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Abstract
This study aimed to examine changes in Healthy Eating Index-2010 (HEI-2010) scores, components, and energy intake between
automated Bite Counter (Bite) and traditional diet tracking mobile app (App) groups. This was a secondary analysis of the DIET
Mobile study, a 6-month weight loss intervention. Assessments were conducted at baseline, 3 and 6 months. Twenty-four-hour dietary
recall data were collected. Overweight/obese adults (N = 81) were randomized to Bite or App groups. The intervention was delivered
through behavioral podcasts. Participants were provided customized calorie/bite goals and used their device to track intake. We
assessed changes in HEI-2010 scores from baseline to 6 months between groups. t tests, chi-square, and repeated measures
ANOVAwere performed. Models included time, group, and group×time interaction, controlling for no other covariates. There were
no significant changes in HEI-2010 scores, components, or energy intake between groups at 3 or 6 months. This study found that both
the Bite and App groups were able to reduce their energy intake and there was no difference in changes in diet quality between groups,
which provides some support for using the less intensive,more automatedmethod (Bite Counter) for long-term dietary self-monitoring.
The study had a low sample size according to power calculations. Future interventions aimed at improving diet quality through
mHealth technology should investigate the potential to develop a new app or modify an existing app that would allow for dietary
self-monitoring that provides specific feedback on how users’ diets align with diet quality components in the HEI to improve overall
diet quality.
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Introduction

Obesity is one of the most burdensome and costly chronic
health conditions worldwide, affecting over one-third (36.5%)
of US adults (Lehnert et al. 2013; Ogden et al. 2015).
Burgeoning evidence supports the use of mobile health
(mHealth) technology as innovative and effective strategies
for promoting weight loss through self-monitoring
(Hutchesson et al. 2015) by providing customized and detailed
feedback on eating behavior, including caloric, macronutrient,
and micronutrient information (Hingle and Patrick 2016).

More frequent feedback on dietary intake is associated with
higher self-monitoring adherence and greater weight loss (Turk
et al. 2013). mHealth technology has the capacity to facilitate
changes in dietary intake, such as increasing the intake of fruits,
vegetables, and whole grains, and decreasing added salt and
sugar, which can result in significant public health improve-
ments (Hingle and Patrick 2016). Diet quality, the overall pat-
tern of eating, captures the synergistic effect of foods as they are
consumed as complex meals (Messina et al. 2001).
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Much of the current mHealth technology depends on self-
reported data input into mobile apps (G. M. Turner-McGrievy
et al. 2013); however, emerging technology is incorporating
wearable technology to capture real-time data (Dong et al.
2012; Sun et al. 2014). The Bite Counter, a wearable bite-
counting device provides a more automated approach to dietary
self-monitoring compared to traditional diet apps (Dong et al.
2012). The Bite Counter provides an average estimation of en-
ergy intake based on the number of bites taken using a kilocalo-
ries per bite (KPB) formula that is customized to participants’
demographic characteristics. It aims to decrease the burden of
daily self-monitoring, which has the potential to increase longev-
ity of self-monitoring compared to more detailed and intensive
methods (e.g., diet tracking apps). While these newer technolo-
gies aim to be more objective in capturing real-time data than
current methods, they are unable to provide the high level of
dietary feedback that traditional mobile diet apps provide (i.e.,
specific energy, macronutrient, and micronutrient intake)
(Boushey et al. 2016).

Given that wearable diet tracking methods may be less bur-
densome, there is a need to see how these methods compare to a
standard diet app. The goal of the present study was to examine
differences in dietary intake and diet quality between individuals
randomized to track their diet using a Bite Counter (Bite) or a
diet-tracking mobile app (App) as part of a remotely-delivered 6-
month behavioral weight loss intervention. The primary hypoth-
eses were: (1) the Bite group would have a greater reduction in
energy intake (total kcals) and (2) the App group would have
greater improvements in diet quality (via the Healthy Eating
Index-2010). These hypotheses were based on the idea that the
Bite group would receive immediate feedback regarding the
number of bites taken during each eating occasion, while the
app group would receive more detailed dietary feedback once
items were entered into the app.

Methods

The Dietary Intervention to Enhance Tracking with mobile de-
vices (DIET Mobile) study was a 6-month randomized weight
loss trial comparing two different mobile diet self-monitoring
methods: a traditional diet app (Calorie Counter by FatSecret)
and a wearable bite-tracking device (Bite Counter). Overweight
or obese (BMI 25–49.9 kg/m2) adults in South Carolina were
recruited through worksite listserv messages, fliers, and newspa-
per ads. Participants were eligible if they met the weight criteria,
were 18–65 years, interested in losingweight, owned anAndroid
or iPhone, had a stable medical status (e.g., no uncontrolled
thyroid conditions or diabetes), and were willing to accept ran-
dom assignment to a diet self-monitoring condition.

During orientation, participants signed an informed consent
form, completed baseline questionnaires, had their height and
weight assessed, and completed a 24-h dietary recall

(representing a weekday) using the Automated Self-
Administered 24-h dietary recall (ASA24™) (Kirkpatrick et al.
2014). Participants were contacted later to complete a second
unannounced dietary recall (representing a weekend day).
ASA24 recall data were used to calculate Food Patterns
Equivalents Database values before using the ASA24 HEI scor-
ing macro provided by the National Cancer Institute to calculate
HEI-2010 scores per individual across both days of recalls
(National Cancer Institute 2016). HEI-2010 scores measure ad-
herence to the 2010 Dietary Guidelines for Americans (Guenther
et al. 2013; U.S. Department of Agriculture andU.S. Department
of Health and Human Services 2010). The HEI-2010 is com-
prised of 12 total dietary components, including nine adequacy
components (areas where current consumption among the gen-
eral population is too low) and three moderation components
(areas where current consumption is too high) (Guenther et al.
2013). Adequacy components include: total fruit, whole fruit,
total vegetables, greens and beans, whole grains, dairy, total pro-
tein foods, seafood and plant proteins, and ratio of unsaturated to
saturated fatty acids. Moderation components include: refined
grains, sodium, and empty calories. A major benefit of the HEI
is that it uses density standards for scoring (i.e., intake per
1000 kcals), which are independent of an individual’s energy
requirement. Total HEI-2010 scores range from 0 to 100. The
average total HEI score presented as mean + SE for U.S. adults
18–64 years is 58.3 + 0.98 (United States Department of
Agriculture (USDA) n.d.). Prior to revealing group assignment,
data assessors were blinded to study conditions. The University
of South Carolina Institutional ReviewBoard approved the study
and all participants provided written informed consent.

The 6-monthweight loss intervention was delivered remotely.
Participants received behavioral weight loss information through
twice-weekly podcasts based on Social Cognitive Theory
(Bandura 2004) and the Diabetes Prevention Program
(Diabetes Prevention Program (DPP) 2002). Participants in the
App group used a traditional diet app (Calorie Counter by
FatSecret) to track all foods and beverages consumed each day.
To facilitate 1–2 lbs weight loss each week, participants received
customized calorie goals that have been successfully used in
previous weight loss interventions (1200 kcal/d for participants
weighing ≤ 90 kg, 1500 kcal/d for participants weighing 91–
112 kg, and 1800 kcal/d for participants weighing ≥ 113 kg)
(Jakicic et al. 2012). Participants in the Bite group were provided
a Bite Counter, a wearable device worn like a watch, which
utilizes microelectromechanical (MEMS) gyroscope technology
to track wrist motion, automatically detectingwhen a bite of food
is eaten (Dong et al. 2012). Users wear the device on their dom-
inant hand and turn on the device at the beginning of an eating
event to track all foods and beverages containing calories. While
eating, the device displays the bite count for the current eating
event, while allowing users to view the total bites consumed
throughout the day (Scisco et al. 2011). They were instructed
to use their non-dominant hand to drink non-caloric
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beverages, such as water or diet soda. Similar to the App group,
Bite group participants received a personalized bite/day goal
based on the same kcal/d goal for the App group. These bites/
day goals were developed from a formula that predicts an indi-
vidual’s kilocalories per bite (KPB) based on demographic char-
acteristics (i.e., gender, height, weight, and age): KPB (male) =
0.0967 height (cm) + 0.0992 weight (kg) − 0.2478 age; KPB (fe-
male) = 0.0528 height (cm) + 0.0640 weight (kg)− 0.0534 age.
This formula has been validated in previous studies and de-
scribed in detail elsewhere (Salley 2013; Scisco et al. 2014;
Shen et al. 2016). Participants used their respectivemHealth tools
(either App or Bite Counter) to track dietary intake throughout
the study period. Additional details on intervention activities
have been published elsewhere (Turner-McGrievy et al. 2017).

Statistical Analysis

To examine differences in baseline demographic characteris-
tics between groups, independent sample t tests were used
for continuous variables and χ2 tests of independence were
used for categorical data. Repeated measures ANOVA
models were used to assess changes in HEI scores, HEI
components that comprise the total HEI-2010 score, and
energy intake (kcals) using PROC MIXED in SAS (SAS
version 9.4, SAS Institute Inc., Cary, North Carolina,
2013). Total HEI scores, HEI components, and energy in-
take had a model with a three-level time variable (i.e., base-
line, 3, and 6 months), and its interaction with group, con-
trolling for no other covariates. Changes in total HEI-2010
score, HEI components, and energy intake between groups
were assessed with baseline-to-three-month and baseline-to-
six-month effects from the single point in time model. The
statistical models use full information maximum likelihood
estimation with robust standard errors to utilize all available
data when attrition is present.

Results

Data were collected between 2015 and 2016. The full
CONSORT diagram has been described elsewhere (Turner-
McGrievy et al. 2017). Briefly, a total of 306 people complet-
ed the online screening questionnaire and 164 were excluded
mainly due to being unable to reach, having diabetes treated
with oral medications or insulin, or having lost more than
10 lbs in the past 6 months. One-hundred and forty-two people
were invited to orientation and 81 completed all baseline mea-
sures and were randomized to either the Bite group (n = 39) or
App group (n = 42). Attrition was 16% at the 3-month assess-
ment and 25% at the 6-month assessment. Baseline demo-
graphics are presented in Table 1. There were no differences
between groups for any of the baseline characteristics. There
were no differences in age, basel ine body mass

index (BMI), sex, or race between those who completed all
study activities and those who did not participate in the 6-
month assessment (p’s all > 0.05).

Results are presented as means + SE. At baseline, average
total HEI scores for both App and Bite groups fell below the
average HEI score for US adults (United States Department of
Agriculture (USDA), n.d.). Main outcomes of changes in total
HEI scores and HEI components are presented by randomiza-
tion group in Table 2. Compared to baseline, there were no
significant changes in HEI-2010 scores, components, or ener-
gy intake between groups at 3 or 6 months.

Exploratory within-subjects investigations were conducted
for changes in HEI-2010 scores, components, and energy in-
take within each group at 3 and 6 months. All changes at 3 and
6 months are in comparison to values at baseline. As shown in
Table 2 (superscripts a–c), both Bite and App groups had
significant reductions in energy intake at 3 and 6 months.
The App group’s HEI score increased at both 3 and 6 months.
The App group increased their intake of total vegetables, total
fruits, and whole grains, and decreased their intake of seafood
and plant proteins at 3 months. Lastly, the App group in-
creased their consumption of empty calories at 3 and 6months,
while the Bite group increased their consumption of empty
calories at 6 months only.

Discussion

The current study found no significant difference in changes
in HEI-2010 scores, components, or energy intake between
Bite and App groups at 3 or 6 months, compared to baseline.
Within each group, both Bite and App groups had significant-
ly lower energy intake, yet higher consumption of empty cal-
ories at 6 months. Additionally, the App group increased their
overall diet quality at 6 months. Overall, there were no differ-
ences in changes in diet quality between Bite and App groups
from baseline to 6 months.

Our study results differ from previous research that ex-
amined dietary self-monitoring and diet quality; however,
previous research has not examined changes in diet quality
after using a wearable diet tracking device. For example,
Carpenter and colleagues (2004) conducted a randomized
controlled trial (N = 98) and found that individuals who kept
weekly food logs and attended weekly group meetings sig-
nificantly improved their overall diet quality score and spe-
cific diet components (i.e., fruit, total fat, cholesterol, and
sodium) compared with a group receiving informational
mailings and a usual care control group. While food logs
were associated with improved diet quality, there is
conflicting evidence around whether mHealth technology
is related to improved diet quality. In terms of diet quality
components, Acharya and colleagues (2011) found that par-
ticipants who used a personal digital assistant for dietary
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self-monitoring increased their intake of fruit, vegetables,
and whole grains and decreased their intake of refined
grains when compared to participants who used paper. In
regard to overall diet quality, in an 8-week feasibility study
comparing three dietary self-monitoring methods, there
were no significant differences in changes in diet quality
between participants using a mobile app, the memo function
on mobile phones, and paper logs (Wharton et al. 2014).
Similarly, there were no significant differences for changes
in specific HEI categories (i.e., whole grains, total fruit,
saturated fat, and sodium) (Wharton et al. 2014).

Using mHealth technology to improve nutrition is a grow-
ing area of research; however, the majority of research using
mobile technology for dietary self-monitoring has focused on
mobile apps, which requires users to either search for foods/
beverages in a database, use a barcode scanner, or take a
picture of the item (Thomas and Bond 2014). Daily self-
monitoring can be burdensome (Burke et al. 2011), causing
people to decrease monitoring over time (Burke et al. 2009).
Emerging mHealth research is evaluating the use of more
automated devices for dietary self-monitoring (Hermans
et al. 2017). Our study results indicate that there were no
significant differences in the reduction of energy intake

between using the Bite Counter, which requires very little
effort to track foods, compared to using an app. This automat-
ed approach may help decrease the burden associated with
frequent self-monitoring.

The present study has multiple strengths, primarily the use
of the Bite Counter as a novel strategy for assessing dietary
intake in real-time in the original weight loss trial. The use of
the HEI goes beyond a focus on energy intake to include a
comprehensive assessment of dietary intake as it pertains to
Dietary Guidelines for Americans, which has implications for
obesity and other chronic diseases. For each 10-unit increase
in total HEI score, there is an 8% lower risk of abdominal
obesity in women, and a 15% lower risk in men (Tande
et al. 2010). Standardized assessment of diet quality, such as
the HEI, allows for equal comparisons across studies.

Limitations

The study’s findings should be interpreted in the context of a
few limitations. It is possible that participants underreported
their energy intake in the 24-h recalls (Ma et al. 2009).
Previous research has suggested that mobile apps for dietary
self-monitoring that provide feedback that is focused on

Table 1 Demographics of DIET
Mobile participants in a mobile
weight loss intervention
comparing two diet-tracking de-
vices (N = 81)

App group (n = 42) Bite group (n = 39) p value for difference
among groups

Mean age (± SD) 48.6 ± 11.7 47.5 ± 12.3 0.68

Gender 0.88

Female 35 (83.3%) 32 (82.1%)

Male 7 (16.7%) 7 (17.9%)

Race 0.90

Black 6 (14.3%) 7 (17.9%)

White 35 (83.3%) 31 (79.5%)

Other 1 (2.4%) 1 (2.6%)

Education 0.50

High school or some college 5 (11.9%) 7 (18%)

College graduate 18 (42.9%) 19 (48.7%)

Advanced degree 19 (45.2%) 13 (33.3%)

Occupation 0.20

No current employment 2 (4.8%) 1 (2.6%)

Service occupation 5 (11.9%) 4 (10.3%)

Technical, sales, administrative 4 (9.5%) 9 (23.1%)

Executive, managerial 2 (4.8%) 3 (7.7%)

Professional specialty 17 (40.5%) 7 (17.9%)

Retired 4 (9.5%) 2 (5.1%)

Other 8 (19%) 13 (33.3%)

Marital status 0.16

Married 29 (69%) 21 (53.8%)

Other 13 (31%) 18 (46.2%)

Mean BMI (kg/m2) (± SD) 33.4 ± 4.8 33.4 ± 5.7 0.97
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Table 2 Changes in DIET Mobile participants’ diet quality total and component scores at three- and six-months by group assignment, compared to
baseline (N = 81)

App group (n = 42)
mean (SE)

Bite group (n = 39)
mean (SE)

p value for difference
between groupsa

Baseline energy intake (kcals/day) 2213.0 (106.8) 2289.2 (110.8) 0.62

Change in energy intake (kcals/day)

3 months vs. baseline − 807.2 (119.3)a − 498.0 (128.1)a 0.08

6 months vs. baseline − 641.5 (127.9)a − 507.6 (135.2)a 0.47

Baseline diet quality (HEI score) 56.2 (2.1) 55.1 (2.2) 0.73

Change in HEI score

3 months vs. baseline 6.1 (2.6)c 2.7 (2.7) 0.36

6 months vs. baseline 5.9 (2.7)c 3.9 (2.9) 0.62

Baseline total vegetables (cups) 3.5 (0.2) 3.7 (0.2) 0.47

Change in total vegetables (cups)

3 months vs. baseline 0.7 (0.3)b 0.2 (0.3) 0.20

6 months vs. baseline 0.5 (0.3) 0.5 (0.3) 0.99

Baseline greens and beans (cups) 3.1 (0.3) 2.7 (0.4) 0.47

Change in greens and beans (cups)

3 months vs. baseline 0.3 (0.5) 0.004 (0.5) 0.66

6 months vs. baseline 0.05 (0.5) − 0.1 (0.5) 0.88

Baseline total fruit (cups) 2.6 (0.3) 2.1 (0.3) 0.22

Change in total fruit (cups)

3 months vs. baseline 0.8 (0.4)c 0.3 (0.4) 0.38

6 months vs. baseline 0.7 (0.4) 0.2 (0.4) 0.35

Baseline whole fruit (cups) 3.4 (0.3) 3.1 (0.3) 0.50

Change in whole fruit (cups)

3 months vs. baseline 0.04 (0.4) 0.0 (0.4) 0.85

6 months vs. baseline 0.1 (0.4) − 0.3 (0.4) 0.48

Baseline whole grain (oz.) 2.5 (0.5) 2.5 (0.5) 0.91

Change in whole grain (oz.)

3 months vs. baseline 1.7 (0.6)b 1.0 (0.7) 0.41

6 months vs. baseline 0.4 (0.7) 0.2 (0.7) 0.88

Baseline total dairy (cups) 5.6 (0.5) 5.3 (0.5) 0.55

Change in total dairy (cups)

3 months vs. baseline − 1.0 (0.6) 0.6 (0.6) 0.07

6 months vs. baseline − 0.6 (0.6) − 0.1 (0.7) 0.62

Baseline total protein (oz.) 4.6 (0.1) 4.7 (0.1) 0.50

Change in total protein (oz.)

3 months vs. baseline − 0.1 (0.2) − 0.1 (0.2) 0.99

6 months vs. baseline 0.1 (0.2) 0.02 (0.2) 0.65

Baseline seafood and plant protein (oz.) 3.2 (0.3) 3.5 (0.3) 0.48

Change in seafood and plant protein (oz.)

3 months vs. baseline − 1.0 (0.4)c − 0.6 (0.5) 0.52

6 months vs. baseline 0.002 (0.5) − 0.5 (0.5) 0.44

Baseline fatty acid ratio (g) 5.0 (0.5) 5.0 (0.6) 0.97

Change in fatty acid ratio (g)

3 months vs. baseline 1.4 (0.8) 0.04 (0.8) 0.20

6 months vs. baseline 1.4 (0.8) 1.0 (0.9) 0.90

Baseline sodium (mg) 3.0 (0.5) 2.7 (0.5) 0.62

Change in sodium (mg)

3 months vs. baseline − 0.7 (0.6) − 0.5 (0.6) 0.74
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caloric intake, and not described in relation to diet quality do
not provide users with enough information needed to improve
the healthfulness of their diet while managing their weight
(Wharton et al. 2014). Since the DIET Mobile study was fo-
cused on weight loss through dietary self-monitoring and re-
ducing energy intake, the intervention might need an addition-
al component focused on improving and tracking diet quality
in relation to the diet components in the HEI to facilitate last-
ing changes in diet quality. Furthermore, the study had a low
sample size according to power calculations.

Implications for Research and Practice

Optimal diet quality has been associated with decreased risk
for chronic disease (Appel et al. 1997; Hu et al. 2000) and
mortality (Kant et al. 2000). In order to prevent chronic dis-
ease, the Dietary Guidelines for Americans recommends in-
creasing fruits, vegetables, and lean protein, and decreasing
sodium and saturated fat (U.S. Department of Agriculture
and U.S. Department of Health and Human Services 2010).
Mobile technology holds promise in being able to improve
dietary intake, which could result in significant public health
improvements (Hingle and Patrick 2016). This study found
that both the Bite and App groups were able to reduce their
energy intake and there was no difference in changes in diet
quality between groups. This provides some support for using
the less intensive, more automated method (Bite Counter) for
long-term dietary self-monitoring. Future interventions aimed
at improving diet quality through mHealth technology should
investigate the potential to develop a new app or modify an
existing app that would allow for dietary self-monitoring that
provides specific feedback on how users’ diets align with
HEI components. This could help transition the field of mobile

dietary self-monitoring research from focusing on restricting
energy intake for weight loss to increasing healthful diet qual-
ity components (i.e., fruits, vegetables, whole grains, and low-
fat dairy) and decreasing unhealthy diet quality components
(i.e., Bempty calories^ and saturated fat) that would improve
overall diet quality. Health practitioners could suggest the use
of technology-based self-monitoring tools to assist clients with
regular self-monitoring in conjunction with nutrition educa-
tion. Future mHealth obesity interventions should also exam-
ine factors related to engagement with technology-based self-
monitoring tools to better understand how they can be effec-
tively used to improve overall diet quality.
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Table 2 (continued)

App group (n = 42)
mean (SE)

Bite group (n = 39)
mean (SE)

p value for difference
between groupsa

6 months vs. baseline − 0.7 (0.6) 0.02 (0.7) 0.47

Baseline refined grains (oz.) 7.6 (0.5) 6.9 (0.5) 0.31

Change in refined grains (oz.)

3 months vs. baseline 0.6 (0.6) − 0.1 (0.7) 0.45

6 months vs. baseline − 0.3 (0.7) 0.3 (0.7) 0.56

Baseline calories from empty calories
(% of energy intake)

11.9 (0.8) 12.9 (0.8) 0.39

Change in calories from empty calories
(% of energy intake)

3 months vs. baseline 3.5 (1.0)a 2.1 (1.1) 0.34

6 months vs. baseline 4.3 (1.0)a 3.0 (1.1)b 0.39

a p < 0.001 for within-group changes for App or Bite group participants; repeated measures ANOVA
b p < 0.01 for within-group changes for App or Bite group participants; repeated measures ANOVA
c p < 0.05 for within-group changes for App or Bite group participants; repeated measures ANOVA
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Informed Consent Written informed consent was obtained from all in-
dividual participants included in the study.
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