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ARTICLE INFO ABSTRACT
Keywords: As the coronavirus disease 2019 (COVID-19) spreads globally, people are at risk of developing disinhibited eating
COVID-19 pandemic behaviors. This study aimed to examine whether perceived mortality threat and negative affect mediate the

Trait self-control
Disinhibited eating
Negative affect

Perceived mortality threat
Young adult

relationship between trait self-control and disinhibited eating during the pandemic. A longitudinal survey was
administered to a sample of college students (N = 634) before the outbreak (September 2019, T1), during the
mid-term (February 2020, T2), and in the later stage of the pandemic (April 2020, T3). Self-report measures of
trait self-control (T1), perceived mortality threat (T2, T3), negative affect (T2, T3), and disinhibited eating (T2,
T3) were successively completed. Trait self-control was found to be negatively associated with negative affect,
perceived mortality threat, and disinhibited eating during the mid-term and later stage of the pandemic. Dis-
inhibited eating was positively associated with negative affect and perceived mortality threat. The longitudinal
mediation results demonstrated that trait self-control (T1) could negatively predict disinhibited eating (T3)
through negative affect (T2) rather than through perceived mortality threat. These findings suggest that trait self-
control is of great importance in regulating psychological discomfort and disinhibited eating during stressful
periods and that negative affect might be the main psychological mechanism underlying the relationship be-
tween self-control ability and disinhibited eating.

1. Introduction disinhibited eating (Byrne et al., 2021; Kelly et al., 2020). Thus, the
present study primarily aimed to investigate whether and how trait
In December 2019, a novel coronavirus, later named COVID-19, was self-control (TSC) was associated with disinhibited eating propensity in

detected in the city of Wuhan, China. Owing to its high infectivity, the context of the COVID-19 pandemic.
COVID-19 quickly spread across the globe, causing an outbreak of acute

pneumonia (Bao, Sun, Meng, Shi, & Lu, 2020). A recent survey of

COVID-19 involving 11,479 people from 31 provinces and autonomous 1.1. TSC and disinhibited eating
regions in China demonstrated that most people showed anxiety

(66.9%), worry (71.7%), and fear (58.2%), whereas only 3%-4% did not As the core component of self-regulation, self-control is defined as
display any of these discomforts. In addition, research indicates that the ability to override and alter one’s prepotent response and promote
people are at risk of developing disinhibited eating behaviors during the desirable long-term goals (Baumeister, Vohs, & Tice, 2007; Hofmann,
COVID-19 pandemic (Rodgers et al., 2020). Baumeister, Forster, & Vohs, 2012), which is closely associated with

Disinhibited eating refers to a range of eating behaviors (e.g., binge disinhibited eating. Specifically, research based on children and ado-
eating, uncontrolled eating, and emotional eating) that involve a lack of lescents has shown that individuals with higher impulsivity/poorer ex-
restraint over food intake (Shomaker, Tanofsky-Kraff, & Yanovski, ecutive function are more likely to show uncontrolled eating, emotional
2011), which can result in obesity and obesity-related diseases (Gold- eating, and binge eating (Ames et al., 2014; Byrne et al., 2021; Calvo,
schmidt et al., 2015; Tanofsky-Kraff et al., 2009). Studies have found Galioto, Gunstad, & Spitznagel, 2014; Reinblatt et al., 2015). Neuro-
that the deficiency of self-control capacity plays an important role in imaging evidence also indicates that obese adolescents with executive

dysfunction are associated with high rating of uncontrolled eating
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(Maayan, Hoogendoorn, Sweat, & Convit, 2011; Shapiro et al., 2019). In
addition, longitudinal studies also reveal that a high level of TSC can
predict a successful weight management (Crescioni et al., 2011; Tsu-
kayama, Toomey, Faith, & Duckworth, 2010). Therefore, we assumed
that TSC might be negatively associated with disinhibited eating during
the pandemic.

1.2. Perceived mortality threat and disinhibited eating

Studies have indicated that salient threats to an individual’s mor-
tality are associated with both risk aversion and risk inclination (Miller
& Mulligan, 2002; Taubman — Ben-Ari & Skvirsky, 2019). The terror
management health model posits that an awareness of mortality could
instigate health-oriented responses aimed at removing death-related
thoughts (Courtney, Goldenberg, & Boyd, 2020; Goldenberg & Arndt,
2008). Some studies support this assumption and show that people
become motivated to avoid such thoughts by engaging in
health-promoting behaviors, such as fitness (Arndt, Schimel, & Gold-
enberg, 2003; Bevan, Maxfield, & Bultmann, 2014). However, the
research also shows that individuals under the initiation of mortality
threats are likely to begin implementing a quick life history strategy
(Ellis, Figueredo, Brumbach, & Schlomer, 2009), such as exhibiting
impulsive behaviors and pursuing immediate rewards (Griskevicius,
Delton, Robertson, & Tybur, 2011). Specifically, individuals perceiving
higher life stress were more likely to show disinhibited eating (O'Neill,
Kamper-DeMarco, Chen, & Orom, 2020). Luo, Niu, and Chen (2020)
recently reported that perceived mortality threat could expand the effect
of environmental unpredictability on disinhibited eating. Consequently,
we assumed that perceived mortality threat caused by the COVID-19
pandemic might be positively associated with disinhibited eating.

1.3. Negative affect and disinhibited eating

Negative emotions or difficulties with emotional regulation have
been found to be a risk factor for various forms of disinhibited eating in
clinical, restrained, and healthy populations (Berg et al., 2014; Byrne
et al., 2020; Haedt-Matt & Keel, 2011; Stice, 2001, 2002). According to
the affect theory, negative affect drives the onset of disinhibited eating
episodes as a maladaptive attempt to reduce uncomfortable emotions
(Heatherton & Baumeister, 1991; Macht, 2008). Specifically, studies
have shown that negative affects have been strongly associated with
uncontrolled eating (Byrne et al., 2020; Haedt-Matt & Keel, 2011;
Heron, Scott, Sliwinski, & Smyth, 2014). In addition, difficulties in
regulating negative emotions can predict binge eating (Goldschmidt,
Aspen, Sinton, Tanofsky-Kraff, & Wilfley, 2008; Whiteside et al., 2007),
as well as the future onset of eating disorder symptoms (Michopoulos
et al., 2015; Stice, 2002; Vannucci et al., 2015). Because disinhibited
eating is often attributed to experiencing negative emotions, we
assumed that negative affect might be positively associated with dis-
inhibited eating during the pandemic.

1.4. The mediating role of perceived mortality threat and negative affect

According to the general reaction of people under the pandemic, this
study aimed to investigate whether perceived death threat and negative
affect mediate the relationship between TSC and disinhibited eating.
According to the dual-system model, self-control ability is recognized as
the result of competition between the impulse system and the reflective
system (Hofmann, Friese, & Strack, 2009). The impulse system is easily
triggered by automatic and affective stimuli, while the reflective system
can inhibit impulses and facilitate deliberative processing (Knoch &
Fehr, 2010). For individuals with high TSC, the stronger reflective sys-
tem could enable them be rational and reduce automatic and affective
interference, even in threatening situation. For instance, Gailliot,
Schmeichel, and Baumeister (2006) found that participants with high
(vs. low) level of self-control reported fewer death-related thoughts
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while being primed with death. Studies have also shown that individuals
possessing high TSC can avoid intrusive and distracting thoughts that
affects their pursuit of goals, focus on meaningful activities (Bertrams,
Baumeister, & Englert, 2016; Massar, Bélostikovd, & Sui, 2020), and
think rationally when problem-solving and decision-making (Ballard
et al., 2017; Peters & Desposito, 2016). On the other hand, people with
high TSC tend to adopt effective emotion regulation (Paschke et al.,
2016) and experience less negative and more positive affects (Hofmann,
Luhmann, Fisher, Vohs, & Baumeister, 2014; Li, Xiang, Song, Huang,
Chen, 2021; Wiese et al., 2017). Based on the existing empirical and
theoretical evidence, possessing high TSC is associated with better
psychological adjustment, which may alleviate disinhibited eating in the
pandemic. Therefore, we assumed that high TSC could predict lower
disinhibited eating during the pandemic by regulating adverse thoughts
and negative affect.

1.5. Research aims and hypotheses

Three follow-up surveys were conducted over eight months (before
the outbreak, September 2019, T1; during the middle stage, February
2020, T2; and during the later stage, April 2020, T3) to investigate
whether TSC (T1) could be associated with an disinhibited eating (T3)
during the COVID-19 pandemic and reveal the longitudinal mediating
effect of perceived mortality threat (T2) and negative affect (T2) in this
link. We initially proposed that TSC was negatively associated with
perceived mortality threat, negative affect, and disinhibited eating and
that perceived mortality threat and negative affect were positively
correlated with disinhibited eating (H1); that perceived mortality threat
would mediate the relationship between TSC and disinhibited eating
(H2); and that TSC also would be negatively associated with disinhibited
eating through negative affect (H3).

2. Methods
2.1. Participants and procedure

The data were derived from the Behavioral-Brain Research Project
which is designed to investigate the neural basis of personality in young
Chinese adults. This project used a random method to recruit college
students from various departments of a university in Chongqing, China.
The first wave (T1, September 2019) obtained personality-related data
(e.g., TSC) for 901 college students; the second wave (T2, February
2020) obtained data (e.g., negative affect, perceived death threat, and
disinhibited eating) by following up with 765 of the initial 901 students;
and the third wave (T3, April 2020) obtained data (e.g., negative affect,
perceived death threat, and disinhibited eating) by following up with
634 students who completed three collections and entered into the
analysis (age ranged from 17 to 20 years, M = 18.75, SD = 1.56; female:
N = 443; male: N = 191). From T1 to T3, the effective recovery rate was
70.37%. To examine whether these cases were missing randomly or
missing completely randomly, Little’ s missing completely at random
(MCAR) test was used to examine missing data mechanisms and deter-
mine whether the data was MCAR. The MCAR test was no significant (y2
(6) = 3.86, p > .05) and indicated that the data were missing completely
randomly (Enders, 2010; Little, 1988). The full information maximum
likelihood method was used to address missing data and generate un-
biased and effective parameter estimates. Ethical approval for this study
was granted by the Ethics Committee of the University.

2.2. Measurements

TSC was measured with a brief and well-validated Chinese version of
the Self-Control Scale containing 19 items (Tan & Guo, 2008; Tangney,
Baumeister, & Boone, 2004). The participants responded to a five-point
Likert scale (e.g., “I am good at resisting temptation”) ranging from 1
(not at all) to 5 (very much) to indicate their general self-control
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capacities. Higher scores on this scale indicated greater self-control ca-
pacity. The reliability of TSC was 0.87 in the current sample.

Disinhibited eating was measured with the uncontrolled eating
questionnaire, a sub-dimension of the Three Factor Eating
Questionnaire-R18 (TFEQ-R18, Anglé et al., 2009), and refers to the
tendency to eat with the feeling of being out of control (e.g., “I get so
hungry that my stomach often seems like a bottomless pit™). The par-
ticipants were asked to respond to nine items of uncontrolled eating on a
four-point scale (1 = not at all, 4 = very much), with a high score
indicating a high tendency to engage in disinhibited eating. In the pre-
sent study, the Cronbach’s alpha values of disinhibited eating in T2 and
T3 were 0.91 and 0.92, respectively.

Perceived mortality threat was measured with four items (“How
much do you feel that the environment has become unsafe?*) on a seven-
point Likert-type scale (1 = not at all, 7 = strongly feel) (Wang & Chen,
2016). Higher scores on this scale indicated greater perceptions of a
threat to mortality. The overall Cronbach’s alpha of perceived mortality
threat in T2 and T3 were 0.93 and 0.94, respectively.

Negative affect was measured using the 10 negative affect items (e.
g., distressed) from the Positive and Negative Affect Schedule (PANAS,
Watson, Clark, & Tellegen, 1988). The participants indicated the extent
to which they were currently feeling each emotion on a five-point Lik-
ert-type scale ranging from 1 (very slightly) to 5 (extremely). The
Cronbach’s alpha of negative affect in T2 and T3 were 0.91 and 0.92,
respectively.

2.3. Statistical analysis

This study conducted descriptive statistics and bivariate correlations
with SPSS 22.0. Subsequently, longitudinal path analysis controlling for
stability in the constructs over time were computed to evaluate the main
study hypotheses using the M-plus 7.0. The path analysis including TSC
(T1) before the pandemic, and perceived mortality threat, negative
affect, and disinhibited eating in the middle and later stage of the
pandemic (T2, T3), with sex, age, and BMI as the controlling variables.
In addition to calculating the cross-sectional correlations between the
study variables, the analysis also include stability for perceived mor-
tality threat, negative affect, and disinhibited eating from T2 to T3 (i.e.,
auto-regressive path) and structural paths for them (i.e., cross-lagged
path). The measurement model fit was evaluated based on the chi-
square, comparative fit index (CFI), root-mean-square error of
approximation (RMSEA), and standardized root-mean-square residual
(SRMR). The following criteria were used to indicate the goodness of fit:
CFI >0.90, and RMSEA <0.10, and SRMR <0.10 (Hu & Bentler, 1999).
To examined the longitudinal mediation model by assessing the indirect
effect of TSC on disinhibited eating through negative affect and
perceived mortality threat. To this end, TSC before the pandemic (T1)
was considered the independent variable (X); perceived mortality threat
and negative affect in the middle stage of the pandemic (T2) were
considered the mediator variable (M); and disinhibited eating in the
later stages (T3) was considered the dependent variable (Y). The
mediating effect was tested by a bootstrapping analysis with 5000 it-
erations using the M-plus 7.0.
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3. Results
3.1. Descriptive statistics

The kurtosis and skewness values of all variables were between —1
and +1, indicating that the data had a normal distribution. Table 1 and
Fig. 1 present the results of the descriptive analysis. The correlation
results showed that TSC (T1) was significantly and negatively related to
negative affect (T2, T3), perceived mortality threat (T2, T3), and dis-
inhibited eating (T2, T3). Negative affect and perceived mortality threat
were found to be significantly and positively correlated with dis-
inhibited eating. Negative affect was significantly and positively asso-
ciated with perceived mortality threat. Bonferroni correction was used
to control for multiple-comparisons. The relation among all the vari-
ables supported the testing of subsequent hypotheses.

3.2. Testing for the proposed model

The model fit the data adequately, x2 (24) =90.42, p < .001; CFI =
0.97; RMSEA = 0.07, 90%confidence interval [CI: 0.05, 0.08]; SRMR =
0.06. As portrayed in Fig. 2, all autoregressive paths in the model were
positive and significant. In terms of hypothesized relations among the
constructs, TSC (T1) could predict negative affect, perceived mortality
threat, and disinhibited eating during the middle stage (T2) of the
pandemic. Negative affect (T2) could predict perceived mortality threat
and disinhibited eating during the later stage (T3) of the pandemic.
However, the path from perceived mortality threat (T2) to negative
affect or disinhibited eating (T3) was not significant. In addition, dis-
inhibited eating (T2) did not predict perceived mortality threat (T3), but
the path from disinhibited eating (T2) to negative affect (T3) was pos-
itive and significant.

With TSC (T1) as the independent variable and disinhibited eating
(T3) as the dependent variable, the mediation model was established to
examine the mediating effect of perceived mortality threat (T2) and
negative affect (T2). As predicted, a significant direct path existed from
TSC to disinhibited eating through negative affect (indirect effect =
—0.02, 95% CI [-0.05, —0.003]) rather than through perceived mortality
threat (indirect effect coefficient = 0.003, SE = 0.006, 95% CI = [-0.007,
0.02).

4. Discussion

This study conducted a longitudinal survey (over eight months across
different stages of the COVID-19 pandemic) in a sample of college stu-
dents to investigate the association of TSC with disinhibited eating and
explore the mediating effect of perceived mortality threat and negative
affect in this link. The correlation results verified H1 and revealed that
TSC before the outbreak (September 2019, T1) was negatively associ-
ated with negative affect, perceived mortality threat, and disinhibited
eating in the middle (February 2020, T2) and later (April 2020, T3)
stages. These findings concur with previous studies that showed that
possessing high TSC is positively associated with the ability to regulate
negative emotion and adverse cognition (Bertrams et al., 2016;

Table 1
Correlations, means, and standard deviations among variables.
Variables M SD 1 2 3 4 5 6 7
1 TSC(T1) 3.15 0.54 -
2 NA(T2) 2.28 0.79 —0.24** -
3 NA(T3) 2.35 0.83 —0.28** 0.54** -
4 PMT(T2) 4.07 1.32 —0.13** 0.48%** 0.20** -
5 PMT(T3) 3.06 1.38 —0.11%** 0.39** 0.46** 0.33*%* -
6 DE(T2) 2.12 0.63 —0.25%* 0.35%* 0.25%* 0.21** 0.16%* -
7 DE(T3) 2.15 0.64 —0.24** 0.26%* 0.30** 0.11** 0.22%* 0.60** -

Note: M = means. SD = standard deviations; TSC = trait self-control; NA = negative affect; PMT = perceived mortality threat; DE = disinhibited eating; T1 = the first
time (September 2019, before the outbreak). T2 = the second time (February 2020, the middle stage). T3 = the third time (April 2020, the later stage). **p < .01.



Q. Lietal

NA (T2)

0 : - : !

PMT (T2)
=

() 1 1 L 1

n
1

DE (T2)

0 .

—
)
L) F
s
wn L

Fig. 1. Scatter figures of the associations of TSC with negative

Hofmann et al., 2014; Gailliot et al., 2006; Massar et al., 2020; Wiese
et al., 2017). Furthermore, individuals with high self-control capacity
are associated with less disinhibited eating behaviors including uncon-
trolled eating, emotional eating, and binge eating (Ames et al., 2014;
Byrne et al., 2021; Calvo et al., 2014; Reinblatt et al., 2015) as well as
more likely to success in weight management (Crescioni et al., 2011;
Tsukayama et al., 2010). The findings corroborate the existing studies,
suggest that TSC is of great importance in regulating psychological
discomfort and disinhibited eating during stressful events.

Notably, the present study fills the gap concerning the potential
mechanisms underlying the relationship between TSC and disinhibited
eating. In line with the existing studies indicating that negative emotions
and difficulties in regulating negative emotions are key factors for dis-
inhibited eating (Berg et al., 2014; Byrne et al., 2020; Haedt-Matt &
Keel, 2011; Stice, 2001, 2002), our results supported H3 rather than H2,
demonstrating that TSC could indirectly predicted disinhibited eating
through negative affect rather than through perceived mortality threat.
The relationship between mortality threats and impulsive behavior has
been found to be controversial (Miller & Mulligan, 2002; Taubman —
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Ben-Ari & Skvirsky, 2019). It suggests that there might be critical
mechanism that account for the relationship between threat of mortality
and disinhibited eating. Unexpectedly, the results showed that dis-
inhibited eating also could predict negative affect. The reciprocal rela-
tionship indicated that individuals’ disinhibited eating in the pandemic
could aggravate their negative emotional experience. In summary, our
findings suggest that negative affect might be the main psychological
mechanism underlying the relationship TSC and disinhibited eating
during stressful events and contribute to a deeper understanding of the
relationship among these factors.

According to the strength model, engaging in tasks or activities that
demand self-control will consume limited self-control resources and
impair subsequent activities (Baumeister et al., 2007). Individuals under
the pandemic have to regulate the frequent pessimistic thoughts and
negative affect triggered by the COVID-19, which would deplete their
limited self-control resources. Prior studies indicated that a relative lack
of self-regulatory resources, combined with a high tendency to regulate
negative affect, were associated with an unfavorable dietary pattern
(Sproesser, Strohbach, Schupp, & Renner, 2011). Compared to
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Fig. 2. The model with standardized estimates. Solid lines are significant, dashed lines are not significant. TSC = trait self-control, NA = negative affect, PMT =
perceived mortality threat, DE = disinhibited eating. T1 = the first time (September 2019, before the outbreak). T2 = the second time (February 2020, the middle

stage). T3 = the third time (April 2020, the later stage).

individuals with high TSC, those with low TSC were in a state of inad-
equate self-control and hardly realized the persistent regulation of
negative affect during the pandemic, thereby exhibiting disinhibited
eating. Furthermore, studies have shown that individuals with high
self-control show experience less conflict for undesired foods than their
low self-control counterparts (Gillebaart, Schneider, & De Ridder,
2016). For the group with high self-control, perceiving less conflict and
temptation means a lower depletion of self-control resources; therefore,
individuals with high TSC can cope with negative affect adequately,
maintaining a healthy eating pattern during the pandemic.

Some limitations of this study should be noted. First, the sample
group was limited to the college students; accordingly, it is unclear
whether these findings can be generalized to other groups. Because the
pandemic’s influence may vary among different populations, future
research should assess the influence of TSC in various samples across
different ages and careers. Second, the measurement limitations herein
included the use of brief self-report measures to assess eating- and affect-
related constructs. Behavioral indicators with ecological validity, such
as third-party reports, changes in weight, and experience sampling
methods should be considered in future studies. Furthermore, dis-
inhibited eating was employed from one dimension of three disordered
eating, which may not capture all the dietary characteristics during the
pandemic. Finally, because the timing of the assessments in the study
were unevenly distributed and did not include all the variable data, we
could not strictly determine the direction of causality regarding the as-
sociations among these variables. Recent studies suggest that conflict
experience and behavior habits may be instrumental in the positive
outcomes of TSC. Further investigations should explore the effects of
conflict experience and healthy habits in the links between TSC and
eating behavior.

Existing studies has indicated that practicing small acts of self-
control can increase self-control capacity (Friese, Frankenbach, Job, &
Loschelder, 2017; Muraven, 2010). Upon encountering temptations and
impulses, adopting abstract thinking or a third-person perspective can
improve one’s self-control ability during decision-making (Basso et al.,
2018; Chiou, Wu, & Chang, 2013). The strength model of self-control
also assumes that self-control ability, similar to a muscle, can be
improved through regular behavior training (Baumeister et al., 2007).
Moreover, studies have shown that the inhibition of spontaneous
dominant responses, such as avoiding colloquialisms while speaking and
using one’s non-dominant hand (Finkel, Dewall, Slotter, Oaten, &
Foshee, 2009; Miles et al., 2016), has been confirmed to improve par-
ticipants’ self-control ability. Future research can be conducted online or

offline to investigate the effects of cognitive strategies and behavioral
trainings targeted at strengthening self-control capacity on mental and
behavioral health during stressful events. Furthermore, our findings will
be instructive for some restricted diet groups and self-control in-
terventions could improve their health goals and quality of life.

This study conducted a longitudinal survey to investigate the rela-
tionship between TSC and disinhibited eating during different periods of
the COVID-19 pandemic. The findings suggest that disinhibited eating is
associated with perceived mortality threat and negative affect. More-
over, self-control capacity negatively indirectly predicted the level of
disinhibited eating in the pandemic through negative affect rather than
through perceived mortality threat. Given the well-documented positive
outcomes associated with TSC, self-regulation and control training
aimed at improving individuals’ self-control ability should be imple-
mented to minimize future health-related concerns—even during
stressful events.
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