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Food Cravings and unhealthy snacking

Food craving is an intense desire to consume a certain food 
or food type (Weingarten & Elston, 1990; Rodríguez-Martín 
& Meule, 2015) noted that it is a multidimensional and com-
plex experience that includes cognitive (e.g., thoughts about 
food), affective (e.g., changes in moods), behavioral (e.g., 
seeking food), and physiological (e.g., salivation) aspects. 
The mechanisms of food cravings have been explored in 
previous studies; however, no general consensus has been 
reached. For example, theories from a physiological per-
spective suggest that people may crave food because of a 
lack of food or a lack of adequate nutrition and energy (War-
dle, 1987). As another example, learning theories empha-
size that individuals’ food cravings may be a conditioned 
response to food-related cues in the environment (Rozin et 
al., 1991).

A large body of research has explored the relationship 
between food cravings and unhealthy snacking behaviors. 
Some laboratory studies found that the intensity of desire 
for energy-dense snacks positively predicted snack intake 
(Haynes et al., 2016; Martin et al., 2008; Sinha et al., 2019), 
while others found that food cravings only predicted the 
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applications in behavioral science.

Keywords Food cravings · Unhealthy snacking · Predator-prey model · Competitive interaction · Dynamic bidirectional 
relationship · Ecological momentary assessment

Accepted: 2 October 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

The competitive interaction between food cravings and unhealthy 
snacking: an application of the predator-prey model in psychology

Xiaohui Luo1 · Yueqin Hu1

1 3

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Current Psychology

intake of highly palatable foods but not the intake of bland 
foods (Massicotte et al., 2019). However, some researchers 
noted that laboratory studies had limited ecological validity 
and ignored temporal dynamics (Richard et al., 2017; Zorjan 
& Schienle, 2022). To better capture dynamic fluctuations 
in everyday life, some researchers have used ecological 
momentary assessment (EMA) and found that individuals’ 
craving intensity positively predicts their unhealthy snack 
consumption (Grenard et al., 2013; Richard et al., 2017, 
2019; Zorjan & Schienle, 2022).

EMA studies confirmed the predictive effect of food crav-
ings on unhealthy snacking behavior; however, few of them 
have paid attention to the influence of unhealthy snack con-
sumption on subsequent food cravings. A laboratory study 
revealed that even a small portion of snacks would reduce 
people’s cravings for foods, not only immediately after 
consumption but also after 15 min (Van Kleef et al., 2013). 
However, contrary evidence also exists, such as studies sug-
gesting that feeling full does not necessarily curb hunger 
but may instead trigger food cravings (Schepers & Bouton, 
2017). Therefore, whether people’s desire to eat diminishes 
or becomes more intense after snacking is still unclear, and 
how unhealthy snacking affects food cravings in daily life 
remains to be studied.

Additionally, the dynamic feedback mechanism underly-
ing the bidirectional relationship between food cravings and 
unhealthy snacking remains unexplained. If food cravings 
promote unhealthy snacking, which consequently inhibits 
cravings, then these two consecutive effects in opposite 
directions would compete with each other, creating a nega-
tive feedback equilibrium mechanism. This type of mecha-
nism has not been extensively studied in psychology; we 
usually deal with positive feedback, such as positive atti-
tudes stimulating corresponding behaviors, which in turn 
further reinforce positive attitudes. In the case of negative 
feedback, we do not yet have a well-established model to 

study it; thus, perhaps we can borrow from ecology the 
predator-prey model, which describes a similar negative 
feedback mechanism.

Predator-prey model

The predator-prey model, also known as the Lotka-Volterra 
model, was independently developed by Lotka (1920) and 
Volterra (1926). It is a differential equation model that origi-
nally explains the dynamic system of two biological species, 
with one (predator) feeding on the other (prey), formulated 
as Eq. 1,

 

{
dx/dt = ax − bxy

dy/dt = −cy + dxy
 (Eq. 1)

where x and y are the populations of prey and predator, 
respectively, and dx/dt and dy/dt are their growth rates. The 
parameters a, b, c and d are all positive numbers. Param-
eter a is the natural reproduction rate of species x (prey) 
when there is no species y (predator), while parameter c is 
the natural death rate of species y in the absence of species 
x. Parameter b is the decreasing rate of prey population due 
to predation by predators, and parameter d is the increas-
ing rate of predator population due to nourishment of prey. 
Parameters b and d reflect the impacts of their competitive 
interaction on their populations.

Figure 1 illustrates the dynamics of predator and prey 
populations that follow Eq. 1. As the number of prey 
increases, the number of predators will begin to increase. 
After the prey population peaks and begins to decline, the 
number of predators will grow to a maximum. Notably, 
there appears to be a “delay” between the increase in the 
predator population and the increase in the prey population, 

Fig. 1 Illustration of the interaction between predator and prey populations
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with the peak of the predator population always occurring 
after the peak of the prey population.

By reinterpreting variables and parameters, the predator-
prey model has been applied to a variety of fields, such 
as epidemiology (Fenton & Perkins, 2010), economics 
(Crookes & Blignaut, 2016), policing (Kim & Kim, 1997) 
and criminality (Abbas et al., 2017; Tripathi et al., 2021). 
In this study, we assumed that individuals’ food cravings 
are the “prey” and that their unhealthy snacking behav-
iors are the “predators”. Then, parameter a represents the 
rate of increase in food cravings when no snacks are con-
sumed, while parameter c represents the rate of decrease in 
unhealthy snacking behaviors in the absence of food crav-
ings. Parameter b reflects how snack consumption reduces, 
or in other words, satisfies people’s cravings for food, while 
parameter d reflects how people’s food cravings increase, 
or in other words, trigger their snacking behaviors. There-
fore, the predator-prey model can help us quantify and test 
the hypothesized temporal dynamics of food cravings and 
unhealthy snacking as well as their competitive interaction.

In addition, the value of parameters in the predator-prey 
model may vary from person to person. We can also exam-
ine individual differences in the relationship between food 
cravings and unhealthy snacking. Self-efficacy, defined 
as individuals’ beliefs in their capacity to perform certain 
behaviors to obtain desired outcomes (Bandura, 1977), is an 
effective predictor of dietary behaviors (Cruwys et al., 2020; 
Dehghan et al., 2021; Fernández et al., 2015). Researchers 
have found that people with high self-efficacy consume 
fewer high-calorie snacks (Churchill et al., 2014; Glasofer 
et al., 2013; Pearson et al., 2011), indicating a higher abil-
ity to resist the temptation to consume unhealthy snacks. 
Thus, despite craving unhealthy snacks, individuals with 
high self-efficacy are less likely to be driven by their desire 
for craved snacks. In other words, self-efficacy may moder-
ate the relationship between food cravings and unhealthy 
snacking.

The Present Study

Reviewing the previous findings on the relationship between 
food cravings and unhealthy snacking, we found some stud-
ies that revealed that individuals’ food cravings motivated 
their subsequent snacking behaviors (Richard et al., 2019; 
Zorjan & Schienle, 2022), which meant food cravings had 
a facilitative effect on subsequent unhealthy snacking. In 
contrast, there were also studies showing that individuals’ 
unhealthy snack consumption inhibited their cravings for 
unhealthy snacks (Van Kleef et al., 2013), which meant 
unhealthy snacking had an inhibitory effect on subsequent 
food cravings. In this way, food cravings and unhealthy 

snacking interact in opposite directions: as one side becomes 
stronger, the other becomes weaker. Such a competitive 
relationship reminds us of a common example in ecology: 
the competitive relationship between predators and prey. 
Predators increase as the number of prey increases, and 
then the prey decrease as the number of predators increases, 
eventually reaching a dynamic equilibrium. Such a dynamic 
equilibrium may also be assumed in human behavior. For 
example, we do not crave food endlessly, nor can we eat 
unhealthy snacks endlessly. Individuals’ desires for food 
and snacking behaviors are likely to form a dynamic equi-
librium as well. Since the relationship between predator and 
prey is very similar to the relationship between unhealthy 
snacking and food cravings, it is worthwhile to apply the 
predator-prey model to study the relationship between food 
cravings and unhealthy snacking.

The main purpose of this study is to investigate the com-
petitive interaction between food cravings and unhealthy 
snacking based on the predator-prey model. First, we 
introduced the predator-prey model into the field of health 
behavior by reinterpreting the meaning of parameters in 
the model. Then, we collected intensive longitudinal data 
on food cravings and unhealthy snacking through EMA and 
used multilevel regression models to estimate parameters. 
Moreover, we took self-efficacy as an example to explore 
possible individual differences in their bidirectional rela-
tionship. In addition, since a large number of studies found 
that individuals’ BMI was significantly associated with their 
food cravings and unhealthy snacking behaviors (Abdella 
et al., 2019; Chao et al., 2014; Sinha et al., 2019), the effect 
of individuals’ BMI was controlled for in our model. Two 
hypotheses were proposed:

H1: The relationship between food cravings and 
unhealthy snacking fits the predator-prey model. We 
expected that food cravings drive future unhealthy snacking, 
i.e., the interaction between food cravings and unhealthy 
snacking positively predicts the rate of change of unhealthy 
snacking (+ d in Eq. 1). We also expected that unhealthy 
snacking reduces future food cravings, i.e., their interaction 
negatively predicts the change rate of food cravings (– b in 
Eq. 1).

H2: Self-efficacy moderates the relationship between 
food cravings and unhealthy snacking. We expected that 
people with higher self-efficacy have a smaller d param-
eter, i.e., their food cravings are less likely to trigger actual 
snacking behavior. However, with no clue from previous 
research, we did not predict the impact of self-efficacy on 
parameter b.
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Unhealthy snacking

Unhealthy snacking may frequently occur at different times 
of the day. To capture the temporal fluctuation of an indi-
vidual’s snacking behavior in everyday life and to reduce 
the impact of retrospective bias, unhealthy snacking was 
measured frequently at 3-hour intervals during the day and 
at 12-hour intervals during the night. In line with previ-
ous studies on unhealthy snack consumption, a snack was 
conceptualized as “any food and sweetened beverages con-
sumed between main meals” (Inauen et al., 2016). Based on 
the coding of the food products adapted to the Asia-Pacific 
food supply (Kelly et al., 2016), we summarized six cat-
egories of unhealthy snacks, such as sugar-sweetened drinks 
and dried fruit, with detailed information and examples. At 
the very beginning of every questionnaire, descriptions of 
all categories of unhealthy snacks were presented. Partici-
pants were first asked to report whether they had eaten any 
snacks since they completed the last questionnaire. If they 
had snacked at least one time, they would be asked to recall 
the times (from one time to nine times) of each category of 
unhealthy snack they had eaten since they completed the 
last questionnaire. In addition, for snacks for which par-
ticipants were unsure of the category, they were asked to 
report the exact names of the snacks, which would later be 
classified into the most appropriate category based on dis-
cussion among the authors. Finally, unhealthy snacking was 
measured by the total snack consumption in the six food 
categories.

Self-efficacy

Self-efficacy was measured by the 10-item general self-
efficacy scale (Schwarzer & Jerusalem, 1995). Participants 
were asked to rate the extent to which the description in 
each item accorded with their actual situation, from 1 (“not 
true at all”) to 5 (“exactly true”). The internal consistency of 
this scale was 0.885 in this study.

Procedure

Participants were recruited from social networks. They first 
completed an online eligibility questionnaire, and eligible 
female undergraduates were invited to participate in the 
study. They completed a one-time long questionnaire and 35 
short questionnaires five times a day for the next seven days. 
A reminder text message with a link to the short question-
naire was sent to them at 11 a.m., 2 p.m., 5 p.m., 8 p.m. and 
11 p.m. each day. Finally, participants were rewarded based 
on their completion rate of the 35 short questionnaires. One 
participant was excluded from the data analysis because she 

Method

Participants

A total of ninety female college students completed an eligi-
bility test to check whether they met the following require-
ments: (a) people who claimed they usually intended to 
avoid unhealthy snacks but also admitted to occasionally 
unhealthy snacking (Inauen et al., 2016); (b) two to three 
regular meals per day; (c) daily access to a cell phone; and 
(d) getting up before 11 a.m. and going to bed after 11 p.m. 
every day (as participants were asked to complete a short 
questionnaire at 11 a.m. and 11 p.m. over seven days). This 
study focused on the female college student population for 
the following reasons: gender may be an influential factor in 
the relationship between food cravings and unhealthy snack-
ing; females are relatively more likely to suffer from weight, 
body image, and other related problems; and based on our 
previous subject recruitment experience, more female sub-
jects tend to participate in diet studies. Finally, sixty female 
undergraduates were eligible to participate in this study, 
doubling the minimum sample size required for multilevel 
analyses (30 participants; Hox & McNeish, 2020).

All participants were females and of Chinese Han ethnic-
ity. They were aged 18 to 26 years (M = 20.67, SD = 1.90) 
and had a body mass index (BMI) between 14.88 and 25.44 
(M = 20.00, SD = 2.20). A total of 53.4% of the participants 
spent between ¥1,000 ($ 148.09) and ¥2,000 ($ 296.16) per 
month, 37.9% spent between ¥2,000 and ¥3,000 ($ 444.28) 
per month, only 3.4% spent less than ¥1,000 per month, and 
5.1% spent more than ¥3,000 per month.

Measures

Food Cravings

Based on previous studies (Nijs et al., 2007; Richard et al., 
2017), three items were developed to measure individuals’ 
cravings for foods. Specifically, participants were asked to 
report the extent to which they desired to eat something, 
desired to eat something high in calories, salts or saturated 
fats, and felt hungry at the moment. They responded on a 
scale from 1 (“at this moment, don’t desire/not hungry at 
all”) to 9 (“at this moment, extremely desire/hungry”). Indi-
viduals’ food craving was measured by the average score 
of these items. To test the appropriateness of calculating 
the mean score of these items, within-person correlations 
between the three items were computed, which revealed 
strong associations between them (all rs > 0.837).
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d(Cravingit)/dt and d(Snackingit)/dt are the first derivatives 
of food cravings and unhealthy snacking. They were esti-
mated using general local linear approximation (GLLA; 
Boker et al., 2010), where the rate of change at each time 
point was estimated based on adjacent time points. If the 
proposed relationship fits the prey-predator model, then in 
Eq. 2, β1i should be positive and β2i should be negative, and 
in Eq. 3, β1i should be negative and β2i should be positive. 
Finally, to investigate the individual differences in the rela-
tionship between food cravings and unhealthy snacking, the 
moderating effect of self-efficacy was tested by adding self-
efficacy as a predictor to β0i, β1i and β2i in Level 2 (Eq. 4).

Level 1:

 d(Cravingit)/dt = β0i + β1i(Cravingit) + β2i(Cravingit ∗ Snackingit) + eit  (Eq. 
2)

 d(Snackingit)/dt = β0i + β1i(Snackingit) + β2i(Cravingit ∗ Snackingit) + eit  (Eq. 
3)

Level 2:

 

β0i = γ00 + γ01(Self − efficacyi) + γ02(BMIi) + u0i

β1i = γ10 + γ11(Self − efficacyi) + u1i

β2i = γ20 + γ21(Self − efficacyi) + u2i

 (Eq. 
4)

Results

Descriptive statistics and correlations

The descriptive statistics and Pearson correlations among 
food cravings, unhealthy snacking, self-efficacy and BMI 
are presented in Table 1. The intraclass correlations (ICCs) 
for food cravings and unhealthy snacking were 0.12 and 
0.16, respectively, indicating that most of their variances 
were within-person. At the between-person level, an 

completed the short questionnaires for only one day. The 
other participants completed 94.14% (ranging from 74.29 
to 100%, SD = 6.48%) of the short questionnaires, reflecting 
relatively good compliance. Informed consent was obtained 
from each participant. This study was approved by the uni-
versity’s IRB board.

Analysis

We took two steps to prepare our raw data for further anal-
ysis. In the first step, we transferred our data to an equi-
distance time scale. In our questionnaire, food cravings 
measured participants’ desire for food at that moment (e.g., 
11 a.m.), whereas unhealthy snacking measured the total 
amount of unhealthy snacks participants consumed since 
the last questionnaire (e.g., 8 ~ 11 a.m.). Considering the 
differences in the time reference of food cravings (“at this 
moment”) and unhealthy snacking (“since the last ques-
tionnaire”), we computed the average amount of unhealthy 
snacks that a participant consumed during the last period of 
time (e.g., 8 ~ 11 a.m.) and assumed it happened in the mid-
dle of this time period (e.g., 9:30 a.m.). In the second step, 
based on the established equidistance time scale, we filled in 
unavailable data in the following ways. First, since individ-
uals were very unlikely to crave food and eat snacks when 
they were sleeping (i.e., 0 ~ 8 a.m.), the values of food crav-
ings and unhealthy snacking within this time period were 
set to 0. Additionally, with the assumption that individuals’ 
food craving tendencies and unhealthy snacking behavior 
were changing continuously, any systematic missing values 
during the day were estimated by averaging their previous 
and subsequent measurements.

After data preparation, descriptive statistics and Pear-
son correlation analysis among key variables were con-
ducted. Intraclass correlations (ICCs) for food craving and 
unhealthy snacking were also computed. Then, based on 
the predator-prey model, two multilevel models were estab-
lished to explore the competitive interaction between food 
craving and unhealthy snacking, with repeated observations 
(Level 1) nested within individuals (Level 2). Equation 2 
shows the Level 1 model of food cravings, and Eq. 3 shows 
the Level 1 model of unhealthy snacking. The variables 

Table 1 Descriptive Statistics and Correlations
M SD ICC 1 2 3

1 Craving 1.968 0.583 0.12 – 0.346*** –
2 Snacking 0.259 0.191 0.16 0.048 – –
3 Self-efficacy 3.248 0.609 – 0.067 – 0.155 –
4 BMI 19.996 2.201 – – 0.062 – 0.049 – 

0.034
Notes: *p < .05, **p < .01, ***p < .001. Craving denotes food cravings; Snacking denotes unhealthy snacking; ICC denotes intraclass correlation. 
Between-person correlations are represented below the diagonal, and within-person correlations are presented above the diagonal.
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individual consumed increased to a certain amount, their 
desire for food gradually declined.

Moderating effect of self-efficacy

To investigate possible individual differences in the dynamic 
models of food cravings and unhealthy snacking, we tested 
the moderating effect of self-efficacy. As shown in Table 3, 
the interaction between self-efficacy and the coupling term 
in the dynamic model of unhealthy snacking was significant 
(B = – 0.019, p < .001), whereas the interactions between 
self-efficacy and other terms were nonsignificant. This result 
suggested that self-efficacy weakened the positive coupling 
between food cravings and unhealthy snacking. Individuals 
with higher levels of self-efficacy were less likely to con-
sume unhealthy snacks even under the positive influence of 
the interaction between their cravings for foods and current 
unhealthy snack consumption.

Discussion

In this study, we introduced a predator-prey model to 
explain the competitive interaction between food cravings 
and unhealthy snacking using intensive longitudinal data. 
In line with previous studies (Richard et al., 2017; Zorjan 

individual’s BMI, self-efficacy, average food cravings and 
average unhealthy snacking were not significantly associ-
ated, whereas at the within-person level, an individual’s 
fluctuation of food cravings was positively associated with 
their unhealthy snacking behaviors (r = .346, p < .001).

The dynamic relationship between Food 
Cravings and unhealthy snacking

Based on the predator-prey model, the competitive inter-
action between food cravings and unhealthy snacking was 
examined. Table 2 shows the results of the multilevel mod-
els. All four parameters in the model were significant, and 
their directions were exactly as expected from the predator-
prey model, indicating that individuals’ food cravings and 
unhealthy snacking did behave like prey and predators. For 
the dynamic process of food cravings, people’s food crav-
ings increased naturally over time (B = 0.026, p < .001), 
and snacking reduced cravings (B = – 0.056, p < .001). The 
dynamic process of unhealthy snacking would “die out” 
without the presence of food cravings (B = – 0.233, p < .001), 
and the desire for food would stimulate snacking behaviors 
(B = 0.076, p < .001). In summary, with individuals’ crav-
ings for food getting stronger, they would subsequently eat 
more unhealthy snacks. Once the unhealthy snacks that an 

Table 2 Parameter Estimation for the Models of Food Cravings and Unhealthy Snacking
DV IV B SE t 95%CI
d(Craving)/dt BMI -0.002 0.005 -0.335 [-0.011, 0.008]

Craving 0.026 0.007 3.794*** [0.013, 0.040]
Craving×Snacking -0.056 0.007 -7.843*** [-0.070, -0.042]

d(Snacking)/dt BMI -0.001 0.002 -0.481 [-0.004, 0.002]
Snacking -0.233 0.014 -16.465*** [-0.260, -0.205]
Craving×Snacking 0.076 0.004 18.040*** [0.068, 0.085]

Notes: *p < .05, **p < .01, ***p < .001.

Table 3 The Moderating Effect of Self-efficacy on the Relationship Between Food Craving and Unhealthy Snacking
DV IV B SE t 95%CI
d(Craving)/dt BMI -0.002 0.005 -0.486 [-0.011, 0.007]

Craving 0.019 0.039 0.495 [-0.057, 0.096]
Craving×Snacking -0.014 0.027 -0.496 [-0.067, 0.040]
Self-efficacy 0.003 0.025 0.136 [-0.046, 0.052]
Craving×S-E 0.002 0.012 0.213 [-0.020, 0.025]
Craving×Snack×S-E -0.014 0.009 -1.647 [-0.032, 0.003]

d(Snacking)/dt BMI -0.001 0.002 -0.815 [-0.004, 0.002]
Snacking -0.309 0.044 -6.978*** [-0.396, -0.222]
Craving×Snacking 0.133 0.016 8.303*** [0.102, 0.165]
Self-efficacy 0.005 0.006 0.745 [-0.007, 0.016]
Snacking×S-E 0.025 0.015 1.683 [-0.004, 0.054]
Craving×Snack×S-E -0.019 0.005 -3.567*** [-0.029, -0.008]

Notes: S‒E = self-efficacy. *p < .05, **p < .01, ***p < .001.
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model to discuss the dynamics of romantic relationships in 
a short book chapter. This model should have great poten-
tial in psychology and other social behavioral sciences. For 
example, in health psychology, we can test whether the 
relationship between sleepiness and sleep or the relation-
ship between willingness to exercise and exercise would 
also fit the predator-prey model. This model may also apply 
to substance use, as Rogers (2017) noted that the appetites 
for food and drug have many similarities, with both food 
and drug cravings reflecting a strong desire to consume a 
specific food/drug (Weingarten & Elston, 1990). Future 
research could examine the circumstances under which drug 
cravings are more likely to stimulate actual drug use and 
the circumstances under which drug use fails to satisfy drug 
cravings, which may inform further understanding of drug 
addiction and corresponding interventions. Furthermore, 
a meta-analysis indicated that behavioral intention was 
not always the proximal antecedent of relevant behavior 
(Rhodes & Dickau, 2012). Some researchers have empha-
sized the importance of recognizing the waxing and waning 
of intentions and the possible “delay” between intentions 
and intended behaviors (Kroese & de Ridder, 2016). Since 
the predator-prey model allows a “delay” between variables 
(see Fig. 1), it may be of great value to investigate the inten-
tion-behavior gap using this model.

The predator-prey model can be extended in many ways. 
For example, this study explored the moderating effect 
of self-efficacy. In a “toxic environment” full of tasty but 
harmful snacks (Glasofer et al., 2013), people are easily 
driven by their food cravings to consume these unhealthy 
snacks, especially those with lower self-efficacy. Previous 
studies suggested that people low in self-efficacy may have 
less confidence in performing healthy behaviors and have 
less self-control over unhealthy snacking (Hankonen et al., 
2014). Therefore, it made sense that they would be more 
susceptible to the toxic environment. In addition, some 
researchers suggested that food craving and snack con-
sumption may be more tightly coupled in childhood than 
in adulthood (Silvers et al., 2014). Thus, the role of age and 
other developmental variables in the predator-prey model 
could also be examined. Finally, if researchers cannot deter-
mine the temporal order of their variables, they can also 
use this model to examine which variable is the prey (ini-
tiation) and which is the predator (following). If the signs 
of the obtained parameters do not match the predator-prey 
model, it may indicate other mechanisms, such as positive 
feedback.

This study has several limitations. First, the EMA was 
still based on self-reported data, and more objective mea-
sures, such as the caloric intake of snacks, should be consid-
ered in the future. In addition, the limited sample size of this 
study and the fact that it consisted mainly of female college 

& Schienle, 2022), the predictive effect of food cravings 
on unhealthy snacking behaviors in everyday life was con-
firmed. Furthermore, we verified the impact of unhealthy 
snack consumption on food cravings (Van Kleef et al., 
2013). Specifically, at the beginning of each day, people’s 
desire for food gradually became stronger, followed by their 
unhealthy snacking behavior. As their snack intake increased 
to a certain amount, they would feel satisfied and be less 
tempted by food. As a result, their cravings for snacks began 
to diminish, as if their snacking behavior “preyed” on their 
food desire. These findings contribute to the literature by 
revealing the dynamic bidirectional relationship between 
food cravings and unhealthy snacking.

In addition, from a practical perspective, our findings 
may provide insights into intervention programs for the 
problems of being overweight and obese. On the one hand, 
food craving is confirmed to be a facilitative factor of subse-
quent snacking behavior, which suggests that relevant inter-
vention programs can generate real-time responses when 
individuals report strong food cravings and guide individu-
als to take certain precautions, for example, staying away 
from tempting foods in the environment. On the other hand, 
individuals’ unhealthy snack consumption is found to be an 
inhibitory factor in their cravings for unhealthy snacks. Just 
as predators in an ecosystem cannot be exterminated, mod-
erate snack intake may not be entirely negative, and people 
may find a balance between satisfying cravings and staying 
healthy. Furthermore, self-efficacy has been found to mod-
erate individual responses to food cravings, suggesting that 
people with different levels of self-efficacy may not differ in 
their food cravings but rather in their reactions to the crav-
ings. This may shed light on the content and form of self-
efficacy-based intervention programs.

Notably, the bidirectional relationship revealed in this 
study differs from most bidirectional relationships com-
mon in previous studies, where the two effects tend to be 
in the same direction. For example, Schultchen et al. (2019) 
found that higher levels of stress reduced people’s physical 
activity, and people with lower levels of physical activity 
subsequently felt more stressed. In contrast, we found that 
people’s food cravings drove them to snack, and their snack-
ing behavior subsequently reduced their desire for food. 
This indicated that food cravings and unhealthy snacking 
mutually influenced one other in opposite directions, sug-
gesting a negative feedback mechanism. In fact, negative 
feedback mechanisms are prevalent because they contribute 
to maintaining the dynamic balance of human, society and 
biological systems. The predator-prey model introduced in 
this study could be particularly helpful to study negative 
feedback mechanisms in dynamic systems.

However, the predator-prey model is rarely used in 
psychology. We only found Strogatz (2018) had used this 
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Conclusion

An unhealthy diet can lead to a variety of health issues, but 
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