) exercise recommendations. In the IG, participants 

achieved a mean of 9.78 (SD=1.415) and 2.47 (SD=1.490) for diet and exercise 

recommendations, respectively. 

 

Mixed ANOVA intervariability (intervention with two levels: CG and IG) and 

intravariability (time with two levels: Pre-intervention and Post-intervention) analyses 

were performed. Regarding diet, the F value for interaction was 5.074 (p=0.026; 

Cohen’s d=0.444-intermediate effect) and the F value for intravariability was 22.773 

(p<0.001; Cohen’s d=0.937- strong effect) (Figure 2). For exercise, the F value for 

interaction was 11.958 (p=0.001; Cohen’s d=0.678- intermediate effect), and the F 

value for intravariability was 10.986 (p=0.001; Cohen’s d=0.648- intermediate effect) 

(Figure 3).  

 

IG participants agreed to achieve an average of 1.24 (SD=0.773) recommendations 

during the time of the study, of which they finally achieved 0.88 (SD=0.311) (r=0.788; 

p<0.001). As seen in Table 3, 66.10% of the agreed recommendations were achieved 

(k=0.495, moderate degree of agreement; p<0.001). 

 

3.3 Impact on competence, autonomy, and social support 
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Mixed ANOVA analysis for diet and exercise separately only showed significative 

differences in relation to intervention, competence, and autonomy for exercise. 

For dietary behavior, in competence the F value for interaction was 0.025 (p=0.874) and 

the F value for intravariablity was 0.822 (p=0.367); in the case of autonomy, the F value 

for interaction was 0.853 (p=0.358) and the F value for intravariability was 2.546 

(p=0.367). For social support, the F value for interaction was 0.021 (p=0.884), and the F 

value for intravariability was 2.472 (p=0.119). 

For the BPNs related to exercise, in competence the F value for interaction was 4.941 

(p=0.029; Cohen’s d=0.449, intermediate/low effect), and the F value for 

intravariability was 0.058 (p=0.811); in autonomy the F value for interaction was 5.128 

(p=0.025; Cohen’s d=0.459, intermediate/low effect) and the F value for intravariability 

was 0.197 (p=0.658); and in the case of social support from the environment the F value 

for interaction was 1.445 (p=0.232), and the F value for intravariability was 0.015 

(p=0.903). 

The mean numbers of T2DM-related nursing visits requested by the participants were of 

0.30 (SD=0.976) and 1.10 (SD=5.162), for the CG and IG respectively, with no 

statistically significant differences found between the two groups (t=1.052; p=0.295). 

3.4 Impact of the intervention on HbA1c and body weight 

Mixed ANOVA, intervariability and intravariability analyses were also performed for 

Hba1C value. The F value for interaction was 10.243 (p=0.002; Cohen’s d=0.444-
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intermediate effect) and F value for intravariability was 4.190 (p<0.043; Cohen’s 

d=0.937- strong effect) (Figure 4). The percentage of controlled HbA1c in the CG were 

70.2% and 68.1% in Pre-intervention and Post-intervention respectively (p=1.000). In 

the IG it increased from 62.7% to 83.1% (p=0.008). 

 

Finally, a mixed ANOVA analysis showed an insignificant decrease in BMI in IG 

participants, while an increase was observed among CG participants (intervariability F= 

0.370, p=0.544; intravariability F=1.686; p= 0.197). 

 

 

4. Discussion 

The current pilot study assessed the effect of an intervention based on the BCW, 

developed in a primary care setting, versus usual care in adults with T2DM, and 

explored various behavioral and clinical outcomes. IG members experienced an 

improvement in their adherence to recommendations for both behaviors, in their 

capability related to exercise, and in their HbA1c and BMI values. Therefore proving 

the effectiveness of the intervention. 

 

It should be noted that both participation (similar to or higher than that observed in 

previous studies with similar characteristics [24, 25]), and the percentage of 

abandonment (lower [26, 27] or similar [25] to that of previous studies) were very 

satisfactory, which highlights the viability of the intervention. 

 

The number of recommendations achieved by participants was very positive and 

consistent with the results of previous studies [27-29]. Including both behaviors in the 
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intervention may be one of the reasons that could have influenced the results. According 

to Huang et al., [14], intervening both behaviors simultaneously is often more effective 

than targeting each behavior separately.  

Another circumstance that may have influenced the success of the intervention was the 

inclusion of in-person interaction so that the nurse could assess the specific needs of 

each participant. Previous studies show that the fact that the guiding and orientation 

offered by a professional, whom patients consider a reference, towards the achievement 

of objectives contributes significantly to the achievement of said objectives [26]. 

Moreover, the information contained in the guidelines given to the participants could 

have also had an influence on the success of the intervention. The combination of 

personal intervention with written material has demonstrated to be effective in previous 

studies among adult patients with chronic diseases, on the same behaviors and in the 

same community in which this study was carried out [30] and in populations diagnosed 

with T2DM [31].  

Michie et al. [32] indicate that a credible source’s persuasive actions and education 

influence the motivation and the enablement, sources of behavior that influence the 

adoption of healthy behaviors. It is important to remember that behavior changes are 

more likely to happen when T2DM patients are motivated [33]. Therefore, education 

and persuasion by the nurses in the intervention, as well as the establishment of a 

professional-patient commitment to a specific number of recommendations, could have 

contributed to motivating the participants, hence improving adherence to the 

recommendations. 
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Another aspect to highlight which contributed to the effectiveness of the intervention 

was the active participation of patients throughout the process. The design used was 

based on previous experiences in which patients participated in collaborative problem 

solving, identification of needs or commitment to change [28]. In addition, the literature 

suggests that diabetes experts support the involvement of patients in their own care [34], 

which in turn is associated with improved outcomes for interventions [35]. 

 

Two notable achievements are the reductions in HbA1c and BMI levels experienced by 

IG participants. Based on this, it could be said that the results could have contributed to 

reducing the risk of complications in the IG, since, as previous findings suggest, 

adequate glycemic control [36-38] and maintaining an adequate weight [39] or 

decreasing it [40, 41] reduces the risk of complications related to T2DM. 

 

In relation to BPNs, an improvement was observed in those specifically targeted during 

the exercise intervention, particularly, competence and autonomy, indicators of 

capability and motivation, but not social support. This finding is not surprising since the 

intervention only included nursing visits for participants when necessary, an option 

already available in Primary Care, and no other actions of recognized effectiveness were 

carried out, such as changes in the context [42], elimination of barriers [43] or the 

promotion of family support [43, 44]. 

 

The overall analysis of the results corroborates the importance of implementing 

programs aimed at improving dietary behavior and exercise performance in T2DM 

patients as a strategy to improve glycemic control and reduce the risk of complications 

[12-14]. 
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5. LIMITATIONS

While the piloting has been effective, interventions on important sources of behavior for 

behavioral change, such as social and physical opportunity, social and/or environmental 

variables, have not been included. On the other hand, the selection of patients from a 

limited geographical area prevents us from extrapolating the results to other locations.  

6. IMPLICATIONS FOR CLINICAL PRACTICE AND RESEARCH

This pilot study suggests the possibility of completing the model of care received by 

T2DM patients with an intervention on diet and exercise, which combines face-to-face 

interventions and the delivery of written information in order to improve behavioral 

adherence, and HbA1c levels, thus contributing to better outcomes. Additionally, the 

intervention seemed easy to deliver, low cost, well-received by the patients, and could 

be incorporated as usual care in Primary Care Center visits. 

In order to contrast these results, future RCTs should be implemented using the same 

design and theoretical framework in order to reinforce the results observed and provide 

an answer to certain circumstances which may be difficult to explain, such as the results 

obtained regarding BPNs. 

7. CONCLUSIONS

The intervention for T2DM patients based on the BCW model and developed and 

implemented by Primary Care nurses has been effective in improving adherence to 

healthy eating, exercise, and HbA1c levels.  
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Dear Dr Sesti, thank you very much for getting back to us so quickly, and please 

thank the reviewers on our behalf for such constructive recommendations. Below 

are the responses to the reviewers. Additionally, the changes appear in red color in 

the manuscript. 

 

Reviewer #1:  

We have no answers for this reviewer. We would like to reiterate our thanks for the time 

spent in the review and the value that it adds to our research.  

 

 

Reviewer #2: 

Comment 1 & 2: The English language should be thoroughly revised; The overall 

clarity of presentation should be improved (for instance, the lack of verbs and 

commas in many sentences describing result details are confusing). 

 

We sent the paper to an official English translator. 

 

Comment 3 & 4: I suggest to have the Behavior Change Wheel method at least 

briefly described within the text rather than only cited and to have the 

questionnaire validation method detailed (the generic description "validated by 

DM2 experts and by individuals diagnosed with DM2, selected with the same 

criteria in the study" is not acceptable as such). 

We include a brief description of the BCW in the introduction and in method (epigraph 2.5). 

Regarding the second recommendation, “the generic description validated by DM2 experts 

and by individuals diagnosed with DM2, selected with the same criteria in the study" refers 

the intervention, not the questionnaire. The questionnaire information appears in epigraph 

2.3 and it is detailed in reference number 22.  

 

Comment 5: As a minor comment, please remember to explain the term "IG" at its 

first presentation. 

Thank you very much. We forgot to do it in the first version of the paper. First time presented 

is in page 5 and it has been explained. 

 

Reviewer #3: 

 1, 9 & 11: It is better to show a Flow diagram showing the process of selecting 

cases. In addition, since the selection criteria and exclusion criteria for cases are 

Response to Reviewers



unclear, they should be described in detail. If the final study population is 106, it is 

recommended that all baseline data in Table 2 be shown as 106. 

Thanks for the comment. We changed data and included HbA1c and BMI information at 

baseline for the 106 participants. The number of complications wasn’t included in the first 

version of the paper and we consider that it is more sensitive to use the value of HbA1c 

than the number of complications. Also, we included the figure 1 “Flow Chart Selection 

Process”. 

 

Comment 2. Does this include people with chronic conditions other than cognitive 

impairment and type 2 diabetes who are receiving exercise and nutrition guidance? 

Does it include people who are unable to exercise (e.g., those who have an exercise 

disorder or have a cardiac condition that limits exercise)? 

Thanks for the comment. The exercise recommended is non-risk low intensity (such as 

walking) and daily activities, which can be done by most of the population, or are specific 

to prevent complications due to type 2 diabetes such as “When performing any physical 

activity, eat high-carbohydrate food to prevent hypoglycemia”. Because of that reason, we 

did not include other exclusion criteria than “terminal diseases or severe psychiatric 

disorders” 

Comment 3: Page3, line 14: Why has no BCW intervention been implemented in 

Spain? Also, has the efficacy of BCW in patients with type 2 diabetes been shown 

in other countries? 

We do not know the reasons why the BCW wasn’t found in any intervention for type 2 

diabetes in Spain. Probably this theory is not as popular as others traditionally used. In 

other countries we found papers describing the utilization of this theory in research with 

aims similar to the ones included in our research. We include commentaries in the section 

2.5 (refs 19 & 20).  

Comment 4. In what ways is the BCW intervention expected to have a positive 

impact on patients with type 2 diabetes? I would like to have you present a 

hypothesis. 

This study tried to demonstrate the hypothesis that an educational intervention was 

effective in improving dietary and physical activity behaviors in people diagnosed with type 

2 diabetes (T2DM). 

Also, as a hypothesis and according to the BCW, the acquisition of knowledge and the 

support of nursing professionals should be effective in improving psychological capacity, 

motivation, and social opportunity. Therefore, improving these determinants would 

contribute to improving behaviors. 

The hypothesis that this research presents is the effectiveness of an educational intervention 

based on the BCW model for individuals diagnosed with T2DM targeting dietary and 

exercise behavior and developed and implemented by Primary Care nurses. Secondly, we 



evaluated the influence of the intervention on motivation, social opportunity, HbA1c, and 

body composition. 

Comment 5. The method of grouping subjects is unclear. Please show in detail how 

it was assigned to 2 groups (IG, CG). 

In section “method”(page 4) we wrote: “A non-probabilistic sampling strategy was used to 

avoid cross-contamination between groups, considering the healthcare center where they 

were treated as a randomization unit, between two groups: intervention group (IG) and 

control group (CG)”. We consider that it is explained already.  

Comment 6. The questionnaire Motiva.Diaf-DM2 [22] has 20 questions (14 diets, 6 

exercises), but 17 items (11 diets, 6 exercises) are used in this study. Please provide 

details of the items used and why they were limited to 17 items. 

Thanks to the comment of the reviewer we found an erratum in the original work where 

the development of the questionnaire was published. Psicothema´s editor was informed. 

The original paper (page 119) includes the following text “Except for item 1, which had a 

factor loading of .27, all items had factorial weights > .30. Values between .30 and .50 are 

commonly accepted in the literature (Izquierdo, Olea, & Abad, 2014) and, consequently, no 

items were eliminated”. What really must include is this “Values between .30 and .50 are 

commonly accepted in the literature (Izquierdo, Olea, & Abad, 2014) and, consequently 

items 1, 8 & 13 were eliminated”. 

 

7. The method of the intervention in each of the two groups is unclear. This 

information is important, and thus please describe the intervention method in 

detail separately for IG and CG. I recommend you to describe BCW in detail, which 

is the basis of the intervention method in this study, in the text. Also, it would be 

easier to understand if you show the flow of the intervention protocol in a diagram. 

Thanks for the suggestion. In this case we consider that epigraph 2.5 describes in detail the 

intervention, which allows, along with the information from Table 1, the understanding of 

its development. However, we have made a more succinct description.  

 

8. It is unclear what Figure 1 shows. Please enter the item name and unit on the 

vertical axis and add a description for the abbreviation. If the graph shows the 

mean values for each group, you need to show error bars such as standard deviation 

or standard error. Which is the same in Fig. 2. 

Thanks for the recommendations. Data and text have been added to the figure. 

 

10. It is unclear what Table 3 shows. Please provide a concrete explanation of what 

the score indicates and the content of the "Agreed Recommendations". Also, please 

add it in the text. 



Text in table 3 has been modified according with the text that appear in page 9 of the 

manuscript. 

 

 

12. Although there is no statistically significant difference at baseline in this study, 

IG is highly educated compared to CG, has a short duration of diabetes, has a high 

proportion of oral drug therapists, and has a large social support system for diet. 

Didn't these differences affect the results of this study? It is also recommended to 

consider whether changes in medication in each group affected the study results. 

In addition, it is recommended to perform multivariate analysis such as multiple 

regression analysis and logistic regression analysis to adjust confounding factors 

such as age, gender and educational background. 

Regarding the first question raised by the reviewer about the verification of the non-

existence of statistically significant differences between the two groups, it is understood that 

both groups can be considered equivalents. It is however true, as the reviewer points out, 

that from a descriptive point of view there are some differences between the groups, but 

the authors consider such differences not to be qualitative relevant nor do challenging to 

the results. Regarding medication, no change related to therapeutic regimens has been 

registered. 

 

Following the recommendations made by the reviewer, multiple regression series were 

included using stepwise procedures [dependent: diet, physical activity or HbA1c post-

intervention; independent variables: diet, physical activity or HbA1c pre-intervention (as 

applicable), sex, age, time since diagnosis and educational level]. The variables observed by 

the reviewer are not included in the final models because, as such results point out, 

variables did not impact on the model. 

 

 



 
 

13. Page 8, Line 15: Finally, Student's t was used to analyze the impact of the 

intervention on HbA1c and BMI. Why isn't the analysis of HbA1c and BMI a mixed 

ANOVA? 

Done. Table 4 & 5 have been deleted, and a new figure has been added.  

  

14. Were there any major treatment changes in IG and CG that would affect HbA1c 

at 6 months? 

No changes in medication were registered during the study period time. 

 

15. In this study, a questionnaire was used to see changes in the degree of 

compliance with diet and exercise therapy. But it is desirable if changes in actual 

dietary intake and physical activity be evaluated quantitatively. A discussion on this 

point should be done and add it to the limitations of research. 

As indicated by the reviewer, there are other methods to evaluate changes in dietary habits, 

as well as other methods to assess physical activity performance. Quantifying the changes 

is an option using, for example, an FFQ or a diary, but we consider that the aim of the 

research was successfully assessed using the Motiva.Diaf DM2 (MMDM2) questionnaire. The 

reasons were: it responds effectively the aim of our research; it guarantees the feasibility to 

develop the research; and it is adequate to be used by the participants; specifically by type 

2 diabetes patients.  

 

16. Page13, Line 12: "In relation to BPNs, an improvement was observed in those 

specifically targeted during the exercise intervention." This sentence shows that 

exercise BPN had a positive effect on BPN. Why couldn't similar results be achieved 

with dietary BPN? 

That is a good comment. We had the same question after developing the analysis. We are 

going to develop more research to clarify this point and others that we consider need to be 



clarified. We added a commentary in appendix 6 (implications for clinical practice and 

research).  

Minor issues. 

Minor Comment 1, 4 & 5. There are two abbreviations for Behavior change wheel, 

BCW and BGC, so please unify them to either one. The description of Control group 

is CG in the text, but both CG and GC are mixed in the chart. Please unify to either. 

In addition, it is recommended to unify the notation of IG and CG in figures and 

tables by showing them in the order of IG and CG. It is recommended to use T2DM 

as the abbreviation for type 2 diabetes is generally T2DM.  

Change incorporated. Thank you. 

  

Minor Comment 2. In this paper, it seems that body composition is defined as BMI, 

but in general, body composition refers to the constituents of the human body such 

as body fat percentage, skeletal muscle mass, bone mass and body water content. 

Therefore, it is recommended to change the notation such as body weight instead 

of body composition. 

Thanks for the comment. We changed the term composition for weight. 

 

 

Minor Comment 6. Please add information such as acknowledgments, author 

contributions, and whether you have received research grants. 

Thanks for the suggestions. This information was added after conclusions.  

 

 

 

Reviewer #4:  

This article discusses the efficacy of an educational intervention based on the behavior 

change wheel for individuals with type 2 DM in a Spanish region. Patients were 

randomized to intervention or standard of care and results like adherence, exercise, A1C 

and BMI were collected at 6 months. Patients on the intervention group had a significant 

improvement on the outcomes. 

 

This article benefits from an English revision. For example, what does it mean DM is a 

non-committable disease? there are many other passages with similar issues. 

 

In the introduction it is important to mention that we should aim for behavior 

interventions that are sustainable to be able to make long-term lifestyle changes. 

there is no mention if the authors would plan to offer this type of intervention on 

the long-term for the patients. what is the main goal?  



We agree. Due to the design this research (pilot design) the aim was to analyze the 

effectiveness of an educational intervention. Additionally, we indicate in epigraph number 

6 that future RCTs are going to be implemented, using the same design and theoretical 

framework, to reinforce the results observed.  

 

Offer this behavioral intervention a regular basis when patients return for follow 

up appointments? 

 

The results are going to be presented to the Health authorities to suggest the 

implementation of the intervention as usual care in Primary Care Centers. Nonetheless, 

due to COVID pandemic we had to delay the presentation of the results as well as the 

suggestion.  

  

It is well known that behavioral changes benefit the patients and lead to positive 

results. In fact all patients should receive this type of intervention and this is well 

documented in the literature. While we all agree that lifestyle interventions should 

be one of the most important intervention for patients with DM I don't believe this 

study brings much more new evidence on this topic. The authors could pivot and 

explain that this type of behavioral intervention is easy to deliver, low cost, and 

well-received by the patients and can be coupled with regular doctor visits. lot's of 

available interventions are very costly and demanding to the patients. If this type 

of intervention can be coupled with the regular doctor visit it may be worthwhile. 

Thanks for the comment. We added the suggestion to epigraph number 6. 

 

it was not clear on table 2 the time to the diagnosis. was that on months or years? 

this study would be more impactful if the inclusion criteria was for patients recently 

diagnosed with diabetes. the results would also be more impactful if patients had 

started with a higher A1C from the beginning. 

We modified the table number 2. We clarified the aspect suggested by the reviewer and 

added information related to HbA1c.  

 

 

could the authors comment on the importance of figure 1 and figure 2. not sure if 

really adds to the article. 

We agree. Figures 1 and 2 were redundant following the results presented in page 8. Their 

aim is to facilitate a visual interpretation of the interactions, but obviously they could be 

deleted.  

On the discussion the authors state that the reduction of the A1C and BMI 

contributed to reducing the risk of complications. while this may be possible on the 

long-term if patients maintain a healthy lifestyle this study is not powered to state 



that the risk of complications of type 2 DM  

while I agree with the importance of implementing programs aimed at improving 

dietary behavior/exercise... at no point the authors discussed the effects of this 

intervention on the long-term. can we extrapolate that this behavioral intervention 

will affect patients on the long-term?  

Thanks for the suggestion. That is true and we will rewrite the text where the affirmation 

appears.  

Are the authors planning to do another study. will they follow patients long-term. 

We all know that lot's of intervention can be successful on the short term but once 

done patients go back to previous lifestyles. are the authors considering this type 

of intervention as standard of care for all patients of diabetes? if not, which subset 

of the population would benefit the most? for how long this type of intervention 

should last? and the implementation  

on the implications for clinical practice and research I would say it would be very 

important to follow this patients longer than 6 months, proceed with future RCTs 

looking beyond a 6 month time frame to make sure these changes are sustainable. 

 

Yes, we developed the pilot test as methodology. Nonetheless, as we indicated above, we 

are planning to develop more research in the future. Following the results presented in the 

study, we are going to contact to the health authorities and get authorization to implement 

the design in all primary health centers of the region, which would potentially give us access 

to more than 7000 persons diagnosed with Type 2 Diabetes for a long period time.  

     



Aim: The purpose of this study was to assess the efficacy of an educational intervention based 

on the Behavior Change Wheel (BCW) framework for individuals with type 2 diabetes mellitus 

(DM2) on dietary and exercise behavior in a Spanish region.  

Methods: A two-arm pilot research was developed. The intervention consisted of a 6-month 

period with guidelines and 4 in-person interventions. The outcome was changes in behaviors, 

motivation, competence, autonomy, social support to implement the recommendations, HbA1c, 

and body composition.  

Results: n=111 patients were recruited. Individuals in the intervention experienced a 

significative improvement on adherence to dietary recommendations (+1.23; p=0.026), exercise 

(+0.86; p=0.001), and a decrease in HbA1c levels (-0.6%; p=0.002) and BMI (-0.73; p<0.001).   

Conclusion: The intervention for DM2 individuals, based on the BCW framework, developed, 

and implemented by primary care nurses has been effective in improving the adherence to 

healthy eating, exercise, HbA1c levels, and body composition. 
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Methods: A two-arm pilot research was developed. The intervention consisted of a 6-

month period with guidelines and 4 in-person interventions. The outcome was changes in 

behaviors, motivation, competence, autonomy, social support to implement the 

recommendations, HbA1c, and body composition.  

Results: n=111 patients were recruited. Individuals in the intervention experienced a 

significative improvement on adherence to dietary recommendations (+1.23; p=0.026), 

exercise (+0.86; p=0.001), and a decrease in HbA1c levels (-0.6%; p=0.002) and BMI (-

0.73; p<0.001).   

Conclusion: The intervention for DM2 individuals, based on the BCW framework, 

developed, and implemented by primary care nurses has been effective in improving the 

adherence to healthy eating, exercise, HbA1c levels, and body composition. 

 

Keywords:  Diabetes Mellitus, Type 2; Diet; Exercise; Health Education 

 

 

1. Introduction 

Diabetes Mellitus (DM) is a non-committable disease that can be managed as a priority 

[1]. Globally, there are approximately 463 million of adults diagnosed with DM, and by 

2045 this number will rise to 700 million [2]. Among the different types of this disease, 

type 2 diabetes mellitus (DM2) is the more frequent, representing 90-95% of the total 

cases [3]. 

 

Individuals diagnosed with DM2 are more at risk of developing cardiovascular diseases 

[4,5], nephropathies, retinopathies, neuropathies, and amputations [6]. With the aim of 

avoiding these complications, a good glycemic control is essential [3], the most 

commonly used indicator of which is glycated hemoglobin (HbA1c). 
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A healthy lifestyle has an impact on this control [7]. There is enough evidence to 

confirm that HbA1c levels can be lowered with a healthy diet [8,9], maintaining an 

adequate weight [10] or exercising regularly [7,8]. Moreover, interventions that improve 

these behaviors are effective in glycemic control and the reduction of cardiovascular 

risk [12,13], especially when both behaviors are targeted [14] and are motivating for 

patients [15,16]. 

 

The efficacy of behavioral interventions depends greatly on an adequate design and 

implementation. It is therefore essential to develop interventions in an effective 

theoretical framework [17], as the Behavior Change Wheel (BGC) [18], which has 

proven effective in both the design and the evaluation of behavioral interventions [19, 

20], some of them successfully implemented in Primary Care [21]. 

 

Since a lifestyle that includes a healthy diet and exercise is associated with good 

outcomes for DM2 patients, Primary Care is essential in Spain—as they are in charge of  

monitoring individuals with DM2—; and no intervention with the BCW framework has 

been found in Spain, we chose to carry out the present study with the aim of analyzing 

the effectiveness of an educational intervention based on the BCW model for 

individuals diagnosed with DM2 targeting dietary and exercise behavior and developed 

and implemented by Primary Care nurses. Secondly, we evaluated the influence of the 

intervention on motivation, social opportunity, HbA1c, and body composition. 

 

2. Methods 

2.1. Study setting and selection criteria 
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This was a two-arm pilot research, developed between March 2018 and June 2019, in 

individuals diagnosed with DM2 from 4 health care centers in the sanitary area 3 of the 

Principality of Asturias (Spain). Measurements were taken at baseline and at 6 months 

post intervention, in both arms. 

 

The study included individuals over 18 years of age, who voluntarily chose to 

participate, were fluent in Spanish, were receiving care during the time of the study at 

the selected healthcare centers and suffered no terminal diseases or severe psychiatric 

disorders. 

 

One hundred and twenty individuals (120) met the criteria and were invited to join the 

study. Of these, 9 (7.5%) chose not to participate: 2 because they lacked the time, 2 

because they did not feel empowered to participate, 1 because they did not trust the 

usefulness of the research, and 4 because they were not interested. 

 

A non-probabilistic sampling strategy was used to avoid cross-contamination between 

groups, considering the healthcare center where they were treated as a randomization 

unit, between two groups: intervention group (IG) and control group (CG). 

 

In this study, structured group education was an independent variable, and the 

recommendations related to diet and exercise, motivation, competence, autonomy, 

social support for healthy eating and exercise, HbA1c, and body composition were 

dependent variables. 

 

2.2. Data collection 
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Data was collected before (Pre-intervention) and 6 months after the beginning of the 

intervention (Post-intervention) by 5 nurses from our research group, who previously 

studied and rehearsed the data collection protocol and intervention with the aim of 

homogenizing the process and avoiding biases. 

 

2.3 Information related to behavioral recommendations, competences, autonomy, and 

social support 

The questionnaire Motiva.Diaf-DM2 [22] was used to analyze adherence to and 

motivation of behaviors linked to healthy eating, exercise, and information related to 

personal variables. The questionnaire has three parts: 

 

The first one collects data on sociodemographic, personal, and the individual’s disease: 

sex, age (at the beginning of the study), level of education, time since DM2 diagnosis, 

and type of treatment. 

 

The second part includes 17 questions (11 about diet, and 6 about exercise) with the aim 

of measuring adherence to behavioral recommendations. The answers to each of these 

recommendations was dichotomic and analyzed as such (follows recommendation=1; 

doesn’t follow recommendation=0). Additionally, participants from the IG were asked 

during Pre-intervention to note the number of recommendations they wanted to achieve 

(agreed recommendations) and the number of achieved recommendations was registered 

in Post-phase. 

 

The last part of the questionnaire includes questions related to the degree of satisfaction 

of basic psychological needs (BPNs) (competence, autonomy, and social support) for 
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each behavior ranging from 0 (worst level of satisfaction) to 4 (best level of 

satisfaction). Scores of competence and autonomy were considered indications of 

capacity and motivation, and social support and the number of visits to Primary Care 

nurses, as indicators of social opportunity. 

 

2.4 Information related to HbA1c and body composition 

Anthropometric measurements of weight (kg) and size (m) were performed to calculate 

body composition according to the Body Mass Index (BMI): “BMI= weight (kg)/size2 

(m).” 

 

Determination of HbA1c levels was obtained with venous blood work and interpreted 

quantitatively (levels from blood work) and qualitatively (control number ≤ 7%; control 

number >7%) [23]. 

 

2.5 Educational Intervention 

IG patients received a 6-month educational intervention designed according to the BCW 

framework [18] delivered by the nurses in our research group involving dietary and 

exercise habits. Interventions on psychological capacity, automatic and reflective 

motivation for diet, and psychological and physical capacity, autonomic and reflective 

motivation for exercise (Table 1) were specifically targeted. The usual care was 

delivered to CG patients. 

 

The intervention included the administration of written guidelines specifically designed 

for the study. The content, validated by DM2 experts and by individuals diagnosed with 

DM2, selected with the same criteria in the study, was elaborated according to the 



 7 

behavioral recommendations included in the Motiva.Diaf-DM2 [22] questionnaire. 

Also, nursing professionals in the team made verbal recommendations to the 

participants, which included a standardized part for all patients, and a customized one 

for each individual’s specific needs. 

 

The different activities of the intervention were developed in 4 nursing visits at the 

healthcare center, lasting between 10 and 20 minutes each. In the first visit, coinciding 

with the start of the study, patients were explained the aim of the study and their 

collaboration was requested. Those who expressed their intention to participate signed 

the informed consent form. Subsequently, they were measured (anthropometric 

measurements), blood work was performed, and they filled out the questionnaire 

(baseline measurements). 

 

In the second visit, 1 week after the first one, guidelines were administered to the 

participants and the nurses provided information about the importance of diet and 

exercise for a good management of DM2 with an educational-persuasive intervention. 

Likewise, the recommendations to be achieved during the intervention were agreed 

upon with each patient. 

 

In the third visit, 3 months after the start of the program, adherence to behavioral 

recommendations was reviewed, facilitators and barriers encountered were analyzed, 

and progress was positively reinforced. 

 

In the last visit, 6 months after the beginning of the program, anthropometric 

assessments and blood work were repeated, participants filled in a questionnaire (Post) 
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and the achievement of the objectives agreed upon at the beginning of the study was 

evaluated. 

 

In all the visits, both in the 4 programmed visits and in those requested by the 

participants, the nurses answered any doubts raised by individuals in relation to DM2. 

 

2.6. Data Analysis 

Percentages, means, and standard deviations (SD) were calculated for the description of 

each individual’s characteristics in the sample according to the nature of the variables. 

The assumption of normality was checked using the Kolmogorov-Smirnov test, and 

after corroborating it was met, the corresponding parametric tests were used. 

 

Mixed ANOVA intervariability analysis (between-subject factors: intervention with two 

levels, CG and IG) and intravariability analysis (within-subject factors: time with two 

levels, Pre-intervention and Post-intervention) were performed to determine the impact 

of the intervention on behavioral recommendations and BPNs. The Pearson correlation 

coefficient and the Kappa index were used to calculate the association among agreed 

recommendations. Finally, Student’s t was used to analyze the impact of the 

intervention on HbA1c and BMI. 

 

Analyses were performed using IBM® SPSS® Statistics version 24.0 software. 

 

2.7. Ethical considerations 

This study was approved by the Clinical Research Ethics Committee of the Principality 

of Asturias (numbered 16/18). 
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3. RESULTS 

3.1 Population included in the study 

The sample was constituted by 111 participants, 63 (56.76%) belonged to the IG, and 

48 (43.24%) to the CG. The characteristics of the study population are shown in Table 

2. 

 

Of the 111 individuals initially included in the study, 106 finished the study, observing 

an abandonment rate of 4.5% (n=5; 4 from the IG and 1 from the CG). 

 

3.2 Impact of the intervention on behavioral recommendations 

In the Post, CG participants achieved a mean of 9.43 dietary recommendations 

(SD=1.612), and 2.11 (SD=1.645) exercise recommendations. In the IG, 9.78 

(SD=1.415) and 2,47 (SD=1.490) for diet and exercise, respectively. 

 

Mixed ANOVA intervariability analysis (intervention with two levels: CG and IG) and 

intravariability (time with two levels: Pre-intervention and Post-intervention) were 

performed. For the diet, F=5.074 (p=0.026; Cohen’s d=0.444-intermediate effect) for 

interaction, and F=22.773 (p<0.001; Cohen’s d=0.937- strong effect) for intravariability 

(Figure 1). For exercise, F=11.958 (p=0.001; Cohen’s d=0.678- intermediate effect), 

and F=10.986 (p=0.001; Cohen’s d=0.648- intermediate effect) for intravariability 

(Figure 2).   

 

IG participants agreed to achieve an average of 1.24 (SD=0.773) recommendations 

during the time of the study, of which they finally achieved 0.88 (SD=0.311) (r=0.788; 
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p<0.001). As seen in Table 3, 66.10% of the agreed recommendations were achieved 

(k=0.495, moderate degree of agreement; p<0.001). 

3.3 Impact on competence, autonomy, and social support 

Mixed ANOVA analysis for diet and exercise separately only showed significative 

differences in relation to the intervention, competence, and autonomy for exercise. 

For dietary behavior, for competence F =0.025 (p=0.874) for interaction, and F=0.822 

(p=0.367) for intravariability; in the case of autonomy, F=0.853 (p=0.358) for 

interaction, and F=2.546 (p=0.367) for intravariability. In the case of social support, 

F=0.021 (p=0.884) for interaction, and F=2.472 (p=0.119) for intravariability.  

For the BPNs related to exercise, for  competence F= 4.941 (p=0.029; Cohen’s d=0.449, 

intermediate/low effect) for interaction, and F=0.058 (p=0.811) for intravariability; in 

autonomy F=5.128 (p=0.025; Cohen’s d=0.459, intermediate/low effect) for interaction, 

and F=0.197 (p=0.658) for intravariability; and in the case of social support from the 

environment F=1.445 (p=0.232) for interaction, and F=0.015 (p=0.903) for 

intravariability. 

The mean numbers of DM2-related nursing visits requested by the participants were of 

0.30 (SD=0.976) and 1.10 (SD=5.162), for the CG and IG respectively, with no 

statistically significant differences found between the two groups (t=1.052; p=0.295). 

3.4 Impact of the intervention on HbA1c and body composition 
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The average HbA1c value in Pre-intervention was 6.89 (SD=1.095), and 6.75 

(SD=0.959) in Post-intervention (t=1.300; p=0.200) for the CG. In the IG, mean HbA1c 

decreased significantly from 7.16 (SD=1.701) in the Pre-intervention to 6.56 

(SD=0.935) (t=0.200; p=0.002) in Post-intervention (table 4).  The percentage of 

controlled HbA1c in the CG was 70.2% and 68.1% in Pre-intervention and Post-

intervention respectively (p=1.000). In the IG it increased from 62.7% to 83.1% 

(p=0.008). 

 

As shown in Table 5, body composition of IG participants decreased significantly 

during the intervention, with this decrease being very significant. 

 

4. Discussion 

The current pilot study assessed the effect of an intervention based on the BCW, 

developed in primary care settings, versus usual care in adults with DM2, exploring 

various behavioral and clinical outcomes. IG members experienced an improvement in 

adherence to recommendations for both behaviors, in the capability related to exercise, 

in the HbA1c and BMI values. Therefore, proving the effectiveness of the intervention. 

 

It should be noted that both in terms of participation, similar to or higher than that 

observed in previous studies with similar characteristics [24, 25], and the percentage of 

abandonment, lower [26, 27] or similar [25] to that of previous studies, were very 

satisfactory, which highlights the viability of the intervention. 

 

The number of recommendations achieved by participants was very positive and 

consistent with the results of previous studies [27-29]. Including both behaviors in the 
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intervention may be one of the reasons that could influence the results. According to 

Huang et al., [14], intervening both behaviors simultaneously is often more effective 

than targeting each behavior separately.  

 

Another circumstance that may have influenced the success of the intervention was the 

inclusion of in-person interaction, so that the nurse could assess the specific needs of 

each participant. Previous studies show that the fact that a professional, whom patients 

consider a reference, who guides and orients them towards the achievement of 

objectives contributes significantly to the achievement of the objectives [26]. On the 

other hand, the information contained in the guidelines given to the participants could 

have also had an influence. This combination of personal intervention with written 

material has demonstrated to be effective in previous studies among adult patients with 

chronic diseases, on the same behaviors, in the community in which this study was 

carried out [30] and in populations diagnosed with DM2 [31].   

 

Michie et al. [32] indicate that a credible source’s persuasive action and education 

influence the motivation and the enablement, sources of behavior that influence the 

adoption of healthy behaviors. It is important to remember that behavior change is more 

likely to happen when people diagnosed with DM2 are motivated [33]. Therefore, 

education and persuasion by the nurses in the intervention, as well as the establishment 

of a professional-patient commitment through a commitment to a specific number of 

recommendations, could have contributed to motivating the participants hence 

improving adherence to the recommendations. 
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Another aspect to highlight which contributed to the effectiveness of the intervention 

has been the active participation of patients throughout the process. The design used 

was based on previous experiences in which patients participated in collaborative 

problem solving, identification of needs or commitment to change, [28]. In addition, the 

literature suggests that diabetes experts support the involvement of patients in their own 

care [34], which in turn is associated with improved outcomes for interventions [35]. 

Two notable achievements are the reduction in HbA1c and BMI levels experienced by 

IG participants. Based on this, it could be said that the results have contributed to 

reducing the risk of complications in the IG, since, as previous findings suggest, 

adequate glycemic control [36-38] and maintaining an adequate weight [39] or 

decreasing it [40, 41] reduces the risk of complications related to DM2. 

In relation to BPNs, an improvement was observed in those specifically targeted during 

the exercise intervention. Particularly, competence and autonomy, indicators of 

capability and motivation, but not social support. This finding is not surprising since the 

intervention only included nursing visits for participants if necessary, an option already 

available in Primary Care, and no other actions of recognized effectiveness were carried 

out, such as changes in the context [42], elimination of barriers [43] or the promotion of 

family support [43, 44]. 

The overall analysis of the results corroborates the importance of implementing 

programs aimed at improving dietary behavior and exercise performance in people 

diagnosed with DM2 as a strategy to improve glycemic control and reduce the risk of 

complications [12-14]. 
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5. LIMITATIONS

While the piloting has been effective, interventions on important sources of behavior for 

behavioral change, such as social and physical opportunity, social and/or environmental 

variables, have not been included. On the other hand, the inclusion of patients from a 

limited geographical area prevents us from extrapolating the results to other locations. 

6. IMPLICATIONS FOR CLINICAL PRACTICE AND RESEARCH

This pilot study suggests the possibility of completing the model of care received by 

patients diagnosed with DM2 with an intervention on diet and exercise, which combines 

face-to-face interventions and the delivery of written information in order to improve 

behavioral adherence, HbA1c and BMI levels, and thus contributes to better outcomes. 

In order to contrast these results, future RCTs should be implemented, using the same 

theoretical framework, in order to reinforce the results observed. 

7. CONCLUSIONS

The intervention for patients diagnosed with DM2, based on the BCW model and 

developed and implemented by Primary Care nurses, has been effective in improving 

adherence to healthy eating, exercise, HbA1c levels and body composition.   
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Fig. 1- Mean number of dietary recommendations Pre-intervention and Post-

intervention for CG and IG separately.  
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Fig. 2- Mean number of recommendations related to exercise Pre-intervention and 

Post-intervention for CG and IG separately. 
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Fig. 2- Mean number of dietary recommendations Pre-intervention and Post-

intervention for CG and IG separately. 



Fig. 3- Mean number of recommendations related to exercise Pre-intervention and 

Post-intervention for CG and IG separately. 



Fig. 4- Mean number of HbA1c value Pre-intervention and Post-intervention for CG 

and IG separately. 
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