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A B S T R A C T

Objective: Intervening on barrier beliefs (BBs) may inhibit the role of barriers as mediating factors in
lifestyle behavior. The aim of this study was to analyze the effects of a barrier-belief counseling
intervention (BBCI) on physical activity (PA) and healthy food intake.
Methods: An RCT was conducted in a primary care setting among adults (aged 18–70), with two
interventions: a BBCI (n = 123) and a standardized lifestyle group intervention (SLI) (n = 122). A non-
treated hanging control group (n = 36) received no intervention. Outcomes on PA (accelerometer and
SQUASH) and fruit and vegetable intake (self-report) were measured with follow-ups at 6, 12 and 18
months, and analyzed using multiple regression.
Results: The BBCI was more effective on PA compared with the SLI (p < .01): in the short term all PA
outcomes improved (p < .05), in the long term moderate-to-vigorous PA outcomes improved (p < .05), all
with small effect sizes. No differences between interventions were found on fruit and vegetable intake.
None of the outcomes in the control group changed over time.
Conclusions: BBCI in primary care improves PA compared with SLI.
Practice implications: The customized BB approach seems promising for implementation in healthcare
practice to stimulate PA.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Engaging in regular moderate-to-vigorous physical activity (PA)
and a healthy daily diet are both associated with physical and mental
well-being [1–3], as well as reduced risk of all-cause mortality from
lifestyle-related chronic diseases and premature death [4–7].
However, in Western societies the majority of the population is not
sufficiently engaged in PA [8], and a high percentage of people across
the world fail to meet recommendations for a healthy diet [9,10].

In general, there is little empirical evidence on effective, theory-
based PA interventions for the long term [2,8,15–20]. The Trans
Theoretical Model (TTM) [21] is the most frequently applied
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theoretical model in lifestyle interventions [19] that has proven its
efficacy in the short term [21–23]. The effectiveness on behavioral
change in the long term is still unclear though [18,24–27]. When
motivation decreases barriers may become manifest, which may
cause relapse into “old behavior”. It is thus emphasized that
focusing on barriers may be a key factor for sustained long-term
behavioral change [28–32].

Many studies have reported on perceived barriers to PA; these
were mainly cross-sectional descriptive studies among specific
patient, ethnic or age groups. To understand the causes of PA
behavior we used Social Cognitive Theory (SCT) [44]. Hence from
this perspective, barriers are approached as beliefs that obstruct
pursuance of a PA goal. In our previous theoretical review we call
these barrier beliefs (BBs) [32]. These BBs, as social cognitive
determinants of PA, refer to people’s mental representations of the
causes for not initiating PA or of the factors that interfere with their
motivation and increase the chances of relapsing from PA.

We found little research on barriers to PA from this perspective,
although seven studies examined the relationship between PA and
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Table 1
Developed BB change strategies aimed at PA change.

Changing means: the PA goal to be set, is not changed but different handling strategies or means are applied to make the goal-directed behavior more feasible. Thus, clients
have to find solutions and take actions – set priorities, reschedule, ask other people, use other clothing, etc. – to stick to their PA goal.

Change goals to change BBs: To lower the investments radically, the PA goal may be changed. A variety of creative alternatives can be discussed, and with each feasible
alternative BBs must be checked. This goal-setting approach leads to a PA goal without or with only small barriers. Although the low set goal may have relatively weak
effects on health, our premise is that it is better to start small and grow when (the effect of) BBs decrease, than to start high with increased risk for disappointment and
relapse.

Restructuring/changing BBs: When BBs cannot be changed by handling them differently and by goal-setting, they must be changed cognitively. That is, BBs may be based on
erroneous knowledge based on different sources. The BB may refer to an aversive outcome, or is related to low self-efficacy. Both types are interpretations of what
people have observed or have experienced. As in cognitive therapy in general, these beliefs may be challenged in a Socratic dialogue or with experiments. Education may
provide the clients with the factual knowledge on the evidence of positive effects of PA.

Accepting the investments demanded by BBs: Sometimes handling cannot be further improved, goals cannot be further adapted, and BBs cannot be restructured. Acceptance
means that the investments and costs that come with reaching a goal are not avoided but taken. Acceptance does not remove the factor that might inhibit PA but it
lowers or completely removes the inhibiting power of the factor. By discussing the positive and negative sides of lifestyle change, relevant factors may gain or lose value.
Mindfulness exercises might learn to just observe the belief with some distance and ‘let it go’.
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barriers as social cognitive determinants [35–41]. They all reported
a reverse association between perceived barriers and engagement
in PA. Only one study was found to intervene on barriers to PA,
causing an increase in PA. However, this was a one-month, single-
arm trial with no long-term follow-ups and a small sample [43]. To
our knowledge, the efficacy of addressing perceived barriers to PA
has not been previously analyzed for the longer term.

It is expected that people can learn to cope with inhibiting BBs
in lifestyle behavior. We developed an intervention with four
different BB handling strategies [32], aimed at learning to cope
with inhibiting BBs to facilitate long-term PA (Table 1). The BB
counseling intervention (BBCI) aimed to accomplish self-deter-
mined PA and dietary goals, adapted to the motivation of the
participant, in order to increase PA and improve healthy food
intake. The BBCI surpasses the standardized lifestyle intervention
(SLI), which is based on the commonly applied TTM. In the SLI the
objective was to increase motivation for specific PA and dietary
goals based the American College of Sports’ standards for moderate
PA [45] and Dutch dietary recommendations [61]. The motiva-
tional stages of the TTM provided content for phase-specific
guidance. The SLI was expected to increase participants’ motiva-
tion to change PA and diet, causing increase of PA and
improvement of dietary behavior in the short term [21–23]
(Table 2).

The aim was to analyze effects of the BBCI versus the SLI, each
based on different rationales and using different formats (Table 1),
on PA and fruit and vegetable intake in adults self-determined as
inactive in a primary healthcare setting. We hypothesized that a
BBCI is more effective in increasing PA and fruit and vegetable
intake compared with an SLI, and has long-term effects on PA and
healthy food intake. All participants were followed up in the longer
term, up to 18 months.

2. Methods

2.1. Design

We designed a multicenter randomized controlled trial (RCT) in
a primary care setting with balanced randomization (1:1) for BBCI
and SLI recipients. Separately, a non-treated hanging control group
was recruited which received no care (Flow diagram).

2.2. Recruitment

Study participants for both intervention groups and the control
group were recruited from thirteen primary care centers in eight
cities in the northern Netherlands between May 2011 and
September 2014. Eligible participants were those self-determined
as “inactive” and willing to sign up for a lifestyle intervention. GPs
informed eligible patients about the study and the procedure, and
referred them to the study. Excluded were individuals with a
diagnosis of acute coronary heart disease, stroke, severe hyper-
tension (systolic pressure >180 mmHg or diastolic pressure
>120 mmHg), chronic depression or chronic pain. Highly active
participants were excluded, i.e. those who reported being
moderately active, at >100 min/day.

In the same period, subjects for the BBCI and SLI were invited to
jointhisstudy; lettersweremailedoutrandomlyto 5000 households
of three general practices. Eligible participants came in contact with
the study after the GP invited them to join or in response to the
invitation letter. A counselor subsequently contacted them by phone
and verbally checked inclusion and exclusion criteria for eligibility.
Next, the randomization was conducted. Baseline measures were
applied after randomization as starting point for both interventions.
The intervention allocation was concealed until after the baseline
measurements were completed.

Separately, subjects for the control group were invited to join
this a health measurement for our study, with one follow-up and a
lifestyle advice afterwards; letters were mailed out randomly to
5000 households of two other general practices. The same
recruitment procedure was conducted, except the randomization.

2.3. Ethics

The study protocol was approved by the medical ethics review
board of University Medical Center Groningen (NL30895.042.10)
and listed on the ISRCTN registry (ID ISRCTN61991892). All subjects
were informed verbally and in writing about the purpose and
procedure of the study, and provided written consent to
participate and for their data to be used in the study. Participants
of the BBCI and SLI were all informed about the existence of both
intervention groups (the BBCI and SLI) and the random allocation
to the intervention groups. Participants of the non-treated control
group were not informed about the existence of intervention
groups because of the potential intervention effects on a non-
treated control group, which appeared in previous research
[69,70].

2.4. Group assignment

A total of 245 enrolled participants were randomly allocated to
the intervention BBCI group (n = 123) or the SLI group (n = 122) by
two researchers, using a computer-generated random numbers
sequence, before baseline measurements. For participants, the
allocation was concealed until after all baseline measurements
were completed. There was no random allocation to the control
group (n = 36). Participants and counselors were not informed
about the results of the measurements.



Table 2
Format of the standardized lifestyle intervention (SLI) and the barrier-belief counseling intervention (BBCI).

The standardized lifestyle intervention (SLI) (n = 122) The barrier-belief counseling intervention (BBCI)
(n = 113)

Aim Increase motivation for lifestyle-goals and pursue formulated goals
according to health standards

Decrease BBs to accomplish PA goals to pursue self-
determined goals

Approach TTM [21] BB approach [32]
Content Phase specific guidance BB strategies

-develop means
-change goals
-restructure BB
-accept the investments and costs demanded by BBs

Communication channel Group condition (n = 3 to 8) Individual condition
Interactive presentation Counseling sessions

Duration �2 � 45-min individual sessions
�5� regular 90-min group meetings, for six months

�12 � 45-min individual sessions, for 6 months

Intervention protocol Fixed and structured to TTM Depending on the starting situation and changing
process of the patient

Counseling technique Directive and uniform Patient-tailored
Goalsetting Fixed imposed PA and diet goals according to standards Self-determined (mini)goals on PA and diet
PA outcome Performing PA Breaking through inactivity
Intervening on motivation Boosting motivation to accomplish PA and diet goals Installing minimal motivation to accomplish PA and

diet goals
Specifically used ‘behavioral change
techniques’ [54,55]

-comparison of behavior
-comparison of outcomes
-regulation

-barrier identification
-self-belief
-identity reframing
-behavioral experiments
-regulation

Generally used ‘behavioral change
techniques’ [54,55]

-behavioral health risk and consequences
-social support
-goals and planning
-learning
-self-regulatory strategies,
-feedback and monitoring
-comparison of behavior

Same as in SLI
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2.5. Measurements

Data on personal characteristics, PA (SQUASH) and fruit and
vegetable intake were obtained the week before baseline.
Questionnaires were sent out to participants home addresses
and were asked to fill out the week before baseline. At baseline,
measurements on weight, length, and accelerometer-instructions
were conducted by the counselors at GP practices. The PA
measurement with the accelerometer was obtained over a 7-day
period directly after baseline measurements and subsequently at
each follow-up. All intervention group participants had follow-ups
at 6,12 and 18 months. The control group was only followed up at 6
months. Each follow-up PA and fruit and vegetable intake was
measured in the intervention groups and control group.

2.6. Personal characteristics

Participants’ personal characteristics measured were gender,
age, marital status, educational level (lower/secondary-vocational/
higher) and employment (yes/no). Weight and height measure-
ments were obtained and body mass index (BMI) was calculated.

2.7. Physical activity assessment

To assess PA, participants wore an accelerometer to analyze
time spent on physical activities. For this measurement we used an
Actigraph GT3X (Actigraph, Pensacola, FL, USA), which has
previously been validated [46]. Accelerometers were placed on
the right hip. Participants were instructed to wear the accelerom-
eter for seven consecutive days, and to only remove it while
sleeping or in water-related activities (e.g. swimming or bathing).
The monitor was set to record PA in a 60 s epoch [47]. A valid day
was defined as > 10 h of wear time. A minimum of four valid days
was required to be retained in the analysis [48]. Non-wear time
was defined as 90 consecutive minutes of 0 cpm, allowing up to a
2-min interval of counts between 0–200 cpm within 30 consecu-
tive minutes of 0 cpm [49]. PA intensity was determined according
to the VM3 cut-off points proposed by Freedson [50]: light
intensity (LPA) (0–2689 cpm), moderate intensity (MPA) (2690–
6166 cpm), vigorous intensity (VPA) (6167–9642 cpm) and very
vigorous intensity (VVPA) (>9643 cpm). Moderate-to-vigorous
intensity PA (MVPA) is a commonly used term for PA with an
intensity >2690 cpm. Sedentary behavior (Sed) was defined as
>10 min of <99 cpm. Algorithms, using VM3 data, were available in
ActiLife software version 6.9.5.

Subjective PA was measured using the Short Questionnaire to
Assess Health-enhancing PA (SQUASH [51]). The questionnaire
obtained participants’ level of commuting, and leisure-time and
sports, household and work-and-school activities. The total
activity scores on the SQUASH are considered to be sufficiently
reliable and valid to measure the PA level of a healthy adult
population [52].

2.8. Fruit and vegetable intake

To measure healthy food intake, servings of fruit and vegetables
were measured. Fruit and vegetable consumption was assessed by
a self-report on servings (frequency and portion) of fruit and
vegetables during an average week (Fig. A1), inspired on a
validated food-frequency questionnaire [53] with a commonly
applied format to measure healthy food intake: portion at a time
and number of days per week. An index score was calculated by
taking the sum of servings of vegetables and fruit.

2.9. Implementation of interventions

Implementation of the BBCI and SLI was conducted at GP
practices. There were no charges for the physicians or the
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participants. The interventions were performed by a total of 25
counselors, specifically trained in counseling for the BB approach
and the group intervention, and were provided and supervised by
Hanze University Groningen. Both interventions were imple-
mented by the same counselors, to ensure the therapist effect was
the same.

Prior to implementation, assessor-counselors followed an
intensive training consisting of 10 two-hour sessions and a
practical exam. They also joined supervision sessions for guidance
with the counseling process, led by two trained lecturers/
researchers. Contamination between interventions was prevented
by a distinguished description of treatment principles for each
intervention. In the SLI the context and order of sessions were
determined in detail beforehand. The BBCI had treatment
principles to apply behavioral change techniques, depending on
the patient’s needs.

2.10. Standardized lifestyle group intervention (SLI)

In this group intervention the objective was to increase the
motivation for specific lifestyle goals and to pursue PA and dietary
standards (Table 1). The defined motivational stages of the TTM
provided the content and tools for guidance to the next stage. In
each session the intervention made a one-phase progress from the
TTM, starting from pre-contemplation to action stage [60]. In the
first group session (for the pre-contemplation phase) transfer of
knowledge about PA, a healthy diet and risk perceptions were
central. Session 2 (for the contemplation phase) focused on
discussing the advantages and disadvantages of becoming more
active and dietary change. In session 3 (for the preparation phase)
goals were set. Boundaries were expanded in session 4, and session
5 discussed dealing with relapse.

This intervention was not customized to the individual
participant; at the group level all participants were treated as if
they were all in the same phase. Participants had to accomplish
goals of maintaining at least 30 min/day of PA [45] and/or eating
healthier by following dietary standards [61].

A group approach was chosen, as structured group interven-
tions are considered state-of-the-art in lifestyle programs in the
Netherlands [62–64]. This approach offers important opportuni-
ties for group support from peers as well as guidance and
reinforcing feedback from a group leader [67,68]. A directive way of
using standards and goal-setting in this group approach is
commonly applied in practice [65,66]. The content of this group
intervention is described in Table 2.

2.11. Barrier beliefs counseling intervention (BBCI)

This individual intervention aims to lower existing BBs to PA in
order to accomplish PA goals, pursuing self-determined goals for
PA and diet adapted to the motivation of the patient (which is often
weak). Patients will learn to cope with those BBs that may inhibit
PA now or in the future.

BBs are addressed using four different BB behavioral change
strategies, which can be implemented in combination: 1. design
means to reach the goal; 2. change goals to change BBs; 3.
restructure/change BBs, and 4. accept the investments and costs
demanded by BBs.

Central aspect of this individual BB approach were the
exploration of BBs toward PA, one’s personal situation, and an
assessment of the changeability of the BBs. The counseling was
customized to participants’ needs to develop an individual pattern
of PA and diet for the longer term. For a complete description of the
BBCI see Bouma et al. [32].

In BB coaching the goal was to stimulate participants to engage
in a minimum level of PA during the day in order to decrease
inactivity. Setting mini-goals has been proven to benefit health
effects and lead to more lasting changes than setting high goals
[56–59]. Existing standards for PA and diet were released. The
contents of both interventions are compared in Tables 1 and 2.

2.12. Control group

Participants in the non-treated control group were given no
intervention. Two time measures were included. Because of an
expected intervention effects on a non-treated control group,
which appears in previous research, the control group was not
included in the randomization [69,70].

2.13. Sample size

The outcome measure was the amount of time a participant
spent on PA (in minutes). Although our focus was on the
accelerometer data in the operationalization of PA, the SQUASH
data was chosen for sample size calculation because of its more
conservative character on changes compared to an accelerometer
[71]. For sample size calculation, a yielded improvement of 70 min/
week (10 min/day extra PA) was assumed, with a standard
deviation of 130 at 18 months post-randomization based on
previous studies [8,15] and considered as a clinically relevant
improvement. Power and Sample Size Calculations (Statistical
Solutions LLC) showed that by demanding a statistical power of .80,
α = .05 and Cohen’s d effect size = 0.7, 73 subjects should be
included in each arm. To compensate for potential loss of
participants, we intended to recruit at least 100 subjects.

2.14. Statistical methods

We conducted an all-cases analysis, including all participants
with a baseline measurement. Four measurements per subject
were conducted using multi-level regression analysis. Time and
group interaction effects were assessed using mixed-model
analysis. Group differences at each time point were assessed by
pairwise comparison using general linear models with repeated
measures. Additionally, because of the high dropout rate, we
conducted an imputed intention-to-treat analysis. These analyses
were conducted to predict the missing values of all participants
who started at baseline, and were used to make a comparison
between the trends of the all-cases analyses and the imputed
analyses. All missing data from baseline and follow-up measure-
ments were imputed with predictive mean matching method.
Imputed data are show in the Fig. 2a–e and in a Table A1 in the
appendix.

Gender, age, education and BMI were included in the analysis as
confounders. Analyses were controlled for baseline measurements
on PA and fruit and vegetable intake. A p-value < 0.05 was
considered statistically significant. We calculated a statistical
index of effect size (es) relative to baseline, according to Cohen’s
criteria [73]. The cut-off values used were: very small < .2; small
.2–.5; moderate .5–.8; large: > .8.

3. Results

A total of 306 subjects gave written consent, after which 61
individuals were excluded by the counselor: 25 did not meet the
inclusion criteria and 36 declined to participate. In total, 245
individuals were randomized to the BBCI (123) or the SLI (122); 10
BBCI and 31 SLI participants withdrew before baseline. At baseline
we measured 113 BBCI and 91 SLI participants, after baseline 16
BBCI and 14 SLI participants withdrew. Finally, 97 participants
started in the BBCI and 77 in the SLI. The 18-month follow-up was
completed by 63 BBCI and 60 SLI participants (41%). Additionally,
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38 participants were signed to the control group of which 36 were
measured at baseline. The six-month follow-up was completed by
32 participants (Fig. 1).

3.1. Outcomes and estimations

Mean age of the study population was 50, and 59% were female
(Table 3). In this group 15% were “normally weighed”, defined as
BMI < 25; 30% of subjects were overweight, defined as BMI � 25 to
< 30; and 50% were obese, defined as BMI � 30. At baseline, 45% of
the study population performed PA less than 30 min/day; All
means and comparisons from baseline to 18 months are shown in
Table 3, 4 and Fig. 2a–e.

3.2. Confounders

The fixed effects on the dependent variables of gender, age and
BMI, included in the analysis as confounders, are shown in Table 5.

3.3. Physical activity (PA)

3.3.1. Accelerometer
Baseline scores on MVPA, LPA and Sed did not differ

significantly between the two intervention groups and the non-
treated control group (Fig. 2a–c & Table 4). There were significant
interaction effects between time and group for moderate-to-
vigorous intensity PA (MVPA) (p < .01), light-intensity PA (LPA)
(p = .05) and sedentary behavior (Sed) (p = .028). In the BBCI PA
increased significantly during the six-month intervention and the
additional 12-month follow-ups.
Fig. 1. Participants’
Compared to baseline, the BBCI saw increased MVPA at 6,12 and
18 months follow-up (p < .05); effect size calculations showed
small-to-very small effects. Compared to baseline, the BBCI
increased on LPA at 6 months follow-up (p < .05), with a large
effect size. Sed decreased in the BBCI at 6 months follow-up
compared to baseline (p < .05), with a small effect size.

In the SLI group MVPA decreased at 18 months follow-up (p <
.05) compared to baseline, with a small effect size, and LPA and
increased on Sed. Compared to baseline, the SLI showed higher LPA
at 6 months follow-up (p < .05), with a small effect size. Compared
to baseline, the SLI showed increased Sed at 12 and 18 months
follow-up, but results were not significant.

In the non-treated control group LPA decreased significantly
over six months. In the control group, at 6 months follow-up, there
were no significant changes on MVPA, LPA and Sed.

3.3.2. SQUASH
Baseline scores on SQUASH activity scores did not differ

significantly between the two intervention groups and the non-
treated control group (Fig. 2d, Table 4). There were significant
group effects for SQUASH scores (p < .01), accounted for by the
higher scores in the BBCI. Compared to baseline, the BBCI increased
in SQUASH scores at 6 months follow-up (p < .05), with effect size
calculations showing a small effect.

Compared to baseline, the SLI increased SQUASH scores at 6, 12
and 18 months follow-up (p < .05), but outcomes were non-
significant. Differences between BBCI and SLI on total activity score
at 6 months follow-up were significant (p < .05).

In the non-treated control group, at 6 months follow-up, there
was no significant change.
 flow diagram.



Fig. 2. a–e: All-cases analysis combined with the intention-to-treat analysis with imputed data of means from baseline to 18 months in the randomized controlled trial. *)
Within-group significance of difference compared with baseline measurement � .05; !) Significance of between-group differences at the same time-point � .05.

Table 3
Baseline characteristics of participants from the BBCI and SLI.

All participants
n = 240* (%)

Mean (SD) BBCI n = 113* (%) SLI n = 91* (%) Control group
n = 36 (%)

Gender
Male
Female

92 (38)
142 (59)

43 (39)
67 (61)

36 (40)
54 (60)

13 (36)
21 (58)

Age 50 (12) 50 (12) 51 (12) 50 (15)
Marital status

Married
Not married
Cohabiting
Other

115 (48)
46 (19)
17 (7)
24 (10)

56 (51)
20 (18)
7 (6)
14 (13)

48 (53)
13 (14)
8 (9)
5 (6)

^

11 (31)
13 (36)
2 (6)
5 (14)

Educational level
Higher education
Secondary-vocational education
Lower education

50 (21)
106 (44)
59 (25)

20 (18)
44 (40)
33 (30)

11 (12)
45 (50)
19 (21)

7 (19)
17 (47)
6 (17)

Employment
Yes
No

130 (54)
78 (33)

63 (57)
35 (32)

51 (57)
27 (30)

16 (44)
16 (44)

Presence of overweight or obesity
Fraction with BMI < 25
Fraction with BMI � 25 - < 30
Fraction with BMI �30

36 (15)
71 (30)
119 (50)

22.7 (1.6)
32.5 (5.3)
35.5 (4.3)

15 (23)
29 (26)
63 (57)

9 (23)
25 (27)
49 (54)

12 (33)
17^ (47)
7^ (19)

Exercise, MVPA min/day
<30 min
30–60 min
>60 min

106 (44)
67 (28)
31 (13)

17.6 (7.2)
42.5 (8.7)
75.8 (15.5)

46 (41)
28 (25)
20 (18)

47 (52)
24 (26)
6 (7)

13 (36)
15 (42)
5 (14)

^) Significant difference across group on baseline measurement � .05.
* In case of less than n in frequencies, cases were missing.

A.J. Bouma et al. / Patient Education and Counseling 101 (2018) 2134–2144 2139
3.4. Fruit and vegetable intake

Baseline scores on fruit and vegetable intake did not differ
significantly between the two intervention groups and the non-
treated control group (Fig. 2e, Table 4). The interaction between
time and group was not significant, suggesting that none of the
interventions led to a stronger increase then the other. There was,
however, a significant time effect for fruit and vegetable intake
(p < .01), indicating improvements in both intervention groups and
the control group. Compared to baseline, the BBCI showed
increased fruit and vegetable intake at 6 and 18 months follow-
up (p < .05), and effect size calculations showed a moderate effect.
Compared to baseline, the SLI showed increased fruit and
vegetable intake at 6 and 18 months follow-up (p < .05), with
moderate effect sizes. The non-treated control group improved
significantly over six months (p < .05), yet the effect size was small

4. Discussion and conclusion

4.1. Discussion

The barrier-belief counseling intervention (BBCI) in primary
care turned out to be more effective, especially in changing PA,
compared with a standardized lifestyle intervention (SLI). This
barrier-belief (BB) approach was described, which differs in several
ways from an SLI. Most importantly, instead of focusing on the



Table 4
All-cases analysis of means and comparisons from baseline to 18 months in the randomized controlled trial (differences between interventions groups BBCI and SLI and control group).

BBCI SLI Control group Repeated measures, pairwise comparison, P-value Mixed Models, model effects, P-value

Follow-up,
months

n~ Mean SD ES n Mean SD ES n Mean SD BBCI-SLI BBCI-Control
group

SLI – Control
group

Time Group Time*Group
interaction

MVPA 0 94 37.70 24.6 77 30.68 21.67 33 35.95 18.97 .052 .997 .098 .391 .000 .005
6 79 44.49* 25.42 .27 66 29.51 14.56 �.06 27 32.97 19.66 .000 .048 .338
12 49 40.68* 19.82 .13 26 31.64 20.31 .05 .085
18 57 41.47* 21.25 .15 47 25.97* 12.24 �.27 .000

LPA 0 94 464.66 120.40 77 446.58 111.74 33 454.55 99.57 .226 .589 .638 .205 .089 .050
6 79 506.50* 112.64 .94 66 463.18* 120.50 .14 27 426.56* 128.44 .039 .011 .303
12 49 448.00 116.40 �.05 26 447.99 118.23 .01 .807
18 57 471.77 133.12 .02 47 443.76 118.24 .02 .162

Sed 0 94 380.17 142.48 77 377.98 123.21 33 390.63 84.25 .728 .831 .564 .002 .310 .028
6 79 326.36* 124.40 .40 66 369.43 123.20 �.07 27 410.08 118.22 .140 .127 .701
12 49 370.99 115.17 .07 26 383.91 112.70 �.12 .803
18 57 364.90 138.70 .11 47 392.57 131.16 .18 .402

SQUASH
activity scores

0 104 5144 3617 84 4030 3944 32 4279 2754 .260 .020 .969 .759 .001 .676
6 90 6032* 4275 .22 67 4418 3100 .11 31 4085 3418 .022 .000 .209
12 55 5493 3199 .10 34 4093 3159 .02 .151
18 54 5226 3337 .02 44 4473 3548 .12 .602

Fruit and
vegetable intake

0 102 20.10 8.98 82 19.04 8.91 31 19.77 11.60 .603 .809 .372 <.001 .080 .478
6 86 23.23* 9.23 .34 65 22.06* 9.24 .33 31 20.56* 11.34 .455 .001 .171
12 54 21.48 8.23 .16 31 19.32 8.72 .03 .319
18 52 26.62* 11.42 .63 44 22.47* 9.32 .38 .108

~) in case of less than n in frequencies, cases were missing; Abbreviations: MVPA, average time per day spent on moderate-to-vigorous physical activity; LPA, average time per day spent on light physical activity; Sed, average time
per day spent on sedentary behavior; SQUASH activity scores, total activity score of the SQUASH; Fruit and vegetable intake, index score of servings of fruit and vegetable.

* Within-group significance of difference compared with baseline measurement � .05; Effect size relative to baseline, according to Cohen’s criteria (Cohen, 1988): trivial, < .2; small, .2 to .5; moderate .5 to .8; large, > .8. Data are
given as estimatedmarginmeans derived frommixed-model analysis. P-values for group differences at each time pointwere assessed by pairwise comparison using general linearmodelswith repeatedmeasures. P-values for effects
between time*group interaction effect were assessed using mixed-model analysis.
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Table 5
Fixed effects of factors included in the analysis as confounders.

Fixed effects Confounders

Dependent variable Gender Age Gender*Age BMI

Sedentary behavior .667 .075 .784 .254
Light PA .559 .318 .277 .097
Moderate to vigorous PA .746 .103 .680 .527
SQUASH total activity score .002* .001* .001* .894
Fruit and vegetable intake .931 .001* .529 .660
Body mass index .004* .122 .020* –

* Significant effect of the factor on the depend variable.
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results, the BBCI focused on beliefs that might inhibit PA; this is
reflected in the change strategies. First, BBs can be related
specifically to how people try to reach their goals. Changing a
routine, may be the solution that leads to fewer negative outcomes.
Hence creative solutions can help change BBs. Second, BBs can be
related to the investment demanded to achieve a PA goal. In this
case it might be better to change the goal (to make the BB
irrelevant). This is the mechanism behind setting “mini-goals”.
Third, BBs can depend on erroneous knowledge. In this case the
counselor will aim to change the patient’s perceptions. Fourth,
sometimes barriers might be accepted; this does not remove the
factor that might inhibit PA, but it lowers or completely removes
the inhibiting power of the factor.

The results of this study show that, due to the BBCI, all PA
outcomes improved significantly in the short term. In the longer
term moderate-to-vigorous PA outcomes improved significant-
ly. None of the outcomes in the non-treated control group
changed significantly over time, except: outcomes on diet and
LPA, with (very) small effect sizes. However, comparing
outcomes of the intervention groups with those in the control
group must be done with utmost caution. The observed results
in the control group should be interpreted as quasi-experimen-
tal effects, because it lacked random assignment. This means
that the participants in the control condition may differ on
important but not measured variables. Future research still has
to show that the participants in the BBCI and the SLI undergo
more improvements than participants who have not been
exposed to any intervention.

Results of the BBCI were in line with the expectation that by
lowering the inhibiting effect of specific dominant BBs engage-
ment in PA would be stimulated. This is in accordance with
previous research, which demonstrates that a reduction in
negative perceptions on PA (related to self-efficacy and outcome
expectations) would yield an increase in exercise and suggests that
interventions targeting social cognitive constructs could increase
activity level [35–41].

Relatively more barriers are expected to be endorsed by
improving PA at moderate-to-vigorous intensity levels than when
improving low-intensity activities or sedentary behavior, due to
the higher costs of performing PA at higher intensity levels. This
involves the investment costs of engaging in a difficult task (self-
efficacy-related) or coping with an aversive experience (negative
outcome expectations-related) [74]. The results of this study show
that in the longer term the effects of handling BBs with BB
counseling may be more lasting in moderate-to-vigorous PA than
on light PA.

Both interventions turned out to be effective on fruit and
vegetable intake in the short and the long term, and no differences
were found in effects between intervention groups. Apparently the
pursuance of healthy food goals itself is effective on the intake,
apart from the change strategy. This might be the reason why the
BBCI is effective on PA but not particularly on fruit and vegetable
intake.
According to the World Health Organization, the primary
healthcare setting can contribute essentially to stimulate a
healthy lifestyle [75], as most of the general population in the
West is served in that sector [76]. GPs should discuss PA as a
treatment option with their patients. GPs could refer eligible
patients systematically to lifestyle interventions [76,77]. For
future implementation in primary care, healthcare professionals
(e.g. GPs, certified nurse practitioners, lifestyle coaches) could be
equipped with training resources to discuss BB with their
patients, before or as an alternative to outside referral. For
effective lifestyle management we recommend a cooperation
between allied healthcare professionals and GPs in clinical
practice [78] who should be trained to routinely implement
lifestyle interventions [79,80]. This BB method, with its custom-
ized treatment, seems an appropriate intervention to increase
patients’ PA.

4.1.1. Strengths and weaknesses
Although we reported positive results for the primary-care-

based BB counseling method, which recruited a large sample and
was followed up for 18 months, there are limitations. We must be
cautious about the effectiveness of the BB approach, for various
reasons. A “package strategy” was conducted in both interven-
tions which included different behavioral change techniques. This
makes it complex to pinpoint the exact source of the inter-
ventions’ efficacy. The efficacy of different techniques within the
BBCI on health behavior should be explored further in modeling
experiments, where elements of an intervention are manipulated
[81]. Additionally, there was a difference on medium (individual
vs group) and frequency of sessions; the total contact time was
about the same. The fact that the BBCI was administered
individually may have had effects on the outcomes. On the other
hand, group peer processes are advantages of group over
individual approaches. Group interventions are very common
in counseling and are seen as state-of-the-art in lifestyle
programs [62–64]. A group approach was therefore chosen as a
strong control group.

The deficit of data at the follow-ups may have caused a
distortion of the trend. All missing data from baseline and follow-
up measurements were imputed with predictive mean matching
method [72]. The outcomes show that the magnitude of
improvements in the all-cases analyses were similar to the
results of the imputed analysis: no significant differences were
found between trends. It may therefore be concluded that missing
data did not have a significant effect on outcomes (Fig. 2a–e,
Appendix Table A1).

Noticeable is the substantial group of overweight and
obese participants (23% BMI > 25; 55% BMI > 30), although this
was not a selection criterion. It may be that GPs mainly refer
patients on easily assessable indicators such as overweight and
lifestyle-related diseases [77]. This may have led to an
overrepresentation of overweight participants in the study.
Additionally, the average MVPA of study participants was
rather high, with 33 min of MVPA per day (min 3; max 88; SD
20). A reason may be that no objective measure was used as
cut-off point in the screening. Eligible participants were self-
determined as “inactive”. Also, participants recruited by
their GP turned out to be motivated to change PA behavior,
and may have started to exercise before baseline. Previous
research has shown that unmotivated persons are referred by
GPs less often [77].

The control group was not optimal for several reasons. First,
while both the BBCI and the SLI groups were recruited from general
practice offices, selected by GPs, and the participants were
randomly assigned to one of the interventions, the control group
was recruited separately from the community at large only, not
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involving GP selection. Possibly because of this difference in
recruiting, the control group showed significant baseline differ-
ences on BMI and activity level with the intervention groups.
Therefore, the statistical analyses were controlled for BMI and PA
baseline measures. Second, because the inclusion of participants in
the control group took much time and effort, the group was
relatively small. Third, both intervention groups were follow-up at
6, 12 and 18 months, while the control group was only followed up
at 6 months. Thus, effects of the control group may not be
comparable optimally and should be interpreted as quasi
experimental.

The intervention group allocation occurred before baseline
measurements and could have led to bias on the BMI measurement
and the accelerometer-instruction.

4.2. Conclusion

This study confirms the assumption that intervening on barrier
beliefs with a customized treatment is an effective procedure to
stimulate PA implementation in healthcare practice. Trends are
evident, although one must be careful in generalizing the trial
findings to a general population.

4.3. Practice implications

The BBs approach develops a way of counseling for the central
construct of barrier beliefs to stimulate independent engagement
in PA in the longer term. These four BB behavioral change strategies
in PA counseling may inspire healthcare providers’ practices as
well as research on PA incentives, possibly contributing to further
increase health and prevent lifestyle-related illnesses. The next
step would be to further investigate the efficacy of different
elements within the BBCI on health behavior in order to maximize
intervention impact and refine strategies.
Table A1
Intention-to-treat analysis of means and comparisons from baseline to 18 months in t
groups BBCI, SLI and control).

BBCI 

Follow-up n Mean SD 

MVPA 0 109 37.52 24.50 

6 109 42.76*,~ 26.07 

12 109 41.67* 20.97 

18 109 39.53*,~ 24.41 

LPA 0 109 464.13 118.71 

6 109 494.94*, & 118.09 

12 109 435.08* 140.92 

18 109 466.57 132.77 

Sed 0 109 382.71 138.18 

6 109 335.42* 122.05 

12 109 379.54* 128.17 

18 109 377.03* 140.00 

SQUASH activity scores 0 109 4975 3737 

6 109 5704* 4280 

12 109 6117* 3962 

18 109 5104 3584 

BMI 0 110 31.47& 6.64 

6 110 31.33*,& 6.30 

12 110 32.56* 8.80 

18 110 31.71 7.84 

Fruit and vegetable intake 0 104 20.01 8.98 

6 88 23.31* 9.23 

12 54 21.36 8.23 

18 53 26.65 11.42 

~significance of difference with SLI at the same follow-up moment � .05; & significa
* Within-group significance of difference with t1 � .0.
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Appendix A
he randomized controlled trial (differences between imputed data of intervention

SLI Control group

ES n Mean SD ES n Mean SD

87 31.26 21.75 33 35.95 18.97
.21 87 30.16 15.92 �.06 33 34.13 19.40
.18 87 37.05* 21.64 .27
.08 87 30.28 20.46 �.05

87 444.75 112.74 33 454.55 99.57
.26 87 458.07* 123.34 .11 33 435.57* 125.47
�.22 87 411.54* 151.42 .25
.02 87 446.06 126.19 .01

87 382.56 124.59 33 390.63 84.25
.36 87 368.64 123.13 .11 33 409.12 115.23
.02 87 388.51* 127.83 �.05
.04 87 392.38* 136.91 �.08

87 4341 3924 33 4239 2794
.18 87 4680 3645 �.09 33 4133 3511
.30 87 5410 3932 .27
.04 87 4821 3638 �.13

90 31.30& 5.35 36 26.63 4.63
.08 90 31.02& 5.63 .05 36 26.80 4.34
�.09 90 32.11* 8.90 �.11
.02 90 31.62 7.53 .05

87 19.51 8.92 32 20.18 11.60
.36 67 22.00 9.24 .27 31 20.98 11.34
.16 34 20.73 8.72 .14
.65 44 23.29 9.32 .41

nce of difference with control group at the same follow-up moment � .05.



Fig. A1. Assessment on fruit and vegetable intake with a self-report on fruit consumption and servings of vegetables on an average week.
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