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Background: An individual’s current status of physical activity and nutrition and readiness to change can
be determined using PACE assessment forms. Practitioners have suggested that feedback on the fitness and
health components can produce a change in a subject’s awareness of their behaviour and thereby lead to
a beneficial change in stage of behaviour change.
Objective: To evaluate the short term effect of personalised feedback on fitness and health status on self
reported appraisal of the stage of change.
Methods: A total of 299 civil servants were randomised to an intervention or a reference group. After
having been tested for fitness and health, the intervention group received immediate feedback on their test
results, whereas the reference group did not. PACE assessment forms were completed twice: before testing
and after testing (reference group), or after testing and feedback (intervention group). The time interval
between was one hour. The influence of feedback was determined using a x2 test and analysis of variance.
Results: On the basis of the x2 test, no significant effect of feedback was found on the stage of change of
physical activity, nor on the stage of change with regard to nutrition. Analysis of variance results showed
no significant effect on the raw PACE score as to physical activity, intake of fruit and vegetables and
dietary fat. However, a significant effect was observed on the PACE score of ‘‘calorie intake and weight
management’’. Subjects in the intervention group significantly more often regressed on their PACE score
on this topic than the reference subjects.
Conclusions: Feedback at baseline on measurements of an intervention study can influence PACE scores
and can be considered as a small but relevant start of the intervention itself.

T
he importance of regular physical activity is well
established.1 Research has shown significant benefits of
regular activity in the prevention of cardiovascular

diseases and other chronic health problems.1–6 Despite these
benefits, more than 60% of the adult population is not
physically active at a sufficient level, and a quarter of adults
in the United States are not active at all in their leisure
time.1 7 8 Next to regular physical activity, the importance of
healthy dietary habits has been emphasised in the prevention
of many serious diseases such as cardiovascular diseases and
some types of cancer.9 10 Still, most adults in Western
countries do not meet nutrition guidelines.11–13 Furthermore,
in both European countries and the United States, more than
one third of the adults are overweight or obese.14–17 In
addition, several studies have indicated that the prevalence of
obesity has increased over the last few years.18 19 As the direct
economic costs of treating obesity in the United States are
estimated at over $70 billion,20 increasing the proportion of
adults who are regularly active and have a healthy diet is a
great public health challenge. The above is supported by
Joyner,21 who stated that, in developed countries, inadequate
physical activity and obesity are two of the major health
threats. The current epidemic of being overweight is caused
largely by an environment that promotes excessive food
intake and discourages physical activity.22 Weight gain is the
result of a positive energy balance—that is, energy intake
(through food intake) exceeds energy expenditure (through
physical activity). Minor changes in food intake or physical
activity could have large effects on body weight and the
prevalence of obesity in the population.23 For interventions
that promote physical activity and healthy dietary habits,
adults are relatively accessible through the workplace. In the

last few decades, many corporations have implemented
health promotion programmes to improve the fitness and
health of their employees. However, the effectiveness of such
programmes is seriously hampered because target groups, in
particular those with an unhealthy lifestyle who are not
willing to change, are usually very hard to reach. In the last
few years, new individual based approaches have been
developed, focusing on the specific needs, motivations, and
barriers of the individual. One of the models describing
individual behaviour or the individual’s readiness to change
behaviour, is the transtheoretical model. This model suggests
that individuals attempting to change their health behaviour
move through a series of stages:24 (a) precontemplation (not
intending to change behaviour); (b) contemplation (con-
sidering changing behaviour); (c) preparation (making small
changes in behaviour); (d) action (actively engaging in
behaviour change); (e) maintenance (sustaining the beha-
viour change over time). Integration of the transtheoretical
model into health promotion interventions has appeared to
be promising.25 One of the interventions based on the stages
of change model is the patient centered assessment and
counselling for exercise and nutrition (PACE) pro-
gramme.26 27 Using the PACE assessment form, the indivi-
dual’s current status of physical activity and nutrition, and
their readiness to change behaviour, can be determined.
Hence, a counsellor can address specifically those processes
that help the individual to progress to the next stage, given
his/her specific situation. Professionals conducting fitness
and health tests often have the impression that personalised
feedback on test results already produces an awareness in the
individual of their own behaviour. The hypothesis of this
study is that personalised feedback on a person’s fitness and
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health status leads to a change in their subjective appraisal of
their stage of change, as measured with the PACE assessment
form, which is supposed to be more in correspondence with
reality. It is expected that employees who are not meeting the
physical activity or dietary recommendations and who are
not willing to become more physically active or adopt a more
healthy diet (the precontemplators) may consider changing
their behaviour to achieve a better PACE score when they
become aware of poor test results. Thus the purpose of this
study was to evaluate whether personalised feedback on
fitness and health status, given immediately after completing
a fitness and health test protocol, affects a person’s subjective
appraisal of their stage of behaviour change assessed by
PACE scoring.

METHODS
Study population
A total of 600 employees within three municipal services of a
Dutch town were invited to participate. Inclusion criteria
were: (a) being a municipal civil servant; (b) performing
office work; (c) working at least 24 hours a week; (d) having
a work contract lasting at least nine months after the
measurements; (e) written informed consent. These criteria
were set because the recruited study population participated
in a trial investigating the effectiveness of a PACE-type
intervention lasting nine months. Results of that intervention
will be reported in a separate paper. Participation was
voluntary. Units (n = 70), and thereby employees (n = 312),
were randomised to an intervention group or a reference
group. A total of 299 subjects who met the criteria for
inclusion were measured. Figure 1 presents a flow chart
including the number of participants. The study protocol was
approved by the medical ethics committee of the VU
University Medical Center.

Randomisation
The allocation schedule was made by a statistician, who was
not involved in the project. Because of block randomisation,
the allocation schedule was drawn up before the baseline
measurements. However, subjects were informed of the

assignment after the baseline measurements. The assignment
was carried out by the coordinator of the fitness and health
tests, who did not perform any of the measurements. People
who assisted with the tests were blinded to the allocation.

Pace assessment forms
PACE assessment forms were completed twice: (a) before the
fitness and health tests, and (b) after the tests (reference
group) or after the feedback given after the tests (interven-
tion group). Subjects were not given the reason for
completing the PACE forms twice. The time interval between
the completion of the two PACE assessment forms was one
hour. Each subject had to choose one out of eight statements
that best fitted his/her current status of physical activity.
According to the PACE counselling protocols, PACE assess-
ment scores were classified into three stages of behaviour
change. PACE score 1 referred to the stage of precontempla-
tion, PACE scores 2–4 to the stage of contemplation/
preparation, and PACE scores 5–8 to the stage of action/
maintenance. With respect to nutrition, each subject had to
tick one out of four statements on three topics: (a) intake of
fruit and vegetables; (b) dietary fat intake; (c) calorie intake
and weight management. PACE score 1 referred to pre-
contemplation, PACE scores 2–3 to contemplation/prepara-
tion, and PACE score 4 to action/maintenance. All four PACE
assessment forms have shown good short term reproduci-
bility (weighted k varied from 0.73 to 0.85; intraclass
correlation coefficient varied from 0.76 to 0.89).

Fitness and health tests
The following variables were measured in all subjects: body
weight, body height, waist and hip circumference, thickness
of four skinfolds (biceps, triceps, suprailiac, and subscapu-
lar), resting heart rate, diastolic and systolic blood pressure
(Nais blood pressure watch, type Fuzzy-logic, Tokyo, Japan),
and total blood cholesterol (Reflotron; Boehringer-
Mannheim, Mannheim, Germany). Moreover, subjects who
were not using b blockers performed a submaximal exercise
test on a cycle ergometer (Lifecycle 9500 HR; Life Fitness,
Chicago, Illinois, USA) according to the Åstrand protocol, by
means of which the aerobic capacity (VO2MAX) was esti-
mated.28 Subjects cycled for six minutes, except in the case of
a difference between the fifth and sixth heart rate frequency
larger than five beats, when subjects continued cycling for
another minute. Waist and hip circumference, blood pres-
sure, and skinfold thickness were measured twice and the
means calculated. After these measurements, intervention
subjects received some additional measurements as part of
the PACE-type intervention in which they were invited to
participate for nine months. These additional measurements
included: shoulder flexibility (stick with a scale division in
centimetres), hand grip strength (grip strength dynamo-
meter; Takei Scientific Instruments Co, Tokyo, Japan), leg
force (jump test using a springboard), hamstring flexibility
(sit and reach test), heart function (electrocardiogram;
Cardioperfect 4.1 st, The Netherlands), and lung function
(peakflowmeter; Mini Wright, Clement Clarke). Body mass
index was calculated as body weight (kg) divided by body
height squared (m2). The percentage of body fat was
calculated using the sum of the four skinfold thicknesses.29

FEEDBACK
Directly after measurements and testing, the intervention
group consulted a sports doctor, who gave feedback in a
standardised way on most of the test results, including waist
circumference, percentage of body fat, diastolic and systolic
blood pressure, total blood cholesterol, VO2MAX, shoulder
flexibility, hand grip strength, leg force, hamstring flexibility,
and lung function. Test results on each of these variablesFigure 1 Flow chart of subjects in the trial.
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were classified into two or more (not exceeding five)
categories which served as criteria on which the feedback
was based. Thus feedback was given in a standardised way
using terms such as excellent, good, average, moderate, or
bad, dependent on the number of categories. With respect to
waist circumference and percentage of body fat, the criteria
differed for men and women. For VO2MAX, the criteria were
dependent on both sex and age.

After standardised feedback, the sports doctor emphasised
the role of regular physical activity and healthy dietary
habits. Especially in the case of poor test results, the sports
doctor encouraged subjects to improve their physical activity
and dietary habits. Subjects in the reference group received
neither their test results nor feedback on these results. In
the case of extreme blood pressure values (diastolic
>105 mm Hg or systolic >180 mm Hg) and/or total blood
cholesterol levels (>8.1 mmol/l), a referral to a general
practitioner was arranged. This applied for both the inter-
vention and reference group.

ANALYSIS
Four groups indicating the pattern of change of behaviour
stage were distinguished. These groups were based on the
classification used by Marcus et al30 and included: (a) stable
sedentary (subjects who were in (pre)contemplation/pre-
paration before test and after the test); (b) stable active
(subjects who were in action/maintenance at before and after
the test); (c) adopters (subjects who moved in a progressive
pattern from (pre)contemplation/preparation to action); (d)
relapsers (subjects who moved in a regressive pattern from
action/maintenance back to (pre)contemplation/prepara-
tion). Subsequently, a x2 test was conducted to examine
the relation between the pattern of change in behaviour stage
and the study group. In addition, of the raw PACE
assessment scores, delta scores (post-test minus pre-test)
were calculated, after which an analysis of variance was
performed using the delta score as the dependent variable,
and the study group and sex as the independent variables. a
was set at 0.05. As people in the action/maintenance stage
do not need to change behaviour and were, for that reason,
not the target group of the intervention, an additional
subgroup analysis (analysis of variance) was conducted
for the precontemplators and the contemplators/preparators
only.

RESULTS
Study population
With the exception of sex, there were no significant
differences in basic details, test results, and stage of change
between the two study groups (tables 1 and 2). With respect

to the current status of both physical activity and nutrition,
only a minority of the subjects rated themselves as
precontemplators. Three subjects, two of whom were in the
reference group, received a referral to a general practitioner
because of extreme values for blood pressure or blood
cholesterol.

Influence of feedback
Most of the subjects in the intervention and reference groups
did not change with regard to stage of physical activity and
nutrition behaviour (table 3). Only a minority in both groups
reported adopting a more physically active lifestyle or a
healthier diet, or relapsing with regard to either. However, for
calorie intake and weight management, a relatively large
percentage of the intervention subjects (12%) reported a
relapse. The x2 test showed no significant differences
between the study groups at the level of stage of behaviour
change, nor did a stratified analysis for men and women. The
results of the analysis of variance, however, showed a
significant difference in raw PACE score for calorie intake
and weight management (p = 0.002; table 4). The subgroup
analysis, from which subjects in the action/maintenance
stage were excluded, also showed a significant effect on
calorie intake and weight management. Further, a separate
analysis for men and women showed that the effect was
mainly due to the men in our sample. It was shown that male
intervention subjects significantly more often regressed on
their PACE calorie intake and weight management score
compared with male reference subjects, whereas no effect
was seen among women. After having received feedback,
23% of the total intervention group, regressed on their PACE
score on this topic. Of these, about half (53%) moved from
action/maintenance to contemplation/preparation. In the
reference group, only 7% regressed on their PACE score with
regard to this topic.

DISCUSSION
The purpose of this study was to evaluate whether
instantaneous personalised feedback on fitness and health
affects the self reported appraisal of the stage of behaviour
change assessed by PACE forms. It was hypothesised that,
after having been confronted with objective fitness and
health status scores, a subject might change their subjective
appraisal of their actual fitness and health profile. If so, they
might change their self reported behaviour stage. Our
findings showed no significant effect at the level of behaviour
stage for either physical activity or nutrition. However, results
of an analysis of variance showed that, after consultation,
significantly more subjects in the intervention group
regressed on their raw PACE score with respect to calorie

Table 1 Baseline characteristics of the study population

Whole group
(n = 299)

Intervention group
(n = 131)

Reference group
(n = 168) p Value

Sex (% women) 34.1 27.5 39.3 0.03
Age (years) 44.1 (8.7) 44.6 (7.9) 43.6 (9.3) 0.33
Body mass index (kg/m2) 25.8 (3.8) 25.9 (3.7) 25.7 (3.8) 0.66
Body fat (%) 28.9 (6.5) 28.7 (6.6) 29.1 (6.5) 0.58
Waist circumference (cm) 87.2 (12.3) 88.2 (11.1) 86.4 (13.2) 0.22
Hip circumference (cm) 99.7 (6.9) 99.3 (7.1) 100.3 (6.6) 0.23
Diastolic blood pressure
(mm Hg)

87.1 (8.8) 86.9 (8.5) 87.2 (9.0) 0.77

Systolic blood pressure
(mm Hg)

139.8 (15.2) 139.7 (14.8) 140.0 (15.6) 0.86

Total cholesterol (mmol/l) 5.5 (1.0) 5.5 (1.0) 5.4 (1.0) 0.24
Estimated VO2MAX (litres/min) 3.1 (0.8) 3.1 (0.8) 3.0 (0.8) 0.17
Resting heart rate (beats/min) 71.3 (12.4) 71.8 (11.4) 70.7 (13.7) 0.47

Values are mean (SD). The p value refers to the t test (for continuous data) or x2 test (for categorical data) to test for
differences between the two study groups.
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intake and weight management, compared with the refer-
ence group. These findings suggest that personalised feed-
back does not immediately induce a change at the level of
behaviour stage, but does induce a change at a more
sophisticated level—that is, the raw PACE score.

The PACE assessment forms have shown to be of good
short term test-retest reliability (weighted k, 0.73–0.85;
intraclass correlation coefficient, 0.76–0.89). Thus the effect
shown on calorie intake and weight management was not
due to the use of instruments that are not reliable.

A conceivable explanation for the effect of feedback on
calorie intake and weight management is associated with the
idea that a person has about his/her own body composition,
in combination with the feedback given. In this study,
feedback mainly concerned the results of the fitness and

health tests. It could be that subjects had an initial self image
about their body composition that did not correspond to the
actual values. If so, the objective information received by the
intervention subjects may adjust this self image towards the
real body composition. In its turn, this adjustment may result
in a change in PACE score, indicating a more realistic
appraisal of the respondent’s stage. In practice, this may be
an important mechanism, because subjects who consider
themselves as being in the action/maintenance stage,
probably think they do not need to change their behaviour,
whereas those rating themselves as contemplators are willing
to improve their physical activity or dietary habits. Thus feed-
back can induce a more appropriate staging of the respondent.

It is intriguing why we did not find an effect on the other
topics assessed by PACE. With respect to physical activity,

Table 2 Baseline distribution of stages of change by treatment group

Stage

Intervention group Reference group

n % n %

Physical activity
Precontemplation 0 0.0 4 2.4
Contemplation/preparation 60 45.8 70 41.7
Action/maintenance 71 54.3 94 56.0
Fruit and vegetable intake
Precontemplation 7 5.3 9 5.4
Contemplation/preparation 67 51.1 84 50.0
Action/maintenance 57 43.5 75 44.6
Dietary fat intake
Precontemplation 24 18.3 32 19.0
Contemplation/preparation 89 67.9 110 65.5
Action/maintenance 18 13.7 26 15.5
Calorie intake and weight management
Precontemplation 2 1.5 7 4.2
Contemplation/preparation 77 58.8 101 60.1
Action/maintenance 52 39.7 60 35.7

Table 3 Treatment condition and stage movement by stage of change at baseline

Baseline stage

Progressed Stable Regressed

Intervention Reference Intervention Reference Intervention Reference

Physical activity
Precontemplation X 50.0% x 50.0% x x

(n = 2) (n = 2)
Contemplation/preparation 15.0% 7.1% 85.0% 92.9% x x

(n = 9) (n = 5) (n = 51) (n = 65)
Action/maintenance X x 91.5% 88.3% 8.5% 11.7%

(n = 65) (n = 83) (n = 6) (n = 11)
Fruit and vegetable intake
Precontemplation 14.3% x 87.7% 100.0% x x

(n = 1) (n = 6) (n = 9)
Contemplation/preparation 3.0 2.4% 97.0% 97.6% x x

(n = 2) (n = 2) (n = 65) (n = 82)
Action/maintenance x x 94.7% 92.0% 5.3% 8.0%

(n = 54) (n = 69) (n = 3) (n = 6)
Dietary fat intake
Precontemplation X x 100.0% 100.0% x x

(n = 24) (n = 32)
Contemplation/preparation X 2.7% 100.0% 97.3% x x

(n = 3) (n = 89) n = 107)
Action/maintenance X x 72.2% 84.6% 27.8% 15.4%

(n = 13) (n = 22) (n = 5) (n = 4)
Dietary fat calorie intake and weight
management
Precontemplation X x 100.0% 100.0% x x

(n = 2) (n = 7)
Contemplation/preparation 2.6% 2.0% 97.4% 98.0% x x

(n = 2) (n = 2) (n = 75) (n = 99)
Action/maintenance X X 69.2 88.3% 30.8% 11.7%

(n = 36) (n = 53) (n = 16) (n = 7)
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subjects received objective information about their aerobic
capacity (VO2MAX). In general, we think that most people do
not know their VO2MAX value, as a result of which a reference
value is lacking, making it impossible to compare their
subjective idea with the objective value. For intake of fruit
and vegetables and dietary fat, no feedback was given
specifically on the consumption of these food items. Thus,
in contrast with body composition, the feedback on physical
activity and intake of fruit and vegetables and fat could not
be translated directly into the categories available on the
PACE forms. Moreover, for both fruit and vegetable intake
and dietary fat intake, studies have shown discrepancies
between the objective and subjective consumption, indicating
that most people are not aware of the fact that their
behaviour is unhealthy.31–33 In practice, creating awareness
of actual consumption of food must therefore be the first,
essential step to changing behaviour.32

A few issues arise from our study. The first involves the
study population. Although randomly allocated to an inter-
vention or reference group, the sample consisted of a self
selected population. Unfortunately, the recruitment of sub-
jects in studies on the promotion of physical activity often
leads to inclusion of a self selected group of subjects. In
general, workplace physical activity programmes often recruit
only 20–30% of the workforce, and these also tend to be more
fit and more aware of health issues than non-participants.34

Our study reached 50% (299/600) of the employees invited to
participate, which is thus relatively large. Furthermore, it
appeared that 61% of our study population did not reach the
moderate intensity physical activity recommendation.35

Compared with 60% (winter) and 47% (summer) of the
general Dutch population who do not reach this physical
activity standard,36 we conclude that our sample was
similarly dominated by inactive people. However, as the
sample included only a small percentage of precontemplators,
we were not able to test the hypothesis that precontemplators
in particular may consider changing their stage of behaviour
to the contemplator/preparator stage, after having been
confronted with a potentially poor fitness and/or health
status. Future research involving precontemplators in parti-
cular would thus be very interesting.

Secondly, for individual counselling based on a PACE
assessment, it should be kept in mind that subjects may
report better lifestyle habits than they actually have. For
calorie intake and weight management, our findings support

this type of ‘‘misclassification’’. Although doubt can be cast
on the validity of PACE assessment forms, a more relevant
question is whether it is possible for such an instrument to be
valid when it relies on self reporting of a behaviour that may
not be accurately recalled.

Finally, the time interval between the completion of the
two PACE assessment forms was short, one hour. For this
reason, we cannot exclude the possibility of a first measure-
ment effect. As no detailed information was given about the
aim of the completion of two PACE assessment forms, it may
be that subjects merely repeat their baseline score. This
would underestimate any effect of feedback. For our purpose,
the one hour interval is suitable, as the main focus was to
determine whether subjects would change their PACE score
after having been confronted with the test results that are
then directly related to their behaviour. As we expected the
influence of the feedback to be largest directly after having
been confronted with the test results, the one hour interval
was essential. To change actual behaviour, a longer interval is
needed. This was realised, so a PACE-type intervention
lasting nine months (see Methods section) was initiated
directly after the baseline measurements.

To conclude, this study seems to support the notion that
feedback on measurements can in itself induce changes in
PACE scores and a more realistic appraisal of participants of
their stage of change. Practitioners should therefore pay
proper attention to feedback on measurements and fully use
the potential of such feedback as the start of an intervention.

CONCLUSION
This study shows that personalised feedback on fitness and
health status did not affect the PACE score on physical
activity, intake of fruit and vegetables, and intake of dietary
fat, but it did affect the PACE score on calorie intake and
weight management. Subjects who received feedback
appeared to regress on their behavioural stage with regard
to this aspect more often than subjects without this feedback.
Giving feedback on measurements at baseline of an inter-
vention study can thus influence PACE scores and can be
considered as a small, but important start of the intervention
itself.
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Table 4 Treatment condition and PACE delta scores (post-test minus pre-test)

Intervention group
(n = 131)

Reference group
(n = 168) p Value

Difference in means
(intervention-reference) 95% CI

Physical activity 0.00 (1.07) 20.07 (1.18) 0.67 0.07 20.21 to 0.32
Fruit and vegetable intake 20.04 (0.47) 0.01 (0.39) 0.32 20.05 20.15 to 0.05
Dietary fat intake 0.11 (0.61) 0.06 (0.50) 0.57 0.05 20.09 to 0.16
Calorie intake and weight
management

20.18 (0.66) 0.05 (0.50) ,0.01 20.22 20.35 to 20.08

Values are mean (SD). The p value refers to the analysis of variance with the delta score as the dependent and study group and sex as the independent variables.
95% CI, 95% confidence interval.

Take home message

N Feedback on measurements of health and fitness can
produce a change in self reported appraisal of actual
behaviour as measured with the PACE assessment
form. Such feedback can thus be considered a small,
but relevant starting point of the intervention itself.
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