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An existing systematic review and meta-analysis found a significant reduction in glycemic levels for adults with type 2 diabetes who received a psychological intervention over control conditions. To help develop effective interventions in the future, there is a need to understand the active ingredients which underpin these psychological interventions. We conducted a secondary meta-analysis including 67 randomized controlled trials (RCTs) reported in English. We reviewed the psychological intervention descriptions of the included studies of the existing review and extracted the behavior change techniques (BCTs) according to the BCT taxonomy (BCTTv1). We also extracted information on primary behavioral target versus primary outcome, and presence of fidelity assessment. The most frequent BCTs across RCTs were ‘social support (unspecified)’ (n=50), ‘problem solving’ (n=38) and ‘goal setting (behavior’) (n=30). These BCTs were independently associated with a significant reduction in glycemic levels (HbA1c) compared to control conditions, but not significantly different from studies that did not include these BCTs. Meta-regressions revealed no significant associations between HbA1c, and psychological intervention category (counselling versus cognitive behavioral therapy interventions) (p=0.84), frequency of BCTs per psychological intervention (p=0.29), primary behavioral target versus primary outcome (p=0.48), or presence of fidelity assessment (p=0.15). Social support (unspecified), problem solving, and goal setting (behavior) could be useful BCTs to develop psychological interventions for people with type 2 diabetes to improve glycemic levels. However, more research is required to understand which combination of individual BCTs are most effective for this population.


Systematic Review Registration

Registered with the international prospective register of systematic reviews registration (PROSPERO) CRD42016033619.
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Introduction

Psychological factors such as depressive symptoms (1), anxiety (2), and diabetes distress (3) can negatively impact type 2 diabetes self-management activities such as diet, exercise, optimal medication-taking behavior, and self-monitoring blood glucose. Psychological interventions are offered to people with type 2 diabetes to address these psychological factors to improve self-management. Optimal self-management of type 2 diabetes leads to normalizing glycaemia to reduce the risk of life-changing long-term diabetes complications (4). Systematic reviews of randomized controlled trials (RCTs) provide evidence that psychological interventions such as cognitive behavioral therapy and counselling (e.g. motivational interviewing) are associated with an improvement in glycemic levels for people with type 2 diabetes (5–8). In these reviews’ facilitators were trained in psychological techniques (an inclusion criteria of studies e.g. cognitive behavioral therapy, motivational interviewing etc.). Psychological interventions differ from educational or behavioral interventions for people with type 2 diabetes, for example DESMOND (9) and X-PERT (10), where facilitators are not trained in psychological techniques and therefore might not be able to adequately address psychological problems that are barriers to optimal self-management. Behavioral interventions predominately target behavior, and not always psychological issues. However, due to the nature of diabetes self-management, psychological interventions not only aim to address psychological issues, but often target behavior as well. Therefore, it is likely that psychological techniques and behavior change techniques are present in psychological interventions.

The most recent of these reviews, Winkley et al. (5), was a systematic review and meta-analysis of psychological interventions to improve glycemic levels (HbA1c) in adults with type 2 diabetes, searching the literature from 2003-2018. N= 94 RCTs met eligibility criteria and n=70 studies were suitable for pooling. There was a small significant reduction in HbA1c (SMD=−0.19, 95% CI =−0.25 to −0.12). This had limited clinical effectiveness in improving HbA1c, an absolute reduction of 3.7 mmol/mol, where 4 mmol/mol is the consensus minimal reduction to reduce risk of long-term diabetes complications (11). Authors speculate there is an issue with limited fidelity assessment, so we do not know whether psychological techniques are delivered as intended, or whether intervention facilitators were competent at delivering these techniques. Additionally, there is need to examine the primary target focus of each individual study as well as understand the specific components of the interventions i.e. the active ingredients present in the psychological intervention.

Psychological interventions such as counselling (e.g. motivational interviewing) or cognitive behavioral therapy, as coded in Winkley et al. (5), are potentially broad in definition. Coding psychological interventions using more specific components such as behavior change techniques (BCTs) increases the probability that future treatments will be more effective owing to certainty around which techniques are the active ingredients of the intervention (12). BCTs can be defined as small, observable and replicable components of an intervention which can lead to a change in behavior in an individual or group of people. The Behavior Change Technique Taxonomy version 1 (BCTTv1) comprises of 93 BCTs (12). The BCTTv1 is a hierarchical taxonomy developed with 54 experts from 7 countries (from psychology, behavioral medicine and health promotion fields) through a series of consensus exercises. The use of these BCTs allows for a standardized language amongst health researchers and healthcare professionals when designing interventions and reporting findings. This ensures that the interventions can be replicated, therefore improving fidelity of delivery, and evaluation (13). There is limited understanding of which BCTs underpin psychological interventions aiming to improve glycemic levels for people with type 2 diabetes. Identifying these BCTs in the intervention design would mean intervention facilitators are more likely to be trained in these techniques, therefore techniques are more likely to be delivered as intended (14). This would then allow intervention developers to evaluate whether these active ingredients incorporated in their intervention are effective in reducing glycemic levels in people with type 2 diabetes.

There is some literature around BCTs and interventions to improve outcomes in people with type 2 diabetes. Studies found that higher frequency of BCTs used in behavioral interventions targeting physical activity and weight loss in type 2 diabetes was associated with greater improvement in glycemic levels (15) and weight loss (16). BCTs in dietary focused interventions that are associated with improved glycemic levels include: ‘instruction on how to perform a behavior’, ‘behavioral practice/rehearsal’, ‘demonstration of the behavior’, and ‘action planning’ (17). BCTs associated with reduced fat intake in type 2 diabetes were associated with ‘goals and planning’, including ‘goal setting’ and ‘review of behavior/outcome goals’ (16). A web-based intervention for people with type 2 diabetes which used the following BCTs were associated with improvements in behavior change, well-being or clinical parameters: ‘feedback on behavior’, ‘information about health consequences’, ‘problem solving’, and ‘self-monitoring of behavior’ (18). A qualitative analysis extracting BCTs from implementation interventions for people with type 2 diabetes (19) based on studies identified in a systematic review (20) found the most frequent BCT categories included: associations, natural consequences, shaping knowledge, antecedents, social support and goals and planning.

The current study was a secondary analysis of the Winkley et al. (5) systematic review and meta-analysis of psychological intervention which aimed to improve glycaemic levels for people living with type 2 diabetes. The Winkley et al. (5) review did not extract information on BCTs underpinning the psychological interventions, primary target behavioral domain, or fidelity assessment.

We set out the following objectives to expand on Winkley et al. (5)’s findings with the aim of examining which components of a psychological intervention are associated with improved HbA1c:
	- To code individual BCTs described in each individual study’s psychological intervention description, and to examine whether individual BCTs are associated with an improvement in HbA1c.
	- To extract the primary target behavioral domain of each study against its primary outcome, and whether these groupings are associated with improvement in HbA1c.
	- To extract how many studies reported fidelity assessment and examine whether presence of fidelity assessment was associated with improved HbA1c.




Methods

This study extracts individual BCTs from psychological intervention descriptions of an existing systematic review and meta-analysis (5) which was reported according to PRISMA guidelines and registered with PROSPERO, CRD42016033619. This study reports additional analyses which have not been previously reported.

The independent variables were individual BCTs (described at (https://digitalwellbeing.org/wp-content/uploads/2016/11/BCTTv1_PDF_version.pdf), frequency of BCTs per RCT, primary target behavioral domain versus primary outcome, presence of fidelity assessment, and the dependent variable was glycemic levels (HbA1c). Included studies were worldwide RCTs (n=67) reported in English from a published aggregate meta-analysis conducted between 2003-2018 (5).


The Initial Review

A detailed method section of the original review is reported elsewhere (5). Here we summarize describe characteristics of the original review:


Inclusion and Exclusion Criteria

In brief, the review included RCTs comparing psychological interventions (cognitive behavioral therapy, counselling e.g. motivational interviewing, and interpersonal psychotherapy) with a control intervention (usual care, attention control, waiting list, and diabetes education) measuring change in glycemic levels, HbA1c mmol/mol or %, in adults with type 2 diabetes. Data was extracted according to TIDieR guidelines (21) i.e. brief name, WHAT, WHY, WHO, HOW, WHERE, WHEN, HOW MUCH, and HOW WELL of the intervention.



Search Strategies

In brief, 6 databases were searched (MEDLINE, EMBASE, PsychINFO, Web of Science, CINAHL, CENTRAL) from January 2003 to July 2018, in addition to conference abstracts (Diabetes UK, American Diabetes Association, European Association for the Study of Diabetes, and International Diabetes Federation), ClinicalTrials.gov, and reference lists of included studies. Key terms were based on ‘diabetes mellitus’, ‘psychological therapies’ and ‘clinical trials’. Some of the included studies had behavioral or educational components, however, all included studies were defined as psychological based on the following criteria: 1) there was a therapeutic alliance between the intervention facilitator and person with type 2 diabetes; 2) the intervention facilitator had been trained in psychological techniques; and 3) the intervention was underpinned by psychological theory. Screening (title/abstract and full text) and data extraction was conducted by two researchers (RU & KW) and discrepancies resolved by a third (KI). References were managed in Endnote X8.




Secondary Analysis


Data Extraction

For this secondary analysis, two researchers (RU & DO) performed data extraction. We extracted individual BCTs from psychological intervention descriptions of studies (reported in English) included in the aggregate meta-analysis of the original review (5) and recorded the number of individual BCTs per study. To further assess mechanisms of action and heterogeneity of psychological interventions reported in the original review (5), for this paper we extracted the target behavioral domain (i.e. behavioral domain being targetted in the intervention, for example, diabetes self-management behaviors) against primary outcome of each individual study, which is recommended in the BCTTv1 training (22). For each individual study, we extracted whether a fidelity assessment was reported. Details on quality assessment are reported elsewhere (5).



BCT Coding Procedures

A data extraction table was prepared in Microsoft Excel. The researchers (RU & DO) were health psychology post-graduates and were trained via the online BCTTv1 training (22). BCT extraction was pilot tested on 10 studies independently and initial ratings were compared by researchers (RU & DO) to agree on interpretations and prevent future discrepancies. These studies were re-rated, and the remaining studies were independently coded before overall ratings were compared. A third researcher (KW) resolved any disagreements regarding individual BCT coding. Inter-rater reliability between the two researchers’ coders was calculated to determine agreeability and this was high (Cohen’s kappa=0.96).

The psychological intervention description was examined in detail from sources available: published papers, supplementary materials, or study protocols. From intervention descriptions, relevant individual BCT descriptions were copied into the data extraction table. The BCTTv1 was reviewed several times to identify correct individual BCTs to match the language used in the intervention description. In some cases, it was relevant to code more than one individual BCT to an intervention excerpt. Also, multiple examples from an intervention excerpt could be applied to one individual BCT. The BCT must have been related to the intervention target behavior or outcome hence BCTs were not coded with reference to research activity e.g. material reward for taking part in research (as opposed to material reward for engaging in the specific target behavior such as physical activity). Individual BCTs could be extracted from tables outlining interventions, in these cases full phrases or sentences were not extracted e.g. ‘action-planning’ but table text was required to match individual BCT taxonomy codes to be included (no inferences were made).

We did not extract BCTs from control group conditions as there was not enough detail to do so.



Data Analysis

Statistical analysis was conducted in STATA 15 (StataCorp, College Station, TX, USA). To gain enough statistical power for meta-regression analyses, five or more studies were required (23).

Meta-regression (24) was performed to determine the association between treatment effect (HbA1c) and study characteristics (individual BCTs [studies with and without individual BCTs], type of psychological intervention, frequency of BCT per psychological intervention, target behavioral domain versus primary outcome category, fidelity assessment). A sub-group meta-analysis was conducted to determine which individual BCTs were associated with improvement in HbA1c. Effect sizes (Cohen’s d) were pooled in a random effects meta-analysis of the standardized mean difference in HbA1c between baseline and follow-up (with reported 95% confidence intervals [CIs]) between psychological intervention and control group. Random effects models were used as there was an assumption that true effect sizes would vary between studies. Studies which reported more than one effect size, i.e. reported HbA1c at different time points, the time point closest to 12-month follow-up (from baseline) was extracted. Statistical heterogeneity, publication bias and statistical outliers were explored in the previous aggregate meta-analysis publication (5).

Moderator and mediators were not assessed in this secondary analysis. Risk of bias assessment was reported in the original review (5) and we did not control for this in the analyses of this study.





Results


Study Selection

Study selection is displayed in Figure 1. We analyzed 66 (listed in Table 1) out of the 70 studies synthesized in the original review (5). Out of the 70 studies, three studies were excluded as they were not reported in English (translators trained in BCTTv1 unavailable), these studies were reported in Spanish (n=1) (91) and Iranian (n=2) (92, 93). A further study was removed as it did not have sufficient text to describe the intervention and therefore no BCTs were extracted (94). This study was the only study to be categorized as ‘interpersonal therapy’ therefore the remaining studies included in this analysis are categorized as cognitive behavioral therapy or counselling.




Figure 1 | PRISMA flowchart for secondary meta-analysis of psychological interventions to improve glycaemic levels for adults with type 2 diabetes.



Table 1 | Study characteristics of studies included in meta-analysis of psychological interventions to improve glycaemic levels in type 2 diabetes.










Study Characteristics

All study characteristics are reported in Table 1, and more detail on study characteristic group categorizations and characteristics of individual studies are reported in the original review (5). Studies were conducted in Europe (n=25), North America (n=23), Asia (n=12), Australia (n=4), or South America (n=2).


Population

All studies reported psychological interventions targeting people living with type 2 diabetes (N=66).



Psychological Interventions

There were more counselling studies (n=44) than cognitive behavioral therapy (n=22) psychological interventions. Psychological interventions were delivered by diabetes specialists (n=30), psychology professionals (n=21), and other facilitators (n=14). The target behavioral domain of interventions was categorized as mood management (n=23) or diabetes self-management (n=43).



Control Condition

Control groups were usual care (n=48), attention control (n=15), diabetes education (n=3).



Outcome

The primary outcomes of individual studies were HbA1c (n=31), self-management (n=12), psychological (n=18), and biomedical (n=5).




Synthesis of Results


BCT Coding

Examples of how each BCTs were coded from psychological intervention descriptions is reported in Table S1. The following website provides BCT definitions and examples according to the BCTTv1: (https://digitalwellbeing.org/wp-content/uploads/2016/11/BCTTv1_PDF_version.pdf).

Individual BCTs which were reported in 5 or more studies (19 BCTs) are reported in Table 2. Overall, the most common BCT across studies which were associated with a significant reduction in HbA1c compared to the control condition included: ‘social support (unspecified)’ (n=50 RCTs, SMD=-0.17, 95% CI=-0.23, -0.10), followed by ‘problem solving’ (n=38 RCTs, SMD=-0.16, 95% CI=-0.24, -0.08), and ‘goal setting (behavior)’ (n=30 RCTs, SMD=-0.19, 95% CI=-0.31, -0.07), Table 3. Other individual BCTs that were associated with a significant reduction in HbA1c compared to the control condition included: ‘goal setting (outcome)’ (n=7, SMD=-0.21, 95% CI=-0.38, -0.03), ‘action planning’ (n=14, SMD=-0.14, 95% CI=-0.27, -0.01), ‘review of behavior goal(s)’ (n=7, SMD=-0.24, 95% CI=-0.40, -0.07), ‘feedback on behavior’ (n=9, SMD=-0.33, 95% CI=-0.64, -0.01), ‘self-monitoring of behavior’ (n=19, SMD=-0.28, 95% CI=-0.45, -0.11), ‘instruction on how to perform the behavior’ (n=18, SMD=-0.24, 95% CI=-0.40, -0.08), ‘reduce negative emotions’ (n=19, SMD=-0.18, 95% CI=-0.30, -0.06), and ‘framing/reframing’ (n=13, SMD=-0.28, 95% CI=-0.53, -0.04), Table 3. However, even though psychological interventions which included these individual BCTs were associated with significantly reduced HbA1c over the control condition, there were no significant differences in effect size between studies which included each individual BCT versus studies which did not include each BCT (Table 3).


Table 2 | Number of counselling and cognitive behavioral therapy studies which included each individual BCT.




Table 3 | Standardised mean difference in glycaemic control per individual BCT.



The most common individual BCTs in counselling studies were ‘social support’ (unspecified; 79.55%), ‘problem solving’ (52.27%), ‘goal setting’ (behavior; 45.45%), and ‘instruction on how to perform the behavior’ (31.82%), Table 2. There were similar most common individual BCTs present in cognitive behavioral therapy studies: ‘social support’ (unspecified; 68.18%), ‘problem solving’ (68.18%), ‘reduce negative emotions’ (63.64%), and ‘goal setting’ (behavior; 9.09%). A meta-regression found no difference in glycemic level effect size between counselling and cognitive behavioral therapy conditions (b=-0.17, 95% CI= -0.18, 0.15, p=0.84).

The range of individual BCTs per psychological interventions was 1-12 (Figure 2). One study reported using 12 individual BCTs in their intervention (36). The mean number of individual BCT per psychological intervention was 4.33 (SD=2.65). A meta-regression found no association between HbA1c and, frequency of BCTs per psychological intervention (b=-0.02 [95% CI=-0.05, 0.02], p=0.29).




Figure 2 | Number of individual BCTs per study.




Target Behavioral Domain Versus Primary Outcome Category

The target behavioral domain versus primary outcome were grouped for a meta-regression including the following categories (Table 1): mood management versus psychological outcome (n=17), mood management versus HbA1c outcome (n=6), self-management versus self-management outcome (n=12), self-management versus HbA1c (n=25), self-management versus biomedical outcome (n=5), and self-management versus psychological outcome (n=1). A meta-regression found no association between HbA1c and, target behavioral domain versus primary outcome category (b=0.113 [95% CI=-0.29, 0.03], p=0.48).



Fidelity Assessment

Fidelity assessment of the psychological interventions was present in 20 out of the 66 studies (Table 1) via expert observation or assessment of audio-tape recordings of psychological interventions. A meta-regression found no association between HbA1c and, presence of fidelity assessment (b=0.11 [95% CI=-0.04, 0.27], p=0.15).





Discussion

We conducted a secondary analysis of the Winkley et al. (5) systematic review and meta-analysis of psychological interventions to improve glycemic levels in adults with type 2 diabetes. We further extracted data on BCTs (from psychological intervention descriptions), target behavior domain versus primary outcome, and presence of fidelity assessment.

It was not possible to identify the most effective BCTs (compared to studies which did not include them) to improve glycemic levels for people with type 2 diabetes. However, the most frequently used BCTs which were independently associated with statistically significant improvements in glycemic levels (compared to control conditions) included: ‘social support (unspecified)’, ‘problem solving’, and ‘goal setting’ (behavior)’. These were the 3 BCTs which were most common for both counselling and cognitive behavioral therapy interventions. This may account for why no differences in glycemic level improvement were found between cognitive behavioral therapy and counselling interventions. Another reason for lack of differences between cognitive behavioral therapy and counselling interventions could be based on the categorization of psychological interventions in the Winkley et al. (5) review. Cuijpers et al. (95) discuss how psychological therapies work. For example, via specific effects that focus on the therapeutic approach and underlying theoretical model (e.g. cognitive therapy targets maladaptive cognitions, behavioral therapy targets maladaptive behaviors), or via common factors which are the commonalities between all therapies (e.g. therapeutic alliance). Cuijpers concluded that there is not enough evidence to determine which approach explains how therapies work. In the Winkley et al. (5) review, studies were included based on the later approach, i.e. common factors, and defined psychological interventions based on them having a therapeutic alliance between intervention facilitator and person living with diabetes. Future work in this area should consider how both therapeutic approach factors and common factors interact in a complex way, perhaps by involving different mediating variables.

Other BCTs which were independently associated with statistically significant improvements in glycemic levels (compared to control conditions) included: ‘goal setting (outcome)’, ‘action planning’, ‘review of behavior goal(s)’, ‘feedback on behavior’, ‘self-monitoring of behavior’, ‘instruction on how to perform the behavior’, ‘reduce negative emotions’, and ‘framing/reframing’. Other research with adults with type 2 diabetes examining the effectiveness of BCTs have similarly found improved outcomes using ‘instruction on how to perform a behavior’, ‘action planning’ (17), ‘goal setting’, ‘review of behavior goals’ (16), ‘feedback on behavior’, ‘problem solving’, ‘self-monitoring of behavior’ (18), and ‘social support’ (19). However, these studies did not investigate the association between psychological interventions and glycemic levels, and therefore our findings make a novel contribution to the literature.

We identified the mean number of individual BCTs per psychological intervention for people with type 2 diabetes was 4.33. There was no association between frequency of individual BCTs per psychological intervention and glycemic levels, therefore the optimal number of individual BCTs in a psychological intervention which improve glycemic levels for people with type 2 diabetes cannot be determined. This is a similar finding to a meta-regression in a study of behavioral interventions for obese adults where more BCTs were not associated with better outcomes (i.e. improving diet and/or physical activity) (96). Whereas other type 2 diabetes research has reported the opposite that the more BCTs used, the better the outcomes, but these did not include glycemic control (15, 16). In our analysis, the trial which reported the highest number of individual BCTs per psychological intervention did not have the largest effect size in improving glycemic levels (36). Again, supporting our conclusion that there is no association between frequency of individual BCTs and glycemic levels.

The Winkley et al. (5) review and this subsequent secondary analysis focused on glycemic levels as an outcome. We felt it did not make sense to exclude studies where glycemic levels are a secondary outcome for this analysis. Therefore, studies with different primary behavioral domain targets (e.g. self-management or mood management) and primary outcomes (HbA1c, self-management or psychological) were included. In our analysis, we grouped studies according to primary target versus primary outcome, and did not find any significant differences in effect size between groups in improving HbA1c. A reason for this could be that regardless of the primary target behavioral domain, e.g. self-management behaviors and mood management, both aim to indirectly improve glycemic levels. For example, a primary target might be physical activity and primary outcome is weight loss, where weight loss leads to decrease in insulin resistance which improves glycemic levels. Another example could be the primary target being mood management and primary outcome is reduction in depressive symptoms, this increases cognitive capacity to engage in self-management behaviors such as optimal medication taking behavior, which then leads to an improvement in glycemic levels.

Therapeutic alliance present in psychological interventions can conceptually separate behavior change interventions from psychological therapies. However, less than a third of studies reported fidelity assessment and therefore we were unable to determine whether intervention facilitators were competent at delivering therapeutic skills and BCTs or whether therapeutic skills and BCTs were delivered as intended. Even though our meta-regression revealed that there was no significant difference in HbA1c improvement between studies which did and did not report fidelity, this is still an issue. Other systematic reviews also note poor reporting of fidelity assessment (97, 98). For one nurse-led diabetes study which did assess fidelity (55), it was found that some psychological techniques were delivered in the control condition (99), indicating contamination of skills can be an issue with RCT results and subsequent interpretation. This also highlights the importance of fidelity assessment, so it is known which skills were delivered in the study conditions.


Why BCTs Might Be Effective in Psychological Interventions for People With Type 2 Diabetes

It’s important to understand why BCTs might be effective in reducing HbA1c in type 2 diabetes to provide insight for future intervention developers. Here, we focus on the three most common BCTs extracted in our analysis: ‘social support (unspecified)’, ‘problem solving’, and ‘goal setting’ (behavior).’

The positive benefits of social support for people with type 2 diabetes are well documented including improved HbA1c (100, 101), increased diabetes self-management, and optimal medication-taking behavior (100). There are two main hypotheses for why social support has a positive impact on physical and mental health. The ‘buffering hypotheses’ states that social support is protective during stressful events, so if a person has less or no social support then they are more susceptible to the negative impact of a stressful event (102) (e.g. in type 2 diabetes engaging in multiple self-management behaviors). However, ‘direct effects’ hypothesis says that people with high levels of social support have better health, irrespective of a stressful event (102). Both the size of a social support network and the quality (i.e. satisfaction) of social support can influence the impact (103). The ‘social support (unspecified)’ BCT extracted from our analysis was mainly referring to the use of cognitive behavioral therapy or motivational interviewing techniques. Therefore, social support coming from the intervention facilitator. Fidelity assessment can indicate the amount and quality of psychological techniques delivered (alluding to the quality of social support from facilitators also), however, the minority of studies in the review reported fidelity assessment.

Problem solving techniques were developed by D’Zurilla and Goldfried and work by alleviating psychological distress in response to a stressful event through improving coping skills (104). Problem solving is a learned behavior that involves generating strategies to overcome barriers to diabetes self-management, applying these strategies, then evaluating these strategies (105). Problem solving for people with type 2 diabetes has been found to improve self-efficacy, coping styles, and well-being (106); decrease in depressive symptoms (107); and improve HbA1c (107, 108). It is a useful technique for people with depressive symptoms and type 2 diabetes who have impaired problem-solving skills (109).

Goal setting aims to increase self-efficacy in self-managing type 2 diabetes (110). Goal setting theory suggests that if someone achieves their goal, then they experience success, but if they do not achieve their goal this leads to discontent (111). Goals should be specific in order to promote attainment (112), for example, setting “SMART” goals that are specific, measurable, attainable, realistic, and timely. Goal setting for people with type 2 diabetes is associated with improved self-management behaviors (110, 113), diabetes distress, depressive symptoms (114) and HbA1c (112).



Strengths and Limitations

A strength of this study is, by identifying which smaller components of psychological interventions (BCTs) improve glycemic levels, this ensures future development of psychological interventions for people with type 2 diabetes is more likely to be successful in improving glycemic levels. Another strength is at least two researchers were involved in the research process with high levels of inter-reliability indicating consistency in screening full-text papers and coding BCTs. Therefore, there is confidence that other researchers could replicate these methods and obtain similar results. However, during data extraction phase of our study, some psychological intervention descriptions were unclear. It is possible that not all relevant BCTs were extracted due to lack of reporting, quality of studies in discussed in more detail elsewhere (5). There were many individual BCTs that were not coded or common across psychological interventions, interventionist should consider using the BCT taxonomy for guidance when designing novel interventions, to improve reporting of such interventions and to help examine which active ingredients lead to improving outcomes. Interventionists should also be aware that psychological interventions are more than a sum of its parts i.e. BCTs, therapeutic alliance cannot be measured using BCTs, therefore, the way in which BCTs are delivered in psychological interventions needs to be considered.

This analysis did not code which BCTs underpinned the control groups in the RCTs. Most studies reported usual care as the control condition with limited description of what this entailed; therefore, BCT coding would not have been possible in most cases. Lack of description in control conditions has been previously discussed in health psychological research, and steps need to be taken to understand the active ingredients of an interventions as well as control conditions (115).

In our analysis, we did not distinguish between the types of self-management target behavioral domains e.g. physical activity, diet, self-monitoring blood glucose, optimal medication-taking behavior etc. This is a potential limitation as not necessarily all behaviors have an equal effect on glycaemia (116). However, this would be difficult to disentangle, as it is common for studies of people with type 2 diabetes to target more than one self-management behavior. This study focused on glycemic levels as an outcome, analysis of psychological (depression, diabetes distress) or self-management (dietary, optimal medication-taking behavior etc.) outcomes may have yielded different results. Glycemic levels (HbA1c) was an inclusion criterion of the original review, Winkley et al. (5), self-management and psychological outcomes were not an inclusion criterion. Therefore, we were unable to conduct a secondary analysis with these other outcomes, as they would have not pooled together all relevant literature.

RCTs did not test individual BCTs in isolation and pooling these studies for meta-analysis does not control for confounders. Therefore, it is uncertain which specific active ingredients lead to improvements. Improved reporting of active ingredients and development of more sophisticated meta-analytic methods may help identify which intervention components are truly associated with specific outcomes (96). Examining the use of a set of broader combination of BCTs could guide future intervention development to maximize intervention effects.




Conclusions

This analysis was the first to determine which BCTs underpin psychological interventions targeting glycemic levels for people with type 2 diabetes. Future research to develop psychological interventions for people with type 2 diabetes should define BCTs in the psychological intervention design process, conduct fidelity assessment of interventionists, and ensure consistent reporting of BCTs. These steps would help to identify the specific active ingredients of a successful psychological interventions to improve glycemic levels for people with type 2 diabetes.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author Contributions

RU, KI, and KW contributed to the conception and design of the study. RU and DO performed BCT coding and data extraction. RU performed the statistical analysis and wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This paper presents independent research funded by the UK’s National for Health Research (NIHR) Health Technology Assessment (HTA) Evidence Synthesis Programme (reference: 12/213/10). The views expressed are those of the authors and not necessarily those of the NHS, the NIHR or the Department of Health and Social Care.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcdhc.2021.699038/full#supplementary-material



References

1. van Dooren, FE, Nefs, G, Schram, MT, Verhey, FR, Denollet, J, and Pouwer, F. Depression and Risk of Mortality in People With Diabetes Mellitus: A Systematic Review and Meta-Analysis. PloS One (2013) 8(3):e57058. doi: 10.1371/journal.pone.0057058

2. Smith, KJ, Béland, M, Clyde, M, Gariépy, G, Pagé, V, Badawi, G, et al. Association of Diabetes With Anxiety: A Systematic Review and Meta-Analysis. J Psychosomatic Res (2013) 74(2):89–99. doi: 10.1016/j.jpsychores.2012.11.013

3. Perrin, N, Davies, M, Robertson, N, Snoek, F, and Khunti, K. The Prevalence of Diabetes-Specific Emotional Distress in People With Type 2 Diabetes: A Systematic Review and Meta-Analysis. Diabetic Med (2017) 34(11):1508–20. doi: 10.1111/dme.13448

4. UKPDS. UK Prospective Diabetes Study Group. Effect of Intensive Blood-Glucose Control With Metformin on Complications in Overweight Patients With Type 2 Diabetes (UKPDS 34). Lancet (9131) 1998:854–65:352. doi: 10.1016/S0140-6736(98)07037-8

5. Winkley, K, Upsher, R, Stahl, D, Pollard, D, Brennan, A, Heller, S, et al. Psychological Interventions to Improve Glycaemic Control in Type 2 Diabetes: A Systematic Review and Meta-Analysis. BMJ Open Diabetes Res Care (2020) 8(1):e001150. doi: 10.1136/bmjdrc-2019-001150

6. Ismail, K, Winkley, K, and Rabe-Hesketh, S. Systematic Review and Meta-Analysis of Randomised Controlled Trials of Psychological Interventions to Improve Glycaemic Control in Patients With Type 2 Diabetes. Lancet (2004) 363(9421):1589–97. doi: 10.1016/S0140-6736(04)16202-8

7. Alam, R, Sturt, J, Lall, R, and Winkley, K. An Updated Meta-Analysis to Assess the Effectiveness of Psychological Interventions Delivered by Psychological Specialists and Generalist Clinicians on Glycaemic Control and on Psychological Status. Patient Educ Couns (2009) 75(1):25–36. doi: 10.1016/j.pec.2008.08.026

8. Schmidt, C, van Loon, BP, Vergouwen, A, Snoek, F, and Honig, A. Systematic Review and Meta-Analysis of Psychological Interventions in People With Diabetes and Elevated Diabetes-Distress. Diabetic Med (2018) 35(9):1157–72. doi: 10.1111/dme.13709

9. Davies, MJ, Heller, S, Skinner, T, Campbell, M, Carey, M, Cradock, S, et al. Effectiveness of the Diabetes Education and Self Management for Ongoing and Newly Diagnosed (DESMOND) Programme for People With Newly Diagnosed Type 2 Diabetes: Cluster Randomised Controlled Trial. Bmj (2008) 336(7642):491–5. doi: 10.1136/bmj.39474.922025.BE

10. Deakin, T. Eat Fat! A Step-by-Step Guide to Low Carb Living: X-PERT Health. X-PERT Health (ISBN10 0957141378) (2015).

11. Baxter, M, Hudson, R, Mahon, J, Bartlett, C, Samyshkin, Y, Alexiou, D, et al. Estimating the Impact of Better Management of Glycaemic Control in Adults With Type 1 and Type 2 Diabetes on the Number of Clinical Complications and the Associated Financial Benefit. Diabetic Med (2016) 33(11):1575–81. doi: 10.1111/dme.13062

12. Michie, S, Richardson, M, Johnston, M, Abraham, C, Francis, J, Hardeman, W, et al. The Behavior Change Technique Taxonomy (V1) of 93 Hierarchically Clustered Techniques: Building an International Consensus for the Reporting of Behavior Change Interventions. Ann Behav Med (2013) 46(1):81–95. doi: 10.1007/s12160-013-9486-6

13. Dugdale, S, Ward, J, Hernen, J, Elison, S, Davies, G, and Donkor, D. Using the Behavior Change Technique Taxonomy V1 to Conceptualize the Clinical Content of Breaking Free Online: A Computer-Assisted Therapy Program for Substance Use Disorders. Subst Abuse Treatment Prevention Policy (2016) 11(1):26. doi: 10.1186/s13011-016-0069-y

14. Bellg, AJ, Borrelli, B, Resnick, B, Hecht, J, Minicucci, DS, Ory, M, et al. Enhancing Treatment Fidelity in Health Behavior Change Studies: Best Practices and Recommendations From the NIH Behavior Change Consortium. Health Psychol. (2004) 23(5):443. doi: 10.1037/0278-6133.23.5.443

15. Avery, L, Flynn, D, Van Wersch, A, Sniehotta, FF, and Trenell, MI. Changing Physical Activity Behavior in Type 2 Diabetes: A Systematic Review and Meta-Analysis of Behavioral Interventions. Diabetes Care (2012) 35(12):2681–9. doi: 10.2337/dc11-2452

16. Hankonen, N, Sutton, S, Prevost, AT, Simmons, RK, Griffin, SJ, Kinmonth, AL, et al. Which Behavior Change Techniques are Associated With Changes in Physical Activity, Diet and Body Mass Index in People With Recently Diagnosed Diabetes? Ann Behav Med (2014) 49(1):7–17. doi: 10.1007/s12160-014-9624-9

17. Cradock, KA, ÓLaighin, G, Finucane, FM, Gainforth, HL, Quinlan, LR, and Ginis, KAM. Behaviour Change Techniques Targeting Both Diet and Physical Activity in Type 2 Diabetes: A Systematic Review and Meta-Analysis. Int J Behav Nutr Phys Activity (2017) 14(1):18. doi: 10.1186/s12966-016-0436-0

18. van Vugt, M, de Wit, M, Cleijne, WH, and Snoek, FJ. Use of Behavioral Change Techniques in Web-Based Self-Management Programs for Type 2 Diabetes Patients: Systematic Review. J Med Internet Res (2013) 15(12):e279. doi: 10.2196/jmir.2800

19. Presseau, J, Ivers, NM, Newham, JJ, Knittle, K, Danko, KJ, and Grimshaw, JM. Using a Behaviour Change Techniques Taxonomy to Identify Active Ingredients Within Trials of Implementation Interventions for Diabetes Care. Implementation Sci (2015) 10(1):55. doi: 10.1186/s13012-015-0248-7

20. Tricco, AC, Ivers, NM, Grimshaw, JM, Moher, D, Turner, L, Galipeau, J, et al. Effectiveness of Quality Improvement Strategies on the Management of Diabetes: A Systematic Review and Meta-Analysis. Lancet (2012) 379(9833):2252–61. doi: 10.1016/S0140-6736(12)60480-2

21. Hoffmann, TC, Glasziou, PP, Boutron, I, Milne, R, Perera, R, Moher, D, et al. Better Reporting of Interventions: Template for Intervention Description and Replication (TIDieR) Checklist and Guide. Bmj (2014) 348:g1687. doi: 10.1136/bmj.g1687

22.BCTTv1. Behaviour Change Technique Taxonomy version 1: Online Training 2019 . Available at: http://www.bct-taxonomy.com/ (Accessed May 31 2019).

23. Borenstein, M, Hedges, LV, Higgins, JP, and Rothstein, HR. Introduction to meta-analysis. New Jersey, USA: John Wiley & Sons (2011).

24. Sutton, AJ, and Higgins, JP. Recent Developments in Meta-Analysis. Stat Med (2008) 27(5):625–50. doi: 10.1002/sim.2934

25. Akturan, S, Kaya, ÇA, Ünalan, PC, and Akman, M. The Effect of the BATHE Interview Technique on the Empowerment of Diabetic Patients in Primary Care: A Cluster Randomised Controlled Study. Primary Care Diabetes (2017) 11(2):154–61. doi: 10.1016/j.pcd.2016.12.003

26. Balducci, S, D’Errico, V, Haxhi, J, Sacchetti, M, Orlando, G, Cardelli, P, and . Effect of a Behavioral Intervention Strategy for Adoption and Maintenance of a Physically Active Lifestyle: The Italian Diabetes and Exercise Study 2 (IDES_2): A Randomized Controlled Trial. Diabetes Care (2017) 40(11):1444–52. doi: 10.2337/dc17-0594

27. Browning, C, Chapman, A, Yang, H, Liu, S, Zhang, T, Enticott, JC, et al. Management of Type 2 Diabetes in China: The Happy Life Club, a Pragmatic Cluster Randomised Controlled Trial Using Health Coaches. BMJ Open (2016) 6(3):e009319. doi: 10.1136/bmjopen-2015-009319

28. Carrasquillo, O, Lebron, C, Alonzo, Y, Li, H, Chang, A, and Kenya, S. Effect of a Community Health Worker Intervention Among Latinos With Poorly Controlled Type 2 Diabetes: The Miami Healthy Heart Initiative Randomized Clinical Trial. JAMA Internal Med (2017) 177(7):948–54. doi: 10.1001/jamainternmed.2017.0926

29. Chee, WS, Singh, HKG, Hamdy, O, Mechanick, JI, Lee, VK, Barua, A, et al. Structured Lifestyle Intervention Based on a Trans-Cultural Diabetes-Specific Nutrition Algorithm (tDNA) in Individuals With Type 2 Diabetes: A Randomized Controlled Trial. Care (2017) 5(1):e000384. doi: 10.1136/bmjdrc-2016-000384

30. Chen, SM, Creedy, D, Lin, H-S, and Wollin, J. Effects of Motivational Interviewing Intervention on Self-Management, Psychological and Glycemic Outcomes in Type 2 Diabetes: A Randomized Controlled Trial. Int J Nurs Stud (2012) 49(6):637–44. doi: 10.1016/j.ijnurstu.2011.11.011

31. Chew, B-H, Vos, RC, Stellato, RK, Ismail, M, and Rutten, GE. The Effectiveness of an Emotion-Focused Educational Programme in Reducing Diabetes Distress in Adults With Type 2 Diabetes Mellitus (VEMOFIT): A Cluster Randomized Controlled Trial. Diabetic Med (2018) 35(6):750–9. doi: 10.1111/dme.13615

32. Balducci, S, D’Errico, V, Haxhi, J, Sacchetti, M, Orlando, G, Cardelli, P, et al. Effect Of A Behavioral Intervention Strategy For Adoption And Maintenance Of A Physically Active Lifestyle: The Italian Diabetes And Exercise Study 2 (IDES_2): A Randomized Controlled Trial. Diabetes Care (2017) 40(11):1444–52.

33. Chlebowy, DO, El-Mallakh, P, Myers, J, Kubiak, N, Cloud, R, and Wall, MP. Motivational Interviewing to Improve Diabetes Outcomes in African Americans Adults With Diabetes. Western J Nurs Res (2015) 37(5):566–80. doi: 10.1177/0193945914530522

34. Chwastiak, LA, Luongo, M, Russo, J, Johnson, L, Lowe, JM, Hoffman, G, et al. Use of a Mental Health Center Collaborative Care Team to Improve Diabetes Care and Outcomes for Patients With Psychosis. Psychiatr Serv (2017) 69(3):349–52. doi: 10.1176/appi.ps.201700153

35. Dale, J, Caramlau, I, Sturt, J, Friede, T, and Walker, R. Telephone Peer-Delivered Intervention for Diabetes Motivation and Support: The Telecare Exploratory RCT. Patient Educ Couns (2009) 75(1):91–8. doi: 10.1016/j.pec.2008.09.014

36. De Greef, K, Deforche, B, Tudor-Locke, C, and De Bourdeaudhuij, I. A Cognitive-Behavioural Pedometer-Based Group Intervention on Physical Activity and Sedentary Behaviour in Individuals With Type 2 Diabetes. Health Educ Res (2010) 25(5):724–36. doi: 10.1093/her/cyq017

37. De Greef, K, Deforche, B, Tudor-Locke, C, and De Bourdeaudhuij, I. Increasing Physical Activity in Belgian Type 2 Diabetes Patients: A Three-Arm Randomized Controlled Trial. Int J Behav Med (2011) 18(3):188–98. doi: 10.1007/s12529-010-9124-7

38. Döbler, A, Herbeck Belnap, B, Pollmann, H, Farin, E, Raspe, H, and Mittag, O. Telephone-Delivered Lifestyle Support With Action Planning and Motivational Interviewing Techniques to Improve Rehabilitation Outcomes. Rehabil Psychol (2018) 63(2):170. doi: 10.1037/rep0000224

39. Eakin, EG, Winkler, EA, Dunstan, DW, Healy, GN, Owen, N, Marshall, AM, et al. Living Well With Diabetes: 24-Month Outcomes From a Randomized Trial of Telephone-Delivered Weight Loss and Physical Activity Intervention to Improve Glycemic Control. Diabetes Care (2014) 37(8):2177–85. doi: 10.2337/dc13-2427

40. Egede, LE, Williams, JS, Voronca, DC, Gebregziabher, M, and Lynch, CP. Telephone-Delivered Behavioral Skills Intervention for African American Adults With Type 2 Diabetes: A Randomized Controlled Trial. J Gen Internal Med (2017) 32(7):775–82. doi: 10.1007/s11606-017-4023-0

41. Ell, K, Katon, W, Xie, B, Lee, P-J, Kapetanovic, S, Guterman, J, et al. One-Year Postcollaborative Depression Care Trial Outcomes Among Predominantly Hispanic Diabetes Safety Net Patients. Gen Hosp Psychiatry (2011) 33(5):436–42. doi: 10.1016/j.genhosppsych.2011.05.018

42. Evans, G, Lewin, TJ, Bowen, K, and Lowe, J. Dealing With Anxiety: A Pilot Cognitive Behavioural Therapy Program for Diabetic Clinic Outpatient Attendees. Int J Diabetes Mellitus (2010) 2(1):51–5. doi: 10.1016/j.ijdm.2009.12.010

43. Fan, M-H, Huang, B-T, Tang, Y-C, Han, X-H, Dong, W-W, and Wang, L-X. Effect of Individualized Diabetes Education for Type 2 Diabetes Mellitus: A Single-Center Randomized Clinical Trial. Afr Health Sci (2016) 16(4):1157–62. doi: 10.4314/ahs.v16i4.34

44. Farmer, A, Hardeman, W, Hughes, D, Prevost, AT, Kim, Y, Craven, A, et al. An Explanatory Randomised Controlled Trial of a Nurse-Led, Consultation-Based Intervention to Support Patients With Adherence to Taking Glucose Lowering Medication for Type 2 Diabetes. BMC Family Pract (2012) 13(1):30. doi: 10.1186/1471-2296-13-30

45. Furler, J, O’Neal, D, Speight, J, Manski-Nankervis, J-A, Gorelik, A, Holmes-Truscott, E, et al. Supporting Insulin Initiation in Type 2 Diabetes in Primary Care: Results of the Stepping Up Pragmatic Cluster Randomised Controlled Clinical Trial. Bmj (2017) 356:j783. doi: 10.1136/bmj.j783

46. Garcia-Huidobro, D, Bittner, M, Brahm, P, and Puschel, K. Family Intervention to Control Type 2 Diabetes: A Controlled Clinical Trial. Family Pract (2011) 28(1):4–11. doi: 10.1093/fampra/cmq069

47. Gomes, LC, Coelho, ACM, dos Santos Gomides, D, Foss-Freitas, MC, Foss, MC, and Pace, AE. Contribution of Family Social Support to the Metabolic Control of People With Diabetes Mellitus: A Randomized Controlled Clinical Trial. Appl Nurs Res (2017) 36:68–76. doi: 10.1016/j.apnr.2017.05.009

48. Gregg, JA, Callaghan, GA, Hayes, SC, and Glenn-Lawson, JL. Improving Diabetes Self-Management Through Acceptance, Mindfulness, and Values: A Randomized Controlled Trial. J Consulting Clin Psychol (2007) 75(2):336–43. doi: 10.1037/0022-006X.75.2.336

49. Griffin, SJ, Simmons, RK, Prevost, AT, Williams, KM, Hardeman, W, Sutton, S, et al. Multiple Behaviour Change Intervention and Outcomes in Recently Diagnosed Type 2 Diabetes: The ADDITION-Plus Randomised Controlled Trial. Diabetologia (2014) 57(7):1308–19. doi: 10.1007/s00125-014-3236-6

50. Hartmann, M, Kopf, S, Kircher, C, Faude-Lang, V, Djuric, Z, Augstein, F, et al. Sustained Effects of a Mindfulness-Based Stress-Reduction Intervention in Type 2 Diabetic Patients: Design and First Results of a Randomized Controlled Trial (The Heidelberger Diabetes and Stress-Study). Diabetes Care (2012) 35(5):945–7. doi: 10.2337/dc11-1343

51. Hawkins, SY. Improving Glycemic Control in Older Adults Using a Videophone Motivational Diabetes Self-Management Intervention. Res Theory Nurs Pract (2010) 24(4):217–32. doi: 10.1891/1541-6577.24.4.217

52. Hermanns, N, Schmitt, A, Gahr, A, Herder, C, Nowotny, B, Roden, M, et al. The Effect of a Diabetes-Specific Cognitive Behavioral Treatment Program (DIAMOS) for Patients With Diabetes and Subclinical Depression: Results of a Randomized Controlled Trial. Diabetes Care (2015) 38(4):551–60. doi: 10.2337/dci15-0017

53. Hermanns, N, Ehrmann, D, Schall, S, Maier, B, Haak, T, and Kulzer, B. The Effect of an Education Programme (MEDIAS 2 BSC) of Non-Intensive Insulin Treatment Regimens for People With Type 2 Diabetes: A Randomized, Multi-Centre Trial. Diabetic Med (2017) 34(8):1084–91. doi: 10.1111/dme.13346

54. Huang, CY, Lai, HL, Chen, CI, Lu, YC, Li, SC, Wang, LW, et al. Effects of Motivational Enhancement Therapy Plus Cognitive Behaviour Therapy on Depressive Symptoms and Health-Related Quality of Life in Adults With Type II Diabetes Mellitus: A Randomised Controlled Trial. Qual Life Res (2016) 25(5):1275–83. doi: 10.1007/s11136-015-1165-6

55. Ismail, K, Winkley, K, de Zoysa, N, Patel, A, Heslin, M, Graves, H, et al. Nurse-Led Psychological Intervention for Type 2 Diabetes: A Cluster Randomised Controlled Trial (Diabetes-6 Study) in Primary Care. Br J Gen Pract (2018) 68(673):e531–40. doi: 10.3399/bjgp18X696185

56. Jansink, R, Braspenning, J, Keizer, E, van der Weijden, T, Elwyn, G, and Grol, R. No Identifiable Hb1Ac or Lifestyle Change After a Comprehensive Diabetes Programme Including Motivational Interviewing: A Cluster Randomised Trial. Scand J Primary Health Care (2013) 31(2):119–27. doi: 10.3109/02813432.2013.797178

57. Jiang, X, Fan, X, Wu, R, Geng, F, and Hu, C. The Effect of Care Intervention for Obese Patients With Type II Diabetes. Medicine (2017) 96(42). doi: 10.1097/MD.0000000000007524

58. Juul, L, Maindal, HT, Zoffmann, V, Frydenberg, M, and Sandbaek, A. Effectiveness of a Training Course for General Practice Nurses in Motivation Support in Type 2 Diabetes Care: A Cluster-Randomised Trial. PloS One (2014) 9(5):e96683. doi: 10.1371/journal.pone.0096683

59. Juul, L, Andersen, VJ, Arnoldsen, J, and Maindal, HT. Effectiveness of a Brief Theory-Based Health Promotion Intervention Among Adults at High Risk of Type 2 Diabetes: One-Year Results From a Randomised Trial in a Community Setting. Primary Care Diabetes (2016) 10(2):111–20. doi: 10.1016/j.pcd.2015.07.002

60. Kasteleyn, M, Vos, R, Rijken, M, Schellevis, F, and Rutten, G. Effectiveness of Tailored Support for People With Type 2 Diabetes After a First Acute Coronary Event: A Multicentre Randomized Controlled Trial (the Diacourse-ACE Study). Diabetic Med (2016) 33(1):125–33. doi: 10.1111/dme.12816

61. Keeratiyutawong, P, Hanucharurnkul, S, Melkus, GDE, Panpakdee, O, and Vorapongsathorn, T. Effectiveness of a Self-Management Program for Thais With Type 2 Diabetes. Thai J Nurs Res (2006) 10(2):85–97. 13p.

62. Keogh, KM, Smith, SM, White, P, McGilloway, S, Kelly, A, Gibney, J, et al. Psychological Family Intervention for Poorly Controlled Type 2 Diabetes. Am J Managed Care (2011) 17(2):105–13.

63. Kim, MT, Kim, KB, Huh, B, Nguyen, T, Han, H-R, Bone, LR, et al. The Effect of a Community-Based Self-Help Intervention: Korean Americans With Type 2 Diabetes. Am J Prev Med (2015) 49(5):726–37. doi: 10.1016/j.amepre.2015.04.033

64. Lamers, F, Jonkers, CC, Bosma, H, Knottnerus, J, and van Eijk, JT. Treating Depression in Diabetes Patients: Does a Nurse-Administered Minimal Psychological Intervention Affect Diabetes-Specific Quality of Life and Glycaemic Control? A Randomized Controlled Trial J Advanced Nurs (2011) 67(4):788–99. doi: 10.1111/j.1365-2648.2010.05540.x

65. Li, M, Li, T, Shi, B-Y, and Gao, C-X. Impact of Motivational Interviewing on the Quality of Life and its Related Factors in Type 2 Diabetes Mellitus Patients With Poor Long-Term Glycemic Control. Int J Nurs Sci (2014) 1(3):250–4. doi: 10.1016/j.ijnss.2014.05.022

66. Mandel, SE, Davis, BA, and Secic, M. Effects of Music Therapy and Music-Assisted Relaxation and Imagery on Health-Related Outcomes in Diabetes Education: A Feasibility Study. Diabetes Educator (2013) 39(4):568–81. doi: 10.1177/0145721713492216

67. D’Eramo Melkus, G, Chyun, D, Vorderstrasse, A, Newlin, K, Jefferson, V, and Langerman, S. The Effect of a Diabetes Education, Coping Skills Training, and Care Intervention on Physiological and Psychosocial Outcomes in Black Women With Type 2 Diabetes. Biol Res Nurs (2010) 12(1):7–19. doi: 10.1177/1099800410369825

68. Momtazi, S, Salimi, C, Zenouzian, S, Shourani, MJ, and Urquhart, C. Motivational Interviewing as Group Therapy for Glycemic Control and Treatment Satisfaction of Patients With Type 2 Diabetes Mellitus. Middle East J Family Med (2018) 7(10):75. doi: 10.5742/MEWFM.2018.93202

69. Osborn, CY, Amico, KR, Cruz, N, O’Connell, AA, Perez-Escamilla, R, Kalichman, SC, et al. A Brief Culturally Tailored Intervention for Puerto Ricans With Type 2 Diabetes. Health Educ Behav (2010) 37(6):849–62. doi: 10.1177/1090198110366004

70. Penckofer, SM, Ferrans, C, Mumby, P, Byrn, M, Emanuele, MA, Harrison, PR, et al. A Psychoeducational Intervention (SWEEP) for Depressed Women With Diabetes. Ann Behav Med (2012) 44(2):192–206. doi: 10.1007/s12160-012-9377-2

71. Petrak, F, Herpertz, S, Albus, C, Hermanns, N, Hiemke, C, Hiller, W, et al. Cognitive Behavioral Therapy Versus Sertraline in Patients With Depression and Poorly Controlled Diabetes: The Diabetes and Depression (DAD) Study A Randomized Controlled Multicenter Trial. Diabetes Care (2015) 38(5):767–75. doi: 10.2337/dc14-1599

72. Pibernik-Okanović, M, Hermanns, N, Ajduković, D, Kos, J, Prašek, M, Šekerija, M, et al. Does Treatment of Subsyndromal Depression Improve Depression-Related and Diabetes-Related Outcomes? A Randomised Controlled Comparison of Psychoeducation, Physical Exercise and Enhanced Treatment as Usual. Trials (2015) 16(1):305. doi: 10.1186/s13063-015-0833-8

73. Piette, JD, Richardson, C, Himle, J, Duffy, S, Torres, T, Vogel, M, et al. A Randomized Trial of Telephonic Counseling Plus Walking for Depressed Diabetes Patients. Med Care (2011) 49(7):641–8. doi: 10.1097/MLR.0b013e318215d0c9

74. Pladevall, M, Divine, G, Wells, KE, Resnicow, K, and Williams, L. A Randomized Controlled Trial to Provide Adherence Information and Motivational Interviewing to Improve Diabetes and Lipid Control. Diabetes Educator (2015) 41(1):136–46. doi: 10.1177/0145721714561031

75. Plotnikoff, RC, Karunamuni, N, Courneya, KS, Sigal, RJ, Johnson, JA, and Johnson, ST. The Alberta Diabetes and Physical Activity Trial (ADAPT): A Randomized Trial Evaluating Theory-Based Interventions to Increase Physical Activity in Adults With Type 2 Diabetes. Ann Behav Med (2013) 45(1):45–56. doi: 10.1007/s12160-012-9405-2

76. Rees, G, O’Hare, F, Saeed, M, Sudholz, B, Sturrock, BA, Xie, J, et al. Problem-Solving Therapy for Adults With Diabetic Retinopathy and Diabetes-Specific Distress: A Pilot Randomized Controlled Trial. Care (2017) 5(1):e000307. doi: 10.1136/bmjdrc-2016-000307

77. Sacco, WP, Malone, JI, Morrison, AD, Friedman, A, and Wells, K. Effect of a brief, regular telephone intervention by paraprofessionals for type 2 diabetes. J Behav Med (2009) 32(4):349. doi: 10.1007/s10865-009-9209-4

78. Safren, SA, Gonzalez, JS, Wexler, DJ, Psaros, C, Delahanty, LM, Blashill, AJ, et al. A Randomized Controlled Trial of Cognitive Behavioral Therapy for Adherence and Depression (CBT-AD) in Patients With Uncontrolled Type 2 Diabetes. Diabetes Care (2014) 37(3):625–33. doi: 10.2337/dc13-0816

79. Shayeghian, Z, Hassanabadi, H, Aguilar-Vafaie, ME, Amiri, P, and Besharat, MA. A Randomized Controlled Trial of Acceptance and Commitment Therapy for Type 2 Diabetes Management: The Moderating Role of Coping Styles. PloS One (2016) 11(12):e0166599. doi: 10.1371/journal.pone.0166599

80. Siebolds, M, Gaedeke, O, and Schwedes, U. Self-Monitoring of Blood Glucose–Psychological Aspects Relevant to Changes in HbA1c in Type 2 Diabetic Patients Treated With Diet or Diet Plus Oral Antidiabetic Medication. Patient Educ Couns (2006) 62(1):104–10. doi: 10.1016/j.pec.2005.06.013

81. Steed, L, Barnard, M, Hurel, S, Jenkins, C, and Newman, S. How Does Change Occur Following a Theoretically Based Self-Management Intervention for Type 2 Diabetes. Psychol Health Med (2014) 19(5):536–46. doi: 10.1080/13548506.2013.845301

82. van Son, J, Nyklicek, I, Pop, VJ, Blonk, MC, Erdtsieck, RJ, and Pouwer, F. Mindfulness-Based Cognitive Therapy for People With Diabetes and Emotional Problems: Long-Term Follow-Up Findings From the DiaMind Randomized Controlled Trial. J Psychosomatic Res (2014) 77(1):81–4. doi: 10.1016/j.jpsychores.2014.03.013

83. Wagner, JA, Bermudez-Millan, A, Damio, G, Segura-Perez, S, Chhabra, J, Vergara, C, et al. A Randomized, Controlled Trial of a Stress Management Intervention for Latinos With Type 2 Diabetes Delivered by Community Health Workers: Outcomes for Psychological Wellbeing, Glycemic Control, and Cortisol. Diabetes Res Clin Pract (2016) 120:162–70. doi: 10.1016/j.diabres.2016.07.022

84. Welch, G, Zagarins, SE, Feinberg, RG, and Garb, JL. Motivational Interviewing Delivered by Diabetes Educators: Does it Improve Blood Glucose Control Among Poorly Controlled Type 2 Diabetes Patients? Diabetes Res Clin Pract (2011) 91(1):54–60. doi: 10.1016/j.diabres.2010.09.036

85. Welschen, LM, van Oppen, P, Bot, SD, Kostense, PJ, Dekker, JM, and Nijpels, G. Effects of a Cognitive Behavioural Treatment in Patients With Type 2 Diabetes When Added to Managed Care; a Randomised Controlled Trial. J Behav Med (2013) 36(6):556–66. doi: 10.1007/s10865-012-9451-z

86. West, DS, DiLillo, V, Bursac, Z, Gore, SA, and Greene, PG. Motivational Interviewing Improves Weight Loss in Women With Type 2 Diabetes. Diabetes Care (2007) 30(5):1081–7. doi: 10.2337/dc06-1966

87. Whittemore, R, Melkus, GD, Sullivan, A, and Grey, M. A nurse-coaching intervention for women with type 2 diabetes. Diabetes Educator (2004) 30(5):795–804. doi: 10.1177/014572170403000515

88. Williams, JW, Katon, W, Lin, EH, Nöel, PH, Worchel, J, Cornell, J, et al. The Effectiveness of Depression Care Management on Diabetes-Related Outcomes in Older Patients. Ann Internal Med (2004) 140(12):1015–24. doi: 10.7326/0003-4819-140-12-200406150-00012

89. Wolever, R, Dreusicke, M, Fikkan, J, Hawkins, T, Yeung, S, Wakefield, J, et al. Integrative Health Coaching for Patients With Type 2 Diabetes: A Randomized Clinical Trial. Diabetes Educator (2010) 36(4):629–39. doi: 10.1177/0145721710371523

90. Wroe, AL, Rennie, EW, Sollesse, S, Chapman, J, and Hassy, A. Is Cognitive Behavioural Therapy Focusing on Depression and Anxiety Effective for People With Long-Term Physical Health Conditions? A Controlled Trial in The Context of Type 2 Diabetes Mellitus. Behav Cogn Psychother (2018) 46(2):129–47. doi: 10.1017/S1352465817000492

91. Muñoz-Flórez, A, and Cortés, O. Impacto De La Entrevista Motivacional En La Adherencia De Pacientes Diabéticos Inactivos a La Actividad Física: Estudio Piloto De Un Ensayo Clínico EMOACTIF–Dm. Rev Colombiana Psicología (2017) 26(2):263–81. doi: 10.15446/rcp.v26n2.59963

92. Hamid, N. Effects of Stress Management Training on Glycemic Control in Women with Type 2 Diabetes. Iran J Endocrinol Metab (2011) 13(4):346–53.

93. Davazdah Emamy, M, Roshan, R, Mehrabi, A, and Attari, A. The Effectiveness of Cognitive-Behavioral Stress Management Training on Glycemic Control and Depression in Patients With Type 2 Diabetes. Iran J Endocrinol Metab (2009) 11(4):385–92.

94. Gois, C, Dias, V, Carmo, I, Duarte, R, Ferro, A, Santos, A, et al. Treatment Response in Type 2 Diabetes Patients With Major Depression. Clin Psychol Psychother (2014) 21(1):39–48. doi: 10.1002/cpp.1817

95. Cuijpers, P, Reijnders, M, and Huibers, MJC. The Role of Common Factors in Psychotherapy Outcomes. Annu Rev Clin Psychol (2019) 15:207–31. doi: 10.1146/annurev-clinpsy-050718-095424

96. Dombrowski, SU, Sniehotta, FF, Avenell, A, Johnston, M, MacLennan, G, and Araújo-Soares, V. Identifying Active Ingredients in Complex Behavioural Interventions for Obese Adults With Obesity-Related Co-Morbidities or Additional Risk Factors for Co-Morbidities: A Systematic Review. Health Psychol Rev (2012) 6(1):7–32. doi: 10.1080/17437199.2010.513298

97. Ekong, G, and Kavookjian, J. Motivational Interviewing and Outcomes in Adults With Type 2 Diabetes: A Systematic Review. Patient Educ Couns (2016) 99(6):944–52. doi: 10.1016/j.pec.2015.11.022

98. Walton, H, Spector, A, Tombor, I, and Michie, S. Measures of Fidelity of Delivery of, and Engagement With, Complex, Face-to-Face Health Behaviour Change Interventions: A Systematic Review of Measure Quality. Br J Health Psychol (2017) 22(4):872–903. doi: 10.1111/bjhp.12260

99. Magill, N, Graves, H, de Zoysa, N, Winkley, K, Amiel, S, Shuttlewood, E, et al. Assessing Treatment Fidelity and Contamination in a Cluster Randomised Controlled Trial of Motivational Interviewing and Cognitive Behavioural Therapy Skills in Type 2 Diabetes. BMC Family Pract (2018) 19(1):60. doi: 10.1186/s12875-018-0742-5

100. Strom, JL, and Egede, LE. The Impact of Social Support on Outcomes in Adult Patients With Type 2 Diabetes: A Systematic Review. Curr Diabetes Rep (2012) 12(6):769–81. doi: 10.1007/s11892-012-0317-0

101. Stopford, R, Winkley, K, and Ismail, K. Social Support and Glycemic Control in Type 2 Diabetes: A Systematic Review of Observational Studies. Patient Educ Couns (2013) 93(3):549–58. doi: 10.1016/j.pec.2013.08.016

102. Thoits, PA. Social Support and Psychological Well-Being: Theoretical Possibilities. Social Support: Theory, Research and Applications. Dordrecht, Netherlands: Springer (1985) p. 51–72.

103. Ford, ME, Tilley, BC, and McDonald, PE. Social Support Among African-American Adults With Diabetes. Part 1: Theoretical Framework. J Natl Med Assoc (1998) 90(6):361.

104. Nezu, AM, and D’Zurilla, TJ. Problem-Solving Therapy: A Positive Approach to Clinical Intervention. New York, USA: Springer Publishing Company (2006).

105. Mulcahy, K, Maryniuk, M, Peeples, M, Peyrot, M, Tomky, D, Weaver, T, et al. Diabetes Self-Management Education Core Outcomes Measures. Diabetes Educator (2003) 29(5):768–803. doi: 10.1177/014572170302900509

106. Ağce, ZB, and Ekici, G. Person-Centred, Occupation-Based Intervention Program Supported With Problem-Solving Therapy for Type 2 Diabetes: A Randomized Controlled Trial. Health Qual. Life Outcomes (2020) 18(1):1–14. doi: 10.1186/s12955-020-01521-x

107. Villamil-Salcedo, V, Vargas-Terrez, BE, Caraveo-Anduaga, J, González-Olvera, J, Díaz-Anzaldúa, A, Cortés-Sotres, J, et al. Glucose and Cholesterol Stabilization in Patients With Type 2 Diabetes Mellitus With Depressive and Anxiety Symptoms by Problem-Solving Therapy in Primary Care Centers in Mexico City. Primary Health Care Res Dev (2018) 19(1):33–41. doi: 10.1017/S1463423617000512

108. Hill-Briggs, F, and Gemmell, L. Problem Solving in Diabetes Self-Management and Control. Diabetes Educator (2007) 33(6):1032–50. doi: 10.1177/0145721707308412

109. Shin, N, Hill-Briggs, F, Langan, S, Payne, JL, Lyketsos, C, and Golden, SH. The Association of Minor and Major Depression With Health Problem-Solving and Diabetes Self-Care Activities in a Clinic-Based Population of Adults With Type 2 Diabetes Mellitus. J Diabetes its Complications (2017) 31(5):880–5. doi: 10.1016/j.jdiacomp.2017.01.026

110. O’Donnell, M, Carey, ME, Horne, R, Alvarez-Iglesias, A, Davies, MJ, Byrne, M, et al. Assessing the Effectiveness of a Goal-Setting Session as Part of a Structured Group Self-Management Education Programme for People With Type 2 Diabetes. Patient Educ Couns (2018) 101(12):2125–33. doi: 10.1016/j.pec.2018.07.009

111. Locke, EA, and Latham, GP. A Theory of Goal Setting & Task Performance. New Jersey, USA: Prentice-Hall, Inc. (1990).

112. Miller, CK, and Bauman, J. Goal Setting: An Integral Component of Effective Diabetes Care. Curr Diabetes Rep (2014) 14(8):1–8. doi: 10.1007/s11892-014-0509-x

113. Firoozi, M, and Emami, SS. Prediction of Self-Care Behaviors Based on Perceived Stress and Goal Setting Skill in Patients With Type 2 Diabetes. Iranian J Endocrinol Metab (2020) 21(6):337–44.

114. Swoboda, CM, Miller, CK, and Wills, CE. Impact of a Goal Setting and Decision Support Telephone Coaching Intervention on Diet, Psychosocial, and Decision Outcomes Among People With Type 2 Diabetes. Patient Educ Couns (2017) 100(7):1367–73. doi: 10.1016/j.pec.2017.02.007

115. Peters, G-JY, De Bruin, M, and Crutzen, RJHPR. Everything Should be as Simple as Possible, But No Simpler: Towards a Protocol for Accumulating Evidence Regarding The Active Content of Health Behaviour Change Interventions. Health Psychol Rev (2015) 9(1):1–14. doi: 10.1080/17437199.2013.848409

116. Jones, H, Edwards, L, Vallis, TM, Ruggiero, L, Rossi, SR, Rossi, JS, et al. Changes in Diabetes Self-Care Behaviors Make a Difference in Glycemic Control: The Diabetes Stages of Change (DiSC) Study. Diabetes Care (2003) 26(3):732–7. doi: 10.2337/diacare.26.3.732



Conflict of Interest: KW has served as a consultant or speaker for MSD and Valotech. KI has received honorarium for educational lectures for Jannssen, Sanofi, Eli Lilly and Novo Nordisk.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Upsher, Onabajo, Stahl, Ismail and Winkley. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcdhc.2021.699038_cover.jpg
’ frontiers

in Clinical Diabetes and Healthcare

The Effectiveness of Behavior
Change Techniques Underpinning
Psychological Interventions to
Improve Glycemic Levels for
Adults With Type 2
Diabetes: A Meta-Analysis





OEBPS/Images/table1d.jpg
33

™

St e e 02
ety

Vi st st b
o e s e ot e
St g oo Lstos
ihyoed dbae

Ds———

Setrnaper .
HAIc o

Setmoncper .
perstreeiy

oo

ool

Mo mragamert s

oottt
Fektcosam
et .
HATc o
St .
ey

g%g;ggggggggiiygg!

it

Unstcn

Unstcn

[o——

Freottien, oo

Faoto o, oo

Fcototn, oo
Frototacn.gom

T, oo
Tagrona o
tion nwiosns
T, o0

Taprens o 0
iyt

T, oo
Freottien e

Fieoton, 9o

Frcotti, o

Frototo, 9o
Frotio, g

Freototien o

o
it

[r—

12 mesera e

s
oy

i ira s

[ —

o
it

Bumsors s

Basors anr 10





OEBPS/Images/table1b.jpg
o

@

@

@

@

o

Wt Dibeios 3n0 Subickics Dogrosion.

sy s
St rncpmons

-
pectiveniy

o vs

srromyen syt

S

ey

L

]

ey

—

Fay

Uiy ottr

Nt

‘Tologhone and face.

n anotocon

Fomtngwe.

Fomtongwo

Taono sy

Fomn oo
Tapono o
oton anatocon

Frotton gs.

Taeno oo

Fromton. oo

P

W

i

Vorioblo rumber of

Tossarsons

Sussarsows

ottt

o

b e peiod





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Effectiveness of Behavior Change Techniques Underpinning Psychological Interventions to Improve Glycemic Levels for Adults With Type 2 Diabetes: A Meta-Analysis

      

        		

          Systematic Review Registration

        



        		

          Introduction

        



        		

          Methods

        

          		

            The Initial Review

          

            		

              Inclusion and Exclusion Criteria

            



            		

              Search Strategies

            



          



          



          		

            Secondary Analysis

          

            		

              Data Extraction

            



            		

              BCT Coding Procedures

            



            		

              Data Analysis

            



          



          



        



        



        		

          Results

        

          		

            Study Selection

          



          		

            Study Characteristics

          

            		

              Population

            



            		

              Psychological Interventions

            



            		

              Control Condition

            



            		

              Outcome

            



          



          



          		

            Synthesis of Results

          

            		

              BCT Coding

            



            		

              Target Behavioral Domain Versus Primary Outcome Category

            



            		

              Fidelity Assessment

            



          



          



        



        



        		

          Discussion

        

          		

            Why BCTs Might Be Effective in Psychological Interventions for People With Type 2 Diabetes

          



          		

            Strengths and Limitations

          



        



        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1e.jpg
Mot odssion menreento 13 N adcame

o trorer o
B9 e coomio e vamn S magert e
o b s 5 Bonaea cvcare
B9 Meond o o O W S0 monaprent it
pos = Boma cscars
B0 s cononng ranerin o i St ot et
1902 Gt ooy o . 15 S g
marogert i s 6oy s acm
(9 Cowoumo et dpssen st bt tge v
ooy Ve oo
(9 o s oo o pcgo i St marirer e
ptafrei St
1 Copmotmiontongy bomgon  Moodmeogaent v
o sty pachopeaosom

[,

e,

Depessenciost

frommpe
ot v

CUDRIIRE: N
-
Frovtotocne. o
Faomtotboncne. Nom
oo s
Frtotoncns. Nom
oo s
Frontotoncon N
oo e

Fioototien g Evopo

S —

3o uakns one
oot

oo o

7sssirsome
o oo
i ot

Gussers ot





OEBPS/Images/fcdhc-02-699038-g001.jpg
Records dentied through database.
seacing
(o= 31069)

Recordsfterdupcates removed
o 23080)

Recors sreened
L .|

[—
nezzsan)

PR T——
iy —
ey

P ——
sacondary metaanayis
ns6)

[ ——
vy

Pt

G s 31

ok o vt g gt s 22

neenin ot g (1)

G comtoo messed o)

Notwcr ez,

Unslta sty 9]

Mot epicon 8)

e sobrs poisin )

e st 2

T —
=)

Mottt ()

2o T carses )

[ —————






OEBPS/Images/table2.jpg
BCT label

1.1 Goal setting (behavior)

1.2 Problem solving

1.3 Goal setting (outcome)

1.4 Action planning

1.5 Review of behavior goal(s)

2.2 Feedback on behavior

2.3 Self-monitoring of behavior

2.4 Self-monitoring of outcome(s) of behavior
3.1 Social support (unspecified)

3.3 Social support (emotional)

4.1 Instruction on how to perform the behavior
6.1 Demonstration of the behavior

8.1 Behavioral practice/rehearsal

8.7 Graded tasks

9.2 Pros and cons

10.3 Non-specific incentive

11.2 Reduce negative emotions

12.5 Adding objects to the environment

13.2 Framing/reframing

*Where less than 5 studies per BCT were present, this have been removed from this table (as they were not included in meta-analysis).

Total number of studies
including each
individual BCT*

30
38

19
8
13

Number of counselling studies
(n=44) which included each
individual BCT (%)

20 (45.45)
23 (52.27)
5 (11.36)
9 (20.45)
3(6.82)
7(1591)
12 (27.27)
5 (11.36)
35 (79.56)
8(18.18)
14 (31.82)
8(18.18)
4(9.09)
7 (1591)
6 (13.64)
2 (4.55)
5 (11.36)
6 (13.64)
7 (15.91)

Number of cognitive behavioral
therapy studies (n=22) which included
each individual BCT (%)

10 (45.45)
15 (68.18)
2(9.09)
5(22.73)
4(18.18)
2(9.09)
7(31.82)
1 (4.55)
15 (68.18)
2(9.09)
4(18.18)
4(18.18)
1 (4.55)
1 (4.55)
2(9.09)
3(13.64)
14 (63.64)
2(9.09)
6(27.27)





OEBPS/Images/table3.jpg
BCT

1.1 Goal setting (behavior)

1.2 Problem solving

1.3 Goal setting (outcome)

1.4 Action planning

1.5 Review of behavior goal(s)

2.2 Feedback on behavior

2.3 Self-monitoring of behavior

2.4 Self-monitoring of outcome(s) of behavior

3.1 Social support (unspecified)

3.3 Social support (emotional)

4.1 Instruction on how to perform the behavior

6.1 Demonstration of the behavior

8.1 Behavioral practice/rehearsal

8.7 Graded tasks

9.2 Pros and cons

10.3 Non-specific incentive

11.2 Reduce negative emotions

12.5 Adding objects to the environment

13.2 Framing/reframing

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

With BCT
Without BCT

30
36

38

28

59

14

52

59

57

19

47

60

50
16

10
56

18
48

12

54

61

58

58

19

47

58

13
53

SMD

-0.19
-0.16

-0.16
-0.20

-0.21
-0.17

-0.14
-0.18

-0.24
-017

-0.33
-0.15

-0.28
-0.18

-0.14
-0.18

-0.17
-0.21

-0.09
-0.19

-0.24
-0.14

-0.21
-0.16

-0.04
-0.19

-0.21
-017

-0.15
-0.18

0.08
-0.19

-0.18
-017

-0.21
-0.17

-0.28
-0.15

95% CI (p-value)

-0.31,-0.07 (0.001)
-0.24, -0.09 (<0.001)

-0.24, -0.08 (<0.001)
-0.30, -0.09 (<0.001)

-0.38, -0.08 (0.025)
-0.24, -0.10 (<0.001)

-0.27,-0.01 (0.03)
-0.26, -0.11 (<0.001)

-0.40, -0.07 (0.004)
-0.23, -0.10 (<0.001)

-0.64,-0.01 (0.04)
-0.21, -0.09 (<0.002)

-0.45,-0.11 (0.001)
-0.20, -0.07 (<0.001)

-0.33, 0.06 (0.17)
-0.25, -0.11 (<0.001)

-0.23, -0.10 (<0.001)
-0.39, -0.08 (0.02)

-0.22, 0.04 (0.17)
-0.26, -0.12 (<0.001)

-0.40, -0.08 (0.003)
-0.20, -0.07 (<0.008)

-0.45, 0.04 (0.10)
-0.22, -0.10 (<0.001)

-0.21,0.14 (0.70)
-0.25, -0.12 (<0.001)

-0.49, 0.07 (0.14)
-0.24, -0.11 (<0.001)

-0.40, 0.09 (0.22)
-0.24, -0.11 (<0.001)

-0.21,0.37 (0.57)
-0.26, -0.13 (<0.001)

-0.30, -0.06 (0.004)
-0.25, -0.10(<0.001)

-0.52, 0.10 (0.18)
-0.23, -0.11 (<0.001)

-0.58, -0.04 (0.02)
-0.21, -0.09 (<0.001)

Difference between studies
containing BCT vs those
without BCT (P-value)

0.80

0.65

0.79

0.66

0.46

0.11

0.17

0.70

0.79

0.28

0.29

0.69

0.31

0.84

0.83

0.06

0.90

0.83

0.22






OEBPS/Images/table1c.jpg
&

w

o

@

o

)

3 ]

pativesiy

oo s
Fektcosam.

et e

Setrsmren
pertiswmiy

St e

pectiwka

St roeer e
pertvaniy

St rrapeert .

et ronapumor
pertimiia

[y

[

prny cxunre

Mgt

Fooa 101000, Q0.

[y

Focotoon are.

Frooton oo
Tegnora ot
o goe

Fanoon are.

Fosoton gwe.

Foaoon a0

Foototoon e

oo o ety

Foonoton oo

Foototon are

Fraoton are.

Fosootoon ge.

H

fP90d

propas

[ry—

2uasersone

[r—

2usorsone

et rpores

Sussomanc

[r—

sttt

weio o o
ety

T anes





OEBPS/Images/logo.jpg
’ frontiers
in Clinical Diabetes and Healthcare





OEBPS/Images/fcdhc-02-699038-g002.jpg





OEBPS/Images/table1.jpg
Aference Bt inervontion descripton VAT (Target  WHY (ypeol  Conirol  WHOrovidorof  HOW (Mods,  WHERE  WHEN and HOW HOW WELL

behaourdamanvs poychoopd  roup Imonenion)  foma) (counyof MUGH bumberf iyl
iy ctcome) | terenion) recman) sassiont,draion nenventon
Eri—
) EmemnEMEwnaan  Modmegmers  Cordm  Ussce Py Feobtmeow Ease  Jwstmowd O
) pocnopca oo o o
09 B rewinorr g Setmapmntiugd  Corsdm  Usalcn  Dibdokgss  Feobteaow Eacge  Owssarsowd O
ity oo sty e S et s nists s e
0 Messont g untonts  Sotmupimaeisod  Corsdn  Usacws  Oneaws (e, Togmoondiun foa  Oussicsowi? O
s s b chrn o 00 3 HOAC ko poy iy e
e o i T porrons
(9 Mook roveng nnionto  Sotmoogurrtiaga Corsdn  Evwoed  Cavmmyhedh Tetomeondius Mo Valonaserct P
e s bt chargn a8 8Ot [t Gt ratoara Areta s 0wt 12
o dbaes rc coton e
@) Usjorsion mnerioato rsea  Sofevogmntiuga  Corsdm  Ussicws  Dwsnuwd  Fwoblwecw Ao Tsesenow? O
oot sty Py ooy oo ey
() Mowond e enionts  Sotmegumat g ol Odbeis  Dopamnrus  Fenoluncos A Norposs o
oo b st et A s povesy [
i
) Viscwmemserbomdesson Medmeegmecv  Corsdm  Mwion  Nrwwd  Feoblesgop Aa  dsstsows O
o pochaosea oz oo pon ey
(2 Mo pochooea i Py ca Mosd et ve ol Usscas Py Tammoreio A dessors o
oo popcicd ooy pooepi osom s o
(9 Moasond g meeiincn  Smgmetiap  Corsdm  Usslce  Dibdwase  Feebtwsow N 4Gwsisowd P
P wSatmrgumet [y it
) Comoumcnmoss os pohgcitgt  Corsdn  Usscm  Nrecss  Feobimeow N Ruskmowd O
oy e P 0 GBS VEATc oo e, oo e —
oo i o s o,
Grsmcionts. ey
(59 Powsgnar riamericn o avenn s Mos st Cosseln  Usaicus  Doseesrres Tootonn, cooto o
ey pocrooeaosom o
(9 Acopnsbommiondpadomuutisod  Salmrogorat o COT O e - o
o e cn gy sy 5 S Feerdns
oot o poroog)
(0 Pt bty sty pogan Safwogimatiwgd | Cossatey  Uscwn G Frcorae. g o
wSat gt paoost
(9 T OwedUstjoSppatuin Setmeogmet g Corilny  Usslcws  Cosedon  Feaioten oo B
o i o Moot wSatmriganet o
g Teoviaomtolngros  osims
Furan Gocar
1 T Diweliigtios;d  Stmegmeciwgd  Corsdm  Ussice  Caredos  Tghmowio Ay oskmos P
Pyt ey rnseten 5 Bomaed oo o oot
(€ Pochano e Ggeeionaom Moot mesgemitvs BT Surecom Tugesuns  Fobloow Nen  Susesowd P
v S pspaniend e G S T Y





