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ARTICLE INFO ABSTRACT

Keywords: Prior studies have demonstrated the effects of the COVID-19 pandemic on weight management and lifestyle
Food addiction behaviors, though identification of who may be at greatest risk for negative consequences has not been fully
Obesity

explored. Addictive-like eating behavior, or food addiction, has been associated with an array of problematic
eating behaviors, which may suggest heightened susceptibility to poorer outcomes. In this online, cross-sectional
study, adults (ages 18-78; M = 42.36, SD = 13.08) living in the United States (n = 288) completed question-
naires assessing food addiction and reported changes to their weight, eating, and physical activity before and
during the COVID-19 pandemic. Individuals with food addiction gained an average of 12.42 1b (5.63 kg) since
March 2020, compared to an average weight gain of 2.14 1b (0.97 kg) for those without food addiction (p <
.001). Linear regression analyses controlling for age and body mass index (BMI) showed that food addiction was
independently associated with higher weight gain (B = 9.28, t = 4.97, p < .001), greater intake of ultra-processed
foods before and during COVID-19 (B = 1.08, t = 5.71, p < .001; B = 1.18, t = 6.42, p < .001, respectively),
greater attribution of their overall current eating behaviors to COVID-19 circumstances (B = 23.19, t = 4.62,p <
.001), and higher distress about their overall current eating behaviors (B = —22.12, t = —2.50, p = .01).
Interaction effects demonstrated that individuals with food addiction who are older may be at particularly high
risk for weight gain and distress. The present research suggests that food addiction is a uniquely meaningful
phenotype, beyond the effects of BMI, to identify risk for the negative consequences of COVID-19. Individuals
with food addiction, particularly those who are older, may benefit from support with weight management and
addictive-like eating as the COVID-19 pandemic persists and resolves.

COVID-19 pandemic

1. Introduction

The COVID-19 pandemic has resulted in numerous and extensive
changes to everyday life due to stay-at-home orders introduced in many
locations across the United States in March 2020. From March 1, 2020 to
May 31, 2020, 42 states had mandatory stay-at-home orders, which
included work-from-home for most people except essential workers and
the shutdown of public facilities (e.g., gyms, schools, daycare facilities)
and leisure activities (e.g., in-person dining, movie theaters) (Moreland
et al., 2020). While some of these restrictions were modified beginning
in June 2020 (e.g., increases in outdoor dining), the majority of in-
dividuals continue to experience alterations to their typical schedules (e.

g., working from home, childcare). These interruptions have had dif-
ferential effects, and individuals with obesity seem to have been
particularly significantly impacted by the negative physical and psy-
chological consequences of COVID-19 (Fernandez-Rio, Cecchini,
Mendez-Gimenez, & Carriedo, 2020; Kwok et al., 2020; Poly et al.,
2021). Thus, understanding how the circumstances of COVID-19 may
influence weight, eating, and activity behavior for specific presentations
of problematic eating behavior in a manner that may exacerbate obesity
and increase risk for negative outcomes remains important.
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1.1. The influence of COVID-19 on weight, eating, and physical activity

1.1.1. Weight change

Prospective studies conducted early in the pandemic (April-May
2020) did not show significant weight changes among adults (Keel et al.,
2020; Lamarche et al., 2021), while one conducted in May-July 2020
among adolescents did show significant excess gains, with participants
gaining an average of 3.47 1b (1.57 kg) compared to baseline data
collected between October 2018 and October 2019 (Mason,
Barrington-Trimis, & Leventhal, 2021). In cross-sectional studies con-
ducted during April and May 2020 among adults from the United States
(Zachary et al., 2020), Italy (Marchitelli et al., 2020; Pellegrini et al.,
2020; Scarmozzino & Visioli, 2020), India (Chopra et al., 2020), and
Lithuania (Kriaucioniene, Bagdonaviciene, Rodriguez-Perez, & Petke-
viciene, 2020), between 19.5 and 66% of individuals endorsed gaining
weight compared to before March 2020, though the degree of weight
change was not reported. Only one study reported the average amount
of weight gain at 3.3 1b (1.5 kg) (Pellegrini et al., 2020). Individuals with
higher body weights, problematic eating behaviors, and psychological
symptoms have exhibited elevated risk for weight gain during this time
(Kriaucioniene et al., 2020; Marchitelli et al., 2020; Pellegrini et al.,
2020).

1.1.2. Eating behaviors and physical activity

Cross-sectional online studies reporting on physical activity levels
have fairly consistently reported decreases for children, adolescents, and
adults in North America, Europe, and Asia in April and May 2020
compared to before March 2020 (Carroll et al., 2020; Chopra et al.,
2020; Lopez-Bueno et al., 2020; Maugeri et al., 2020; Pietrobelli et al.,
2020; Robinson et al., 2020; Robinson, Gillespie, & Jones, 2020; Zach-
ary et al., 2020). In contrast, significant variability has been reported
with changes to eating behaviors since the start of COVID-19 stay-a-
t-home orders were introduced in March 2020. For example, in a large,
retrospective, online study of Italian adults, 52.9% of participants
self-reported eating more when surveyed in April 2020, compared to
their typical consumption before March 2020, particularly increasing
intake of “comfort foods” like sweets and salty snacks (Scarmozzino &
Visioli, 2020). Retrospective studies conducted in April and May 2020
have suggested that individuals with obesity seem to have exhibited
greater increases in calorie intake, especially for high-fat, high-sugar
foods (Almandoz et al., 2020; Chopra et al., 2020; Kriaucioniene et al.,
20205 Pellegrini et al., 2020; Robinson et al., 2020). However, the only
prospective study of changes in eating behaviors found that Canadian
adults reported improvements in diet quality in April-May 2020,
compared to before March 2020, with greater improvements observed
for persons with obesity (Lamarche et al., 2021).

1.1.3. Gaps in the literature

While obesity has been associated with increased negative changes in
eating and activity behavior since the start of COVID-19, inconsistent
findings have been observed between retrospective studies and the one
prospective approach in Canadian adults. This may be because obesity is
a heterogeneous condition that can be related to factors besides energy
balance (e.g., medication side effects). As such, obesity is an over-
simplified proxy for identifying who may be at greatest risk for prob-
lematic eating and activity behaviors related to the circumstances of
COVID-19. Profiles of eating behaviors that overlap with, but are not
synonymous with, obesity may better highlight specific intervention
targets (e.g., binge eating, addictive-like eating) and public policy
initiatives.

1.2. Food addiction
Food addiction has been proposed as a distinct profile of eating be-

haviors that reflects a substance-based addiction to ultra-processed
foods (Gearhardt, Corbin, & Brownell, 2009a; Gearhardt, Davis,
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Kuschner, & Brownell, 2011; Schulte, Avena, & Gearhardt, 2015).
Ultra-processed foods (e.g., pizza, pastries, potato chips, soda) are
recognized as class 4 foods by the NOVA classification system (Monteiro
et al., 2019). Ultra-processed foods are not in a natural state and are
created to contain added amounts of fat, refined carbohydrates, and/or
salt, compared to naturally occurring, minimally processed foods like
fruits, vegetables, and animal protein (NOVA class 1 foods) (Monteiro
et al., 2019). Food addiction is most commonly operationalized by the
Yale Food Addiction Scale (YFAS), which adapts the Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition (DSM-5) (American
Psychiatric Association, 2013) criteria for substance-use disorders to
addictive-like consumption of ultra-processed foods (e.g., use despite
negative consequences, repeated unsuccessful attempts to cut down)
(Gearhardt, Corbin, & Brownell, 2009b, 2016). While problematic
eating behavior may occur with an array of foods, the theoretical
perspective of food addiction aligns with substance-use disorders to
posit the direct, specific addictive potential of ultra-processed foods. In
support of this theoretical perspective, prior studies have found that
individuals with food addiction, as assessed by the YFAS, have exhibited
self-reported and behavioral features of addiction with ultra-processed
foods, whereas minimally processed foods (fruits, vegetables, animal
protein) have had little association with problematic eating in this
population (Curtis & Davis, 2014; Pursey, Collins, Stanwell, & Burrows,
2015; Schulte et al., 2015, 2017, 2018). Thus, though additional
research is needed to determine which ingredient(s) in ultra-processed
foods may be the addictive agent, akin to nicotine in cigarettes, the
literature presently provides strong support that the category of
ultra-processed foods are uniquely associated with behavioral indicators
of food addiction.

Using the YFAS, approximately 13-15% of individuals in general
population samples meet criteria for food addiction, with rates esti-
mated higher (25%) for persons with obesity (Schulte & Gearhardt,
2017, 2018). Numerous biological and behavioral parallels have been
observed between food addiction and substance-use disorders (Davis
et al., 2013; Hardee et al., 2020; Murphy, Stojek, & MacKillop, 2014;
Pivarunas & Conner, 2015; Ravichandran et al., 2021; Schulte, Grilo, &
Gearhardt, 2016; Schulte et al., 2019; VanderBroek-Stice, Stojek, Beach,
vanDellen, & MacKillop, 2017), including the use of rewarding sub-
stances (e.g., ultra-processed foods) to cope with stress (Hardy, Fani,
Jovanovic, & Michopoulos, 2018; Joyner, Schulte, Wilt, & Gearhardt,
2015; Pivarunas & Conner, 2015). Given that overeating, often with
comfort foods, to cope with the COVID-19 pandemic was associated with
elevated weight gain (Mason et al.,, 2021), individuals with food
addiction who exhibit compulsive consumption of high-calorie, ultra--
processed foods, may be at particularly high risk for negative changes in
weight, eating, and physical activity due to COVID-19. Notably, Panno,
Carbone, Massullo, Farina, and Imperatori (2020) found that YFAS
symptoms were associated with greater psychological distress during the
COVID-19 pandemic, though it is unknown how this may translate to
reported behaviors. Further, one study found no difference in food
addiction symptoms reported in a general population sample of United
States adults in February 2019 to a second, similar sample recruited just
after the start of COVID-19 on March 31, 2020 (Cummings, Ackerman,
Wolfson, & Gearhardt, 2021). While this provides preliminary insight
that the prevalence of food addiction indicators did not increase among
United States adults within the first two weeks of COVID-19, this study
was conducted very early in the pandemic and did not assess the con-
sequences of COVID-19 among persons who screen positive for food
addiction.

1.3. The current study

The present research is among the first, to our knowledge, to
examine changes in weight, eating behavior, and physical activity due to
the COVID-19 pandemic among individuals who screen positive for food
addiction. Changes to eating behavior were examined for both ultra-
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processed (NOVA class 4) and minimally processed, naturally occurring
(NOVA class 1; e.g., fruits, vegetables, lean proteins) food consumption.
The primary aim of this research was to assess whether food addiction
was associated with changes in weight, eating behavior, and physical
activity related to the circumstances of COVID-19, above and beyond the
effect of body mass index (BMI). It was hypothesized a priori that in-
dividuals with food addiction would exhibit greater weight gain, higher
consumption of ultra-processed foods, and greater psychological distress
associated with the COVID-19 pandemic. Notably, the present approach
allowed for the assessment of whether food addiction was associated
with these negative behavioral and weight change consequences of
COVID-19 above and beyond the effects of BMI. Understanding how the
clinical relevance of food addiction extends beyond overweight and
obesity has the potential to translate meaningfully into public policy
initiatives and clinical interventions by targeting addictive-like re-
sponses to ultra-processed foods.

2. Methods
2.1. Ethics

This research was performed in accordance with the Declaration of
Helsinki and was approved by the Institutional Review Board at the
University of Pennsylvania (protocol #844818). All individuals pro-
vided written informed consent for their participation electronically.

2.2. Participants

Participants (N = 306) over the age of 18 years living in the United
States were recruited in February 2021 through Amazon Mechanical
Turk (MTurk), an online service that recruits samples with similar de-
mographic characteristics as convenience samples (Paolacci & Chandler,
2014). All individuals resided in the United States and were
pre-registered MTurk users who found the study information within the
MTurk platform. Participants were excluded from analyses if they re-
ported height and weight measurements considered biologically
implausible values [height <44 inches (112 cm) or >90 inches (229 cm);
weight <55 1b (24.95 kg) or >1000 1b (453.59 kg)] (Littman, Boyko,
McDonell, & Fihn, 2012) (n = 3) or for incorrectly answering “catch
questions,” which have commonly-known answers (e.g. 2 + 2) designed
to “catch” participants who respond without reading the questions
carefully (n = 15). After these exclusions, 288 participants were
included in the analyses.

2.3. Measures

2.3.1. Modified Yale Food Addiction Scale 2.0 (mYFAS 2.0)

The mYFAS 2.0 is a validated, brief assessment of food addiction
(Schulte & Gearhardt, 2017) that adapts the 11 DSM-5 diagnostic
criteria for substance-use disorders (American Psychiatric Association,
2013) to addictive-like consumption of certain foods individuals may
experience problems with, including references to numerous
ultra-processed foods (e.g., pizza, chocolate, potato chips) that have
been most closely associated with indicators of food addiction in prior
research (Curtis & Davis, 2014; Pursey et al., 2015; Schulte et al., 2015).
Thus, while individuals could respond by thinking of any foods they
exhibited problems with in the past year, they are primed to think of
ultra-processed foods. In addition, the mYFAS 2.0 asks respondents to
think about their eating behavior since the start of COVID-19 stay-a-
t-home orders (from March 2020 until the time of survey in February
2021). The mYFAS 2.0 can be scored continuously to reflect how many
of the 11 DSM-5 criteria are met, or the measure can be scored as a
dichotomous “diagnostic” threshold met by endorsing two or more
criteria and a question about either functional impairment or distress.
The mYFAS 2.0 had excellent internal consistency in this sample (« =
0.96). In the current study, the dichotomous “diagnostic” threshold was
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used to compare individuals who did versus did not meet the mYFAS 2.0
criteria for clinically significant food addiction.

2.3.2. COVID-19 eating and activity questionnaire

The research team developed questions to assess the impact of the
COVID-19 pandemic on eating and activity behaviors of interest. Par-
ticipants were asked to report whether they gained or lost weight and
then to specify the number of pounds gained/lost and the factors to
which they attributed their weight change, if applicable.

Participants were then asked to think about their typical eating and
activity behaviors in the 6 months before the COVID-19 pandemic began
(September 2019 to February 2020) and answered nine questions indi-
cating how frequently they consumed fast food, junk food snacks,
sweets, sugar-sweetened beverages, take-out, and fruits/vegetables, and
how often they cooked healthy meals, exercised, or were physically
active in their daily routine. All items were rated on a 7-point Likert
scale: 1 = “Less than once per month; ” 2 = “1-3 times per month; ” 3 =
“1-3 times per week; ” 4 = “4-6 times per week; ” 5 = “Once per day; ” 6
= “2-3 times per day; ” and 7 = “4 or more times per day.”

Participants were then asked to think about the time period they
struggled most with healthy eating and physical activity since the
COVID-19 pandemic began in March 2020, and they then answered the
same nine questions for this time period. Change scores were calculated
for each of the nine questions (frequency of most difficult time - fre-
quency before the start of COVID-19; positive values mean an increase
during the most difficult period). At both time periods and for the
calculated change scores, the questions related to ultraprocessed food
consumption (fast food, junk food snacks, sweets, sugar-sweetened
beverages, take-out) were highly correlated (rs = 0.24-0.72; ps <
.001), as were the questions assessing minimally processed food con-
sumption (fruits/vegetables, healthy cooking at home) (rs = 0.19-0.75;
ps < .001) and physical activity (exercise, daily activity) (rs = 0.22-0.62;
ps < .001). In addition, principal components analysis revealed a two-
factor solution (evidenced by a scree plot and eigenvalues >1)
grouping the five questions asking about ultra-processed food con-
sumption in one factor (eigenvalue = 3.21, 35.62% of variance
explained) and the two questions about minimally processed food con-
sumption and two questions about physical activity into a second factor
(eigenvalue = 2.46, 27.27% of variance explained). However, given the
theoretical differences between assessing changes in minimally pro-
cessed food intake and physical activity, we retained the three categories
for analyses. Average scores were created for these three categories for
both time points and for the calculated change scores.

Visual analog scales ranging from —100 to 100 were created to assess
whether participants felt the COVID-19 pandemic made it more difficult
(—100) or easier (100) to engage in healthy eating and physical activity,
as well as how they currently felt about the way they were eating (—100
= extremely upset; 0 = not at all upset; 100 = extremely pleased).
Finally, participants answered on a visual analog scale how much they
believed the circumstances of the COVID-19 pandemic contributed to
their current eating habits (0 = not at all; 100 = extremely significantly).

2.3.3. Demographics and BMI

Demographics and height and current weight (used to calculate BMI)
were self-reported. Participants were asked about their current weight
and how recently they weighed themselves; 15.3% had taken their
weight on the day of completing the survey, 44.4% within the last week,
22.6% within the last month, 8.3% in last 1-3 months, and only 9.4%
had not taken their weight in >3 months. This was compared to par-
ticipants’ retrospectively reported change in their weight since the start
of the COVID-19 stay-at-home orders in March 2020, and 83.5% of in-
dividuals reported that they had confirmed this weight change using a
scale.
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2.4. Data analytic plan

The data analytic plan was pre-specified based on the aforemen-
tioned a priori hypotheses. All variables were checked to meet the as-
sumptions of normality and linearity, and no outliers were found or
excluded from the analyses. The first aim of the study was to provide
descriptive information related to changes in eating behavior and
physical activity attributed to the COVID-19 pandemic and compare
these outcomes among individuals with versus without “food addiction”
(using the “diagnostic” scoring method on the mYFAS 2.0). Frequencies
and descriptive statistics were explored for the variables on the COVID-
19 eating and activity questionnaire, and one-way analysis of variance
(ANOVA) or chi-squared tests were conducted to investigate significant
differences in group means for participants with versus without food
addiction.

The second aim of the study was to assess whether mYFAS 2.0 food
addiction was associated with weight change since the beginning of the
COVID-19 pandemic in March 2020 (about one year prior to the time of
this survey), changes in eating behavior and physical activity patterns
since the COVID-19 pandemic began, and attributions of eating and
activity behavior to the circumstances of COVID-19. Stepwise linear
regression models were employed to examine these associations. One-
way ANOVA and chi-square analyses were first conducted to assess
whether covariates needed to be controlled for in the linear regression
models. Food addiction was found to be significantly associated with
BMI (F(1, 286) = 20.87, p < .001) and age (F(1, 286) = 7.22,p < .01) but
not with other demographic variables (race, gender, education, income;
geographic region; ps > .27). Thus, BMI and age were entered as control
variables in each linear regression model, and mYFAS 2.0 food addiction
and its interactions with BMI and age were entered as independent
variables in each model. Significant interactions were followed up by
examining correlations for individuals with versus without food
addiction.

Given the differences related to restrictions of work and public places
due to the COVID-19 pandemic by geographic region in the United
States, one-way ANOVA was used to examine significant associations
between geographic region with all of the dependent variables of in-
terest. The only significant relationship with geographic region was with
the degree to which participants attributed their current eating behavior
to the COVID-19 pandemic (F(3,284) = 2.70; p < .05), with individuals
in the Southern region reporting a significantly lower attribution
compared to those in the Northeast region (M = 50.35, SD = 31.06; M =
61.76; SD = 23.33, respectively); all other associations between
geographic region and the dependent variables were insignificant (ps >
.14). For sensitivity, the linear regression model specifying the attribu-
tion of current eating behavior to the circumstances of COVID-19 was
tested with geographical region specified as a control variable in the
model. The findings with the independent variables of interest did not
change and thus the original model with only BMI and age specified as
control demographic variables was reported. Correction for multiple
comparisons were not used given the exploratory nature of the survey.

3. Results
3.1. Participant characteristics

For the 288 participants included in the analyses, 54.5% identified as
female (n = 157), 44.1% as male (n = 127), and 1.4% preferred not to
identify their gender (n = 4). Participants varied in age from 18 to 78
years old (M = 42.36, SD = 13.08). Self-reported racial identification
was: 80.9% white or Caucasian (n = 233), 6.9% black or African
American (n = 20), 6.6% East Asian or Asian American (n = 19), 3.1%
multiracial (n = 9), and 2.4% South Asian or Indian American (n = 7).
Education level ranged from “less than high school” to “doctorate degree
or equivalent,” with the median education level falling withing “bach-
elor’s degree,” and annual household income ranged from “less than
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$10,000” to “$500,000+,” with the median annual household income
falling within “$50,001-75,000.” Participants geographic distribution
in the United States was: 38.9% lived in the Southern region (n = 112),
23.6% lived in the Northeast region (n = 68), 22.2% lived in the Mid-
west region (n = 64), and 15.3% lived in the Western region (n = 44).

Participants’ BMI ranged from 16.04 to 56.24 kg/m? (M = 26.61, SD
= 6.74), and weight class distribution was as follows: 2.4% had under-
weight (BMI<18.5 kg/mz), 46.2% had normal weight (BMI = 18.5-24.9
kg/m?), 29.2% had overweight (BMI = 25.0-29.9 kg/m?), and 22.2%
had obesity (BMI>30.0 kg/m?). The number of mYFAS 2.0 symptoms
endorsed ranged from 0 to 11 (M = 1.77, SD = 3.10), and the “diag-
nostic” threshold for food addiction was met by 15.6% of participants (n
= 45), similar to prior research in online community samples (Schulte &
Gearhardt, 2017, 2018). Among these individuals, “diagnostic” severity
criteria were: 15.5% mild (2-3 symptoms plus impairment/distress),
6.7% moderate (4-5 symptoms plus impairment/distress), 77.8% severe
(6-11 symptoms plus impairment/distress), paralleling prior rates for
overall prevalence and severity criteria (Gearhardt, Corbin, & Brownell,
2016; Schulte & Gearhardt, 2017, 2018).

3.2. Descriptive overview of weight change since the start of the COVID-
19 pandemic

Across all participants, 59.0% (n = 170) reported that their weight
changed since the beginning of the COVID-19 pandemic in March 2020,
35.8% (n = 103) reported no weight change, and 5.2% (n = 15) did not
know if their weight had changed. Of the 170 individuals reporting
weight change, 75.9% reported gaining weight (n = 129) and 24.1%
reported losing weight (n = 41). Further, including both individuals
reporting weight change and those reporting no weight change (coded
as 0) (n = 273), weight change ranged from —60 1b to +50 1b (M = 3.84,
SD =12.72) (—27.22 kg to +22.68 kg; M = 1.74, SD = 5.77). Including
only those who gained weight (n = 129), weight gain ranged from 2 to
50 Ib (M = 12.53 1b, SD = 9.58) (0.91-22.68 kg; M = 5.86 kg, SD =
4.35). Table 1 details the reported differences in frequencies of weight
change and the factors to which participants attributed weight change
by food addiction status.

3.3. Associations of food addiction symptoms with outcomes since the
start of COVID-19

3.3.1. Weight change

mYFAS 2.0 food addiction (B = 9.28, t = 4.97, p < .001), higher BMI
(B =0.48, t = 3.85, p < .001), and the interaction between mYFAS 2.0
food addiction and age (B = 0.51, t = 3.13, p = .001) were significantly
associated with the reported weight gained or lost since the beginning of
the COVID-19 pandemic in March 2020. Among individuals with
mYFAS 2.0 food addiction, age was positively associated with greater
weight gain (r = 0.30, p = .04), whereas no significant association was
observed for those without food addiction (r = —0.08, p = .24) (see
Fig. 1).

3.3.2. Eating and activity behaviors before COVID-19

mYFAS 2.0 food addiction (B =1.08, t =5.71, p < .001), higher BMI
(B=0.03, t=3.03, p =.003), younger age (B = —0.01,t=—-2.38,p =
.02), and the interaction between mYFAS 2.0 food addiction and BMI (B
= —0.06, t = —2.81, p = .005) were significantly associated with higher
consumption of ultra-processed foods before the COVID-19 pandemic
began. For individuals with mYFAS 2.0 food addiction, higher BMI and
greater intake of ultra-processed foods was not significantly correlated
(r = —0.16, p = .29), though a significant positive correlation was
observed among those without food addiction (r = 0.20, p = .002).
Lower BMI (B = —0.05, t = —3.67, p < .001) and older age (B =0.01, t =
2.05, p = .04) were significantly associated with higher minimally
processed food consumption. Only lower BMI was significantly related
to higher physical activity (B = —0.04, t = —2.91, p = .004).
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Table 1
Weight and lifestyle changes since the start of the COVID-19 pandemic by food
addiction status.

Participants w/Food  Participants w/o Sig. (p)
Addiction (n = 45) Food Addiction (n =
% (n) or M (SD) 243)
% (n) or M (SD)
Age 37.60 (11.42) 43.24 (13.19) .008**
BMI (at time of survey; 30.69 (8.25) 25.85 (6.16) <.001%**
kg/m?)
Weight Change Since Yes: 91.1 (41) Yes: 53.1 (129) <.001%**
COVID-19 Began? No: 8.9 (4) No: 40.7 (99)
Don’t Know: 6.2
(15)
Weight Gain or Loss? Gain: 80.0 (36) Gain: 38.3 (93) .04+
Lost: 11.1 (5) Lost: 14.8 (36)
No change: 8.9 (4) No change: 46.9
(114)
Weight Change in Kg 5.63 (7.15), ranging .97 (5.13), ranging <.001**
from —11.34 to from —27.22 to
22.68 18.14
Median Median
(Interquartile (Interquartile
Range) Range)
4.54 (6.80) 0.0 (3.63)
Variables Attributed to Weight Change (reporting %(n) who endorsed):
Changes in amount 68.9 (31) 35.4 (86) <.001%**
of junk food
Eaten
Changes in amount 24.4 (11) 12.8 (31) .04*
of fruits and
vegetables eaten
Illness or 11.1 (5) 3.3(8 .02+
hospitalizations
Changes in the smell 15.6 (7) 2.5 (6) <.001%**
or taste of Food
Changes in level of 62.2 (28) 37.0 (90) .002%*
physical
Activity
Joined a weight 6.7 (3) 0.8 (2) .01*
control program
Changes in number 22.2 (10) 14.4 (35) .19
of meals eaten each
day
Changes in ability to 22.2 (10) 4.5 (1) <.001%**
get groceries
Changes in frequency  15.6 (7) 4.5 (11) .01*
of eating
Alone
Changes in amount 13.3(6) 4.1 (10) .01*

of money to buy food

Note: *p < .05; **p < .01.

3.3.3. Eating and activity behaviors during most difficult period since the
start of COVID-19

mYFAS food addiction (B = 1.18, t = 6.42, p < .001), elevated BMI
(B =0.06,t=5.69, p < .001), younger age (B = —0.02, t = —-3.33,p =
.001), and the interaction between mYFAS 2.0 food addiction and BMI
(B=-0.06,t=—2.78,p = .01) were significantly associated with higher
ultra-processed food consumption during the time period since the start
of the COVID-19 pandemic that participants identified as being the most
difficult to maintain healthy eating and physical activity. For individuals
with mYFAS 2.0 food addiction, BMI and intake of ultra-processed foods
were not correlated (r=0.01, p = .96), though a positive correlation was
observed among those without food addiction (r = 0.34, p < .001).
Lower BMI (B = —0.05, t = —3.43, p = .001) and older age (B = 0.02, t =
3.46, p = .001) were significantly related to higher minimally processed
food consumption. Lower BMI (B = —0.04, t = —2.53, p = .01) and the
interaction between mYFAS 2.0 food addiction and BMI (B = —0.08, t =
—2.69, p = .01) were significantly associated with physical activity. For
individuals with mYFAS 2.0 food addiction, BMI and physical activity
were negatively correlated (r = —0.52, p < .001), and this association
was also observed to a lesser degree for those without food addiction (r
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=-0.16, p = .01).

3.3.4. Changes from most difficult period compared to before COVID-19

Elevated BMI (B = 0.03, t = 2.85, p = .01) was significantly associ-
ated with an increase in ultra-processed food consumption from the
most difficult period compared to before the COVID-19 pandemic began.
Older age (B = 0.01, t = 2.07, p = .04) and the interaction between
mYFAS 2.0 food addiction and BMI (B = —0.05, t = —2.30, p = .02) was
related to an increase in minimally processed food consumption. Among
those with mYFAS 2.0 food addiction, a trend-level negative association
was observed between BMI and changes in minimally processed food
consumption (r = —0.28, p = .06) and no association was observed for
those without food addiction (r = 0.01, p = .84). Only the interaction
between mYFAS 2.0 food addiction symptoms and BMI was associated
with physical activity (B = —0.06, t = —2.43, p = .02). However, for
individuals with and without mYFAS 2.0 food addiction, age and change
in physical activity were not significantly correlated (r = 0.01, p = .96
and r = 0.05, p = .48, respectively).

3.4. Attributions of COVID-19 circumstances to eating and activity
behavior

mYFAS 2.0 food addiction was the only variable associated with the
extent to which participants attributed their current eating behavior to
the circumstances of the COVID-19 pandemic (B = 23.19, t = 4.62,p <
.001). BMI (B = —1.43, t = —2.79, p = .01) and the interaction between
mYFAS 2.0 food addiction and age (B = —0.2.27, t = —3.29, p = .001)
was significantly related to whether participants endorsed that the
COVID-19 pandemic made it more difficult to eat healthy (negative
values correspond to greater difficulty). For individuals with mYFAS 2.0
food addiction, older age was correlated with greater endorsement that
COVID-19 negatively impacted their ability to eat healthy (r = —0.39, p
= .01), and no association was observed for those without food addic-
tion (r=0.04, p =.52). Higher BMI (B = —1.63, t = —2.87, p = .004) and
the interaction between mYFAS 2.0 food addiction and age (B = —2.02,
t = —2.64, p = .01) were also significantly associated with whether
participants reported that the circumstances of the COVID-19 pandemic
made it more difficult to be physically active (negative values corre-
spond to greater difficulty). For individuals with mYFAS 2.0 food
addiction, older age was correlated with greater endorsement that the
COVID-19 circumstances negatively impacted their ability to be physi-
cally active (r = —0.35, p = .02), and no association was observed for
those without food addiction (r = —0.01. p = .93). Lastly, mYFAS 2.0
food addiction (B = —22.12, t = —2.50, p = .01), higher BMI (B = —2.53,
t = —5.16, p < .001), and the interaction between mYFAS 2.0 food
addiction and age (B = —0.2.13, t = —3.23, p = .001) were significantly
related to whether an individual reported greater distress about their
current eating behavior (negative values correspond to greater distress).
Among individuals with mYFAS 2.0 food addiction, older age was
correlated with greater distress about eating behavior (r = —0.32, p =
.03), and no association was observed for those without food addiction
(r=0.06,p = .33).

4. Discussion
4.1. Weight change since the onset of COVID-19

Fifty-nine percent of all participants endorsed weight change since
the beginning of the COVID-19 pandemic in March 2020, and, of these
individuals, 75.9% reported weight gain. While this parallels the vari-
ability in weight change observed by prior studies conducted during
COVID-19 (Chopra et al., 2020; Keel et al., 2020; Kriaucioniene et al.,
2020; Lamarche et al., 2021; Marchitelli et al., 2020; Mason et al., 2021;
Pellegrini et al., 2020; Scarmozzino & Visioli, 2020; Zachary et al.,
2020), the incidences of reported weight change and weight gain are
higher. Given that the majority of these prior studies were conducted
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Fig. 1. Interaction of food addiction and age on weight change. Note: Age was analyzed as a continuous variable in the dataset but divided into categories to
illustrate the interaction. Categories were created to have roughly equal sample size based on the 45 individuals with food addiction, given the overall more
conservative sample size for this group (ages 18-29: n = 15; ages 30-39: n = 16; ages 40-78: n = 14).

between April and July 2020, the higher rates of reported weight gain in
the present sample may be attributed to the data collection occurring
6-9 months later. Thus, it may be that the risk and extent of weight gain
during the COVID-19 pandemic has increased over time.

4.1.1. Associations with food addiction

A clearer picture of elevated risk for weight gain emerged for in-
dividuals with food addiction, who were not only significantly more
likely to report weight gain since the start of the COVID-19 pandemic
but strikingly endorsed gaining approximately six times more weight
than participants without food addiction (an average of 12.421b/5.63 kg
versus 2.14 1b/.97 kg, respectively). Individuals with food addiction
were also significantly more likely to attribute weight gain to greater
consumption of ultra-processed foods and decreased intake of minimally
processed foods, which parallels prior findings demonstrating that ultra-
processed foods are most implicated in addictive-like eating behavior
(Curtis & Davis, 2014; Pursey et al., 2015; Schulte et al., 2015). Further,
individuals with food addiction were significantly more likely to attri-
bute changes in weight to changes in physical activity, ability to get
groceries, frequency of eating alone, financial resources to buy food,
changes in the smell or taste or food, joining a weight control program,
and illness or hospitalization. Broadly, this suggest that persons with
food addiction exhibited a greater disruption to many factors associated
with healthy eating and physical activity that related to weight change.
Notably, food addiction was associated with greater weight gain beyond
the significant effect of BMI, which underscores the unique clinical
utility of the food addiction phenotype for delineating groups at
elevated risk for weight management difficulties.

Among persons with food addiction, a positive relationship was
observed between age and weight gain. Interestingly, while participants
with food addiction had a significantly younger age compared to those
without food addiction, consistent with prior research (Schulte &
Gearhardt, 2017, 2018), those with food addiction who were older
(>sample mean of 37.60) reported greater weight gain. Researchers
have suggested that older individuals may have experienced greater
disruption related to COVID-19 due to having a wider array of re-
sponsibilities that could have been impacted, such as potential for
changes in professional obligations, employment status, financial strain,
social isolation, managing children or grandchildren at home, intimate
relationships, and many more (Brooke & Jackson, 2020). Thus, among
older participants with food addiction, the circumstantial changes and
stress of COVID-19 may have exacerbated ultra-processed food

consumption in a manner that contributed to elevated weight gain.
Given that prior research assessing trends in mental health outcomes
since the beginning of COVID-19 by age group have been mixed (Bruine
de Bruin, 2021; Krendl & Perry, 2021; Pieh, Budimir, & Probst, 2020;
van Tilburg, Steinmetz, Stolte, van der Roest, & de Vries, 2020), repli-
cation of the present findings is needed. However, these preliminary
data suggest that screening adults for food addiction may be beneficial
for identifying those who may need additional support with weight
management and intervention for clinically significant problematic
eating behavior as the COVID-19 pandemic persists.

4.2. Individual differences in eating and activity behaviors before and
during COVID-19

4.2.1. Before COVID-19

Considering participants’ typical eating and activity patterns in the 6
months before the beginning of the COVID-19 pandemic in March 2020
(September 2019 to February 2020), food addiction was associated with
higher consumption of ultra-processed foods while controlling for the
effect of BMI. A significant interaction emerged between food addiction
and BMI, with higher ultra-processed food intake only being positively
related to elevated BMI for individuals without food addiction. In other
words, persons with food addiction reported consuming elevated
quantities of ultra-processed foods regardless of their current BMI,
suggesting that food addiction may be more associated with ultra-
processed food intake beyond the effects of current weight status
(which, for many individuals with food addiction, was reflective of
recent weight gain). These data also expand upon prior findings to once
again posit that ultra-processed foods seem to be more associated with
behavioral indicators of addictive-like eating behavior measured by the
mYFAS 2.0, whereas minimally processed foods have demonstrated
little association (Curtis & Davis, 2014; Pursey et al., 2015; Schulte
et al., 2015).

Higher BMI and younger age were both also independently associ-
ated with higher ultra-processed and lower minimally processed food
consumption during as compared to before the pandemic, and higher
BMI was related to less engagement in physical activity, suggesting that
these demographic variables may be related to a broader array of
potentially obesogenic lifestyle behaviors generally, but additionally,
these individuals with higher BMI at the time of the survey may have
had greater fears about going out to shop or exercise given the increased
risk of severe disease with higher BMI (Gallo Marin et al., 2021; Zhang
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et al., 2021). Mechanisms that may be shared among individuals with
obesity and youths (e.g., impulsivity (Pivarunas & Conner, 2015;
Steinberg et al., 2008) may similarly contribute to this reported reduced
engagement in healthy lifestyle behaviors.

4.2.2. During COVID-19

When participants were asked to think about their eating and activity
habits during a time period they identified as the most difficult for
maintain a healthy lifestyle since COVID-19 began (from March 2020 to
the time of data collection in February 2021), nearly identical patterns
were observed as the models assessing typical behaviors before COVID-
19. The only discrepancy was the significant interaction between food
addiction and BMI with physical activity. Among participants with food
addiction, higher BMI at the time of the survey was strongly associated
with less physical activity during the time period each participant
identified as most difficult for adhering to a healthy lifestyle since the
start of COVID-19. No prior studies have yet investigated factors that
positively or negatively influence physical activity engagement among
individuals with food addiction, and the present findings highlight the
need for future empirical investigation.

One possible explanation for the observed interaction between food
addiction and BMI on physical activity may be that the increased stress
associated with COVID-19 reduced self-efficacy particularly among in-
dividuals with food addiction and a higher body weight. Self-efficacy,
defined as the belief that one can successfully complete an intended
behavior, has been identified as a key psychosocial determinant for
whether an individual exercises (Bauman et al., 2012). Prior studies
have demonstrated reduced self-efficacy for health behaviors among
persons with obesity and binge eating disorders (Cargill, Clark, Pera,
Niaura, & Abrams, 1999; Richman, Loughnan, Droulers, Steinbeck, &
Caterson, 2001), which has been attributed to a diminished belief that
one’s efforts would translate to meaningful weight or lifestyle changes.
Individuals with food addiction and a higher BMI at the time of the
survey may have particularly elevated susceptibility for experiencing
decreases in self-efficacy during COVID-19, as the associated stress
and/or circumstantial changes may have reduced confidence in their
ability to regularly engage in physical activity. Given that the higher
BMI at the time of the survey was reflective of weight gain for many
individuals with food addiction, the potential relationship between BMI
and diminished self-efficacy may have intensified over time to
contribute to decreased engagement in physical activity. Thus,
evidence-based interventions enhancing self-efficacy towards exercise
among those with obesity [e.g., (Buckley, 2016; Middelkamp, van
Rooijen, Wolfhagen, & Steenbergen, 2017)] may warrant consideration
for those with a higher body weight and food addiction.

4.2.3. Changes since the start of COVID-19

Interestingly, food addiction was not associated with significant
changes in eating or activity when comparing typical patterns before the
beginning of COVID-19 to the period of time each participant identified
as most difficult to stick to a healthy lifestyle during COVID-19. This is
likely because of the significantly higher reported pre-morbid frequency
of ultra-processed food consumption among these individuals or a
reporting bias where higher pre-morbid reports were influenced by
experiencing greater distress associated with ultra-processed food con-
sumption, which is characteristic of persons with food addiction. Thus,
the potential for assessing changes among participants with food
addiction may have been diminished. In contrast, elevated BMI was
related to greater ultra-processed food consumption. Taken together,
this may suggest that individuals with higher BMIs at the time of the
survey may have experienced a worsening in their dietary habits since
the start of COVID-19, whereas individuals with food addiction may
have been exhibiting greater rates of problematic eating behaviors all
along or were less able to differentiate between their behavior typically
versus the most difficult time period since the beginning of COVID-19.
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4.3. Attributions of eating and activity behaviors to COVID-19

Despite no reported increases to ultra-processed food consumption
when comparing typical eating patterns before COVID-19 to the most
difficult time period since COVID-19 began in March 2020, food
addiction (but not BMI) was uniquely associated with greater endorse-
ment that one’s current eating behaviors could be attributed to the
circumstances of COVID-19. This attribution may also allude to reduced
self-efficacy among these participants due to COVID-19, as the perceived
barriers caused by the circumstances may have been intensely over-
whelming and reduced individuals’ confidence in their ability to
manage their weight and addictive-like eating behavior during this time,
which in turn translated to diminished engagement in healthy lifestyle
behaviors.

Persons with food addiction, especially those who were older, also
reported greater emotional distress about their current eating behavior,
which extends findings from a prior study of Italian adults that observed
an association between food addiction symptoms and general levels of
psychological distress (Panno et al., 2020). Individuals with food
addiction who were older also had higher endorsements that COVID-19
directly and negatively impacted their ability to eat healthy and be
physically active. Thus, persons with food addiction, especially those
who were older, appear to emerge as a risk group for greater distress and
perceived attributions of COVID-19 negatively impacting their lifestyle,
which is particularly concerning when coupled with the elevated weight
gain reported by this group. The present findings again suggest that
these individuals may warrant clinical attention during the remainder
and aftermath of the pandemic.

Finally, BMI at the time of the survey was also independently related
to elevated distress and greater endorsements that COVID-19 made it
more difficult to adhere to healthy eating and activity behaviors. While
food addiction appears to represent a unique clinical risk group, in-
dividuals with a higher body weight, which likely reflects, in part, those
who gained weight since the start of COVID-19, also reported greater
perceived psychological distress and difficulty engaging in healthy
eating and activity behaviors due to COVID-19. Thus, these persons also
deserve attention when assessing and treating the physical and mental
health consequences of COVID-19.

4.4. Limitations

This research had several limitations that should be considered in
future research. Most notably, the present approach was cross-sectional
and all data were collected based on retrospective reports. This likely
resulted in the diminished accuracy of participants’ reported weight
changes and reflections on eating and activity behaviors for the two time
periods (before and during COVID-19). In addition, a differential
reporting bias may have existed for individuals with versus without food
addiction. In order to screen positive for food addiction on the mYFAS
2.0, an individual must have reported having clinically significant
impairment or distress related to his or her eating behavior. Thus, this
elevated impairment/distress may have created a more salient bias in
reporting negative changes to weight, eating, and physical activity.
Another way that the retrospective nature of this approach may have
influenced the findings is that the mYFAS 2.0 asks participants to report
on their addictive-like eating behavior since the start of COVID-19 stay-
at-home orders (from March 2020 until the time of survey in February
2021). While the YFAS has been found to be a stable tool to assess the
trait of food addiction over time (Pursey, Collins, Stanwell, & Burrows,
2016), but it is plausible that some of the participants may have
developed food addiction between March 2020 to February 2021,
perhaps related to the stressful circumstances of the COVID-19
pandemic. Ongoing longitudinal studies with measurements of weight,
eating behavior, and food addiction collected before the onset of the
COVID-19 pandemic in March 2020 would be equipped to assess more
rigorous prospective associations.
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While one strength of the current study was the inclusion of adults
across the United States, it is acknowledged that another limitation is
that individual states adhered to different timelines and restrictions
associated with COVID-19 stay-at-home orders. Though statistically
controlling for geographic region did not impact the observed associa-
tions, the variation in circumstances by state does not permit general-
ized conclusions about which facets of the COVID-19 pandemic
influenced the findings (e.g., social isolation, spending more time at
home, restaurant closures). Future studies may consider using qualita-
tive approaches to better understand each participant’s unique experi-
ence in a manner that may better account for state-by-state variability.
Further, there may have been individual variability in the duration of
the time period that participants reported they struggled most with
healthy eating and physical activity since March 2020, which may be
helpful to assess in future studies, and subjectivity in how this phrase
was interpreted. Relatedly, the present approach assessed changes from
typical behavior compared to the most difficult period, which may limit
conclusions related to positive changes in healthy eating and activity
observed in prior studies of general population samples (e.g., Descha-
saux-Tanguy et al., 2021). Another limitation was that the BMI covariate
used in the analyses was calculated based on the participants’ height and
weight at the time of the survey, and thus was expected to be associated
with weight gain. The findings are interpreted with nuance of this
methodological approach, but future work may consider including
variables for BMI both before and during the time periods of interest.
Lastly, the category of “takeout” was highly correlated with the other
categories of ultra-processed foods (p < .001), but may have incidentally
captured some forms of takeout that may not have been considered
ultra-processed (e.g., takeout from a salad restaurant). Future studies
should define takeout for specifically to ensure that participants only
report on ultra-processed foods.

4.5. Conclusions

Individuals who met the mYFAS 2.0 “diagnostic” threshold score for
food addiction, versus those who did not, had significantly higher
weight gain, greater reported consumption of ultra-processed foods both
before and during the COVID-19 pandemic, greater endorsement of
attributing their eating behavior to the circumstances of COVID-19, and
higher distress about their current eating behaviors. Further, those with
food addiction who were older appeared to be at particularly elevated
risk for weight gain and psychological distress. While BMI was associ-
ated with poorer engagement in several healthy eating and activity
behaviors, food addiction emerged a construct with unique utility for
identifying individuals who may benefit from clinical support in man-
aging the physical and psychological consequences of the COVID-19
pandemic.
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