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Abstract

The prevalence of Type 2 diabetes mellitus (T2DM) is increasing worldwide and physical activity
(PA) is a suitable way of preventing and managing the disease. However, improving long-term levels
of PA in people with T2DM is a challenge and the best approach to rehabilitation in this regard is

unknown.

With the aim of outlining the existing knowledge regarding the maintenance of active lifestyles
among people with T2DM after rehabilitation programmes and gaining knowledge about options and
challenges for their long-term engagement in PA, a systematic review of original research articles
assessing PA after rehabilitation programmes was conducted. Two-thousand-two-hundred-and-fourty-
one articles were identified through PubMed or secondary sources and subjected to various inclusion
criteria. Only articles published between the 15 of January 2000 and the 30™ of June 2020 were
considered. Additionally, the minimum time frame from intervention start to last PA assessment was

6 months and only articles based on interventions performed in Europe were included.

The review was based on eighteen randomised controlled trials, four randomised trials without control
and four case studies. The 26 articles described 30 interventions that were categorized as personalized
counselling, generalized teaching, supervised exercise or a combination of personalized and
generalized interventions. Statistical and narrative syntheses revealed no clear pattern regarding the

effectiveness in eliciting maintained changes in PA.

However, across categories, individual involvement, goal setting, social support and the formation of
habits are argued to be important components in sustaining PA and relieving challenges associated

with the transition out of rehabilitation programmes.

Keywords:

Exercise, Self-care, Lifestyle changes, Health care, Adherence, Compliance
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Introduction

Diabetes is an increasing problem worldwide and it has recently been estimated that 415 million
people suffer from the disease.! Of these, more than 90 % are accounted for by Type 2 diabetes
mellitus (T2DM).! In Denmark, the number of persons diagnosed with T2DM has almost tripled from
82,150 in 2000 to 227,525 in 2016.2 Furthermore, it is estimated that close to 300,000 Danes suffer
from pre-diabetes, a precursor for T2DM? and that approximately 60,000 Danes suffer from T2DM

without being diagnosed.’

The increase in the number of people suffering from T2DM is highly concerning as T2DM is
associated with various diseases and complications.* Among the complications often associated with
T2DM are retinopathy,’ neuropathy,® nephropathy’ and cardiovascular diseases.® Furthermore, the
overall mortality among people with T2DM is approximately twice as high when compared with

people without the disease.*

In addition to the individual consequences associated with diabetes, immense economic implications
apply on a societal level. In Denmark, at least 4.27 billion euro were spent in direct relation to
diabetes in 2011,° and the cost is expected to increase to between 9.98 and 13.26 billion euro by
2040.19 The three main expenses associated with diabetes are health care costs, nursing costs and lost

productivity.’

Among the most prevalent reasons for the development of T2DM is a lack of physical activity
(PA).'112 Thus, regular participation in PA, understood broadly as bodily movement resulting in
expenditure of energy, may serve as an effective means to prevent the development of T2DM.
Consequently, Jeon et al'® have shown that regular participation in PA of moderate intensity reduces
the relative risk of developing the disease to approximately 0.7 when compared with a more sedentary

lifestyle; i.e. the risk is reduced by 30 %.

Besides the preventive effect, regular participation in PA has been shown to positively affect the

health of those already diagnosed with the chronic T2DM condition. For instance, the glycaemic
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control, which is the ability to keep blood glucose levels within the normal range, is aided by PA.!4
Furthermore, PA is positively associated with numerous psychological factors such as mood, well-
being and quality of life, and it reduces the risk of anxiety and depression.!> These psychological
factors are especially relevant for people with diabetes as the disease is, for instance, associated with

an increased risk of developing anxiety.!®

Even though the benefits of participating in regular PA to prevent and manage T2DM are
scientifically evident, they do not always translate to pertinent behaviour. In a review of 47
randomised controlled trials on the topic, Minet et al'” concluded that the glycaemic control among
people with T2DM improved significantly following self-care management treatment focusing,
among other things, on exercise. However, the study also showed the effect size of such treatment

was largest when measured immediately after an intervention, and gradually decreased over time.!”

This gradually decreasing effect is rather unfortunate when considering the general approach to
rehabilitation. In Denmark, programmes vary across different municipalities'® but are generally
designed to contain supervised sessions of PA with varying intensities lasting approximately 3
months.!” Afterwards, participants are sometimes referred to activities in their local communities and
invited to infrequent follow-up sessions but are otherwise largely left to themselves, and not
surprisingly the effects of interventions often decline or disappear over time,!® underlining the need

for an improved, science-based approach to T2DM rehabilitation.

The aim of this study was to outline the existing knowledge about the maintenance of active lifestyles
after rehabilitation programmes among people with T2DM. The paper will contribute with knowledge
about options and challenges regarding long-term engagement in PA for the benefit of people with
T2DM, health professionals and institutions involved in T2DM management and rehabilitation. Thus,
the present systematic literature review aims to answer the question, How should interventions
promoting physical activity for Type 2 diabetes mellitus treatment and management be structured to

best support long-term changes in behaviour?
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Behaviour in relation to physical activity is a complex area spanning different scientific fields such as
sociology, psychology and neuroscience, and to understand behaviour in health science, some focus
on environmental conditions?*?! while others pay attention to individual motivation??2? or habits.?+23
All these views are drawn upon to provide a nuanced view of the options and challenges associated

with T2DM rehabilitation.

Material and methods

The present article is based on a systematic review of scientific literature regarding the initiation and
maintenance of a physically active lifestyle among people with T2DM. To be considered eligible for
inclusion in the review, the studies were subjected to a series of criteria.

Eligibility

Firstly, only studies published in the year 2000 or later were considered in order to outline the most
current research. Additionally, only publications in which people with T2DM participated in a
rehabilitation programme and in which some outcome(s) regarding levels of PA were assessed at least
6 months after initiation were included. The minimum of 6 months was chosen as exercise
programme participation rates have been shown to decrease drastically within the first 6 months after

starting a new regime.?® Thus, 6 months was deemed the minimum time frame by which maintenance

could be assessed in any capacity.

Furthermore, the inclusion was limited to studies published in English or Danish, and only studies
conducted in Europe were considered as social, political and cultural differences across continents

may impact the transferability of evidence in health care.?’
Search strategy

The review is based on articles retrieved through PubMed, Google Scholar and reference lists. The
primary search was limited to one database as depth was prioritized over breadth, and PubMed was
chosen as the primary source of knowledge as it was deemed the most relevant database for the
purpose of this study. The systematic review was conducted using a building block search strategy in

PubMed consisting of three blocks that were connected using the Boolean operator ‘AND’. Each
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block consisted of a key facet of the research question; T2DM, PA or maintenance (of level of PA).
The blocks were built using various MeSH terms and text words regarding the specific facet, all

connected with the Boolean operator ‘OR’. An overview of the building blocks can be seen in table 1.

Data abstraction

The original search was concluded on the 17% of October 2018 and yielded 1,997 results when
filtering out articles published before the 1% of January 2000 and articles concerning animal studies.
Titles and abstracts were then screened by one of the authors and 1832 studies that were indisputably
unsuitable according to set criteria were excluded. If articles were deemed possibly relevant or if any
doubt existed, they qualified for additional probing. Thus, 165 articles were discussed among the first
three authors. Of these, 152 were excluded upon further review, many of them quickly and simply due
to geographical origins outside of Europe, and 13 articles were found to fulfil all inclusion criteria. In
addition to the 13 included studies, another 15 studies were identified and included through
examination of reference lists of relevant literature reviews identified in the search. Lastly, an

unstructured Google Scholar search contributed with one article.
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The final step in the meticulous selection process was a quality assessment of the 29 articles initially
included. The quality was assessed by the first three authors using study design-specific checklists on
the reporting of intervention approach and information collection and analysis?® and by evaluating the
biases associated with certain choices and conditions identified as essential in these checklists. Six
articles initially included were excluded due to unsatisfactory descriptions of methods and/or results
such as unclear participant allocation, unclear outcomes and insufficiently described interventions,?®-34
and one article was excluded as its focus on practical implementation rather than outcome evaluation
made data difficult to interpret in relation to the aim of this review.3 We did not contact authors for

missing information.

The systematic PubMed search was updated on the 30" of June 2020, identifying an additional 244
records. The same steps were then completed and four additional articles qualified for quality

assessment and were included.

Data synthesis

The articles included in the present review were analysed descriptively with inspiration from the
Guidance on the conduct of narrative synthesis in systematic reviews.>® This was done by assessing
and grouping the described interventions according to various characteristics such as setting, target
population, intervention length and overall approach, looking for patterns in relation to resulting PA
outcomes. During this process, done collectively by the first three authors, four overall types of
interventions emerged; personalized counselling interventions, generalized teaching interventions,
supervised exercise interventions, and a combination of personalized counselling and generalized
teaching. These categories constitute the frame within which the syntheses presented in the results

section were analysed.

Quantitative PA outcomes were assessed statistically. If repeated measures data were reported for the
intervention group(s), these data were used to determine the effects of the intervention(s). If not, data
comparing interventions to control groups were used instead. This hierarchy of data was chosen as
control groups were seldomly actual control groups and commonly alternative interventions labelled
standard or usual care, making comparisons difficult to interpret. If the selected data showed no

significant difference, they were marked as “—” in tables 2-5. If a significant difference was reported,
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“? was used to indicate a significant increase in PA, followed by a Cohens d-type measure of effect
size. Depending on the available data, the effect size was calculated with one of the following

formulae:

HUT, post — HTpre

- For pre-post data, d; =

01

HT, post — Hc,post

- For treatment-control data, d, = =

Aur — Auc Aur — Auc

- For time-group-interaction data, either d3 = or dy=

g3 04

Where p is the mean, 1 refers to a treatment group, ¢ refers to a control group, o refers to post-
intervention measurements, . refers to baseline measurements, A refers to the mean difference
between baseline and post-intervention measurements, o; is the pooled standard deviation (SD) of pre
and post data in a treatment group, o, is the pooled SD of post data in a treatment group and a control
group, o3 is the pooled SD of pre-post mean changes in a treatment group and a control group, and o4
is the pooled SD of a treatment group and a control group, based on the average SD of pre and post

within each group.

In some instances where SDs were not directly reported, we calculated these from 95% confidence

upper limit — lower limit
3.92

intervals using the formula: SD = /n * , or from standard error (SE) using the

formula: SD = SE * \ﬁ

If data was available to calculate effect size with more than one of the described formulae, they were
prioritised as follows: d; > d; > d4 > d,. When several distinct, quantitative measures of PA were
available, objective measures (accelerometer etc.) were chosen over subjective measures

(questionnaires).

This overall method for outcome assessment was used to make various distinct designs and outcome
measures of PA comparable to some extent. The following sections outline the effectiveness of

different approaches to rehabilitation regarding maintained improvements in PA levels.
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Results

The selection process yielded 26 research articles’-62 describing 30 distinct interventions. Three
articles were concerned with a single intervention*3-* and two other articles were concerned with
another one,**4" while six articles evaluated multiple interventions.3”-38:46,30,33.55 The articles included
18 randomised controlled trials, four non-controlled trials and four qualitative or mixed methods case

studies of people with T2DM participating in large programmes.

Study characteristics

Among the included studies, the publication year ranged from 2003 to 2019. The mean of the reported
mean ages of participants was 60.3 (2.7) years, and time between T2DM diagnosis and intervention
participation varied between a few months and several years. Of the 30 distinct interventions, 14 had
an individual approach to rehabilitation, while 11 used group-based programmes and 5 used a mixture
of the two. The mean duration of the interventions was 8.1 (6.0) months, the mean time from the
intervention initiation to the last point of PA assessment was 13.9 (7.1) months, and the mean time
gap from intervention end to last PA assessment was 6.1 (6.8) months (interventions continuing

beyond last point of assessment counted as 0).

Lastly, the overall approach to rehabilitation in the studies was categorized as either personalized
counselling interventions, generalized teaching interventions, supervised exercise interventions or a
combination of personalized counselling and generalized teaching, as described in the methods
section. Below, syntheses of the articles are presented by category followed by a discussion of

patterns across all studies.

Personalized counselling interventions

The interventions in this category®’-#” were defined by a personalized approach to rehabilitation where
the contents and recommendations were weighed against personal interests, wishes, competences, etc.
The main characteristics and results of the interventions categorized as personalized counselling are
presented in table 2. Based on the 11 studies included, personalized counselling interventions tended
to have positive effects on PA at least 6 months after intervention initiation. Across all the studies,

people with T2DM were the primary target of intervention, an individual approach was taken and
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interventions lasted between 3 and 12 months. A more thorough view of the intervention structures
revealed various similarities across studies. Most interventions used an initial face-to-face
consultation with a nurse or physician regarding PA and goal setting followed by phone calls for
support and goal evaluation. Two studies®’® had a marginally different approach combining PA
counselling with diet counselling and conducting face-to-face follow-up sessions as opposed to phone
calls. Andrews et al’® showed positive effects of this approach at both 6 and 12 months when
compared with usual care controls, while Malpass et al’” qualitatively explored the mechanisms
behind these results, showing that a broad perspective on management including both PA and diet
may elicit increased confidence in one’s ability to manage T2DM, and that additional tools for
controlling blood glucose are perceived as helpful rather than counterproductive.’’ Effect size
calculations revealed that all studies in this category with measurements at multiple times showed a
decrease in effect over time, even if significant improvements were maintained. This is in line with

what has previously been reported regarding glycaemic control.!”

Generalized teaching interventions

This category was defined by interventions*-32 mainly based on providing general information to
groups of people with T2DM. Table 3 shows the main characteristics of interventions labelled as
generalized teaching. In this category, results were mixed as some studies showed positive effects of
generalized teaching interventions on PA while others showed no significant effects. The
interventions in this category were characterized by their direct targeting of people with T2DM while
also conducting the teaching in group settings. Furthermore, intervention periods were generally short
resulting in relatively large gaps between intervention endpoint and PA outcome assessments.
Looking thoroughly at the intervention approaches, some studies focused on educating participants in
T2DM consequences and management strategies such as diet and PA.*¥-3 As seen in table 3, this
approach tended to be less effective in evoking sustained changes in PA after at least 6 months,

although Deakin et al*® did show a marginally positive effect.

Additionally, two studies investigated a more motivation-oriented teaching approach focusing on the
importance of self-efficacy or empowerment.3%>! Kulzer et al’® reported significant positive effects of

this approach while Moreno et al*!' found no effect on most outcomes related to PA.

This article is protected by copyright. All rights reserved



Finally, Rise et al’? found that obtaining new knowledge was an important factor for the initiation of
lifestyle changes. However, other factors such as social support, positive experiences and the

formation of habits were more closely related to the maintenance of those changes in the long term.

Supervised exercise interventions

In this category, interventions®3->7 were defined as consisting mainly of supervised exercise sessions,
and the results of this approach are seen in table 4. The studies differed in settings as two had an
individual programme, two were group-based and one was mixed. Furthermore, intervention

durations varied between 4 and 25 months.

As in the previous category, the results were mixed with Gram et al>3 showing no effects of their 4-
month supervised exercise interventions at 12 months compared with baseline. Nicolucci et al,>* Gallé
et al,>® and Balducci et al’” all found that their interventions based on supervised aerobic and
resistance training significantly improved levels of PA. Nicolucci et al’* assessed PA immediately
after the intervention, meaning participants could show improvements by only following the
supervised PA in the intervention. However, they also reported a significant increase in non-
supervised PA, albeit with a much smaller effect size. Balducci et al>” offered three months of
supervised exercise but spread over 25 months. This approach led to significant increases in PA at
both 12, 24 and 36 months, although the effect size decreased slightly over time, as seen in most other

studies.

The last study in this category, Praet et al,> differed by only reporting adherence rates during the
year-long intervention of supervised walking or fitness. No significant differences were demonstrated
in adherence rates between the groups, but the overall effectiveness in creating sustained

improvements in PA levels was debatable.

Combining personalized counselling and generalized teaching

The last category is shown in table 5 and is defined by studies*¢-8-2 based on interventions containing
a balanced combination of personalized counselling and generalized teaching. The interventions in
this category differed in several aspects. Vissenberg et al’® and Van Puffelen et al®? used a group
approach and included spouses, friends, etc. of the participants with T2DM, whereas Thoolen et al,>®

Lindenmeyer et al®® and Maindal et al®' were based on 12-week interventions with a more individual
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approach. Thoolen et al,>® Maindal et al®! and Van Puffelen et al®> mixed education on relevant topics
(e.g. PA, diet, medication) with goal setting and group discussions in relation to those topics.
Lindenmeyer et al®® educated health professionals in listening and supporting, and both Lindenmeyer
et al® and Kirk et al*® provided participants with information and goal setting exercises as well as
telephone support. In this category, again the results were mixed. Vissenberg et al>® showed
significant improvements in PA after 10 months, but changes were not maintained 6 months later. On
the other hand, Thoolen et al*® showed improvements in PA at 12 months compared with baseline
while a very similar intervention in Maindal et al®' showed no effect after 36 months. Lindenmeyer et
al®Y reported marginal improvements in PA in the intervention group at 12 months, partly attributing
the changes to the strategic use of PA in self-management of blood glucose levels. Neither Kirk et al*®
nor Van Puffelen et al®? showed any significant increase in PA assessed three months after the end of

their respective interventions.

Discussion

As evident in the syntheses presented above, rehabilitation programmes for people with T2DM
include a diversity of approaches with corresponding diverse outcomes. Therefore, how programmes
should be structured to support long-term changes in physical activity is not self-evident based on the
categories we provide. In the following section, tendencies that cut across the presented categories
will be discussed in order to better understand which elements to consider when structuring

rehabilitation programmes for people with T2DM.

Through qualitative interviews with people with T2DM participating in a group-based educational
programme, Rise et al>? highlighted the importance of social support in maintaining lifestyle changes,
e.g., PA patterns. Correspondingly, Vissenberg et al®? reported an improvement in general self-care
behaviour (including exercise) after an intervention promoting social support among peers with
T2DM, and Van Dyck et al*’ showed that social support from family was a consistent mediating
factor for improvements in intermediate-term (12 months) PA among people with T2DM. These
results might spur a belief that group-based programmes are generally preferable for the maintenance
of lifestyle changes, but the present review does not support that notion. Looking at the quantitative

results of the included trials, no clear association appears between group settings and the
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improvement and maintenance of PA levels but rather an opposing tendency supporting a more

individual or combined approach.

As peer support in groups of people with T2DM has previously been reported to positively affect self-
management,%* it is likely that the lack of evidence in the present review supporting this notion is not
indicative of insubstantial effects of social support from peers. Rather, it may indicate the importance
of tailoring interventions to the specific needs of each person as generally practiced in the included
studies based on personalized counselling in which setting and evaluating personal goals were often

focal parts.

In general terms, both social support and individual involvement are key motivational factors. For
instance, the Self-Determination Theory®® presents relatedness, competence and autonomy as the
basic psychological needs associated with intrinsic and sustained motivation. By combining
individual goal setting and a supportive group environment, the overall motivation and maintenance
could possibly be enhanced as the personal involvement may elicit a feeling of autonomy, while
social interaction with peers could aid the sense of relatedness. Thoolen et al>® exemplified the value
of an approach mixing individual and group sessions in eliciting and maintaining changes in PA.
However, instead of focusing on motivation the objective of the intervention was to enhance
participants’ ability to cope with barriers preventing intentions from becoming sustained actions.

Thus, Thoolen et al>® recognized the possible disparity between motives and actual behaviour.

Another perspective on behaviour is that of habits. Orbell & Verplanken® investigated the role of
habits in health behaviour focusing on cue-contingency and automaticity as predictors of behaviour;
thus referring to an automated cue-response relationship as a crucial component of habitual behaviour.
Elaborating the role of habits in health behaviour, they claim, “Motivational models and persuasive
appeals that encourage people to develop positive health related goals might more effectively lead to
the development of habitually automated and sustained behaviours if they encourage repetition of

behaviour in a stable context or in response to a stable cue”®

(p.381).

By underlining the need for stable contexts and stable cues in sustained behaviours, this theoretical

view provides a framework for understanding the limited success of various rehabilitation
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programmes in general and for people with T2DM specifically. During structured interventions,
participants may learn new patterns of behaviour but are also provided with certain circumstances
(e.g. training group) and cues (e.g. phone calls, leaflets, diaries) by which the behaviours are
triggered. Thus, the discontinuation of these habitual triggers of PA after interventions could help us
understand the difficulties associated with the transition from being an intervention participant to
becoming responsible for your own health through self-care. Both De Greef et al*® and Vissenberg et
al’® accentuated the difficulties associated with this transition as they reported that their respective
programmes led to significantly positive effects on the levels of PA at the endpoint of their
interventions, while these effects were significantly diminished 6 months after the interventions in

both cases.

To summarize, an approach to rehabilitation where the participants partake in goal setting, receive
social support and learn how to cope with barriers seems to be preferable for creating sustained
changes in PA. Additionally, while supportive structures seem to be beneficial to long-term
promotion of PA, these structures should be sustainable as PA engagement might be positively aided

by cues provided in or by a certain context.

To provide a more systematic view of the effects of certain components of interventions, further
research could explore the research question of the present study through the CALO-RE behaviour

change taxonomy provided by Michie et al.’
Limitations

The present study has some methodological limitations that should be acknowledged. Firstly, the
inclusion of only one database in the primary search may have limited the number of records
identified, and the fact that almost half of the records came from the secondary search reinforces this
idea. Additionally, other databases such as PsycInfo or Embase may have broadened the type of
records identified. The fact that titles and abstracts were initially screened by only one person could
also be problematic, although we tried to alleviate the problem by being generous in this step, only

excluding what was perceived as obvious noise.

This article is protected by copyright. All rights reserved



Conclusion

Long-term maintenance of physical activity (PA) has proven to be a challenge for people with Type 2
diabetes mellitus (T2DM). In this systematic review, literature regarding the maintenance of PA after
rehabilitation interventions conducted in Europe between 2000 and 2020 was retrieved through
PubMed, Google Scholar and various reference lists. The searches led to the inclusion of 26 original
articles describing 30 distinct interventions. Articles were categorized according to their overall
intervention approach as either personalized counselling, generalized teaching, supervised exercise or
a combination of personalized counselling and generalized teaching. Syntheses revealed no definite
effects of the approaches on long-term (6+ months) PA as the results in all categories were mixed.
Additionally, tendencies across categories were discussed, and individual involvement, goal setting,
social support, coping with barriers and formation of habits stood out as influential factors in
determining long-term PA. Furthermore, the difficulties associated with the transition out of
rehabilitation programmes were discussed, and softening the transition by implementing sustainable

structures for PA engagement was proposed to aid participants in the long term.

Perspectives

Among the main findings of the present literature review were the needs for individualized
programmes and for sustainable social structures in securing long-term engagement in PA among
people with T2DM. One potential way to accomplish this is to include sports clubs and other local

activity providers in the rehabilitation approach.

Targeting inactive people in general, and not people with T2DM specifically, this has been practiced
in Sweden as part of the Physical Activity on Prescription programme,® and a recent review has
confirmed the positive effects of the programme on levels of PA.% However, the conceptualization of
PA as a means to something else (e.g. lowered blood glucose), a view the present review cannot deny
exemplifying to some extent, could be augmented by prescribing PA as medicine.”® Contrarily,
voluntarily driven sports clubs are likely populated by individuals perceiving PA in the given context
as valuable in and of itself and it is unclear how these vastly different perspectives on PA mesh.

Future research should seek to clarify not just how inclusion in voluntary sports communities affects
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long-term PA among people with T2DM but also how this involvement is experienced and perceived

by both programme participants and members of existing PA communities.
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Tables

Table 1: PubMed search protocol

‘!oolean AND
gperator
Facet 1 — type 2 diabetics Facet 2 — physical activity Facet 3 — maintenance
MeSH terms: MeSH terms: MeSH terms:
[Diabetes mellitus, type 2] [Exercise], [Recreation], [Guideline adherence],
[Exercise therapy], [Managed care programs],
[Recreation therapy], [Treatment adherence and
OR [Activities of daily living], compliance]
[Dance therapy]
Text words: Text words: Text words:
[Type 2 diabetes], [DMT2], [Training], [Workout], [Maintain*], [Adher*],

LToamanal
[TZ01vi]

Lo | LLAL L i |
[FTtTess], [VWOoTrKmgout],

[Physical inactivity]

[Cumpiianu—_‘], [Pluiung*],
[Sustain*], [Retention],
[Retain*], [Continu*]

* indicates truncation.
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Table 2: Characteristics and results of studies based on personalized counselling interventions

1. AUTHOR, STUDY N AGE % INTERVENTION DESCRIPTION DURATION ASSESSMENT RESULTS
YEAR & DESIGN MEN
COUNTRY
Malpass Case 30 NR 40 Control group: Standard dietary and exercise advice at 12 months - 6-9 M - Participants in diet group or diet + PA group both
200937 study baseline, 6 months and 12 months. Diet group: Received diet experienced improvements in lifestyle regarding PA.
leaflets and goal-oriented motivational interviewing, and = Participants in the diet + PA group used PA strategically to
UNITED negotiated individual goals with dietitian at baseline, 3, 6, 9 lower blood glucose.
KINGDOM and 12 months. Nurses reinforced advice and goals during - Overall, combining diet and PA was perceived as helpful
nine appointments throughout the intervention. Diet + PA rather than counterproductive as a broader perspective
group: Received the same dietary intervention, were helped participants take responsibility for their health
equipped with pedometers, motivating literature, pages for and increased their confidence in the ability to manage
recording daily PA, and were asked to do 5 x 30 minutes of T2DM.
brisk walking per week in addition to normal activities. In this - Participants lacking social support could prefer mastering
group, nurse appointments regarded both diet and PA. one change at a time, and in those cases, focus should
first be on PA as PA is more often associated with
increased motivation for additional changes.
Andrews RCT 593 60 64.7 The intervention was the same as in Malpass 2009 (above) 12 months Accelerometer (moderate to vigorous exercise, min/day):
201138 but with other participants and other outcome measures. - Baseline - Control: 26 (20), diet grp: 26 (20), diet + PA grp: 23 (17)
- 6M - Control: 24 (20), diet grp: 29 (24), diet + PA grp: 33 (21)
UNITED - 12Mm - Control: 26 (23), diet grp: 27 (24), diet + PA grp: 31 (25)
KINGDOM Group effect - Diet/control: 6 M —, 12 M —

Group effect
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Diet + PA/control: 6 M T d, =0.43,12M T d, =0.20



De Greef RCT 92 62 69 An initial 30-minute individual meeting between participant
20113 and a psychologist. Together, they developed an

individualized lifestyle plan for behaviour change.

Van Dyck Participants were given pedometers and a diary to track PA
201140 and received a total of 7 supportive phone calls the following

24 weeks. Calls regarded goal-setting, self-monitoring, self-

BELGIUM efficacy, benefits of change, decisional balance, problem-

solving strategies, social support and relapse prevention.

Clark RCT 100 59.5 58 An initial meeting with an interventionist to develop a
20044 personalized programme with a dietary goal, a PA goal,
strategies to overcome barriers, and a contract, all based on

UNITED the participant’s current lifestyle. Motivation for change was
KINGDOM developed through motivational interviewing. Short follow-
up phone calls were made at 1,3 and 7 weeks. The whole
process was repeated twice, starting at 12 and 24 weeks,

respectively, with meetings designed to review progress.

Achieved goals were replaced with new ones and
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24 weeks

31 weeks

Baseline
6 M
12M

Time x group

Baseline
6M
12 M

Time x group

Baseline
12 M

Time effect

Baseline

12m

Pedometer (steps/day):

- Control: 5139 (2933), intervention grp: 4959 (2414)
- Control: 3883 (2537), intervention grp: 7703 (2729)
- Control: 3864 (3440), intervention grp: 6831 (3164)
- AINT/AControl: 6M T d,=1.52,12M T d; = 1.07
Accelerometer (light to vigorous exercise, min/day):

- Control: 322 (109), intervention grp: 300 (90)

- Control: 306 (102), intervention grp: 323 (87)

- Control: 273 (107), intervention grp: 311 (88)

- AINT/AControl: 6M T d,=0.41,12M T d; = 0.63

- In addition to increases in PA, the intervention aided PA
self-efficacy, coping with relapse and social support from

family. All were mediating factors for self-reported PA.

- Coping with relapse tended to be more closely related to
PA at 6 months, while self-efficacy and social support
were more closely related to PA at 12 months.

Physical Activity Scale for the Elderly - Questionnaire:

- Intervention grp: 254.30 (95.23)

- Intervention grp: 281.35 (114.84)

- 12 M/baseline: -

Summary of Diabetes Self-Care Activities — Exercise (days of
adhering to recommendations per week):

- Intervention grp: 2.37 (1.21)

- Intervention grp: 3.24 (1.47)



unsuccessful coping elicited new problem-solving strategies.
Participants received informative brochures at various times.
Di Loreto RCT 340 61.8 a7 A physician saw all participants (control and intervention) for
200342 a clinical examination and counselling session on diet and PA.
In addition, the intervention group received 30 min of PA
ITALY counselling on motivation, self-efficacy, pleasure, support,
comprehension, overcoming impediments and using a PA
diary. Participants received a follow-up phone call after 1
month and an appointment in the outpatient diabetes clinic
every three months to discuss progress, obstacles, etc.
Kirk RCT 70 57.6 50 All participants (control and intervention) received a
200343 standard exercise leaflet. A trained research assistant saw all
2004a* intervention group participants for a 30-min session at
2004b%5 baseline to encourage PA. Consultations regarded current
PA, benefits, barriers, costs of becoming more active,
UNITED suitable activities, social support, goal setting, and relapse
KINGDOM prevention. These topics were discussed again at 1 and 3
months, using follow-up phone calls. Starting at 6 months,
the process was repeated with a new consultation on relapse
prevention and long-term maintenance, and follow-up phone
calls at 7 and 9 months. 6M data were based on the initial 3-
month intervention.
Kirk RCT 134 613 48.2 Two distinct interventions based on either personal exercise
2009% consultation or written exercise consultation. The written
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Time effect

24 months

= A24M

Time x group

9 months
- A6 M
- A12 M

Time x group

- A6M
- A12M

Time x group

9 months

- Baseline

- 12 M/baseline: T d; = 0.65

Modifiable Activity Questionnaire (Metabolic equivalents
hours/week):

- Control: 3.2 (8.8), intervention grp: 26.0 (27.0)

- AINT/AControl: 24 M T ds = 1.10

- % of participants above 10 metabolic equivalents h/week:
o Intervention grp: Baseline 2.8 %, 24 M 69 %
o  Control: Baseline 3.8 %,24 M 18 %
Accelerometer (counts/week):

- Control: -333343 (1702706), INT grp: 805576 (1781185)

Control: -669061 (1702706), INT grp: 416632 (1772763)

- AINT/AControl: 6 M T d3=0.65,12M T d; = 0.62
7-day physical activity recall (min/week):
- Control: -20.2 (62.9), intervention grp: 70.3 (177.6)
- Control: -13.7 (51.1), intervention grp: 55.2 (152.4)
- AINT/AControl: 6 M T d3=0.67,12M T d; = 0.60
- % of participants met recommendations for PA:

o INT: Baseline20%, 12 M 57 %

o Control: Baseline 29 %, 12M 10 %

Pedometer (steps/day):
- Control: 6000 (2000), intervention grp: 6600 (2700)



UNITED
KINGDOM

Dobler
201847

GERMANY

intervention is described in table 5. The personal - 6M - Control: 5800 (1800), intervention grp: 6500 (2800)
consultation intervention was almost the same as Kirk 2003; - 12Mm - Control: 5200 (2100), intervention grp: 6300 (3000)
20044a; 2004b (above) but with other participants. Time x group - AINT/AControl: 6 M —, 12 M —

Accelerometer (counts/week in thousands):

- Baseline - Control: 1453 (435), intervention grp: 1548 (697)
- 6M - Control: 1436 (450), intervention grp: 1571 (704)
- 12 M - Control: 1248 (500), intervention grp: 1404 (817)
Timexgroup - AINT/AControl: 6 M —, 12 M —>
RCT 199 52 70 Participants in both the control and intervention groups 12 months Exercise index: Self-reported score on a scale of 1-4 (lower
received a 3-week standard care programme. Immediately scores better):
hereafter, participants in the intervention group received a - A12M - Control: -0.27 (1.9), intervention grp: -1.24 (2.0)
face-to-face session with motivational interviewing and Time x group - AINT/AControl: 12 M T d3 =—0.50

action and coping planning regarding certain lifestyle areas
determined to be most important for each participant.
Afterwards, they received monthly telephone counselling for
12 months, addressing emotional distress and discussing
their personal action plans. For some, target lifestyle areas
changed during the study, but at least 92 % of participants
focused on exercise at some point. Participants in the control
group received written information on diet and PAat 3 and 9
months.

PA refers to physical activity. Group effect refers to effect of intervention based on between groups comparison. Time effect refers to effect of intervention based on within group comparison. Time x
group refers to effect of intervention based on time-group-interaction data. A refers to absolute difference between baseline and post measurements. 1 indicates a significant increase in PA. —
indicates no significant difference. d, refers to a Cohen’s d-type effect size calculated as explained in “Data synthesis”. INT refers to an intervention group. Values of outcomes are presented as mean

(SD) unless otherwise stated. Qualitative results are presented as short descriptions of main findings.
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Table 3: Characteristics and results of studies based on generalized teaching interventions

1. AUTHOR, STUDY N AGE % INTERVENTION DESCRIPTION DURATION ASSESSMENT RESULTS

YEAR & DESIGN MEN
COUNTRY

Deakin RCT 314 615 52 Participants attended the X-PERT programme, consisting of six weekly 6 weeks Summary of Diabetes Self-Care Activities — Exercise

20068 two-hour sessions held in community venues. A diabetes research (days of adhering to recommendations per week):

dietitian delivered the intervention with topics such as diet, prevention - Baseline - Control: 1.4 (2.5), intervention grp: 1.8 (2.3)

UNITED of complications, weight management through exercise, and goal - 14 M - Control: 1.7 (2.7), intervention grp: 2.6 (2.4)

KINGDOM setting, all aimed to empower participants through development of skills Group effect - INT/control: 14 M T d, = 0.35
and confidence.

Cooper RCT 89 59 56 Educational intervention led by trained diabetes nurses, consisting of 8 weeks Summary of Diabetes Self-Care Activities — Exercise

2008% eight weekly group sessions, each lasting approximately two hours. Time x group - AINT/AControl: 6 M —, 12 M —

UNITED Content included information about the disease, exercise, relaxation,
KINGDOM self-management principles and exploration of diabetes-related feelings.

Kulzer Non- 181 55.6 50.3 Treatment A: Didactic-oriented intervention focused on knowledge, 3 months Frequency of PA (score 0-4):

20075 control skills and information about correct treatment, consisting of four 90-min - Baseline - Treatment A: 1.0 (0.9), B: 0.8 (1.0), C: 0.9 (1.0)

trial group lessons. Treatment B: Group empowerment intervention focusing - 15M - Treatment A: 1.1 (0.9), B: 1.4 (1.0), C: 1.3 (1.0)
GERMANY on cognitive and motivational processes of behaviour change during Time effect - 15 M/baseline:
twelve 90-min sessions. Treatment C: Individual/group-based o Treatment A: >
empowerment intervention similar to treatment B, but with half of the o TreatmentB: T d,=0.6
sessions conducted in an individual setting. Trained psychologists o TreatmentC: Td,=0.4
conducted all three interventions.
Moreno Non- 171 634 52 Educational group sessions based on the theory of self-efficacy. Across 6 weeks 7-day physical activity recall (Metabolic
2016°! control six weeks, six 2.5-hour sessions on topics such as performance mastery, equivalents hours/week):
trial modelling, symptom interpretation, social persuasion, problem solving, - Baseline - Intervention grp: 5.5 (7.7)
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SPAIN decision making and resource utilization were completed. Two certified - 7,5M - Intervention grp: 5.5 (not reported)
leaders, one of whom was a person with T2DM or a caregiver, led the Time effect - 7.5 M/baseline: —»
sessions, thus emphasizing peer learning. Additionally, sessions were % of participants met recommendation for PA:
supported by educational material (books, leaflets, CDs). - INT: Baseline 58 %, 7.5 M 70 %
Rise Case 23 58 39 Three sessions of group education, lasting a total of 15 hours. Sessions 3-6 weeks Qualitative semi-structured interviews:
20132 study were conducted weekly or fortnightly, were led by diabetes nurses with - ~1M - Factors influencing lifestyle change: Obtaining
input from physicians, physiotherapists and experienced persons with new knowledge, taking responsibility,
NORWAY T2DM, and included information about T2DM, PA and metabolic control. receiving confirmation of healthy lifestyle.
Sessions included lecturing, questions, interactive learning and group - ~7M - Factors influencing maintenance of changes:
discussions. Support, experiencing an effect, fear of
complications, formation of new habits
1. AUTHOR, STUDY N AGE % INTERVENTION DESCRIPTION DURATION ASSESSMENT RESULTS
YEAR & DESIGN MEN
COUNTRY
Gram RCT 68 60.6 54 Two distinct interventions based on PA supervised by a physiotherapist; one 4 months - 12M No significant changes in proportions of
20103 focusing on indoor fitness training, one focusing on outdoor brisk walking. In participants physically active >3
both interventions, activities were individually adapted. Interventions hours/week in either intervention group
DENMARK contained two weekly 45-min group sessions for the first two months and (self-reported). Numbers not available.

one weekly 45-min group session for the following two months. At the end

of the interventions, participants were informed of training opportunities in

PA refers to physical activity. Group effect refers to effect of intervention based on between groups comparison. Time effect refers to effect of intervention based on within group comparison. Time x

group refers to effect of intervention based on time-group-interaction data. A refers to absolute difference between baseline and post measurements. 1 indicates a significant increase in PA. —

indicates no significant difference. d, refers to a Cohen’s d-type effect size calculated as explained in “Data synthesis”. INT refers to an intervention group. Values of outcomes are presented as mean

(SD) unless otherwise stated. Qualitative results are presented as short descriptions of main findings.

Table 4: Characteristics and results of studies based on supervised exercise interventions
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RCT

606

92

69
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NR
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61.8

61.7

NR

51

67.9

61.3

their neighbourhood, and at 8 months, they were interviewed about PA.

Both the intervention group and control group received structured
individual exercise counselling at baseline and every three months for the
duration of the intervention. In addition, the intervention group received
individualized and progressive aerobic and resistance training for a year,

amounting to 150 min/week divided into two weekly sessions.

Two interventions; one based on brisk walking, and one based on medical
fitness. Both interventions consisted of three weekly sessions of supervised
exercise for a year, and both interventions had elements of endurance and
resistance training. The brisk walking intervention was outside in groups of
15-25 with certified trainers and, for the first three months, a physical
therapist. The medical fitness was supervised by a physical therapist, was
more individual, and implemented weight machines and ergometer work.
The intervention consisted of a motivational and educational group
programme focusing on PA and diet. Sessions were biweekly and included
topics such as PA benefits, home-based and outdoor training methods,
barriers and problem solving. In addition, the programme contained
supervised 1-hour group exercise sessions twice per week for the duration

of the intervention.

Participants in the intervention group received an initial individual

counselling session with a diabetologist, followed by 8 biweekly individual
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12 months
- Al12 M
Time x group
- Al12 M
Time x group
12 months
- 6/12M
- 6/12M
9 months
- Baseline
- 9M
- 21 M
Time effect
Time effect
25 months
(sessions in

Short Form-36 questionnaire: Total volume
of PA (Metabolic equivalents hours/week):
- Control: 10.0 (8.7), INT grp: 20.0 (0.9)
- AINT/AControl: 12M T ds = 1.64
Volume of non-supervised PA:

- Control: 10.0 (8.7), INT grp: 12.4 (7.4)
- AINT/AControl: 12M T d;=0.30
Dropout rate during intervention:

- Walking group: 6 M 45%, 12 M 63%

- Fitness group: 6 M 30%, 12 M 56%

International Physical Activity
Questionnaire — Short Form: Habitual PA
(Metabolic equivalents min/week):

- Intervention grp: 474.8 (90.3)

- Intervention grp: 641.0 (53.5)

- Intervention grp: 663.4 (57.0)

- 9M/baseline: T d, = 2.24*

- 21 M/baseline: T d; = 2.50*
Accelerometer (Metabolic equivalents

hours/week):



ITALY

sessions of supervised exercise and counselling, with a certified exercise month 1, - A12 M - Control: 0.4 (2.5), INT grp: 2.9 (2.8)

specialist, per year for 3 years. The intervention sought to gradually reduce 13, 25) - A24M - Control: 0.0 (4.1), INT grp: 2.3 (3.8)
sedentary time and increase light-, moderate-, and vigorous-intensity PA. - A36M - Control: -1.0 (4.7), INT grp: 1.3 (4.4)
Time x group - AINT/AControl: 12 M T ds = 0.94,

2aMTd;=0.59,36 M T d;=0.51

PA refers to physical activity. Time effect refers to effect of intervention based on within group comparison. Time x group refers to effect of intervention based on time-group-interaction data. A
refers to absolute difference between baseline and post measurements. 1 indicates a significant increase in PA. d, refers to a Cohen’s d-type effect size calculated as explained in “Data synthesis”.
INT refers to an intervention group. Values of outcomes are presented as mean (SD) unless otherwise stated. *Effect size probably positively skewed as 17 of 69 participants dropped out and

analysis was not intention-to-treat.
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Table 5: Characteristics and results of studies on interventions combining personalized counselling and generalized teaching

1. AUTHOR, STUDY INTERVENTION DESCRIPTION DURATION ASSESSMENT RESULTS
YEAR & DESIGN
COUNTRY
Vissenberg Case 24 group sessions for participants with T2DM, 6 group 10 months Summary of Diabetes Self-Care Activities — Exercise (days
20178 study sessions for their significant others (spouses, friends, etc.), of adhering to recommendations per week):
and two therapy sessions with both the participant and a - Baseline - Intervention grp: 3.78 (NR)
THE significant other present. The sessions covered topics such - oM - Intervention grp: 4.83 (NR)
NETHERLANDS as disease, diet and exercise, and the topics were explored - 16M - Intervention grp: 4.43 (NR)
through discussions, group games and exercises, role- Time effect - 10 M/baseline: T (data for effect size not available),
playing, action planning, etc. Significant others were 16 M/baseline: —
included to provide social support during and after - 10M - 27 qualitative interviews were conducted after the 10
intervention participation. month intervention and findings indicated an increase
in overall PA in the intervention group, in accordance
with the quantitative results.
Thoolen RCT Two individual sessions and four group sessions during a 12- 12 weeks Summary of Diabetes Self-Care Activities — Exercise:
2009>° week period. In the first individual session, participants - Baseline - Intervention grp: 3.2 (2.0)
discussed their experiences with T2DM, and in the group - 12 M - Intervention grp: 4.1 (1.8)
THE sessions they worked on personally relevant goals regarding Time effect - 12 M/baseline: T d; = 0.48
NETHERLANDS PA, diet and medication, using a proactive 5-step plan for Physical Activity Scale for the Elderly — Questionnaire:
goal setting. In the final individual session, participants - Baseline - Intervention grp: 125 (60)
evaluated progress and made plans for the future. Trained - 12 M - Intervention grp: 152 (76)
diabetes nurses led all sessions. Time effect - 12 M/baseline: T d; = 0.39
Lindenmeyer Case The intervention consisted of five components, 1; Two-day 12 weeks - 6M - Qualitative interviews with participants in the
2010°%° study training by health professionals to deliver the programme, 2; Diabetes Manual programme and controls revealed
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DENMARK

Kirk
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UNITED
KINGDOM

a workbook for participants with T2DM containing
information and exercises regarding diet and PA, 3; a
relaxation CD, 4; a frequently asked questions and

programme overview CD for participants with T2DM and

interviewees had completed the intervention, while some
had not yet started.

RCT 509 62 53 An individual baseline interview about the participant’s
motivation, needs and readiness to change, followed by
eight group sessions regarding motivation, informed
decision-making, action experience and social involvement,
led by nurses, dietitians, physiotherapists and general
practitioners. At 12 weeks, the intervention was concluded
with an individual interview with a nurse giving feedback in
relation to individual goals, motivation and further actions.
RCT 134 613 48.2 Two distinct interventions based on either personal exercise
consultation or written exercise consultation. The personal
intervention is described in table 2. Participants in the
written consultation intervention received written PA
material at baseline and 6 months and were encouraged to
work through it. At baseline, topics included types of PA,
health benefits, identifying and overcoming barriers,
opportunities for PA, social support, preventing relapse, and
developing goals. Based on progress, at 6 months

participants received material to either strengthen current

behaviour or to reinforce the information given at baseline.
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carers, and 5; telephone support at 1, 5 and 11 weeks. Some

12 weeks

- 36 M

Group effect

9 months
- Baseline
- 6M
- 12 M

Time x group

- Baseline
- 6M
- 12 M

Time x group

marginally different behaviour between the groups.
- There was a tendency that intervention participants
more frequently used blood glucose self-testing.
Additionally, several intervention participants
mentioned a link between self-testing and PA and
thus used PA to lower blood glucose.
- No apparent effect of nurse telephone support on PA.
International Physical Activity short-form Questionnaire:
Volume of PA (Metabolic equivalents hours/week)
- Control: 44.99 (NR), intervention grp: 49.89 (NR)
- INT/control: 36 M —

Pedometer (steps/day):

- Control: 6000 (2000), intervention grp: 5500 (2300)
- Control: 5800 (1800), intervention grp: 5300 (2300)
- Control: 5200 (2100), intervention grp: 5000 (2200)
= AINT/AControl: 6 M —, 12 M —

Accelerometer (counts/week in thousands):

- Control: 1453 (435), intervention grp: 1282 (666)
- Control: 1436 (450), intervention grp: 1234 (619)
- Control: 1248 (500), intervention grp: 1130 (562)
- AINT/AControl: 6 M —, 12 M —



Follow-up phone calls were made at 1, 3, 7 and 9 months.

Van Puffelen RCT 168 63.6 55.4 Participants in the control group received a single
201952 educational lecture regarding treatment options and
potential complications. In the intervention group,
THE participants received a workbook and a group based support
NETHERLANDS programme consisting of 3 sessions at 0, 1 and 2 months,
regarding illness perceptions, goal setting, action plans and
ways of support. At 5 months, participants met and reflected
on their progress. Two trained nurses led all sessions, and
participants in both the intervention group and the control
group were encouraged to bring their partner or a close

friend or relative to their respective sessions.

Summary of Diabetes Self-Care Activities — Exercise:
- Intervention grp: 4.5 (1.8)

- Intervention grp: 4.4 (1.7)

- 8M/baseline: —

PA refers to physical activity. Group effect refers to effect of intervention based on between groups comparison. Time effect refers to effect of intervention based on within group comparison. Zime x

group refers to effect of intervention based on time-group-interaction data. A refers to absolute difference between baseline and post measurements. 1 indicates a significant increase in PA. —

indicates no significant difference. d, refers to a Cohen’s d-type effect size calculated as explained in “Data synthesis”. INT refers to an intervention group. Values of outcomes are presented as mean

(SD) unless otherwise stated. Qualitative results are presented as short descriptions of main findings.
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Figure legends

Figure 1: Summary of the literature review process. The numbers in the parantheses refer to the first and second PubMed search processes,

respectively. PA refers to physical activity.
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Secondary search

Primary search

Exclusion

Titles and abstracts screened
n = 2241
(1997 + 244)

n = 2035
(1832 + 203)

- No intervention described

|

- No outcome measure of PA

Full-text articles assessed
n = 206
(165 + 41)

- Non-European

n =189
(152 + 37)

—

- Articles identified through
reference lists, n = 15

- Articles identified through
Google Scholar, n = 1

|

- Follow-up shorter than 6 months

Full-text quality control
n =33
(13 + 4)

- Unsatisfactory quality
— n=7

|

Studies included in literature
review

n =20




