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Abstract
Purpose

This study investigated the bidirectional temporal relationship between restrained eating (RE) and physical activity
(PA) in male university students using data from three assessments.

Methods

Male undergraduates from eight universities in China were followed for 12 months, with surveys administered in
March 2025, September 2025, and March 2026. The analysis included 808 participants with valid data at all three
assessments. RE was measured using the restrained-eating subscale of the Dutch Eating Behavior Questionnaire,
whereas PA was calculated from the Physical Activity Rating Scale-3. Reciprocal longitudinal associations were
examined using a cross-lagged panel model that incorporated autoregressive paths and concurrent covariances.

Results

PA and RE were moderately stable across waves and negatively correlated within waves (p < .01). Earlier PA predicted
lower subsequent RE (B = -0.233 and - 0.262, both p < .001), whereas earlier RE predicted lower subsequent PA (B =
-0.253 and - 0.183, both p <.001).

Conclusion

RE and PA showed inverse reciprocal prospective associations. These findings support joint consideration of eating
and activity behaviors in male university students but do not establish causal effects or imply that changing one
behavior will necessarily change the other.

Level of Evidence:

Level lll, well-designed cohort study.

1 Introduction

Restrained eating (RE) refers to deliberate efforts to limit food intake to influence body weight or shape [11, 27, 37,
57]. Although restraint may be adopted for health or weight-management purposes, sustained or rigid restriction has
also been associated with problematic eating patterns [39]. University students may be particularly susceptible
because increased autonomy over food, disrupted routines, and appearance-related pressures often accompany the
transition to independent living. RE is common in university populations [18, 49, 57], but research has focused largely
on women. Men also engage in dietary restraint for goals related to leanness, muscularity [23], athletic performance,
and self-discipline [1, 12], which may shape its relationship with other health behaviors.

Physical activity (PA) also changes substantially during university. Although regular activity benefits physical and

psychological health, participation may decline or fluctuate with academic demands, unstructured schedules, screen

exposure, and changing social environments [8, 13, 15]. Among young men, PA may additionally serve appearance-

and performance-related goals involving strength, fitness, and bodily control [5, 6, 29, 41]. Thus, both RE and PA may
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represent health-promoting behaviors, weight-management strategies, or components of broader eating- and body-
related regulation [52].

Self-regulation provides a framework for understanding their potential temporal relationship. Both behaviors involve
goal setting, monitoring, and behavioral adjustment in response to health [35], appearance, or performance standards
[3, 9, 54]. RE and PA may reinforce one another when used as complementary weight-management strategies.
Alternatively, dietary restriction may be followed by lower activity through fatigue, reduced energy, or diminished
motivation [24, 26], whereas PA may either increase dietary control [7, 14, 50] or reduce reliance on restrictive eating
through more flexible regulation and greater perceived competence [22, 31, 32]. These competing pathways suggest
that the direction of the RE-PA association requires empirical examination.

Most previous studies have examined RE and PA cross-sectionally [17, 28], limiting conclusions about temporal
ordering or reciprocal associations [36, 42]. This gap is particularly important among male university students, whose
eating and exercise behaviors may be influenced by expectations concerning muscularity, fitness, and self-control
[16, 45]. Findings derived primarily from female samples therefore may not generalize directly to men.

The present study used three assessments over 12 months to examine prospective bidirectional associations
between RE and PA among male university students. A cross-lagged panel model (CLPM) estimated reciprocal cross-
wave paths while accounting for prior levels of each construct and within-wave associations [10, 55]. As shown in
Fig. 1, paths from PA to subsequent RE and from RE to subsequent PA were tested across adjacent waves without
prespecifying that the associations would necessarily be positive or negative [25, 34].

2 Methods
2.1 Participants and Procedure

Participants were assessed at baseline in March 2025 (T1) and followed up in September 2025 (T2) and March 2026
(T3). Male undergraduates aged 17-25 years were recruited by convenience sampling from eight universities across
five Chinese provinces. Students unable to complete the survey independently, reporting conditions or medical
restrictions affecting eating or physical activity, or providing incomplete or invalid responses were excluded.

An a priori G*Power analysis indicated a minimum of 142 participants [40]. An SEM-based estimate suggested
approximately 150, which increased to 180 after allowing for 20% attrition; recruitment exceeded this target.

Written informed consent was obtained at baseline. Participation was voluntary, uncompensated, and anonymous,
with withdrawal permitted at any time. Unique study codes linked responses across waves. Baseline data were
collected during regular teaching weeks, while follow-up surveys were administered online with reminders distributed
through class-based group chats.

At T1, 900 undergraduate students completed the baseline survey; 874 participated at T2 and 834 at T3. After
excluding incomplete or invalid responses, 808 participants who completed all three waves and met the data-quality
criteria were included in the longitudinal analyses (Table 1). Because the available data did not permit a formal
comparison between retained participants and those lost to follow-up, attrition bias cannot be excluded. The study
received ethics approval from Jiangxi Institute of Technology and complied with the Declaration of Helsinki.
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Table 1
Participant characteristics (N = 808)

Characteristics Categories  N(%) M SD

Grade freshman 318 (39.4)
sophomore 319 (39.5)

junior 171 (21.2)
Family residence  Rural 341 (42.2)
Urban 467 (57.8)
Age 19.31+£0.92

2.2 Measures
2.2.1 Physical Activity

Physical activity was measured with Liang’s Physical Activity Rating Scale-3 (PARS-3) [30]. The instrument assesses
exercise intensity, session length, and participation frequency, each through five response categories. Consistent with
the original scoring method, an overall activity score was derived as intensity x (duration - 1) x frequency. Scores can
range from 0 to 100, with higher values reflecting greater activity. Previous studies have applied the PARS-3 in
university samples [54, 58]. As its three dimensions form a multiplicative index rather than a reflective scale,
Cronbach'’s alpha was not considered an appropriate primary indicator of reliability.

2.2.2 Restrained Eating

Restrained eating was evaluated with the 10-item restraint subscale of the Dutch Eating Behavior Questionnaire
(DEBQ) [43], using the Chinese version validated by Wu et al. [53]. The items capture deliberate regulation of food
consumption for weight control in everyday contexts. Responses were recorded on a Likert-type scale and averaged,
with higher mean scores denoting greater restraint. One example item asks, “Do you deliberately eat less in order not
to become heavier?” The subscale has demonstrated satisfactory psychometric properties in nonclinical and
university populations. In the present sample, Cronbach’s alpha was .923 at T1,.925 at T2, and .917 at T3.

2.3 Statistical Analysis

Analyses were conducted in SPSS 26.0 and Mplus 8.3 using the 808 complete cases. SPSS was used to calculate
means, standard deviations, skewness, kurtosis, and Pearson correlations for PA and RE at each wave. Longitudinal
measurement invariance was examined separately for PA and RE using configural, metric, and scalar models.
Successive models constrained factor loadings and then intercepts to equality across waves. Invariance was
evaluated from absolute fit indices and changes in CFl and TLI, with absolute changes below .010 interpreted as
evidence that the additional equality constraints did not materially worsen fit [48, 60].

The cross-lagged panel model was estimated in Mplus with maximum likelihood using the observed PA composite
and mean RE score at T1, T2, and T3. The model included autoregressive paths for each construct, reciprocal cross-
lagged paths between adjacent waves, and within-wave covariances between PA and RE. Standardized coefficients
and two-sided p values are reported. The analysis estimates between-person prospective associations after
accounting for prior scores; it does not isolate within-person change or establish causal effects. Statistical
significance was evaluated at alpha = .05.
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3 Results
3.1 Measurement Invariance

Longitudinal measurement invariance results are presented in Table 2. For PA, the configural model was just
identified (x?/df = 0); therefore, its perfect fit indices are a mathematical property and were not interpreted as
evidence of model fit. The constrained PA models retained acceptable absolute fit. The RE configural, metric, and
scalar models also showed acceptable fit.

For both PA and RE, changes in CFl and TLI between successive models were smaller than .010 (Table 2), indicating
that equality constraints on loadings and intercepts did not materially reduce fit [51]. Metric and scalar invariance
were therefore considered supported, while the just-identified PA configural model was interpreted cautiously.

Table 2
Longitudinal measurement invariance tests for PA and RE
Variable Model x2/df CFI TLI SRMR RMSEA Model ACFI ATLI
comparison

PA M1 0 1 1 0 0

M2 1.829 0.998 0.996 0.021 0.032 M2-M1 -0.002 -0.004

M3 2.39 0.995 0.994 0.03 0.041 M3-M2 -0.003 -0.002
RE M1 2.117 0.989 0.986 0.018 0.041

M2 2.051 0.99 0.989 0.021 0.036 M2-M1 0.001 0.003

M3 1.955 0.99 0.990 0.023 0.034 M3-M2 0 0.001
Note: M1 = configural invariance; M2 = metric invariance; M3 = scalar invariance. ACFl and ATLI values <.010
indicate acceptable longitudinal measurement invariance.

3.2 Descriptive Statistics

Descriptive statistics and bivariate correlations are presented in Table 3. PA and RE were positively correlated with
their respective scores at later waves, and PA was negatively correlated with RE in all concurrent and cross-wave
comparisons (all p <.01). Across the six variables, skewness ranged from 0.00 to 0.91 and kurtosis from - 1.26 to -
0.53, providing no indication of severe univariate nonnormality.
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Table 3
Descriptive Statistics and Correlations of PA and RE Across Three Time Points

Correlations M SD Skewness Kurtosis T1PA T2PA T3PA T1 T2 T3
RE RE RE

T1 PA 28.15 30.62 0.81 -0.73 1

T2 PA 28.15 30.55 0.79 -0.76 424 1

T3 PA 2797 29.86 0.91 -0.53 416™ 340™ 1

T1RE 2.91 1.10 0.02 -1.17 - 398" -381"* -311* 1

T2 RE 2.93 1.12 0.00 -1.26 - 395" - 341" - .9278" 500* 1

T3 RE 2.99 1.03 0.02 -0.98 - 398" - 399" - 324" 510% 493" 1

Note: ""p < 0.01.

3.3 Cross-Lagged Panel Analysis

Standardized coefficients from the cross-lagged panel model are shown in Fig. 2. Autoregressive paths were positive
for PA from T11to T2 (B =.324,p <.001) and T2 to T3 (B =.277, p < .001). RE also showed positive autoregressive
paths from T1to T2 (B =.407,p <.001) and T2 to T3 (B = .404, p < .001). These coefficients indicate moderate rank-
order stability rather than within-person stability.

After prior scores were included, all four cross-lagged paths were negative. PA was prospectively associated with
lower RE at the next wave (T1—-T2: B = -.233; T2—T3: B = -.262; both p < .001). RE was likewise prospectively
associated with lower subsequent PA (T1—-T2: 3 = -.253; T2—T3: B = -.183; both p <.001). The direction of the
associations was consistent across intervals; these coefficients should not be interpreted as causal or exclusively
within-person effects.

4 Discussion

This three-wave study examined the longitudinal associations between RE and PA among male university students.
Three findings warrant attention. First, both behaviors showed moderate temporal stability across the 12-month
follow-up. Second, RE and PA were negatively correlated at each wave. Third, after accounting for prior levels, each
behavior was prospectively associated with lower levels of the other across both six-month intervals. These
reciprocal paths indicate that RE and PA were temporally linked rather than independent health behaviors, although
the observational design does not permit causal inference [2].

The autoregressive paths indicate moderate rank-order stability in RE and PA during university, consistent with
emerging adulthood as a period in which health-related routines consolidate [21, 38]. These patterns may persist long
enough to warrant early identification while remaining potentially modifiable.

The consistent inverse correlations extend previous evidence that eating and activity may function as alternative
rather than necessarily complementary weight-management strategies [56]. Greater PA was associated with lower RE
at each wave. This should not imply that PA is uniformly protective or that restraint is inherently maladaptive,
because both behaviors vary in function and intensity. PA may be recreational or compulsive, while restraint may
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range from flexible monitoring to rigid restriction. Nevertheless, the findings suggest that weight-related behaviors in
male students may be better understood when eating and activity are considered jointly.

Higher PA was prospectively associated with lower subsequent RE across both intervals. Regular activity may
support energy balance, mood regulation, stress management, and perceived body competence, thereby reducing
reliance on restrictive eating strategies [23, 46]. These mechanisms remain speculative because they were not
directly assessed [19, 59]. Residual confounding is also possible; students with more adaptive self-regulation or
fewer body-image concerns may simultaneously be more active and less restrictive. Future research should therefore
test these mechanisms directly rather than assuming that increasing PA alone reduces RE.

The reverse pathway was also significant, with higher RE predicting lower subsequent PA. Sustained restriction may
coincide with reduced energy availability, fatigue, or lower motivation, potentially making regular activity more difficult
to maintain [20, 47]. Psychological processes such as rigid self-control, body dissatisfaction, or shifts between
competing weight-management strategies may also contribute. Because energy intake, fatigue, and related
mechanisms were not measured, these interpretations remain tentative.

The negative RE-to-PA association differs from findings in some female university samples, where greater restraint
has been associated with greater PA [33]. One explanation may involve population differences in body-related goals.
Thinness-oriented regulation may encourage restriction and exercise to co-occur, whereas male body ideals may
place greater emphasis on muscularity, strength, and performance [4]. Restriction that conflicts with these goals
could therefore be associated with less sustained activity [44]. However, exercise motives, drive for muscularity,
body-image concerns, and sex or gender differences were not directly assessed, so a male-specific mechanism
cannot be established.

Together, the reciprocal negative paths suggest that greater reliance on one regulatory strategy was followed by less
engagement in the other. Because the effects were modest, RE and PA should not be treated as interchangeable, and
the average pattern may not characterize all students. Within-person and person-centered approaches are needed to
identify underlying temporal states and subgroups.

These findings may inform health promotion for male university students. Assessment may benefit from considering
eating behavior, activity level, and the motives underlying both. Strict dietary restriction without attention to fatigue,
body image, or exercise patterns may be inappropriate for some students, while PA promotion should not assume
that all exercise is adaptive. Programs could emphasize adequate nutrition, flexible self-regulation, and sustainable
activity. Students displaying marked restriction, compulsive exercise, or substantial weight and shape concerns may
require broader assessment for eating-disorder risk.

Several limitations should be acknowledged. First, RE and PA were assessed using self-report measures and may
therefore be affected by recall and social-desirability bias. The measures also did not distinguish flexible from rigid
restraint or recreational from compulsive activity. Second, complete-case analysis was used, and a formal
comparison between retained participants and those lost to follow-up could not be conducted; therefore, attrition
bias cannot be excluded. Third, the models were not adjusted for potential confounders. Although age, grade, and
family residence were recorded, BMI and other potentially relevant factors, including energy intake, body composition,
exercise motives, body-image concerns, socioeconomic status, and health conditions, were unavailable. Residual
confounding may therefore have influenced the observed associations. Fourth, participants were recruited through
convenience sampling from eight universities, and potential clustering by university was not modeled, limiting
representativeness and generalizability. Finally, the traditional CLPM combines stable between-person differences
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with within-person variation. Accordingly, the observed paths do not represent individual-level change processes and
cannot establish causality.

Future studies should combine objective PA assessment with measures of dietary restraint, energy intake, BMI, body
image, exercise motives, stress, and fatigue. Random-intercept cross-lagged models could distinguish within-person
from between-person processes. Replication should differentiate flexible from rigid restraint and recreational from
compulsive exercise across more diverse samples.

Strength and limits

Strengths include the three-wave design, large multi-site sample, longitudinal measurement invariance testing, and
focus on an underrepresented male population. Limitations include convenience sampling, complete-case analysis,
self-report measures, unmeasured confounding, lack of site-level modeling, and use of a traditional CLPM that does
not isolate within-person change.

What is already known on this subject?

Restrained eating and physical activity are both relevant to weight-related self-regulation, but previous research has
largely relied on cross-sectional designs and female samples. Their temporal relationship among male university
students therefore remains unclear.

What this study adds?

Across three waves over 12 months, restrained eating and physical activity showed reciprocal negative prospective
associations among male university students. These findings support considering eating and activity jointly in this
population while recognizing that the observed temporal associations do not establish causality.

5 Conclusions

In this three-wave study, restrained eating and physical activity showed reciprocal negative prospective associations
among male university students over 12 months. Higher levels of each behavior were associated with lower
subsequent levels of the other after accounting for prior scores. The findings support considering eating and activity
jointly in weight-related assessment, but the observational, self-report design precludes causal inference. University
health initiatives may consider adequate nutrition, flexible eating regulation, and sustainable physical activity within
an integrated framework while identifying rigid restriction, compulsive exercise, and related risk.
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Figure 1

Cross-lagged panel model. PA = physical activity; RE = restrained eating.
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Figure 2
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Standardized path coefficients of the three-wave cross-lagged model between PA and RE. ™p < .01,""p < .001.
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