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Abstract
Background: Heavy drinking is prevalent among young adults and may contribute to obesity. However, measurement tools
for assessing caloric intake from alcohol are limited and rely on self-report, which is prone to bias.
Objective: The purpose of our study was to conduct feasibility testing of the Remote Food Photography Method and the
SmartIntake app to assess alcohol use in young adults. Aims consisted of (1) quantifying the ability of SmartIntake to capture
drinking behavior, (2) assessing app usability with the Computer System Usability Questionnaire (CSUQ), (3) conducting a
qualitative interview, and (4) comparing preference, usage, and alcohol use estimates (calories, grams per drinking episode)
between SmartIntake and online diet recalls that participants completed for a parent study.
Methods: College students (N=15) who endorsed a pattern of heavy drinking were recruited from a parent study. Participants
used SmartIntake to send photographs of all alcohol and food intake over a 3-day period and then completed a follow-up interview
and the CSUQ. CSUQ items range from 1-7, with lower scores indicating greater usability. Total drinking occasions were
determined by adding the number of drinking occasions captured by SmartIntake plus the number of drinking occasions participants
reported that they missed capturing. Usage was defined by the number of days participants provided food/beverage photos through
the app, or the number of diet recalls completed.
Results: SmartIntake captured 87% (13/15) of total reported drinking occasions. Participants rated the app as highly usable in
the CSUQ (mean 2.28, SD 1.23). Most participants (14/15, 93%) preferred using SmartIntake versus recalls, and usage was
significantly higher with SmartIntake than recalls (42/45, 93% vs 35/45, 78%; P=.04). Triple the number of participants submitted
alcohol reports with SmartIntake compared to the recalls (SmartIntake 9/15, 60% vs recalls 3/15, 20%; P=.06), and 60% (9/15)
of participants reported drinking during the study.
Conclusions: SmartIntake was acceptable to college students who drank heavily and captured most drinking occasions.
Participants had higher usage of SmartIntake compared to recalls, suggesting SmartIntake may be well suited to measuring alcohol
consumption in young adults. However, 40% (6/15) did not drink during the brief testing period and, although findings are
promising, a longer trial is needed.
(JMIR Mhealth Uhealth 2018;6(9):e10460) doi: 10.2196/10460
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Introduction
Alcohol use is prevalent among young adults [1]. Most (78%)
US adults aged 18-24 report drinking alcohol and 40% report
heavy drinking (5+ drinks on one occasion) at least once in the
previous month [1]. Heavy drinking during young adulthood is
associated with a host of negative consequences, from increased
risk of accidents and injuries to the development of alcohol use
disorder symptoms [2]. In addition to these well-known
consequences, recent evidence suggests that heavy episodic
drinking during young adulthood increases the risk of excess
weight gain and the transition to obesity 5 years later [3].
Drinking may disrupt energy balance directly through ingestion
of calories in alcoholic beverages and indirectly through effects
on alcohol-related eating [4,5]. It is important to understand the
direct and indirect effects of alcohol use on energy balance and
obesity risk to develop relevant obesity prevention programs.
Researchers’ ability to delineate the direct and indirect
contributions of alcohol intake on energy balance, however, is
limited by available measurement tools. Gold standard alcohol
assessments involve asking participants to self-report the total
number of drinks they consumed each day in the past 3-6 months
[6]. While validity data indicate that this method may be
sufficient to identify number of drinks consumed [6], it does
not provide enough detail to reliably ascertain the precise
caloric, nutritional, and alcoholic content of drinks. Information
on the drink type, size in ounces, all alcoholic and nonalcoholic
drink contents, and the amount consumed would be required to
determine caloric intake from alcoholic beverages [7]. All of
the aforementioned information is collected with the multiple
pass 24-hour diet recall method [7]. The 24-hour diet recall
method involves an iterative process through which individuals
are asked to identify, for all food and beverages consumed in
the past 24 hours, the food or drink type, the portion size, all
contents of the food/beverage, and the amount they consumed
[7]. Diet recalls have been applied to estimate caloric intake
from alcohol as a component of overall energy intake in the
general population [8-11]. Using data from the National Health
and Nutrition Examination Survey (NHANES), researchers
found that alcohol intake estimates were similar between the
NHANES Alcohol Use Questionnaire, a standardized
questionnaire that assesses typical quantity and frequency of
alcohol use, as compared to alcohol intake estimated using diet
recall data [12]. In addition, evidence suggested that 24-hour
diet recalls performed similarly in measuring low to moderate
levels of typical alcohol intake when compared to a 7-day
retrospective recall of alcohol use, and 7-day prospectively
recorded alcohol use with a food diary [13].
Despite their utility, assessments that rely on self-report are
vulnerable to reporting biases due to memory inaccuracies from
retrospective recall, social desirability, and inaccuracies in
portion size estimates [14-16]. For example, researchers recently
found that NHANES participants underestimated their intake
in diet recalls by up to 800 calories per day [14], and Beasley
et al [17] found that approximately 50% of the error in
self-reported food intake was due to the inability of participants
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to accurately estimate portion size. Self-reported alcohol use
suffers similar problems in underestimation [15]. A recent study
of daily alcohol use found that alcoholic drink size and strength
were underreported by at least 20% compared to daily alcohol
use data recorded by transdermal alcohol sensors [15].
The Remote Food Photography Method (RFPM) was developed
to address concerns regarding food and drink portion size
estimation, to minimize participant burden, and to obtain
accurate estimates of food and beverage intake [18-20]. With
RFPM, participants capture photo images of their food selection
and plate and drink waste using a mobile device in near real-time
in their natural environments. Photos are analyzed by nutrition
experts to estimate energy and nutrient content using
standardized methods [20,21], eliminating the need for
participants to accurately recall and report portion sizes. RFPM
has excellent evidence for validity in measuring energy intake
in the general adult population; RFPM estimates had only a
3.7% error rate when compared to energy expenditure estimates
from doubly labeled water in weight-stable adults [18]. RFPM
was developed prior to smartphones and has been used with
various forms of mobile technology as advances have become
available. RFPM was originally deployed using
cellular-connected personal digital assistants, followed by
camera-enabled flip phones, BlackBerry phones, and finally
smartphones. For the past few years, RFPM has been deployed
through a mobile phone app, SmartIntake, which can be
downloaded directly onto participants’ personal mobile phones
and streamlines the RFPM data collection process. Figure 1
depicts the data collection process with the RFPM and
SmartIntake app.
The RFPM and SmartIntake app can be adapted to measure
alcohol use in young adults to address potential inaccuracies in
self-reported drink size and content. The purpose of this pilot
study, therefore, was to conduct feasibility testing of the RFPM
and SmartIntake app via the following four aims:
1.

2.
3.

4.

Quantify the ability of SmartIntake to capture drinking
behavior, defined as (1) the percent of total drinking
occasions captured with SmartIntake, and (2) the percent
of participants who submitted alcoholic drink photos
through SmartIntake. The total number of drinking
occasions was determined by adding the total number of
drinking occasions captured by SmartIntake plus the total
number of drinking occasions participants self-reported that
they failed to capture through the app.
Use a standard technology usability questionnaire to collect
usability data for the RFPM/SmartIntake.
Conduct a qualitative interview to assess acceptability and
feasibility of using the SmartIntake app during drinking
occasions.
Compare preference, usage, and alcohol use estimates per
drinking occasion between SmartIntake and online diet
recalls, the latter of which were completed by participants
for a parent study. Usage was defined by the number of
days participants provided food/beverage photo data through
the app, and number of diet recalls completed.
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Figure 1. The Remote Food Photography Method (RFPM) applied using the SmartIntake app.

Methods
Ethics and Data Security
The research was approved by the Institution Review Boards
at the University of Kansas and Pennington Biomedical,
Louisiana State University System. All participants provided
written informed consent. Due to the sensitive nature of the data
collected, participants were protected under a Certificate of
Confidentiality issued by the National Institutes of Health. All
photos submitted through SmartIntake were not linked with
participant-identifying information.

Participants
Participants in the current study were recruited from a larger
parent study. Below we first describe the parent study and then
describe participant recruitment and enrollment into the current
study.

Parent Study
The parent study was designed to examine the effects of heavy
alcohol use and alcohol-related eating behavior on weight gain
in the first year of college. At the beginning of the academic
year, interested freshmen completed an online screening that
consisted of a demographics questionnaire and the Alcohol Use
Disorders Identification Test–Consumption questions
(AUDIT-C) to assess a pattern of heavy alcohol use [22]. A
random sample of study-eligible freshmen stratified by sex
(52% male), race/ethnicity (44% racial or ethnic minority), and
heavy drinking status (45% endorsing a heavy drinking pattern)
were enrolled (N=103).
http://mhealth.jmir.org/2018/9/e10460/
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Participants attended three study visits at the beginning, middle,
and end of the 2016-2017 academic year during which they
completed an alcohol assessment and provided anthropometric
measurements. Following each visit, participants completed a
series of three online diet recalls using the Automated
Self-Administered 24-Hour Diet Recall [23], the Web-based
version of the United States Department of Agriculture 5-step
diet recall [24], to report their dietary intake and alcohol
consumption. Diet recalls were completed on 3 days randomly
selected by study staff at each assessment point—one on a
weekday and two on weekend days. Participants were required
to complete all diet recalls within a 1-week window and could
complete recalls late if they were still within the assessment
window. Participants were compensated US $15 per completed
recall.

Study Sample
The current study enrolled a convenience sample of 15 students
selected from the parent study. When students attended a visit
for the parent study, they were invited to participate in the
current study if they endorsed a pattern of heavy drinking on
the AUDIT-C at baseline or if they reported multiple (3+) recent
heavy drinking episodes in the alcohol assessment. This
procedure was in place to increase the likelihood that we would
capture drinking episodes during the SmartIntake testing period
and diet recalls. Students were also required to complete at least
one diet recall (for the parent study) before starting the current
study—a criterion that was met by the vast majority of
participants in the parent sample. Most parent sample
participants completed 1+ recall at baseline (96/103, 93%), 83%
(85/103) completed 1+ recall at Visit 2, and 72% (74/103)
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 3
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completed 1+ recall at Visit 3. Students were consented only
for the current study when their 1-week window to complete
the diet recalls for the parent study had passed (to avoid overlap
in assessment methods). Enrollment was conducted on a rolling
basis until we reached our target (N=15).

Procedure
Students attended an initial visit during which they provided
informed consent and completed a training session to learn how
to use the SmartIntake app. Participants were asked to use the
app to report their food and alcohol intake for 3 consecutive
days. Figure 2 depicts the RFPM and SmartIntake app process
applied to alcoholic beverages.
SmartIntake testing days consisted of one weekday (Thursday)
and two weekend days (Friday and Saturday). Participants
returned the following week to complete a standardized app
usability questionnaire and a qualitative interview about their
experience using SmartIntake. Participants were not provided
feedback or information about the photos they submitted (eg,
alcohol calories consumed), as feedback could have altered their
consumption and/or SmartIntake reporting behavior during the
study.
Participants could earn up to US $60 for participating in the
study. Participants were compensated US $15 per day for using
SmartIntake, for a total of US $45 possible over 3 testing days.
Independent of participants’ usage with app testing, participants
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were compensated an additional US $15 for completing the
follow-up interview. The compensation structure was explained
to participants during the consent process. We matched
compensation for 3 days of app testing (US $15 per day; US
$45 total) directly to compensation for 3 recalls (US $15 per
recall; US $45 total) to facilitate comparisons between the
methods.

Measures
The Computer System Usability Questionnaire (CSUQ) is a
widely used standardized questionnaire that was originally
designed to measure computer program usability in field-testing
studies at IBM [25,26]. The CSUQ has since been applied to
studying the usability of websites [27] and mobile phone apps,
including mHealth apps for adults [28-30] and adolescents [31].
This 19-item questionnaire uses a 7-point Likert scale ranging
from 1 (strongly agree) to 7 (strongly disagree) and yields an
overall score representing overall satisfaction with the program
and three scale scores for System Usefulness, Information
Quality (quality of instructions in the program and utility of
error messages), and Interface Quality [32,33]. Items are
averaged to obtain scores, with lower scores indicating greater
usability. Evidence indicates the CSUQ has strong internal
consistency across scale items and a replicable structure across
tests of different types of computer programs (eg, computer,
voice activated programs, Web apps) [25,26,34].

Figure 2. The Remote Food Photography Method (RFPM) and SmartIntake app applied to measuring alcohol intake.
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Table 1. Information used to calculate outcomes for Aims 1 and 4.
Dependent variables

SmartIntake app testing (3 days)

Qualitative interview

Diet recallsa (3 days)

Aim 1
•
•

Percentage of drinking
•
occasions captured by
SmartIntake
Percentage of participants •
who submitted alcohol
photos

Number of total drinking occa- •
sions captured with SmartIntake
Number of participants who
submitted and did not submit
alcohol photos

Number of total drinking occa- •
sions not captured with SmartIntake (self-reported)

N/Ab

N/A

Aim 4
•

Preference

•

N/A

•

Number of participants who
•
preferred SmartIntake and
number who preferred diet recalls for reporting alcohol and
food intake

•

Usage

•

Number of days out of 3 that
each participant completed
SmartIntake testing

•

N/A

•

Number of recalls out of 3 that
each participant completed

•
•

Alcohol use estimates
•
Percentage of participants
who reported alcohol use

Alcohol consumption in grams •
and calories per drinking occasion; number of heavy drinking
episodes
Number of participants who
submitted and did not submit
alcohol photos

N/A

•

Alcohol consumption in grams
and calories per drinking occasion; number of heavy drinking
episodes
Number of participants who
reported and did not report alcohol use

•

•

a

Diet recalls were completed during the parent study and used for comparisons with SmartIntake in the current study, as described in the Parent Study
section of the Methods.
b

N/A: not applicable.

The qualitative interview assessed participants’ likes and dislikes
about using the app, the utility of the reminders sent from the
app (these remind participants to capture images), and their
experiences using SmartIntake while drinking alcohol.
Participants were asked directly about instances during which
they forgot or almost forgot to take photos of alcohol or food
and to identify situations in which using SmartIntake might be
difficult. Participants were asked to describe any circumstances
during which they felt uncomfortable using the app. All
questions were open-ended. Finally, participants were asked
about their preference for using SmartIntake or the online diet
recalls to report their alcohol and food intake.
All interviews were conducted individually with participants
by the study’s principal investigator (PI). To minimize the
potential for social desirability responding, the interview was
framed as an opportunity for the PI to understand participants’
experiences using the app, with the purpose of working together
to identify things that worked and did not work, and to hear
their suggestions for improving the app and data collection
methods. Participants were asked to describe times they drank
alcohol and forgot to report it with the app, so that the PI could
understand the circumstances under which this type of reporting
did not seem feasible. Similarly, when the PI inquired about
participants’ preferred method for reporting alcohol and food
intake, participants were asked to explain what about the method
worked best for them, so that she could understand
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circumstances in which one method might be preferred or work
better than the other.

Outcomes
Information used to calculate dependent variables (DV) for
Aims 1 and 4 was derived from multiple sources, as detailed in
Table 1. DV calculations for Aims 1-4 are presented following
Table 1.
Feasibility and usability outcomes were calculated using the
following metrics. For Aim 1a), the percentage of total drinking
occasions captured with SmartIntake was calculated as N
captured / N captured + N missed, as reported by participants.
For 1b), the percentage of participants who submitted alcohol
photos was calculated as N participants who submitted alcohol
photos / N submitted + N who did not submit alcohol photos.
For Aim 2, the CSUQ overall satisfaction score was calculated
as the mean of all CSUQ items. Three scale scores for System
Usefulness, Information Quality, and Interface Quality were
determined by calculating the mean of items in each scale. For
Aim 3, common themes were identified regarding acceptability
and feasibility for using SmartIntake overall and during drinking
episodes. For Aim 4, we used a repeated-measures,
within-subjects design to compare preference, usage, and alcohol
use estimates per drinking occasion with SmartIntake and diet
recalls. Usage was defined by the number of days participants
provided food/beverage photo data through the app, or number
of diet recalls submitted. Alcohol use estimates per drinking
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 5
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occasion were calculated for SmartIntake and the diet recalls
because both provide grams of alcohol consumed and caloric
contents of the alcoholic beverages. Heavy drinking occasions
captured through SmartIntake and the diet recalls were defined
as 4+ drinks for females or 5+ for males on one occasion, in
excess of low-risk drinking guidelines from the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) [35]. The
NIAAA defines a standard drink as 14 grams of pure alcohol
[35]. The total number of participants who submitted alcohol
photos through SmartIntake and the total number of participants
who reported alcohol use in the diet recalls were summed for
comparison.
Diet recalls from the parent study that were completed at the
same assessment point as SmartIntake testing were used for
comparison. Because the diet recalls were completed before the
current study, we did not inquire about whether participants
missed reporting alcohol use in the recalls; thus, we were unable
to calculate the percentage of total drinking occasions captured
in diet recalls as we were for SmartIntake.
Dependent t tests were used to compare usage and alcohol use
estimates per drinking occasion between SmartIntake and the
diet recalls. Fisher exact tests were used to test the difference
between number of heavy drinking episodes reported between
SmartIntake and the diet recalls, and the number of participants
who reported alcohol use in each method.

Results
Participant Characteristics
Participants (N=15) provided informed consent, tested the app,
and completed the follow-up visit. Participant characteristics
are presented in Table 2. On the AUDIT-C, 93% (14/15) of
participants endorsed drinking alcohol 2+ times per week and
one endorsed drinking 2-4 times per month. Most (13/15, 87%)
reported that they engaged in weekly heavy episodic drinking.

Fazzino et al

Aim 1: Quantifying the Ability of SmartIntake to
Capture Drinking Behavior
SmartIntake captured 87% of reported drinking occasions (Aim
1a; Figure 3). Participants submitted a total of 15 alcohol photos
during 13 drinking episodes. There were two instances in which
participants reported that they drank alcohol but forgot to submit
photos. Both missed occasions occurred among participants
who submitted other alcohol photos through SmartIntake.
Sixty percent (9/15) of participants submitted alcohol use photos
through SmartIntake (Aim 1b). Of the 40% (6/15) who did not
send alcohol photos through SmartIntake, all reported that they
did not drink during the days they used SmartIntake.

Aim 2: Usability
Results of the CSUQ indicated that participants were highly
satisfied with SmartIntake overall (mean 2.52 on a 7-point scale,
SD 1.13) and that the app was highly usable (mean 2.28, SD
1.23), provided good quality information and instructions for
use (mean 2.36, SD 1.14), and had acceptable interface quality
(mean 3.10, SD 1.68).

Aim 3: Qualitative Interview to Assess Acceptability
and Feasibility
Overall Feedback on SmartIntake
Themes from the follow-up interview largely mirrored responses
to the CSUQ. Participants liked that the app was quick and easy
to use and that they could report their food and beverage intake
in real-time. The majority of participants indicated the reminders
to submit photos were mistimed on weekends because their
eating schedules were less consistent and reliable than on
weekdays, despite the reminder system accommodating different
schedules on the weekends. Many participants also stated they
often did not notice the notifications because they were sent via
email and not text message, even though the notifications
showed up on their phones when their screens were locked.

Table 2. Participant characteristics.
Variable

Value

Age (years), mean (SD)

18.1 (0.3)

Male, n (%)

9 (60)

White, non-Hispanic, n (%)

13 (87)

a,b

AUDIT-C score

, mean (SD)

Males

7.0 (0.7)

Females

6.3 (1.2)

Body Mass Index (BMI), mean (SD)

26.3 (6.5)

c

Weight class , n (%)

a

Healthy weight

9 (60)

Overweight

3 (20)

Obese

3 (20)

AUDIT-C: Alcohol Use Disorder Identification Test–Consumption Questions.

b

AUDIT-C score of 5+ for females or 7+ for males indicates a pattern of heavy drinking in college students [22].

c

Healthy weight: BMI<25 and >19; overweight: BMI=25-29.9; obese: BMI≥30.

http://mhealth.jmir.org/2018/9/e10460/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 6
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Fazzino et al

Figure 3. Drinking occasions captured by SmartIntake.

Table 3. Alcohol use estimates from SmartIntake and 24-hour online diet recalls.
Diet recalls (N=7)b

P valuec

95% CI

Alcohol grams per drinking occasion, mean (SD); range 40.0 (32.1); 11.2-95.4

40.2 (23.6); 14.0-74.9

.25

-4.03 to 15.15

Alcohol calories per drinking occasion, mean (SD)

357.0 (254.0)

375.8 (228.3)

.26

-35.43 to 128.94

Heavy drinking episodesd, n (%)

4 (31)

2 (29)

.99

0.10 to 16.41

Alcohol estimates

a

SmartIntake (N=13)a

Alcohol reported by 60% of participants.

b

Alcohol reported by 20% of participants.

c

P values for continuous outcomes refer to within-subjects t tests; P value for count of heavy drinking episodes refers to Fisher exact test.

d

Consumption of 4+ drinks for females, 5+ for males on one occasion, in excess of low-risk drinking guidelines from the National Institute on Alcohol
Abuse and Alcoholism, which considers 14 grams of alcohol as one standard drink [35].

Acceptability and Feasibility of Using SmartIntake
During Drinking Episodes
Most participants reported that it was feasible to take individual
photos of alcoholic beverages if they were drinking with a meal.
Participants reported that when they were drinking at parties or
in social gatherings, it was more difficult to capture individual
drink photos due to low lighting and social distractions.
However, participants were trained to use the method flexibly
and this appeared to facilitate data completeness. For example,
during social events/parties, most participants sent summary
photos of the number of drinks they consumed in one or two
images. Some participants took before and after photos of liquor
bottles to indicate how much they consumed. Others stacked
solo cups and sent photos of all of their empty cups in one
after-drinking image, along with a text description. In their
interviews, participants reported that these methods helped them
send data while minimizing the impact of sending photos on
their social interactions.

SmartIntake Use in Social Situations
When asked to describe a time in which they forgot or almost
forgot to take a food or drink photo, the vast majority of
http://mhealth.jmir.org/2018/9/e10460/
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participants reported this happened while they were distracted
in social situations and on weekends when they were not in
normal routine. Both drinking occasions that participants
reported they missed capturing with SmartIntake occurred in
social drinking situations and were heavy drinking episodes. In
addition, one third of participants (5/15) reported forgetting to
submit a food photo while eating out with friends (n=4) or when
eating on the run (n=1). The majority of participants (12/15,
80%) reported that using the app to record their alcohol and
food intake did not make them feel uncomfortable. Three
participants described feeling slightly awkward in social
situations when they first started using the app due to taking
out the reference card for each photo, but all reported this feeling
diminished by the second or third day of app use.

Aim 4: Within-Subjects Comparisons of SmartIntake
and Diet Recalls
Usage, preference, and alcohol use estimates are presented in
Table 3 and Figure 4. Usage was significantly higher with
SmartIntake versus diet recalls (t14=2.26, P=.04, 95% CI
0.03-1.04; Figure 2). All but one participant preferred
SmartIntake over the diet recalls because it was easier to use
and took less time to complete (SmartIntake, 14/15 vs diet
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 7
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recalls, 1/15; odds ratio [OR] 121.78; P<.001, 95% CI
8.67-8055.30; Figure 4). Estimates of grams and calories
consumed from alcoholic drinks were not significantly different
from SmartIntake estimates when alcohol was reported (Table
3). The number of participants who submitted alcohol photos
using SmartIntake was triple compared to the number of
participants who reported alcohol intake in the diet recalls,

Fazzino et al
although the difference missed statistical significance
(SmartIntake, 9/15 vs diet recalls, 3/15; OR 5.61; P=.06, 95%
CI 0.94-44.93; Figure 4). Across all participants, total alcohol
grams reported through SmartIntake was nearly double the total
grams reported in recalls (SmartIntake=520.4 g vs recalls=281.3
g).

Figure 4. Within-subjects comparisons of SmartIntake and online diet recalls for usage, preference, and alcohol use reports. Significance test of
compliance refers to within-subjects t test. Significance test for method preference refers to Fisher exact test. A significance of P<.05 is indicated by
an asterisk.
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Discussion

situations and in times of heightened distraction, while
minimizing impact on their social interactions.

Principal Considerations

Mobile photo-based assessment of alcohol and food intake may
be particularly well suited to young adults due to similarities
with young adults’ use of mobile phones, social media, and
food and drink photography. For example, the vast majority of
young adults (85/103, 83%) use photo-based social media apps
such as Instagram regularly [37,38], and they often use social
media–based apps to display their food and beverage intake
[39,40]. Further, young adults commonly use photo-based social
media apps during drinking episodes, including at parties and
festivals [41,42]. Thus, SmartIntake assessment may be a natural
extension of young adults’ existing behavior with mobile
photography of food and beverage intake. In this way, preference
for and higher usage with SmartIntake as compared to diet
recalls may have been influenced by participants’ greater
familiarity with photographing alcohol and food intake using
their smartphones.

The current study demonstrated that using the RFPM and
SmartIntake mobile app to measure alcohol intake was feasible
and well accepted by college students who endorse a pattern of
heavy alcohol use. This pilot was the first to measure alcohol
use via mobile photography in real-time, thus circumventing
the potential for biases in participant-estimated drink size and
content. Our findings indicated that SmartIntake captured the
majority of reported drinking occasions. Additionally,
participants preferred using SmartIntake compared to standard
24-hour diet recalls administered online due to the convenience
and immediacy in submitting alcohol and food data that
SmartIntake afforded. Usage with SmartIntake was significantly
higher than with the diet recalls, despite the procedural
advantage that existed for the diet recalls, in that they could be
completed later. Alcohol use estimates per drinking occasion
were similar between methods when alcohol was reported.
However, the number of participants who submitted alcohol
photos with SmartIntake was triple compared to the number of
participants who reported alcohol use in the diet recalls. Thus,
our findings suggest SmartIntake assessment may be preferable
as a way to gather detailed alcohol use data from young adults.
While SmartIntake methods captured the majority of reported
drinking occasions, alcohol use, and heavy drinking episodes
occurred less frequently than expected, based on the drinking
patterns that participants endorsed at screening. Thus, our ability
to test SmartIntake for assessing a full range of drinking
behavior was limited, likely in part due to our brief 3-day testing
period, even though it spanned the weekend. For example, 40%
of participants did not drink on the days they tested SmartIntake,
although most reported typically drinking multiple times per
week. In addition, while most participants endorsed a pattern
of weekly heavy episodic drinking, only four drinking occasions
captured through SmartIntake were heavy drinking episodes
and both occasions in which participants forgot to report their
alcohol use via SmartIntake were heavy drinking episodes.
Thus, further work and a longer testing period is needed to
comprehensively evaluate the utility of SmartIntake in assessing
heavy drinking episodes and a broader range of drinking
behavior.
Although SmartIntake usage was high, qualitative interviews
indicated that participants did occasionally forget to send photos
of alcohol and food in social situations when they were
distracted. In addition, participants indicated that reminder
prompts were easy to miss or disregard, even though they
showed on participants’ phone screens, because they were not
sent as text messages (this has been rectified in the more recent
version of the SmartIntake app, version 3). However, our
findings did indicate that participants found that the flexible
approach to reporting alcohol use with the app was most
acceptable and less disruptive in social drinking situations.
Given that most drinking episodes among young adults do occur
in social settings [36], our future work will be focused on further
developing methods that facilitate participant response in social
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Strengths and Limitations
The study had several limitations. First, participants were college
students and it is unclear to what degree findings would
generalize to the general population or clinical populations.
Second, we asked participants to self-report whether they missed
capturing drinking occasions with SmartIntake, which could be
subject to retrospective recall bias. However, participants
attended the follow-up interview the day after they completed
SmartIntake testing; thus, their memories of drinking over the
past 3 days were likely sufficiently reliable for identifying
number of drinks consumed [6]. We also structured the
qualitative interview in a manner to limit socially desirable
responding. In addition, we compared SmartIntake to diet recalls
that were completed in the parent study, which resulted in all
participants completing the diet recalls first, followed by
SmartIntake. Thus, it is possible that the differences in alcohol
report rates across the two methods may be due to other factors,
such as timing in the semester. However, if semester timing did
contribute to differences in alcohol use estimates, we would
expect that the diet recalls would have captured more frequent
alcohol reports. Drinking among college students is usually
higher early and mid-semester, and lower around final exams
[43]. Diet recalls were conducted earlier in the semester, while
SmartIntake testing was conducted towards the end of the
semester. Additionally, we did not ask participants about
whether they missed reporting alcohol use in the recalls, so we
do not have this information to compare directly with
SmartIntake data on percentage of drinking episodes captured.
Finally, our requirement that potential participants completed
1+ diet recall in the parent study may limit the generalizability
of the findings to participants who did not complete recalls.
However, the vast majority of participants in the parent study
did complete 1+ recall at each time point (96/103, 93% at Visit
1; 85/103, 85% at Visit 2; 74/103, 72% at Visit 3); thus, our
findings should generalize to the majority of the parent study
sample. However, future research is needed to test the level of
SmartIntake usage among individuals who do not engage with
standard diet recall assessment methods.
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Strengths of the study included the use of a sample that endorsed
a pattern of heavy drinking, assessment of app usability via a
standardized questionnaire specific to computer/app technology,
and within-subjects comparison between SmartIntake and
standardized assessment methodology.

Conclusions
Photo-based mobile assessment of alcohol use with the
SmartIntake app may provide a scalable, objective measure of

Fazzino et al
drinking behavior that captures data in near real-time and can
be remotely delivered. This methodology provides fine-grained
data on caloric and nutritional content of alcoholic beverages,
which will afford future opportunities to assess caloric
contributions from alcohol and alcohol-related eating to weight
gain and obesity in young adults. This method could also
facilitate the development of future interventions that rely on
real-time treatment delivery using Ecological Momentary
Intervention and Just-In-Time Adaption Intervention principles.

Acknowledgments
This work was partially supported by the Nutrition Obesity Research Center grant P30 DK072476, entitled “Nutrition and
Metabolic Health Through the Lifespan,” sponsored by the National Institute of Diabetes and Digestive and Kidney Diseases,
by grant F32 AA024669-01A1 sponsored by the NIAAA, and by grant U54 GM104940 from the National Institute of General
Medical Sciences, which funds the Louisiana Clinical and Translational Science Center.

Conflicts of Interest
The intellectual property for the Remote Food Photography Method and SmartIntake app are owned by Pennington Biomedical
/ Louisiana State University, and CKM is an inventor of the technology.

References
1.

2.
3.

4.
5.
6.

7.

8.

9.

10.

11.

12.

13.

Dawson DA, Goldstein RB, Saha TD, Grant BF. Changes in alcohol consumption: United States, 2001-2002 to 2012-2013.
Drug Alcohol Depend 2015 Mar 01;148:56-61 [FREE Full text] [doi: 10.1016/j.drugalcdep.2014.12.016] [Medline:
25620731]
White A, Hingson R. The burden of alcohol use: excessive alcohol consumption and related consequences among college
students. Alcohol Res 2013;35(2):201-218 [FREE Full text] [Medline: 24881329]
Fazzino TL, Fleming K, Sher K, Sullivan D, Befort C. Heavy Drinking in Young Adulthood Increases Risk of Transitioning
to Obesity. Am J Prev Med 2017 Aug;53(2):169-175 [FREE Full text] [doi: 10.1016/j.amepre.2017.02.007] [Medline:
28365088]
Nelson MC, Lust K, Story M, Ehlinger E. Alcohol use, eating patterns, and weight behaviors in a university population.
Am J Health Behav 2009;33(3):227-237. [Medline: 19063644]
Yeomans MR. Alcohol, appetite and energy balance: is alcohol intake a risk factor for obesity? Physiol Behav 2010 Apr
26;100(1):82-89. [doi: 10.1016/j.physbeh.2010.01.012] [Medline: 20096714]
Sobell LC, Sobell MB. Timeline Follow-Back: A Technique for Assessing Self-Reported Alcohol Consumption. In: Litten
RZ, Allen JP, editors. Measuring alcohol consumption: Psychosocial and biochemical methods. Totowa, NJ: Humana Press;
1992:41-72.
Buzzard IM, Faucett CL, Jeffery RW, McBane L, McGovern P, Baxter JS, et al. Monitoring dietary change in a low-fat
diet intervention study: advantages of using 24-hour dietary recalls vs food records. J Am Diet Assoc 1996 Jun;96(6):574-579.
[doi: 10.1016/S0002-8223(96)00158-7] [Medline: 8655904]
Breslow RA, Chen CM, Graubard BI, Jacobovits T, Kant AK. Diets of drinkers on drinking and nondrinking days: NHANES
2003-2008. Am J Clin Nutr 2013 May;97(5):1068-1075 [FREE Full text] [doi: 10.3945/ajcn.112.050161] [Medline:
23535109]
Serra MC, Treuth MS, Ryan AS. Dietary prescription adherence and non-structured physical activity following weight loss
with and without aerobic exercise. J Nutr Health Aging 2014 Dec;18(10):888-893 [FREE Full text] [doi:
10.1007/s12603-014-0481-9] [Medline: 25470804]
Sieri S, Krogh V, Saieva C, Grobbee DE, Bergmann M, Rohrmann S, et al. Alcohol consumption patterns, diet and body
weight in 10 European countries. Eur J Clin Nutr 2009 Nov;63 Suppl 4:S81-100. [doi: 10.1038/ejcn.2009.76] [Medline:
19888282]
Butler L, Poti JM, Popkin BM. Trends in Energy Intake from Alcoholic Beverages among US Adults by Sociodemographic
Characteristics, 1989-2012. J Acad Nutr Diet 2016 Jul;116(7):1087-1100.e6 [FREE Full text] [doi:
10.1016/j.jand.2016.03.008] [Medline: 27132721]
Agarwal S, Fulgoni VL, Lieberman HR. Assessing alcohol intake & its dose-dependent effects on liver enzymes by 24-h
recall and questionnaire using NHANES 2001-2010 data. Nutr J 2016 Dec 22;15(1):62 [FREE Full text] [doi:
10.1186/s12937-016-0180-y] [Medline: 27334005]
Serra-Majem L, Santana-Armas JF, Ribas L, Salmona E, Ramon JM, Colom J, et al. A comparison of five questionnaires
to assess alcohol consumption in a Mediterranean population. Public Health Nutr 2002 Aug;5(4):589-594. [doi:
10.1079/PHN2001323] [Medline: 12186667]

http://mhealth.jmir.org/2018/9/e10460/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 10
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
14.

15.

16.

17.
18.

19.
20.

21.
22.
23.

24.

25.
26.
27.
28.

29.

30.

31.

32.

33.
34.

35.

Archer E, Hand GA, Blair SN. Validity of U.S. nutritional surveillance:National Health and Nutrition Examination Survey
caloric energy intake data, 1971-2010. PLoS One 2013 Oct;8(10):e76632 [FREE Full text] [doi:
10.1371/journal.pone.0076632] [Medline: 24130784]
Bond JC, Greenfield TK, Patterson D, Kerr WC. Adjustments for drink size and ethanol content: new results from a
self-report diary and transdermal sensor validation study. Alcohol Clin Exp Res 2014 Dec;38(12):3060-3067 [FREE Full
text] [doi: 10.1111/acer.12589] [Medline: 25581661]
Dhurandhar NV, Schoeller D, Brown AW, Heymsfield SB, Thomas D, Sørensen TIA, Energy Balance Measurement
Working Group. Energy balance measurement: when something is not better than nothing. Int J Obes (Lond) 2015
Jul;39(7):1109-1113 [FREE Full text] [doi: 10.1038/ijo.2014.199] [Medline: 25394308]
Beasley J, Riley WT, Jean-Mary J. Accuracy of a PDA-based dietary assessment program. Nutrition 2005 Jun;21(6):672-677.
[doi: 10.1016/j.nut.2004.11.006] [Medline: 15925290]
Martin CK, Correa JB, Han H, Allen HR, Rood JC, Champagne CM, et al. Validity of the Remote Food Photography
Method (RFPM) for estimating energy and nutrient intake in near real-time. Obesity (Silver Spring) 2012 Apr;20(4):891-899
[FREE Full text] [doi: 10.1038/oby.2011.344] [Medline: 22134199]
Martin CK, Nicklas T, Gunturk B, Correa JB, Allen HR, Champagne C. Measuring food intake with digital photography.
J Hum Nutr Diet 2014 Jan;27 Suppl 1:72-81 [FREE Full text] [doi: 10.1111/jhn.12014] [Medline: 23848588]
Martin CK, Han H, Coulon SM, Allen HR, Champagne CM, Anton SD. A novel method to remotely measure food intake
of free-living individuals in real time: the remote food photography method. Br J Nutr 2009 Feb;101(3):446-456 [FREE
Full text] [doi: 10.1017/S0007114508027438] [Medline: 18616837]
Williamson D, Allen H, Martin P, Alfonso A, Gerald B, Hunt A. Digital photography: A new method for estimating food
intake in cafeteria settings. Eat Weight Disord 2013 Jul 26;9(1):24-28. [doi: 10.1007/BF03325041]
Demartini KS, Carey KB. Optimizing the use of the AUDIT for alcohol screening in college students. Psychol Assess 2012
Dec;24(4):954-963 [FREE Full text] [doi: 10.1037/a0028519] [Medline: 22612646]
Subar AF, Kirkpatrick SI, Mittl B, Zimmerman TP, Thompson FE, Bingley C, et al. The Automated Self-Administered
24-hour dietary recall (ASA24): a resource for researchers, clinicians, and educators from the National Cancer Institute. J
Acad Nutr Diet 2012 Aug;112(8):1134-1137 [FREE Full text] [doi: 10.1016/j.jand.2012.04.016] [Medline: 22704899]
Conway JM, Ingwersen L, Vinyard B, Moshfegh A. Effectiveness of the US Department of Agriculture 5-step multiple-pass
method in assessing food intake in obese and nonobese women. Am J Clin Nutr 2003 May;77(5):1171-1178. [doi:
10.1093/ajcn/77.5.1171] [Medline: 12716668]
Lewis JR. IBM computer usability satisfaction questionnaires: Psychometric evaluation and instructions for use. International
Journal of Human-Computer Interaction 1995 Jan;7(1):57-78. [doi: 10.1080/10447319509526110]
Lewis JR. Usability: Lessons Learned ... and Yet to Be Learned. International Journal of Human-Computer Interaction
2014 Jun 18;30(9):663-684. [doi: 10.1080/10447318.2014.930311]
Tullis TS, Stetson JN. A comparison of questionnaires for assessing website usability. 2004 Presented at: Usability
Professionals Association Annual Conference; 2004; Minneapolis, USA p. 7-11.
Al Ayubi SU, Parmanto B, Branch R, Ding D. A Persuasive and Social mHealth Application for Physical Activity: A
Usability and Feasibility Study. JMIR Mhealth Uhealth 2014 May;2(2):e25 [FREE Full text] [doi: 10.2196/mhealth.2902]
[Medline: 25099928]
English LL, Dunsmuir D, Kumbakumba E, Ansermino JM, Larson CP, Lester R, et al. The PAediatric Risk Assessment
(PARA) Mobile App to Reduce Postdischarge Child Mortality: Design, Usability, and Feasibility for Health Care Workers
in Uganda. JMIR Mhealth Uhealth 2016 Feb 15;4(1):e16 [FREE Full text] [doi: 10.2196/mhealth.5167] [Medline: 26879041]
Rospo G, Valsecchi V, Bonomi AG, Thomassen IW, van Dantzig S, La Torre A, et al. Cardiorespiratory Improvements
Achieved by American College of Sports Medicine's Exercise Prescription Implemented on a Mobile App. JMIR Mhealth
Uhealth 2016 Jun 23;4(2):e77 [FREE Full text] [doi: 10.2196/mhealth.5518] [Medline: 27339153]
Sheehan B, Lee Y, Rodriguez M, Tiase V, Schnall R. A comparison of usability factors of four mobile devices for accessing
healthcare information by adolescents. Appl Clin Inform 2012 Dec;3(4):356-366 [FREE Full text] [doi:
10.4338/ACI-2012-06-RA-0021] [Medline: 23227134]
Lewis JR. Psychometric Evaluation of the Post-Study System Usability Questionnaire: The PSSUQ. 2016 Aug 06 Presented
at: Human Factors and Ergonomics Society Annual Meeting; Oct. 12-16, 1992; Atlanta, GA p. 1259-1260. [doi:
10.1177/154193129203601617]
Lewis JR. Psychometric Evaluation of the PSSUQ Using Data from Five Years of Usability Studies. International Journal
of Human-Computer Interaction 2002 Sep;14(3-4):463-488. [doi: 10.1080/10447318.2002.9669130]
Erdinç O, Lewis JR. Psychometric Evaluation of the T-CSUQ: The Turkish Version of the Computer System Usability
Questionnaire. International Journal of Human-Computer Interaction 2013 Apr;29(5):319-326. [doi:
10.1080/10447318.2012.711702]
US Department of Health and Human Services, National Institutes of Health, National Institute on Alcohol Abuse and
Alcoholism. Helping Patients Who Drink Too Much: A Clinician's Guide Updated Edition. 2005. URL: https://pubs.
niaaa.nih.gov/publications/Practitioner/CliniciansGuide2005/guide.pdf [accessed 2018-09-04] [WebCite Cache ID
72CAu23W2]

http://mhealth.jmir.org/2018/9/e10460/

XSL• FO
RenderX

Fazzino et al

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 11
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
36.

37.

38.

39.

40.
41.

42.
43.

Fazzino et al

Beck KH, Arria AM, Caldeira KM, Vincent KB, O'Grady KE, Wish ED. Social context of drinking and alcohol problems
among college students. Am J Health Behav 2008;32(4):420-430 [FREE Full text] [doi: 10.5555/ajhb.2008.32.4.420]
[Medline: 18092902]
Roberts JA, Yaya LHP, Manolis C. The invisible addiction: cell-phone activities and addiction among male and female
college students. J Behav Addict 2014 Dec;3(4):254-265 [FREE Full text] [doi: 10.1556/JBA.3.2014.015] [Medline:
25595966]
Villanti AC, Johnson AL, Ilakkuvan V, Jacobs MA, Graham AL, Rath JM. Social Media Use and Access to Digital
Technology in US Young Adults in 2016. J Med Internet Res 2017 Jun 07;19(6):e196 [FREE Full text] [doi:
10.2196/jmir.7303] [Medline: 28592394]
Hu Y, Manikonda L, Kambhampati S. What we instagram: A first analysis of instagram photo content and user types. 2014
Presented at: International Association for the Advancement of Artificial Intelligence Conference on Weblogs and Social
Media; 2014; Ann Arbor, Michigan p. A URL: https://www.aaai.org/ocs/index.php/ICWSM/ICWSM14/paper/viewFile/
8118/8087
Holmberg C, Hillman T, Berg C. Adolescents' presentation of food in social media: An explorative study. Appetite 2016
Apr 01;99:121-129. [doi: 10.1016/j.appet.2016.01.009] [Medline: 26792765]
Whitehill JM, Pumper MA, Moreno MA. Emerging adults' use of alcohol and social networking sites during a large street
festival: A real-time interview study. Subst Abuse Treat Prev Policy 2015 May 20;10:21 [FREE Full text] [doi:
10.1186/s13011-015-0016-3] [Medline: 25990109]
Whitehill J, Rataj S, Moreno M, Pumper M. College students' use of mobile phones during episodes of alcohol and marijuana
use. 2015 Presented at: 143rd American Public Health Association Annual Meeting; Oct. 31, 2015; Chicago, IL.
Tremblay PF, Graham K, Wells S, Harris R, Pulford R, Roberts SE. When do first-year college students drink most during
the academic year? An internet-based study of daily and weekly drinking. J Am Coll Health 2010 Mar;58(5):401-411. [doi:
10.1080/07448480903540465] [Medline: 20304752]

Abbreviations
AUDIT-C: Alcohol Use Disorder Identification Test–Consumption Questions
CSUQ: Computer System Usability Questionnaire
NHANES: National Health and Nutrition Examination Survey
NIAAA: National Institute on Alcohol Abuse and Alcoholism
RFPM: Remote Food Photography Method

Edited by G Eysenbach; submitted 22.03.18; peer-reviewed by F Sartor, M Wiens; comments to author 26.04.18; revised version
received 21.06.18; accepted 05.07.18; published 24.09.18
Please cite as:
Fazzino TL, Martin CK, Forbush K
The Remote Food Photography Method and SmartIntake App for the Assessment of Alcohol Use in Young Adults: Feasibility Study
and Comparison to Standard Assessment Methodology
JMIR Mhealth Uhealth 2018;6(9):e10460
URL: http://mhealth.jmir.org/2018/9/e10460/
doi: 10.2196/10460
PMID: 30249590

©Tera L Fazzino, Corby K Martin, Kelsie Forbush. Originally published in JMIR Mhealth and Uhealth (http://mhealth.jmir.org),
24.09.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mhealth and uhealth, is properly cited. The complete bibliographic information,
a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2018/9/e10460/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10460 | p. 12
(page number not for citation purposes)

