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Abstract

Background: The objective of the present study was to evaluate the short- and long-term intervention and mediation
effects of a 3-month individualized need-supportive physical activity (PA) counseling intervention on employees’
PA and sedentary behavior.

Methods: Insufficiently active employees (n = 300; mean age 42 ± 9 years; 78% female) were recruited from a large
pharmaceutical company in Flanders, Belgium. A quasi-experimental design was used in which the intervention group
(N = 246) was recruited separately from the reference group (N = 54). Intervention group participants received a
3-month behavioral support intervention, which consisted of two one-hour face-to-face counseling sessions and
three follow-up counseling contacts by e-mail or telephone at weeks three, six and nine. PA counseling, delivered by
qualified PA counselors, aimed to satisfy participants’ basic psychological needs for autonomy, competence, and
relatedness. Reference group participants did not receive individualized PA counseling. Outcome measures included
objectively assessed and self-reported PA and sedentary time and psychological need satisfaction. Assessments were
held at baseline, immediately after the intervention (short-term) and 6 months post-intervention (long-term). Mixed
model analyses and bootstrapping analyses were used to determine intervention and mediation effects, respectively.

Results: The intervention group increased weekday daily steps both in the short- and long-term, while the reference
group showed reductions in daily step count (ES = .65 and ES = .48 in the short- and long-term, respectively). In the
short-term, weekday moderate-to-vigorous PA increased more pronouncedly in the intervention group compared to
the reference group (ES = .34). Moreover, the intervention group demonstrated reductions in self-reported sitting time
during weekends both in the short- and long-term, whereas the reference group reported increased sitting time
(ES = .44 and ES = .32 in the short- and long-term, respectively). Changes in perceived autonomy and competence
need satisfaction mediated the long-term intervention effects on daily step count.

Conclusions: A 3-month individualized need-supportive PA counseling intervention among employees resulted
in significant and sustained improvements in weekday daily step count and in decreased self-reported sitting
during weekends. Our findings contribute to the growing evidence of the long-term effectiveness of need-supportive
PA counseling.
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Background
Physical inactivity is considered to be a global health
concern as it is ranked among the five leading risk factors
for global all-cause mortality [1, 2]. In fact, recent self-
reported physical activity (PA) data showed that more
than one third of European adults did not meet contem-
porary PA recommendations [3] (i.e., either 30 min of
moderate-intensity PA on five or more days a week or
20 min of vigorous-intensity PA on three or more days a
week) [4]. As insufficiently active individuals are often
unaware of their inactive lifestyle [5], lifestyle PA inter-
ventions have been developed to stimulate a more
physically active lifestyle, for example by targeting
awareness among subgroups of populations [6–8]. Insuffi-
ciently active employees represent one of the target sub-
groups of these interventions, especially in view of the
progressive increase in the prevalence of sedentary PA
occupations [9].
The workplace offers a great setting to promote PA

because of the possibility to reach a substantial proportion
of insufficiently active employees and the large amount of
time adults spend at their work [10–12]. Recently, ‘a lack
of time’ has been categorized as the most commonly cited
barrier to exercise and/or engage in PA among European
adults [3]. Arising from this perceived time constraint, the
majority of insufficiently active employees experience diffi-
culties on how to integrate a regular PA pattern into their
daily life.
A meta-analysis revealed an overall ‘modest positive

effect’ of workplace PA interventions on PA behavior
[13]. Workplace PA interventions were recently charac-
terized into three subcategories: physical activity/exer-
cise interventions, counseling interventions and health
promotion interventions [11]. Whereas the first category
mainly focused on exercise engagement (e.g., exercise
classes), the latter two intervention categories generally
focused on lifestyle PA, (i.e., a daily accumulation of self-
selected leisure, occupational or household activities that
are at least of moderate intensity) [14]. Examples of
interventions targeting lifestyle PA include individualized
behavior change programs in which participants are
encouraged to incorporate PA of moderate intensity into
their daily routine (e.g., active transportation to and
from work) [14, 15].
Lately, the need for more theory-driven PA interven-

tions has been emphasized [11]. Following the previously
mentioned ‘lack of time’ barrier, a perceived ‘lack of
motivation’ is considered to be the second most reported
barrier to exercise and/or engage in regular PA [3]. The
most widely used comprehensive theory that targets and
facilitates human motivation is the Self-Determination
Theory (SDT) [16]. The central tenets proposed by SDT
refer to the support of individuals to develop more
autonomous and internalized forms of motivation
(instead of externally-controlled extrinsic motivation)
[16]. Interventions based on SDT tend to create a need-
supportive environment in which individuals’ behavior
change can be facilitated through satisfaction of three
basic psychological needs: 1) the need for autonomy
refers to feeling volitional in making informed and
well-considered decisions; 2) the need for competence
refers to feeling capable of achieving desired outcomes;
and 3) the need for relatedness refers to feeling mutually
connected to important others [16, 17].
The SDT has been driven interventions in multiple

distinct contexts, including weight loss [18], smoking
cessation [19] and diet regulation [20]. As adults tend to
lose motivation towards exercise and PA, SDT-based PA
interventions have been developed and implemented
[21]. It has been shown that a need-supportive environ-
ment has the potential to facilitate and sustain PA behavior
change (e.g., [22–26]). Based on the abovementioned
advantages of workplace interventions, principles of SDT
could inform and guide workplace PA interventions.
To the best of our knowledge, only one previous

study has evaluated an SDT-based PA counseling inter-
vention that was delivered at the workplace [27]. In a
randomized controlled trial among insufficiently active
university employees, Van Hoecke et al. found signifi-
cant positive long-term effects of a 4-month need-
supportive PA coaching intervention on moderate, vig-
orous and total PA [27]. The present study elaborates
on that intervention by implementing additional self-
monitoring tools including pedometers and PA diaries.
Furthermore, the present study differs from the study
by Van Hoecke et al. in terms of the additional inter-
vention focus on sedentary behavior (in our interven-
tion), the intervention setting (i.e., profit organization
in our intervention versus university environment), and
the assessment of PA levels (i.e., combined objective
and subjective assessments in our study versus self-
report only).
Taken together, the present need-supportive PA coun-

seling intervention targets the two most frequently cited
barriers to engage in PA (i.e., lack of time and motivation)
by providing tailored PA counseling at the workplace and
by creating a need-supportive environment intended to
support employees in maintaining a regular PA pattern.
The PA counseling intervention aimed to satisfy the

employees’ three basic psychological needs outlined by
SDT. Examples of this approach include facilitating
rather than prescribing PA (need for autonomy), sup-
porting participants to implement their intention(s) to
become physically active (need for competence) and
encouraging participants to perform their PAs with col-
leagues (need for relatedness) [28, 29].
To this aim, the main objective of the current study

was to evaluate the short- and long-term effectiveness of
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a 3-month individualized need-supportive PA counseling
intervention at the workplace on PA and sedentary be-
havior. It was hypothesized that, compared to the reference
group, the intervention group would show a more pro-
nounced increase in PA behavior, and a decrease in
sedentary time, both in the short- (immediately after
the intervention) and long-term (6 months post-
intervention) (hypothesis 1).
Besides examining the intervention effects on PA

behavior, it is also important to evaluate the underlying
mechanisms that explain the expected intervention ef-
fects. Previous PA intervention studies found mediating
effects of self-efficacy [30], social support [31] and deci-
sional balance (i.e., weighing PA benefits and barriers)
[32], all arising from different theories and tested among
adults and children [33, 34]. The current intervention
aimed to satisfy participants’ psychological needs. There-
fore, the second objective of the present study was to
evaluate the mediation effects of psychological need
satisfaction on changes in PA behavior. Because the
intervention intended to influence participants’ psycho-
logical need satisfaction, we expected that the short- and
long-term changes in PA behavior would be mediated by
changes in psychological need satisfaction (hypothesis 2).

Methods
Participant recruitment and study design
Study participants were recruited from a large pharma-
ceutical company located in Flanders, the northern
Dutch-speaking part of Belgium. The company employs
over 3800 employees working across five worksites.
Participants (n = 300) were recruited from two of the
five worksites in two time waves, representing the first
half year of 2013 and 2014, respectively. All employees
of the company were invited by e-mail to attend an in-
formation session in which the purpose, organization,
duration, benefits and registration of the PA interven-
tion program was clarified. Eligible employees who
were interested could subscribe to enroll in the inter-
vention by an online registration tool.
The online registration tool consisted of a company’s

health risk assessment (HRA) tool in which employees
indicated the number of days and the accumulated num-
ber of minutes (in bouts of 10 min) during which they
participated in moderate- and/or vigorous-intensity PA
(MVPA) [35]. More specifically, they were asked on how
many days, over the last thirty days, they engaged in
activities of moderate and vigorous intensity (separate
questions for each intensity). Subsequently, respondents
were asked to quantify the number of minutes they
accumulated on an average day. To calculate the equiva-
lent combination of MVPA, minutes of vigorous activity
were weighted by two to account for their greater inten-
sity. Employees who were classified as being insufficiently
active (i.e., not meeting the health-enhancing PA recom-
mendations [4]) were invited to participate in the PA
intervention program.
Throughout the period of baseline measurements, the

PA intervention program was promoted by means of in-
ternal communication (distributed by the Environment,
Health and Safety office) including e-mails to all employees,
leaflets, posters, and screen-based announcements.
Participants were measured using a quasi-experimental

design, in which intervention group participants (n = 246)
were recruited separately from participants in the refer-
ence group (n = 54). Both groups were recruited from the
same two worksites and during the same recruitment
period. The reference group was recruited by means of a
general call for participants who were interested in moni-
toring their activity pattern and assessing their physical
health.

Procedure
Participants read and signed an informed consent and
all procedures were approved by the local Medical Ethics
Committee of the KU Leuven, Belgium (s54788). At
baseline, participants of the intervention group were
screened on contraindications to engage in PA using the
Physical Activity Readiness Questionnaire (PAR-Q) [36].
Participants were advised to visit a physician if they
answered ‘yes’ to one or more of the PAR-Q items. They
were, however, allowed to participate in the PA counseling
intervention.

Intervention
The 3-month intervention consisted of nine contact mo-
ments between participants and PA counselors (n = three):
six face-to-face contact moments and three contact
moments by e-mail or telephone (Fig. 1). Two of the
six face-to-face contacts were explicitly planned as
face-to-face counseling sessions, while the other four
face-to-face sessions were mainly considered as measure-
ment sessions. In addition, the three e-mail or telephone
contact moments included PA counseling content and
were part of the PA counseling (Fig. 1). The three PA
counselors held Master degrees in Kinesiology, were edu-
cated in health-related PA counseling and were specialized
in SDT-based counseling.

Intervention group The initial session included an
introductory talk in which participants expressed their
general expectations and goals regarding the interven-
tion program. After this short introductory talk, partici-
pants were asked to complete a questionnaire (on
demographics, PA level and psychosocial variables; see
Additional file 1). Thereafter, anthropometric measures
(e.g., blood pressure, BMI, fat percentage) were collected
by the PA counselors.



Fig. 1 Time frame of the PA counseling intervention. Note: M =measurement session; CF = face-to-face counseling session; CE/T = e-mail/telephone
counseling session
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The measurement sessions consisted of two sessions
that were separated by 1 week (Fig. 1). In the first session
of each measurement period (session one, three and five),
participants filled out the questionnaire and PA counselors
collected anthropometric measures. Based on the par-
ticipants’ anthropometry, a PA monitor (SenseWear
Armband (SWA)) was prepared and participants were
instructed to wear the SWA during the following week.
In the second session of each measurement period (ses-
sion two, four and six), results on the SWA and physical
health measures (anthropometry) were discussed and
compared with general recommendations for the specific
parameters. In case of post- (session four) and follow-up
(session six) measurement sessions, PA and physical
health measures were compared to participants’ results on
pre- and post-test, respectively.
In line with previously conducted PA interventions,

the face-to-face counseling sessions lasted up to 60 min
[6, 26]. During the first face-to-face counseling session
(session 2), an individually tailored PA plan was designed
based on participants’ goal, preferences for type of activities
and current level of PA. Individualized PA programs were
offered to facilitate common lifestyle PAs to improve
cardiovascular health such as walking, cycling, running
and swimming. Participants were allowed to choose
one or more of the offered PA programs.
In addition, participants were encouraged to select at

least one action out of a predefined list of actions to
reduce their sedentary time and increase PA in multiple
contexts (including home, transportation, workplace and
leisure time). Proposed actions to reduce sedentary time
included statements such as ‘I will stand during phone
calls’ (work context) and ‘I will try to limit television
viewing time’ (home context). The suggested actions to
increase PA included statements such as ‘I will get off
the bus one stop earlier’ (transportation context) and ‘I
will take the stairs instead of the elevator’ (work/leisure
time context). This opportunity to choose was created
to support feelings of autonomy by enabling partici-
pants to individually select actions that they considered
as relevant for themselves [37].
The three counseling contact moments between pre-
and post-test were standardized and completed by e-mail
or telephone depending on participant’s preference. The
majority of participants (77%) chose to be contacted by
e-mail, while nearly a quarter of participants (23%) pre-
ferred to be contacted by telephone. The content of the
e-mail or telephone conversations was guided by the indi-
vidualized PA plan and based on information on partici-
pant’s (baseline) PA behavior. More specifically, PA goals
were evaluated and adjusted if necessary and participants
were motivated to persist in and sustain their PA.
PA counseling was explicitly focused on fostering the

three basic psychological needs outlined by SDT, (i.e., the
need for autonomy, competence and relatedness) [16].
PA counselors intended to support the need for autonomy

by allowing participants to choose from a number of
options to facilitate lifestyle PAs (i.e., different types of
individualized PA programs: walking, cycling, running
and swimming programs). In addition, the need for
autonomy was supported by providing participants with
informational feedback (e.g., provide participants with
individualized and personally relevant information
regarding their PA preference) and by minimizing pres-
sure (e.g., focus on facilitating rather than prescribing
PA) during counseling sessions. These techniques
encouraged participants to make informed decisions
about the direction in which they preferred to proceed
for the remainder of the intervention.
In order to support participants’ need for competence,

PA counselors encouraged participants to consider how
their intention(s) to become physically active might be
implemented (i.e., implementation planning specified by
the guiding questions ‘What, where, when, with whom
will I be physically active?’; ‘What do I want to achieve?’;
‘How do I remind myself to be active?’). Implementing
intentions based on these questions has been shown to
be effective in previous studies [27, 38].
PA counselors intended to satisfy the need for relatedness

by being empathetic (e.g., by demonstrating under-
standing), by providing positive feedback and by active
listening during the counseling sessions. Moreover,
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participants were encouraged to engage in PA together
with colleagues (e.g., form a group with colleagues to
walk during lunch breaks) and seek support from col-
leagues. These techniques collectively aimed to stimulate
participants to feel connected to both the PA counselor
and colleagues alike.
Besides the need-supportive counseling, our interven-

tion consisted of two additional behavior change tech-
niques, namely barrier identification and self-monitoring
[39]. Participants were asked to identify barriers (e.g.,
environmental or social) that could potentially deter
them to engage in regular PA. They were asked to formu-
late ways to overcome the self-formulated potential bar-
riers. With respect to self-monitoring, participants
received pedometers (Omron, Walking Style One 2.1)
and PA diaries offering participants an opportunity to
goal set and self-monitor their PA behavior [40, 41].
The main goal of the intervention program was to

increase participants’ baseline PA level.
Ideally, participants would adopt more PA into their

daily lives and more participants would attain the recom-
mended PA norm of 30 min of daily MVPA [4].
In the second face-to-face counseling session (session

four), 14 weeks after the start of the intervention, partici-
pants’ PA behavior change was evaluated and future chal-
lenges for PA were discussed in order to encourage
participants’ maintenance in PA engagement.
Between post- and follow-up sessions, no contact

occurred between intervention group participants and
PA counselors.
During the final session at follow-up (session six), par-

ticipants were provided with an information leaflet. This
information leaflet centered on future maintenance of
PA and included tips to remain physically active after
the intervention has ended.

Reference group Participants in the reference group
completed single pre-, post- and follow-up measurement
sessions without receiving individualized PA counseling
or a tailored PA plan. In the follow-up session (session
three), the results with respect to their actual PA level
were discussed and they were informed on the general
PA recommendations.

Measures
Outcome measures were assessed at baseline, at post-
intervention (immediately after the intervention) and at
follow-up (6 months post-intervention; 9 months after
baseline) (Fig. 1).

PA and sedentary behavior
PA behavior was objectively assessed by activity moni-
toring and assessed by self-report.
Objectively assessed PA and sedentary time PA
behavior was monitored by the SenseWear Pro3 Armband
(BodyMedia, Inc. Pittsburgh, PA, USA) worn over the tri-
ceps muscle of the right arm. The SWA measures PA
behavior using multiple sensors (i.e., tri-axial accelerometer,
heat flux, skin temperature and galvanic skin response
sensor) and was found to provide accurate, reliable and
valid measures of PA [42–44]. Participants were
instructed to wear the SWA for seven consecutive days
(five weekdays and two weekend days) in order to pro-
vide reliable measures [45]. SWA data were combined
with participants’ gender, age, height and body weight
and were analyzed using computer-based SWA software
(SenseWear professional software, version 7.0). Valid data
included SWA data monitored on at least three weekdays
and one weekend day for at least 720 min per day. PA
intensity and daily step count were calculated. PA in-
tensity was determined using MET values. Activities
with a MET-value ≤1.8 were considered as sedentary
[46]. Activities of light, moderate and vigorous intensity
were defined as activities with a MET-value >1.8 and
<3, ≥3 and <6, and ≥6, respectively [4]. In addition,
time spent in combined MVPA was calculated by com-
bining moderate PA with vigorous PA, respectively
(moderate PA: vigorous PA = factor 1:2). Minute by mi-
nute activities were averaged into daily totals (min/day).
To allow comparisons with the International Physical
Activity Questionnaire (IPAQ) measures, modified ten-
min bouts of accumulated activities were introduced.
Bouts were defined as ten or more consecutive minutes
of activity, allowing for interruptions of 1 or 2 min
below the MET threshold [47, 48]. Activities were averaged
on weekdays and weekend days separately. Weekdays and
weekend days were also combined into an average day
using the following formula: average day = (weekday
average*5) + (weekend day average*2)/7.
Besides the daily minutes of the different intensities of

PA, we also integrated the daily minutes of MVPA and
number of daily steps into variables that represent the
health-enhancing MVPA and steps guidelines. More
specifically, we determined the number of participants
meeting the recommended number of 10,000 steps per
day (for adults) [49]. Furthermore, the number of par-
ticipants achieving the recommended amount of
30 min of MVPA was determined [4]. The guideline
measures were determined for weekdays, weekend days
and average days separately.

Self-reported PA and sitting time The 7-item short ver-
sion of the IPAQ was used to measure self-reported PA.
Participants had to report on how many days per week
and for how long they engaged in walking, moderate- and
vigorous-intensity PA (in bouts of 10 min) in the past
seven days. In addition, participants reported the average
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minutes they spent sitting in the preceding seven days
[50]. The IPAQ short form was found to have acceptable
test-retest reliability [50]. The minutes of moderate and
vigorous PA were combined (moderate PA: vigorous
PA = factor 1:2) to form an MVPA measure. This
MVPA measure was translated to the number of partici-
pants meeting the recommended amount of 30 min of
daily MVPA [4].

Psychological need satisfaction
Participants’ perceived satisfaction of basic psychological
needs was assessed by the previously validated 12-item
Basic Psychological Needs in Exercise Scale (BPNES)
[51, 52]. Participants indicated, on a five-point Likert
scale (ranging from ‘I don’t agree at all’ to ‘I completely
agree’), the extent to which they agree with the state-
ments on autonomy (four items; e.g., I feel that I have
the opportunity to make choices with regard to the way
I exercise), competence (four items; e.g., I feel I have
made a lot of progress in relation to the goal I want to
achieve) and relatedness (three items; e.g., My relation-
ships with the people I exercise with are close). The
autonomy, competence and relatedness subscales were
found to be internally reliable at pre, post and follow-up
(Cronbach’s alpha ranged from .73 to .93).

Degree of autonomy support
To evaluate the need-supportive character of the inter-
vention, we also examined participants’ perceptions of
autonomy support provided by the PA counselors. At
post-intervention, participants of the intervention group
were questioned on the degree of perceived autonomy
support using the short (six-item) version of the Health
Care Climate Questionnaire (HCCQ) (e.g., exemplary
item: I feel that my physical activity counselor provides
me with choices and options) [53]. Intervention group
participants indicated their agreement with the items on
a seven-point Likert scale, ranging from totally disagree
(=1) to totally agree (=7). The HCCQ items were marked
by a high internal consistency (Cronbach’s alpha = .93).

Motivational regulations
Participants’ baseline level of motivation towards PA was
compared using the Behavioural Regulation in Exercise
Questionnaire-2 (BREQ-2) [54]. Participants indicated
on a five-point Likert scale (ranging from ‘not true for
me’ to ‘very true for me’) to what extent they had extrinsic
(e.g., ‘I exercise because other people say I should’), intro-
jected (e.g., ‘I feel guilty when I don’t exercise’), identified
(e.g., ‘I value the benefits of exercise’) and intrinsic (e.g., ‘I
exercise because it is fun’) reasons for participation in PA.
A fifth subscale included amotivation (e.g., ‘I don’t see why
I should have to exercise’). Following the example of pre-
vious studies, we combined subscales into the composite
variables autonomous motivation (intrinsic motivation
and identified regulation) and controlled motivation
(introjected regulation and external regulation) [55–57].
Cronbach’s alpha ranged from .62 to .90 indicating an
acceptable internal consistency.

Statistical analyses
Data were analyzed using IBM SPSS (version 20; SPSS
Inc., Chicago, IL, USA) and reported as mean and
standard deviation in case of descriptives and as mean
and standard error in case of outcome measures. Statistical
significance was set at p < .05. Baseline differences between
the intervention and reference group were examined by
performing independent samples t-tests (for continuous
measures) and chi-square tests (for categorical measures).
Individual (at random) missing data on the BNPES
questionnaire were imputed using the Expectation-
Maximization procedure [58].

Outcome analyses
Outliers, defined as values exceeding three standard
deviations from the mean, were identified in each out-
come measure and excluded from analysis. Given the
main advantage of mixed model analysis in handling
with missing values, our longitudinal design allowed us
to reliably assess the effects of the intervention with
mixed model analysis [59]. Linear mixed model analysis
with an unstructured covariance structure was used to
determine time and intervention effects of the PA coun-
seling intervention on objectively assessed PA, self-
reported PA and psychosocial variables. To distinguish
between short- and long-term intervention effects, two
separate mixed model analyses were performed for each
outcome variable. Two time points (pre and post) were
used to determine short-term intervention effects and
three time points (pre, post and follow-up) were used to
examine long-term intervention effects.
For categorical variables (% of participants meeting PA

guidelines), generalized estimating equations with an
unstructured covariance structure were conducted to
examine the short-term and long-term intervention
effects. In case of between-group baseline differences,
the baseline value was included as covariate in the mixed
model analyses.
Cohen’s d effect sizes (ESs) were computed based on

F or χ2 statistics and sample sizes of the intervention
and reference group [60]. ESs of < .30, .30-.80 and > .80
were considered small, medium and large effects,
respectively [61].

Mediation analyses
Indirect effects of the PA counseling intervention (inde-
pendent variable) on PA behavior (dependent variable)
through perceived need satisfaction (mediators) were



Arrogi et al. BMC Public Health  (2017) 17:52 Page 7 of 20
tested by the bootstrapping procedure using the SPSS
PROCESS macro [62, 63]. Bias-corrected and accelerated
confidence intervals (95% CI) of the indirect effects were
generated with two thousand resamples. Bootstrapped CIs
are preferred, as they make no unrealistic assumptions on
the shape of the sampling distribution of indirect effects.
Mediation analyses were conducted for change scores
from pre- to post-test (short-term) and from pre- to
follow-up-tests (long-term). Mediation was only tested in
PA outcome measures which produced both short- and
long-term intervention effects.

Results
Recruitment and follow-up
Of the 3264 people (45% female) employed at the two
worksites, 2846 individuals (87%) completed the com-
pany’s HRA tool. From the 2846 respondents, 836
respondents (29%) scored less than the recommended
PA level according to the HRA tool, whereof 246
Fig. 2 Participant flow chart
individuals (29%) were included in the intervention
group of the present study. Overall follow-up rate was
93% at 3-month post-test and 76% at 9-month follow-
up. There was no difference in dropout rate at post-test
(χ2 = 2.912; p = .088). However, dropout rates differed at
follow-up, with 27% dropout in the intervention group
and 11% dropout in the reference group (χ2 = 5.746;
p = .017). Dropouts and non-dropouts did not differ
in demographic variables, psychosocial variables, objectively
assessed and self-reported PA, except for BMI. Dropouts
were found to have a higher BMI than non-dropouts
(F = 0.233; p = .017). Dropout rates and reasons for
dropout are shown in Fig. 2.

Participant characteristics
Table 1 provides baseline characteristics of the interven-
tion and reference group. The majority of the included
participants were female, were higher educated, lived
with their partner and were overweight as indicated by a



Table 1 Baseline characteristics of the intervention and reference group

Intervention group
(N = 246)

Reference group
(N = 54)

F or χ2 value

Age, mean (SD) 41.0 (8.8) 42.8 (8.5) 0.810

Gender, % female 76 80 0.257

BMI (kg/m2), mean (SD) 26.5 (4.4) 26.0 (4.4) 0.295

Living situation, % living together 91 96 4.041

Education, % higher/university education 88 84 1.112

SWA-based PA, mean (SD)

Steps (n/day)

Weekdays 9265.0 (3194.6) 10006.2 (3766.2) 3128

Weekend days 10092.3 (4181.5) 9597.3 (4506.6) 1.206

Average days 9501.4 (3088.2) 9889.4 (3478.8) 0.988

Sedentary time (min/day) (≤1.8 MET)

Weekdays 1049.5 (130.7) 1005.2 (172.9) 4.495*

Weekend days 1005.8 (147.7) 998.8 (180.5) 1.758

Average days 1036.5 (118.4) 1003.4 (154.6) 3.385

Light PA (min/day) (>1.8- < 3 MET)

Weekdays 63.7 (40.9) 72.5 (49.8) 3.998

Weekend days 93.6 (62.9) 99.8 (63.1) 0.000

Average days 72.3 (42.2) 81.8 (49.4) 1.797

Moderate PA (min/day) (>3- < 6 MET)

Weekdays 34.0 (29.0) 44.1 (46.8) 6.493

Weekend days 52.0 (49.6) 51.2 (66.3) 2.587

Average days 40.6 (33.5) 46.6 (51.1) 4.757

Vigorous PA (min/day) (≥6 MET)

Weekdays 1.7 (3.8) 3.1 (6.9) 16.025

Weekend days 1.4 (4.2) 0.7 (3.6) 3.358

Average days 1.6 (3.4) 2.4 (5.2) 7.422

MVPA (min/day) (≥3 MET)

Weekdays 39.2 (34.4) 51.6 (50.8) 5.761*

Weekend days 57.8 (56.6) 52.7 (67.5) 0.774

Average days 44.6 (36.3) 52.4 (53.2) 5.936

Self-reported PA, mean (SD)

Sitting week (min/day) 561.0 (161.0) 508.1 (151.7) 0.003*

Sitting weekend (min/day) 347.4 (159.7) 300.8 (134.6) 3.105

Walking (min/day) 106.1 (145.2) 155.4 (180.7) 3.187*

Moderate PA (min/day) 42.6 (66.8) 47.1 (67.5) 0.353

Vigorous PA (min/day) 25.2 (43.8) 31.2 (42.9) 0.361

Total PA (min/day) 191.7 (220.1) 237.0 (205.3) 0.101

Psychological need satisfaction, mean (SD)

Autonomy 3.1 (0.8) 3.2 (0.9) 1.916

Competence 2.8 (0.7) 2.8 (0.8) 1.860

Relatedness 3.0 (1.1) 3.1 (1.0) 0.158

Total needsa 3.0 (0.7) 3.0 (0.7) 0.735

Arrogi et al. BMC Public Health  (2017) 17:52 Page 8 of 20



Table 1 Baseline characteristics of the intervention and reference group (Continued)

Exercise-related motivation, mean (SD)

Amotivation 4.6 (0.5) 4.6 (0.5) 0.144

Controlled motivationb 2.4 (0.6) 2.3 (0.6) 0.436

Autonomous motivationc 3.9 (0.6) 4.0 (0.6) 0.377

SWA SenseWear Armband, PA Physical activity, MVPA Moderate-to-vigorous physical activity, SD standard deviation
*p < .05
acomposite variable of autonomy, competence and relatedness need satisfaction; b composite variable of external and introjected regulation; ccomposite variable
of identified regulation and intrinsic motivation
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mean BMI ≥ 25 kg/m2. No differences were found between
the intervention and reference group with respect to
demographic variables, BMI, psychological need satisfac-
tion and PA motivation. With respect to PA variables, sig-
nificant baseline differences were observed in objectively
assessed weekday sedentary time and weekday MVPA.
More specifically, the intervention group demonstrated
higher sedentary time (F = 4.495; p = .047) and lower
MVPA during weekdays (F = 5.761; p = .042) compared to
the reference group. Furthermore, participants in the
intervention group reported higher weekday sitting time
(F = 0.003; p = .038) and less walking (F = 3.187; p = .043)
than participants in the reference group.

Intervention effects on PA and sedentary time
Tables 2 and 3 present the PA mean estimates (at pre, post
and follow-up) and the short- and long-term intervention
effects on objectively assessed and self-reported PA.

Objectively assessed PA and sedentary time

Short-term intervention effects In the short-term, par-
ticipants in the intervention group increased their num-
ber of steps during weekdays (+1281 steps/day), while
reference group participants accumulated fewer steps
than at baseline (-527 steps/day) (p < .001; ES = .65). A
similar pattern was observed in daily step count during
week and weekend days combined. Intervention group
participants increased their daily steps by 1446 steps per
day, while participants in the reference group decreased
their steps by 89 steps per day (p < .001; ES = .60).
Furthermore, a significant short-term intervention effect
was observed in participants’ weekday vigorous PA and
MVPA. The intervention group increased their daily
minutes of vigorous PA by 2.3 min/day, while a
decrease of 0.5 min/day was observed in the reference
group (p = .031; ES = .35). Daily minutes of MVPA
increased more distinctly in the intervention group by
17.8 min/day compared to the reference group (p = .033;
ES = .34). No short-term intervention effects were found
for sedentary time, light PA and moderate PA.

Long-term intervention effects The significant short-
term intervention effects on accumulated number of
daily steps during weekdays, and on week and weekend
days combined were sustained in the long-term. During
weekdays, the intervention group more distinctly
increased daily step count by 469 steps/day compared to
the reference group (p < .001; ES = .48). Daily step count
during week and weekend days combined showed the
same pattern. Participants in the intervention group
demonstrated a more pronounced increase in daily step
count of 530 steps/day compared to participants in the
reference group participants (p = .001; ES = .45).
There were no significant long-term intervention

effects on sedentary time, light PA, moderate PA and
MVPA.

Self-reported PA and sitting time
Short-term intervention effects Following the inter-
vention, self-reported sitting time during weekend days
was significantly reduced in the intervention group
(-44 min/day) while the reference group had increased
their level of sitting (+31 min/day) (p = .005; ES = .44).
Weekday sitting, moderate PA and vigorous PA did not
show short-term intervention effects.

Long-term intervention effects The short-term inter-
vention effect on self-reported weekend day sitting time
was sustained in the long-term. At follow-up, partici-
pants in the intervention group reported lower levels of
sitting during the weekend (-10 min/day) whereas the
reference group reported more sitting time during week-
end days (+17 min/day) (p = .012; ES = .32). No long-
term intervention effects were found for weekday sitting,
walking, moderate PA, vigorous PA and total PA.

PA guidelines based on objectively assessed and self-
reported PA
Table 4 presents the percentages of participants meeting
steps and MVPA guidelines (at pre, post and follow-up)
and the short- and long-term intervention effects on
participants meeting these guidelines.

Short-term intervention effects Based on objective
assessments, the percentage of participants who met the
recommended steps guideline (i.e., 10,000 steps per day)
[49] showed a short-term intervention effect. During
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weekdays, the percentage of participants in the interven-
tion group meeting the steps guideline increased from
34% at baseline to 51% at post-intervention (+17%).
Meanwhile, less reference group participants met the
steps guideline after the intervention (-6%) (p = .002;
ES = .37). A similar pattern was observed in participants
meeting the steps guideline based on week and week-
end days combined. More intervention group participants
met the steps guideline after the intervention (+22%),
while slightly less reference group participants met the
steps guideline at post-intervention (-3%) (p < 0.001;
ES = .42).
We found mixed results with regards to participants

meeting the recommended MVPA guideline (30 min of
daily moderate-to-vigorous PA). Based on self-report,
more participants met the MVPA guideline in the inter-
vention group (+22%) relative to the reference group
(+3%) (p = .013; ES = .29). Meanwhile, no short-term
intervention effects were found on participants meeting
the MVPA guideline according to objective assessments.

Long-term intervention effects The short-term inter-
vention effects on participants meeting the steps guide-
line were sustained in favor on the intervention group.
The percentage of participants meeting the steps guideline
showed a more pronounced increase among intervention
group participants (+9% and +10% on weekdays and week
and weekend days combined, respectively) compared to
reference group participants (+4% and +6% on weekdays
and week and weekend days combined, respectively)
(p = .006; ES = .38 for weekdays and p = .001; ES = .45
for week and weekend days combined). In addition, the
short-term intervention effects on participants meeting
the MVPA guideline according to self-reported MVPA
were maintained in the long-term (p = .009; ES = .36).
With respect to participants meeting the objectively
derived MVPA guideline, no long-term intervention
effects were found.

Intervention effects on psychological need satisfaction
The mean estimates (at pre, post and follow-up) and
short- and long-term intervention effects on psycho-
logical need satisfaction are presented in Table 5.

Short-term intervention effects
Perceived autonomy, competence and total need satis-
faction increased significantly higher among intervention
group participants by, respectively, 0.31, 0.37 and 0.26
compared to reference group participants (p = .022;
ES = .35, p = .010; ES = .40, p = .025; ES = .34 for
autonomy, competence and total need satisfaction,
respectively). No short-term intervention effects were
observed for satisfaction of perceived relatedness.
Long-term intervention effects
There were sustained intervention effects on compe-
tence and total need satisfaction in the long-term.
Between-group change differences of 0.18 and 0.15 were
observed in competence (p = .022; ES = .30) and total
need satisfaction (p = .049; ES = .27), respectively. Satis-
faction of perceived autonomy and perceived relatedness
did not show long-term intervention effects.

Mediation effects of psychological need satisfaction on
daily step count
Objectively assessed daily step count during weekdays
and week and weekend days demonstrated combined
short- and long-term intervention effects. Consequently,
mediation analysis was examined in these two outcome
variables. The mediating (indirect) effects of the need
satisfaction subscales on daily step count are shown in
Table 6.

Short-term mediation
Mediation analyses demonstrated significant effects of
the intervention on short-term changes in perceived
competence satisfaction (α-path), indicating that the
intervention group increased more in competence satis-
faction than the reference group (p = .021, p = .024 for
weekday and average day steps, respectively).
Significant β-paths were observed in almost all mediator

paths (except for relatedness satisfaction on average day
steps). This means that, the more participants increased in
need satisfaction, the more they increased their daily step
count.
We also observed significant indirect αβ-pathways for

competence satisfaction (B = 249.9; 95% CI: 76.8–542.0,
B = 196.2; 95% CI: 51.0–433.4 for weekday and aver-
age day steps, respectively) and total need satisfaction
(B = 219.6; 95% CI: 3.5–508.6, B = 153.5; 95% CI: 0.7–394.5
for weekday and average day steps, respectively). This
indicates the mediating role of competence satisfaction
and total need satisfaction in the short-term effects of
the intervention on daily step count. Autonomy and
relatedness satisfaction did not result in short-term
mediating effects.

Long-term mediation
As indicated by the α-paths, significant long-term effects
of the intervention were found on autonomy (p = .024,
p = .028 for weekday and average day steps, respectively)
and total need satisfaction (p = .046 for weekday steps).
There were also significant direct effects of changes in
autonomy, competence and total need satisfaction on
long-term changes in daily step count (β-paths). This
indicates that the long-term increases in autonomy,
competence and total need satisfaction corresponded
with long-term increases in daily step count.
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Table 6 Mediating effects of psychological need satisfaction on changes in objectively assessed daily step count

Short-term (3 months) Long-term (9 months)

α-path β-path αβ-path α-path β-path αβ-path

Mediator variables B (SE) B (SE) B (95% CI) B (SE) B (SE) B (95% CI)

Need satisfaction

Autonomy

Weekday steps 0.24 (0.15) 620.97 (196.74)** 151.57 (-0.47–421.36) 0.37 (0.16)* 410.34 (221.57) 151.43 (13.64–419.73)*

Average day steps 0.23 (0.15) 436.83 (176.81)* 100.83 (-3.33–76.86) 0.36 (0.16)* 538.01 (195.02)** 195.68 (29.42–510.41)*

Competence

Weekday steps 0.40 (0.17)* 626.11 (168.59)*** 249.93 (76.80–541.99)* 0.34 (0.18) 514.84 (198.98)* 173.22 (20.86–454.86)*

Average day steps 0.39 (0.17)* 498.37 (151.38)** 196.23 (50.97–433.38)* 0.34 (0.18) 576.19 (176.03)** 194.44 (25.47–447.12)*

Relatedness

Weekday steps 0.06 (0.19) 517.67 (151.04)*** 28.85 (-145.65–240.08) 0.12 (0.21) -63.58 (172.17) -7.53 (-137.01–38.26)

Average day steps 0.04 (0.19) 365.89 (136.62) 13.92 (-104.44–166.38) 0.08 (0.22) 88.76 (150.16) 7.08 (-33.93–134.05)

Total needsa

Weekday steps 0.23 (0.13) 942.42 (212.80)*** 219.59 (3.51–508.61)* 0.27 (0.14)* 431.44 (261.95) 118.50 (9.61–366.94)*

Average day steps 0.22 (0.14) 695.09 (192.17)*** 153.53 (0.65–394.47)* 0.26 (0.14) 646.93 (230.33)** 168.41 (15.44–431.02)*

α, estimate of the intervention effect on changes in the proposed mediators; β, estimate of the direct effect of changes in the proposed mediators on changes in
daily step count while controlling for the intervention effect; αβ, estimate of the indirect effect of the intervention on changes in daily step count through the
proposed mediators; 95% CI, 95% bias-corrected and accelerated confidence interval based on 2000 bootstrap resamples
B Unstandardized regression coefficient, SE Standard error
*p < .05, **p < .01, ***p < .001
acomposite variable of autonomy, competence and relatedness need satisfaction
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Significant mediating effects were found for autonomy
(B = 151.4; 95% CI: 13.6–419.7, B = 195.7; 95% CI: 29.4–
510.4 for weekday and average day steps, respectively),
competence (B = 173.2; 95% CI: 20.9–454.9, B = 194.4;
95% CI: 25.5–447.1 for weekday and average day steps,
respectively) and total need satisfaction (B = 118.5; 95%
CI: 9.6–366.9, B = 168.4; 95% CI: 15.4–431.0 for weekday
and average day steps, respectively). As in the short-term,
no long-term mediating effects of relatedness satisfaction
were found.
Degree of autonomy support
After the intervention, participants of the intervention
group indicated a mean score of 6.03 ± 0.68 on a seven-
?A3B2 twb=.3w?>point Likert scale. Subsequent ana-
lyses indicated a minimum score of 4 with 63.4% of
participants scoring 6 or more.
Discussion
The main objective of the present study was to evaluate
the short- and long-term effects of an individualized
need-supportive PA counseling intervention on em-
ployees’ PA and sedentary behavior. In line with our
first hypothesis, the results of this study demonstrated
that a 3-month individualized need-supportive PA
counseling intervention was effective in increasing the
number of weekday daily steps, both in the short- and
long-term.
With regards to objectively assessed PA, we found
short-term effects on weekday vigorous PA and MVPA.
Meanwhile, no intervention effects were found on the
remaining PA intensities. It should be noted however
that main effects of time emerged on objectively
assessed moderate PA, vigorous PA and MVPA, indicat-
ing an increase in PA levels in both the intervention and
reference group. The fact that the participants in the
reference group increased objectively assessed PAs
could be the result of measurement reactivity [64].
Another explanation of the observed reference group
improvements relates to the fact that there were over-
lapping PA initiatives at the worksites throughout the
measurement periods. An elaborate discussion on the
content of these overlapping PA initiatives can be found
in the strengths and limitation section. The increased
PA level among reference group participants might also
be the result of the (objective) monitoring of their PA
level (i.e., measurement reactivity). This increased PA
among reference group participants is a common
phenomenon observed in behavioral intervention trials,
especially in interventions that exclude participants
who meet the PA guidelines (as was the case in the
current intervention) [65].
The fact that we found significant intervention effects

in daily step count and not in the different PA intensities
could be due to the use of pedometers among interven-
tion group participants. Pedometers provide instant
feedback on the number of accumulated steps, and this
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immediate feedback might have facilitated this specific
movement pattern. This interpretation is supported by a
recent intervention study, in which participants
increased their PA levels (including number of steps)
when they received pedometers combined with need-
supportive coaching [66]. It is important to note, how-
ever, that providing pedometers alone did not increase
PA levels throughout the intervention. Individualized
need-supportive PA coaching was considered as crucial
to increase and sustain PA levels [66].
In order to determine the societal relevance of the

post-intervention increases in daily step count, we trans-
lated the variables into the health-enhancing steps
guideline of 10,000 steps per day [49]. The number of
participants who met the steps guideline increased con-
siderably in the intervention group, both in the short-
and long-term. In fact, more than half of intervention
group participants met the steps guideline after the
intervention (51% for weekdays and 58% for average
days). In addition to the steps guideline, we also examined
the number of participants meeting MVPA guideline of
30 min of daily MVPA [4]. The intervention resulted in an
increase in the number of participants who self-reportedly
met the MVPA guidelines, both in the short- and long-
term. Objectively assessed MVPA guideline measures did
not show intervention effects. The fact that we found
intervention effects in self-reported MVPA and not in
objective MVPA measures, could be the result of an
overestimation of higher intensity PAs in self-reported
measures compared to objective PA assessments [46].
At baseline, a subset of participants in the intervention

group showed sufficient levels of PA based on both self-
reported and objective measures of PA. The fact that
some intervention group participants adopted sufficient
PA levels was conflicting with the inclusion criteria, as
we attempted to only include insufficiently active em-
ployees. The discrepancy between the inclusion measures
and the baseline measures could be due to differences in
questioning between the company’s HRA tool (used as
inclusion criterion) and the IPAQ (used as self-reported
PA measure). The HRA tool emphasized higher intensity
activities, e.g., exercise, while the IPAQ also referred to
activities of light intensity such as walking. Moreover, the
HRA tool referred to the last thirty days whereas the
IPAQ recalled on the last seven days. In addition, there
could be a substantial time period (up to 3 months)
between assessment of the HRA tool and administering of
the IPAQ. Another factor that could have contributed to
the discrepancy is the possibility that HRA triggered em-
ployees to become more physically active prior to baseline
assessments. The limitations of self-reported PA screening
tools are discussed in previous studies [67, 68]. In fact, it
is not uncommon among PA intervention trials, that rela-
tively active participants are recruited, even when the
initial aim was to only include low-active participants. It
has therefore been suggested to alternatively use objective
PA assessments as screening tools, although these objective
tools involve significant cost and time investments [67].
Despite the fact that the counseling was mainly

focused on changing employees’ PA behavior, a short-
and long-term reduction in self-reported sitting time
during weekends was found. The specific reduction of
self-reported sitting time in the weekends might result
from the fact that most participants spend more time
exercising and participating in sports on weekend days.
This engagement in higher intensity PAs might, in part,
have replaced sitting time [69, 70]. We found main effects
of time in objectively assessed weekend days’ moderate,
vigorous and MVPA indicating an increase of higher
intensity PAs in both the intervention and reference
group. Moreover, the reduction of sitting time was tar-
geted as a secondary outcome in our study, which might
explain the lack of intervention effects on weekday sitting
time. Martin et al. indicated smaller intervention effects
when reducing sedentary behavior was considered as a
secondary outcome [71].
A recent comprehensive systematic review examined

the influence of interventions on sedentary time in
adults and distinguished between PA interventions, PA
and sedentary behavior interventions and sedentary
behavior interventions [72]. Our study could be catego-
rized as a PA and sedentary behavior intervention, as we
also included intervention components to reduce seden-
tary behavior (e.g., participants were offered list of
options to reduce their sedentary time at the workplace
and at home/leisure time such as standing up during
phone calls). While the review reported an overall inter-
vention effect of 35 min per day (of PA and sedentary
behavior intervention) [72], we found comparable inter-
vention effects of 75 (short-term) and 27 min per day
(long-term). A more recent meta-analysis, including only
RCTs, found comparable results, albeit of less magnitude
[71]. Interventions at the workplace were found to result
in a non-significant reduction in sedentary time of nearly
9 min per day [71].
The second objective was to evaluate mediating effects

of psychosocial variables targeted by the PA counseling
intervention. We evaluated the mediating influence of
psychological need satisfaction as the PA counselors
aimed to satisfy the participants’ basic psychological
needs. The short-term intervention effects were medi-
ated by changes in perceived competence need satisfac-
tion and total need satisfaction, while the long-term
intervention effects were mediated by changes in
autonomy, competence and total need satisfaction. Pre-
vious evidence revealed a strong inter-correlation between
the three needs (in particular between autonomy and com-
petence) [73]. Therefore, the use of a (unidimensional)
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total needs variable seems to be justified [74]. As a conse-
quence, the short- and long-term mediation effects of
changes in total need satisfaction on changes in daily steps
confirmed our expectations (hypothesis 2) and imply that
the intervention resulted in significant intervention effects
through satisfaction of the three needs, which is consistent
with SDT-based assumptions [25]. There were, however,
no mediating effects of relatedness satisfaction. These
findings are in line with previous studies as a compre-
hensive review indicated no (cross-sectional) associ-
ation between relatedness satisfaction and exercise/PA
[25]. The authors of the review provided a possible
explanation of this lack of association, by pointing out
that engagement in solitary activities (such as walking
or jogging) might be satisfying without a specific need
for relatedness [25].
The autonomy supportive character of the counseling

intervention was questioned among intervention group
participants. The high mean scores (6.03; min-max: 4–7
on a 7-point Likert scale) indicated that participants in the
intervention group reported a high degree of autonomy
support from the PA counselors during the counseling
sessions. The autonomy supportive climate throughout
counseling sessions might have contributed to the
observed intervention effects.

Strengths and limitations
The strength of this study relates to the fact that it is
among the first to evaluate the long-term effectiveness
of an SDT-based worksite PA intervention among
employees. The combination of subjective and objective
assessments of PA forms the second strength of our
study. A third strength concerns the examination of
both (short- and long-term) intervention and mediation
effects of the PA counseling intervention and psycho-
social variables, respectively.
Nevertheless, our study also had some limitations that

should be taken into account. A first limitation is the
lack of full randomization. Because of the service providing
nature of the PA counseling program to the company in
which the intervention took place, we considered it to be
unethical and inappropriate to fully randomize participants
to the intervention or control condition. This had possible
consequences on the extrapolation of our findings as a
recent review on worksite PA interventions pointed out
that randomized controlled trials were less likely to be
effective compared to quasi-experimental studies [12].
The review indicated that the included worksite RCTs
were more likely to be of longer duration than the con-
trolled quasi-experiments. As speculated by the review’s
authors, the longer duration (>6 months) of worksite
RCTs might explain the diminished effectiveness of
these RCTs as it is more difficult to sustain an interven-
tion effect in the long-term [12].
A second limitation is the presence of overlapping
worksite initiatives at the time of the intervention. There
were overlapping initiatives related to promotion of PA
and well-being including a Start to Run program and a
well-being program called Energy for Performance in
Live (EFPIL). These initiatives included sessions in which
employees were informed about ‘the do’s and don’ts’
when intentions were made to Start to Run. Employees
were also informed on how to keep their energy level up
throughout their workday (EFPIL). These worksite initia-
tives might have influenced the study participants in
terms of their PA level. However, participants were ques-
tioned on whether they participated in one of the over-
lapping worksite health promotion initiatives (EFPIL).
Eighty-nine percent of intervention group participants
and 92% of reference group participants reported that
they did not participate in EFPIL. This suggests that the
majority of participants made no use of this specific
worksite initiative.
Besides the overlapping worksite initiatives, a third

limitation refers to the risk of contamination across par-
ticipants in the intervention and reference group, as we
recruited both groups within the same worksites and
during the same recruitment period. We cannot rule out
the fact that participants in the intervention group have
influenced their colleagues belonging to the reference
group.
The difference in follow-up dropout rates constitutes a

fourth limitation. At follow-up, there was a higher drop-
out in the intervention group (27%) compared to the
reference group (11%). The higher dropout specific in
the intervention group may be the result of a lack of
contact moments between post and follow-up measure-
ment sessions. This notion is strengthened given that
there was no between-group difference in dropout rate
at post-intervention (9% and 2% dropout in the inter-
vention and reference group, respectively). Besides the
difference in follow-up dropout rates, we also found
that dropouts had a higher BMI than non-dropouts.
This finding is not uncommon in lifestyle interventions
[75, 76] and should be taken into consideration when
targeting overweighed individuals. Accordingly, future
PA behavioral interventions should develop and imple-
ment strategies to prevent insufficiently active, over-
weighed individuals from dropping out.
A fifth limitation relates to the fact that the study

population consisted of predominantly female and highly
educated participants. This self-selection may have
compromised the generalizability of our findings to other
workplaces.

Conclusions
The findings of the current study indicate that a 3-month
individualized need-supportive PA counseling intervention
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delivered at the workplace elicited short- and long-term
intervention effects on daily step count, self-reported
weekend day sitting and psychological need satisfaction.
Besides the short- and long-term intervention effects on
need satisfaction, autonomy and competence satisfaction
were found to mediate the long-term intervention
effectiveness.
The relative few contact sessions (two face-to-face

counseling sessions and three contacts by e-mail or tele-
phone) and small-to-moderate effect sizes suggest a
potential cost-effective PA intervention [77]. Future
research should consider the cost-effectiveness of a com-
parable intervention and evaluate this type of worksite
intervention in a randomized controlled setting with
longer follow-up. Overall, our findings contribute to the
growing evidence that need-supportive PA counseling
could be implemented as part of larger, community-
based PA promotion programs.

Additional file

Additional file 1: Questionnaire used during the measurement sessions
(DOCX 50 kb)

Abbreviations
BPNES: Basic psychological needs in exercise scale; BREQ-2: Behavioural
regulations in exercise questionnaire-2; EFPIL: Energy for performance in live;
HCCQ: Health care climate questionnaire; HRA: Health risk assessment;
IPAQ: International Physical Activity Questionnaire; MVPA: Moderate-to-Vigorous
Physical Activity; PA: Physical activity; PAR-Q: Physical Activity Readiness
Questionnaire; SDT: Self-determination theory; SWA: SenseWear Armband

Acknowledgements
The authors would like to thank Tineke Scheers and Stien Rombauts for their
contribution to the counseling sessions as PA counselors and assistance in
data processing and data collection.

Funding
The study was financially supported by Global Health Services of Janssen
(Belgium) as part of their Healthy Future 2015 program. The funding source
had no role in the study design and the collection, analysis, and interpretation
of data, and in the writing of the article.

Availability of data and materials
Data supporting our findings are available in the manuscript and additional
datasets are available from the corresponding author on reasonable request.

Authors’ contributions
AS, AB, FB and JS designed the intervention. AS collected data. AA analyzed
the data and drafted the manuscript. JS and FB supervised the writing process.
All authors revised the manuscript and approved the final version.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Participants read and signed an informed consent and all procedures were
approved by the local Medical Ethics Committee of the KU Leuven, Belgium
(s54788).
Author details
1Department of Kinesiology, KU Leuven, Tervuursevest 101, 3001 Leuven,
Belgium. 2Faculty of Kinesiology and Rehabilitation Sciences, KU Leuven,
Tervuursevest 101, 3001 Leuven, Belgium.

Received: 12 May 2016 Accepted: 20 December 2016

References
1. Kohl 3rd HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al.

The pandemic of physical inactivity: global action for public health. Lancet.
2012;380(9838):294–305.

2. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of
physical inactivity on major non-communicable diseases worldwide: an analysis
of burden of disease and life expectancy. Lancet. 2012;380(9838):219–29.

3. Special Eurobarometer 412: Sport and physical activity. European
Commission 2014. Report No.: 978-92-79-36836-3.

4. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health: updated recommendation for adults from the
American College of Sports Medicine and the American Heart Association.
Circulation. 2007;116(9):1081–93.

5. Van Sluijs EM, Griffin SJ, van Poppel MN. A cross-sectional study of
awareness of physical activity: associations with personal, behavioral and
psychosocial factors. Int J Behav Nutr Phys Act. 2007;4:53.

6. Conn VS, Hafdahl AR, Mehr DR. Interventions to increase physical activity
among healthy adults: meta-analysis of outcomes. Am J Public Health. 2011;
101(4):751–8.

7. Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH,
et al. Systematic review of reviews of intervention components associated
with increased effectiveness in dietary and physical activity interventions.
BMC Public Health. 2011;11:119.

8. Kahn EB, Ramsey LT, Brownson RC, Heath GW, Howze EH, Powell KE, et al.
The effectiveness of interventions to increase physical activity. A systematic
review. Am J Prev Med. 2002;22(4 Suppl):73–107.

9. Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP, Rodarte
RQ, et al. Trends over 5 decades in U.S. occupation-related physical activity
and their associations with obesity. PLoS One. 2011;6(5):e19657.

10. Linnan L, Bowling M, Childress J, Lindsay G, Blakey C, Pronk S, et al. Results
of the 2004 National Worksite Health Promotion Survey. Am J Public Health.
2008;98(8):1503–9.

11. Malik SH, Blake H, Suggs LS. A systematic review of workplace health
promotion interventions for increasing physical activity. Br J Health Psychol.
2014;19(1):149–80.

12. To QG, Chen TT, Magnussen CG, To KG. Workplace physical activity
interventions: a systematic review. Am J Health Promot. 2013;27(6):e113–23.

13. Conn VS, Hafdahl AR, Cooper PS, Brown LM, Lusk SL. Meta-analysis of
workplace physical activity interventions. Am J Prev Med. 2009;37(4):330–9.

14. Dunn AL, Andersen RE, Jakicic JM. Lifestyle physical activity interventions.
History, short- and long-term effects, and recommendations. Am J Prev
Med. 1998;15(4):398–412.

15. Opdenacker J, Boen F, Coorevits N, Delecluse C. Effectiveness of a lifestyle
intervention and a structured exercise intervention in older adults. Prev
Med. 2008;46(6):518–24.

16. Deci EL, Ryan RM. Intrinsic motivation and self-determination in human
behavior. New York: Plenum; 1985.

17. Deci EL, Ryan RM. The “what” and “why” of goal pursuits: Human needs and
the self-determination of behavior. Psychol Inq. 2000;11(4):227–68.

18. Teixeira PJ, Silva MN, Mata J, Palmeira AL, Markland D. Motivation, self-
determination, and long-term weight control. Int J Behav Nutr Phys Act.
2012;9:22.

19. Williams GC, Patrick H, Niemiec CP, Ryan RM, Deci EL, Lavigne HM. The
smoker’s health project: a self-determination theory intervention to facilitate
maintenance of tobacco abstinence. Contemp Clin Trials. 2011;32(4):535–43.

20. Verstuyf J, Patrick H, Vansteenkiste M, Teixeira PJ. Motivational dynamics of
eating regulation: a self-determination theory perspective. Int J Behav Nutr
Phys Act. 2012;9:21.

21. Fortier MS, Duda JL, Guerin E, Teixeira PJ. Promoting physical activity:
development and testing of self-determination theory-based interventions.
Int J Behav Nutr Phys Act. 2012;9:20.

22. Duda JL, Williams GC, Ntoumanis N, Daley A, Eves FF, Mutrie N, et al. Effects
of a standard provision versus an autonomy supportive exercise referral

dx.doi.org/10.1186/s12889-016-3965-1


Arrogi et al. BMC Public Health  (2017) 17:52 Page 19 of 20
programme on physical activity, quality of life and well-being indicators:
a cluster randomised controlled trial. Int J Behav Nutr Phy. 2014;11:10.

23. Fortier MS, Hogg W, O’Sullivan TL, Blanchard C, Sigal RJ, Reid RD, et al.
Impact of integrating a physical activity counsellor into the primary health
care team: physical activity and health outcomes of the Physical Activity
Counselling randomized controlled trial. Appl Physiol Nutr Metab. 2011;
36(4):503–14.

24. Silva MN, Vieira PN, Coutinho SR, Minderico CS, Matos MG, Sardinha LB,
et al. Using self-determination theory to promote physical activity and
weight control: a randomized controlled trial in women. J Behav Med. 2010;
33(2):110–22.

25. Teixeira PJ, Carraca EV, Markland D, Silva MN, Ryan RM. Exercise, physical
activity, and self-determination theory: A systematic review. Int J Behav Nutr
Phy. 2012;9:78.

26. Van Hoecke AS, Delecluse C, Bogaerts A, Boen F. The long-term effectiveness
of need-supportive physical activity counseling compared with a standard
referral in sedentary older adults. J Aging Phys Act. 2014;22(2):186–98.

27. Van Hoecke AS, Delecluse C, Opdenacker J, Lipkens L, Martien S, Boen F.
Long-term effectiveness and mediators of a need-supportive physical
activity coaching among Flemish sedentary employees. Health Promot Int.
2013;28(3):407–17.

28. Kilpatrick M, Hebert E, Jacobsen D. Physical Activity Motivation: A
Practitioner’s Guide to Self-Determination Theory. J Phys Educ Recreat
Dance. 2002;73(4):36–41.

29. Markland D, Ryan RM, Tobin VJ, Rollnick S. Motivational interviewing and
self-determination theory. J Soc Clin Psychol. 2005;24(6):811–31.

30. Miller YD, Trost SG, Brown WJ. Mediators of physical activity behavior change
among women with young children. Am J Prev Med. 2002;23(2):98–103.

31. Calfas KJ, Sallis JF, Nichols JF, Sarkin JA, Johnson MF, Caparosa S, et al.
Project GRAD: Two-year outcomes of a randomized controlled physical
activity intervention among young adults. Am J Prev Med. 2000;18(1):28–37.

32. Pinto BM, Lynn H, Marcus BH, DePue J, Goldstein MG. Physician-based
activity counseling: Intervention effects on mediators of motivational
readiness for physical activity. Ann Behav Med. 2001;23(1):2–10.

33. Lewis BA, Marcus BH, Pate RR, Dunn AL. Psychosocial mediators of physical
activity behavior among adults and children. Am J Prev Med. 2002;23(2):26–35.

34. Rhodes RE, Pfaeffli LA. Mediators of physical activity behaviour change
among adult non-clinical populations: a review update. Int J Behav Nutr
Phys Act. 2010;7:37.

35. Isaac F. A role for private industry: comments on the Johnson & Johnson’s
wellness program. Am J Prev Med. 2013;44(1 Suppl 1):S30–3.

36. Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity
Readiness Questionnaire (PAR-Q). Can J Sport Sci. 1992;17(4):338–45.

37. Strecher V, Wang C, Derry H, Wildenhaus K, Johnson C. Tailored
interventions for multiple risk behaviors. Health Educ Res. 2002;17(5):619–26.

38. Seghers J, Van Hoecke AS, Schotte A, Opdenacker J, Boen F. The added
value of a brief self-efficacy coaching on the effectiveness of a 12-week
physical activity program. J Phys Act Health. 2014;11(1):18–29.

39. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A
refined taxonomy of behaviour change techniques to help people change
their physical activity and healthy eating behaviours: the CALO-RE
taxonomy. Psychol Health. 2011;26(11):1479–98.

40. Lauzon N, Chan CB, Myers AM, Tudor-Locke C. Participant experiences in a
workplace pedometer-based physical activity program. J Phys Act Health.
2008;5(5):675–87.

41. Tudor-Locke C. Promoting Lifestyle Physical Activity: Experiences with the
First Step Program. Am J Lifestyle Med. 2009;3(1 Suppl):508–48.

42. Fruin ML, Rankin JW. Validity of a multi-sensor armband in estimating rest
and exercise energy expenditure. Med Sci Sports Exerc. 2004;36(6):1063–9.

43. Johannsen DL, Calabro MA, Stewart J, Franke W, Rood JC, Welk GJ. Accuracy
of armband monitors for measuring daily energy expenditure in healthy
adults. Med Sci Sports Exerc. 2010;42(11):2134–40.

44. Malavolti M, Pietrobelli A, Dugoni M, Poli M, Romagnoli E, De Cristofaro P,
et al. A new device for measuring resting energy expenditure (REE) in
healthy subjects. Nutr Metab Cardiovasc Dis. 2007;17(5):338–43.

45. Scheers T, Philippaerts R, Lefevre J. Patterns of physical activity and
sedentary behavior in normal-weight, overweight and obese adults, as
measured with a portable armband device and an electronic diary. Clin
Nutr. 2012;31(5):756–64.

46. Scheers T, Philippaerts R, Lefevre J. Assessment of physical activity and
inactivity in multiple domains of daily life: a comparison between a
computerized questionnaire and the SenseWear Armband complemented
with an electronic diary. Int J Behav Nutr Phys Act. 2012;9:71.

47. Scheers T, Philippaerts R, Lefevre J. Compliance with different physical
activity recommendations and its association with socio-demographic
characteristics using an objective measure. BMC Public Health. 2013;13:136.

48. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40(1):181–8.

49. Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti B,
et al. How many steps/day are enough? For adults. Int J Behav Nutr Phys
Act. 2011;8:79.

50. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381–95.

51. Vlachopoulos SP, Michailidou S. Development and Initial Validation of a
Measure of Autonomy, Competence, and Relatedness in Exercise: The
Basic Psychological Needs in Exercise Scale. Meas Phys Educ Exerc Sci.
2006;10(3):179–201.

52. Vlachopoulos SP, Ntoumanis N, Smith AL. The Basic Psychological Needs in
Exercise Scale: Translation and Evidence for Cross-Cultural Validity. Int J
Sport Exerc Psychol. 2010;8(4):394–412.

53. Williams GC, McGregor HA, Zeldman A, Freedman ZR, Deci EL. Testing a
self-determination theory process model for promoting glycemic control
through diabetes self-management. Health Psychol. 2004;23(1):58–66.

54. Markland D, Tobin V. A modification to the behavioural regulation in
exercise questionnaire to include an assessment of amotivation. J Sport
Exercise Psy. 2004;26(2):191–6.

55. Sebire SJ, Standage M, Vansteenkiste M. Development and validation of the goal
content for exercise questionnaire. J Sport Exerc Psychol. 2008;30(4):353–77.

56. Weman-Josefsson K, Lindwall M, Ivarsson A. Need satisfaction, motivational
regulations and exercise: moderation and mediation effects. Int J Behav
Nutr Phys Act. 2015;12:67.

57. Standage M, Sebire SJ, Loney T. Does exercise motivation predict engagement
in objectively assessed bouts of moderate-intensity exercise?: A self-
determination theory perspective. J Sport Exercise Psy. 2008;30(4):337–52.

58. Schafer JL, Graham JW. Missing data: Our view of the state of the art.
Psychol Methods. 2002;7(2):147–77.

59. Lane P. Handling drop-out in longitudinal clinical trials: a comparison of the
LOCF and MMRM approaches. Pharm Stat. 2008;7(2):93–106.

60. Thalheimer W, Cook S. How to calculate effect sizes from published
research: A simplified methodology. Work-Learning Research. 2002:1–9.

61. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale: L. Erlbaum Associates; 1988.

62. Hayes AF. Introduction to mediation, moderation, and conditional process
analysis: A regression-based approach. New York: Guilford Press; 2013.

63. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing
and comparing indirect effects in multiple mediator models. Behav Res
Methods. 2008;40(3):879–91.

64. Becker H, Roberts G, Voelmeck W. Explanations for improvement in both
experimental and control groups. West J Nurs Res. 2003;25(6):746–55.

65. Waters L, Reeves M, Fjeldsoe B, Eakin E. Control group improvements in
physical activity intervention trials and possible explanatory factors: a
systematic review. J Phys Act Health. 2012;9(6):884–95.

66. Van Hoye K, Boen F, Lefevre J. The Impact of Different Degrees of Feedback
on Physical Activity Levels: A 4-Week Intervention Study. Int J Environ Res
Public Health. 2015;12(6):6561–81.

67. Vandelanotte C, Stanton R, Rebar AL, Van Itallie AK, Caperchione CM,
Duncan MJ, et al. Physical activity screening to recruit inactive
randomized controlled trial participants: how much is too much? Trials.
2015;16:446.

68. Waters LA, Winkler EA, Reeves MM, Fjeldsoe BS, Eakin EG. The impact of
behavioural screening on intervention outcomes in a randomised,
controlled multiple behaviour intervention trial. Int J Behav Nutr Phys Act.
2011;8:24.

69. Keadle SK, Lyden K, Staudenmayer J, Hickey A, Viskochil R, Braun B, et al.
The independent and combined effects of exercise training and reducing
sedentary behavior on cardiometabolic risk factors. Appl Physiol Nutr Me.
2014;39(7):770–80.

70. Raynor HA, Steeves EA, Bassett DR, Thompson DL, Gorin AA, Bond DS.
Reducing TV Watching During Adult Obesity Treatment: Two Pilot
Randomized Controlled Trials. Behav Ther. 2013;44(4):674–85.



Arrogi et al. BMC Public Health  (2017) 17:52 Page 20 of 20
71. Martin A, Fitzsimons C, Jepson R, Saunders DH, van der Ploeg HP, Teixeira
PJ et al. Interventions with potential to reduce sedentary time in adults:
systematic review and meta-analysis. Br J Sports Med. 2015;49(16):1056-63.

72. Prince SA, Saunders TJ, Gresty K, Reid RD. A comparison of the effectiveness
of physical activity and sedentary behaviour interventions in reducing
sedentary time in adults: a systematic review and meta-analysis of
controlled trials. Obes Rev. 2014;15(11):905–19.

73. Markland D, Tobin VJ. Need support and behavioural regulations for
exercise among exercise referral scheme clients: The mediating role of
psychological need satisfaction. Psychol Sport Exerc. 2010;11(2):91–9.

74. Hagger MS, Chatzisarantis NLD, Harris J. From psychological need
satisfaction to intentional behavior: testing a motivational sequence in two
behavioral contexts. Pers Soc Psychol B. 2006;32(2):131–48.

75. Opdenacker J, Boen F, Vanden Auweele Y, De Bourdeaudhuij I. Effectiveness
of a lifestyle physical activity intervention in a women’s organization.
J Women’s Health. 2008;17(3):413–21.

76. Roumen C, Feskens EJ, Corpeleijn E, Mensink M, Saris WH, Blaak EE.
Predictors of lifestyle intervention outcome and dropout: the SLIM study.
Eur J Clin Nutr. 2011;65(10):1141–7.

77. Wu S, Cohen D, Shi Y, Pearson M, Sturm R. Economic analysis of physical
activity interventions. Am J Prev Med. 2011;40(2):149–58.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Participant recruitment and study design
	Procedure
	Intervention
	Measures
	PA and sedentary behavior
	Psychological need satisfaction
	Degree of autonomy support
	Motivational regulations

	Statistical analyses
	Outcome analyses
	Mediation analyses


	Results
	Recruitment and follow-up
	Participant characteristics
	Intervention effects on PA and sedentary time
	Objectively assessed PA and sedentary time
	Self-reported PA and sitting time
	PA guidelines based on objectively assessed and self-reported PA

	Intervention effects on psychological need satisfaction
	Short-term intervention effects
	Long-term intervention effects

	Mediation effects of psychological need satisfaction on daily step count
	Short-term mediation
	Long-term mediation

	Degree of autonomy support

	Discussion
	Strengths and limitations

	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

