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Abstract

Objective—To examine within-person variation in dietary self-monitoring during a 6-month
technology-supported weight loss trial as a function of time-varying factors including time in the
study, day of the week, and month of the year.

Methods—Smartphone self-monitoring data was examined from 31 obese adults (18-60 years)
who participated in a 6-month technology-supported weight loss program. Multilevel modeling
was used to examine within-person variation in dietary self-monitoring.

Results—Participants recorded less as time in the study progressed. Fewer foods were reported
on the weekends compared to weekdays. More foods were self-monitored in January compared to
October, however a seasonal effect was not observed.

Conclusions and Implications—The amount of time in a study and day of the week were
associated with dietary self-monitoring, but not season. Future studies should examine factors that
influence the variations in self-monitoring and identify methods to improve technology-supported
dietary self-monitoring adherence.
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INTRODUCTION

Dietary self-monitoring is a key component of successful behavioral weight loss
interventions!-3 and is essential for facilitating other behavior change techniques (e.g. setting
goals, providing behavioral feedback).* As a part of self-regulation, individuals monitor
their behavior, evaluate how that behavior compares to behavioral goals, and then use
methods of self-control and reinforcement to modify behaviors and reduce future
discrepancies between the goal and actual behaviors.>® Daily dietary self-monitoring
generally entails tracking all foods and drinks consumed, the portion size of each item, and
the corresponding calorie and fat gram totals. Ideally, this recording occurs as foods are
consumed, yet, in practice, many people do not record near the time they ate.” Awareness of
caloric intake is expected to align eating behaviors with goals to create a negative energy
balance and facilitate weight loss.

Patterns in short-term dietary intake have also been identified, including consuming more
calories®? and fat10 on the weekends, particularly among those who are overweight/obese,
high-income, or between the ages of 18-64 years.1! In addition to these increases in calories
and fat, diet quality is poorer on the weekends.1! The increase in caloric and fat intake
corresponds with weekly fluctuations in weight — weight is higher on Sundays and Mondays
and decreases as the end of the week nears.12 In contrast to the increase in caloric
consumption and body weight, self-monitoring was recently found to be less frequent on
weekends than weekdays.3 The holidays are another time when increased caloric intake and
weight gains of 0.4-0.7 kg are seen.14-16 Self-monitoring consistency during this high risk
time is associated with better weight management,217 yet it is unclear whether self-
monitoring patterns vary during the winter months. Few studies have examined weekly and
seasonal patterns of dietary self-monitoring, particularly when using a smartphone
application, in individuals enrolled in a weight loss trial.

The purpose of the current study was to examine the temporal patterning of dietary self-
monitoring across multiple time scales (i.e., time since the start of intervention, day of week,
and month of year). To accomplish these goals, we evaluated self-monitoring records from
adults participating in a technology-supported weight loss program.18 Adjusting for age, sex,
baseline weight, and daily weight change, we hypothesized that participants would report
fewer food items, calories, and fat as their time in the study progressed (due to a
combination of the effects of the intervention and fatigue with protocol demands; hypothesis
1). In addition, we hypothesized that participants would self-monitor less on weekends than
weekdays due to changes in typical week day routines (hypothesis 2) and less during the
winter months as compared to the summer months due to the holiday season (hypothesis 3).
By identifying time-varying factors that influence self-monitoring, behavioral interventions
may be refined to reduce the impact of these factors on the frequency and
comprehensiveness of self-monitoring.
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Study Design

Participants

Technology-

Measures

Participants were randomized into one of three weight loss conditions as part of the
ENGAGED study: (1) technology-supported, (2) standard behavioral weight loss, or (3) self-
guided behavioral weight loss.1® Only participants in the technology-supported intervention
were asked to self-monitor dietary intake on a study smartphone application. Thus, the
current analyses focus on the self-monitoring records obtained from participants using the
smartphone application.

Participants (n=32) were adults between the ages of 18-60 years with a body mass index
(BMI) between 30-40 kg/m?2. All participants were weight stable, not enrolled in a weight
management program, and did not have any unstable medical conditions. In addition,
participants were not pregnant or could not be taking any medications that may influence
weight. A full list of inclusion/exclusion criteria is described elsewhere.18 Participants were
recruited in two cohorts and started the intervention in either September, 2011 or April,
2012. All participants provided written informed consent and the study was approved by the
Northwestern University Institutional Review Board.

Supported Intervention

Participants were given a 7% weight loss goal and encouraged to meet a calorie goal of
between 1200-2000 kcal/day based on starting body weight and fat gram goal of 25% of
total calories. They were also encouraged to progressively engage in 175 minutes/week of
moderate-intensity physical activity. Participants attended weekly in-person group sessions
during weeks 1-8 and attended sessions on Monday, Tuesday, or Wednesday based on their
availability. Each session lasted approximately 90 minutes and discussed topics similar to
the Diabetes Prevention Program (i.e. problem solving, stimulus control, healthy eating).1®
In addition to the group sessions, participants received regular telephone calls (Monday-
Friday) from a coach during the 6 month intervention.

Participants were loaned a smartphone that contained the ENGAGED application at the first
group session. The ENGAGED smartphone application allows participants to self-monitor
daily dietary intake, using a food database of over 50,000 generic and name brand foods.
Participants received visual feedback on calories and fat grams consumed and were
encouraged to self-monitor everything that they ate and drank on the application during
months 1-6. Additional capabilities of the ENGAGED application have been described
previously.18 Participants received brief training at the first session on how to use the
application and how to best estimate portion sizes.

Baseline body weight was measured using a calibrated balance beam scale, with participants
wearing light weight clothing without shoes. Daily dietary self-monitoring data was
obtained from the ENGAGED smartphone application over the 6 month study period. For
each day in the study, the number of foods, calories, and fat grams that were recorded was
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summed over each day and a daily average for each participant was calculated. Daily self-
weighing measurements were also obtained from the ENGAGED smartphone application to
adjust for daily weight changes.

Data Analysis

RESULTS

Descriptive statistics were calculated for all study variables. The data had a hierarchical
structure with multiple days nested within each participant so random intercept multilevel
models were estimated to accommodate the dependencies between observations from each
person over time.20 The day-of-week and month-of-year for each Level-1 observation were
recoded as two sets of six and 11 dummy variables, respectively. The reference day and
month were selected to indicate high (unadjusted) dietary self-monitoring so the remaining
model coefficients would reveal significant deviations from the average timing of peak
recording. For example, participants reported the lowest fat and calorie values on Fridays
and in March so they became the reference day and month in the models of those outcomes.
Likewise, participants reported the greatest number of foods on Mondays and in October so
they became the reference day and month in that model. Daily self-reported weights were
transformed into two variables using established techniques: a starting weight on the first
day (between-person variable) and a daily weight-loss progress representing the difference
between a participant’s starting weight and their daily weight (within-person variable).2!
The number of foods reported was transformed into two variables: a person-mean centered
variable representing the average number of foods reported across days (between-person
variable) and a daily deviation from that person-mean centered score representing whether a
person reported more or fewer foods than usual for them that day. All analyses were
completed using MPIlus version 7.31 (Los Angeles, CA).

A total of 31 participants provided self-monitoring data during the 6 month intervention.
Participants were 90% female, 42% Black, with an average age of 40.7 (SD = 10.8) years
and body mass index (BMI) of 34.7 (2.8) kg/mZ2. The number of food items was correlated
with calories and fat grams both within and between subjects (P<0.01); however, fat grams
were only associated with calories within-person (Table 1). Participants recorded an average
of 8.3 + 6.1 food items, 1116 + 408 calories, and 32.9 + 16.6 grams of fat per day over the 6
month intervention (see Table 1).

Coefficients from the multilevel model of daily food items self-monitored are presented in
Table 2. A reduction in the number of foods reported within each person was seen with each
successive day in the intervention (/£<0.01). Figure 1 illustrates the mean number of foods
recorded over time in the intervention. Similar patterns were seen with calories and fat, in
that fewer calories and fat grams were reported as time in the intervention progressed (Table
3). There was also a weekend effect such that participants reported significantly fewer foods
between Thursday and Sunday relative to Monday (See Figure 2). After adjusting for time in
the study, the day of week, and weight change to date, participants reported more foods in
January compared to the reference month of October (P <0.05); however an overall
seasonality effect (winter vs. summer months) was not observed.
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DISCUSSION

Dietary self-monitoring is a commonly-used strategy within behavioral weight loss
programs; however few studies have examined the weekly and seasonal patterns of dietary
technology-based self-monitoring in individuals enrolled in a weight loss trial. The current
study examined within-person variations in dietary self-monitoring as a function of time-
varying factors during a 6 month technology-supported weight loss intervention.
Specifically, the results suggested that participants recorded fewer items and less calories
and fat as time in the study progressed and on the weekends. Additionally, although
participants self-monitored more food in January, there was no association between season
and self-monitoring.

Consistent with our hypotheses, participants self-monitored fewer food items on the
weekends as compared to the weekdays. While we speculate that the fewer items reported
may be a result of lower adherence to dietary self-monitoring, we are not truly able to
distinguish this from actually consuming less on the weekends. Other behaviors, such as
physical activity, which can be objectively measured, are typically lower on the weekends
than the weekdays.22 Additionally, diet quality has also been shown to be poorer on the
weekends, including in those with overweight/obesity.11 While we know health behaviors
often cluster,23 we are unable to fully explain why fewer items are self-monitored on the
weekends without an objective measure of dietary intake. Self-monitoring on the weekdays
as well as on the weekends are independent predictors of weight loss;13 thus, interventions
may need to place additional emphasis on the importance of self-monitoring, not only on the
weekdays, but also on the weekends. Text messages, for example, which have the ability to
provide feedback, reminders, and encouragement to self-monitor in real-time, have shown
promise to help with weight loss and self-monitoring adherence.24-26 Providing these
prompts on the weekends may help improve adherence to self-monitoring recommendations.

The decrease in self-monitoring throughout an intervention is similar to previous
findings.13:27-29 With each successive day in the intervention, fewer food items were
recorded. It is unknown whether the number of food items reduced over time due to fatigue
with the intervention demands or because individuals have been successful with weight loss,
are eating fewer foods, and thus have fewer items to record each day. Future studies are
needed to examine innovative ways to objectively determine exactly what an individual
consumes in real-time and whether the food item is actually self-monitored.3? Advances in
technology may soon allow passive monitoring of eating behaviors which will provide the
ability to determine the ground truth of whether food consumption occurs.3! Further, these
temporal changes in self-monitoring, and likely dietary intake, may warrant adapting
behavioral strategies in real-time based on an individual’s adherence to self-monitoring or
weight changes observed.

Contrary to our hypothesis, our results did not indicate that self-monitoring was lower
during the winter months as compared to the summer months. Instead, the results suggested
that self-monitoring did not vary across seasons, with the exception of the finding that there
was an increase in the number of foods self-monitored in January as compared to the
reference month of October. It is well established that adults generally will gain weight
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during the holidays32:33 and self-monitoring can help to better manage weight during this
period.17:34 Weight loss is the most common New Year’s resolution3® and may explain the
increased number of foods reported in January; however, the typical pattern of self-
monitoring during the holidays is not well established. Additional studies should be
completed to gain a better understanding of the more comprehensive self-monitoring
observed in January in the current trial.

The results examining variations in self-monitoring due to time varying factors is not
without limitations. The participants in this analysis participated in a 6 month technology-
supported behavioral weight loss program and the results may not be generalizable to other
populations or other modes of self-monitoring including paper or online. Additionally, the
number of foods recorded may be influenced by the type and total number of foods available
in the nutrition and food database used. Interventions using different food databases may
have different results.

In conclusion, several time-varying factors including time in a study and day of the week are
associated with individuals’ dietary self-monitoring patterns. Factors that influence these
variations warrant further investigation in order to identify methods and additional strategies
to better understand and improve dietary self-monitoring adherence. Current technology
may enable researchers to examine intensive behavioral data to elucidate temporal
relationships between behaviors, monitoring, and outcomes and how they may interact with
individual differences. Next generation technology-supported interventions may leverage
this information to personalize treatments, optimizing self-regulatory behaviors in a time
dependent way.
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IMPLICATIONS FOR RESEARCH AND PRACTICE

Self-monitoring is a common and effective strategy for weight loss, yet little is known
about the factors that influence self-monitoring consistency in adults with overweight/
obesity participating in a weight management program. Time in the study and day of the
week are linked with self-monitoring patterns so future research and weight loss program
may need to place additional emphasis on the importance of maintaining self-monitoring
on the weekends and as time in the program progresses to the extent that these behaviors
are associated with weight control. If researchers can identify effective strategies for
increasing self-monitoring during treatment, weight loss outcomes may be enhanced.
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The Number of Food Items Recorded Daily Decreased During a 6-Month Technology-
Supported Behavioral Weight Loss Intervention

J Nutr Educ Behav. Author manuscript; available in PMC 2019 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Pellegrini et al.

Page 11

129

=

Daily Number of Foods Reported
]

T T T T T T T T T T T T T T T T T T
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Week in Study

Figure 2.
Adjusted Multilevel Model Coefficients by Day of the Week Based on the Number of Foods

Self-Monitored

J Nutr Educ Behav. Author manuscript; available in PMC 2019 January 01.



Page 12

Pellegrini et al.

Author Manuscript

10°0>d
£
‘AloAnoadsal ‘saoliyew Uoiie|a.liod ay) Jo saAjey Jamo] pue Jaddn ayy ui Jeadde suoneario0d uosiad-ulylim pue uosiad-ussmiag aioN
<670 V0 €12€-00 00 9°ce 99T 6'CE 6eVY sweJo yed
LT0 190 v'€EEe-0v | 0G0z | 9091T 1807 T9TTT 6EVY sallojed
. . o . . . . Swia}| poo
45 €90 45990 0'6€-00 00 08 79 €8 VLY JO JaquinN
sAeq uosiad
swels swie}| pood uoneineg 10 JaquinN
184 sali0eD 10 JaquInN abuey apoN | ueipsiN | paepuels | uesiy [erol

palioday sa|qelden
BUIIOIIUOIN-}9S UBBMIDG UOIIR|91I0D

sonstisloeIeyD BulIoluoN-19S Alreq

T alqeL

Author Manuscript

uonuaAJSIU| LIUO 9 8y Buuing
panioday SWelS 1e4 pue ‘saliofe) ‘spoo4 J0 Jaquinp 8y J0J (UoSIad-UIYIAA pue -Usamiag) SUoIR[a1io) pue sonsusoetey) Butionuoln-418s Ajrea

Author Manuscript

Author Manuscript

J Nutr Educ Behav. Author manuscript; available in PMC 2019 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Pellegrini et al.

Multi-Level Model Coefficients Based on Daily Food Items Self-Monitored

B SE P
Intercept 12.35 | 1.89 | <0.01
Intervention day -0.02 | 0.01 | <0.01
Weight Lost 0.08 | 0.06 | 0.17
Sunday -0.78 | 0.38 | 0.04
Tuesday -0.06 | 0.23 | 0.79
Wednesday -0.14 | 0.20 | 0.49
Thursday -0.61 | 0.26 | 0.02
Friday -1.07 | 0.34 | 0.002
Saturday -1.25 | 0.29 | <0.01
Within-person residual variance 15.93 | 2.08 | <0.01
Age 0.08 | 0.08 | 0.30
Sex -1.06 | 1.16 | 0.36
Baseline weight -0.03 | 0.04 | 0.35
Between-person residual variance | 18.36 | 6.55 | 0.01
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Multi-level modeling coefficients for both daily caloric and fat gram intake adjusting for demographics and
number of daily food items reported

Caloric Intake

Fat Gram Intake

B SE p B SE p

Intercept 752 | 144 | <0.01 | 29.55 3.72 | <0.01
Intervention day -0.01 | 0.01 | 0.04 -0.04 0.02 0.02
Daily deviations in the number of

food items reported 0.40 | 0.05 | 0.00 0.82 0.17 | <0.01
Daily weight change -0.02 | 0.03 | 0.56 -0.06 0.14 0.67
Within-person residual variance 10.39 | 1.04 | <0.01 | 230.49 | 33.07 | <0.01
éJasiLIJ;I number of food items reported 312 | 077 | <001 3.40 260 0.19
Age -0.04 | 0.02 | 0.07 -0.07 0.09 0.43
Sex 1.24 1.07 0.25 2.29 2.28 0.32
Baseline weight (kg) 0.02 | 0.01 | 0.15 0.01 0.05 0.81
Between-person residual variance 185 | 0.39 | <0.01 | 2794 | 11.71 | 0.02
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