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Abstract
Background  Evidence suggests that food insecurity (FI) is associated with body image concerns (e.g., muscle 
dysmorphia; MD), behavioral addictions, and disordered eating behaviors. This study aimed to investigate whether 
MD mediates the association between FI and risks of exercise addiction (EA) and muscularity-oriented eating (MOE), 
focusing on the moderating role of resilience.

Methods  A total of 1,500 young Taiwanese young adults (Mage = 22.2 years, 38.3% males) completed the online 
survey. Structural equation modeling was used to examine the relationships among the variables of interest. The 
significance of the moderated mediation model was assessed using bootstrapping.

Results  Results found that FI was indirectly associated with increased risks of EA (β = 0.431, [0.312, 0.563]) and MOE 
(β = 2.3, [1.707, 2.887]) through MD. A gender difference was noted, as FI was more strongly associated with the risk of 
MOE in males and EA in females. Furthermore, resilience moderated the meditation relationship linking FI to EA (index 
of moderated mediation = 0.066, [0.032, 0.105]) and MOE (index of moderated mediation = 0.341, [0.163, 0.528]).

Conclusions  FI is potentially associated with behavioral addiction and disordered eating psychopathology through 
body image concerns. Strengthening resilience may help attenuate these adverse effects in young adults with food 
security issues.

Plain English summary
Not having reliable access to enough food, known as food insecurity, can affect mental health and behavior in 
young people. Based on a survey of 1500 young adults in Taiwan, food insecurity was linked to greater concern 
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Introduction
Food insecurity (FI) refers to a state where individuals or 
households lack consistent access to food for an active 
and healthy life [1]. In 2022, an estimated 2.4 billion peo-
ple worldwide experienced moderate to severe FI, with 
9.2% of the global population suffering from chronic hun-
ger [2]. In Taiwan, a recent study reported that 40.5% to 
51.9% of adolescents and children from lower socioeco-
nomic status backgrounds face FI [3]. FI has been exten-
sively implicated in the development of physical, mental, 
and behavioral health problems, such as obesity [4], dia-
betes [5], depression [6], reduced cognitive functioning 
[7], and even substance use [8]. Regarding eating behav-
iors, emerging evidence consistently indicates that FI is 
associated with higher levels of overall eating disorder 
pathology, binge eating, compensatory behaviors, binge-
eating disorder, and bulimia nervosa [9]. In Taiwan, the 
prevalence of eating disorders is lower compared to 
Western countries, but it has been increasing rapidly 
among Taiwanese adults [10]. Amongst both immi-
grant and native Taiwanese adolescents, the prevalence 
is approximately 11.4% [11]. This association is likely 
explained by a “feast-or-famine” cycle, in which food 
intake varies according to fluctuations in food availabil-
ity [9]. Similarly, individuals with FI may become more 
vulnerable to weight control behaviors, such as dietary 
restriction or excessive exercise, during and following 
periods of food scarcity [12].

Exercise addiction (EA) is a behavioral addiction 
characterized by excessive training, loss of self-control, 
over-exercise behaviors, and potential contributions to 
physical and psychosocial problems [13]. Although EA 
is not classified as a Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition, Text Revision (DSM-
5-TR) diagnosis, it has been conceptualized as a behav-
ioral addiction [14]. Though the link between FI and 
EA remains underexplored, FI has been shown to be 
associated with addictive behaviors, such as increased 
substance use and food addiction [15, 16]. Evidence 
regarding the relationship between FI and exercise 
behaviors is comparatively limited and inconsistent. Indi-
viduals with FI tended to have lower physical activity lev-
els [17, 18] but still had a non-significant trend of more 
vigorous exercise patterns and longer weekly exercise 

duration than food-secure counterparts [19]. FI may 
increase the neurobiological activity of the neural reward 
system, which regulates feelings of pleasure, motivation, 
and reinforcement learning. Alterations in neural reward 
circuits, such as the mesocorticolimbic pathway or neu-
rotransmitters like dopamine, contribute to changes in 
pleasure and motivation. Previous studies suggest that 
substance use and certain behaviors similarly enhance 
this neural pathway’s activity and learning, resulting in 
pleasure when substances are consumed or behaviors 
are experienced [18]. During periods of food availability, 
individuals with FI may experience pleasure from food, 
and FI may enhance reward sensitivity, thereby promot-
ing addictive behaviors [17]. Despite this potential neuro-
biological link, the empirical association between FI and 
EA remains under-researched.

Muscularity-oriented eating (MOE) is a maladaptive 
eating behavior driven by the internal desire to attain 
a muscular physique [20]. It is suggested that MOE is a 
form of disordered eating psychopathology that is related 
to weight and body image concerns [21]. Individuals with 
MOE behaviors often use specific eating strategies, such 
as bulking and cutting, to achieve their muscular ideal 
[22]. During the bulking phase, they consume excessive 
protein to gain strength and muscle mass. In contrast, the 
cutting phase involves fasting, skipping meals, or restrict-
ing food intake to reduce fat and enhance leanness. 
Moreover, some individuals may also use supplements to 
aid in fatty acid metabolism or muscle boosting or resort 
to steroid usage [23], leading to unhealthy and harmful 
lifestyles [24]. How FI is related to MOE is, however, not 
fully explored yet, despite its association with increased 
disordered eating psychopathology, such as binge eat-
ing disorder [25], bulimia nervosa [26], and self-control 
eating [27]. While food-insecure individuals are likely to 
consume affordable foods with high-calorie diets, such 
foods typically contain high fat and sugar but less protein 
and nutrients necessary for muscle growth and physical 
development [28], contributing to lower muscle strength 
in food-insecure individuals [29]. Thus, whether this 
link can be translated to the relationship between FI and 
MOR requires more empirical research.

Muscle dysmorphia (MD) is a psychopathological 
condition characterized by an obsession with perceived 

about muscular appearance, which in turn increased the risk of uncontrolled excessive exercise and muscularity-
focused eating behaviors. Gender differences included that food insecurity was more strongly linked to muscularity-
focused eating for men and uncontrolled excessive exercise for women. Importantly, higher levels of resilience, 
defined as the ability to cope with stress and adversity, reduced the strength of these associations. Overall, the 
results suggest that young people experiencing food insecurity may be more vulnerable to harmful body image 
concerns and related behaviors. Strengthening resilience and providing resources to address food insecurity may 
help protect against these adverse effects.

Keywords  Food insecurity, Muscle dysmorphia, Exercise addiction, Muscularity-oriented eating, Resilience
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physical flaws, particularly a lack of muscularity. This 
condition is associated with eating disorders [30], obses-
sive-compulsive disorder [31], and addictive behaviors 
to maintain body image [32]. A recent study revealed an 
association between FI and MD symptomatology, sug-
gesting that FI increases symptoms of MD among Cana-
dian populations [33], especially in domains of functional 
impairment and appearance intolerance. Furthermore, 
MD is usually considered a core component of EA due 
to their similarities in behavioral addictive patterns [34]. 
Therefore, it is plausible that MD can be a critical media-
tor linking FI to EA and MOE. That said, those with FI 
may experience stress and lower self-esteem due to food 
scarcity, contributing to MD development, thus shifting 
attitudes and behaviors toward EA and MOE as coping 
strategies to gain thinner or muscular body ideals.

Gender differences have been observed in various 
human behaviors due to biological differences and dif-
fering social roles and expectations. Previous stud-
ies indicate that female-headed households experience 
higher rates of FI than male-headed households [35, 
36]. This disparity may reflect broader structural ineq-
uities, including gender-based differences in access to 
economic resources, employment opportunities, land 
ownership, and social protection systems [37]. Women 
very often face labor market disadvantages, lower wages, 
and greater caregiving responsibilities, which can con-
strain income generation and household food access. For 
instance, in agrarian societies, gender inequalities in bar-
riers to education and employment opportunities and 
access to productive assets and agricultural inputs may 
further limit the returns women obtain from comparable 
resources, contributing to poorer food security outcomes 
in female-headed households [35]. In addition, FI is asso-
ciated with higher body mass index (BMI) among women 
but not among men [38]. This gender-specific associa-
tion may be partly explained by differences in genetic 
predisposition to adiposity, pregnancy-related weight 
changes, and coping strategies characterized by cyclical 
patterns of food restriction and overeating [38]. Women 
may be more likely to reduce their own food intake dur-
ing periods of scarcity and compensate by overeating 
when food becomes available, while other household 
members maintain more stable levels of consumption 
[39]. However, associations between food insecurity and 
other cardiovascular health outcomes, including hyper-
tension, high cholesterol, diabetes, and sedentary time, 
remain inconclusive. Tayie and Zizza reported a higher 
likelihood of dyslipidemia among food-insecure women 
[40], whereas Royer et al. found no gender differences 
in the associations between food insecurity and cardio-
vascular health outcomes [41]. Nonetheless, males seem 
more susceptible to EA [42] and MOE [43], and higher 
odds of MD were noted among males exhibiting greater 

self-reliance and stronger adherence to heterosexual 
masculine norms [33]. Additionally, social expectations 
dictate that males are more likely to be concerned about 
their muscles and masculine body, whereas females tend 
to focus on their leg appearance and leanness [44]. There-
fore, gender is a pertinent issue that should be considered 
in our analysis.

To address the research gaps described above, this 
study aimed to investigate the complex relationship 
between FI, MD, EA, and MOE, where we hypothesized 
that FI is associated with EA and MOE via the media-
tion of MD. Further, if the relationship exists, it remains 
imperative to explore whether it can be modified by 
individual psychological traits (e.g., resilience) that can 
be leveraged to attenuate the adverse effects of FI on 
exercise and eating behaviors. Trait resilience, reflecting 
one’s ability to counter environmental adversities and 
then make adaptations [45], has been extensively associ-
ated with decreased symptoms of eating disorders [46], 
emotional distress [47], and addiction problems [48]. 
A prior study also found that building resilience poten-
tially reduced body image disturbance [49]. Based on the 
theoretical framework and empirical evidence reviewed 
above, we tested the following specific hypotheses:

H1: FI will be positively associated with EA and MOET.
H2: MD will mediate the relationship between FI and 

both EA and MOE.
H3: Resilience will moderate the direct effects of FI on 

EA and MOE, such that higher resilience will attenuate 
these associations.

H4: Resilience will moderate the indirect effects 
(through MD) of FI on EA and MOE.

H5: Gender will moderate the relationships examined 
in H1-H4, with males showing stronger associations 
between FI and MOE, and females showing stronger 
associations between FI and EA.

Materials and methods
Participants and procedure
Our cross-sectional data were obtained from 1,500 Tai-
wanese young adults aged between 20 and 25 years. Par-
ticipants were excluded from this study if they declared 
acute and chronic neurological illnesses such as stroke, 
psychiatric disorders such as depression and schizo-
phrenia, and functional as well as intellectual disabili-
ties. At the beginning of the survey, participants were 
asked to self-report whether they had been diagnosed 
with any of these conditions. Those who indicated ‘yes’ 
were automatically prevented from continuing the sur-
vey. The recruitment process was conducted through 
an online survey, Google Forms, from July to Decem-
ber 2022, when COVID-19-related constraints had just 
been lifted. This research was advertised verbally and 
via social media platforms. Before starting the survey, 
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participants received detailed information and provided 
informed consent by selecting “consent to participate”; 
otherwise, the survey ended. They were informed about 
the study, and all provided informed consent, includ-
ing the knowledge that they could exit the survey at any 
time. The survey took approximately 30  min, and par-
ticipants received 100 NTD (New Taiwan Dollars) as 
compensation after completing all the items of interest 
in the Mandarin questionnaire. The study procedures 
were carried out in accordance with the Declaration 
of Helsinki and approved by the Institutional Review 
Board of the National Cheng Kung University Hospital 
(A-ER-110-571).

Measures
All questionnaires were administered in Mandarin Chi-
nese. For measures lacking validated Mandarin versions, 
we used standardized translation and back-translation 
procedures. Specifically, two bilingual researchers inde-
pendently translated the original English versions into 
Mandarin, and discrepancies were resolved through dis-
cussion. A third bilingual researcher, who was blind to 
the original English version, back-translated the Man-
darin version into English. The research team then com-
pared the back-translated version with the original to 
ensure semantic equivalence.

Measure of food insecurity
FI was measured by a single-item question assessing the 
level of food insecurity concern, which was based on this 
statement: “In the past year, have you ever worried that 
you/yourself or your family had no money to buy food?” 
The question was rated on a 4-point Likert scale, in which 
four options were available from “not worried at all (1)”, 
“not worried (2)”, “a little worried (3)”, to “very worried 
(4)”. Thus, higher scores indicate higher levels of FI con-
cern among participants. Although this single-item mea-
sure primarily captures subjective concern about food 
affordability rather than actual food access or experiences 
of hunger, it offers a graded assessment of food insecu-
rity on a 4-point scale. Previous research has indicated an 
acceptable performance of using a single FI question to 
assess the level of FI [8, 50].

Muscle dysmorphic disorder inventory
The Muscle Dysmorphic Disorder Inventory (MDDI) was 
employed to assess the presence of MD symptoms [51]. 
This inventory consists of a 13-item self-report question-
naire divided into three distinct subscales: Drive for Size 
(e.g., “I think my body is too skinny/slender.“), Appearance 
Intolerance (e.g., “I wear loose clothing so that people can-
not see my body.“), and Functional Impairment (e.g., “I 
cancel social activities with friends because of my work-
out/exercise schedule.“). Participants rate each item on 

a 5-point Likert scale, from “never” (1), “seldom” (2), 
“sometimes” (3), “usually” (4), to “always” (5), with higher 
scores indicating more pronounced MD symptoms, as 
documented by Hildebrandt et al. [52]. The MDDI has 
demonstrated robust psychometric properties to capture 
MD across various demographic groups [53, 54]. In our 
study, the MDDI exhibited satisfactory internal reliability 
(Cronbach’s α = 0.792).

Exercise addiction inventory
The Exercise Addiction Inventory (EAI) was used to 
assess thoughts, attitudes, and behaviors related to EA 
[55, 56]. This 6-item self-report questionnaire comprises 
six components, which are salience (“Exercise is the most 
important thing in my life.“), withdrawal symptoms (“If I 
have to miss an exercise session, I feel moody and irrita-
ble.“), relapse (“If I cut down the amount of exercise I do, 
and then start again, I always end up exercising as often 
as I did before.“), tolerance (“Over time, I have increased 
the amount of exercise I do in a day.“), mood modifica-
tion (“I use exercise as a way of changing my mood.“), and 
conflict (“Conflicts have arisen between me and my fam-
ily and/or my partner about the amount of exercise I do.“). 
Participants rated each component on a 5-point Likert 
scale, from “strongly disagree” (1), “disagree” (2), “neither 
agree nor disagree” (3), “agree” (4), to “strongly agree” (5), 
with higher scores indicating greater severity of potential 
symptomatology [56], and therefore, a higher risk for EA. 
In this study, the EAI demonstrated acceptable internal 
reliability (Cronbach’s α = 0.767).

Physical activity measurement
A modified version of the International Physical Activity 
Questionnaire (IPAQ) was employed to assess the self-
reported intensity and frequency of physical activity [57, 
58]. Although our primary focus was on psychological 
addiction to exercise rather than physical activity levels 
per se, we examined correlations between the EAI and 
IPAQ to establish convergent validity. Results showed 
that EAI was correlated with exercise intensity (r = 0.26, 
p < 0.01) but not with total exercise days (r = 0.028, p > 
0.05).

Muscularity-oriented eating testing
The Muscularity-Oriented Eating Test (MOET) was used 
to evaluate eating attitudes and behaviors associated with 
pursuing muscularity (e.g., “I have been deliberately try-
ing to limit the overall volume of some foods so that my 
muscles look more defined” and “What I ate has influ-
enced how I think about myself as a person.”) [59]. This 
self-report questionnaire is a unidimensional measure 
consisting of 15 items, each rated on a 5-point Likert 
scale, from “never true” (1), “rarely true” (2), “sometimes 
true” (3), “often true” (4), to “always true” (5). In this 
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study, the sum score of MOET was used, with a higher 
score indicating a higher level of MOE symptoms [21]. 
Previous research has demonstrated good psychometric 
properties of the MOET [54], and in our study, the inter-
nal reliability of MOET was excellent (Cronbach’s α = 
0.935).

Resilience assessment
Resilience was assessed among participants by using the 
7Cs resilience tool [56]. This self-report questionnaire 
comprises seven components of resilience (i.e., com-
petence, confidence, connection, character, contribu-
tion, coping, and control) on a 3-point Likert scale from 
never (0), occasionally (1), to always (2), (60). The higher 
scores represent higher levels of resilience. In this study, 
the internal reliability of the 7Cs resilience tool was good 
(Cronbach’s α = 0.822).

Covariates
We incorporated age, BMI derived from self-reported 
height and weight, and socioeconomic factors into 
our analysis as covariates. The socioeconomic fac-
tors included parental educational years and monthly 

financial status, rated on a 4-point Likert scale from very 
inadequate (1) to very adequate (4).

Statistical analysis
Descriptive statistics were summarized using IBM SPSS 
Statistics version 25.0 [61]. Pearson correlation analysis 
was conducted to display correlation coefficient matri-
ces for variables and covariates. Missing data analysis 
revealed that less than 2% of data points were missing 
across all variables. We examined missing data patterns 
using Little’s MCAR (Missing Completely At Random) 
test, which indicated that data were missing completely 
at random (χ² = 145.23, p = 0.156). Given the pattern and 
minimal amount of missing data, we used full informa-
tion maximum likelihood in the primary analyses, which 
yielded substantively identical results, confirming the 
robustness of our findings.

To test our hypotheses (Fig. 1), our path analyses com-
prised four stepwise models. Model 1 employed regres-
sion analysis to explore the associations of FI with EA 
and MOE. To examine the moderating effect of resil-
ience on the associations mentioned earlier, we tested the 
interaction effect between FI and resilience on EA and 
MOE, where the term ‘effect’ referred to this statistical 

Fig. 1  The conceptual models of the main effect (Model 1), the moderating effect of resilience (Model 2), the mediating effect of muscle dysmorphia 
(Model 3), and the moderated mediating effect (Model 4) on exercise addiction and muscularity-oriented eating. The solid line represents the indirect 
and direct paths, and the dash line represents the moderating effect of resilience. FI indicates food insecurity; EA; exercise addiction; MOE, muscularity-
oriented eating; MD, muscle dysmorphia
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approach rather than causal inferences in Model 2. In 
Model 3, we assessed the mediating effect of MD on the 
paths from FI to EA and MOE. Lastly, we performed the 
moderated mediation analysis in Model 4, in which FI 
was an independent variable, EA and MOE were depen-
dent variables, MD was the mediator, and resilience was 
the moderator of the mediating effect (Model 4). In this 
model, we classified the moderating effect of resilience 
on the mediating effect by dividing the interaction effect 
between FI and resilience on MD into three levels using 
centered mean and standard deviation (S.D.), low (cen-
tered mean – 1 S.D.), medium (centered mean), and 
high (centered mean + 1 S.D.). We additionally explored 
the gender difference in Model 4 by employing a multi-
group model analysis (male vs. female groups) with a par-
tial constraint technique to control for the variances of 
untargeted paths between the two groups. Each path in 
Model 4 (Fig. 2) was constrained to be equal one by one 
at a time to observe the effect of gender differences.

All model analyses, adjusted for covariates, were com-
puted using a structural equation modeling analysis 
implemented in the Analyses of Moment Structures 
(AMOS) program version 24.0. In assessing the signifi-
cance of our findings, the 95% confidence interval (CI), 
using bootstrapping methods with 5,000 repeated ran-
dom samples, was utilized with all model analyses. Sta-
tistical significance was inferred if the 95% CI did not 
encompass zero [62]. For evaluating the tests, we adopted 
different indicators to represent the model fit, such as 

comparative fit index (CFI), Tucker-Lewis’s index (TLI), 
root mean square error of approximation (RMSEA), and 
standardized root mean square residual (SRMR) [63]. An 
acceptable model fit has been proposed based on the cri-
teria: CFI > 0.90. TLI > 0.90, RMSEA < 0.08, and SRMR 
< 0.08 [64].

Results
Descriptive statistics and bivariate correlation
The study analyzed data from a total of 1,500 participants 
(Mage = 22.20 [± 1.42] years), with 574 (38.3%) identified 
as male and 926 (61.7%) as female (Table  1). The aver-
age body mass index (BMI) was 21.76 (± 3.50) kg/m2, and 
males had significantly higher BMI than females. More-
over, the average scores for MD, EA, and MOE were 
notably higher in males, while FI and resilience scores 
were not different between genders. Furthermore, most 
bivariate correlation coefficients among the key variables 
were significant, except for resilience and EA (Table 2). FI 
was positively correlated with MD, EA, and MOE, while 
resilience was negatively correlated with FI, MD, and 
MOE.

Effect of FI and its interaction effect with resilience on EA 
and MOE
Multiple fit indices showed acceptable model fits for our 
models (supplementary Table S1). In Model 1, the analy-
sis revealed significant positive associations between FI 
and EA (β = 0.596, [95%CI: 0.245; 0.959]) and between 

Fig. 2  The path differences between male and female groups. The significant difference of unstandardized regression weights between both genders are 
presented in solid lines. The blue solid line represents the stronger coefficients in male group. The red solid line represents the stronger coefficients in the 
female group. First and latter numbers on the paths are the coefficients in male and female groups respectively. FI indicates food insecurity; EA; exercise 
addiction; MOE, muscularity-oriented eating; MD, muscle dysmorphia. *p < 0.05; **p < 0.01
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FI and MOE (β = 1.820, [0.937; 2.761]) (Table  3). Con-
sidering resilience in Model 2, the moderation analysis 
revealed a significant interaction effect between FI and 
resilience on MOE (β = 0.349, [0.052; 0.624]), but not on 
EA (β = 0.093, [-0.023; 0.215]).

Mediation role of MD and moderation role of resilience
In Model 3, the mediation analysis found that MD medi-
ated the effects of FI on EA and MOE (Table  4). Spe-
cifically, the results showed significant indirect effects 
of FI via MD on EA (β = 0.431, [0.312, 0.56]) and MOE 
(β = 2.300, [1.707, 2.887]). The direct effects were not 

significant when MD was added to the model, thereby 
reinforcing the argument for the mediating role of MD in 
the relationships between FI and EA, and between FI and 
MOE. Further, we assessed the moderating role of resil-
ience in both the direct and indirect effects of FI on EA 
and MOE in Model 4. For moderated direct effects, the 
interaction term between FI and resilience was not asso-
ciated with either EA or MOE. On the other hand, the 

Table 1  Demographic characteristics and psychometric 
measure scores for all participants and stratified by gender
Key variables, mean 
(S.D.)

All 
(n = 1,500)

Male 
(n = 574)

Female 
(n = 926)

t 
(p-value)

Food insecuritya 1.51 (0.70) 1.53 (0.69) 1.49 (0.71) 1.045 
(0.296)

Resilienceb 17.22 (2.77) 17.24 
(2.80)

17.21 
(2.74)

0.150 
(0.881)

Muscle dysmorphiac 27.24 (7.94) 30.11 
(8.28)

25.46 
(7.17)

11.117 
(< 0.001)

Risk of exercise 
addictiond

16.04 (4.39) 17.46 
(4.40)

15.16 
(4.14)

10.211 
(< 0.001)

Muscularity-oriented 
eatinge

29.10 
(12.15)

31.90 
(14.58)

27.36 
(9.98)

6.575 
(< 0.001)

Covariate, mean (S.D.)

Age (years) 22.20 (1.42) 22.30 
(1.38)

22.13 
(1.40)

2.258 
(0.024)

Father’s education 
(years)

14.50 (2.27)) 14.57 
(2.17)

14.46 
(2.33)

0.913 
(0.361)

Mother’s education 
(years)

14.13 (2.15) 14.14 
(2.11)

14.12 
(2.18)

0.202 
(0.840)

Monthly financial 
status

2.99 (0.72) 2.99 (0.71) 2.99 (0.73) 0.044 
(0.965)

Body mass index (kg/
m2)

21.76 (3.50) 23.00 
(3.45)

20.99 
(3.31)

11.254 
(< 0.001)

S.D.: Standard Deviation, n: number. Significant mean differences at the level 
0.05 (2-tailed) are in bold format. a measured by a single-item food insecurity 
measure; b measured by a sum score of resilience questionnaire; c measured by 
a sum score of Muscle Dysmorphia Disorder Inventory; d measured by a sum 
score of Exercise Addiction Inventory; e measured by a sum score of Muscularity 
Oriented Eating Test

Table 2  Bivariate Pearson’s correlations among psychometric measures and demographic covariates (n = 1,500)
1 2 3 4 5 6 7 8 9

1 Food insecurity --

2 Resilience − 0.327** --
3 Muscle dysmorphia 0.217** − 0.225** --
4 Exercise addiction 0.108** 0.013 0.340** --
5 Muscular-oriented eating 0.090** − 0.064* 0.604** 0.392** --
6 Age 0.020 0.036 0.080** 0.053* 0.041 --
7 Father’s education − 0.158** 0.083** − 0.015 0.021 0.070** − 0.081** --
8 Mother’s education − 0.157** 0.055* − 0.003 0.045 0.073** − 0.048 0.675** --
9 Monthly financial status − 0.410** 0.314** − 0.147** − 0.073** − 0.020 0.003 0.122** 0.128** --
10 Body mass index 0.088** − 0.087** 0.137** 0.128** 0.103** 0.114** − 0.054* − 0.063* − 0.086**

**, * Correlation coefficients are significant at the level 0.01 and 0.05 (2-tailed), respectively. Significant correlation coefficients are in bold format

Table 3  The effect of food insecurity and its interaction effect 
with resilience on the risk of exercise addiction and muscularity-
oriented eating in all samples
Pathways β 95% CI p-value
Model 1

 FI -> EA 0.596 0.245, 0.959 0.002
 FI -> MOE 1.820 0.937, 2.761 < 0.001
Model 2

 FI -> EA 0.778 0.415, 1.156 < 0.001
 FI -> MOE 1.951 0.928, 2.937 < 0.001
 Resilience -> EA 0.107 0.012, 0.200 0.028
 Resilience -> MOE -0.196 -0.411, 0.022 0.080

 FI x resilience -> EA 0.093 -0.023, 0.215 0.116

 FI x resilience -> MOE 0.349 0.052, 0.624 0.025
The beta estimates (β) are significant at the 0.05 level (2-tailed), and significant 
results are in bold format. FI indicates food insecurity; EA, exercise addiction; 
MOE, muscularity-oriented eating

Table 4  The effect of muscle dysmorphia (mediator) on the 
relationship between food insecurity, risk of exercise addiction, 
and muscularity-oriented eating in all samples
Pathways β 95% CI p-value
Model 3

 FI -> MD 2.456 1.818, 3.042 < 0.001
 MD -> EA 0.176 0.148, 0.205 < 0.001
 MD -> MOE 0.937 0.864, 1.007 < 0.001
 FI -> MD -> EA 0.431 0.312, 0.563 < 0.001
 FI -> MD -> MOE 2.300 1.707, 2.887 < 0.001
 FI -> EA 0.227 -0.113, 0.575 0.201

 FI -> MOE -0.148 -0.828, 0.606 0.692
The beta estimates (β) are significant at the 0.05 level (2-tailed) and significant 
results are in bold format. FI indicates food insecurity; EA, exercise addiction; 
MOE, muscularity-oriented eating; MD, muscle dysmorphia
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interaction between FI and resilience was significantly 
associated with MD (β = 0.359 [0.169; 0.551]), contrib-
uted to significant moderated indirect effects with indi-
ces of moderated mediation for EA (0.068, [0.033; 0.108]) 
and MOE (0.343, [0.163; 0.532]) (Table  5). Specifically, 
the indirect effect of FI on outcome variables via MD var-
ied by levels of resilience, with a more substantial effect 
at a higher level of resilience.

Effect of gender on the association between FI, EA, and 
MOE
Gender differences were further investigated in the path 
analysis using a partial constraint technique (Fig. 2). We 
observed stronger associations of FI with outcome vari-
ables in females than in males. MD was more strongly 
associated with EA but less with MOE in females 
than in males. As such, results found a more substan-
tial indirect effect of FI on MOE via MD in males than 
in females (Table  5). Furthermore, indirect effects dif-
fered by levels of resilience for both EA (index of mod-
erated mediation = 0.068 [0.026; 0.118]) and MOE (index 
of moderated mediation = 0.301 [0.118, 0.507]) only in 
females (Table 5).

Discussion
Food insecurity and exercise addiction (H1a)
Using multiple models to dissect the complex relation-
ship, results found that FI was associated with increased 
risks for EA, supporting our first hypothesis (H1a). This 
finding implies the potential adverse effects of FI on exer-
cise behaviors. A prior study showed that more vigor-
ous exercise patterns were found in food-insecure adults 
with mental illness than in food-secure counterparts [19], 
although the comparison test was not statistically signifi-
cant. Their findings may still suggest more diverse physi-
cal activity types, as well as total and moderate weekly 
minutes, in highly food-insecure individuals. However, 
some studies have reported conflicting results, demon-
strating lower physical activity levels among individuals 
with FI [17, 18] or no association between FI and physi-
cal activity [65]. Discrepant results may be due to the 
use of different measurement tools and methodologies. 
Most previous studies have focused on and quantified 
physical activity levels using IPAQ, whereas our study 
used the EAI to capture the risk of EA. As behavioral 
addiction usually encompasses psychological factors 
such as salience, intolerance, and mood modification, 
risk for EA is not determined solely by the amount of 
time spent exercising [66]. Likewise, results found a sig-
nificant positive correlation between EA and subjective 
exercise intensity but not total exercise days based on 
the IPAQ. Therefore, the EAI captures the psychological 
and behavioral dimensions of exercise rather than merely 
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measuring exercise quantity, potentially explaining our 
differing findings.

Food insecurity and muscularity-oriented eating (H1b)
In addition to the relationship between FI and EA risks, 
results showed that FI was associated with MOE tenden-
cies, further supporting hypothesis H1. Some systematic 
reviews have summarized a positive association between 
FI and eating disorders in adults [9]. as well as in children 
[67]. The main argument for this association is that food 
intake oscillates according to fluctuating food access. 
Therefore, food intake decreases during periods of food 
scarcity due to either voluntary or involuntary restriction 
and increases during periods of relative food abundance, 
when restrictions are no longer in place, among individu-
als living with FI [9]. While MOE may represent a unique 
array of eating disorder pathologies accompanied by the 
pursuit of muscular body image [20], its relationship with 
FI has not been considerably explored yet. A supporting 
study found that FI increased MD symptoms in Canadian 
populations [33]. Correspondingly, our study extended 
current knowledge to the link between FI and MOE ten-
dencies. That said, those experiencing FI may save money 
by restricting regular meals in order to instead consume 
high loads of protein to gain muscularity.

The mediating role of muscle dysmorphia (H2)
The mediation analysis revealed that MD is crucial in 
the relationship between FI, EA, and MOE, support-
ing hypothesis H2. Several possibilities explain how FI 
influences EA and MOE through MD. Firstly, individu-
als with FI often have limited access to healthy food and 
experience fluctuating weight status during food avail-
ability-scarcity cycles, affecting body dissatisfaction due 
to the inability to maintain weight and body ideals [68]. 

Furthermore, FI can potentially influence body dissat-
isfaction through internalized weight stigma and self-
discrimination, resulting in an unsatisfying image and 
requiring stronger desires to lose or gain weight, which 
may eventually link to developing MD in this cohort [69, 
70]. Secondly, stress and anxiety during food scarcity can 
intensify body dissatisfaction and MD symptomatology 
[71, 72], especially in appearance intolerance [73]. Indi-
viduals with FI commonly exhibit low self-esteem, mak-
ing them susceptible to socially comparing their body 
image and developing body image dissatisfaction and 
MD symptoms [74]. Thirdly, Bucchianeri et al. suggested 
that individuals with FI may isolate themselves due to 
financial challenges, become more conscious of their 
bodies, and develop body concerns and dissatisfaction 
[75]. Consequently, these people with FI-influenced MD 
potentially adopt maladaptive strategies, such as EA and 
MOE, to cope with their perception of lacking muscular-
ity and leanness. Additionally, a previous study on MD 
and EA has reported increasing tendencies of EA and 
muscle dissatisfaction with rising MD symptoms, sug-
gesting that individuals with EA and MD often exhibit 
similar attachment styles that can lead to negative deci-
sion-making processes and inappropriately selected strat-
egies to achieve sufficient emotional regulation [76].

The moderating role of resilience (H3 and H4)
We tested resilience as a moderator of the indirect effects 
through MD and direct effects between FI and EA, as 
well as between FI and MOE, examining hypotheses H3 
and H4. Results showed that resilience positively moder-
ated the associations between FI and EA-MOE. When 
resilience increased, the influence of FI on MD was 
likely to increase, resulting in more substantial indirect 
effects (Fig.  3). The moderating effect of resilience on 

Fig. 3  The conditional indirect effects of food insecurity on exercise addiction (left) and muscularity-oriented eating (right) through muscle dysmorphia, 
at different resilience levels. X-axis represents the levels of resilience (centered means) and the y-axis represents the mediating effects. The slope of the 
plot represents the index of moderated mediation. The solid and dashed lines represent a significant and non-significant index of moderated mediation 
at p < 0.05 respectively
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indirect effects seemed counterintuitive, as resilience 
was expected to counteract the adverse impact of FI on 
EA and MOE. However, resilience alone significantly 
decreased the tendency for MD and attenuated the 
association between the interaction of FI-resilience and 
MD compared to the association between FI and MD 
alone. Although resilience may not entirely eliminate the 
adverse impact of FI on MD, it implies a positive effect on 
the associations between FI, EA, and MOE.

Gender differences (H5)
Finally, we assessed the effect of gender differences in the 
moderated mediation model, testing hypothesis H5. The 
results illustrated that FI solely increased EA and MOE 
via MD in both genders, while resilience only moderated 
this indirect effect in females. These findings suggested a 
more substantial indirect effect when resilience increased 
in females only. In contrast, this indirect effect was sig-
nificant regardless of resilience levels in males. In addi-
tion, the results of the path analysis presented a stronger 
association between MD and MOE in males, as the asso-
ciation between MD and EA was more robust in females, 
illustrating that females tended to adopt exercises and 
were more likely to develop EA behaviors. However, 
males tended to select MOE as their coping strategy. 
Interestingly, our findings were aligned with previous 
studies, which reported that females primarily focused 
on being thin and lean, while males focused on being 
thick, large, and muscular [77, 78]. With our results, 
females may choose exercise to lose fat and maintain 
their body image. In contrast, males may adopt supple-
mentary diets, such as whey protein, and utilize bulking 
and cutting strategies to achieve greater muscularity.

Clinical and public health implications
The present findings point to several issues that may 
be relevant for clinical practice and public health. First, 
for healthcare providers working with food-insecure 
young adults, it may be helpful to consider the possible 
co-occurrence of muscle dysmorphia, exercise addic-
tion, and muscularity-oriented eating behaviors, as these 
patterns warrant further examination in future clinical 
research. Second, although addressing food insecurity 
fundamentally requires structural solutions that improve 
food availability and access, our results suggest that 
psychosocial factors such as resilience may play a com-
plementary role in shaping vulnerability to body image-
related concerns among food-insecure individuals. Third, 
the observed gender differences indicate that future pre-
vention or support efforts could benefit from attending 
to sex-specific patterns, including muscularity-related 
sociocultural pressures among males and exercise-related 
concerns among females. Finally, future research may 
explore whether targeted resilience-building strategies 

(e.g., coping skills training, stress-management interven-
tions, or programs that enhance social support) could 
help mitigate the psychological burden associated with 
food insecurity in young adulthood.

Limitations
Although this study provides insightful connections 
between FI, body image concerns, and EA and MOE, it 
has several limitations. Firstly, the observational, cross-
sectional design limits causal inferences within a specific 
period. The SEM analysis only examined one potential 
direction of association effects, where reverse causality 
might exist. Also, other potential mediating variables, 
such as anxiety and depression, may also mediate these 
relationships. Secondly, the data were self-reported, 
which may introduce bias. The questionnaires were not 
intended for diagnostic purposes; thus, these scores rep-
resented tendencies or risks of behavioral addictions or 
disorders. Thirdly, a single-item question of food inse-
curity is practical for extensive surveys and previously 
validated, but does not fully capture the complexity and 
multidimensional nature of food insecurity experiences. 
This question assesses worry about food affordability, 
rather than actual experiences of food scarcity, hunger, 
or compromised diet quality, and does not distinguish 
between chronic food insecurity and transient concerns. 
Future studies should employ more comprehensive, 
validated multi-item food insecurity measures (e.g., the 
10-item United States Department of Agriculture Food 
Security Scale Module) [79] to better characterize the 
severity, duration, and specific dimensions of food inse-
curity, as well as their differential relationships with body 
image and eating behaviors. Longitudinal studies are also 
needed to elucidate the temporal sequence and causal 
relationships among FI, EA, and MOE.

Conclusion
This study suggests that FI may be associated with 
increased tendencies of EA and MOE through a crucial 
mechanism of body image concerns. In this relation-
ship, resilience may play a moderation role, and hence, it 
can be leveraged to attenuate the indirect effect via MD 
among individuals living in a food-insecure environment. 
Our findings may shed light on future empirical research 
promoting resilience in this vulnerable population when 
tackling their exercise and eating behaviors.
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