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Factors that contribute to effective online nutrition education
interventions: a systematic review

Mary W. Murimi, Bong Nguyen, Ana F. Moyeda-Carabaza, Hyun-Jung Lee, and Oak-Hee Park

Context: The use of the internet and technology as a medium for delivering online
nutrition education (ONE) has increased; however, evidence-based studies exploring
factors that contribute to best practices in online interventions have not emerged.
Objective: The purpose of this systematic review was to identify factors that con-
tributed to successful ONE interventions in relation to research studies published be-
tween 2009 and 2018. Data sources: Following the PRISMA guidelines, relevant
studies were identified through PubMed, Medline, Web of Science, Science Direct,
and Education Resources Information Center (ERIC) databases. Data extraction:
Five authors screened and determined the quality of the studies using the Grading
of Recommendations Assessment, Development, and Evaluation (GRADE) system
and extracted the data from the articles. Data analysis: Twenty-seven studies
were included: 21 studies were website-based, 3 were delivered through smart-
phone application, 2 were delivered as online courses, and 1 used text messages.
Tailored messages/feedback, interaction between participants and investigators,
identification of specific behaviors, use theory, adequate duration, and alignment
between stated objectives and activities were factors that contributed to successful
online interventions, while comparison bias and the lack of specific details on dura-
tion and dosage, tracking system, objective outcome measurements, and follow-up
were factors that may have interfered with successful ONE interventions.
Conclusions: The findings underscore the importance of developing ONE interven-
tion designs that utilize factors unique to online platforms for effective interventions
aimed at behavior change.

INTRODUCTION

Nutrition education interventions have the potential to

improve dietary habits1 and encourage healthy food
choices, resulting in lifestyle behavior changes.2

However, for nutrition education interventions to be ef-
fective in changing behavior, it is critical for the inter-

ventions to identify desired behavior,3 provide guidance
on suitable dosages,4–6 and include appropriate activi-
ties for the target population.6,7 For example, the

diabetes self-management education intervention tar-
geting Mexican Americans, delivered by Brown et al,4

found that the group that received an extended inter-
vention – that included 24 hours of education and

28 hours of support groups – showed the greatest reduc-
tion in HbA1c (glycated hemoglobin HbA1c) values

from baseline to 12 months compared to the group that
received compressed intervention of only 16 hours of

education and 6 hours of support groups. Similarly,
Murimi et al6 found that an intervention duration of at
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least 6 months, with guidance on suitable dosages, con-

tributed to the effectiveness of nutrition education
interventions among elementary schoolchildren. In ad-

dition to the design factors, the mode of presentation –
for example face-to-face or online – is critical in achiev-

ing the objectives of the intervention.
Traditionally, face-to-face nutrition education

interventions have been effective in improving and in-

creasing nutrition knowledge,8,9 influencing healthy be-
havior changes,9 and in some cases improving health

outcomes.10 Face-to-face interventions are delivered
through either individual or group settings, which

affords personal interactions between the intervention
provider(s) and participants.11 However, the face-to-

face delivery method has major limitations in terms of
reaching individuals who have time constraints or re-

side in different geographical locations.12,13 In contrast,
online intervention methods offer enhanced accessibil-

ity, cost-effectiveness, and time flexibility.14,15

In addition to the accessibility and convenience of

online interventions, the global usage of internet forums
has increased. For example, according to the Internet

World Stats website,16 almost two-thirds of the world’s
population has internet access. In addition, the internet

has the potential to simultaneously disseminate a large
number of messages and share nutrition and health-

related information.17,18 For instance, online learning
programs have the potential to facilitate synchronized

forms of communication between instructors and learn-
ers or between groups of different learners.19

Despite their popularity, the wide usage and conve-
nience of online nutrition education interventions, the

limitations of online delivery methods are concerning
and include failure to adequately engage targeted audi-

ences,20 the introduction of bias by relying on self-
reported data,21,22 and failure to sustain the outcome of

intervention.23 To date, outcomes on the effectiveness
of online nutrition interventions have been mixed, and

unlike face-to-face delivery methods that have been
tested for decades, online interventions are still rela-
tively recent, and the best online practices are yet to be

identified.24 For example, the findings of a review by
McAlpine et al25 revealed that efficacy of online inter-

ventions targeting cancer patients was unclear, had lim-
ited duration for the intervention, and lacked validated

outcome measures. Although one study by Van den
Brink et al26 showed significant promise in terms of im-

proving health outcomes for cancer patients via a 6-
week online intervention, the durability and longevity

of benefits from this online intervention were not con-
vincing. For example, invalidated outcome measures

developed specifically for their studies were used, with
some outcomes that were not sustained after the inter-

vention. Similarly, a systematic review by Ajie and

Chapman-Novakofski27 highlighted that computer-

mediated nutrition education interventions for adoles-
cents resulted in only small, mainly short-term, changes

in obesity outcomes, such as physical activity, diet, and
nutrition knowledge.

Although the frequency of online interventions is
promising, evidence-based studies aimed at exploring
factors that contribute to best practices in online inter-

ventions have not yet emerged. Therefore, the purpose
of this systematic review was to identify factors contrib-

uting to the efficacy of online nutrition interventions by
evaluating successful online nutrition/health-related in-

tervention studies that achieved their stated objectives.
Selected factors of interest included use of theory, re-

cruitment, and implementation methods; duration of
the intervention; intervention delivery mode; engage-

ment with participants; and the intervention fidelity of
each study.

METHODS

Continuing the work of prior systematic reviews on fac-

tors that contribute to successful nutrition education
interventions among adults3 and children,6 this system-

atic review was conducted with the aim of identifying
factors that contributed to the success of online nutri-

tion education interventions. For the purpose of this
review, online nutrition education interventions were

defined as interventions that were delivered via internet,
computer, or text message.

Members of the research team

The research team included 5 members, of whom 2
held a doctoral degree and 3 were graduate students in

nutritional sciences. The lead investigator was a full
professor of nutrition and a registered dietitian. One re-

searcher was a senior research associate with broad ex-
perience in conducting research related to nutrition,

food, health, and consumer behavior. The three gradu-
ate students were trained by the lead investigator and

had experience in conducting systematic reviews. A
literature search of the articles was performed by 2 of

the graduate students. The research team then indepen-
dently screened the articles for quality and relevance

based on the set criteria and extracted information on a
spreadsheet for its further analysis.

Literature search strategy

This review was conducted following the Preferred

Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) recommendations and criteria.28

Articles reporting on online nutrition education
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interventions in promoting dietary behavior change
were obtained through electronic searches of five data-

bases: PubMed, Medline, Web of Science, Science
Direct, and the Education Resources Information

Center (ERIC). The search was limited to articles pub-
lished between January 2009 and November 2018 and

available in English. Key words were entered in varying
combinations, including “nutrition education inter-

vention,” “online,” and “web-based.”

Inclusion and exclusion criteria

The database searches provided citations to 1099
articles published between January 2009 and November

2018. Two research members then excluded duplicated
articles and articles that were not published in English.

After the initial screening, the articles were divided
among 2 research members, who evaluated whether

they met the inclusion criteria using the PICOS
(Population, Intervention, Comparators, Outcome, and

Study design) model (Table 1).28 Research articles were
included in the review if they were (a) published be-
tween January 2009 and November 2018, (b) available

in English, and (c) online nutrition education interven-
tions. Articles were excluded if they (a) did not include

a nutrition education intervention; (b) were review
articles, systematic reviews, or meta-analyses; (c) were

poster abstracts, qualitative studies, or cross-sectional
studies; (d) were study protocols or pilot studies; (e)

reported on targeted populations with special nutri-
tional needs (eg, hospitalized children, patients with

diabetes); (f) reported on face-to-face interventions or
nutrition education combined with face-to-face and on-

line sessions; or (g) were evaluations of programs. In
cases where multiple studies were conducted on the

same program or same data set, the most recently

published study incorporating a detailed methodology
section was included.

After screening for inclusion criteria, a total of 29
articles were included for the assessment of quality and

divided between 4 research members. A flow diagram
illustrating the article filtering process is shown in

Figure 1.

Assessment of study quality and risk of bias

The research members were trained on quality assess-
ment before the analysis was conducted, to minimize

bias in accordance with the PRISMA recommenda-
tions.28 Each article was assessed by 2 independent

reviewers. After the initial assessment, the reviewing
authors exchanged the articles without sharing the as-

sessment results. Once both reviewers had finished their
quality assessment, a discussion was held between the

reviewing authors to confirm whether they agreed or
disagreed on the assessment results. All the articles were

then discussed by the lead investigator and the research
team before a final decision was made on whether
articles were eligible for the final analysis, based on the

results of the quality assessment.
The quality of the studies was determined accord-

ing to the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system for rat-

ing quality of evidence.29 A thorough assessment of the
study’s description, design, measurements, data analy-

sis, interpretation of results, power, and outcome
formed the criteria for quality assessment, as discussed

in previous systematic reviews.3 Quality scores ranged
from 1 to 6, with three rating levels: low risk of bias if

the articles scored 5-6; moderate risk of bias if they
scored 3-4; and high risk of bias if they scored 1-2. If

the quality score for an article differed between the two

Table 1 PICOS criteria for determining inclusion and exclusion of studiesa

Category Inclusion criterion Exclusion criterion

Participants All age groups: children, adolescents, and adults Participants with special nutritional needs
Intervention Online nutrition education interventions Face-to-face interventions; nutrition education

mixed face-to-face and online sessions
Comparator With and without control group; face-to-face comparison

group; mixed face-to-face and online comparison group
None

Outcomes Nutrition-related outcomes, such as anthropometric measure-
ments (eg, body mass index, waist circumference); bio-
chemical measurements (eg, blood vitamin D
concentration); dietary intakes; nutritional knowledge; pref-
erences; attitudes; behaviors; self-efficacy; stage of change;
dietary diversity score; or physical activity (time, attitudes,
self-efficacy, behaviors)

No nutrition-related outcomes

Study design Randomized control trials; pretest and post-test design; and
quasi-experimental studies

Systematic review; meta-analysis; reviews;
qualitative studies; cross-sectional studies;
abstracts; study pilot; protocol; descriptive
methodology study
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reviewers, the article was discussed by the research
group until a consensus was reached. Of the 29 articles

that met the inclusion criteria, 2 were excluded from
the final analysis because they were categorized as hav-

ing a high risk of bias.

Analysis approach

A total of 27 articles were finally included in the data

extraction step, where five reviewing authors indepen-
dently extracted data from the 27 articles and trans-

ferred this information to a spreadsheet for analysis.
Table 230–56 provides a summary of important informa-

tion relating to the analyzed studies. The primary

analytic goal was to determine the effectiveness of on-
line nutrition education interventions in modifying nu-

trition or physical activity behaviors among the general
population. To determine whether an intervention was

successful, the outcome of the study was compared with
the stated purpose or objective of the study. Once the
successfulness of the intervention had been determined,

the following contributing factors were analyzed: (1)
use of theory, (2) recruitment and implementation

methods, (3) duration of the intervention, (4) interven-
tion delivery mode, (5) engagement with participants,

and (6) the intervention fidelity of each study. The attri-
tion criteria of the GRADE system29 were adapted in

this review, which classified a study as having low
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Figure 1 PRISMA flow diagram of the literature search process
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attrition if at least 80% of the enrolled participants com-

pleted the study, and high attrition if more than 20% of
the enrolled participants did not complete the study. It

is important to mention that the included studies rarely
reported the frequency or dosage of the intervention.

Therefore, it is reasonable to report the total amount of
time spent in online interventions in months.

The findings from the online nutrition education

interventions were summarized using a semiquantita-
tive approach. Results from the included online nutri-

tion education interventions were dichotomized on the
basis of whether they reported a statistically significant

(P < 0.05) improvement in dietary intakes, physical ac-
tivity, or other nutrition-related topics. This approach

was used to allow for the diverse range of reported sta-
tistics, outcomes, and units of measurement.54

RESULTS

Included in this review were 27 studies describing on-

line nutrition education (ONE) interventions and pub-
lished in peer-reviewed journals between January 2009

and November 2018. The studies were assessed for their
effectiveness on the basis of reported evidence that the

interventions met their stated primary objectives.
The majority of the studies (70.4%, n¼ 19) were con-

ducted in North America (United States and
Canada),30–33,35,37–39,41,42,44–48,50,52,53,56 while the

remainder of the studies were conducted in other conti-
nents, including 4 studies in Europe (United Kingdom,

Netherlands, and Germany),36,43,51,54 2 in Australia,34,40

and 2 in Asia (Taiwan and Japan).49,55 An added advan-

tage of online studies is the potential to recruit large
sample sizes. In this review, 7 of the studies recruited

more than 1000 participants30,35,41,43,49,51,54; of these, 1
had a sample size of more than 20 000 participants,51

and 2 studies recruited more than 500 participants.31,45

Of the 27 studies included in this review, 17 recruited

participants from a specific geographic location such as
high school, university, hospital, or WIC (Women,
Infants, and Children) clinic,30–32,37,40–42,44,46–48,50–53,55,56

while 10 studies recruited participants from different geo-
graphic locations.33–36,38,39,43,45,49,54 In this review, studies

that used a broad and diverse approach in recruiting their
participants were more likely to have a high attrition rate

(n¼ 6) than studies that recruited participants from fo-
cused and specific locations (n¼ 2). For example, in one

study conducted to promote fruit consumption, Lange et
al43 recruited participants through advertisements via ra-

dio, newspaper, television, or a university internet site.
Although they recruited 1154 participants, they had lost

approximately one third (34%) of the participants by the
end of the intervention. In contrast, another study –

conducted to evaluate the effect of an online intervention

on breakfast eating behavior among WIC participants –

recruited 590 participants from two WIC clinics. The
study only lost 11.5% of the participants after the

intervention.31

The majority of the studies (77.8%; n¼ 21) delivered

their interventions through websites,30–33,37,38,40–51,54–56

followed by smartphone application (12.5%;
n¼ 3),34,36,39 text messages (4.2%; n¼ 1), 53 and as an

online course (8.3%; n¼ 2)35,52 (Table 2).30–56 The
approaches and activities used for the delivery of the

online interventions included the following: reading
information available on the website or application

(92.6%; n¼ 25)30–34,36–42,44–56; watching and/or
listening to videos and audio files (44.4%;

n¼ 12)30,32,34,36–38,40,44,47,48,50,53; using interactive ac-
tivities or games (22.2%, n¼ 6)32,36,37,40,48,50; sending

homework for the application of information learned
(14.8%, n¼ 4)32–34,49; carrying out discussions via a

forum or board (14.8%, n¼ 4)33,34,36,55; and teaching
live lectures (3.7%, n¼ 1).35 Slightly more than half

(51.8%; n¼ 14) of the studies targeted the general
adult population,30,31,34–36,38,43,45,49–51,54–56 while

slightly less than a third (29.7%, n¼ 8) targeted college
students.39,41,42,44,46,47,52,53 Moreover, 3 studies (11.1%)

targeted adolescents aged 12-19 years,32,37,48 and 2 studies
(7.4%) targeted children aged 8-12 years.33,40

Ten out of the 27 studies (37.04%) met their primary
objectives as evidenced by their reported

results,30,32,35,36,38,39,43,46,51,55 while 16 studies (59.26%) par-
tially met their stated objectives31,33,34,37,40–42,44,45,47–50,52–54

and only 1 study (3.70%) did not meet any of its stated
objectives.56 The findings of this systematic review identi-

fied 6 factors that were associated with successful ONE
interventions, as follows: 1) use of tailored messages and/

or individualized feedback; 2) participant engagement, as
measured by the level of interaction between investigators

and participants; 3) intervention duration �3 months; 4)
identification of specific targeted behaviors vs general

health; 5) alignment of intervention activities with stated
objectives; 6) and use of theory-based interventions. In
contrast, this review also identified several factors consid-

ered to represent poor design in ONE interventions, in-
cluding comparison bias, lack of specific details on

duration or dosage, lack of objective measurement, and
lack of tracking system.

Tailored messages, individualized feedback, and
attrition

Providing tailored messages based on individual prog-
ress and performance during the intervention resulted

in engaged participants and increased the efficacy of the
intervention. In this review, 6 of the 10 studies that met

their stated objectives provided tailored messages based
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on each participant’s progress through regular auto-

mated or personalized messages during the interven-
tion.30,35,36,38,39,55 For example, one study, conducted by

Alexander et al30 on the promotion of consumption of
fruits and vegetables, found that participants who re-

ceived feedback on their intake of fruits and vegetables
after each lesson significantly increased their subsequent
intake of fruits and vegetables (P � 0.05). In contrast, a

study by Lein et al44 that promoted calcium and
vitamin D intake as a means of preventing osteoporosis,

but did not provide any feedback during the interven-
tion, resulted in no significant change in calcium and

vitamin D consumption between the intervention group
and the control group despite the fact that the study had

a clear objective and a good alignment between interven-
tion activities and objective, and was theory-driven.

Level of interaction between investigators and
participants

Online communication can engage participants in vari-

ous ways and levels, including being available for ques-
tions in real time or through messages and emails. In

this review, half of the successful interventions engaged
their participants by the investigators being available for

questions in real time, or through messages and
emails.30,35,36,51,55 For example, in a study by Dunn et

al,35 the participants interacted with the instructor and
other participants via a chat box in real time. The in-

structor was also available via email to answer any ques-
tions from participants after the class. After the

intervention, participants in this study significantly re-
duced their BMI (body mass index) (P < 0.001) and

waist circumference (P < 0.01) and significantly in-
creased their intake of healthy foods and their confi-

dence in physical activity (P < 0.001). Conversely,
interventions that lacked engagement and interactions

between the participants and the researcher were more
likely to be unsuccessful.33,34,37,40–42,44,45,47,49,52–54,56 For

instance, the study by Franko et al,37 which examined
the efficacy of an internet-based program on positive

body image among high school students, but had no in-
teraction between the researcher and participants, failed

to significantly increase the scores of the body weight
and body esteem subscales, or decrease the scores of the

physical appearance comparison scale as outlined in
their objectives, despite the fact that they had identified
specific behaviors and the intervention was age-

appropriate.

Duration of online nutrition education interventions

Studies with an intervention duration of � 3 months

were more likely to meet their stated objectives (60.0%,

n¼ 6),30,35,36,39,51,55 while studies with a duration of

� 2 months were less likely to meet all their stated
objectives (88.2%, n¼ 15).31,33,37,40,41,44,45,47–50,52–54,56

For instance, Tsai and Liu55 implemented a study to ex-
amine the health-promoting effects of an e-health inter-

vention among nurses for 3 months. The study revealed
a significant increase in the Health-Promoting Lifestyle
Profile score of the nurses (P¼ 0.001) at the end of the

intervention. In contrast, a study conducted by Yen and
Lewis56 to increase consumption and intake of food

rich in omega-3 fatty acids among middle-aged women
for 1.5 months did not increase the consumption of

food rich in omega-3 fatty acids.

Specific behaviors

Studies that identified specific behaviors to be addressed
by the intervention vs general health were more likely

to achieve their stated objectives.30,35,36,38,39,43,46 For ex-
ample, a study conducted by Goodman et al39 aimed to

improve knowledge, perceptions, and dietary intake of
vitamin D. At the end of the intervention, participants

had significantly increased their knowledge of
vitamin D (P¼ 0.03), perceptions about vitamin D

(P¼ 0.05), and total vitamin D intake (P < 0.001) com-
pared to those who did not receive any education. In

contrast, interventions that focused on broad topics not
specific to a behavior were unsuccessful in meeting their

objectives.34,41,42,45,48,50,54,56 For example, the interven-
tion by Kattelmann et al41 focused on changing the

Theory of Planned Behavior constructs regarding pre-
ventive behaviors for obesity and type 2 diabetes.

However, they did not specify the targeted behaviors for
obesity and type 2 diabetes. The study was general and

broad, and failed to successfully meet their stated
objectives.

Alignment of objectives with activities

Alignment of intervention activities with the stated
objectives was critical to the success of nutrition educa-

tion interventions.30,32,35,36,38,39,46,51 For example,
Gilson et al38 developed the Walk@Work program to

increase walking step counts by an extra 1000 daily
steps per week above baseline over a period of 6 weeks.

Participants were provided with pedometers in an effort
to motivate them and track their workday steps.

Support strategies, such as ideas and tips on how to in-
crease walking during the workday, promotion of short

walks to up to 10 minutes during tea/coffee breaks or
one-on-one meetings, and encouragement of longer,

moderate-intensity lunchtime walks of more than
10 minutes, were also provided. All these intervention

activities aligned with the stated objectives of the
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intervention. After the 6-week intervention, step counts

significantly (P¼ 0.001) increased from 5892 steps at
baseline to 7369 steps at post-intervention. On the con-

trary, a study by Duncan et al34 to improve physical ac-
tivity, dietary behaviors, and health literacy in middle-

aged males failed to align their activities with all their
objectives. While the intervention activities focused on
physical activity and dietary behaviors, they failed to ad-

dress health literacy. Although the intervention signifi-
cantly improved physical activity and dietary scores (P

< 0.001), it failed to improve health literacy.

Theory-based interventions

In this review, 21 studies (77.78%) were theory-
based30,32,34,36,37,39–41,43–52,54–56 and 6 studies (22.22%)

did not use theory.31,33,35,38,42,53 Analysis showed that
8 of the 21 (38.10%) studies that were theory-based

achieved their stated objectives, and more importantly
8 of the 10 studies that achieved their primary objectives

were theory-based.30,32,36,39,43,46,51,55 For example, a
study by Elbert et al36 aimed at increasing fruit and veg-

etable intake was developed using the framework of
Intervention Mapping and was based on several socio-

cognitive determinants known to predict fruit and vege-
table intake. They successfully achieved their objective

of increasing fruit (P¼ 0.003) and vegetable intake
(P¼ 0.004). Similarly, a theory-based intervention con-
ducted by Milan and White46 to promote folic acid con-

sumption among college women systematically used the
stages of change theory in the design and evaluation of

the intervention. The results showed that more partici-
pants in the intervention group reported taking a folic

acid–containing multivitamin at post-test than those in
the control group (P¼ 0.015). In addition, more partici-

pants in the intervention group progressed from pre-
action to action than from the control group, and sig-

nificantly increased self-efficacy (P¼ 0.001) compared
to participants in the control group.

Factors considered to represent poor design in the
online nutrition education intervention studies
reviewed

Analysis of this systematic review also showed major

weaknesses in the online interventions reviewed, over
and above the previously mentioned factors.

Treatment or comparison bias: Eight31,34,35,42,45,46,50,55

of the 2530–37,39,41–56 studies that included a control or

comparison group did not use a comparable group or
comparable treatment and as a result were at risk of intro-

ducing bias. For example, Lohse et al45 conducted a study
to evaluate a web-based and interactive program for low-

income women aligned with the Satter eating competence

model. The study placed a greater emphasis on the online

intervention group than on the control group. For in-
stance, the participants in the intervention group had ac-

cess to the nutrition information on the USDA website for
50 days and received 10 email reminders to visit the web-

site, while participants in the control group had access to
the website for only 30 days and received only five email
reminders. The treatment favored the online group, which

may have biased the results of the study in such a way that
the participants in the online group significantly improved

more skills related to food resource management than the
participants in the control group: the online group sig-

nificantly improved 5 skills, while the control group
improved 2 skills, related to food resource manage-

ment (P < 0.05).
Lack of specific details, such as dosage, on the

intervention: Online intervention dosage was not
measurable in 9 of the 27 interventions

(33.33%).30,33,34,36,38,47,49,55,56 For example, the study by
Elbert et al36 was conducted over a 6-month period.

Monthly emails were sent to the participants inviting
them to visit the mobile phone app and read the health

information; however, there was no mention of how of-
ten and how much time the participants spent viewing

the information. In a study by Monroe et al47 the partic-
ipants received a nutrition module every week for

4 weeks; however, the authors did not mention or track
the specific amount of time that the participants had

spent on each module.
Tracking system: An important element of online

communication includes the ability to document fidel-
ity in dosage by tracking engagement automatically or

using the tracking system to engage the participants by
providing feedback. Only 4 studies in this review used a

tracking system.39,42,51,53 For example, one study con-
ducted by Nikolaou et al,51 which assessed the effect of

online approaches to weight change, tracked how fre-
quently participants logged in to the website and

accessed online resources, and the length of time the
participants spent on each resource.

Objective measurement: The remote delivery mode

of online studies limits the use of objective measures
and depends on self-reported measures even in sensitive

variables such as weight measures. The majority
(85.19%, n¼ 23) of the studies included in this review

relied solely on self-reported information through on-
line survey systems such as websites and smartphone

applications or email.30,31,33–37,40,42–53 A pretest and
post-test face-to-face measurement was included by

only 4 of the 27 studies, to ensure objective measures of
important variables.32,38,39,41 As an example, in the

study by Kattelmann et al,41 research assistants were
trained to perform in-person anthropometric assess-

ments at baseline, post-intervention, and follow-up,
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including height, weight, and waist circumference

measurements.
Lack of follow-up after the intervention: In this re-

view, only 9 studies included follow-up measurements
after the intervention period.31–33,37,41,44,49,51,54 Six of

the studies identified long-term effect of online inter-
ventions on behavior change.31,32,44,49,51,54 For example,
a study by Chen et al32 that aimed to increase the intake

of fruits and vegetables after an 8-week online inter-
vention was able to document behavior sustainability

8 months after the intervention as a result of follow-
up. By the end of the intervention, the participants had

significantly increased their consumption of fruits and
vegetables (P¼ 0.001) and significantly maintained the

intake at 6-month and 8-month follow-up (P < 0.05,
for both follow-up points). However, 18 studies

(66.67%) did not include follow-up
measurements.30,34–36,38–40,42,43,45–48,50,52,53,55,56

DISCUSSION

The purpose of this systematic review was to identify
factors that contributed to successful nutrition educa-

tion interventions in relation to online research studies
published between January 2009 and November 2018.

Six factors emerged as critical to successful ONE inter-
ventions: (1) use of tailored messages and/or individual-
ized feedback; (2) human interaction between the

participants and the investigators; (3) intervention du-
ration �3 months; (4) identification of specific targeted

behaviors vs general health; (5) alignment of interven-
tion activities with stated objectives; and (6) use of

theory-based interventions. In contrast, comparison
bias, lack of details on duration and dosage, lack of ob-

jective measurement, and lack of tracking system
emerged as major weaknesses of online interventions.

While four of the six factors (factors 3, 4, 5, and 6) are
important for both face-to-face and online interven-

tions, factors 1 and 2, along with weaknesses in inter-
ventions, will be highlighted in this discussion as they

are unique to online delivery. The findings of this sys-
tematic review are based on critical analysis of these six

factors.

Use of tailored messages and/or individualized
feedback

This review found that ONE interventions that included
tailored messages and/or provided individualized feed-

back to the participants were more likely to achieve
their stated objectives. In this review, 11 of the studies

provided individualized or tailored feedback; of these,
more than half (55%) achieved all their stated objec-

tives, while 45% partially achieved their objectives.

More importantly, a majority (60%) of the successful

studies in this review provided regular tailored mes-
sages and individualized feedback during the inter-

vention.30,35,36,38,39,55 These findings confirm the
findings of reviews conducted by Olson,57 who con-

cluded that tailoring information to individual’s behav-
ioral needs was important for the success of online
dietary behavioral interventions. Similarly, a review

conducted by Neve et al58 on web-based weight loss
interventions showed that interventions with individu-

alized feedback were more effective in achieving weight
loss than web-based interventions that did not provide

individualized feedback. The authors of this review rec-
ommend including tailored messages or a form of indi-

vidualized feedback in the design of online delivery
methods.

Interaction between investigators and participants

In addition to tailored and individualized messages, this

review found that studies that included regular interac-
tion between investigators and participants over and

above the online information, through personal contact
such as email, phone, or posting questions on the inter-

vention website, were more likely to achieve their stated
objectives. This was evidenced by the fact that half of

the successful studies in this review (50%) provided an
opportunity for the participants to interact with the

researchers through emails, phone, or posting questions
on the intervention website.30,35,36,51,55 This finding

confirms the findings of a review conducted by Webb et
al,59 who found that effectiveness of internet-based

interventions was associated with the use of additional
methods of interacting with participants, such as per-

sonal contact via text messages, email, or online.
Despite the fact that online interventions rely on tech-

nology for delivery, it is worth noting that interventions
that included enhanced human interaction were more

likely to be successful. Fortunately, features that accom-
modate human interaction, such as real-life questions
and answers or chatting sessions, are available and easy

to design for online interventions.

Intervention duration

According to this current review, the duration of the in-
tervention was critical to the success of the online inter-

vention. A majority of studies (60.0%) with an
intervention duration of � 3 months achieved their

stated objectives.30,34,35,38,48,52 These results confirm the
findings of two previous systematic reviews conducted

by Murimi et al3,6 to identify factors contributing to the
success of nutrition education interventions among

adults and children. They found that nutrition
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education interventions delivered face-to-face and

implemented for more than 5 months (for adults) and
6 months (for children) were more likely to meet their

objectives. In contrast, a review conducted by Olson,57

to understand the components of efficacious interven-

tions focused on dietary behaviors, found no difference
between successful or unsuccessful interventions based
on duration.

Specific behaviors

A finding from this current review suggests that inter-

ventions that target specific behaviors are more likely to
achieve their stated objectives than broad and general

interventions that do not target specific behaviors. For
example, a majority (70%) of the successful studies

identified specific behaviors to be addressed by their in-
tervention, followed by clear objectives.30,35,36,38,39,43,46

This finding supports the results of a review conducted
by Murimi et al,3 who found that dietary behavior

change interventions among the adult population that
targeted specific behaviors and goals were more suc-

cessful than those with broad goals that did not target a
specific behavior. Similarly, a systematic review on fac-

tors that contributed to the effectiveness of nutrition ed-
ucation interventions among children also found that

targeting specific behaviors contributed to successful
interventions, as measured by achieved objectives.6

Alignment of objectives with activities

This review found that planning activities that are

aligned with intervention objectives and desired behav-
ioral outcomes is an important determinant of interven-

tion success. Most of the successful studies in this
review (80%) involved intervention activities that

aligned with the stated objectives and desired out-
comes.30,32,35,36,38,39,46,51 This finding is similar to find-

ings from previous reviews,6,60 which found that
interventions involving activities aligned with the objec-
tives and desired outcomes were more likely to be

effective.

Theory-based interventions

Findings from the current review showed that the use
of theory to develop online intervention contributed to

the success of online interventions, as evidenced by the
fact that a majority of the successful studies (80%) in

this review were theory-based.30,32,36,39,43,46,51,55 The
current finding supports findings from a review by

Webb et al,59 who concluded that the effectiveness of
internet-based interventions was associated with the use

of theory. Similarly, a review conducted by Murimi

et al3 also found that studies that were theory-based

were successful in achieving their objectives.

Factors considered to represent poor design in online
nutrition education interventions

The current review found major weaknesses that may
have interfered with the success of online interventions

despite the use of the abovementioned factors. Main
factors included comparison bias, lack of specific details

on duration or dosage, lack of tracking system, lack of
objective measurements of outcome, and lack of

follow-up.
Introduction of comparison bias was evidenced by

studies that aimed to assess the effectiveness of online
interventions but used incomparable groups between

treatment and comparison groups. Specifically, these
studies placed a greater emphasis on the treatment

group than on the comparison group; therefore, it
remains unclear whether the success was determined by

the delivery method or by the fact that the groups
receiving the treatment received more attention and

were more likely to be carefully designed than the com-
parison group.

Lack of reporting specific duration or dosage of the
online interventions was a major omission. One-third

of the included studies in this review did not mention
how long and how often participants were expected to

use the materials and activities. Behavior change is
influenced by the dosage or exposure of the interven-

tion, and the authors of this study were not able to de-
termine the appropriate duration for those studies that

did not state a duration or dosage for their intervention.
The current finding is similar to findings from a review

of e-health interventions for physical activity and die-
tary behavior change by Norman et al,61 who showed

that the majority of studies in their review did not ex-
plicitly state how often participants needed to use the

website. Similarly, a review by Lentferink et al62 found
that most studies in the review did not report the
intended usage for their intervention. In addition to the

lack of specific dose, most of the studies in this review
did not include a tracking system to track the log-on

rates, online information accessed, number of times the
information was accessed, and amount of time the par-

ticipants spent viewing the information.
Overreliance on subjective measures over attempts

to use objective measures is a major limitation of most
online studies. A majority of studies in the review

(85.19%) relied on self-reported measures through on-
line surveys. This current finding is similar to the find-

ings from a review by Olson,57 who found that online
interventions did not include any objective measures

and relied instead on a self-reported measure for their
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dietary outcomes. Given the growth of online interven-

tions, it is critical that researchers develop objective
measures in the future.

The current review has some limitations that
should be acknowledged. First, this review included

only articles published in English; thus, some recent
and important findings that were published in
languages other than English were possibly omitted.

Second, this review did not include interventions that
were delivered via mixed face-to-face and online meth-

ods; instead, it focused exclusively on the features of on-
line interventions. Despite this limitation, the current

review brings a systematic sample of online interven-
tions and underscores important characteristics that

contribute to the success of online interventions, which
is helpful for the development of future online interven-

tions. Third, publication bias could be present. The pos-
sibility exists that in some studies, the interventions

had no significant effect on outcome and were there-
fore not published; thus, the analysis of studies pre-

sented in this review may have reported a more
favorable degree of effectiveness than is actually the

case. In addition, the interventions described in stud-
ies published from 2009 may differ, to some extent re-

lated to technological developments, from those
described in studies published from 2018. For exam-

ple, studies that reported on the use pedometers, in-
cluded tracking systems, or were delivered via mobile

phone and smartphone applications were published
more recently.

Despite the limitations, the strength of this review
lies in its systematic approach and its analysis of several

factors that lead to the success of various types of online
interventions. This is different from previous reviews,

which focused on a single type of intervention and the
related outcome.

CONCLUSION

This review suggests that online nutrition education
interventions are more likely to be effective when they

include tailored messages and/or individualized feed-
back and offer regular interaction between participants

and investigators. In addition, it found that interven-
tions that aligned desired dietary behavior outcomes

with specific objectives and appropriate activities were
more likely to succeed. Theory-based interventions and

interventions that provided adequate durations were
more likely to achieve desired behaviors. In contrast,

the review revealed that poor design factors that inter-
fered with the success of interventions included com-

parison bias, lack of specific details on duration or
dosage, lack of objective measurements of variables, and

lack of follow-up or tracking methods. Factors

identified in this systematic review have the potential to

improve the implementation of online nutrition educa-
tion interventions. The findings underscore the impor-

tance of developing online intervention designs that
utilize factors unique to online platforms for effective

online interventions aimed at behavior change.
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