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Stress-related helplessness is
Independently associated with
reward-driven eating in adults
with BMI-defined normal weight
and obesity
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Germany, *Helmholtz Institute for Metabolic, Obesity and Vascular Research (HI-MAG), Helmholtz
Center Munich at the Leipzig University and University of Leipzig Medical Center, Leipzig, Germany,
“LeiCeM - Leipzig Center of Metabolism, University of Leipzig, Leipzig, Germany

Background: Accumulating evidence indicates that stress is associated with
reward-driven eating, yet the stress dimensions underlying this relationship
remain insufficiently understood. Inconsistent findings may partly reflect con-
ceptualizing stress as a unitary construct and insufficient consideration of weight
status. This study examined the independent associations of perceived stress
dimensions (Helplessness, Self-Efficacy) with hedonic hunger, trait food craving,
and uncontrolled eating in adults with BMI-defined normal weight and obesity.
Methods: Ninety adults were enrolled, 47 with normal weight, 18 with overweight,
and 25 with obesity (BMI > 30 kg/m?). Primary inferential analyses included par-
ticipants with normal weight and obesity (N = 72); participants with overweight
were excluded. Participants completed questionnaires assessing perceived stress
(Perceived Stress Scale, PSS), hedonic hunger (Power of Food Scale), trait food
craving (Food Craving Questionnaire-Trait reduced), and uncontrolled eating
(Three-Factor Eating Questionnaire). PSS Helplessness and Self-Efficacy sub-
scales were derived. Associations were examined using Spearman correlations
and multiple linear regression adjusted for age, sex, BMI, and current hunger.
Helplessness and Self-Efficacy were entered simultaneously to estimate inde-
pendent associations with reward-driven eating outcomes. PROCESS modera-
tion analyses tested whether BMI or BMI-defined weight status influenced the
association.

Results: In the primary analysis sample, PSS Total was not independently associ-
ated with any reward-driven eating outcome after correction for multiple test-
ing. In contrast, Helplessness was independently associated with greater hedonic
hunger, food craving, and uncontrolled eating after FDR correction, whereas Self-
Efficacy was not independently associated with any outcome after accounting for
Helplessness. In subgroup analyses, associations were descriptively more consis-
tent among participants with obesity than those with normal weight. However,
no interaction effect remained significant after correction for multiple testing.
Conclusion: These findings highlight Helplessness, reflecting, perceived uncon-
trollability, as the perceived stress dimension most consistently associated with
reward-driven eating and underscore the importance of distinguishing between
stress dimensions rather than relying solely on overall perceived stress. There
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was no robust evidence in the present study that BMI or BMI-defined weight
status modified these associations. Perceived uncontrollability may represent a
potential target for interventions aimed at reducing maladaptive reward-driven

eating behavior.

KEYWORDS

food craving, hedonic hunger, obesity, perceived stress, reward-driven eating,

uncontrolled eating

1 Introduction

The modern food environment, characterized by ubiquitous
access to highly palatable, energy-dense foods, may amplify the
impact of food reward on eating behavior (Espel-Huynh et al., 2018;
de Oliveira et al.,, 2022). Reward-driven eating can occur in the
absence of immediate homeostatic requirements and is primarily
motivated by the pursuit of pleasure or the alleviation of negative
affect states (Rossi and Stuber, 2018; Tomiyama et al., 2011; Tuluhong
and Han, 2023; Leehr et al., 2015). Hedonic hunger, trait food craving,
and uncontrolled eating constitute key, interrelated constructs reflect-
ing reward-driven eating (Crane et al, 2023). Hedonic hunger
describes the motivation to consume palatable foods for pleasure, trig-
gered by environmental cues, despite satiety (Lowe and Butryn, 2007).
Trait food craving denotes a stable predisposition to experience
intense desires for specific, typically highly palatable foods perceived
as rewarding (Weingarten and Elston, 1990). Trait uncontrolled eating
emerges when elevated food reward sensitivity combines with dimin-
ished inhibitory control (Crane et al., 2023; Grol et al., 2022). These
reward-driven eating behaviors are thought to involve overlapping
neurobiological processes, particularly dopaminergic pathways and
emotion regulation networks, which are themselves sensitive to stress-
related modulation (Jastreboff et al., 2013; Berthoud, 2012; Sinha and
Jastreboff, 2013; Adam and Epel, 2007).

Perceived stress has been associated with enhanced reward-seek-
ing eating behavior and poorer self-regulation. However, the empirical
evidence remains heterogeneous, particularly regarding associations
with specific eating phenotypes and weight status (Sinha and
Jastreboff, 2013; Adam and Epel, 2007; Kumar et al., 2022; Tryon et al.,
2013). One potential reason for these inconsistencies is that stress is
frequently conceptualized and measured as a unitary construct,
despite representing a complex experience involving cognitive and
affective appraisals of stressors including perceptions of control and
coping capacity over demands and emotional distress (Chrousos and
Gold, 1992). Accordingly, perceived stress is increasingly recognized
as a multidimensional construct encompassing partially overlapping
but functionally distinct psychological processes rather than repre-
senting a single homogenous construct. Collapsing stress into a single
dimension may obscure potentially distinct stress-related processes
that may differentially relate to reward-driven eating behavior.

The Perceived Stress Scale (PSS), widely used to assess subjec-
tive stress, differentiates two meaningful subscales: Helplessness,

Abbreviations: BMI, body mass index; TFEQ, Three-Factor Eating Questionnaire;
HI-MAG, Helmholtz Institute for Metabolic Obesity and Vascular Research; FCQ-
T-r, Food Craving Questionnaire-Trait reduced; PFS, Power of Food Scale; FC,
Food craving; UE, uncontrolled eating; PSS, Perceived Stress Scale; HL,

Helplessness; SE, Self-Efficacy.
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which reflects perceived uncontrollability over stressors, perceived
inability to influence outcomes, and feeling overwhelmed by
stressors; and Self-Efficacy, reflecting perceived coping capacity
and confidence in one’s ability to manage stressful demands
(Harris et al., 2023). Although both Helplessness and Self-Efficacy
represent dimensions of perceived stress and are moderately
related, they may have distinct behavioral consequences poten-
tially differentially relevant in the context of reward-driven eating
behavior.

Psychological models of stress-related eating propose that experi-
ences of uncontrollability promote negative affect and emotional dis-
tress, which in turn increase motivation for rewarding behaviors,
including consumption of highly palatable foods, that provide tempo-
rary affective relief (Sinha and Jastreboft, 2013; Adam and Epel, 2007).
Consistent with this view, emotional and hedonic eating have fre-
quently been conceptualized as emotion-regulation strategies whereby
food-reward reduces unpleasant affect, consistent with negative rein-
forcement models of eating behavior (Tomiyama et al., 2011; Sinha
and Jastreboft, 2013; Adam and Epel, 2007). Consequently, individuals
who perceive stressors as uncontrollable may be more likely to engage
in reward-driven eating as a means of regulating emotional distress
(Sinha and Jastreboft, 2013; Adam and Epel, 2007; Hill et al., 2022).

Self-Efficacy reflects perceived confidence in one’s ability to cope
with stressful demands (Harris et al., 2023; Klein et al., 2016; Cohen
etal,, 1983). Although higher stress related self-efficacy has generally
been associated with more adaptive coping and better self-regulation,
potentially associating with less reward-driven eating, lower self-effi-
cacy with difficulties regulating behavior under stress, may increase
vulnerability to reward-driven eating (Harris et al., 2023; Cohen et al.,
1983). Thus, both Helplessness and Self-Efficacy may be associated
with reward-driven eating. Although related, these dimensions reflect
distinct aspects of stress and may therefore differ in the strength or
pattern of their associations with reward-driven eating.

Despite the theoretical importance of the distinction between
Helplessness and Self-Efficacy, most studies rely exclusively on the
total PSS score, leaving it unclear whether these distinct stress
dimensions differentially relate to reward-driven eating behavior.
Disaggregating stress components may also help to clarify the
inconsistent associations between perceived stress and body mass
index (BMI), with positive, null, and inverse relationships
reported (Singh et al., 2024; Huang et al., 2023; Shimanoe et al.,
2015; Tilov et al., 2025). One possible explanation is that BMI is
an indirect indicator of adiposity, and rather reflects long-term
energy balance, which constrains the strength of cross-sectional
associations (Tan et al., 2024; Sweatt et al., 2024). However,
increasing evidence indicates that perceived stress may influence
body weight indirectly via maladaptive eating patterns, particu-
larly reward-driven eating (Sinha and Jastreboff, 2013; Wardle et
al., 2011). Moreover, the specific stress-related mechanisms may
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differ according to BMI-defined weight status, given evidence for
heightened reward sensitivity, altered stress reactivity, and dimin-
ished inhibitory control in obesity (Sinha and Jastreboff, 2013).

The present study addresses this gap by decomposing perceived
stress into its control-related (Helplessness) and coping-related (Self-
Efficacy) components and examining their independent associations
with reward-driven eating behavior (hedonic hunger, trait food crav-
ing, and uncontrolled eating) in adults with BMI-defined normal
weight and obesity.

We hypothesized that perceived stress would be associated with
greater reward-driven eating. Furthermore, we hypothesized that both
Helplessness and Self-Efficacy would be independently associated with
reward-driven eating, but that the magnitude of these associations
would differ, with stronger associations expected for Helplessness
based on theoretical models emphasizing perceived uncontrollability
in stress-related eating. Finally, we hypothesized that these associations
would be stronger with increasing BMI and particularly among indi-
viduals with BMI-defined obesity as a clinically meaningful condition.

2 Materials and methods
2.1 Recruitment and study population
2.1.1 Recruitment and eligibility

Participants were recruited as part of the Obese Taste Bud Study
between 2020 and 2023 (NCT04633109 or DRKS00022950) through
advertisements on the institutional homepage and flyers distributed
within the campus of the University Clinic of Leipzig and the
Helmholtz Institute for Metabolic, Obesity and Vascular Research
(HI-MAG), Helmholtz Center Munich at the Leipzig University and
Leipzig University Medical Center, Leipzig.

Potential participants were screened for eligibility in a telephone
interview, during which a trained research assistant assessed inclusion
and exclusion criteria: Male and female participants had to be aged
between 18 and 69 years and were not included if they suffered from
any severe kidney-, heart-, liver-, neurological- or mental disease, had
been diagnosed with a malignant disease, had experienced radiation,
chemotherapy or recent surgery.

2.1.2 Analytical sample and missing data

For the present analyses, only participants with complete data on
perceived stress (PSS) and covariates (BMI, age, sex, current hunger)
were included (N = 90). Although ninety participants met the general
analytical inclusion criteria. Although ninety participants met the gen-
eral analytical inclusion criteria, the primary analysis sample com-
prised the 72 participants with normal weight or obesity.

Missing values on outcome variables (trait food craving,
uncontrolled eating, and Power of Food scores) were retained to
maximize sample size across analyses, and analyses were con-
ducted using available cases for each outcome. In the primary
analysis sample (N = 72 normal weight and obese), trait food crav-
ing was missing for one participant with normal weight and five
participants with obesity. Uncontrolled eating was missing for
four participants with obesity. PFS Total and PFS Availability were
each missing for one participant with normal weight.
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Consequently, sample size varied between outcome-specific analy-
ses; the corresponding N is reported for each regression model in
Tables 1, 2, 3.

2.2 Study design

The study design is described in greater detail elsewhere (Kersten
et al., 2024). Briefly, participants arrived at the outpatient unit of the
University Clinic of Leipzig or the HI-MAG at 7:30 oclock in the
morning after an overnight fast (>12 h). Upon arrival, informed writ-
ten consent was obtained. All procedures met the standards of the
Declaration of Helsinki and were approved by the ethics committee of
the Medical Faculty of the University of Leipzig, Leipzig (protocol
code 011/20-¢ek).

Participants” characteristics, medical and behavioral data were
assessed during a standardized interview and through self-report
questionnaires. Amongst others, the following information was col-
lected: Current dieting was assessed via self-report as a dichotomous
variable (1 = yes, 0 = no). Current hunger was assessed on a visual
analogue scale anchored with 0 (not hungry) and 100 (very hungry).
Current smoking was assessed as a dichotomous variable (1 = yes,
0 = no), defined as smoking at least one cigarette per day. Furthermore,
the following validated questionnaires were applied.

2.2.1 Perceived stress scale

Perceived stress was assessed using the 10-item Perceived Stress
Scale (PSS), which evaluates the extent to which individuals appraise
situations in their lives as stressful (Cohen et al., 1983). Items are rated
on a 5-point Likert scale from 1 (“never”) to 5 (“very often”).

Following the established two-factor scoring procedure, the
Helplessness subscale was calculated as the sum of items 1, 2, 3, 6,
9, and 10 (possible range 6-30). The Self-Efficacy subscale was cal-
culated as the sum of items 4, 5, 7, and 8 in their original direction
(possible range 4-20); these items were not reverse-scored for the
subscale, so higher scores indicate greater perceived self-efficacy.
For the PSS Total score, items 4, 5, 7, and 8 were reverse-scored, and
all 10 items were summed (possible range 10-50), with higher
values indicating greater perceived stress (Klein et al., 2016; Roberti
et al., 2006).

The PSS has demonstrated good internal consistency (Cronbach’s
alpha for the PSS Total score, 0.78-0.91; subscale alpha values >0.81)
and validity across diverse populations (Harris et al., 2023; Klein et al.,
2016; Cohen et al., 1983; Roberti et al., 2006).

2.2.2 Power of food scale

The Power of Food Scale (PFS) assesses individual differences in
hedonic hunger (Lowe et al., 2009). Fifteen items must be answered
on a 5-point Likert scale from 1 (I do not agree at all) to 5 (I strongly
agree). Three subscales further differentiate the proximity of food to
people necessary to trigger appetitive motivation. Food availability
assesses the appetitive motivation when food is constantly available.
Food present and food taste assess appetitive motivation when food is
present or has already been tasted, respectively. Higher scores signal
greater appetitive motivation and less subjective control in response
to food-abundant environments. Cronbach’s alpha was 0.92 for the
total scale, 0.85 for the Present- and Availability subscale and 0.80 for
the taste subscale (Andreeva et al., 2019).
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TABLE 1 Multiple linear regression analyses of associations between perceived stress and reward-driven eating outcomes in the primary analysis sample (N = 72).

Outcome

Predictor

N

B (95% CI)

qFDR

RZ

Adjusted R?

Tolerance

PFS Total PSS Total 71 0.021 (—0.010; 0.052) 0.170 0.174 0.296 0.144 0.078 F(5,65) = 2.190 0.861 1.161
PSS HL 71 0.065 (0.020; 0.111) 0.356 0.006 0.017 0.222 0.149 F(6,64) = 3.047 0.780 1.283
PSS SE 71 0.050 (—0.014; 0.114) 0.208 0.121 0.161 - - - 0.693 1.443
PES availability PSS Total 71 0.039 (0.005; 0.073) 0.262 0.027 0.135 0.247 0.189 F(5,65) = 4.259 0.861 1.161
PSSHL 71 0.077 (0.026; 0.129) 0.359 0.004 0.015 0.290 0.224 F(6,64) = 4.360 0.780 1.283
PSS SE 71 0.024 (—0.048; 0.096) 0.085 0.506 0.506 - - - 0.693 1.443
PFS present PSS Total 72 0.020 (—0.025; 0.065) 0.113 0.373 0.448 0.109 0.041 F(5,66) = 1.613 0.855 1.170
PSS HL 72 0.068 (0.001; 0.135) 0.262 0.047 0.112 0.155 0.077 F(6,65) = 1.991 0.779 1.284
PSS SE 72 0.058 (—0.035; 0.151) 0.170 0.220 0.240 - - - 0.687 1.455
PFS taste PSS Total 72 0.003 (—0.034; 0.040) 0.022 0.861 0.861 0.079 0.010 F(5,66) = 1.137 0.855 1.170
PSS HL 72 0.047 (—0.008; 0.103) 0.222 0.094 0.142 0.137 0.057 F(6,65) = 1.719 0.779 1.284
PSS SE 72 0.068 (—0.009; 0.145) 0.244 0.084 0.142 - - - 0.687 1.455
UE PSS Total 68 0.132(0.003; 0.261) 0.257 0.045 0.135 0.164 0.097 F(5,62) = 2.437 0.857 1.167
PSS HL 68 0.335 (0.146; 0.523) 0.447 <0.001 0.009 0.261 0.188 F(6,61) = 3.587 0.765 1.307
PSS SE 68 0.192 (—0.068; 0.452) 0.194 0.145 0.174 - - - 0.697 1.435
FC PSS Total 66 0.396 (—0.211; 1.003) 0.162 0.197 0.296 0.209 0.143 F(5,60) = 3.168 0.854 1.171
PSSHL 66 1.434 (0.524; 2.345) 0.398 0.003 0.015 0.310 0.239 F(6,59) = 4.409 0.735 1.361
PSS SE 66 1.179 (—0.039; 2.396) 0.254 0.057 0.115 - - - 0.681 1.469

‘|e 19 yaleweyds
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Separate multiple linear regression models were estimated for PSS Total and for the PSS subscales Helplessness and Self-Efficacy. In the subscale models, Helplessness and Self-Efficacy were entered simultaneously. All models were adjusted for age, sex, BMI, and current
hunger. Results are presented as unstandardized regression coefficients (B) with 95% confidence intervals, standardized regression coefficients (f), raw p-values, Benjamini-Hochberg FDR-adjusted q values, model R* and adjusted R?, and overall model F statistics with
numerator and denominator degrees of freedom. Tolerance and variance inflation factor (VIF) values are reported as collinearity diagnostics. FDR correction was applied across the six PSS Total coefficients and, separately, across the 12 coefficients comprising Helplessness
and Self-Efficacy across the six outcomes. Results with g < 0.05 were considered statistically significant (bold). FC, trait food craving; FDR, false discovery rate; PFS, Power of Food Scale; PSS, Perceived Stress Scale; HL, Helplessness; SE, Self-Efficacy; UE, uncontrolled eating;
VIF, variance inflation factor.
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TABLE 2 Multiple linear regression analyses of associations between perceived stress and reward-driven eating outcomes in participants with obesity.

Outcome Predictor B (95% Cl) Raw p qFDR R? Adjusted R? Model F (df) Tolerance
value
PFS Total PSS Total 25 0.082 (0.023;0.140) 0.609 0.009 0.027 0.422 0.307 F(4, 20) = 3.657 0.662 1.511
PSS HL 25 0.081 (0.013;0.149) 0.461 0.022 0.066 0422 0270 F(5,19) =2.780 0.887 1.127
PSS SE 25 —0.084 (—0.218;0.051) —0.328 0.208 0312 - - - 0.480 2.085
PFS availability PSS Total 25 0.114 (0.048;0.179) 0.683 0.002 0.012 0.532 0.438 F(4, 20) = 5.684 0.662 1.511
PSS HL 25 0.113 (0.037;0.189) 0.518 0.006 0.036 0.532 0.409 (5, 19) = 4.320 0.887 1127
PSS SE 25 —0.116 (~0.266;0.035) —0.365 0.124 0219 - - - 0.480 2.085
PFS present PSS Total 25 0.033 (~0.0490.115) 0.199 0.413 0413 0.248 0.097 F(4,20) = 1.648 0.662 1511
PSS HL 25 0.042 (~0.053;0.138) 0.195 0.366 0.488 0.255 0.059 F(5,19) = 1.302 0.887 1.127
PSS SE 25 0.002 (~0.187:0.191) 0.006 0.984 0.984 - - - 0.480 2.085
PFS taste PSS Total 25 0.082 (0.017;0.148) 0.568 0.016 0.027 0.377 0.253 F(4, 20) = 3.027 0.662 1.511
PSS HL 25 0.074 (—0.002:0.150) 0.388 0.056 0.134 0.385 0223 F(5,19)=2.378 0.887 1127
PSS SE 25 —0.114 (—0.264; 0.036) —0.413 0.128 0219 - - - 0.480 2,085
UE PSS Total 21 0.385 (0.076;0.693) 0.649 0.018 0.027 0.374 0.217 F(4, 16) = 2.389 0.649 1.540
PSS HL 21 0.481 (0.138;0.823) 0.691 0.009 0.036 0.437 0.249 (5, 15) = 2.328 0.877 1.140
PSS SE 21 —0.024 (=0.69130.643) —0.021 0.940 0.984 - - - 0.479 2,088
FC PSS Total 20 1.292 (0.101;2.484) 0.522 0.035 0.042 0.508 0.376 F(4, 15) = 3.866 0.644 1.552
PSS HL 20 1.792 (0.549;3.035) 0.552 0.008 0.036 0.608 0.468 F(5, 14) = 4.348 0.877 1.141
PSS SE 20 0.638 (~1.809;3.079) 0.136 0.586 0.703 - - - 0.470 2129
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Separate multiple linear regression models were estimated for PSS Total and for Helplessness and Self-Efficacy entered simultaneously. Models were adjusted for age, sex, and current hunger. BMI was not included as a covariate because BMI defined the stratification by
obesity status. Results are presented as unstandardized regression coefficients (B) with 95% confidence intervals, standardized regression coefficients (B), raw p-values, Benjamini-Hochberg FDR-adjusted q values, model R* and adjusted R?, and overall model F statistics with
numerator and denominator degrees of freedom. Tolerance and variance inflation factor (VIF) values are reported as collinearity diagnostics. FDR correction was applied across the six PSS Total coefficients and, separately, across the 12 Helplessness and Self-Efficacy
coefficients. Results with g < 0.05 were considered statistically significant (bold). FC, trait food craving; FDR, false discovery rate; PFS, Power of Food Scale; PSS, Perceived Stress Scale; HL, Helplessness; SE, Self-Efficacy; UE, uncontrolled eating; VIF, variance inflation factor.
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TABLE 3 Multiple linear regression analyses of associations between perceived stress and reward-driven eating outcomes in participants with normal weight.

Outcome Predictor N B (95% Cl) qFDR R? Adjusted R? Model F (df) Tolerance
PFS total PSS Total 46 —0.001 (—0.038; 0.037) —0.005 0.973 0.973 0.107 0.020 F(4,41) = 1.229 0.936 1.068
PSS HL 46 0.065 (=0.002; 0.132) 0347 0.059 0.193 0.212 0.114 F(5,40) = 2.154 0.620 1.614
PSS SE 46 0.088 (0.004; 0.173) 0.362 0.041 0.193 - - - 0.669 1.494
PFS availability | PSS Total 46 0.013 (—0.028; 0.055) 0.099 0.521 0.973 0.103 0.016 F(4,41) = 1.178 0.936 1.068
PSS HL 46 0.071 (=0.007; 0.148) 0.339 0.072 0.193 0.168 0.064 F(5,40) = 1.612 0.620 1.614
PSS SE 46 0.064 (—0.034; 0.161) 0233 0.193 0.290 - - - 0.669 1.494
PFS present PSS Total 47 0.012 (=0.045; 0.068) 0.066 0.678 0.973 0.036 ~0.056 F(4,42) = 0.393 0.928 1.078
PSS HL 47 0.088 (=0.017; 0.193) 0.320 0.097 0.193 0.102 ~0.008 F(5,41) = 0.931 0.619 1616
PSS SE 47 0.090 (=0.041; 0.221) 0253 0171 0.290 - - - 0.666 1.501
PFS taste PSS Total 47 —0.025 (~0.065; 0.015) —0171 0212 0.973 0.292 0.224 F(4,42) = 4.322 0.928 1.078
PSS HL 47 0.034 (=0.039; 0.107) 0.149 0.356 0.356 0.349 0270 F(5,41) = 4397 0.619 1.616
PSS SE 47 0.103 (0.012; 0.194) 0.351 0.028 0.193 - - - 0.666 1501
UE PSS Total 47 0.062 (=0.081; 0.205) 0.136 0388 0.973 0.052 —0.039 F(4,42) = 0.572 0.928 1.078
PSS HL 47 0234 (=0.034; 0.502) 0331 0.086 0.193 0.102 —0.007 F(5,41) = 0.936 0.619 1.616
PSS SE 47 0.167 (=0.167; 0.501) 0.183 0319 0.348 - - - 0.666 1501
FC PSS Total 46 0.066 (=0.671; 0.804) 0.028 0.857 0.973 0.093 0.005 F(4,41) = 1.055 0.920 1.087
PSS HL 46 0.863 (—0.648; 2.374) 0231 0255 0.340 0.126 0.017 F(5,40) = 1.151 0.546 1.832
PSS SE 46 0.910 (—0.867; 2.687) 0.195 0.307 0.348 - - - 0.616 1.623

Separate multiple linear regression models were estimated for PSS Total and for Helplessness and Self-Efficacy entered simultaneously. The normal-weight subgroup comprised participants with BMI 18.5-24.9 kg/m’. Models were adjusted for age, sex, and current hunger;
BMI was not included because the subgroup was defined according to BMI. Results are presented as unstandardized regression coefficients (B) with 95% confidence intervals, standardized regression coefficients (), raw p values, Benjamini-Hochberg FDR-adjusted g values,
model R? and adjusted R?, and overall model F statistics with numerator and denominator degrees of freedom. Tolerance and variance inflation factor (VIF) values are reported as collinearity diagnostics. FDR correction was applied across the six PSS Total coefficients and,
separately, across the 12 Helplessness and Self-Efficacy coeflicients. Results with q < 0.05 were considered statistically significant (bold). FC, trait food craving; FDR, false discovery rate; PFS, Power of Food Scale; PSS, Perceived Stress Scale; HL, Helplessness; SE, Self-Efficacy;
UE, uncontrolled eating; VIF, variance inflation factor.
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2.2.3 Food craving questionnaire- trait reduced
version

The Food Craving Questionnaire - trait reduced version (FCQ-
T-r) assesses the general tendency to experience food craving (Meule
et al., 2014). This 15-item self-report instrument measures the fre-
quency and intensity of food craving as a stable trait. Items are rated on
a 5-point Likert scale from 1 (never) to 5 (always), with higher scores
indicating stronger trait-like food cravings. It has demonstrated excel-
lent internal consistency (Cronbach’s alpha 0.90) and good construct
validity in non-clinical populations (Meule et al., 2014).

2.2.4 Three-factor eating questionnaire

The German version of the 51-item Three-Factor Eating
Questionnaire (TFEQ) was applied to assess uncontrolled eating
behavior (Stunkard and Messick, 1985; Pudel and Westenhofer,
1989). All items are coded with 0 or 1. Scoring followed the same
procedure as proposed in the original instrument where higher
scores indicate greater uncontrolled eating tendencies (Stunkard and
Messick, 1985). The subscale “uncontrolled eating” was formed based
on the factor structure identified in a large validation study of the
German version of the TFEQ (Loffler et al., 2015). Cronbach’s alpha
for uncontrolled eating was 0.80 (Loffler et al., 2015).

2.2.5 International physical activity questionnaire

Physical activity was assessed using the International Physical
Activity Questionnaire (IPAQ), which captures self-reported walking,
moderate- and vigorous physical activity over the previous 7 days. Based
on established scoring guidelines responses were classified into low, mod-
erate, or high physical activity categories. The IPAQ has demonstrated
acceptable reliability (test-retest correlations: 0.76-0.97) and validity
(correlations: 0.30-0.40) across multiple countries (Craig et al., 2003).

2.3 Anthropometric measures

Body weight and height were measured using a calibrated scale
with a stadiometer (Seca, Hamburg, Germany) without shoes to the
nearest 0.5 kg and 0.1 cm, respectively. Body mass index (BMI) was
calculated as body weight (kg) divided by body height squared (m?).
Participants were classified according to BMI as having normal weight
(BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-29.9 kg/m?), or obesity
(BMI > 30 kg/m?®) according to World Health Organization criteria
(World Health Organization, 2000).

2.4 Statistical analysis

Data were analyzed using SPSS version 29 (IBM, Ehningen,
Germany) and GraphPad Prism version 10 (GraphPad Software, San
Diego, USA). Descriptive data are reported as median and interquar-
tile range (IQR). For the primary group comparison, participants with
BMI-defined normal weight (BMI 18.5-24.9 kg/m?) were compared
with participants with obesity (BMI > 30 kg/m?). Participants with
overweight (BMI 25.0-29.9 kg/m?*) were excluded from the primary

Frontiers in Psychology

10.3389/fpsyg.2026.1820806

inferential group comparisons but retained descriptively in Table 4.
Continuous variables were compared between the normal-weight and
obesity groups using Mann-Whitney U tests. Sex was compared using
Pearson’s chi-square test. Because of sparse expected cell frequencies,
current smoking and current dieting were compared using Fisher’s
exact tests. Physical activity was compared using the Fisher-Freeman-
Halton exact test with Monte Carlo estimation of the two-sided
p-value. Effect sizes were reported as r for Mann-Whitney U tests and
Cramér’s V for categorical comparisons.

For the nine perceived-stress and reward-driven eating variables
(PSS Total, Helplessness, Self-Efficacy, PFS Total, PFS Availability, PFS
Present, PFS Taste, trait food craving, and uncontrolled eating), p
values from the Mann-Whitney U tests comparing participants with
normal weight and obesity were additionally adjusted for multiple
testing using the Benjamini-Hochberg false discovery rate procedure;
q < 0.05 was considered statistically significant. FDR correction was
not applied to general participant characteristics.

Associations between perceived stress, eating behavior, and par-
ticipants” characteristics were examined using Spearman’s rank
correlation.

Associations between perceived stress and reward-driven eating out-
comes were examined using multiple linear regression analyses. Separate
models were estimated for the PSS Total score and for the PSS subscales.
For models including the PSS subscales, Helplessness and Self-Efficacy
were entered simultaneously as predictors to estimate their independent
associations with each outcome while accounting for their shared vari-
ance. All regression models were adjusted for age, sex, and current
hunger, with BMI additionally included as a covariate in analyses of the
primary analysis sample. In the BMI-defined subgroup analyses con-
ducted separately among participants with normal weight and partici-
pants with obesity, BMI was not included as a covariate because obesity
status was used to define the analytical groups. Hedonic hunger (Power
of Food Scale Total score and subscales), trait food craving (Food
Craving Questionnaire-trait reduced), and uncontrolled eating (Three-
Factor Eating Questionnaire Uncontrolled Eating score) were analyzed
as dependent variables.

Sensitivity analyses were performed to examine whether the pri-
mary associations were robust to additional adjustment for current
smoking, physical activity and current dieting. The primary linear
regression models were repeated with current smoking and current
dieting added as a binary covariate and, separately, with physical
activity added using indicator variables for low and moderate activ-
ity, with high activity as the reference category. In the primary analy-
sis sample, models were adjusted for age, sex, BMI, and current
hunger in addition to the respective sensitivity covariates. In analyses
stratified by obesity status, BMI was not included because it defined
the analytical groups; these models were adjusted for age, sex, and
current hunger in addition to the respective sensitivity covariates.
PSS Total was examined in separate models, whereas Helplessness
and Self-Efficacy were entered simultaneously in the subscale models
(Supplementary Tables S6-S8).

To assess multicollinearity particularly between the PSS
Helplessness and Self-Efficacy subscales, variance inflation factor
(VIF) values and tolerance values were examined for all primary and
subgroup regression models. Exact model-specific values are reported
in Tables 1-3. No model showed evidence of problematic multicol-
linearity (all VIFs < 5.0; all tolerance values > 0.20).
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TABLE 4 Characteristics of the study population stratified by BMI-defined weight status.
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Characteristic Primary N = 47 N=18 N =25 Statistical
analysis  (52.2%) (20%) with (27.8%) test
sample with overweight with
N=72 normal obesity
weight
Body weight (kg) 75.45 (24.35) | 74.90 (29.70) | 63.00 (17.40) 77.85 (11.23) 105.00 (33.00) U=1156.0 <0.001 r=0.79 -
Height (cm) 171.50 (12.85) 171.50 173.00 (15.00) 171.00 (11.00) 169.00 (11.95) U =486.0 0.230 r=0.14 -
(13.53)

BMI (kg/m?) 24.60 (8.70) | 23.52(11.81) | 22.23(2.98) 26.72 (2.03) 35.71 (8.39) U=1175.0 <0.001 r=082 -
Sex (female/male), 62 (68.9)/ 28 49 (68.1) / 32(68.1)/ 15 13(72.2)/ 5 17 (68.00)/ 8 %*(1) <0.001 0.994 Cramér’s -
N (%) (31.1) 23 (31.9) (31.90) (27.8) (32.00) V' =0.001
Age (years) 33.00 (23.25) 31.00 (24.50) 28.00 (20.00) 37.00 (22.50) 42.00 (25.00) U=832.0 0.004 r=0.34 -
Smoking N = yes/no 9 8(11.1)/ 64 4 (8.50)/ 43 1(5.6)/ 17 (94.4) 4 (16%)/ 21 Fisher exact 0.436 Cramér’s -
(%) (10.00)/81(90.00) (88.9) (91.50) (84%) V=0.11
Current hunger 30.00 (40.00) 35.00 (30.00) 40.00 (20.00) 25.00 (45.00) 20.00 (45.00) U =460.5 0.130 r=0.18 -
(mm)
Current dieting 10 (11.10)/ 7(9.7) 165 2 (4.30)/ 45 3(16.70)/ 15 5(20.00)/ 20 Fisher exact 0.045 Cramér’s -
N = yes/no (%) 80 (88.90) (90.3) (95.70) (83.30) (80.00) V=025
Physical activity (%) FFH exact 0.036 Cramér’s -

(Monte Carlo) V=0.33
Low 5 (6.0%) 4(6.1) 0 (0%) 1(5.9%) 4(16.0%) - - -
Moderate 5 (6.0%) 4(6.1) 3(7.3%) 1 (5.9%) 1 (4.0%) - - -
High 73 (88.0%) 58 (87.9%) 38 (92.7%) 15 (88.2%) 20 (80.0%) - - -
PSS Total score 24.00 (9.00) | 24.00 (8.50) | 23.00 (9.00) 22.00 (14.50) 25.00 (6.50) U=6515 0.448 r=0.09 0.576
PSS Helplessness 14.00 (6.00) 14.50 (5.75) 14.00 (5.00) 13.00 (10.25) 15.00 (6.00) U=5325 0.513 r=10.08 0.577
PSS Self-Efficacy 15.00 (4.00) 15.00 (4.00) 16.00 (4.00) 15.00 (4.25) 14.00 (3.50) U =388.5 0.018 r=0.28 0.095
Trait food craving 31.00 (16) 30.00 (16.25) | 28.50 (14.00) 35.00 (19.00) 34.00 (16.50) U=601.0 0.049 r=024 0.144
PFS Total score 2.40 (0.94) 2.40 (0.93) 2.30 (0.80) 2.40 (1.05) 2.53(1.03) U=673.5 0.235 r=0.14 0.353
PFS Availability 1.83 (1.00) 1.83 (1.00) 1.67 (0.67) 1.67 (1.50) 2.00 (1.58) U=706.5 0.112 r=0.19 0.202
PFS Present 2.25 (1.50) 2.00 (1.25) 1.75 (1.25) 3.00 (1.31) 2.50 (1.25) U=781.0 0.021 r=0.27 0.095
PFS Taste 3.00 (1.40) 3.00 (1.40) 3.00 (1.40) 2.80 (1.60) 2.80 (1.30) U=547.5 0.635 r=10.06 0.635
Trait uncontrolled 4.00 (5.00) 4.00 (4.75) 4.00 (2.00) 5.00 (5.50) 5.00 (5.50) U=6315 0.064 r=0.22 0.144
eating

Data are presented as median (interquartile range) for continuous variables and n (%) for categorical variables. The overweight subgroup is retained descriptively but excluded from the
primary inferential group comparison. Continuous variables in the primary normal-weight versus obesity comparison were compared using Mann-Whitney U tests; effect sizes are reported as
r=z|/ \/ N. Sex was compared using Pearson’s chi-square test. Smoking and current dieting were compared using Fisher’s exact tests because of sparse expected cell frequencies. Physical
activity was compared using the Fisher-Freeman-Halton exact test with Monte Carlo estimation of the two-sided p value because of sparse expected cell frequencies. Cramér’s V is reported for
categorical comparisons. For the nine perceived-stress and reward-driven eating variables, p-values were adjusted using the Benjamini-Hochberg false discovery rate procedure; g < 0.05 was
considered statistically significant. FDR correction was not applied to general participant characteristics. Physical activity was missing for six participants with normal weight and one
participant with overweight. Trait food craving was missing for one participant with normal weight, three participants with overweight, and five participants with obesity. Trait uncontrolled
eating was missing for one participant with overweight and four participants with obesity. PFS Total and PFS Availability were missing for one participant with normal weight. BMI, body mass
index; FDR, false discovery rate; FFH, Fisher-Freeman-Halton; PFS, Power of Food Scale; PSS, Perceived Stress Scale.

Multiple testing was controlled using the Benjamini-Hochberg
false discovery rate (FDR) procedure (g < 0.05). FDR correction was
applied separately within each sample (primary analysis sample,
normal-weight and obesity subgroup) across the six outcomes for PSS
Total models and across the 12 primary regression coefficients
(Helplessness and Self-Efficacy x six outcomes) for PSS sub-
scale models.

To formally test whether associations between perceived stress
and reward-driven eating differed according to BMI and BMI-defined
weight status, separate moderation analyses were conducted in the
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primary analysis sample using the PROCESS macro version 4.2 beta
(Model 1). Participants with overweight were excluded from these
analyses. Separate models were estimated with PSS Total, PSS
Helplessness, or PSS Self-Efficacy as the focal predictors (Hayes, 2022),
and each reward-driven eating behavior outcome (PFS Total score,
PES subscales, trait food craving, and uncontrolled eating) as the
dependent variable. Age, sex, and current hunger were included as
covariates. In models with PSS Helplessness or PSS Self-Efficacy as the
focal predictor, the other PSS subscale was additionally included to
account for their shared variance.
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Two complementary moderation approaches were applied in the
primary analysis sample. First, BMI was entered as a continuous mod-
erator to examine whether associations varied across the observed
BMI range. Second, BMI-defined weight status (normal-weight: BMI
18.5-24.9 kg/m?; obesity: BMI > 30 kg/m?*) was entered as a categori-
cal moderator to evaluate whether the observed associations differed
between these two groups. Participants with overweight were excluded
from both moderation analyses. BMI and the respective continuous
focal PSS predictor were mean-centered before calculation of the
interaction terms; in models using categorical weight status, the focal
PSS predictor was mean-centered. Interaction effects were evaluated
using heteroskedasticity-consistent (HC3) standard errors. To account
for multiple testing across moderation models, FDR correction was
applied to all interaction-term p-values.

As this study was a retrospective analysis of data collected for a
different primary objective, no a priori power calculation was per-
formed. Instead, sample size was determined by data availability.

To aid interpretation of the findings, post hoc sensitivity power analy-
ses using G*Power 3.1 were conducted (Erdfelder et al.,, 2009). Assuming
a = 0.05 and a primary analysis sample of N = 72, the multiple regression
models including perceived stress and the covariates age, sex, BMI, and
current hunger had 80% power to detect effects of approximately
f=0.11, corresponding to small-to-moderate effect sizes. Statistical
power was more limited in the BMI-defined subgroup analyses: in the
normal-weight subgroup (N = 47) effects of approximately f* = 0.18 were
detectable with 80% power, whereas in the obesity subgroup (N = 25),
only effects with approximately f* = 0.35 were detectable. For the mod-
eration analyses conducted using PROCESS Model 1, including per-
ceived stress, BMI-defined weight status or BMI, their interaction term,
and the covariates age, sex, and current hunger, the study had 80% power
to detect interaction effects of approximately f = 0.11-0.12.

3 Results
3.1 Description of the study population

Participants were mostly female (68.9%) and aged 20 to 69 years.
Of the 90 participants, 47 (52.2%) had normal weight, 18 (20.0%) had
overweight, and 25 (27.8%) had obesity (Table 4). Participants with
overweight were excluded from the primary inferential analyses,
resulting in a primary analysis sample of N = 72 comprising 47 par-
ticipants with normal weight and 25 participants with obesity. Body
weight and, by definition, BMI differed significantly between partici-
pants with normal weight and obesity. Age also differed between
groups with normal weight and obesity (p = 0.004). Participants with
obesity were older than participants with normal weight. Current diet-
ing was more frequent among participants with obesity than among
participants with normal weight (p = 0.045). Physical activity also dif-
fered between groups (p = 0.036), with low physical activity occurring
only among participants with obesity.

None of the perceived stress or reward-driven eating variables dif-
fered significantly between the normal-weight and obesity groups
after FDR correction. Nominal group differences were observed for
PSS Self-Efficacy, PFS Present, and trait food craving, but did not
remain significant after FDR correction (all g > 0.095). No other per-
ceived stress or reward-driven eating variable differed significantly
between participants with normal weight and obesity.
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3.2 Association of perceived stress,
measures of food reward, and BMI

PSS Total and subscale scores were not significantly associated
with BMI in the primary analysis sample or in the normal-weight or
obese subsample (p > 0.05; Supplementary Tables S1-S3). In the pri-
mary analysis sample, only the PFS Availability and Present subscales
correlated positively with BMI, while no PFS indices were significantly
associated with BMI in the subsample having obesity or in the normal
weight subsample. Trait food craving and uncontrolled eating were
positively associated with BMI in the primary analysis sample, but not
in the normal weight group or the group with obesity.

As presented in Table 5, in the primary analysis sample, PSS Total
scores correlated positively with PES Total, PES Availability and PFS
Present subscale.

PSS Helplessness was associated with PFS Total, PFS Availability,
and PFS Present, whereas PSS Self-Efficacy was not significantly
related to any PFS measure. Among individuals with obesity, PSS Total
scores correlated with PFS Total, Availability, and Present scores and
PSS Helplessness with PFS Total and Availability scores. Self-Efficacy
was negatively correlated with PFS Availability in this subgroup.
Among normal-weight participants, PSS Total scores were related only
to PFS Availability, and PSS Helplessness to PFS Total, PFS Availability,
and PFS Present scores.

In the primary analysis sample, PSS Total scores were positively
correlated with trait food craving. PSS Helplessness was positively
associated with both food craving and uncontrolled eating, whereas
PSS Self-Efficacy was unrelated to either outcome. In the subgroup
with obesity, PSS Helplessness correlated with both trait food craving
and uncontrolled eating. In normal-weight participants, PSS
Helplessness was associated only with trait food craving, whereas PSS
Total was unrelated to either outcome.

Across all samples, PSS Total was strongly positively correlated
with PSS Helplessness (all p < 0.001) and strongly negatively corre-
lated with PSS Self-Efficacy (all p < 0.001). PSS Helplessness and PSS
Self-Efficacy were inversely related in all samples, although this asso-
ciation reached statistical significance only in the primary analysis
sample and among normal-weight participants. Despite the moderate
inverse correlation between Helplessness and Self-Efficacy, multicol-
linearity diagnostics indicated no evidence of problematic multicol-
linearity (all VIFs < 5.0 and tolerance values > 0.20).

3.3 Perceived stress associates with
measures of food reward in multiple linear
regression analyses

3.3.1 Primary analysis sample

Multiple linear regression results are presented in Table 1. In the
primary analysis sample, higher PSS Total scores were not indepen-
dently associated with any reward-driven eating outcome after adjust-
ing for age, sex, BMI, and current hunger and following FDR
correction. Nominal positive associations were observed with PFS
Availability (p = 0.027) and uncontrolled eating (p = 0.045), but nei-
ther remained significant after FDR correction (both g = 0.135).

In models in which both PSS Helplessness and PSS Self-Efficacy
were entered simultaneously, higher PSS Helplessness scores were
independently associated with higher PFS Total and Availability
scores, as well as greater trait food craving and uncontrolled eating,
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TABLE 5 Association of perceived stress scores and measures of reward-driven eating behavior in the primary analysis sample and in participants with normal weight or obesity.

Power of food scale

Perceived stress scale

Perceived Total Availability Present Taste Food Uncontrolled Total Helplessness
stress score craving eating
scale
Primary Total score r=0.241 r=0.404 r=0.292 r=0.052 r=0.253 r=0.186
analysis p=0.043 p <0.001 p=0013 | p=0662 | p=0.040 p=0.129 - -
sample Helplessness r=0.315 r=0.415 r=0.300 r=0.196 r=0.324 r=0.280 r=0.847
N=72 p = 0.007 p <0.001 p=0.010 | p=0.100 | p=0.008 p=0.021 p <0.001 i
Self-efficacy | r=—-0.028 r=-0.207 r==0.157 | r=0122 | r=-0.140 r=—0.045 r=-0.825 r=—0.444
p=0817 p=0.083 p=0187 | p=0309 | p=0.26l p=0717 p <0.001 p <0.001
N=47 Total score r=0.121 r=0.295 r=10.249 r=-0.076 r=0.240 r=0.169
normal p=0423 p=0.046 p=0092 | p=0613 | p=0.109 p=0255 ) B
weight Helplessness r=0.294 r=0.401 r=0.330 r=0.064 r=0.314 r=0.227 r=0.904
p=0.047 p = 0.006 p=0.023 | p=0671 | p=0.034 p=0125 p <0.001 B
Self-efficacy r=0.125 r=—0.087 r=-0084 | r=0236 | r=-0.110 r=-0.022 r=—0.847 r=—0.560
p=0.408 p=0.566 p=0573 | p=0110 | p=0468 p=0.883 p <0.001 p <0.001
N=25 Total score r=0.502 r=0.655 r=0.424 r=0.304 r=0.357 r=0.298
with p=0.011 p <0.001 p=0.035 | p=0140 | p=0.122 p=0.189 B B
obesity Helplessness | r=0.417 r=0.567 r=0.360 r=0319 r=0.474 r=0.515 r=0.783
p=0.038 p =0.003 p=0077 | p=0120 | p=0.035 p=0.017 p <0.001 B
Self-efficacy | r=-0.300 r=—0411 r==0232 | r=—0199 | r=-0.182 r=-0.029 r=-0.774 r=-0.328
p=0145 p =0.041 p=0264 | p=0340 | p=0443 p=0.899 p <0.001 p=0.110

Spearman’s rank correlation coefficient was used to assess associations between perceived stress and Power of Food scores, trait food craving and trait uncontrolled eating in the primary

analysis sample (normal weight + obesity) and separately in participants with normal weight or obesity. Results are presented as correlation coefficient (r) with p-values. A p-value < 0.05 was

considered statistically significant (bold). Trait uncontrolled eating was assessed with the Three -Factor Eating Questionnaire. Trait food craving was assessed with the Food Craving

Questionnaire-trait reduced. Data were missing for trait food craving in five participants with obesity and one participant with normal weight, for uncontrolled eating in four participants with
obesity, and for PFS Total and PFS Availability in one participant with normal weight. N, number.

after adjustment for age, sex, BMI, and current hunger (all FDR cor-
rected). Associations with PFS Present and PFS Taste did not remain
significant after FDR correction. In contrast, PSS Self-Efficacy was not
independently associated with any reward-driven eating measure after
FDR correction.

3.3.2 Subgroup with obesity

In individuals with obesity (Table 2), higher PSS Total scores were
independently associated with higher PFS Total, Availability, and Taste
scores, as well as greater trait food craving and uncontrolled eating,
after covariate adjustment and FDR correction.

In models in which both PSS Helplessness and PSS Self-Efficacy
were entered simultaneously, higher PSS Helplessness scores were
independently associated with higher PFS Availability scores, and
greater trait food craving and uncontrolled eating, after adjustment for
age, sex, and current hunger (FDR corrected). Associations of PSS
Helplessness with PFS Total and Taste scores did not remain signifi-
cant after FDR correction. PSS Self-Efficacy was not independently
associated with any reward-driven eating measure after FDR
correction.

3.3.3 Subgroup with normal weight

Among participants with normal weight, PSS Total scores were
not independently associated with any measure of reward-driven
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eating after adjustment for age, sex, and current hunger and FDR cor-
rection (Table 3). In models in which both PSS Helplessness and PSS
Self-Efficacy were entered simultaneously, neither PSS Helplessness
nor PSS Self-Efficacy was independently associated with any reward-
driven eating measure after FDR correction. Nominal positive associa-
tions were observed between PSS Self-Efficacy and PFS Total
(p = 0.041) and PFS Taste (p = 0.028), but neither remained statisti-
cally significant after FDR correction.

3.3.4 Sensitivity analyses

Sensitivity analyses with additional adjustment for current
smoking, physical activity, or current dieting supported the
robustness of the main findings (Supplementary Tables S6-S8).
Overall, additional adjustment for these variables did not materi-
ally alter the pattern of associations observed in the primary
regression models. Effect directions and magnitudes were gener-
ally comparable in the primary analysis sample and the BMI-
defined subgroups, although individual coefficient estimates and
raw p values showed some variation. In particular, some associa-
tions were attenuated in the smaller subgroup analyses. In the pri-
mary analysis sample, the independent associations of PSS
Helplessness with PFS Total, PFS Availability, trait food craving,
and uncontrolled eating remained significant after separate addi-
tional adjustment for current smoking, physical activity, and cur-
rent dieting. Overall, the sensitivity analyses supported the
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robustness of the central Helplessness findings to additional
adjustment for these potential confounding factors.

3.4 Moderation of stress-reward-driven
eating associations by BM| and weight
status

Moderation analyses examined whether BMI or weight status
(normal weight vs. obesity) influenced associations between perceived
stress and reward-driven eating outcomes within the primary analysis
sample, after adjustment for age, sex and current hunger. In models
with PSS Helplessness or PSS Self-Efficacy as the focal predictor, the
other PSS subscale was included as an additional covariate
(Supplementary Tables 4, S5).

When weight status was examined as a moderator, no interaction
effects remained statistically significant after correction for multiple
testing using the FDR procedure. Before FDR correction, nominal
interaction effects were observed for the interactions between weight
status and PSS Total score for PFS Availability (b = 0.092, SE = 0.033,
p =0.006, g = 0.112), and between weight status and PSS Self-Efficacy
predicting PFS Availability (b= —0.188, SE=0.085, p=0.031,
q = 0.173), No other weight status interaction effects showed nominal
significance.

Using BMI as a continuous moderator, no interaction effects
remained statistically significant after FDR correction. Before FDR
correction, nominal interaction effects were observed between BMI
and PSS Total for PFS Total (b = 0.0047, SE = 0.0021, p = 0.031), PES
Availability (b=0.0057, SE =0.0018, p=0.003), and PFS Taste
(b =0.0044, SE = 0.0020, p = 0.028). Nominal interactions were also
observed between BMI and PSS Self-Efficacy for PFS Total
(b=-0.0088, SE = 0.0043, p = 0.046), PFS Availability (b = —0.0096,
SE =0.0044, p =0.031), and PFS Taste (b =—0.0092, SE = 0.0043,
p =0.034). No interaction involving PSS Helplessness reached nomi-
nal statistical significance in the continuous-BMI models.

4 Discussion

Partially consistent with our hypothesis, the present results show
that specific dimensions of perceived stress are associated with
reward-driven eating. In the primary analysis sample overall perceived
stress was not independently associated with any reward-driven eating
outcome after correction for multiple testing. In contrast, Helplessness
showed consistent independent associations with reward-driven
eating behavior in models in which both PSS Helplessness and PSS
Self-Efficacy were entered simultaneously. Contrary to our hypothesis
Self-Efficacy was not independently associated with any reward-
driven eating outcome in these models. These associations of
Helplessness were robust to additional adjustment for the lifestyle fac-
tors current smoking, dieting, and physical activity.

This study extends prior work using global stress measures by
examining specific dimensions of perceived stress and demonstrates
that subjective experiences of uncontrollability, as captured by the
Helplessness subscale, were the stress dimension most consistently
associated with reward-driven eating. Overall, moderation analyses
did not provide evidence that BMI or BMI-defined weight status sig-
nificantly modified stress—reward-driven eating associations.
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4.1 Association of perceived stress and
reward-driven eating behavior with BMI

In the present study, perceived stress was not associated with BMI
in the primary analysis sample or in either individuals with normal
weight or with obesity. Although prior research has yielded mixed
findings, the current result accords with evidence suggesting that per-
ceived stress may not influence body weight directly but may instead
be related to BMI indirectly via eating-related processes (Singh et al.,
2024; Shimanoe et al., 2015; Tenk et al., 2018; Cuevas et al., 2021;
Kumar et al., 2022; Dakanalis et al., 2024). Moreover, longitudinal evi-
dence indicates that only prolonged stress predicts subsequent BMI
increase (Wardle et al., 2011; Bamert et al,, 2025). In the primary
analysis sample, BMI was positively associated with PFS Availability,
PES Present, trait food craving, and uncontrolled eating. However,
none of these reward-driven eating measures was significantly associ-
ated with BMI within the normal-weight or obesity subgroup. This
may partly reflect limited statistical power and potentially the rela-
tively low sensitivity of BMI as an index of obesity (Sweatt et al., 2024).
Taken together, these findings support the notion that perceived stress
may be more closely associated with eating behavior than with BMI
(Tuluhong and Han, 2023; Sinha and Jastreboff, 2013; Adam and Epel,
2007; Kumar et al., 2022).

Although the present findings did not support a direct association
between perceived stress and BMI, BMI may nevertheless be associ-
ated with differences in the associations between perceived stress and
reward-driven eating. This possibility was explored in the moderation
analyses in the present study.

Across the primary analysis sample and both BMI-defined sub-
groups, PSS Total was strongly positively associated with PSS
Helplessness and strongly negatively associated with PSS Self-
Efficacy, while the two subscales were negatively correlated. This pat-
tern was consistent across groups, although the inverse association
between the subscales was not significant in the obesity subgroup,
likely due to its smaller sample size. This difference may reflect varia-
tion in the strength of the association across weight groups, although
the underlying reasons remain unclear and further studies in larger
samples are needed to determine whether these patterns reflect
meaningful differences or sample-specific variation. Overall, these
findings support the construct validity of the PSS and its established
two-factor structure (Harris et al., 2023; Klein et al., 2016; Cohen et
al,, 1983).

4.2 Perceived stress dimensions and
reward-driven eating

Partially consistent with our hypothesis, the present findings dem-
onstrate associations between perceived stress and reward-driven
eating behavior, but these associations depended on the dimension of
perceived stress examined. In the primary analysis sample, PSS Total
was not independently associated with any reward-driven eating out-
come after FDR correction. Importantly, in models in which PSS
Helplessness and PSS Self-Efficacy were entered simultaneously,
Helplessness showed consistent independent associations with several
reward-driven eating outcomes after accounting for shared variance
between PSS subscales and adjustment for the relevant covariates.
Although no causal relationship can be drawn based on the cross-
sectional nature of this study, results may indicate that stress-related
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perceived uncontrollability may be more consistently related to
reward-driven eating than perceived coping capacity.

Specifically, higher Helplessness was independently associated
with higher hedonic hunger, as reflected by higher PFS Total scores
and with higher PFS Availability scores. Associations with PFS Present
and PFS Taste did not remain significant after FDR correction. This
suggests that the experience of uncontrollability is associated with
heightened awareness of and motivation for palatable foods. Moreover,
the results suggest that higher perceived stress, and again particularly
stress-related perceived uncontrollability, was associated with greater
responsiveness to food cues specifically when food is readily available,
but not when it is merely present or has been tasted. This finding may
be particularly relevant in Westernized, food-abundant countries
characterized by constant food availability. Potential underlying
mechanisms require further exploration in future longitudinal studies.

In contrast, Self-Efficacy was not independently associated with
any measure of reward-driven eating behavior, in models in which
both PSS subscales were entered simultaneously. Although higher
stress-related Self-Efficacy has previously been linked to more adap-
tive coping and self-regulation, the present findings may indicate that
these strategies are of less relevance in the context of reward-driven
eating (Harris et al., 2023; Klein et al., 2016; Cohen et al., 1983).

This finding nevertheless underscores the importance of dis-
tinguishing between dimensions of perceived stress rather than
relying solely on the overall PSS score. The absence of FDR-
significant independent associations for PSS Total in the primary
analysis sample, contrasted with the consistent associations
observed for Helplessness, further supporting the relevance of
examining specific dimensions of perceived stress. Although most
previous research has rarely examined these dimensions separately,
the existing literature nonetheless supports a general positive asso-
ciation between perceived stress and hedonic hunger (Tomiyama
et al,, 2011; Tuluhong and Han, 2023; Adam and Epel, 2007).

In addition, the present findings indicate that Helplessness dem-
onstrated independent associations with higher levels of trait food
craving and uncontrolled eating, whereas Self-Efficacy showed no
independent associations in models in which both PSS subscales were
entered simultaneously. Positive associations between perceived stress
and both trait food craving and uncontrolled eating are broadly sup-
ported by previous research (Jastreboft et al., 2013; Sinha and
Jastreboff, 2013; Adam and Epel, 2007; Kumar et al., 2022; Jarvela-
Reijonen et al,, 2016). The current results extend this literature by
demonstrating that, after accounting for the overlap between the two
dimensions of perceived stress, perceived uncontrollability was more
consistently associated with these facets of reward-driven eating
behaviors than perceived coping capacity.

Uncontrolled eating is thought to reflect reduced self-regulatory
control in the context of heightened reward responsiveness, a pattern
that may be particularly relevant among individuals experiencing
greater perceived uncontrollability during stressful situations (Leehr
et al., 2015; Sinha and Jastreboff, 2013; Adam and Epel, 2007). The
present findings further suggest that particularly stress-related per-
ceived uncontrollability, may be associated with dispositional tenden-
cies in the context of reward-driven eating. Thus, interventions
targeting subjective perceived uncontrollability in stress experiences
may have the potential to contribute to enduring changes in eating
behavior.

The present findings are broadly consistent with contemporary
psychobiological models of stress-related eating, which propose that
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particularly experiences of uncontrollability during stress are accom-
panied by enhanced reward responsiveness and diminished inhibitory
control, thereby increasing the motivation for palatable foods
(Tomiyama et al., 2011; Sinha and Jastreboff, 2013; Adam and Epel,
2007). However, the present study cannot test underlying psychobio-
logical mechanisms; therefore, possible explanations by these models
why Helplessness was independently associated with reward-driven
eating and moreover Self-Efficacy wasn't in simultaneous models,
remain speculative. Furthermore, adjustment for current hunger did
not eliminate the central Helplessness associations, suggesting that
these associations were not solely attributable to differences in acute
hunger. The overall pattern of associations was also preserved in sen-
sitivity analyses additionally adjusting for smoking, physical activity,
or current dieting, supporting the robustness of the central
Helplessness findings to these lifestyle-related factors.

Taken together, the results emphasize the importance of differen-
tiating between distinct stress dimensions, to identify individuals at
risk for reward-driven eating and suggest that perceived uncontrol-
lability represents the dimension of perceived stress most consistently
associated with reward-driven eating.

4.3 BMI, weight status, and stress—
reward-driven eating associations

Descriptively, associations between perceived stress and reward-
driven eating appeared more consistent among participants with obe-
sity than among participants with normal weight. Within the obesity
subgroup, higher perceived stress levels, particularly higher
Helplessness scores, were independently associated with greater
hedonic hunger, trait food craving and uncontrolled eating. In con-
trast, no independent association remained significant after FDR cor-
rection in the normal-weight subgroup.

As in the primary analysis sample, perceived uncontrollability
during stressful experiences, as assessed by the Helplessness subscale,
emerged as the stress dimension most consistently associated with
reward-driven eating within the subgroup with obesity, whereas Self-
Efficacy was not independently associated with any reward-driven
eating outcome in models in which both PSS subscales were entered
simultaneously, in any subgroup.

The descriptive subgroup pattern is consistent with previous stud-
ies reporting stronger associations between stress-related processes
and reward-driven eating among individuals with obesity (Jastreboft
et al,, 2013; Sinha and Jastreboff, 2013; Tryon et al., 2013; Hill et al.,
2022). Although exploratory in nature, the observed pattern is also
consistent with neurocognitive models proposing that obesity may be
characterized by alterations in reward responsiveness and self-regula-
tory processes that could increase susceptibility to stress-induced
increases in hedonic hunger, food craving and uncontrolled eating
(Adam and Epel, 2007; Kumar et al., 2022). However, the present sub-
group findings alone cannot establish that these associations are stron-
ger in obesity.

These mechanisms were not directly assessed in the present study
and therefore remain speculative explanations for the observed asso-
ciations. Furthermore, the present findings should be interpreted cau-
tiously. Thus, although the subgroup analyses may indicate a pattern
worthy of further investigation, the present data do not provide robust
statistical support for the hypothesis that BMI or BMI-defined weight
status modifies the association between perceived stress and reward-
driven eating. While several interaction effects reached nominal
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significance, none remained significant after correction for multiple
testing. Thus, also the subgroup analyses may indicate a pattern
worthy of further investigation, the present data do not provide robust
statistical support for the hypothesis that BMI or obesity modifies the
association between perceived stress and reward-driven eating.

Notably, participants with obesity and participants with normal
weight showed substantial overlap across BMI-defined weight
groups. In the primary comparison between participants with
normal weight and obesity, none of the perceived stress or reward-
driven eating variables differed significantly after FDR correction.
This finding is consistent with evidence suggesting substantial het-
erogeneity and overlap in stress- and reward-related eating traits
across BMI-defined weight groups, indicating that these psycho-
logical constructs are not uniformly elevated in obesity (Espel-
Huynh et al., 2018; Crane et al., 2023; Harris et al., 2023; Grol et al.,
2022). However, the modest subgroup sizes, particularly the obesity
subgroup, limit the precision of these comparisons, and the absence
of statistically significant differences should not be interpreted as
evidence of equivalence between weight groups, particularly as
some previous studies have reported differences across weight
status (Jastreboff et al., 2013; Sinha and Jastreboff, 2013; Lowe et al.,
2009; LofHler et al., 2015). The primary analytical framework com-
pared participants with normal weight (n=47) and obesity
(n =25), while excluding participants with overweight (n = 18)
from primary inferential analyses. This approach enabled a more
distinct comparison of the two BMI-defined groups while avoiding
assignment of participants with overweight to either primary group.
Nevertheless, BMI remains an indirect measure of adiposity, and
larger studies incorporating direct or complementary measures of
body composition are needed to determine whether adiposity mod-
ifies stress-reward-driven eating associations.

Taken together, the results suggest that stress-related Helplessness is
associated with reward-driven eating in the primary analysis sample and
shows particularly consistent associations within the obesity subgroup.
Although descriptive subgroup analyses indicated more consistent asso-
ciations among participants with obesity, the absence of FDR-significant
interaction effects does not support the conclusion that these associations
differ systematically according to BMI or BMI-defined weight status.
Larger studies incorporating direct or complementary measures of adi-
posity are required or complementary measures of adiposity to deter-
mine whether adiposity meaningfully modifies these relationships.

4.4 Strengths and limitations

A major strength of this study is that the two dimensions of
perceived stress were examined simultaneously within the same
regression models, allowing the independent associations of
Helplessness and Self-Efficacy with reward-driven eating to be esti-
mated after accounting for their shared variance. In addition, mul-
tiple facets of reward-driven eating were assessed, providing a
comprehensive perspective. Primary inferential analyses directly
compared participants with normal weight and obesity, while mod-
eration analyses formally examined whether BMI or BMI-defined
weight status modified associations between perceived stress and
reward-driven eating. This approach avoided combining participants
with overweight with either of the primary comparison groups.
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However, the moderation analyses did not provide robust evidence
of effect modification by BMI or weight status after correction for
multiple testing.

Several limitations should be acknowledged. First, the cross-
sectional design precludes causal conclusions. Therefore, longitu-
dinal and experimental studies are needed. Second, the reliance on
self-report measures introduces the potential for social desirability
and awareness biases and may not fully reflect behavioral or physi-
ological manifestations of stress and eating behavior. Third, the
BMI-defined subgroups, particularly the subgroup with obesity
were relatively small, which may have reduced statistical power and
limited sensitivity for subgroup comparisons and moderation
analyses.

Fourth, participants with overweight (n = 18) were excluded
from the primary inferential analyses, resulting in a primary anal-
ysis sample of N = 72 comprising participants with normal weight
(n = 47) and obesity (n = 25). Although this provided a more dis-
tinct comparison between the two BMI-defined groups and
avoided assigning participants with overweight to either primary
group, it reduced the effective sample size and limits the extent to
which the primary findings can be generalized to individuals with
overweight. The overweight subgroup was retained descriptively,
but its relatively small size precluded adequately powered separate
inferential analyses. Accordingly, the present study cannot deter-
mine whether stress-reward-driven eating associations among
individuals with overweight resemble those observed in partici-
pants with normal weight, those with obesity, or represent a dis-
tinct pattern. Future studies with larger, prospectively defined
samples should examine participants with normal weight, over-
weight, and obesity separately. Post hoc sensitivity analyses indi-
cated limited power for smaller subgroup and interaction effects,
particularly in the obesity subgroup, which are common in psy-
chosocial moderation models.

Therefore, non-significant findings, particularly regarding effect
modification by weight status and BMI, should be interpreted cau-
tiously, and replication in larger samples is warranted. Further, BMI
was used to define weight-status groups but does not directly measure
adiposity or body-fat distribution (Sweatt et al., 2024), and comple-
mentary anthropometric or body-composition measures were not
incorporated into the present analyses. Moreover, the recently pro-
posed distinction between preclinical and clinical obesity could not
be assessed, as obesity-related organ dysfunction and functional
impairment were not systematically considered in these analyses
(Rubino et al., 2025).

Fifth, the predominance of female participants may limit gen-
eralizability. Although the primary regression analyses were
adjusted for age, sex, BMI, and current hunger, and sensitivity
analyses additionally adjusted for the lifestyle variables dieting
status, smoking, and physical activity, we did not evaluate several
potentially relevant factors such as depressive symptoms, anxiety,
sleep quality, socioeconomic status, medication use, or hormonal
status. The robustness of the central Helplessness associations to
the three additional sensitivity adjustments reduces concern that
these findings were attributable to these measured lifestyle-related
factors, but residual and unmeasured confounding cannot be
excluded.
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5 Conclusion

In conclusion, this study extends prior research by demonstrat-
ing that, after accounting for the overlap between the two dimen-
sions of perceived stress, Helplessness, but not Self-Efficacy, was
independently associated with multiple facets of reward-driven
eating. Importantly, overall perceived stress as assessed by PSS Total
was not independently associated with any reward-driven eating
outcome after correction for multiple testing in the primary analysis
sample, whereas Helplessness remained independently associated
with PES Total, PFS Availability, trait food craving, and uncon-
trolled eating. These central Helplessness associations were robust
to additional adjustment for current smoking, physical activity, and
current dieting. These findings highlight that uncontrollability may
represent the dimension of perceived stress most consistently
related to reward-driven eating and underscore the importance of
distinguishing between distinct dimensions of perceived stress
rather than relying solely on the overall PSS score. Although
descriptive subgroup analyses suggested more consistent associa-
tions in participants with obesity than in participants with normal
weight, these observations were not supported by the formal mod-
eration analyses after correction for multiple testing. Perceived
uncontrollability may nevertheless represent a potential target for
interventions aimed at reducing reward-driven eating behavior.
Future studies with larger samples are warranted to determine
whether BMI or BMI-defined weight status meaningfully modifies
the relationship between perceived stress and reward-driven eating.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Medical Faculty of the University of Leipzig (proto-
col code 011/20-ek; date of approval: 19 March 2020). The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed con-
sent to participate in this study.

Author contributions

IS: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing - review & editing. PK: Validation, Writing —
review & editing. MS: Writing - review & editing. MB: Resources,
Writing - review & editing. AT: Validation, Writing — review & edit-
ing. KR-Z: Conceptualization, Data curation, Funding acquisition,
Investigation, Project administration, Resources, Validation, Writing -
original draft, Writing - review & editing.

Frontiers in Psychology

14

10.3389/fpsyg.2026.1820806

Funding

The author(s) declared that financial support was received for this
work and/or its publication. The Obese Taste Bud-study was funded
by the Helmholtz Institute for Metabolic, Obesity and Vascular
Research (HI-MAG), Helmholtz Center Munich at the University of
Leipzig and the University Clinic Leipzig, AOR and was additionally
supported by the Faculty of Medicine at the University of Leipzig with
grants to IS and to KR-Z.

Acknowledgments

We thank Natalia Schischkarjow, Silke Wollny, Birgit Apsel, and
Grit Petri for managing the recruitment process. We also thank Clara
Meyer, Robert Stein, Robin Schiirfeld, Susanne Spranger, and Rebecca
Hoffmann for their help with medical briefing of study participants.

Conflict of interest

MB received honoraria as a consultant and speaker from Abbott,
Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Daiichi-Sankyo,
Lilly, MSD, Novo Nordisk, and Sanofi.

The remaining author(s) declared that this work was conducted
in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1820806/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpsyg.2026.1820806
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1820806/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1820806/full#supplementary-material

Schamarek et al.

References

Adam, T. C,, and Epel, E. S. (2007). Stress, eating and the reward system. Physiol. Behav.
91, 449-458. doi: 10.1016/j.physbeh.2007.04.011

Andreeva, E., Neumann, M., Nohre, M., Brihler, E., Hilbert, A., and De Zwaan, M.
(2019). Validation of the German version of the power of food scale in a general popula-
tion sample. Obes. Facts 12, 416-426. doi: 10.1159/000500489

Bamert, M., Schaffter, Y., Bally, E, O’Connor, D. B, and Inauen, J. (2025). Assessment of
stress and its relationship with health behaviour in daily life: a systematic review. Health
Psychol. Rev. 19, 906-936. doi: 10.1080/17437199.2025.2534000

Berthoud, H. R. (2012). The neurobiology of food intake in an obesogenic environment.
Proc. Nutr. Soc. 71, 478-487. doi: 10.1017/S0029665112000602

Chrousos, G. P, and Gold, P. W. (1992). The concepts of stress and stress system disorders:
overview of physical and behavioral homeostasis. JAMA 267, 1244-1252. doi: 10.1001/
jama.1992.03480090092034

Cohen, S., Kamarck, T., and Mermelstein, R. (1983). A global measure of perceived stress.
J. Health Soc. Behav. 24, 385-396. doi: 10.2307/2136404

Craig, C. L., Marshall, A. L., Sjostrom, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E.,
et al. (2003). International physical activity questionnaire: 12-country reliability and
validity. Med. Sci. Sports Exerc. 35, 1381-1395. doi: 10.1249/01.MSS.0000078924.61453.FB

Crane, N. T, Butryn, M. L., Gorin, A. A, Lowe, M. R,, and LaFata, E. M. (2023).
Overlapping and distinct relationships between hedonic hunger, uncontrolled eating,
food craving, and the obesogenic home food environment during and after a 12-month
behavioral weight loss program. Appetite 185:106543. doi: 10.1016/j.appet.2023.106543

Cuevas, A. G., Greatorex-Voith, S., Assari, S., Slopen, N., and Economos, C. D. (2021).
Longitudinal analysis of psychosocial stressors and body mass index in middle-aged and
older adults in the United States. J. Gerontol. Series B Psychol. Sci. Soc. Sci. 76, 1580-1589.
doi: 10.1093/geronb/gbaal42

Dakanalis, A., Voulgaridou, G., Alexatou, O., Papadopoulou, S. K., Jacovides, C.,
Pritsa, A., et al. (2024). Overweight and obesity is associated with higher risk of perceived
stress and poor sleep quality in young adults. Medicina 60:983. doi: 10.3390/
medicina60060983

de Oliveira, M. M., de Brito, E. G. E, Silva, K. M. P. e., de Ardujo, E. R. G., Cavalcante, T. C.
F, da Silva, A. A. M, et al. (2022). The feed beyond need: mechanisms of the hedonic
control of eating. Res. Soc. Dev. 11:¢41911326626. doi: 10.33448/rsd-v11i3.26626

Erdfelder, E., Faul, E, Buchner, A., and Lang, A. G. (2009). Statistical power analyses using
G*power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41,
1149-1160. doi: 10.3758/BRM.41.4.1149

Espel-Huynh, H. M., Muratore, A. E, and Lowe, M. R. (2018). A narrative review of the
construct of hedonic hunger and its measurement by the power of food scale. Obes. Sci.
Pract. 4, 238-249. doi: 10.1002/0sp4.161

Grol, M., Casedas, L., Oomen, D., Spronk, D. B., and Fox, E. (2022). Uncontrolled eating
in healthy women has limited influence on food cue reactivity and food-related inhibitory
control. Appetite 168:105767. doi: 10.1016/j.appet.2021.105767

Harris, K. M., Gaffey, A. E., Schwartz, ]. E., Krantz, D. S., and Burg, M. M. (2023). The
perceived stress scale as a measure of stress: decomposing score variance in longitudinal
behavioral medicine studies. Ann. Behav. Med. 57, 846-854. doi: 10.1093/abm/kaad015

Hayes, A. E. (2022). Introduction to Mediation, Moderation, and Conditional Process
Analysis - Model Numbers. New York, NY: The Guilford Press.

Hill, D., Conner, M., Clancy, E, Moss, R., Wilding, S., Bristow, M., et al. (2022). Stress and
eating behaviours in healthy adults: a systematic review and meta-analysis. Health Psychol.
Rev. 16, 280-304. doi: 10.1080/17437199.2021.1923406

Huang, C. E, Chou, E H., Chang, C. H., and Guo, S. E. (2023). The associations of body
mass index, body image, perceived stress, and mental health among female nursing stu-
dents: a cross-sectional study in Taiwan. Healthcare (Basel) 11:2426. doi: 10.3390/
healthcare11172426

Jarveld-Reijonen, E., Karhunen, L., Sairanen, E., Rantala, S., Laitinen, J., Puttonen, S., et al.
(2016). High perceived stress is associated with unfavorable eating behavior in overweight
and obese Finns of working age. Appetite 103, 249-258. doi: 10.1016/j.appet.2016.04.023

Jastreboff, A. M., Sinha, R., Lacadie, C., Small, D. M., Sherwin, R. S., and Potenza, M. N.
(2013). Neural correlates of stress- and food cue-induced food craving in obesity: associa-
tion with insulin levels. Diabetes Care 36, 394-402. doi: 10.2337/dc12-1112

Kersten, A., Lorenz, A., Nottmeier, C, Schmidt, M., Roesner, A., Richter, F. C,, et al The
obese taste bud study: objectives and study design. (2024). Diabetes Obes. Metab. 26,
2054-2068. doi: 10.1111/dom.15563

Klein, E. M., Brihler, E., Dreier, M., Reinecke, L., Miiller, K. W., Schmutzer, G., et al.
(2016). The German version of the perceived stress scale - psychometric characteristics
in a representative German community sample. BMC Psychiatry 16:159. doi: 10.1186/
512888-016-0875-9

Kumar, R, Rizvi, M. R., and Saraswat, S. (2022). Obesity and stress: a contingent paralysis.
Int. . Prev. Med. 13:95. doi: 10.4103/ijpvm.IJPVM_427_20

Frontiers in Psychology

15

10.3389/fpsyg.2026.1820806

Leehr, E. ], Krohmer, K., Schag, K., Dresler, T, Zipfel, S., and Giel, K. E. (2015). Emotion
regulation model in binge eating disorder and obesity - a systematic review. Neurosci.
Biobehav. Rev. 49, 125-134. doi: 10.1016/j.neubiorev.2014.12.008

Loffler, A., Luck, T,, Then, E S., Sikorski, C., Kovacs, P., Bottcher, Y, et al. (2015). Eating
behaviour in the general population: an analysis of the factor structure of the German
version of the three-factor-eating-questionnaire (TFEQ) and its association with the body
mass index. PLoS One 10:e0133977. doi: 10.1371/JOURNAL.PONE.0133977 PubMed
PMID: 26230264

Lowe, M. R, and Butryn, M. L. (2007). Hedonic hunger: a new dimension of appetite?
Physiol. Behav. 91, 432-439. doi: 10.1016/j.physbeh.2007.04.006

Lowe, M. R, Butryn, M. L., Didie, E. R., Annunziato, R. A., Thomas, J. G., Crerand, C. E.,
et al. (2009). The power of food scale. A new measure of the psychological influence of
the food environment. Appetite 53, 114-118. doi: 10.1016/j.appet.2009.05.016

Meule, A., Hermann, T., and Kiibler, A. (2014). A short version of the food cravings
questionnaire-trait: the FCQ-T-reduced. Front. Psychol. 5:190. doi: 10.3389/
fpsyg.2014.00190

Pudel, V., and Westenhofer, J. (1989). Fragebogen zum Eflverhalten (FEV):
Handanweisung. Gottingen: Verlag fiir Psychologie Dr. C. J. Hogrefe.

Roberti, J. W,, Harrington, L. N., and Storch, E. A. (2006). Further psychometric support
for the 10-item version of the perceived stress scale. J. Coll. Couns. 9, 135-147. doi:
10.1002/j.2161-1882.2006.tb00100.x

Rossi, M. A., and Stuber, G. D. (2018). Overlapping brain circuits for homeostatic and
hedonic feeding. Cell Metab. 27, 42-56. doi: 10.1016/j.cmet.2017.09.021

Rubino, E, Cummings, D. E., Eckel, R. H., Cohen, R. V,, Wilding, J. P. H., Brown, W. A,,
et al. (2025). Definition and diagnostic criteria of clinical obesity. Lancet Diabetes
Endocrinol. 13, 221-262. doi: 10.1016/52213-8587(24)00316-4

Shimanoe, C., Hara, M., Nishida, Y., Nanri, H., Otsuka, Y., Nakamura, K., et al. (2015).
Perceived stress and coping strategies in relation to body mass index: cross-sectional study
of 12,045 Japanese men and women. PLoS One 10:e0118105. doi: 10.1371/journal.
pone.0118105

Singh, S., Chawla, O,, Sinha, A., and Juyal, A. (2024). Relationship of body mass index
and perceived stress in medical undergraduates. Natl. J. Physiol. Pharm. Pharmacol. 14,
1744-1749. doi: 10.5455/njppp.2024.14.03109202416032024

Sinha, R., and Jastreboff, A. M. (2013). Stress as a common risk factor for obesity and
addiction. Biol. Psychiatry 73, 827-835. doi: 10.1016/j.biopsych.2013.01.032

Stunkard, A. J., and Messick, S. (1985). The three-factor eating questionnaire to measure
dietary restraint, disinhibition and hunger. J. Psychosom. Res. 29, 71-83. doi:
10.1016/0022-3999(85)90010-8

Sweatt, K., Garvey, W. T., and Martins, C. (2024). Strengths and limitations of BMI in the
diagnosis of obesity: what is the path forward? Curr. Obes. Rep. 13, 584-595. doi: 10.1007/
513679-024-00580-1

Tan, C. Y. Z., Thijssen, S., Larsen, J., van Hooijdonk, K. J. M., Simons, S. S. H., and
Vink, J. M. (2024). Exploring the longitudinal association between stress and unhealthy
eating behaviors: the role of physical activity, BMI, and loneliness. Eat. Behav. 55:101924.
doi: 10.1016/j.eatbeh.2024.101924

Tenk, J., Matrai, P,, Hegyi, P.,, Rostas, I., Garami, A., Szabo, I, et al. (2018). Perceived stress
correlates with visceral obesity and lipid parameters of the metabolic syndrome: a sys-
tematic review and meta-analysis. Psychoneuroendocrinology 95, 63-73. doi: 10.1016/j.
psyneuen.2018.05.014

Tilov, B., Stanchev, P,, Dimitrova, M., Hristamyan, M., and Makakova-Tilova, D. (2025).
Mapping the associations between body mass index and key psychosocial determinants:
resilience, perceived stress, and emotion regulation in young adults—a cross-sectional
study. Healthcare. 13:3150. doi: 10.3390/healthcare13233150

Tomiyama, A. J., Dallman, M. E, and Epel, E. S. (2011). Comfort food is comforting to
those most stressed: evidence of the chronic stress response network in high stress
women. Psychoneuroendocrinology 36, 1513-1519. doi: 10.1016/j.psyneuen.2011.04.005

Tryon, M. S., Carter, C. S., DeCant, R., and Laugero, K. D. (2013). Chronic stress exposure
may affect the brain’s response to high calorie food cues and predispose to obesogenic
eating habits. Physiol. Behav. 120, 233-242. doi: 10.1016/j.physbeh.2013.08.010

Tuluhong, M., and Han, P. (2023). Chronic stress is associated with reward and emotion-
related eating behaviors in college students. Front. Nutr. 9:1025953. doi: 10.3389/
fnut.2022.1025953

Wardle, ., Chida, Y., Gibson, E. L., Whitaker, K. L., and Steptoe, A. (2011). Stress and
adiposity: a meta-analysis of longitudinal studies. Obesity 19, 771-778. doi: 10.1038/
0by.2010.241

Weingarten, H. P, and Elston, D. (1990). The phenomenology of food cravings. Appetite
15, 231-246. doi: 10.1016/0195-6663(90)90023-2

World Health Organization. (2000). Obesity: Preventing and Managing the Global
Epidemic. WHO Technical Report Series 894. Geneva: World Health Organization.

frontiersin.org


https://doi.org/10.3389/fpsyg.2026.1820806
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.physbeh.2007.04.011
https://doi.org/10.1159/000500489
https://doi.org/10.1080/17437199.2025.2534000
https://doi.org/10.1017/S0029665112000602
https://doi.org/10.1001/jama.1992.03480090092034
https://doi.org/10.1001/jama.1992.03480090092034
https://doi.org/10.2307/2136404
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1016/j.appet.2023.106543
https://doi.org/10.1093/geronb/gbaa142
https://doi.org/10.3390/medicina60060983
https://doi.org/10.3390/medicina60060983
https://doi.org/10.33448/rsd-v11i3.26626
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1002/osp4.161
https://doi.org/10.1016/j.appet.2021.105767
https://doi.org/10.1093/abm/kaad015
https://doi.org/10.1080/17437199.2021.1923406
https://doi.org/10.3390/healthcare11172426
https://doi.org/10.3390/healthcare11172426
https://doi.org/10.1016/j.appet.2016.04.023
https://doi.org/10.2337/dc12-1112
https://doi.org/10.1111/dom.15563
https://doi.org/10.1186/s12888-016-0875-9
https://doi.org/10.1186/s12888-016-0875-9
https://doi.org/10.4103/ijpvm.IJPVM_427_20
https://doi.org/10.1016/j.neubiorev.2014.12.008
https://doi.org/10.1371/JOURNAL.PONE.0133977
https://doi.org/10.1016/j.physbeh.2007.04.006
https://doi.org/10.1016/j.appet.2009.05.016
https://doi.org/10.3389/fpsyg.2014.00190
https://doi.org/10.3389/fpsyg.2014.00190
https://doi.org/10.1002/j.2161-1882.2006.tb00100.x
https://doi.org/10.1016/j.cmet.2017.09.021
https://doi.org/10.1016/S2213-8587(24)00316-4
https://doi.org/10.1371/journal.pone.0118105
https://doi.org/10.1371/journal.pone.0118105
https://doi.org/10.5455/njppp.2024.14.03109202416032024
https://doi.org/10.1016/j.biopsych.2013.01.032
https://doi.org/10.1016/0022-3999(85)90010-8
https://doi.org/10.1007/s13679-024-00580-1
https://doi.org/10.1007/s13679-024-00580-1
https://doi.org/10.1016/j.eatbeh.2024.101924
https://doi.org/10.1016/j.psyneuen.2018.05.014
https://doi.org/10.1016/j.psyneuen.2018.05.014
https://doi.org/10.3390/healthcare13233150
https://doi.org/10.1016/j.psyneuen.2011.04.005
https://doi.org/10.1016/j.physbeh.2013.08.010
https://doi.org/10.3389/fnut.2022.1025953
https://doi.org/10.3389/fnut.2022.1025953
https://doi.org/10.1038/oby.2010.241
https://doi.org/10.1038/oby.2010.241
https://doi.org/10.1016/0195-6663(90)90023-2

	Stress-related helplessness is independently associated with reward-driven eating in adults with BMI-defined normal weight and obesity
	1 Introduction
	2 Materials and methods
	2.1 Recruitment and study population
	2.1.1 Recruitment and eligibility
	2.1.2 Analytical sample and missing data
	2.2 Study design
	2.2.1 Perceived stress scale
	2.2.2 Power of food scale
	2.2.3 Food craving questionnaire- trait reduced version
	2.2.4 Three-factor eating questionnaire
	2.2.5 International physical activity questionnaire
	2.3 Anthropometric measures
	2.4 Statistical analysis

	3 Results
	3.1 Description of the study population
	3.2 Association of perceived stress, measures of food reward, and BMI
	3.3 Perceived stress associates with measures of food reward in multiple linear regression analyses
	3.3.1 Primary analysis sample
	3.3.2 Subgroup with obesity
	3.3.3 Subgroup with normal weight
	3.3.4 Sensitivity analyses
	3.4 Moderation of stress-reward-driven eating associations by BMI and weight status

	4 Discussion
	4.1 Association of perceived stress and reward-driven eating behavior with BMI
	4.2 Perceived stress dimensions and reward-driven eating
	4.3 BMI, weight status, and stress–reward-driven eating associations
	4.4 Strengths and limitations

	5 Conclusion

	Acknowledgments
	References

