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Abstract

Food portion size influences energy intake, and sustained high-energy intake often leads to
obesity. Virtual portion creation tasks (VPCTS), in which a participant creates portions of food on
a computer screen, predict intake in healthy individuals. The objective of this study was to
determine whether portions created in VPCTs are stable over time (test-retest reliability) and
responsive to factors known to influence food intake, such as eating contexts and food types, and
to determine if virtual portions can predict weight loss. Patients with obesity scheduled for
bariatric surgery (n=29), and individuals with a normal BMI (18.5-24.9 kg/m?, controls, n=29),
were instructed to create virtual portions of eight snack foods, which varied in energy density (low
and high) and taste (sweet and salty). Portions were created in response to the following eating
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situations, or “contexts”: What they would a) eat to stay healthy (/#ealthy), b) typically eat
(typical), c) eat to feel comfortably satisfied (satisfied), d) consider the most that they could
tolerate eating (maximum), and e) eat if nothing was limiting them (desired). Tasks were
completed before and 3 months after surgery in patients, and at two visits, 3 months apart, in
controls. Body weight (kg) was recorded at both visits. Virtual portions differed significantly
across groups, Vvisits, eating contexts, energy densities (low vs. high), and tastes (sweet vs. salty).
Portions created by controls did not change over time while portions created by patients decreased
significantly after surgery, for all contexts except /ealthy. For patients, desiredand healthy
portions predicted 3-month weight loss. VPCTs are replicable, responsive to foods and eating
contexts, and predict surgical weight loss. These tasks could be useful for individual assessment of
expectations of amounts that are eaten in health and disease and for prediction of weight loss.
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1. Introduction

1.1 Background

Virtual portion creation tasks (VPCTS), in which portion sizes of food are created on a
computer screen [1], predict how much individuals plan to eat and will actually eat, and can
therefore be considered proxies for intake [2-4]. VPCTSs have been primarily used in healthy
populations as proxy measures of food intake, mindset [5, 6], and to predict severity of
illness in patients with anorexia nervosa (AN) [7, 8]. VPCTs and have been used under a
variety of eating contexts (prompts that reflect current or future intentions for which one is
eating,) [9].

Because food intake contributes one side of the energy balance equation, VPCTSs could also
be used in studies of individuals with obesity. In order to demonstrate another clinically
relevant application of VPCTs, we adapted and expanded VVPCTSs to assess ‘normal’ and
‘excessive’ virtual eating behaviors in patients with severe obesity, before and after surgery.
Rolls et al suggested that “portion sizes are modifiable and should be further studied in
connection with the prevention and treatment of obesity” [4], therefore we posited that
virtual portion sizes could be used as proxy measures of a wide variety of contexts and food
types that influence food intake.

Bariatric surgery is the leading effective treatment of severe obesity [10], however, after
significant weight loss many patients regain weight [11]. Eating behavior likely wields a
strong influence on surgically-induced weight loss [12]. Because portion size drives energy
intake, which in turn influences body weight [13, 14], it seemed reasonable to also
determine whether portion sizes could be used to predict weight loss in patients after
bariatric surgery.

This report focuses on the influences to potential food intake from energy density, taste, and
eating context, based on the assumption that virtual portion sizes that participants createin
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these contexts reflect what they would actually eat in these contexts in their everyday lives.
This method of portion size assessment could enable investigators to identify abnormalities
and mechanisms that control food intake.

1.2 Objective

Actual portion creation during an eating event is influenced by a range of well-established
factors (food properties, eating contexts, energy needs, bariatric surgery interventions).
Therefore, our overall objective was to examine the influence of these well-established
factors on the reliability and responsiveness of VPCTs. Tests of reliability illustrate the
stability of response in the instrument over time in similar conditions. Tests of
responsiveness demonstrate the ability of the instrument to detect significant differences
across factors that the researcher would expect to elicit a difference or change over time [15-
18]. Responsiveness is an objective and statistical assessment of differences in portions
created and these differences could be deemed “minimal clinically important differences”
[19] if correlated with variables of known clinical significance (hormones, activation of
areas in the brain, stomach size, weight loss over time, etc.) [17].

1.2.1 Primary aims—The aims of the study were to appraise the: Aim 1) test-retest
reliability, by comparison of the same participants at different time points, and Aim 2)
responsiveness across factors that influence portion consumption in real eating environments
[20] such as BMI status, bariatric surgery interventions, eating contexts, and food properties
such as energy density and taste.

1.2.2 Auxiliary aim—An auxiliary aim, to demonstrate potential clinical utility of this
tool, was to determine if these VPCTs have any predictive validity, that is, to determine
whether portions created in the VPCTSs before bariatric surgery predict surgically induced
body weight loss in patients.

1.3 Predictions

1.3.1 Predicted outcome addressing Aim 1 (Reliability of responses).—In
individuals with normal weight, food intake is stable over time when weight loss or gain is
not occurring [21]. Therefore, we predicted that virtual portions created by controls would
be stable over time and that baseline portions would be highly correlated with follow-up
portions; this stability in portion creation over time would illustrate test-retest reliability of
VPCTs.

1.3.2 Predicted outcomes addressing Aim 2 (Responsiveness).

1.3.2.1 Surgery-induced decreases.: Bariatric surgery patients consume less food and
lose weight after bariatric surgery [22], therefore, we predicted portions created by patients
would significantly decrease after surgery.

1.3.2.2 Group differences.: Because the energy requirements of individuals with obesity
is higher than individuals of normal weight [23], we predicted that portions created by
patients would be higher than controls at baseline, but similar to controls at follow-up.
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1.3.2.3 Eating context differences.: In both groups, we proposed a hierarchy in that
contexts promoting higher intakes of food (e.g. select your maximum portion size) would
elicit larger portion size responses than those for contexts that encourage lower or
“healthier” intakes of food.

1.3.2.4 Differences in portion creation attributable to energy density and taste.: Low
energy-dense (LoED) foods are more satiating, but are less palatable, than high energy-
dense foods (HIiED) [24]. In regard to taste preference, the literature is mixed on whether
sweet taste preference supersedes salty taste preference [25]. Therefore, while we expected
that portions of HiED snhacks (in grams) would be smaller than those for LoED snacks [26],
we did not necessarily know if there would be significant differences between sweet and
salty portions at either level of energy density.

1.3.2.5 Interactions of energy density and taste.: As there may be differences
attributable to energy and/or taste (see 1.3.2.4), we expected an interaction between these
two food properties; we expected the difference between sweet LoED and salty LoED would
be larger than the difference between sweet HIiED and salty HiED portions. This prediction
stems from the assumption that while LoED foods may be less palatable than HIiED foods
[24], adding sweet taste to a LOED food could increase palatability, which could result in
higher portion selection [27]. The interaction could also be attributable to greater room for
movement in the LOED snacks, which would be expected to generate larger portions, than
HIED.

1.3.2.6 Interactions of eating context, energy density, and taste.: Further, we expected
these energy density-by-taste interactions (see 1.3.2.5) to be context-specific, in that the
magnitude of these differences attributable energy density and taste would be larger in “high
intake” contexts than in “low intake” contexts, because we expected that portions of food,
regardless of energy density and taste, would be similar at “low intake” contexts.

1.3.3 Predicted outcome addressing auxiliary aim - Weight loss predictions.
—Sugarman et al found that “sweets eaters” (i.e. individuals who consume more than 300
kCal of desserts, candy, chocolate, or sweetened beverages more than three times/week),
lose significantly less weight than non-sweets eaters do [22]. Therefore, we expected virtual
portions of sweet HIED foods would predict surgical weight loss (i.e. if patients continue to
eat these foods in high quantities).

2. Materials & Methods

2.1 Participants

Participant data were collected longitudinally between May 25, 2016 - April 4, 2018 at the
New York Obesity Nutrition Research Center (NYONRC) at Columbia University.
Individuals scheduled to undergo Roux-en-Y gastric bypass or vertical sleeve gastrectomy
surgery (patients) were recruited and consented 1-2 weeks before their scheduled surgery at
Mt. Sinai — Morningside Hospital (New York, NY). Individuals with normal BMI (18.5 —
24.9 kg/m?) and of similar race, ethnicity, and age to patients (controls), responded to
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classified ads online (RecruitMe database and Craigslist), or flyers posted around upper
Manhattan and the Bronx, NY and were consented at the NYONRC.

Inclusion criteria were: 1865 years of age; BMI between 35 and 65 kg/m? (patients) or
BMI between 18.5 and 24.9 kg/m?2 (controls); blood pressure below 160/100 mmHg
(patients). Additionally, during screening, all participants were required to rate liking (at
least 110 out of 190mm general labeled visual analog scale [28]) for a commercially-
available chocolate-flavored nutritional shake (Ensure™, Abbot Laboratories), to assure they
could drink it to capacity [29] in another component of the study to be reported elsewhere.
Exclusion criteria were: fasting triglycerides >600 mg/dL (patients), type 2 diabetes, taking
any psychotropic medications, being a current smoker, or current pregnancy.

2.2 Study design

Patients were scheduled for a baseline visit 1-2 weeks before their surgery date and a
follow-up visit 3 months after surgery, while controls were scheduled for a baseline visit
followed by a second visit, 3 months later. We instructed participants to refrain from eating
or drinking anything, except water, for 12 hours prior to each study visit. Patients’ body
weights were recorded at the surgeon’s office 1 week before surgery, at screening for
controls, and at the 3-month follow-up laboratory visit for all participants. VPCTs were
completed by all participants at both visits, which started between 10 and 11 AM. VPCTs
took 15 minutes to complete and were included as part of a larger study that explores
behavioral, motivational, cognitive, and physiological predictors of weight loss and weight
recidivism after bariatric surgery.

2.3 Experimental set up

2.3.1 Method of adjustment—The VPCTs used a method of adjustment [30], in which
the participant created a virtual portion of food, on a computer monitor, in response to a
described context. Participants pressed the arrow keys on a keyboard to decrease or increase
the portion size [30]. In each trial, the foods, contexts, and starting picture were shown at
random to limit any order effects.

2.3.2 Foods utilized in the virtual portion creation tasks

2.3.2.1 Energy density and taste.: The VPCTSs used eight snack foods (Figure 1) chosen
to represent HIED (> 2.0 kcal/g) LoED (< 1.7 kcal/g), crossed with two tastes (salty or
sweet) (Figure 1), yielding four “food-types” — sweet LoED, sweet HiED, salty LoED, and
salty HiED. These two food properties, energy density and taste, were chosen because they
are major drivers of food choice [25]. Sweet, salty, and umami tastes are usually well
accepted by humans and contribute to the palatability of foods and promote their intake
while bitter and sour tastes reduce palatability of foods [25]. Additionally, decreases in
sweet and salt sensitivity are reported in the individuals with morbid obesity after gastric
bypass surgery [31, 32]. Mixtures of sugar and fat are considered especially palatable by
individuals with obesity [33-35].

The energy density cutoffs were used from those set by Barbara Rolls and colleagues in their
diet quality studies [36]. The snacks we utilized in the VPCTs had thresholds that were more
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widely spaced (HIiED, > 3.8 kcal/g, and LoED, < 1.4 kcal/g) to ensure that we could detect
larger differences between energy density levels. Snack foods were used because snack-
eating and sweet-eating patterns have been associated with different weight loss outcomes
after bariatric surgery [37] and only two were used for each food-type to give enough variety
for each food-type while also limiting the amount of time spent on this task as there were
many other tasks participants completed on the same day. Consequently, the time devoted to
this task had to be limited.

2.3.2.2 Choice of snacks.: The snacks that were chosen for the VPCTs have been used in
multiple studies and are frequently eaten in the United States. Apples and grapes were
chosen because they are sweet, low in energy density, commonly eaten in the United States
[38], and have been used in multiple studies [39, 40]. Milk chocolate and donuts were
included because they are sweet, high in energy density, frequently purchased from New
York City convenience stores and bodegas [41], and have been used in several virtual portion
studies, including many conducted by Jeff Brunstrom [7, 8, 20, 42—44]. Similarly, potato
chips and pretzels, which are salty and high in energy density, are frequently purchased [41]
and used in many studies [20, 42, 43, 45-47]. In contrast, olives and edamame were selected
because they are salty, low in energy density, reportedly lower in hedonic ratings [48],
consumed infrequently, and perceived to be healthy [41].

2.3.3 Food photography—Snacks were purchased locally, prepared, and digitally
photographed by one author (JH). Food photography guidelines developed by Jeff
Brunstrom were followed [20]. All foods were photographed on a white 255-mm diameter
plate and a lighting apparatus, with two adjustable arms, was used to ensure constant
lighting conditions. The camera was mounted at a fixed distance from the plate, which
allowed the uploaded photographs to be a real-size replication of the snack when displayed
on a 48.26-cm liquid-crystal display monitor. HIED snacks were photographed in 20-40
kcal increments and LoED snacks were photographed in 20 kcal increments, with the
highest amount displayed approximately 1000 kcal for LoED snacks and 2000 kcal for
HIED snacks. The picture number was recorded when the participant hit ‘enter’, and this
number was then converted into a portion response (in grams). Research assistants were
available at the beginning of the task to answer any questions, but participants were alone
while responding to the VPCTSs.

2.4 Eating contexts in the virtual portion creation tasks

2.4.1 Healthy context.—Previous use of VPCTSs used method of adjustment, with
instruction to create a portion of food that participants “ought to eat” (/deal) [7]. We adapted
the Jdeal context to ask what the participant would eat to “stay healthy” instead of what they
think they “ought to eat”. The exact text was “ Create the portion you would eat of this food
If you were trying to stay healthy.” This healthy context provides a context that bariatric
participants may employ when thinking about their weight loss, weight maintenance, and
dieting.

2.4.2 Typical context.—Previous VPCTSs also had an instruction to create a portion of
food that a participant would normally eat [7]. The text we used for this context was “ Create

Physiol Behav. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hamm et al.

Page 7

the portion you might typically eat of this food.” This context allows for the collection of
data on what participants perceive to be their typical portion of these items.

2.4.3 Comfortably satisfied context.—A satisfied context was included to determine
if what a participant considered “satisfying” was similar to their #ypical consumption of the
same food. Like the typical context, this context was developed to gauge each participant’s
“normal” eating. This context was designed to determine if there are differences between
what a participant would call a “typical” portion and one that they would find satisfying; one
could pose the question that if satisfied contexts are not redundant to #ypical contexts, then is
this difference indicative of any eating pathology. The same could be asked about #ypical and
maximum (described in the next section).

2.4.4 Maximum context.—In previous studies, participants also indicated if a displayed
portion of food would “be too big for [them] to tolerate eating it” (maximum), via method of
constant stimuli [7]. In the present study’s VPCTSs, the maximum context was extended to a
method of adjustment format. The maximum context allows for participants to create
portions that may represent perceived physiological limitations and in the future could be
correlated with other physiological measures like gastric distension and gastric capacity
[49].

2.4.5 Desired context.—A desired context was developed as an extension of maximum,
to see what participants would consume without any limits, in a sense, removing the
physiological and possibly psychological restriction included in the maximum eating
context. This context is novel for virtual paradigm as it allows participants to create portions
they would create in an imaginary, unrestrained situation. We note that the term “desire”
may hold several meanings; while we have labelled this context as “desire”, the word desire
is not used in the prompt.

These five contexts were designed to be somewhat hierarchical, in that desiredand
maximum are likely to be the highest, followed by #ypical and satisfied, and then healthy
being the lowest. This variety of contexts allow for a spectrum or gradient of responses,
which could represent certain patterns of eating behaviors. These patterns, and changes in
these patterns, could have clinical significance.

2.5 Ethics and regulatory approval

All participants were provided written informed consent prior to enrollment. These analyses
are part of a larger study, Mechanisms Underlying Predictors of Success from Obesity
Surgery, which was approved by the Institutional Review Boards of Columbia University
and Mount Sinai Morningside Hospital.

2.6 Data analysis and design

SAS9.4 software (SAS Institute, Inc., Cary, NC, USA) was used for all analyses.

2.6.1 Power computation—Power calculation was based on data from a previous study
conducted by Jeff Brunstrom and colleagues [20]. In that study, the mean difference between
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two contexts (maximum and fdeal portions) of snacks in individuals with obesity was 18.89
g £+ 34.58 SD, and the number of controls and patients needed to show a significant
difference, with power of at least 0.8, was 1= 29.

2.6.2 Tests of reliability and responsiveness — stability of response in
controls over time and differences attributable to group, surgery, context,
energy density, and taste—A repeated measures (two time points) design was
employed for the two study groups, for portions created of a snack (energy density and taste)
for a given context. Descriptive statistics (means = SEMSs) were calculated for demographic
variables and portion responses (g) for each context, food-type (mean of snacks of the same
energy density and taste), and at each time point for both groups (see 1.3.2). Mean portion
response was in grams, not calories, because had we used energy units, the results would be
confounded with the differences in energy density across food-types. Note: anyone who
wishes to compare the effects with energy density can perform the calculation by means of
data in Figure 1, where energy densities are shown. Planned between group tests were
conducted to compare the patient and control demographics. Five-way ANOVA was
conducted on the design just described, to assess differences between groups, visits,
contexts, energy densities, and tastes. The comparisons included estimates for differences
between groups, visits, contexts, tastes, and energy densities, with p-values that are Tukey-
adjusted.

Planned testing of group x visit, energy X taste, and context x energy X taste interactions
were performed. All p-values were held to Bonferroni correction. Interactions measure the
influence of one factor on another factor’s influence on an outcome, in this case the outcome
being the size of a portion. A significant group x visit interaction occurs when the visit
difference of one group is larger in magnitude than the other. A significant energy x taste
interaction occurs when the positive difference between sweet LOED and salty LOED snack
portions is larger than the difference between sweet HIED and salty HiED snack portions
(i.e. how does energy density influence the difference between sweet and salty portions). A
significant context x energy X taste interaction occurs when the aforementioned energy x
taste interaction is larger at one context compared to another, which would be an illustration
of the energy X taste interactions being context-specific.

To assess test-retest reliability under stable conditions (see 1.3.1), Pearson and Spearman
correlation tests were conducted on baseline and follow-up responses in controls.

2.6.3 Weight loss analyses—In patients, weight loss (in kg), with baseline weight (kg)
as a covariate [50-53], was linearly regressed from pre-operative portions created for a given
context and snack type (see 1.3.3). Weight loss is presented as baseline weight subtracted
from 3-month weight.

3. Results

3.1 Participants Characteristics

Baseline weight, baseline BMI, 3-month weight, 3-month BMI were higher in patients than
in controls (p < 0.05), but age was not different (Table 1). As expected, body weight
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decreased in patients (p < 0.001) but did not in controls (Table 1). Both groups were
primarily female (90% of patients and 83% of controls), black (55% of patients and 59% of
controls), and of Hispanic ethnicity (66% of patients and 69% of controls) (Table 1).

3.2 Test-retest reliability (controls only)

In controls, mean portion sizes were not significantly different between baseline and 3-
month visits (all p’s > 0.05, Supplemental Table 1). Baseline and follow-up portion sizes
correlated positively (Spearman R ranging from 0.451 — 0.872, all p’s < 0.001, Supplemental
Table 3).

3.3 Responsiveness

3.3.1 Surgery-induced decreases—In patients after surgery, significant decreases in
portion size were seen only for sweet LoED snacks. Portions under the typical, satisfied,
maximum, and desired contexts decreased (Supplemental Table 2, Figure 2B-2E, all p’s >
0.05), but not under the Aealthy context (Supplemental Table 2, Figure 2A). No significant
decreases were seen for salty HIiED, salty LoED, or sweet HiED snacks (Supplemental Table
2, all p’s > 0.05).

3.3.2 Group differences—Contrary to prediction (see 1.3.2.2), at baseline, only
portions of sweet LOED snacks, in response to the desired context (Figure 2E), were larger
in patients than in controls. At follow-up, portions created of sweet LoED snacks were
smaller in patients than controls only for the maximum context (Figure 2D). Portions of
sweet HIED snacks and all salty snacks were not different for all contexts, at either visit, for
both groups (p > 0.05, data not shown). There were significant group x visit interactions for
maximum (mean difference: 277.71g + 61.35 SE, t = 4.53, p < 0.0001), and desired (mean
difference: 173.92 + 61.35 SE, t = 2.83, p = 0.0047) portions of sweet LOED snacks.

3.3.3 Eating context differences—Desired portions of sweet LOED snacks were
larger than satisfied and typical portions of the same snacks, for patients and controls (both
groups), at baseline and follow-up visits (Figure 3A-D, Table 2). Desired portions of sweet
LoED snacks were also larger than Aealthy portions of the same snacks for both groups at
baseline (Figure 3A and C, Table 2), but only for patients at follow-up (Figure 3B, Table 2).
Desired portions of sweet LOED snacks were larger than maximum portions of the same
snacks, and maximum portions of sweet LOED snacks were larger than #ypical and healthy
portions of the same snacks, but only for patients at baseline (Figure 3A, Table 2). Desired
portions of sweet HIED snacks were larger than Ahealthy portions of the same snacks for both
groups at baseline, but not at follow-up (Figure 3A-D, Table 2), and maximum portions of
sweet HiED snacks were larger than healthy portions of the same snacks for patients at
baseline, but not at follow-up (Figure 3A, Table 2).

3.3.4 Differences attributable to energy density and taste—Portions of sweet
LoED snacks were larger than portions created of the other snacks, for all contexts, and for
both groups at baseline (Figure 3A and C, Supplemental Table 4). Portions of sweet and
salty LoED snacks were no different from each other, for the maximum and satisfied
contexts, for patients, but not controls, at follow-up (Figure 3B and D, Supplemental Table
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4). Salty LoED portions were larger than salty HIiED portions for the healthy context at
baseline (Figure 3A and C, Supplemental Table 4), but not for any other context at baseline
or follow-up (Figure 3B and D, Supplemental Table 4). Portions of sweet HiIED snack were
no different from all salty snack portions, for all contexts, for both groups, and at both visits,
with an exception for controls at baseline (Figure 3A-D, Supplemental Table 4); portions of
sweet HIED snacks were larger than salty HIiED snacks for the desired context, for controls
at baseline (Figure 3B, Supplemental Table 4).

3.3.5 Interactions of energy density and taste—There were consistent energy x
taste interactions for the desired, typical, and healthy contexts for both groups and both visits
(Figure 4A-D, Table 3). Additionally, there were energy x taste interactions for the sat/sfied
context for both groups at baseline, and for controls, but not patients, at follow-up (Figure
4A, C, and D, Table 3). There also was an energy X taste interaction for the maximum
context for patients at baseline, but not at follow up (Figure 4A, Table 3).

3.3.6 Interactions of eating context, energy density, and taste—The energy x
taste interaction for desiredwas larger than for typical, healthy, and satisfied contexts in
patients at baseline, but not at follow-up (Figure 4A and B, Table 4), and not in controls at
either time point (Figure 4C and D, Table 4).

3.4 Weight loss predictions

Contrary to our weight loss predictions (see 1.3.3), baseline Aealthy portions of salty LOED
snacks inversely predicted 3-month post-operative weight loss (Figure 5A, Table 5 and
Supplemental Table 5), that is, the larger the pre-operative portion, the lower the weight loss.
However, desired portions of sweet HiED, in addition to sweet LoED, and salty HIED
snacks, (Figure 5B-D, Table 5 and Supplemental Table 5) directly predicted weight loss,
that is, the larger the pre-operative portion, the higher the weight loss, which was
unexpected. The overall regression model was significant as well (Supplemental Table 5).

4. Discussion

4.1 Overview and advantages

We found that responses to the VPCTS are reproducible in a group of normal-weight
controls, and that they are influenced by many factors, both food- and non-food related.
Responses were group-, visit-, context-, and food-specific, with considerable variability in
response to sweet LOED snacks under the desired context. Certain portions also predicted
weight loss. We found VVPCTs to have reliability, responsiveness, and some predictive
validity. Future studies should be conducted to assess additional components of the
psychometric quality of this instrument, such as content, construct, and criterion validity.

VPCTs are not cumbersome to use for the researcher or participant and can be administered
at a time when bariatric surgery limits the ability to consume solid foods. This instrument
allows researchers to collect data on simulated intake of multiple foods in a single
assessment [1] that would not be possible if the subject were eating real food. It remains to
be determined whether: a) simulations of multiple simultaneous portions would generate the
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same portions as when they items are presented individually and b) how well virtual portions
created with single and multiple foods are related to actual intake with real foods, across
different contexts. Different combinations of foods available at the same episode may
influence portion creation. We propose that the construct that the VPCTs are measuring is
the intention of the individual to eat a portion of a certain size given the food and context,
therefore, it is critically important for future studies to determine how well they predict
actual intake across contexts and multiple foods. Because of the ease of using this
instrument, as well as its stability and responsiveness, this tool could be a valuable dietary
assessment tool. In addition, because baseline virtual portions predicted weight loss, these
VPCTs hold some predictive validity; however, further study should be conducted to assess
clinical prognostic value.

4.2 Overall findings and significance

4.2.1 Reliability of responses.—The prediction that virtual portions created by
normal-weight controls will be stable over time, and that their baseline portions will be
highly correlated with their follow-up portions was confirmed. What variability, between
visits, was seen can be attributable to random fluctuation, since no statistically significant
changes were seen after adjustment for multiple comparisons. Future studies should assess
reliability in non-surgical controls matched for patient BMI. However, because control data
are stable, we suggest these VPCTs are reliable for snack foods.

4.2.2 Surgery-induced decreases.—The prediction that portions created by patients
would decrease after surgery was confirmed, but only for one food-type (sweet LoED
snacks) for all contexts, except healthy. The failure to see a drop in the Aealthy context
portion sizes may reflect a floor effect. The difference (110g) in portions of sweet LoED
between the two “high intake” (desired = 256q; maximum = 282g) and two “low intake”
(typical = 164q; satisfied = 146g) contexts may specifically reflect the surgically-induced
reduction in gastric capacity, which would affect the propensity to consume larger portions
more than it would affect the propensity to consume smaller ones, and would therefore be
reflected in the virtual portion size task. However, the fact that difference in desired portion
is not affected nearly as much as the other three contexts can be interpreted that desired
reflects more of the hedonic or other cognitive influence, whereas the others may reflect
more physiologically-related contexts. This hypothesis could be tested by exploration of the
effects of similarly worded contexts, in order to separate cognitive from physiologically-
driven types of control. It is important to note that the effect of surgery was specific to only
one of the four food-types, sweet LoED, which demonstrates that the instrument can detect
differences among food-types.

4.2.3 Group differences.—The prediction that portions created by patients will be
higher than controls at baseline, but similar to controls at follow-up, was confirmed, but only
for sweet LoED snacks, and only for the desired context. While we do not know the reason
for the specificity of sweet LoOED snacks, the fact that the instrument is selective indicates
that it can be useful in discriminating effects between clinical groups, as well as across
contexts and food-types. In addition, the restriction of the group differences to one food-type
could explain failure of others to see differences between individuals with and without

Physiol Behav. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hamm et al.

Page 12

obesity, even in real eating, unless patients were instructed to binge [54]. The literature for
portion selection differences under typical eating situations between individuals with obesity
and normal-weight controls is also mixed [4, 55, 56]. Perhaps typical portions of foods did
not produce differences because the chosen items are not consumed differently or it may be
that a typical portion is eaten more frequently in patients than controls [57]. However, when
the instruction was changed to “eat as much as you can” [54], which may be similar for a
patient with binge eating disorder or bulimia, to the instruction here to “eat without to regard
to health” consequences, patients with binge eating disorder or bulimia nervosa ate
significantly more than controls.

4.2.4 Eating context differences.—The prediction that, in patients and controls, “high
intake” contexts (i.e. maximum and desired) would elicit larger portion size responses than
“normal intake” contexts (i.e. satisfied, typical, and healthy) were confirmed in patients for
sweet LOED snacks (see 4.2.5 in regard to sweetness and portion size creation). This
prediction was also confirmed in controls for all sweet snacks which could be an illustration
of another group difference (see 4.2.3) in that controls are context-sensitive to sweet HIED
portions while patients are not, and this could contribute to their BMI differences; future
studies should explore this hypothesis.

In regard to “normal intake” contexts, when we designed the #ypical and satisfied contexts,
we posited that these contexts might be different in patients, but they were not different from
each other at either time point; participants may consider these contexts one in the same.
Typical and satisfied portions also became similar to healthy portions after surgery, which
illustrates a “normalization” of an excessive-consumption eating style induced by the
surgery. The stability of fealthy portions in patients could be attributable to food-focused
patients, who are dieting, having an idea of what is “healthy” and maintaining this idea,
regardless of surgery.

As mentioned (see 4.1.2), desired portions decreased after surgery, but always remained the
highest portion out of all contexts; these desired portions may reflect deep-seated
neurobehavioral biases that persist after weight loss and could indicate potential failure to
maintain weight loss. Future longer-term studies could test the role of desired portion in
long-term impaired weight loss and weight recidivism, particularly with a neuroimaging
component to determine if changes in reported desire are associated with changes in
activation of reward centers of the brain. While individuals with obesity may not always
consume larger portions than controls, they may do so for certain foods and under certain
contexts. Overall, the differences in portion creation we found between eating contexts
suggest that this instrument is context-sensitive and could be useful in assessing eating
behavior.

4.2.5 Differences in portion creation attributable to energy density and taste.
—The prediction that portions of HiIED snacks would be smaller than those for LOED was
confirmed in sweet, but not salty. Sweetness may have a greater effect on portion creation
than saltiness or energy density in this experimental setting and sample. The creation of
diluted diets reduce energy intake [58] may therefore be more effective for sweet tasting
than salty tasting items. It is also important to recognize that these differences may be
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attributable to properties of the food other than energy density and taste, such as familiarity,
consumption frequency, availability, cost [59], fat content, palatability and texture [60, 61].
Future studies powered for these additional dimensions of external and internal influences
on virtual portion creation should be conducted. Additionally, because fruit, on average, is
consumed more than vegetables in the United States [62], additional work is needed to
determine whether responses to non-fruit items, that are also sweet and LoED, are similar to
those in the current study.

4.2.6 Interactions of energy density and taste.—The prediction that energy density
will influence the effects of taste on size of portion created (energy X taste interaction) was
confirmed consistently in both groups, at both time points, for the healthy, typical, and
desired contexts, which statistically corroborates the differences in food-type that were
found and further illustrates the responsiveness of this task to energy density and taste. The
prediction that these energy x taste interactions would be larger in “high intake” contexts
than in “low intake” contexts was confirmed only for patients at baseline, which further
substantiates our discussion about patients’ portion normalization we discussed in Section
4.2.4. From these interactions, we can see that the responsiveness of the VPCTS not only to
context, but also to surgery-induced changes. Future studies should explore these
interactions with a wider variety of foods in each food type category.

4.2.7 Weight loss predictions.—The prediction that virtual portions of sweet HIED
foods would predict surgical weight loss was confirmed in the desired context, however,
sweet LOED and salty HIiED snacks also directly predicted weight loss, so this prediction
was not food-type-specific. Pre-operative fealthy portions of salty LoED snacks inversely
predicted weight loss as well, which was peculiar; perhaps the variability in portion size can
be accounted for by other factors (see 4.2.5). With these weight loss predictions, it is also
important to include possible confounders of weight loss, such as physical activity, in future
models. While we found some unexpected results, this tool may be useful in future studies
delineating the mechanisms in which pre-operative variable work to predict outcome.

4.3 Limitations and future directions

While the present study is limited to eight snack foods, we still found significant differences
in portion response. The addition of snacks for each of the food categories and the addition
of meal foods is encouraged for future studies.

Social desirability bias during report of dietary intake is common and may influence self-
report [63]. To minimize this bias, participants responded to VPCTs in a lab room, alone,
and were told that neither their surgeon nor dietitian would see this data. Social factors
should be incorporated into these types of studies to determine their influence on portion
sizes created and consumed. As in any self-report instrument, there may also be recall bias
[64]. Additionally, patients with obesity may have neurocognitive deficits regarding
visuospatial memory [65], but most studies examining these deficits use shapes and do not
use foods, which are likely more stimulating [66].

Even though VPCTs were given at the same time of day, and under a fasted state, it is not
known whether instructions about their state of deprivation (eaten nothing, a small snack, a
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normal meal, the largest meal they had ever eaten) could influence their portion creation.
Future studies should incorporate state of deprivation into VPCTSs. Eating and non-eating
psychopathology should also be considered in future studies with VPCTSs.

We are also limited in interpreting group differences because this particular patient sample
was dieting at the time of baseline response. This dieting behavior may have suppressed
portions created which could have been larger before pre-surgical nutritional consultation.
Future studies should include non-intervention participants with obesity in order to
determine if there are differences in portion creation between surgical patients with obesity
and non-intervention individuals with obesity; this comparison could help determine the
effect of dieting and nutritional counseling on portion creation in individuals with obesity.
Despite of this potential limitation, this tool is responsive in that it is able to detect
differences due to intervention and BMI (individuals with obesity v. individuals with normal
BMI).

Although we know that portions created in response to “typically eaten” contexts accord
with amounts actually eaten, and we therefore assume that portions created in other contexts
would accord with actual amounts eaten in those contexts, we do not know that for certain,
and this assumption remains to be tested. We also do not know the behavioral pathway
through which created portions predict weight loss, and assume the pathway is related to
food intake and memory for eating episodes. Nevertheless, the robust predictions suggest
paths for further investigation.

The present study is also limited by a small, but sufficiently powered, sample that was
primarily non-White Hispanic, and included relatively few males. Because weight loss
outcomes vary across race, ethnic, socioeconomic, and sex groups [67], this study should be
repeated in a larger and more diverse bariatric population. Effect of surgery type on portion
size and weight loss should also be explored, as there may be different surgical outcomes,
and future studies should explore these effects at long-term post-operative weight loss and
weight recidivism.

5. Conclusion

Differences attributable to non-food-related and food-related factors of snack portion
creation can be interpreted as an illustration of the ability of this instrument to capture
meaningful responses to variability in food-type, eating context, subject characteristics, and
weight loss. The stability of the instrument was demonstrated with controls, and the
“sensitivity” to surgical manipulation indicates clinical value. We may conclude that VPCTs
will become a valuable addition to the ingestive behavior scientist’s tool kit.
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Highlights
. Virtual portion creation tasks, as proxies for food intake, are stable and
reliable
. Energy, taste, and eating context influence the size of virtual portions
. Pre-operative virtual portion sizes predict weight loss after bariatric surgery
. Portion creation tasks can be used in clinical settings and appetite research
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ED: 0.576 kcal/g
Protein: 1%
Carbohydrate: 96%
Fat: 2%
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Milk chocolate
ED: 5.429 kcal/g
Protein: 6%
Carbohydrate: 59%
Fat: 28%

Grapes
ED: 0.755 kcall/g
Protein: 4%
Carbohydrate: 94%

Fat: 2%

Donuts
ED: 4.266 kcal/g
Protein: 5%
Carbohydrate: 56%
Fat: 37%

Figure 1. Pictures of snacks
Pictures of the largest portion of the snack portions shown in the virtual portion creation

tasks. Arranged by energy density (rows, high or low) and taste (columns, sweet or salty).
Energy density (kcal/g) and macronutrient composition (%) are presented for each snack.

Olives
ED: 1.333 kcal/g
Protein: 1%
Carbohydrate: 6%
Fat: 11%

Pretzels
ED: 3.893 kcal/g
Protein: 7%
Carbohydrate: 84%
Fat: 8%
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Edamame
ED: 1.333 kcal/g
Protein: 32%
Carbohydrate: 36%
Fat: 27%

Potato chips
ED: 5.643 kcal/g
Protein: 6%
Carbohydrate: 54%
Fat: 34%
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Figure 2. Portion means for sweet, low-energy-dense snacks by eating context, group and visit
Bar graphs of portion means + SEM, of sweet, low-energy snacks, for patients (n7=29) and

controls (7= 29). All means are reported in Supplemental Table 1 and 2. P, patients; C,
controls; 1, at baseline; 2, at follow-up. There were no significant group or visit differences
in A. P1 was significantly higher than P2 in B (by 163.6g + 27.3 SE, t = 5.99, p < 0.0001); C
(by 146.1g + 27.3 SE, t = 5.4, p = 0.0003); D (by 281.9g + 27.3 SE, t = 10.3, p < 0.0001). P2
was significantly lower than C2 in D (by 157.7g £ 31.1, t = 5.0, p = 0.0013). In E, P1 is
significantly higher than P2 (by 255.3g + 27.3,t = 9.4, p < 0.0001) and C1 (by 200.99g +
31.3,t=6.4, p<0.0001). Testing for group x visit interactions (i.e. visit difference in
patients being larger than the visit difference in controls) were significant for D (mean
difference: 277.71g £ 61.35 SE, t = 4.53, p < 0.0001) and E (mean difference: 173.92 +
61.35 SE, t = 2.83, p = 0.005), but not A (mean difference: 69.43g + 61.35SE, t=1.13,p =
0.26), B (mean difference: 132.13g + 61.35 SE, t = 2.15, p = 0.03), or C (mean difference:
113.73g + 61.35 SE, t = 1.85, p = 0.06).
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Figure 3. Portion means of each snack type across eating contexts
Line graphs of portion means £ SEM across eating contexts (x-axis) for each of the four

snack types (lines) in (A) patients (/7= 29) at baseline (B) patients at follow-up, (C) controls
(n=29) at baseline, and (D) controls at follow-up. See Supplemental Table 1 and 2 for
portion means + SEM, Supplemental Table 4 for differences between snacks + SEM, and
Table 3 for significant differences between eating contexts (estimated difference £ SEM).
For significant differences between snack types, for a given eating context: * signifies that
sweet, low energy-dense portions are larger than for all other snacks types; 8 signifies higher
than sweet, high energy-dense snacks; # signifies higher than salty, high energy-dense. See
the matrix below the graph for significant differences between eating contexts for a given
snack type. In the matrix, letters indicate highest to lowest (A—C) with non-significant
differences sharing the same letter.
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Figure 4. Plots of interactions
Line graphs of mean difference between sweet and salty portions, + SEM, across two energy

densities (‘*high” and “‘low’, x-axis) for each of the five eating contexts (lines) in (A) patients
(n =29) at baseline (B) patients at follow-up, (C) controls (nh = 29) at baseline, and (D)
controls at follow-up. See Table 3 for energy X taste interactions for each eating context. See
Table 4 for eating context X energy X taste interactions. * signifies significant energy x taste
interactions (i.e. the difference between sweet and salty low energy-dense portions being
larger than the difference between sweet and salty high energy-dense portions) for a given
eating context (see Table 3). # signifies significant eating context x energy X taste interaction,
in this case meaning that in patients at baseline, the energy x taste interaction for the desired
eating context is greater than the energy X taste interactions for the satisfied, satisfied, and
healthy eating contexts (see Table 4).
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Figure 5. Weight loss regressions in patients
Regressions of body weight loss (kg) at 3 months, in patients (7= 29), from baseline Aealthy

portions of (A) salty, low-energy-dense snacks and desired portions of (B) sweet, high-
energy-dense snacks, (C) sweet, low-energy snacks, and (D) salty, high-energy-dense
snacks, with baseline weight (kg) as a covariate. Weight loss (kg) is baseline weight
subtracted from 3-month weight. The ordinate axis goes from low weight loss (at the top) to
highest weight loss (at the bottom). The regression line reflects the relationship between
baseline portion and weight loss at mean initial weight (121.59 kg) in all patients. Each letter
was assigned to a single participant and remains the same on each plot so that relative
positions can be compared between plots. Grey, lowercase letters indicate that the participant
underwent Roux-en-Y gastric bypass surgery, while black, uppercase letters indicate that the
participant underwent vertical sleeve gastrectomy. See Supplemental Table 5 for regression
statistics. WL, weight loss at 3 months; LoED, low energy-dense; HiED, high energy-dense
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Demographic data for study participantsl

TABLE 1

Patients (n = 29)

Controls (n = 29)

Age,y 36.38 +2.25
Sex, % Female/Male 90% / 10%
Race, % Black/White 55% / 45%

Ethnicity, % Hispanic/Non-Hispanic 66% / 34%

Initial BMI, kg/m? 4467 +1.072
Three-month BMI, kg/m? 36.98 + 0.99%
Baseline Weight, kg 12156 + 3_522
Three-month Weight, kg 100.58 +3.23%
Three-month Weight Loss, kg —20.97 + 1_092 3

34.45 £ 2.02
83% /17%
59% / 41%
69% / 31%

21.93+0.33

22.01+£0.37

59.19+1.28

59.50 + 1.34

0.31+0.38

1 N
Values are means + SDs unless otherwise indicated.

ZSignificant group differences (t-test, p < 0.05)

3Significant decrease in weight loss (three-month weight — baseline weight) in patients (paired t-test, p < 0.0001).
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TABLE 2
Significant differences between eating contexts”
Patients (n = 29) Controls (n = 29)
Visit 1 Visit 2 Visit 1 Visit 2
Diff =~ Mean * SEM P Mean + SEM P Mean + SEM P Mean + SEM P
Sweet LOED D-H 35559+27.30 <0.0001 156.02+27.30 <0.0001 157.15+27.30 <0.0001 62.06+27.30 0.9995
D-T  259.61+27.30 <0.0001 167.91+27.30 <0.0001 169.17+27.30 <0.0001 119.26+27.30 0.0270
D-S 314.86+27.30 <0.0001 205.68+27.30 <0.0001 164.98+27.30 <0.0001 115.99+27.30 0.0431
D-M  189.09+27.30 <0.0001 215.64+27.30 <0.0001 108.17+27.30 0.1178 30.93+27.30 1.0000
M-H  166.5+27.30 <0.0001 -59.63+27.30 0.9999 48.98 + 27.30 1.0000 31.14+27.30 1.0000
M-S 12578 +27.30 0.0100 9.96 + 27.30 1.0000 56.82 + 27.30 1.0000 85.06 +27.30  0.7560
Sweet HIED D-H 185.7+27.30 <0.0001  94.52 +27.30 0.4426  160.16 £27.30 <0.0001 9856 +27.30  0.3188
M-H 11856 +27.30  0.0299 21.01 +27.30 1.0000 106.05+27.30  0.1502 84.28+27.30 0.7788

JVaIues are mean differences + SEM and p-values are from multiple comparisons (four-way ANOVA with Tukey adjustment). Diff, difference
between eating contexts (g); LOED, low energy-dense snacks; HIED, high energy-dense snacks; Eating contexts: H, healthy; T, typical; S, satisfied;

M, maximum; D, desired.
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TABLE 3

Energy x taste interaction for each eating context”

Page 27

Patients (n = 29)

Controls (n = 29)

Visit 1 Visit 2 Visit 1 Visit 2
Eating Mean + t P Mean + t P Mean £ t P Mean £ t P
context SEM SEM SEM SEM
Healthy 138.37+ 358 0.0003 110.71+ 2.87 0.0042 10485+ 272 0.0066 14216+ 3.68 0.0002
38.62 38.62 38.62 38.62
Typical 21546+ 558 <0.0001 10493+ 272 0.0066 12371+ 320 0.0014 126.31+ 3.27 0.0011
38.62 38.62 38.62 38.62
Satisfied 166.21+ 430 <0.0001 91.11 236 0.0183 839+ 217  0.0298 89.49 = 232 0.0205
38.62 38.62 38.62 38.62
Maximum 258.15+ 6.69 <0.0001 76.27 1.98 0.0483 12937+ 335 0.0008 160.8 + 416 <0.0001
38.62 38.62 38.62 38.62
Desired 37139+ 9.62 <0.0001 219.01+ 5.67 <0.0001 17348+ 4.49 <0.0001 1815+ 470 <0.0001
38.62 38.62 38.62 38.62

Five-way ANOVA with interaction (energy x taste) for each group, visit, and eating context. P-values < 0.005 are significant after Bonferroni-

correction (a = 0.005).
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TABLE 4

Eating context x energy x taste interaction at each eating context”

Patients (n = 29) Controls (n = 29)
Visit 1 Visit 2 Visit 1 Visit 2

Diff Mean + t P Mean + t P Mean + t P Mean + t P
SEM SEM SEM SEM

D-M 11323 + 2.07 0.0382 142.74 + 261  0.0090 4412 + 0.81 0.4192 20.69 + 0.38  0.7047
54.61 54.61 54.61 54.61

D-S 205.17 £ 3.76  0.0002 127.90 + 2.34  0.0192 89.50 + 1.64 0.1010 92,01+ 1.68 0.0921
54.61 54.61 54.61 54.61

D-T 155.92 + 2.86  0.0043 1140+ 2.09 0.0368 49.78 £ 091 0.3621 55.18 + 1.01 0.3123
54.61 54.61 54.61 54.61

D-H 233.02 + 4.27 <0.0001 108.31 + 1.98 0.0474 68.64 + 1.26  0.2089 39.33+ 072 04714
54.61 54.61 54.61 54.61

M-S 91.94 + 1.68  0.0923 -14.84 + -0.27 0.7858 4547 0.83  0.4051 7131+ 131 0.1916
54.61 54.61 54.61 54.61

M-T 42,69 + 0.78 0.4344 —-28.66 + -0.52 0.5997 5.66 + 0.10 0.9175 3449 + 0.63  0.5277
54.61 54.61 54.61 54.61

M-H 119.79 + 219  0.0283 -34.43 + -0.63 0.5284 2452 + 0.45  0.6535 18.64 + 0.34 0.7329
54.61 54.61 54.61 54.61

S-T -49.25 + -0.9 0.3672 -13.82 -0.25 0.8002 -39.81+ -0.73  0.4660 -36.82 + -0.67 0.5001
54.61 54.61 54.61 54.61

S-H 2785+ 051 0.6101 -19.59 + -0.36 0.7197 -20.95+ -0.38 0.7012 -52.67 + -0.96 0.3348
54.61 54.61 54.61 54.61

T-H 77.10 £ 141  0.1581 =577+ -0.11 0.9158 18.86 + 0.35 0.7298 -15.85+ -0.29 0.7716
54.61 54.61 54.61 54.61

Four-way ANOVA with interaction (eating context x energy x taste) for each group and visit. P-values < 0.005 are significant after Bonferroni-
correction (a = 0.005); Eating contexts - H, healthy; T, typical; S, satisfied; M, maximum; D, desired.
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TABLE 5
Independent regression models’
Eating context  Snack type R? t Slope + SE Slope P Intercept Intercept P
Healthy Sweet LOED 0.252 -0.69  0.004 + 0.006 0.502 5.307 0.458
Healthy Sweet HIED  0.238  0.23 0.001 £ 0.039 0.984 3.134 0.625
Healthy Salty LoOED  0.449 -3.21  0.024 +0.008 0.004 13.988 0.038
Healthy Salty HIED 0.246 -0.64 0.034 +0.064 0.603 3.878 0.553
Typical Sweet LOED 0.289 2.61 —0.009+0.007  0.186 2.032 0.745
Typical Sweet HIED 0.264 0.69 —0.012+0.013 0.349 1.526 0.815
Typical Salty LoOED  0.253 -1.07  0.008 +0.011 0.483 5.659 0.439
Typical Salty HIED ~ 0.238 —0.03  0.000 + 0.026 0.997 3.124 0.657
Satisfied Sweet LOED 0.241 153  -0.002 + 0.007 0.753 2.764 0.671
Satisfied Sweet HIED 0.271 0.71 -0.015+0.014 0.287 1.519 0.813
Satisfied Salty LoED  0.239 -0.30  0.002 +0.011 0.887 3.668 0.621
Satisfied Salty HIED 0249 051 -0.019+0.030 0.546 2.209 0.736
Maximum Sweet LOED 0.316 2.81 -0.009 = 0.005 0.097 2.976 0.624
Maximum Sweet HIED 0253 0.75 -0.010 +0.014 0.473 1.975 0.763
Maximum Salty LoED  0.240 -0.51 —0.002 +0.009 0.802 2.488 0.718
Maximum Salty HIED 0.274 1.38  -0.033 £0.029 0.265 1.246 0.847
Desired Sweet LOED 0.441 3.33  -0.011 +0.004 0.005 -2.514 0.664
Desired Sweet HIED  0.403 130 —0.021 +0.008 0.013 -4.106 0.516
Desired Salty LoED  0.276  0.10  —0.008 + 0.007 0.253 0.209 0.975
Desired Salty HIED 0.349 1.67 -0.038+0.018 0.045 -1.873 0.769

Page 29

Linear regressions of 3-month weight loss (3-month weight — baseline weight), in patients (n = 29), from baseline portion created, with baseline
weight as a covariate. Intercept is not the same as regression lines displayed in Figure 3A-D as those intercepts reflect the regression line at the
mean of the covariate (baseline weight). Significant slopes and corresponding p-values are bolded.
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