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ABSTRACT: Backgrounds: Youth living in food-insecure households show greater vulnerability to psychiatric
symptoms, including anxiety and depression. Although physical activity and sedentary behavior are established correlates
of youth mental health, their associations within the context of food insecurity households remain understudied. This
study examines how physical activity and sedentary behavior relate to depression and anxiety risk among children
residing in food-insecure households.Methods: We analyzed data from the 2021–2022 National Survey of Children’s
Health (NSCH), focusing on youth aged 6–17 years (n = 2118) living in food insecurity households. Multivariate logistic
regression models adjusted for age, sex, race, parental education, family income, and overweight status were used to
estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the link between physical activity and sedentary
time and the risks of depression and anxiety. Results:Meeting physical activity guideline (≥60 min MVPA/day) was
significantly associated with lower odds of both depression (OR = 0.63, 95% CI: 0.44–0.89, p = 0.009) and anxiety (OR = 0.60,
95% CI: 0.45–0.78, p < 0.001). Meeting sedentary behavior guideline showed a significant association with reduced odds
of depression (OR = 0.56, 95% CI: 0.43–0.74, p < 0.001) and anxiety (OR = 0.78, 95% CI: 0.64–0.97, p = 0.025). Most
notably, children who met both physical activity and sedentary behavior guidelines exhibited a significant reduction in
depression (OR = 0.56, 95% CI: 0.33–0.94, p = 0.027) and anxiety (OR = 0.61, 95% CI: 0.43–0.87, p = 0.009) risk.Conclusions:
The findings of this study reveal associations between meeting physical activity and sedentary behavior guidelines
independently and jointly reduced risks of depression and anxiety, respectively. Future longitudinal cohort study
should examine the prospective association of physical activity, sedentary behavior, and mental health among youth
living in food-insecure households.
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1 Introduction

Mental health disorders among children and adolescents have become a growing global public health
crisis, characterized by a continuous rise in prevalence, and profound long-term impacts on individual social
integration and quality of life [1,2]. According to the Centers for Disease Control and Prevention (CDC),
about 20% of 3–17 years old are affected by mental health disorders every year in United States, among which
anxiety and depression are the most frequently reported [3]. These conditions exert substantial short-term
effects on individuals and are prospectively associated with enduring psychosocial functional impairments,
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suboptimal academic achievement, and increased risk of chronic disease burden in adulthood [4–6]. While
biological and genetic factors contribute to mental health vulnerability, numerous evidence indicates that
social determinants, especially socioeconomic disadvantage, significantly shape the development of mental
health conditions among adolescents [7,8].

Food insecurity remains consistently linked to elevated risks of depression, anxiety, and other
psychological issues in adolescents and is increasingly recognized as a structural social determinant affecting
youth mental health [8,9]. Empirical evidence have shown that adolescents residing in food-insecure
households exhibit significantly elevated rates of emotional and behavioral problems compared with
adolescents from food-secure households [10,11]. Even after controlling for income variables, this
association remains statistically significant, suggesting that multiple stress factors related to food insecurity,
including caregivers’ anxiety, irregular meal times and frequencies, and insufficient dietary diversity, may
directly affect adolescents’ emotional functioning by influencing neurobiological pathways related to
emotion regulation and processing [12,13].

Meanwhile, the developmental trajectory of psychological health in children and adolescents is
significantly influenced by two adjustable lifestyle factors (physical activity and sedentary behavior) [14–16].
Evidence from meta-analysis consistently indicates that regular moderate to vigorous physical activity
(MVPA) is robustly linked to reduced depression and anxiety symptoms across developmental stages [17].
In contrast, prolonged screen-based sedentary behavior, is associated with an increased risk of internalizing
problems [18,19]. For example, a cohort study showed that social media usage frequency was significantly
correlated with the depressive symptoms in adolescents [20]. A systematic review of sedentary behavior
study among adolescents shows that screen time was positively correlated with their risk of developing
mental disorders [21].

Although the relevant literature is already quite abundant, existing studies rarely explore the
relationships between physical activity and sedentary behavior and the mental health of youth in food
insecurity households. This gap is particularly concerning given that food-insecure households often face
structural barriers to engaging in physical activity, including unsafe neighborhoods, lack of recreational
facilities, transportation limitations, and competing demands on family time, which may exacerbate
mental health vulnerabilities [18,19]. Moreover, while the World Health Organization (WHO) Global
Recommendations on Physical Activity clearly state that children and adolescents should accumulate
at least 60 min of MVPA daily and limit screen time to no more than two hours a day [22], the actual
compliance rate is generally low. This is particularly obvious among those from lower socioeconomic
backgrounds [23]. Therefore, the present study aimed to explore the separate and combined relationships
of physical activity, sedentary time with psychological distress (e.g., anxiety and depression) in adolescents
living in food-insecure households, using nationally representative 2021–2022 National Survey of Children’s
Health (NSCH) data.

2 Methods

2.1 Study Sample

The data for this study were sourced from the NSCH (website: https://www.childhealthdata.org/)
conducted from 2021 to 2022, which draws on a nationally representative cross-sectional design. The
NSCH collected comprehensive data on children’s physical and mental health, healthcare access, family
functioning, and socioeconomic context via surveys completed by primary caregivers. In the original NSCH
survey, it employed a stratified, multistage probability sampling design to ensure national representativeness.
Data were collected via web- or paper-based questionnaires administered to caregivers of children aged
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0–17 years, randomly selected from households across all 50 U.S. states and the District of Columbia. This
data collection cycle included 104,995 usable survey responses. The survey protocol received review and
approved from the U.S. Department of Health and Human Services, ensuring compliance with federal
ethical standards for human research. Because the study used only publicly available, deidentified datasets,
it was exempt from requiring Institutional Review Board (IRB) approval.

All children aged 0 to 17 who resided in the US during 2021–2022 were considered eligible for this
study. Our analysis was restricted to children with complete data on depression and anxiety (n = 1022),
movement behaviors (n = 41,676), and covariates of interest (n = 1044) following a complete case analysis
protocol. Then, we excluded the children from food-secure households (n = 59,135). The final sample
consisted of 2118 children aged 6–17 years living in food-insecure households. We included these variables
to examine the associations of movement behaviors and mental health outcomes.

2.2 Food Insecurity

In this study, food insecurity was operationalized using a validated, single-item question adapted from
the National Health and Nutrition Examination Survey and incorporated into the 2021–2022 NSCH [24].
The question assesses household-level economic access to food over the past 12 months: “Which of these
statements best describes your household’s ability to afford the food you need during the past 12 months?”
Responses were categorized as: (1) We could always afford to eat good, nutritious meals, (2) We could
always afford enough to eat but not always the kinds of food we should eat, (3) Sometimes we could not
afford enough to eat, and (4) Often we could not afford enough to eat. Food insecurity was defined based
on households’ reports of sometimes or often being unable to afford enough food (response = 3 and 4) in
this study [25].

2.3 Measurements

The following question is used to measure the physical activity level: “During the past week, on how
many days did this child exercise, play a sport, or participate in physical activity for at least 60 min?” Responses
were grouped into four categories: 0 days, 1–3 days, 4–6 days, and 7 days. For regression analyses, we
created a binary variable indicating whether the child met the WHO global guideline of at least 60-min of
MVPA every day (Yes = 1, No = 0). Sedentary behavior was measured by daily recreational screen time
and through the following standardized questionnaire items: “On most weekdays, about how much time did
this child usually spend in front of a TV, computer, cell phone or other electronic device watching programs,
playing video games, accessing the internet or using social media, not including schoolwork?” Responses were
grouped into five categories: <1 h/d, 1 h/d, 2 h/d, 3 h/d, and ≥4 h/d. For regression analyses, we created a
binary variable indicating whether the child met the WHO recommendation of two-hour or less per day of
recreational screen time (Yes = 1, No = 0). In addition, we assigned a value of 1 to children who met both
guidelines and a value of 0 to those who did not [26,27].

2.4 Mental Health

In this study, mental health outcomes (depression and anxiety) were assessed through standardized,
parent-reported screening items from the NSCH, consistent with methods used in previous epidemiological
studies [2,3]. These measures relied on caregivers’ reports of formal healthcare provider diagnoses.
Depression was evaluated through the question: “Has a doctor or other healthcare provider ever told
you that your child has depression?” Responses were categorized on a 3-point scale: 1 = Do not have the
condition, 2 = Ever told, but no current condition, and 3 = Currently have the condition. For the analysis,
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depression was dichotomized into a binary outcome variable: 1 = Currently has depression (response = 3),
and 0 = Does not currently have depression (responses = 1 or 2). Anxiety was assessed using an analogous
question: “Has a doctor or other healthcare provider ever told you that your child has anxiety problems?”
Response categories mirrored those for depression: 1 = Do not have the condition, 2 = Ever told, but no
current condition, and 3 = Currently have the condition. For analytical purpose, anxiety was operationalized
as a binary variable. A value of 1 was assigned to adolescents endorsing the anxiety (response = 3), and a
value of 0 was assigned to those reporting the absence of current anxiety (responses = 1 or 2) [26,27].

2.5 Covariates

To ensure robust estimation of the associations between physical activity, sedentary time, and mental
health outcomes, we controlled for a comprehensive set of sociodemographic and health-related covariates
selected based on established evidence from prior studies [3,4], as these factors have shown to significantly
influence youth mental health and movement behaviors. Age was categorized into two groups: a childhood
cohort (6–13 years old) and an adolescent cohort (14–17 years old). Biological sex was classified into males
and females categories. Race were self-reported using the following classifications: Hispanic, white, black,
Asian, and other. Parental or primary caregiver educational attainment was grouped into four levels: less
than high school, high school degree or GED, some college or technical training, and college graduate or
above. Overweight status was operationalized as a binary variable (yes vs. no) based on parent reports.
Family income classification was stratified according to federal poverty level (FPL): 0–199% FPL, 200–299%
FPL, 300–399% FPL, and 400% FPL or greater [26,28].

2.6 Statistical Analysis

All analyses were conducted using Stata/SE 18.0 (StataCorp, College Station, TX, USA). Descriptive
statistics were calculated for the full sample, including means (standard deviations) for continuous
variables and frequencies (proportion) for categorical variables. Consistent with previous methods [29,30], a
multivariate logistic regression model was employed to examine the influence of physical activity, sedentary
time, as well as their interaction on the risk of depression and anxiety symptoms, while adjusting for all
covariates. We reported odds ratios (ORs) and 95% confidence intervals (CIs), considering a two-tailed
p-value < 0.05 to be statistically significant.

3 Results

Table 1 depicts the demographic characteristics of youth living in food insecurity households. A
total of 2118 children with a mean age of 12.06 years (SD = 3.45) were included. The sample was evenly
distributed by sex (51.56% males, 48.44% females) and mainly composed of White (48.77%) and Hispanic
(23.47%) youth. Family income bracket was relatively low 38.72% of households fall within the 0–199% of
the Federal Poverty Level (FPL) range, while an additional 37.02% fall within the 200–299% FPL range. The
parents’ educational attainment showed a differentiated distribution, with 39.09% reporting some college
or technical school and 22.00% holding a college degree or higher. Overweight status was reported in
15.82% of the sample. Mental health outcomes revealed that 17.47% of youth experienced depression and
28.80% experienced anxiety. In terms of movement behaviors, 43.34% of children sat for four hours or more
each day, while only 20.21% engaged in physical activity every day. The comparison of demographic and
health-related characteristics of participantsis presented in Supplementary Table S1.
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Table 1: Characteristics of children living in food insecurity households (n = 2118).

Variables M ± SD/Frequency %

Age group 12.06 ± 3.45 /
6–13 1268 59.87
14–17 850 40.13

Sex identity
Males 1092 51.56
Females 1026 48.44

Race
Hispanic 497 23.47
White 1033 48.77
Black 320 15.11
Asian 63 2.97
Other 205 9.68

Family income classification
0–199% FPL 820 38.72
200–299% FPL 784 37.02
300–399% FPL 451 21.29
≥400% FPL 63 2.97

Parents Education Level
Less than high school 153 7.23
High school or GED 671 31.68
Some college or technical training 828 39.09
College graduate or above 466 22.00

Weight condition
Non-overweight 1783 84.18
Overweight 335 15.82

Depressive symptoms
No 1748 82.53
Yes 370 17.47

Anxiety symptoms
No 1508 71.20
Yes 610 28.80

Physical activity
0 days 382 18.03
1–3 days 916 43.25
4–6 days 392 18.51
7 days 428 20.21

Sedentary behavior
<1 h 90 4.25
1 h or more 202 9.54
2 h or more 447 21.10
3 h or more 461 21.77
≥4 h 918 43.34

Note: FPL, federal poverty level; GED, general educational development; M, mean; SD, standard deviation.

Table 2 provides the covariate-adjusted results from logistic regression analysis used to evaluate how
adherence to physical activity guidelines relates to mental health indicators. The analysis indicated a protective
effect of meeting the physical activity recommendations. Compared with individuals who did not engage in
insufficient physical activity, guideline adherence was significantly associated with lower adjusted odds of
depression (OR = 0.63, 95% CI: 0.44–0.89, p = 0.009) and anxiety (OR = 0.60, 95% CI: 0.45–0.78, p < 0.001).

Table 3 presents results from the adjusted logistic regression analysis that assessed how compliance
with sedentary behavior guidelines relates to mental health indicators. The results showed that meeting
sedentary behavior guidelines was inversely associated with lower odds of both depression (OR = 0.56,
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95% CI: 0.43–0.74, p < 0.001) and anxiety (OR = 0.78, 95% CI: 0.64–0.97, p = 0.025), suggesting that limiting
sedentary behavior may be beneficial for mood regulation.

Table 4 presents the covariate-adjusted results from logistic regression analysis that evaluated the
association of meeting combined physical activity and sedentary behavior guidelines with mental health
indicators. The results revealed that meeting both physical activity and sedentary behavior guidelines had
a significantly protective effect on reducing odds of depression (OR = 0.56, 95% CI: 0.33–0.94, p = 0.027) and
anxiety (OR = 0.61, 95% CI: 0.43–0.87, p = 0.009).

Table 2: Logistic regression models of the associations between physical activity, depression and anxiety.

Variables
Depression Anxiety

OR 95%CI p OR 95%CI p

Age group
6–13 Reference
14–17 2.88 2.26, 3.66 <0.001 1.59 1.30, 1.95 <0.001

Sex identity
Males Reference
Females 1.77 1.39, 2.25 <0.001 1.37 1.13, 1.67 0.002

Race
Hispanic Reference
White 1.31 0.97, 1.78 0.079 1.58 1.23, 2.04 <0.001
Black 0.58 0.37, 0.89 0.012 0.45 0.31, 0.65 <0.001
Asian 0.07 0.01, 0.53 0.010 0.33 0.15, 0.76 0.009
Other 1.29 0.82, 2.01 0.270 1.14 0.78, 1.66 0.506

Education Level
Less than high school Reference
High school or GED 1.84 1.07, 3.15 0.028 1.80 1.13, 2.88 0.014
Some college or technical training 1.60 0.93, 2.76 0.089 2.18 1.36, 3.47 0.001
College graduate or above 2.04 1.15, 3.62 0.014 2.47 1.51, 4.04 <0.001

Income classification
0–199% FPL Reference
200–299% FPL 0.93 0.71, 1.23 0.621 0.95 0.75, 1.19 0.644
300–399% FPL 0.72 0.51, 1.00 0.052 0.86 0.66, 1.13 0.285
≥400% FPL 0.90 0.45, 1.80 0.765 0.99 0.56, 1.77 0.967

Weight condition
Non-overweight Reference
Overweight 2.35 1.76, 3.12 <0.001 1.89 1.47, 2.45 <0.001

Meeting the physical activity guidelines
No Reference Reference
Yes 0.63 0.44, 0.89 0.009 0.60 0.45, 0.78 <0.001

Note: CI, confidence interval; FPL, federal poverty level; GED, general educational development; OR, odds ratio.

Table 3: Logistic regression models of the associations between sedentary behavior, depression and anxiety.

Variables
Depression Anxiety

OR 95%CI p OR 95%CI p

Age group
6–13 Reference
14–17 2.84 2.23, 3.62 <0.001 1.64 1.34, 2.00 <0.001

Sex identity
Males Reference
Females 1.89 1.48, 2.40 <0.001 1.45 1.19, 1.76 <0.001
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Table 3: Cont.

Variables
Depression Anxiety

OR 95%CI p OR 95%CI p

Race
Hispanic Reference
White 1.30 0.96, 1.77 0.087 1.56 1.21, 2.00 0.001
Black 0.57 0.37, 0.87 0.010 0.45 0.31, 0.66 <0.001
Asian 0.07 0.01, 0.55 0.011 0.35 0.15, 0.79 0.012
Other 1.26 0.80, 1.97 0.317 1.14 0.78, 1.66 0.491

Education Level
Less than high school Reference
High school or GED 1.83 1.06, 3.14 0.029 1.78 1.11, 2.84 0.016
Some college or technical training 1.57 0.91, 2.70 0.106 2.10 1.32, 3.36 0.002
College graduate or above 2.07 1.16, 3.67 0.013 2.47 1.51, 4.04 <0.001

Income classification
0–199% FPL Reference
200–299% FPL 0.92 0.70, 1.21 0.542 0.94 0.75, 1.19 0.615
300–399% FPL 0.72 0.51, 1.00 0.053 0.87 0.66, 1.14 0.304
≥400% FPL 0.89 0.45, 1.79 0.751 1.00 0.56, 1.78 0.998

Weight condition
Non-overweight Reference
Overweight 2.37 1.78, 3.15 <0.001 1.94 1.51, 2.51 <0.001

Meeting the sedentary behavior guidelines
No Reference
Yes 0.56 0.43, 0.74 <0.001 0.78 0.64, 0.97 0.025

Note: CI, confidence interval; FPL, federal poverty level; GED, general educational development; OR, odds ratio.

Table 4: Logistic regression models of the associations between combined movement behaviors, depression and anxiety.

Variables
Depression Anxiety

OR 95%CI p OR 95%CI p

Age group
6–13 Reference
14–17 2.91 2.29, 3.70 <0.001 1.63 1.34, 1.99 <0.001

Sex identity
Males Reference
Females 1.82 1.43, 2.31 <0.001 1.42 1.16, 1.72 0.001

Race
Hispanic Reference
White 1.30 0.96, 1.76 0.089 1.56 1.21, 2.01 0.001
Black 0.58 0.37, 0.89 0.013 0.45 0.31, 0.66 <0.001
Asian 0.07 0.01, 0.53 0.010 0.34 0.15, 0.78 0.010
Other 1.28 0.82, 2.00 0.283 1.14 0.78, 1.65 0.506

Education Level
Less than high school Reference
High school or GED 1.85 1.07, 3.17 0.026 1.81 1.13, 2.89 0.013
Some college or technical training 1.61 0.93, 2.77 0.087 2.16 1.36, 3.45 0.001
College graduate or above 2.07 1.17, 3.66 0.013 2.50 1.53, 4.09 <0.001

Income classification
0–199% FPL Reference
200–299% FPL 0.92 0.70, 1.22 0.579 0.94 0.75, 1.18 0.594
300–399% FPL 0.72 0.51, 1.00 0.053 0.86 0.66, 1.13 0.284
≥400% FPL 0.90 0.45, 1.80 0.774 0.99 0.56, 1.76 0.972
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Table 4: Cont.

Variables
Depression Anxiety

OR 95%CI p OR 95%CI p

Weight condition
Non-overweight Reference
Overweight 2.38 1.79, 3.17 <0.001 1.94 1.50, 2.50 <0.001

Meeting both physical activity and sedentary time guidelines
No Reference
Yes 0.56 0.33, 0.94 0.027 0.61 0.43, 0.87 0.009

Note: CI, confidence interval; FPL, federal poverty level; GED, general educational development; OR, odds ratio.

4 Discussion

To examine the links between movement behaviors (physical activity and sedentary time) and mental
health, this analysis applied logistic regression models adjusted for covariates in a sample of children from
households experiencing food insecurity. The results revealed that meeting the physical activity guideline
(≥60 min MVPA/day) was significantly associated with lower odds of both depression and anxiety, while
compliance with the sedentary behavior guideline (<2 h/day) was significantly liked to decreased odds of
depression and anxiety among youth living in food-insecure households. Moreover, youth who jointly met
both physical activity and sedentary behavior guidelines exhibited a significantly lower odds of depression
and anxiety.

Consistent with prior studies [18,26,31], the current investigation shows that adolescents’ adherence to
physical activity guidelines is beneficially associated with diminished symptoms of depression and anxiety.
In a recent meta-analysis synthesizing 30 studies, Wang et al. [32] reported that higher levels of MVPA
correlate with lower depression and anxiety risk in the general pediatric population. Kjellenberg et al. [33]
found that the longer duration of MVPA during daily leisure time, the lower the individual’s depression and
anxiety score in Swedish adolescents. A adolescent cross-sectional study also confirmed that people engaging
in higher levels of MVPA had significantly reduced risk of depression and anxiety symptoms compared
to those with lower physical activity levels [33]. Our findings further expanded existing knowledge,
showing that physical activity may be associated with decreased mental health risks among youth from
food-insecure backgrounds. One possible reason is that food insecurity, as a persistent and highly exposed
family stressor, can significantly trigger heightened activation of the hypothalamic-pituitary-adrenal (HPA)
axis. This increase in cortisol secretion is a key mechanism by which sleep quality compromised [34,35].
Relevant studies suggest that consistent engagement in physical activity can effectively regulate the HPA
axis function, promoting its homeostatic recovery, thereby enhancing sleep efficiency and overall sleep
quality [36,37]. Thereby, improved sleep can serve as a key mediating pathway, demonstrating that physical
activity can alleviate the mental health risks among children in food-insecure households. From another
perspective, children from food-insecure households have limited financial resources and find it difficult to
afford alternative forms of activities such as indoor fitness, and thus mainly rely on public outdoor spaces
like parks and sports fields for physical activities [38,39]. Moreover, unhealthy neighborhood characteristics
(such as high crime, negative views of the community) not only prompt parents to restrict their children’s
outdoor activities for protective reasons, but also cause children to voluntarily avoid outdoor environments
out of subjective fear [40,41]. This significantly reduces their daily physical activity levels. In this context,
insufficient physical activity undermines its inherent capacity to alleviate stress and regulate mood among
children, consequently reducing its positive protective effect on mental health [42].
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Regarding the relationship between sedentary behavior and mental health, the existing literature has
not reached a consistent conclusion [43,44]. Our findings indicate that there were significant association
between meeting the sedentary behavior guideline and reduced risk of depression and anxiety in children and
adolescents. Aligning with earlier research, the results further support the suggestion that limiting sedentary
behavior may benefit mental health [45,46]. For example, Liu et al. [47] pointed out that among children under
the age of 14, those who spend two hours or more in sedentary behavior, playing video games each day, have
a significantly increased risk of developing depressive symptoms. However, some studies have even observed
a weak negative trend between them [48,49]. This trend is particularly evident in sedentary activities that
require high cognitive load, such as reading and academic tasks. As our study utilized the sedentary behavior
measurement tool from the NSCH questionnaire, which focuses on screen-related sedentary time rather than
overall sedentary duration or specific behavioral contexts. Given that clinical and epidemiological research
has consistently shown a significant link between depressive and anxiety symptoms and social withdrawal
and passive media use behaviors, this may explain why the significant associations between depressive and
anxiety symptoms and sedentary behavior were observed in our study. Therefore, future research should
adopt a typological distinction between passive sedentary behavior (e.g., screen-based entertainment) and
cognitively engaged sedentary behavior (e.g., educational tasks), thereby enabling a more accurately analysis
of their different impacts on the mental health of adolescents in food-insecure households.

Earlier studies have predominantly explored the relationship between mental health problems and
either physical activity or sedentary time in isolation in children and adolescents [32,50]. Building on this,
the present study further investigates the associations between combined physical activity and sedentary
behavior and mental health. Our findings showed that youth who met both physical activity and sedentary
behavior guidelines exhibited lower odds of depression and anxiety than their peers who met neither. These
results align with prior evidence reported by Sampasa-Kanyinga et al. in children and adolescents [51],
who found that meeting physical activity and sedentary behavior guidelines was associated with better
mental health. Similarly, in the 6 to 17 age group, meeting the guidelines for physical activity and sedentary
behavior was a significant protective factor. These children showed a lower risk of depression and anxiety
compared to their peers who do not meet these standards [27]. Therefore, our findings indicate that future
mental health intervention strategies for children from food-insecure households should ensure sufficient
time for MVPA and control screen time within a reasonable range of 1 to 2 h per day.

The results obtained in this study have several practical significances. First, this study put forward
suggestions for children’s daily movement behaviors, for example, increasing the duration of MVPA every
day and reducing the time spent on recreational screen use. It emphasizes the bidirectional regulation of
physical activity and sedentary behavior, aiming to enhance the primary prevention effect on depressive
and anxiety symptoms. Second, schools should give priority to taking the following measures to effectively
guarantee the daily physical activity time of students from food-insecure families: moderately extend
the break time between classes, implement trauma-informed physical education courses, and integrate
organized physical activities into daily classroom teaching. Third, public health departments can encourage
youth from food-insecure households to enhance their physical activity and decrease sedentary behavior by
providing subsidies for their sports participation and enhancing public sports facilities in the community,
thereby promoting the mental health of children.

There are several limitations worth mentioning. First, this is a cross-sectional study, which can only
understand the correlation between movement behavior and mental health, and thus cannot support the
causal interpretations. Second, all variables in this study, including depression, anxiety, physical activity,
and sedentary time, were reported by healthcare providers, which raises concerns regarding potential recall
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inaccuracies and socially influenced response patterns. Third, due to the lack of data on intensity, duration,
or context of physical activity and sedentary time in the NSCH database, we could not differentiate between
beneficial and harmful forms of movement, for example, passive and positive sedentary behaviors. Finally,
while the definition of food insecurity is mainly based on the household-level food availability, this indicator
does not accurately reflect individual dietary quality or nutrient sufficiency.

Subsequent studies should use longitudinal designs to better determine causality and the directionally
of associations between variables. At the same time, it is necessary to integrate objective measurement tools
(e.g., accelerometers and wearable fitness tracking devices) to accurately quantify movement behaviors, and
supplement with in-depth qualitative approaches, for example, open-ended interviews or organized group
discussions to systematically explore the real experiences, coping strategies and underlying mechanisms of
adolescents when facing the different challenges in food insecurity and mental health.

5 Conclusions

This study found that among children and adolescents growing up in food insecurity households,
meeting physical activity and sedentary behavior guidelines was independently associated with a
significantly lower risks of depressive and anxiety symptoms. However, further research should adopt
objective movement measurement methods based on wearable devices, validated mental health assessment
tools to conduct prospective longitudinal cohort studies, in order to rigorously examine the potential
associations of increased physical activity, reduced sedentary time with mental health outcomes among
children living in food-insecure households.
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