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Abstract

Background A review update is necessary to document
evidence regarding the effectiveness of computer-tailored
physical activity and nutrition education.

Purpose The purpose of this study was to summarize the
latest evidence on the effectiveness of computer-tailored
physical activity and nutrition education, and to compare
the results to the 2006 review.

Methods Databases were searched for randomized controlled
trials evaluating computer-tailored physical activity and
nutrition education aimed at primary prevention in adults,
published from September 2004 through June 2011.
Results Compared to the findings in 2006, a larger proportion
of studies found positive effects for computer-tailored
programs compared to generic or no information, including
those for physical activity promotion. Effect sizes were small
and generally at short- or medium-term follow-up.
Conclusions The results of the 2006 review were confirmed
and reinforced. Future interventions should focus on
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establishing larger effect sizes and sustained effects
and include more generic health education control
groups and objective measurements of dietary behavior.
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Introduction

The potential impact of physical activity and healthy dietary
habits on the prevention of a range of chronic conditions is
substantial [1, 2]. Effective physical activity and dietary
promotion interventions are needed. Successful intervention
strategies and techniques to motivate and guide people to
adopt healthy choices need to be identified. Over the last
decades, computer tailoring has proven to be an innovative and
promising health education technique [3—12]. A computer-
tailored intervention mimics interpersonal counseling using a
computerized process, but, unlike interpersonal counseling, it
can be widely distributed through interactive media
channels at a relatively low cost. Computer tailoring allows
for individualized feedback and advice on personal behavior,
personal motivation, outcome expectations, self-efficacy,
social and physical environmental opportunities, and
other behavioral determinants.

In recent years, a number of systematic reviews and
meta-analyses have been published on the effectiveness of
computer-tailored health education covering a range of
behaviors [4, 5, 9, 10, 13, 14]. The effects of tailoring
may, however, be behavior specific. It has been argued that
computer tailoring may be especially promising for complex
health behaviors, such as physical activity and dietary
behaviors [15]. Examples of complex health behaviors are
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gaining increased awareness of personal behavioral patterns,
comparing one's own behaviors with recommendations, and
setting and monitoring progress toward behavior change
goals. The first systematic review that explicitly focused
on the effectiveness of computer-tailored health education
on physical activity and dietary behaviors was published in
2006 and included intervention studies published up to
September 2004 [3]. In concordance with other more narra-
tive reviews on computer-tailored health education [15,
16], the authors concluded that computer tailoring was prom-
ising, especially for dietary behaviors, although the effect
sizes were small. The authors made key recommendations for
improving research on computer tailoring, i.e., using objective
outcome measures instead of self-report or using generic health
education comparison groups instead of or in addition to no-
intervention control groups. The latter would allow more precise
evaluation of the effects of tailoring health education interven-
tions. Finally, it was concluded that longer follow-up was need-
ed to assess the sustained effects in all studies.

Since many original studies have been published since
2004, a review update is needed to document evidence
regarding the effectiveness of computer-tailored physical
activity and nutrition education programs. Furthermore,
responding to recommendations made in 2006, comparing
effects and specific study and intervention characteristics
over time, is additive to other systematic reviews and
meta-analyses. This review update aims to: (1) review the
evidence on computer-tailored physical activity and nutri-
tion education from studies published since September 2004,
(2) compare the evidence from this review update to that
derived from the original review regarding intervention char-
acteristics, study characteristics, and effects, and (3) provide
updated recommendations for further research and practice.

Methods

This paper reports on a second systematic review conducted
using the study protocol of the original 2006 review. This
protocol was based on guidelines extracted from the
Cochrane Reviewers' Handbook [17].

Search Strategy and Data Sources

For the original review, intervention studies published from
1965 to September 2004 were identified through a
structured computerized search of PubMed, Psychlnfo,
and Web of Science. For this update, a nearly identical
search was conducted from September 2004 to June
2011. The review differed from 2006 as we added the
search engines' most recent thesaurus terms, resulting in
the following search terms for nutrition: ((nutrition OR feeding
OR food OR diet OR dietary OR intake OR nutritional status
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OR feeding behavi* OR food consumption) AND (education
OR behavior OR behavio* OR education)) AND (tailored
OR tailoring OR tailor* OR expert system) and for physical
activity: (exercise OR motor activity OR sports OR leisure
activities) OR (physical* AND active) OR (physical* AND
activity) OR (physical* AND activities) OR exercis* OR
walking OR cycling OR sport* OR leisure activit* AND
(education OR behavior OR behavio* OR education) AND
(tailored OR tailoring OR tailor* OR expert system). No
limitations for age or study design were added.

Selection of Studies

Just as in the original 2006 review, new studies had to
examine a computer-tailored intervention aimed at promoting
healthy physical activity or dietary behaviors for primary
prevention of chronic diseases in apparently healthy adults.
Evaluation studies that used a randomized controlled trial
were included. Tailoring was defined by Kreuter as “the
intention to reach one specific person, based on characteristics
that are unique to that person, are related to the outcome
of interest, and have been derived from an individual
assessment” [18]. Interventions were considered to be
computer tailored if the tailored advice was generated
through a computerized process. Randomized controlled trials
were included if: (1) published in a peer-reviewed scientific
journal, 2) published in English, and 3) conducted in an adult
sample (18+ years). Studies were excluded if the tailored
intervention was part of a larger intervention program that
made it impossible to isolate the effect of tailoring
components from the other intervention components.

Data Extraction

Detailed information was extracted only from new studies
that met the aforementioned inclusion criteria. Two reviewers
independently summarized the new studies for content and
methods. The following intervention characteristics were
extracted: theories used for intervention development,
variables used to tailor the computer-tailored information,
the “tool” that was used to provide individual feedback,
frequency of tailored feedback, and additional health
education activities. Extracted study characteristics were:
the country where the study was conducted, size and source of
the study population, eligibility criteria, intervention modes,
and primary outcome measures. Results from single and mul-
tiple post-test measurements were extracted. The outcomes
included all physical activity and dietary behavior measures.
To interpret and compare results from the studies that used
differing measures to assess physical activity and dietary out-
comes, effect sizes (ESs) were calculated if significant effects
were found (provided the data were available). The effect size,
Cohen’s ES, was calculated by dividing the difference
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between two means at follow-up by their pooled standard
deviation [19, 20]. Cutoff points for ESs were 0.2-0.5 for
small ES, 0.5-0.8 for moderate ES, and >0.8 for large ES [21].
The findings were summarized per behavioral outcome (phys-
ical activity, fat intake, fruit and vegetable consumption, and
other dietary behaviors) and separately for short- (<3 months),
medium- (3—6 months), and long-term (>6 months) follow-up.

Apart from reporting the results found in the current
review, we compared these with the results of the original
2006 review. In order to check whether recommendations
from the original review were met, we compared intervention
and study characteristics of the present review with the orig-
inal one. Frequencies on the number of studies that found
significant effects, as well as the number of studies that used
objective outcome measures, various types of comparison
groups (generic health education versus no-intervention con-
trol groups), and long-term follow-up, as well as delivery
mode (printed versus electronically) are provided, linked to
the original or current review.

Results
Study Selection

The initial cross-database search resulted in 2,590 publications.
After eliminating duplicates, 1,562 remained. Titles and
abstracts were reviewed for eligibility criteria, resulting in
141 publications that were fully considered. Fifty publications
were finally included: 29 studies on physical activity and 34 on
dietary behaviors, 21 on fat consumption, 18 on fruit and
vegetable consumption, and 14 on other dietary topics. Other
dietary topics included: energy/carbohydrate intake, the
consumption of sugar, dairy, fiber, whole grain, and body fat,
as well as weight and waist circumference. Thirteen studies in
the current review evaluated interventions that targeted both
physical activity and diet. Some publications reported on the
characteristics and effects of one intervention using various
follow-up measurements (e.g., short- and long-term effects)
[22-26, 39], effects in a variety of study samples [27-30],
effects on other types of outcomes (e.g., fruit intake and
variety of fruit intake) [31], or the effects of various doses of
the intervention (e.g., delivered at once or at multiple time
points) [32, 33]. As a consequence, this review update reports
on the characteristics and effects of 25 interventions targeted
at physical activity, 27 interventions targeted at dietary behav-
ior, and 10 interventions for both behaviors. Of the 27 inter-
ventions on dietary behavior, 17 were directed at fat reduction,
14 at increasing fruit and vegetable intake, and 12 at other
dietary behaviors. The main reasons for exclusion were: the
age of the study population was not in the required range, lack
of randomized controlled trial design, no focus on primary
prevention, absence of behavioral outcomes, or the computer

tailoring was part of a multicomponent intervention that made
it impossible to isolate the effect of tailoring.

Intervention Characteristics

Characteristics of the interventions from studies in the cur-
rent review are summarized in the Electronic Supplementary
Material. Both physical activity and nutrition education
interventions were predominantly guided by the Trans-
theoretical Model and Social Cognitive Theory. Most
interventions (81 % of physical activity, 84 % of nutri-
tion) provided tailored feedback on self-reported behav-
ior. Two interventions (4 %) also provided feedback
based on more objective data obtained from pedometers
[34] or accelerometers [35]. Most interventions (92 %
of physical activity, 68 % of nutrition) were tailored on
presumed behavioral determinants such as intention, motivation,
and stage of change, as well as self-efficacy and skills. Regard-
ing nutrition education interventions, equal numbers of inter-
ventions provided print-delivered and electronically tailored
feedback; however, the majority of physical activity interven-
tions used electronic feedback formats (see also Table 1).
Some interventions using electronic feedback had additional
online discussion/message boards [36-38] (6 % of all inter-
ventions) or an e-buddy system (2 % of all interventions) [22,
38]. Electronic feedback was given on-screen (41 % of all
interventions), by email reports (10 %), CD-ROM (4 %), or by
mobile phone (2 %). Approximately one third of the inter-
ventions provided additional information such as booklets or
information sheets. One intervention included weekly home
visits [26, 39]. Less than half of the interventions provided
tailored feedback more than once for dietary behaviors (48 %),
and 65 % did so for physical activity.

Study Characteristics

The characteristics and effects for studies in the current
review are shown in the Appendix. The majority of studies
were conducted in the USA, followed by the Netherlands
and Belgium, the UK, and several other countries.

Studies in the USA predominantly assessed physical
activity with the validated 7-day Physical Activity Recall
[40-43]; this was the most commonly used tool. The next
most common tool was the validated Short Questionnaire
Assessing Health-Enhancing Physical Activity (SQUASH)
[44] predominantly used by Dutch researchers. The
International Physical Activity Questionnaire (IPAQ)
[45, 46] was the third most commonly used assessment tool.
Six studies (21 %) included objective assessments of physical
activity, i.e., pedometer, actigraph, or accelerometer. Five
studies (17 %) measured aerobic fitness by either a (1 mile)
walking test [47, 48], the Chester step test [49], or the
submaximal exercise treadmill test [50].
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Table 1 Study characteristics and effects of studies from the original (before 2004) and updated review (after 2004) compared

Dietary behavior

Physical activity

Before 2004 (N=26)

Reference number®
N (%)

After 2004 (N=34)
Reference number

N (%)

Before 2004 (N=10)
Reference number®
N (%)

After 2004 (N=29)
Reference number
N (%)

Comparison of computer-tailored
intervention with a no intervention
control group

Comparison of computer-tailored
intervention with a generic
health education control group®

Objective measurements of

effect indicators

Inclusion of long-term (>6 months)
follow-up

Significant effects of computer-
tailored interventions found

Printed intervention materials

Electronic intervention materials

[33-35, 39, 4244,

4648, 50-56, 60]

18 (69 %)

[30-32, 40-42, 45,
54-56]

10 (38 %)

[39, 50-52]

4 (15 %)
[32, 33, 36, 43, 46]

727 %)

[30, 35, 39, 41, 43, 47,

49, 53, 56]
9 (35 %)

[30-34, 4046, 48-50,

53, 54, 56]
18 (69 %)

[35, 36, 39, 44, 47, 51,

52, 55, 60]
9 (35 %)

[29-31, 34, 36, 53, 60,

65,70, 71, 74, 78, 79, 82]

14 (41 %)

[24-26, 32, 33, 38, 39, 55,
56, 71-73, 75, 80, 81, 95]

16 (47 %)

[24, 25, 34, 53, 56]

5(15 %)

[24-32, 34, 38, 39, 55, 56,
65,70, 71, 75, 78-81, 95]

23 (68 %)

[24-34, 36, 38, 39, 55, 56,
60, 65, 70-75, 78-81]

28 (82 %)

[24, 26, 28-30, 32, 33, 39,
53,73, 75, 77-79, 81, 95]

15 (44 %)

[34, 36, 38, 55, 56, 60,
70-72, 74, 80, 82]

12 (35 %)

[33-35, 38]

4 (40 %)
[28-30, 32, 37, 38]

6 (60 %)

0 (0 %)

[28, 32-34, 36, 37]

6 (60 %)
129, 35]

2 (20 %)
[28-34, 37, 38]

9 (90 %)
[35, 36]

220 %)

[22, 23, 34, 36, 37,
60, 62-65, 74]

11 (38 %)
[24, 25, 32, 33, 35, 56,
59, 61, 66-69, 95-98]

16 (55 %)

[24, 27, 28, 34, 35, 37,
66, 67, 69, 98]

10 (34 %)

[23, 27, 28, 32, 34, 35, 56,
61, 65, 67-69, 71, 95]

14 (48 %)

[22-25, 32-34, 36, 37,
54, 59, 60, 62-67, 74]

19 (66 %)

[22, 23, 27, 28, 32, 33,
64, 67, 68, 95]

10 (34 %)
[24, 25, 34-38, 54, 56,
60-63, 66, 69, 96-98]

18 (62 %)

N number of studies

 Reference numbers of studies < 2004 are derived from the original review [3]. Reference numbers of studies after > refer to references used in this

review

°In some studies, a no-intervention and generic health education control groups were both included

Fat reduction was most often assessed using food fre-
quency questionnaires. In the USA, the Block questionnaire
was used most frequently [51] and in the Netherlands, a
questionnaire developed by Van Assema et al. [52]. Two
studies obtained data from either an electronic scanner [53]
or shopping receipts [34] in a supermarket setting. Data on
fruit and vegetable consumption were obtained from ques-
tionnaires (the Block questionnaire in the majority of stud-
ies); one study also used shopping receipts [34]. Studies that
included measures of weight or BMI either used self-report
[38, 54] or measured [24, 27, 28, 34, 55, 56]. Fiber, grain,
energy, or added sugar intakes were assessed by food fre-
quency questionnaires [57, 58].

Effects on Physical Activity (Section A, Appendix)

Of the 29 studies on physical activity, 20 (69 %) showed
significant differences in favor of the computer-tailored
intervention. Five studies looked at short-term effects [36,
37, 59—-61], of which four found significant effects for the
tailored intervention [36, 37, 59, 60] with small effect sizes,
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compared to no intervention. In one study, this applied to
participants who did not comply to the physical activity
guidelines at baseline [60]. Of the 17 studies with
medium-term follow-up periods, 12 found significant
effects with small effect sizes: six compared to no
intervention [22, 36, 62-65], five compared to generic
health education [24, 32, 33, 66, 67], and one compared
to a health risk assessment [67]. Studies that investigat-
ed two computer-tailoring techniques [22, 54, 63, 67]
found significant effects for both tailoring conditions.
Six of the 13 studies with long-term follow-up found
significant effects of the tailored intervention [23, 25,
32, 34, 65, 67]. Effect sizes were small except for one
study that reported medium effect size for one of the
two computer-tailored interventions investigated [67]. Of
the eight studies that assessed effects at various follow-
up periods, four studies reported no effects at either
short, medium, or long term [35, 61, 68, 69]; six
studies reported sustained effects over time[22, 23, 25,
34, 36, 65, 67], and one study reported no effect at
short term but a significant effect at medium term [62].
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Effects on Fat Consumption (Section B, Appendix)

Of the 21 studies on fat consumption, 17 (81 %) showed
significant differences in favor of the computer-tailored
intervention. Six studies tested short-term effects and
reported significant effects of tailoring compared to no
intervention [36, 60, 70, 71], or generic health education
[72, 73] with small effect sizes. Two of those studies (also)
targeted an at-risk population [60, 72]. At medium term, all
eight studies found significant effects compared to no
intervention [36, 70, 74], or generic health education
[33, 72-75]. One of those studies targeted a low-income
ethnically diverse population [76], and a second study also
found a significant effect among risk consumers (i.e., people
with fat intake levels higher than recommended at baseline)
[72]. Ten studies tested the long-term effects of an intervention,
and five found significant effects for tailoring compared to no
intervention [29, 30, 70] or generic health education [24, 32]
with small effect sizes. Two of the ten studies (also) targeted
high-risk populations [29, 30], and another study targeted
women aged 50—69 years [24]. Multiple measurements in time
were reported for seven studies, of which five studies reported
sustained significant effects [25, 36, 70, 72, 73], one study
reported a significant effect at short term [26] that was not
sustained in the long term [39], and one study reported no
effects at both medium- and long-term time periods [77].

Effects on Fruit and Vegetable Consumption
(Section C, Appendix)

Of the 18 studies on fruit and vegetable consumption, 15
(83 %) showed significant differences in favor of the
computer-tailored intervention. Two of these studies measured
the short-term effects of a computer-tailored intervention, and
both found significant effects compared to no intervention [36,
71] with small effect sizes in a general population. Six studies
measured medium-term effects, of which five found significant
effects compared to no intervention [36, 65, 78] or generic
health education [33, 75] with small effect sizes. One study
investigated the effects of two intervention conditions (either
delivered in one or four installments) compared to generic
health education and measured the effects of retailored feed-
back [75]. The latter measured the effect of retailored feedback
provided in four installments. Eight of the 12 studies that tested
the long-term effects of an intervention found significant effects
for tailoring interventions compared to no intervention [31, 34,
65, 79] or generic health education [24, 32, 80, 81]. The eight
studies found small effect sizes, except for one that had targeted
church members, which found a large effect size over the long
term [31]. Two studies with effective long-term interventions
targeted populations who were over 50 years of age [24, 56].
Heimendinger and colleagues found a significant effect of
(re)tailored advice when spread across four booklets, as

opposed to no effect when the advice was delivered in a single
booklet [81]. Nine studies reported multiple measurements in
time, and seven of these reported sustained effects [25, 32, 34,
36, 65, 75, 78]. One of the nine studies reported no medium-
term effect but a significant long-term effect [79], and one study
reported no medium- or long-term effect [77].

Effects on Other Diet-Related Behaviors
(Section D, Appendix)

Of'the 14 studies on other dietary behaviors, 8 (57 %) showed
significant differences in favor of the computer-tailored inter-
vention. Four interventions for weight loss found significant
effects including: one short, medium, and long term [28]; one
medium and long term [38]; and two long term only [34, 55].
Effect sizes were small [34, 55], medium [28], or large [38].
Of the three interventions on energy intake, one reported a
significant short- and medium-term effect [72]. The
corresponding effect size was small for the general study
population and medium among risk consumers in the short
term. In addition, at medium term, only the effect of print-
based advice (as opposed to delivery through CD-ROM) was
of significance in the general population with a small effect
size. Both studies considering fiber consumption found sig-
nificant short-, medium- [70], and long-term effects [34] with
small effect sizes. The intervention on grain intake showed no
significant effect, nor did an intervention aimed at reducing
added sugar. No significant effect was observed for the inter-
vention to change dairy consumption [82].

A Comparison Between the Present Update and the Original
2006 Review

The present review included 50 publications over just under
7 years, while the original review in 2006 included 30
publications over 13 years, showing an apparent increase
in studies on physical activity and tailored nutrition education.
This increase was most obvious for physical activity (29
studies in the present review, 11 in the original review).

Since 2004, the number of computer-tailored interventions
electronically delivered has increased, particularly in physical
activity studies (see Table 1). New delivery modes, such as
mobile phone and CD-ROM, were introduced since 2004.
Similar to the original review, in the majority of studies included
in the present update, a no-intervention control group was
included without a generic health education comparison group.
Most studies continue to lack objective assessments of effects of
nutrition interventions, but physical activity intervention studies
often used objective assessments for behavior changes. As
recommended in the original 2006 review, more nutrition in-
tervention studies included long-term follow-up.

In this update, the majority of studies reported significant
effects of computer tailoring, both for dietary and physical
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activity behavior (the largest increase). However, effects
sizes remained small in general for dietary as well as physical
activity behavior.

Discussion

The present review update confirms and further strengthens the
evidence that computer-tailored physical activity and nutrition
education is likely to be effective [4, 5, 9, 10, 13, 14], although
effect sizes related to tailored physical activity and nutrition
education interventions are likely to be small. The evidence for
long-term effects of computer tailoring remains inconclusive.

The present review is an update of a 2006 review of the
literature published up to September 2004. A number of
differences in the results of the original and updated review
are noteworthy. First, both for physical activity and dietary
behavior, the number of published studies has increased
substantially. In addition, a larger proportion of published
studies reported favorable effects of tailored interventions in
the update period than in the original review. Evidence on
the efficacy of computer-tailored education is now also
apparent for physical activity promotion. Second, the use
of objective outcome measurement instruments increased in
studies on physical activity education, but not for nutrition
education studies. Third, overall, there was no increase in
comparisons of interventions with generic health education
since 2004. Fourth, remarkably more studies with long-term
follow-up were performed in the past years, particularly on
nutrition education. Finally, the electronic delivery of feed-
back increased, particularly in studies on physical activity
promotion; discussion boards/forums were frequently added
to interventions.

The observed differences over time for the use of objective
outcome measurements and various types of control groups,
follow-up periods, and delivery modes require more attention.
Since 2004, a larger number of objective measures have been
included in tailoring studies, especially regarding physical activ-
ity education. In this field, accelerometers and pedometers have
grown in popularity, due to increased usability and feasibility
[83]. In the field of nutrition, no such development was seen. The
objective measurement of dietary intake can be achieved by
monitoring biologic dietary indicators, such as serum cholesterol
and serum carotenoids [84]. However, the assessment of biologic
indicators is relatively expensive, and these indicators are subject
to genetic differences. Alternatively, two studies used shopping
receipts and electronic shop scanners as objective indicators of
food purchases [34, 53]. In addition, anthropometrics and waist
circumference were the most frequent objective indicators.

The fact that the evidence in favor of computer-tailored
physical activity and nutrition education is now stronger than
based on the studies published up to 2004 is promising and
important. However, the strongest evidence comes from
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studies that compared tailored interventions to no-
intervention control groups. Thus, these studies could not
assess the effects of tailoring compared to non-tailored inter-
ventions. Significant effects were most often found in studies
with a no-intervention control group. These findings do not
differ from the results of the original review or other compa-
rable reviews [3, 68, 13]. Therefore, the evidence is stronger
for a comparison between tailored interventions and with no
intervention than with generic health education. However, this
is probably because of the larger number of studies that
included a no-intervention control group. If generic health
education control groups were included in a study, the evi-
dence was quite consistently in favor of tailoring. If this
review had been restricted only to comparisons between tai-
lored interventions with generic health education comparison
groups, it would have focused specifically on the additional
effects of tailoring in health education. Nevertheless, we be-
lieve that the comparison with no-intervention control con-
ditions is also important, because it shows that tailored
interventions are likely to be effective—because of the tailor-
ing or other factors—and that is important information for
health education practice. In addition, further exploration of
the effectiveness of computer-tailored interventions com-
pared to other control conditions, such as theory-based
or personalized interventions, would be valuable to ver-
ify whether individually tailored education is better than
theory-based and/or personalized education.

For physical activity and nutrition interventions to have an
effect on health, the effects should be sustained over long
periods of time [76]. The present review update shows that
since 2004, more studies with long-term follow-up (>6 months)
have been published. However, the positive effects of these
studies were generally observed at short- and medium-term
follow-up. Lack of long-term effects of health education inter-
ventions has been reported before. In a meta-analysis of
computer-tailored interventions, Krebs and colleagues also
found a significant trend of decreasing effect size when
follow-up time increased [4]. Some evidence suggests that
“dynamic tailoring” with more tailored feedback moments
throughout a long intervention period may improve effects
beyond the short term. The present updated review further
shows that iterative feedback and tools supporting self-
regulatory skills (e.g., goal setting activities, self-monitoring
tools, skills building activities, email reminders, booster ses-
sions, and interactive activities) are ways to realize such re-
peated tailoring [4, 5, 15, 85].

Not only has the number of electronically delivered inter-
ventions grown since 2004, but evidence for effectiveness has
too. Before 2004, only a third of these “second-generation”
dietary interventions were effective, compared to 60 % after
2004. For effective promotion of physical activity, the likeli-
hood of effect appears not to be dependent on delivery mode.
Furthermore, mobile phones were a delivery mode that was
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not yet available in the studies in the original 2006 review. A
study by Haapala et al. indicates that mobile phone delivery
can be an effective method for supporting weight loss. By
allowing for two-way communication and showing a log-on
frequency that is twice the rate of other web-based programs
[86, 87], mobile phones have potential for the future. Because
of these advantages and given the massive increase of the use
of smartphones worldwide, mobile technologies will and
probably should be used more often to promote lifestyle
changes [88].

Overall, studies published since 2004 appear to have par-
tially taken into account the recommendations for further re-
search in the original review. Although more objective outcome
measurement instruments were used in studies published after
2004, this was restricted to interventions on physical activity.
Further, despite the increased number of studies, the proportion
of comparisons with generic health education has not increased
since 2004. Long follow-ups have been included more fre-
quently in more recent studies, but only in nutrition interven-
tions. Comparisons with generic health education, instead of
no-intervention control groups, are most important because
they provide information on the effects of tailoring. Therefore,
we repeat and strongly advocate the recommendation to study
tailoring as compared to other intervention methods, such as
generic health education. Long-term follow-up should remain a
priority, as well as the inclusion of objective outcome measures
including their use in nutrition intervention research.

This review update has limitations. We used the same
review protocol as was applied in the original 2006 review.
Therefore, potential limitations such as the non-blinding of
reviewers to authorship or the journal of the reviewed publi-
cations also applied to the present review. A lack of unequiv-
ocal scientific evidence that blinding is essential to obtain
valid review results was already discussed in the original
2006 review [3, 89, 90]. In addition, a new independent
reviewer assessed eligibility of the studies for the present
update, which could have led to some differences in decisions
and interpretations. Previous research has shown that updating
a review can affect both the direction and the precision of the
outcome [91, 92]. Yet, two reviewers who were involved in
the reviewing process of the original 2006 review were also
part of the present update team. No risk of bias and/or quality
assessment evaluations were performed for either the original
and updated review, although the use of such tools has been
recommended for systematic reviews [17]. Fortunately, be-
cause only randomized controlled trials were included, the
variety in methodological quality was small. Nevertheless,
the methodological quality of the studies included in this
review could have had an impact on estimates of effects,
which might have affected the validity of the conclusions.
Finally, as with any review of published literature, the present
update may have been affected by publication bias that may
have caused an overestimation of the positive findings.

Notwithstanding these potential limitations, this review
importantly updates the systematic overview of developments
and evidence regarding computer-tailored physical activity and
nutrition education over the past years. Furthermore, this re-
view update provides the most recent overview of the content
and effects of computer-tailored interventions in the field of
physical activity and nutrition. Reviews of the literature need to
be updated regularly in order to provide up-to-date overviews
of the evidence base to inform health promotion practice and to
provide new recommendations for research to further strength-
en the evidence base. This comparison is strengthened by our
use of comparable reviewing methods at two time points, 2006
and 2011, giving us the opportunity to compare effects, inter-
vention, and study characteristics over time. Such updating of
reviews using a similar methodology is advocated and common
practice in review consortia such as the Cochrane collaboration.

On the whole, from this updated review, it can be conclud-
ed that the evidence on computer-tailored interventions for the
promotion of physical activity and dietary change has become
stronger and now is also convincing for physical activity
promotion. However, this effect particularly accounted for
studies with no-intervention control groups, effect sizes were
generally small, and the evidence is generally restricted to
rather short-term effects, i.e., up to 3 months follow-up. Fur-
ther, it remains unclear whether the effect of tailored inter-
ventions is caused by tailoring as such or by the fact that
tailored interventions are more likely to be carefully designed
and based on behavioral theory. Previously formulated rec-
ommendations regarding the use of objective outcome meas-
urements, generic HE control groups, and long-term follow-
up periods for the development of computer-tailored interven-
tions were only partially met. Based on the present review, the
use of computer-tailored interventions in physical activity and
healthy nutrition promotion can be advocated, but future
interventions should especially focus on: (1) establishing larg-
er effect sizes and sustained effects, (2) using more objective
measurements in studies on dietary behavior, (3) using more
generic HE control groups and especially control groups in
which the generic health education is also carefully designed
and theory-based in order to distinguish the effect of tailoring
from the effects of theory-based intervention development,
and (4) including more long-term follow-up measurements.
Future research should also focus on why and how computer-
tailored physical activity and nutrition interventions are effec-
tive, by conducting mediation analyses [23, 93], and support-
ing large-scale dissemination of such interventions [94].
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