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Abstract: This cross-sectional study examined the relationship between Body Mass
Index (BMI), total sitting time and total physical activity time in a generally overweight or
obese population of type 2 diabetics or pre-diabetics willing to participate in a lifestyle
intervention [n = 221, 55.1% male, mean age (SD) 62.0 (9.9), mean BMI (SD) 31.4 (5.0)].
In addition, we aimed to identify demographic and psychosocial associates of the motivation
to become more physically active. The measurement instrument was a self-report
questionnaire. Results showed that total sitting time was more closely related to BMI than
total physical activity time. Subjects with a higher weight status were more sedentary,
but they were also more motivated to be physically active. On the other hand, their
self-efficacy to be physically active was lower than subjects with a lower weight status.
Lifestyle interventions to decrease the risk of obesity and type 2 diabetes should aim not
only at increasing total physical activity time, but also at reducing the total sitting time.
Despite generally high levels of motivation among these obese participants, intervention
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designers and intermediaries should be aware of their low level of self-efficacy towards
being physically active.
Keywords: sitting time; physical activity; type 2 diabetes; lifestyle intervention;
motivation to be physically active; Body Mass Index

1. Introduction
Obesity and physical inactivity are the most important risk factors for developing type 2 diabetes
mellitus. In the Netherlands, five million people are considered overweight and/or physically
inactive [1]. A total of 740,000 people were diagnosed with diabetes in 2007 in the Netherlands, 90%
of them with type 2 diabetes [2]. The incidence of type 2 diabetes is increasing worldwide, and the
quality of life of people with diabetes is lower than that of people without this chronic disease,
especially as regards well-being and physical functioning [3]. Hence, measures to prevent type 2
diabetes have been advocated [4], with lifestyle interventions focusing on the promotion of a healthy
diet and physical activity (PA) [5-11].
Lifestyle interventions should not only aim to increase PA, but also to decrease sedentary behaviour,
as moderate to vigorous activity a few times a week will not compensate for the potential negative
effects of excessive sedentary behaviour [12]. Sedentary behaviour refers to activities that do not
increase energy expenditure substantially above the resting level, such as sitting, lying down or
viewing TV [13]. It has been suggested that sedentary behaviour should be explicitly measured instead
of being defined as a lack of PA [13,14]. In fact, defining a sedentary population based on low levels or
absence of PA might be inaccurate, as sedentary behaviour and PA are two independent behaviours
with different effects on health outcomes [15,16]. A review by Proper and colleagues showed that
there was moderate evidence for an independent relationship between sedentary behaviour and type 2
diabetes [17].
Non-exercise active thermogenesis (NEAT) can play a key role in the energy expenditure of obese
people. NEAT is the energy expenditure associated with everyday activity [18]. Altering one’s
postural allocation from a seated to a standing position or engaging in light ambulation has been shown
to significantly increase energy expenditure. A difference in NEAT has been observed between obese
and lean subjects [18]. Obese subjects have been shown to sit for 2.5 hours/day more than lean
subjects [18,19].
Underlining the importance of sedentary behaviour in explaining weight status, Santos and
colleagues [20] demonstrated that in a general population of Portuguese men, even those meeting
public health guidelines for leisure time PA may be at risk for overweight and obesity if they spend a
large proportion of their leisure time in sedentary activities. They found that men with a high total
sitting time and with sufficient PA time had a higher average Body Mass Index (BMI) than those with
low total sitting time and sufficient PA time. The difference between the groups was statistically
significant, though with a small effect size (Cohen’s d < 0.1) [20]. In line with the empirical evidence
from research about NEAT, we hypothesised that an even larger share of the BMI would be explained
by low sitting time in a subpopulation of generally overweight or obese diabetics or pre-diabetics.
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The results of the study by Santos et al. [20] also indicated that total sitting time was positively
associated with BMI after adjustment for some potential confounders (including total PA time), but
they did not correct for potentially relevant cognitive determinants of PA. Theories about behavioural
determinants generally distinguish three types: outcome expectancies or attitude, subjective norm and
self-efficacy. Attitudes are determined by the beliefs about attributes of performing the
behaviour [21]. Outcome expectancies are a person’s estimate that a given behaviour will lead to certain
outcomes [22]. Subjective norm reflects expectations about what people in our social environment
want us to do [23]. Self-efficacy (also known as perceived behavioural control) refers to a person’s
expectation that he or she has the ability to implement the desired behaviour [24].These cognitions
have been successfully applied in research on PA [25-29].
The aim of the present study to examine the relationship between BMI, total sitting time and total
PA time in a generally overweight or obese population of diabetics or pre-diabetics, while controlling
for demographic and psychosocial associates of the motivation to become more physically active by
participating in a lifestyle intervention.
2. Methods
2.1. Study Design and Sampling
Participants in this study were people who had agreed to be included in a lifestyle intervention
programme called BeweegKuur (see [11] for more information). People with an impaired fasting
glucose (pre-diabetics; i.e., fasting glucose range (finger prick) ≥ 5.6 mmol/L–< 6.9 mmol/L) and
persons with type 2 diabetes (HbA1c ≥ 7.0) were eligible for inclusion in the intervention.
Exclusion criteria were type 2 diabetes with three or more complications, type 2 diabetes with serious
poly-pharmacy and type 2 diabetes with type 3 hypertension. In this programme, a patient’s general
practitioner (GP) determines whether the intervention will be offered. After the patient agrees to
participate, coaching and supervision is provided by a lifestyle advisor (LSA, often the GP’s assistant),
based on principles of Motivational Interviewing [30].
The present study used a cross-sectional non-controlled design, based on the (self-reported) baseline
data of a longitudinal monitoring study. The LSA was responsible for the distribution of the
questionnaire to the patients, who received it at the end of their intake consultation with the LSA.
Patients also completed an informed consent form. The questionnaire could be returned to the
university free of postage, and participants could win a gift voucher. The questionnaire was completed
by 361 persons.
2.2. Measures
Demographic variables assessed in the questionnaire were date of birth, educational level, gender and
country of birth. Self-reported weight and height were used to calculate BMI [weight (kg)/height (m)2].
PA and sitting time were measured with the short version of the International Physical Activity
Questionnaire (IPAQ) [31]. Based on the ACSM/AHA physical activity guidelines, subjects were
categorised as: insufficiently active (participants who reported fewer than 150 min/week of at least
moderate-intensity PA or less than 20 min/week of vigorous-intensity PA) or sufficiently
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active (participants who reported 150 min/week or more of at least moderate intensity PA or 20
min/week or more of vigorous-intensity PA) [32]. Total PA time in this article was measured by
calculating the amount of moderate and vigorous PA time. The proxy measure of sedentary behaviour
was the time spent sitting on an ordinary weekday. This was measured with the question: ‘During the
last 7 days, how much time did you spend sitting on a week day?’ where the respondents could fill out
the hours or minutes spent sitting. The sitting time includes time spent at work, at home, while doing
course work and during leisure time. Outliers (sitting time on an ordinary day < 120 min/day) were
recoded to the 5th percentile. Subjects were categorised as having low or high total sitting time, based
on the median value for total sitting time found in this sample (360 min/day). Participants were also
categorised into the following four groups: low total sitting time/sufficient PA time; low total sitting
time/insufficient PA time; high total sitting time/sufficient PA time and high total sitting
time/insufficient PA time. Subjects with missing data on any of the PA measures (n = 140; 38.8%)
were removed from the further analyses. Drop-out analyses showed that the persons who did not fill in
the PA measures did not differ from the complete cases, except for education (more highly educated
people being more likely to fill in the PA measures).
The questionnaire items regarding the psychosocial determinants of PA in the BeweegKuur
programme were based on the Theory of Planned Behaviour [23], Social Cognitive Theory [33] and
the ASE model [24]. Outcome expectancies were measured with eleven items, with answers on a
5-point scale (‘I do not agree at all’ (1) to ‘I fully agree’ (5)). Reliability analysis yielded a Cronbach’s
alpha of 0.79. An example of an item was ‘If I participate in BeweegKuur, I will lose weight’. Six
items measured the attitude concept (α = 0.65). An example of a question was: ‘The BeweegKuur
programme suits people like me’. Five self-efficacy questions (α = 0.87) were asked, again using a
5-point scale with answer categories ranging from ‘I do not agree at all’ (1) to ‘I fully agree’ (5).
An example of a question was ‘I think I will be able to attend the whole BeweegKuur programme.’
Three questions were asked regarding subjective norm, measured on a 5-point scale (‘I do not agree at
all’ (1) to ‘I fully agree’ (5) (α = 0.87). An example of these questions was ‘My family wants me to
participate in BeweegKuur’. Motivation to become more physically active at the start
of the BeweegKuur intervention was assessed with the question ‘How motivated are you to
be more physically active’, with answering categories on a scale from 0 (not motivated)
to 10 (extremely motivated).
2.3. Statistical Analyses
The statistical analyses were conducted using SPSS 17.0. Frequencies were determined to examine
the characteristics of the sample and the distributions of age, gender, education, occupation, BMI,
sitting time, total PA time, outcome expectancies, attitude, self-efficacy and subjective norm in the
sample. Cognitive, motivational and behavioural responses were explored using a Chi-square test and
correlations. We correlated demographic characteristics with intermediate (cognitive factors) and
ultimate outcomes (total sitting time, total PA time, obesity and BMI). Linear regressions were
conducted with BMI as the dependent variable, while independent variables were demographic
characteristics (gender, age, education, occupation, country of birth) as well as cognitive factors,
total sitting time and total PA time. Logistic regressions were conducted with weight
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status (obese (1) vs. non-obese (0)) as the dependent variable, and with the same independent variables
as the linear regression with BMI. Demographic and psychosocial associates of the motivation to
become more physically active were assessed using linear regressions, with motivation as the
dependent variable and demographic characteristics, cognitive factors, total sitting time, total PA time
and obesity as independent variables. P-values below 0.05 were considered statistical significant,
p-values below 0.10 were considered being a trend.
3. Results
More than half of the respondents were men (55.1%), with a mean age of 62.0 years. The average
BMI was 31.4 kg/m2, and 60.6% of the respondents were obese. The average self-reported PA time
was 0.53 hours/day and the average self-reported total sitting time was 6.41 hours/day. The motivation
to be physically active was 7.66 (see Table 1).
Table 1. Descriptive characteristics of the participants (n = 221).
%
Gender
Male
Female
Age
BMI (kg/m2)
BMI > 30 kg/m2
Total PA time (hours/day)
Total sitting time (hours/day)
Outcome expectancies (1–5)
Attitude (1–5)
Self-efficacy (1–5)
Subjective Norm (1–5)
Motivation to be physically active (1–10)

Mean ± SD

55.1
44.9
62.0 ± 9.9
31.4 ± 5.0
60.6
0.53 ± 0.87
6.41 ± 2.93
3.91 ± 0.40
3.90 ± 0.41
3.96 ± 0.53
3.38 ± 0.82
7.66 ± 1.43

%
Level of education
Low education
Medium-level education
High education
Occupation
Employed
Homemaker
Retired
Unemployed/disabled

47.3
30.5
22.3
34.2
21.0
33.3
11.4

As regards the sitting time/PA time subgroups, the subjects with low sitting time and sufficient PA
had the lowest BMI, while the respondents with high sitting time and sufficient PA time had the
highest BMI. The difference between these groups was statistically significant (p = 0.03; Cohen’s
d = 0.42) (Table 2).
Table 2. Mean (±SD) BMI (kg/m2) by categories combining total sitting time and total PA time.
Low total sitting time/sufficient PA time (N =5 4)
Low total sitting time/insufficient PA time (N = 42)
High total sitting time/sufficient PA time (N = 58)
High total sitting time/insufficient PA time (N=67)

BMI (N = 221)
30.3 ± 4.0 *
31.1 ± 4.7
32.4 ± 5.9
31.7 ± 5.0

* p < 0.05 different from high total sitting time/sufficient PA time; PA = physical activity.

BMI > 30 (%)
57.4
57.1
65.5
61.2
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Correlation analyses showed that more highly educated people and those who were employed had a
higher sitting time, while homemakers had a lower sitting time. Respondents with higher sitting times
were less physically active. Higher BMI levels were more prevalent among the younger age group,
low-educated respondents, those in employment, respondents from non-Western countries and those
with a high sitting time (but not a high PA time). Weight status was also positively correlated with
outcome expectancies and subjective norm (Table 3).
Linear regression analyses showed that a higher BMI was negatively associated with age and
education. Younger participants had a higher BMI than older participants. Respondents with a
medium-level or high education had a lower BMI than those with a lower education.
Logistic regression showed that the BMI groups were associated with age, self-efficacy and sitting
time. Younger respondents were more likely to be in the obese group than older ones. Respondents in
the lower BMI group had higher self-efficacy and spent less time sitting than obese subjects.
Linear regressions with the motivation to be physically active showed that people who had a
medium-level education were more motivated than the lower educated respondents. A higher motivation
was associated with higher self-efficacy. Obese respondents were more motivated to be physically
active than those in the lower BMI group (see Table 4).
4. Discussion
The results for this specific group of diabetic or pre-diabetic patients with overweight or obesity
showed that the total sitting time was more closely related to BMI than total PA time. Subjects with
high sitting time had a higher BMI, even after correction for total PA time. This is in line with the
results of Santos and colleagues [20] who demonstrated that, after adjusting for potential confounders
(including total PA time) total sitting time was positively associated with BMI. In fact, the differences
between the groups in our study were even larger than the differences demonstrated by Santos and
colleagues. Furthermore, our results showed that subjects with high total sitting time and sufficient
total PA time had the highest BMI, and that, after adjustment for potential confounders (including total
PA time and cognitive determinants of being physically active), sitting time was positively associated
with being obese. We therefore conclude that even those diabetics or pre-diabetics who meet public
health guidelines for leisure time PA may be at risk for co-morbidities if they spend a large proportion
of their residual leisure time in sedentary activities. These results indicate that it is important in future
lifestyle interventions to aim not only at increasing PA but also at decreasing total sitting time.
Because of the key role NEAT plays with obese people, it will be beneficial if sedentary participants of
lifestyle interventions will succeed in decreasing their sedentary behaviour.
Sedentary behaviour has been shown to be a risk factor for type 2 diabetes and increased
mortality [34]. Various studies have investigated the effects of television viewing on BMI in type 2
diabetes patients [34-37]. In line with our results, Dunstan and colleagues showed that even when
people met the exercise guidelines, television viewing was associated with weight gain [36]. Another
study showed that women who spent a considerable amount of time watching television had an
increased risk of type 2 diabetes at every level of PA [37]. A similar relationship was found in a study
with men [35], where men who were obese and physically active had a substantially increased risk for
type 2 diabetes compared with those who were lean and inactive, while obese and inactive men were at
highest risk [35].
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Table 3. Correlates of the demographic variables, cognitive factors, behavioural factors and weight status.
Demographic characteristics

Education
Gender

a

Occupation

Country

Age

of birth
Medium

High

Employed Homemaker

0.04

0.02

0.21 **

Weight

factors

status

Total
Outcome

Low

Behavioural
Cognitive factors

b

Retired

Unemployed

0.01

−0.04

−0.04

0.04

Self-

Subjective

efficacy

norm

Attitude
expectancies

Total

sitting

PA

time

time

Obesity

Outcome
0.06

−0.20 ** −0.06

expectancies
Attitude

0.06

0.01

0.12

−0.09

−0.05

0.01

0.02

−0.13

−0.13

0.00

0.31 **

Self-efficacy

−0.01

−0.03

−0.05

0.07

−0.02

0.01

0.08

−0.10

−0.10

−0.01

0.51 **

0.36 **

0.00

−0.06

0.02

−0.07

0.06

0.11

0.02

−0.08

−0.07

0.12

0.23 **

0.25 **

0.21 **

−0.17*

−0.09

−0.09

−0.08

0.19 **

0.15 *

−0.18 **

−0.00

−0.00

−0.04

−0.05

−0.03

−0.04

0.03

−0.09

−0.05

0.03

−0.06

0.03

0.12

−0.08

0.06

0.06

−0.09

0.05

0.04

−0.07

0.02

−0.17 *

0.10

0.01

0.13 *

−0.04

Subjective
norm
Total sitting
time
Total PA
time
Obesity

0.11

−0.21 ** 0.15 *

−0.11

−0.06

0.13

0.07

0.01

0.02

0.10

0.16 *

0.15 *

−0.01

0.13

BMI

0.09

−0.33 ** 0.18 **

−0.08

−0.14 *

0.14 *

0.03

0.05

0.07

0.13 *

0.16 *

0.08

0.01

0.13 *

a

Male (1); female (2), b Netherlands (0); other country(1). c BMI < 30 (0); BMI > 30 (1).* correlation is significant at the 0.05 level. ** correlation is significant at the

0.01 level.

0.74 **
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Table 4. Linear regression analyses with BMI and motivation to be physically active as
dependent variable, and logistic regression with obesity as dependent variable.
BMI kg/m2

Block 1
Gender a
Age
Education b
medium
High
Occupation c
Homemaker
Retired
Unemployed/disabled
Country of birth d
Block 2
Outcome expectancies
Attitude
Self-efficacy
Subjective norm
Block 3
Total sitting time (hours/day)
Block 4
Total PA time (hours/day)
Block 5
Obesity e
R²
a
d

Male (1); female (2),

b

Motivation to be
physically active
β

Obesity (0/1)

β

OR

95% CI

0.07
−0.39 ***

1.48
0.95 **

0.64–3.40
0.90–1.00

−0.10
0.02

−0.15 **
−0.21 **

0.52
0.48

0.25–1.09
0.20–1.15

0.16 **
−0.01

0.04
0.10
−0.00
0.04

1.13
0.95
0.47
1.84

0.34–3.70
0.34–2.68
0.15–1.51
0.40–8.47

0.01
−0.11
−0.10
−0.03

0.09
0.01
−0.08
0.08

1.88
2.19
0.44 **
1.17

0.70–5.05
0.86–5.53
0.21–0.96
0.76–1.81

0.15
−0.03
0.40 ***
−0.09

0.12 *

1.14 **

1.00–1.29

0.01

−0.03

1.39

0.83–2.31

−0.05
0.13 **

0.21

reference category = low education,

0.20
c

0.31

reference category = employed

Netherlands (0); other country(1). e BMI < 30 (0); BMI > 30 (1). *** < 0.01, ** < 0.05, * < 0.10.

Although our selection method meant that all subjects in our sample were motivated to be
physically active, our results indicated that subjects with a higher BMI were more motivated and
demonstrated a more positive attitude towards participating in a lifestyle intervention than the subjects
with a lower BMI. However, obese subjects also had lower self-efficacy regarding successful
participation in lifestyle interventions compared to those with a lower BMI. This is in line with the
results discussed in a review by Allen [26], who reported that different exercise studies with diabetes
patients had found a significant relationship between self-efficacy and exercise behaviour [26].
A study by Plotnikoff and colleagues [29] also reported that self-efficacy was more important than
outcome expectancies in predicting PA; their results supported the need to target self-efficacy to set
goals and change behaviour in PA promotion [29]. Participation in PA programmes has been shown
to improve self-efficacy and reduce mental health problems, which can have effects on the quality of
life [38].
Various strategies can be used to increase self-efficacy regarding PA, such as goal-setting,
providing training and guidance in performing activities, demonstrating the desired behaviour, giving
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verbal reinforcement and reducing anxiety [39]. Giving feedback by telephone or clinical follow-up is
also a strategy to increase self-efficacy [40]. These strategies are all part of the BeweegKuur intervention.
Participants in this intervention are guided by an LSA, who has been trained in Motivational
Interviewing, based on the principles formulated by Milner and Rollnick [30]. This technique is
expected to enable LSAs to raise the patients’ confidence about increasing their PA and decreasing
their sedentary behaviour. Goal-setting is part of the counselling process. Participants receive a logbook,
in which they can enter their goals and record the time spent on PA. These goals and reports are then
discussed with the LSA. Furthermore, participants can start the intervention in an exercise setting with
a physiotherapist, enabling the latter to show the participants that it is safe to be physically active [11].
One limitation of the present study was its cross-sectional, non-controlled design. This implies that
we cannot draw any conclusions on the causality of the identified associations. Another limitation was
the use of self-report measures of weight, height, PA and sitting time, which can lead to underestimation
(weight) and overestimation (PA time) as well as socially desirable answers. In addition, we were
unable to make distinctions between sitting time in different settings (e.g., at work or during leisure
time) which are likely to vary in terms of control over behaviour change. The best way to avoid this in
future studies would be to combine self-reported measurements with objective measurements.
A further limitation was that all participants in this study had voluntarily subscribed to participate in a
lifestyle intervention, implying high levels of motivation among the participants. Since they participated
in a lifestyle programme, it is possible that the obese subjects were aware of their high weight status
and wanted to lose weight by participating in the intervention. Longitudinal measurements are needed
to show whether the higher level of motivation results in larger intervention effects in the obese
subjects. Finally, the small sample size was a limitation. Therefore, separate analyses for gender and
age groups could not be conducted. Strengths of the study include the relatively large sample of
diabetic or pre-diabetic patients and the use of social-cognitive factors in explaining weight status.
5. Conclusions
In conclusion, our results from cross-sectional analyses showed that it was not total PA time but
total sitting time which was best associated with BMI among diabetics or pre-diabetics. Obese
diabetics or pre-diabetics had higher sitting time, but were also more motivated and had a more
positive attitude towards participating in a lifestyle intervention, compared to non-obese participants.
But these subjects also had a lower self-efficacy regarding successful participation in a lifestyle
intervention. Lifestyle interventions should not only aim to increase total PA time, but also to reduce
the total sitting time, to decrease the risk of obesity and type 2 diabetes.
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