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Introduction: This study tested the hypothesis that providing personalized nutritional advice and
feedback more frequently would promote larger, more appropriate, and sustained changes in die-
tary behavior as well as greater reduction in adiposity.

Study design: A 6-month RCT (Food4Me) was conducted in seven European countries between
2012 and 2013.

Setting/participants: A total of 1,125 participants were randomized to Lower- (n=562) or
Higher- (n=563) Frequency Feedback groups.

Intervention: Participants in the Lower-Frequency group received personalized nutritional advice
at baseline and at Months 3 and 6 of the intervention, whereas the Higher-Frequency group
received personalized nutritional advice at baseline and at Months 1, 2, 3 and 6.

Main outcome measures: The primary outcomes were change in dietary intake (at food and
nutrient levels) and obesity-related traits (body weight, BMI, and waist circumference). Participants
completed an online Food Frequency Questionnaire to estimate usual dietary intake at baseline and
at Months 3 and 6 of the intervention. Overall diet quality was evaluated using the 2010 Healthy
Eating Index. Obesity-related traits were self-measured and reported by participants via the Inter-
net. Statistical analyses were performed during the first quarter of 2018.
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Results: At 3 months, participants in the Lower- and Higher-Frequency Feedback groups showed
improvements in Healthy Eating Index score; this improvement was larger in the Higher-Fre-
quency group than the Lower-Frequency group (D=1.84 points, 95% CI=0.79, 2.89, p=0.0001). Sim-
ilarly, there were greater improvements for the Higher- versus Lower-Frequency group for body
weight (D= �0.73 kg, 95% CI= �1.07, �0.38, p<0.0001), BMI (D= �0.24 kg/m2, 95% CI= �0.36,
�0.13, p<0.0001), and waist circumference (D= �1.20 cm, 95% CI= �2.36, �0.04, p=0.039). How-
ever, only body weight and BMI remained significant at 6 months.

Conclusions: At 3 months, higher-frequency feedback produced larger improvements in overall
diet quality as well as in body weight and waist circumference than lower-frequency feedback. How-
ever, only body weight and BMI remained significant at 6 months.

Trial registration: This study is registered at www.clinicaltrials.gov NCT01530139.
Am J Prev Med 2019;57(2):209−219. © 2019 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
INTRODUCTION
P oor diet and lack of physical activity are major
risk factors for noncommunicable diseases,
including type 2 diabetes, cardiovascular dis-

eases, and many cancers.1,2 Up to 80% of these diseases
could be prevented by eliminating shared risk factors,
including unhealthy diet, physical inactivity, and excess
alcohol consumption.3 This emphasizes the importance
of changing lifestyle to improve public health.
Most population strategies to reduce the burden of non-

communicable diseases have used “one-size-fits-all” public
health recommendations such as “eat at least five portions of
fruit and vegetables daily.”4 However, the prevalence of obe-
sity and the global burden of noncommunicable diseases
continue to rise, underlining the need for more effective
intervention strategies.5 Personalized dietary interventions,
designed according to key characteristics of the individual
participants,5,6 have been shown to be effective in improving
lifestyle-related behaviors.7−10 Recent evidence from the
Food4Me Study, a European RCT, suggests that the Internet
is a feasible and acceptable platform for delivering effective
and large-scale lifestyle-based interventions.7 However, the
intervention designs that are associated with larger and
more sustainable behavioral changes are unknown. As pro-
viding feedback is a behavior change technique associated
with increased efficacy of dietary interventions,11 within the
Food4Me Study, the authors investigated whether higher-
frequency feedback led to larger and more appropriate
changes in health-related behaviors (diet and adiposity) than
lower-frequency feedback and whether any advantage was
sustained in the medium term.

METHODS

Study Population
The Food4Me “Proof of Principle” study was a 6-month RCT,
conducted across seven European countries to compare the effects
of three levels of personalized nutrition (PN) advice with standard
population dietary recommendations (control group) on health-
related outcomes. Participants were randomized to one of four
intervention arms (Level 0 [L0]: control group; L1, L2, and L3: PN
groups). Full details of the study protocol have been summarized
in the Appendix, available online, and elsewhere.6 The current
study aimed to determine whether the provision of more frequent
feedback and advice was more efficacious in assisting and moti-
vating study participants to make, and to sustain, appropriate
health-promoting behavior changes, than less frequent feedback.
To answer this question, those participants randomized to L1, L2,
and L3 only were further randomized into Lower- and Higher-
Frequency Feedback groups (more details on the personalized
feedback provided for L1, L2, and L3 participants are provided in
the Appendix, available online). For that reason, participants ran-
domized to the L0 control group were not included in this analy-
sis. The following feedback was provided to Lower- and Higher-
Frequency Feedback groups:

1. Lower-Frequency Feedback: personalized dietary advice based
on individual dietary intake (at food and nutrient levels), phe-
notypic data, genotypic data, or all of these. Personalized feed-
back and advice were delivered at baseline, 3 months, and 6
months.

2. Higher-Frequency Feedback: personalized dietary advice based
on individual dietary intake (at food and nutrient levels), phe-
notypic data, genotypic data, or all of these. Personalized feed-
back and advice were delivered at baseline and at 1, 2, 3, and 6
months.

The primary outcomes were change in dietary intake of food
items or target nutrients and obesity-related traits (body weight,
BMI, and waist circumference [WC]) between Higher- and
Lower-Frequency Feedback groups, at Months 3 and 6.

Participants were recruited in seven European countries (Ire-
land, The Netherlands, Spain, Greece, United Kingdom, Poland,
and Germany). Participants were screened online between August
2012 and August 2013 as described elsewhere.6 The authors aimed
to recruit a total of 1,540 study participants aged ≥18 years.6 Par-
ticipants were randomized using an automated server designed
for the study according to an urn randomization scheme stratified
by country, sex, and age (<45 or ≥45 years).12
www.ajpmonline.org
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Participants aged ≥18 years were included in the study with no
restrictions on BMI levels. The following minimal sets of exclusion
criteria were applied: (1) pregnant or lactating; (2) no or limited
access to the Internet; (3) following a prescribed diet for any reason,
including weight loss, in the last 3 months; and (4) diabetes, celiac
disease, Crohn disease, or any metabolic disease or condition alter-
ing nutritional requirements, food allergies, or intolerances.

The Research Ethics Committees at each University or Research
Center delivering the intervention granted approval for the study.
Before participation, potential volunteers completed an informed
consent form online before submitting personal data.

Participants randomized to PN groups (L1, L2, and L3) received
personalized feedback and advice that was derived manually using
decision trees, developed specifically for the Food4Me Study
(Appendix Tables 1 and 2, available online).13 For individuals ran-
domized to the Lower-Frequency Feedback group, dietary intake (at
food and nutrient levels), physical activity, and anthropometric
measures were assessed and feedback provided within 1 week at
baseline, Month 3, and Month 6 only, whereas measurements in
those randomized to the Higher-Frequency Feedback group were
performed and feedback provided within 1 week additionally at
Months 1 and 2 (Appendix 1, available online). For body weight,
BMI, and WC, participants were provided PN advice to reduce these
phenotypic markers for both groups if their BMI was ≥25.0 kg/m2

or WC was >88 cm and >102 cm for women and men, respectively.
Dietary intakes were assessed using a validated online Food Fre-
quency Questionnaire13−16 and intakes of food groups and nutrients
categorized as too high or too low were identified and ranked
(Appendix Figure 1, available online). Contributing foods were iden-
tified and specific messages were developed, according to standard-
ized algorithms, to advise change in intake of those foods and
targeted nutrients.13−16 To maximize potential for translation into
improved dietary behavior, this advice was operationalized as three
individual food-based dietary goals. For participants randomized to
L2 and L3, the feedback also included, and referred to, phenotypic
measures (including blood glucose, cholesterol, carotenoids, fatty
acids, and obesity-related markers [L2]) and phenotypic plus geno-
typic data (L3). Details of these feedback reports are described in the
Appendix Table 2 and Appendix Figures 1 and 2, available online,
and elsewhere.6
Measures
Participants consented to self-report their measures via the Inter-
net and to send biological samples (buccal swabs for DNA extrac-
tion and dried blood spots) by post (details are provided in
Appendix 1, available online). A summary of all measurements
made at each time point is provided in Appendix Table 1, avail-
able online.

Participants provided sociodemographic (age, sex, and ethnic-
ity), smoking behavior, medically diagnosed diseases, and anthro-
pometric data online at screening, and detailed information on
dietary intake and food preferences.6 Occupations were grouped
according to the European classifications (professional and mana-
gerial, intermediate, routine and manual, service and sales work-
ers, elementary occupations, students, and retired).17

Body weight, height, andWCwere self-measured and self-reported
by participants via the Internet. Participants were instructed to mea-
sure body weight after an overnight fast, without shoes and wearing
light clothing using a home or commercial scale, and to measure
August 2019
height, barefoot, using a standardized measuring tape provided by the
researchers. WC was measured at the midpoint between the lower rib
and the iliac crest using the provided tape. Central obesity was defined
as WC >88 cm for women and >102 cm for men. BMI (kg/m2) was
calculated from body weight and height. Adiposity status was defined
using WHO criteria for BMI (underweight, <18.5 kg/m2; normal
weight, ≥18.5 kg/m2 to ≤24.9 kg/m2; overweight, ≥25.0 kg/m2 to
≤29.9 kg/m2; obese, ≥30.0 kg/m2). At least 5% and 10% body weight
reduction at Months 3 and 6 was used as a clinically meaningful
degree of weight loss, as reported previously.9,18 Self-reported meas-
urements were validated in a subsample of the participants (n=140)
across seven European countries and showed a high degree of reliabil-
ity (Appendix 1, available online).

Participants completed an online Food Frequency Question-
naire to estimate usual dietary intake at baseline and at Months 3
and 6 of the intervention. This Food Frequency Questionnaire,
which was developed and validated for the Food4Me Study,13−16

included 157 food items consumed frequently in each of the seven
recruitment countries.13−16 Overall diet quality was evaluated
using the 2010 Healthy Eating Index (HEI-2010).19 Further details
on dietary intake measures are provided in Appendix Table 3,
available online.

Physical activity levels (i.e., total energy expenditure/calculated
basal metabolic rate) and time spent in sedentary behaviors
(minutes/day) were measured objectively using triaxial accelerom-
eters (TracmorD, Philips Consumer Lifestyle, Amsterdam, The
Netherlands). Physically active individuals were defined as those
achieving ≥150 minutes of moderate-equivalent physical activity
per week.20 Further details on physical activity measures are
described in detail in Appendix 1, available online.
Statistical Analysis
To answer the research question of whether a higher frequency of
feedback is more effective in assisting and motivating study partici-
pants to make, and to sustain, appropriate health-promoting changes
than a lower frequency of feedback, intervention effects on overall
diet quality and targeted personalized nutrients were assessed. Partic-
ipants randomized to L1−3 only were included in this analysis
because only they were randomized by feedback frequency.

Twenty multiple imputations were performed following cur-
rent guidelines for epidemiologic and clinical research21 by fully
conditional specification methods,22 which are powerful and sta-
tistically valid methods for creating imputations in large data sets
that include both categorical and continuous variables. It specifies
the multivariate imputation model on a variable-by-variable basis
and offers a principled yet flexible method of addressing missing
data, which is particularly useful for large data sets with complex
data structures (level of missing data is summarized in Appendix
Table 4, available online).

Results from descriptive analyses are presented as means and
SDs or 95% CIs for continuous variables or as percentages for cat-
egorical variables. To answer the primary research question, the
authors used a linear mixed model with fixed effects and random
intercept for participants with time point fitted into the model as
a linear term (baseline, Month 3, and Month 6), and baseline age,
sex, occupation, country, and intervention arm as covariates
(models for body weight, BMI, and WC were additionally adjusted
for total physical activity levels). Contrast analyses were used to
determine changes in outcomes (diet quality, target nutrients,
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body weight, BMI, and WC) from baseline to Month 3 and from
baseline to Month 6 by feedback frequency group (Lower and
Higher). These results were reported as D (Month 3 − Month 0)
and 95% CIs. Similar estimations were performed for change at
Month 6. The differences between D for Lower- and Higher-Fre-
quency Feedback groups at Month 3 and at Month 6 were tested
using a linear mixed model and reported as D (Higher − Lower)
and 95% CIs. The effect size for the D between feedback groups at
Months 3 and 6 were estimated as the ratio of the observed D to
the baseline SD of each measure. This gives a value similar to a
Cohen’s d; therefore, effects sizes <0.2 would be considered small.
These analyses were performed under two main scenarios. Sce-
nario 1 included all participants randomized to the Lower- or
Higher-Frequency Feedback groups with the overall HEI-2010
score as the outcome measure. Scenario 2 was conducted using a
restricted sample, which included only those participants who
were advised to reduce, or increase, the intake of specific nutrients
(salt, saturated fat, dietary fiber, folate, polyunsaturated fat, and
total energy intake) or received advice to change obesity-related
traits (body weight, BMI, and WC).

Binomial regression with a log link to directly estimate RRRs
were performed to investigate whether participants allocated to the
Higher-Frequency Feedback group were more likely to achieve ≥5%
and ≥10% weight loss than those allocated to the Lower-Frequency
group, and findings are reported as RRR and 95% CIs. Similarly, to
investigate differences in drop out from the study at Months 3 and 6
between frequency groups, binomial regression analyses were per-
formed and RRRs were estimated (Lower-Frequency Feedback
group was used as the ref) (Appendix Table 5, available online).

All statistical analyses were performed using Stata, version 14
during the first quarter of 2019, and significance was set at p<0.05.

RESULTS

A total of 5,562 participants were screened online
between August 2012 and August 2013; the characteris-
tics of these individuals have been reported elsewhere.23

The first 1,607 volunteers meeting the inclusion criteria
were recruited to the RCT (Figure 1); however, for this
study, only those randomized to Lower-Frequency
(n=562) and Higher-Frequency (n=558) Feedback
groups were included in this analysis. Of these, 498 and
460 participants completed the study for the Lower- and
Higher-Frequency groups, respectively (i.e., 85.2% of all
participants) (Figure 1). However, the analysis revealed
that, compared with individuals in the Lower-Frequency
group, those in the Higher-Frequency group were more
likely to have dropped out of the study by Months 3 and
6 (RRR=1.78, 95% CI=1.21, 2.62, p=0.003 and
RRR=1.58, 95% CI=1.16, 2.16, p=0.004, respectively)
independent of age, intervention arm, sex, country,
occupation, and BMI (Appendix Table 6, available
online). Baseline characteristics of the participants by
feedback frequency are shown in Appendix Table 5,
available online. No major differences in dietary intakes
at baseline were observed between frequency groups
(Table 1 and Appendix Table 7, available online).
Participants in the Food4Me Study who were ran-
domized to PN improved their overall diet quality over
the 3-month intervention period (Table 1 and Figure 2).
However, the improvement was significantly greater in
the Higher-Frequency group than in the Lower-Fre-
quency group (D=1.84 points, 95% CI=0.79, 2.89,
p<0.0001). The analysis by HEI-2010 subcomponent
showed that, at Month 3, both groups achieved improve-
ments in all HEI-2010 subcomponents except for dairy,
seafood, plant proteins, and empty calories for both Fre-
quency groups (Appendix Table 7, available online).
However, compared with the Lower-Frequency group,
participants in the Higher-Frequency group achieved
significantly larger health-promoting changes in fatty
acid ratio (D=0.07, 95% CI=0.03, 0.11, p=0.001), refined
grains (D=�6.96, 95% CI=�13.6, �0.29, p=0.041), and
salt intake (D=�0.08, 95% CI=�0.14, �0.01, p=0.019)
(Appendix Table 7, available online). There were no dif-
ferences between frequency groups for fruit, vegetables,
greens and beans, whole grains, dairy, total protein,
refined grains, and empty calories (Appendix Table 7,
available online).
At Month 6, there were improvements in the overall

HEI-2010 score and for HEI-2010 subcomponents,
except for dairy, seafood, plant proteins, and empty calo-
ries, in both Lower- and Higher-Frequency groups com-
pared with baseline. However, the magnitudes of these
changes between frequency groups were no longer sig-
nificant (Appendix Table 7, available online).
To determine effects on feedback frequency on spe-

cific nutrients targeted by the PN intervention, the
authors assessed changes in the five most common tar-
gets for personalized advice (salt, saturated fat, dietary
fiber, folate, and polyunsaturated fats). In addition,
changes in total energy intake, body weight, BMI, and
WC were assessed for those participants who were
advised to reduce these variables.
At Month 3, there were improvements from baseline

for all target outcomes in both the Lower- and Higher-
Frequency groups, except folate, which was not
improved at 3 months in the Lower-Frequency group
(Table 1). The magnitude of these changes was signifi-
cantly greater for participants in the Higher-Frequency
group than for those in the Lower-Frequency group for
salt and saturated fat intake as well as body weight, BMI,
and WC (Table 1). At Month 6, all target outcomes
showed improvements compared with baseline for both
Lower- and Higher-Frequency groups except for dietary
fiber in the Higher-Frequency group. Differences
between frequency groups were no longer significant
except for body weight and BMI (Table 1 and Figure 3).
Figure 2 shows the percentage of participants who

achieved at least 5% or 10% weight loss at Months 3 and
www.ajpmonline.org
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Table 1. Changes in Dietary Intake Anthropometric Characteristics at Month 3 and Month 6 Between Frequency Feedback Groups

Measure/month
Lower-Frequency Feedback

group (95% CI)
Higher-Frequency Feedback

group (95% CI)
D (Higher − Lower)a

value (95% CI) D p-value Effect size

HEI score

M0 (mean)b 49.6 (48.8, 50.04) 48.6 (47.8, 49.4) �1.11 (�2.26, 0.03) 0.058

M3 (D [M3 −M0])c 2.60 (1.94, 3.25)** 4.44 (3.61, 5.27)** 1.84 (0.79, 2.89) <0.0001 0.19

M6 (D [M6 −M0])c 3.38 (2.70, 4.07)** 4.03 (3.20, 4.87)** 0.65 (�0.43, 1.71) 0.240 0.07

Salt (g/day1)

M0 (mean)b 7.43 (7.13, 7.73) 7.36 (7.07, 7.66) �0.07 (�0.48, 0.35) 0.752

M3 (D [M3 −M0])c −1.12 (�1.40, �0.84)** −1.59 (�1.89, �1.29)** �0.47 (�0.87, �0.05) 0.026 0.17

M6 (D [M6 −M0])c −1.29 (�1.56, �1.02)** −1.29 (�1.56, �1.01)** 0.003 (�0.38, 0.39) 0.984 0.01

Saturated fat (% TE)

M0 (mean)b 14.1 (13.8, 14.4) 14.1 (13.9, 14.4) �0.01 (�0.37, 0.35) 0.956

M3 (D [M3 −M0])c −0.84 (�1.08, �0.61)** −1.25 (�1.51, �0.98)** �0.40 (�0.75, �0.048) 0.026 0.14

M6 (D [M6 −M0])c −1.12 (�1.37, �0.87)** −1.18 (�1.45, �0.91)** �0.06 (�0.42, 0.31) 0.760 0.02

Dietary fiber (g/day1)

M0 (mean)b 30.1 (28.9, 30.5) 29.1 (27.9, 30.4) �0.96 (�2.62, 0.71) 0.261

M3 (D [M3 −M0])c −1.34 (�2.39, �0.29)* −1.92 (�3.12, �0.72)** �0.59 (�2.17, 0.98) 0.460 0.04

M6 (D [M6 −M0])c −1.19 (�2.24, �0.13)* �0.90 (�2.07, 0.27) 0.29 (�1.30, 1.83) 0.739 0.02

Folate (mg/day1)

M0 (mean)b 429.6 (412.8, 446.4) 405.7 (388.9, 422.6) �23.8 (�47.6, �0.08) 0.049

M3 (D [M3 −M0])c �25.9 (�52.2, 0.25) −38.5 (�64.7, �12.3)** �12.9 (�50.1, 24.1) 0.493 0.05

M6 (D [M6 −M0])c −47.7 (�64.5, �31.0)** −44.3 (�60.9, �27.7)** 3.11 (�20.4, 26.7) 0.796 0.02

Polyunsaturated fat (% TE)

M0 (mean)b 5.67 (5.55, 5.78) 5.78 (5.66, 5.90) 0.12 (�0.05, 0.28) 0.166

M3 (D [M3 −M0])c 0.17 (0.06, 0.28)** 0.31 (0.18, 0.44)** 0.14 (�0.02, 0.31) 0.099 0.10

M6 (D [M6 −M0])c 0.20 (0.07, 0.33)** 0.11 (�0.03, 0.21) �0.11 (�0.29, 0.07) 0.243 0.08

Energy intake (kJ/day1)

M0 (mean)b 10,845 (10,481, 11,210) 10,693 (10,327, 11,059) �152.7 (�669.3, 363.9) 0.563

M3 (D [M3 −M0])c −1,366 (�1,699, �1,034)** −1,825 (�2,457, �1,193)** �459.6 (�956.8, 37.5) 0.070 0.14

M6 (D [M6 −M0])c −1,549 (�1,894, �1,203)** −1,538 (�1,891, �1,193)** 11.2 (�479.7, 502.1) 0.964 0.003

Body weight (kg)

M0 (mean)b 73.9 (72.7, 75.1) 75.5 (74.3, 76.7) 1.64 (�0.04, 3.28) 0.065

M3 (D [M3 −M0])c −0.38 (�0.61, �0.14)** −1.11 (�1.37, �0.84)** �0.73 (�1.07, �0.38) <0.0001 0.05

M6 (D [M6 −M0])c −0.64 (�0.93, �0.35)** −1.36 (�1.70, �1.02)** �0.71 (�1.15, �0.27) 0.002 0.05

BMI (kg/m2)

M0 (mean)b 25.1 (24.8, 25.5) 25.7 (25.3, 26.1) 0.58 (�0.03, 1.17) 0.054

M3 (D [M3 −M0])c �0.13 (�0.21, �0.05) �0.37 (�0.46, �0.28) �0.24 (�0.36, �0.13) <0.00001 0.05

(continued on next page)
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6 by frequency group. Individuals randomized to the
Higher-Frequency group were more likely to achieve
≥5% and ≥10% reduction in body weight than those in
the Lower-Frequency group at Month 3 (RRs=1.72, 95%
CI=1.24, 2.37, p=0.001 and RRs=1.81, 95% CI=1.29,
2.54, p=0.001, respectively). At Month 6, although par-
ticipants in the Higher-Frequency group were more
likely to achieve a ≥5% weight loss than those in the
Lower-Frequency group (RRs=1.54, 95% CI=1.12, 2.10,
p=0.008), no differences were found for participants
achieving a 10% weight loss between intensity groups
(RRs=1.14, 95% CI=0.54, 2.35, p=0.703).
DISCUSSION

The main finding of this study was that using either lower-
or higher-frequency feedback in an Internet-based PN
intervention was efficacious in improving health-related
behaviors, including overall diet quality. In the short term
(at 3-month follow-up), higher-frequency feedback pro-
duced significant benefits in overall diet quality, although
the effect sizes were relatively small. These included reduc-
ing salt and saturated fat intake as well as reducing body
weight, BMI, and WC in individuals who were overweight
or obese at baseline. The public health implications of
these findings are important because 10.8% of men and
14.9% of women are obese worldwide.24 Thus, implement-
ing higher-frequency feedback interventions (feedback
provided once a month) could lead to significant improve-
ment in diet and greater weight reductions than using
lower-frequency feedback (feedback provided once every 3
months). However, in this study, most of these advantages
in the Higher-Frequency Feedback group were not sus-
tained at 6 months. The exception was in the percentage
of participants achieving ≥5% weight loss, where the RR
of achieving weight loss was significantly greater for the
Higher-Frequency Feedback group at 6 months as well as
at 3 months (Figure 1). Achieving ≥5% weight loss is often
used as a cut off for clinically significant weight loss,
although smaller weight losses are also associated with
improvements in markers of cardiovascular disease
risk.9,18,25 Similarly, improving diet quality has important
implications for health. For example, reduced salt intake is
associated with a lower risk of developing hypertension, a
major risk factor for cardiovascular diseases,26 and
improving overall quality of the diet is associated with
reduced all-cause and cause-specific mortality.27,28

The definition of feedback frequency for lifestyle inter-
ventions reported in the literature varies considerably,10,29,30

incorporating frequency and total number of contacts, total
contact time, and duration of the intervention. A recent
meta-analysis of 12 randomized controlled weight loss
interventions delivered via mobile phones reported that



Figure 2. Percentage of Participants who Achieved ≥5% or
≥10% Weight Loss in the Lower- and Higher-Frequency Feed-
back Groups.
Note: Data are presented as percentage of individuals per frequency group
at Month 3 and Month 6. Binomial regressions with log link function were
performed to determine the RRR of achieving 5% or 10% weight loss by
frequency group and time point (Month 3 and Month 6). Analyses were
adjusted for age, sex, personalized nutrition intervention arm, country,
occupation, total physical activity, and baseline body weight.
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duration and interaction frequency improved efficacy of
weight loss interventions.10 Although this meta-analysis
confirms that more feedback may lead to larger behavioral
changes, the nature of the intervention (delivered via mobile
phones) and the frequency of contact (once or more per
day) differed from this study’s protocol. O’Brien et al.31

reported outcomes from a trial in which overweight/obese
Australian adults were randomized to a standard online
weight loss program or to an enhanced version of this pro-
gram that provided additional personalized feedback and
reminders. The intervention targeted self-efficacy, goal set-
ting, and self-monitoring of weight, dietary intake, and
physical activity levels. After 12 weeks, participants who
were randomized to the enhanced group (personalized feed-
back and weekly contact) had larger weight reductions than
those who were randomized to the basic intervention group
(weekly contact). By contrast, change in diet quality, mea-
sured using an Australian diet quality score, was not
significantly different between the enhanced and basic inter-
ventions.31 In this case, the nature of the additional contacts
differed between treatment groups so it is uncertain whether
more feedback/contacts per se would be equally effective.
Similarly, a meta-analysis of face-to-face trials reported that
“higher-intensity” interventions (i.e., those with more fre-
quent face-to-face contacts) were associated with larger
changes in dietary intake and that this difference was signif-
icant for total dietary fat intake and for daily servings of
fruits and vegetables.32 The findings in this study corrobo-
rate the larger difference in total fat intake, but a significant
difference between frequency groups for fruit and vegetable
intake was not observed.
Importantly, the current results show that participants

randomized to the Higher-Frequency Feedback group
resulted in slightly, but significantly, fewer participants
completing the 3-month study, 92.2% compared with
98.5% for those randomized to the Lower-Frequency
group (Appendix Table 6, available online). However,
between Month 3 and Month 6 when both Higher- and
Lower-Frequency groups had the same number of feed-
backs, the number of dropouts was the same (n=20) for
both groups. Compared with the Lower Feedback group,
the participants randomized to the Higher-Frequency
group were more likely to have dropped out of the study
by Months 3 and 6 (RRR=1.78 vs 1.58).
Although the two groups compared in this analysis

differed in frequency of feedback (five times versus three
times), all additional feedback occurred within the first 3
months of the study so that there was no difference in
feedback frequency between the groups for the second
half of the study (i.e., from 3 months to 6 months).
Although there was good evidence that the Higher-Fre-
quency Feedback group performed better at 3 months,
almost all of those advantages had disappeared by 6
months. This suggests that the benefits of higher-fre-
quency feedback do not endure when the extra feedback
events are stopped; therefore, from a longer-term per-
spective, there may be no advantage in devoting resour-
ces to provide additional feedback beyond that offered
to those in the Lower-Frequency Feedback group. In
addition, randomization to the Higher-Frequency Feed-
back group resulted in slightly fewer participants com-
pleting the 6-month study. Although the impact of the
intervention on the diet of those dropouts is not known,
it would be reasonable to assume that they will not have
benefited as much in terms of dietary change as those
who remained in the study. Therefore, these findings
question the overall benefit for public health in those
randomized to the Higher-Frequency Feedback group.
The Food4Me Study is the largest Internet-based PN

intervention study to date and provides robust evidence
for the beneficial impact of personalized Lower- and
www.ajpmonline.org



Figure 3. Changes in Overall Diet Quality, Nutrients, and Anthropometric Characteristics at Month 3 and Month 6 Between Lower-
and Higher-Frequency Feedback Groups.
Note: Data are presented as Ds with the corresponding 95% CIs. Deltas between Month 3 and baseline or Month 6 and baseline are presented for
the Lower- and Higher-Frequency Feedback groups. Analysis is restricted to participants randomized to Levels 1−3 who received personalized advice
targeting the specified dietary and anthropometric outcomes, except for HEI, which include all participants randomized to Levels 1−3. Analyses were
adjusted for baseline age, sex, personalized nutrition intervention arm, occupation, and country. Body weight, BMI, and WC were additionally adjusted
for total physical activity levels. Significant differences between baseline and Month 3 or Month 6 by feedback group are presented in Table 2.
HEI, Healthy Eating Index; TE, total energy.
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Higher-Frequency feedback on dietary intake and obe-
sity-related outcomes. An Internet-based platform to
deliver the intervention was effective in retaining partici-
pants: 85.2% completed the follow-up after 6 months of
intervention, which is high, compared with a previous
web-based survey.33

Limitations
Compared with conventional face-to-face interventions,
the Internet-based design of the present study limited
the number of collected measures. Furthermore, all data
collected during the study were self-reported or derived
from biological samples collected remotely. Thus, there
is the potential for nondifferential information bias.6
CONCLUSIONS

Both Lower- and Higher-Frequency feedback interven-
tions were efficacious in promoting health-related behav-
ior changes. Higher-frequency interventions produced
significant (but relatively small) improvements in overall
diet quality and body weight loss compared with lower-
frequency interventions at the 3-month follow-up. How-
ever, most of these advantages were not sustained at the
6-month follow-up, except for body weight and BMI,
when the frequency of delivery of PN advice and feedback
over Months 3 to 6 was identical between the two groups.
In addition, attrition was significantly higher in partici-
pants in the Higher-Frequency group in the first 3
months. These results suggest that higher-frequency feed-
back may not be advantageous in improving public health
using such Internet-delivered PN interventions.
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