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Self-control for maintaining healthy lifestyle behaviors associated with serum lipid levels in preadolescent children in Japan: a cross-sectional study
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Introduction: Serum lipid levels influence long-term health outcomes in children and self-control is crucial for healthy behavioral habits. This study focused on preadolescent children aged 9–10 years, who are developing self-control. Moreover, the study aimed to examine the relationship between serum lipid levels and self-control of lifestyle behavior to identify the behaviors that warrant prioritization for self-control.

Methods: The study included 545 children. Non-high-density lipoprotein cholesterol (non-HDL-C) is an indicator of current and future health status in children. Differences in non-HDL-C values were tested based on the self-control status of healthy behaviors. Given that behavioral performance is interrelated, logistic regression analysis was performed.

Results: Non-HDL-C levels were lower in groups that frequently consumed fried food and in those with poor physical condition and mood on Mondays. In logistic regression, lower serum lipid levels were associated with sufficient exercise time, poor physical condition, and mood on Mondays, lower body weight, and being male. Avoiding snacking while watching television may also be associated with lower non-HDL-C levels.

Discussion: Self-control of sufficient exercise time and adherence to snacking rules are pivotal for self-control among preadolescent children, and enhancing self-control in these behaviors can be critical in educational and intervention strategies aimed at improving health outcomes.
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1 Introduction

Serum lipid levels during childhood tend to persist through adolescence and adulthood (1, 2), and consistent high serum lipid levels increase the risk of developing atherosclerotic disease later in life. Adopting healthy lifestyle behaviors early in childhood is important because high serum lipid levels among children have long-term health implications (2, 3). According to the social cognitive theory, individual behavior is shaped by the reciprocal interaction of “personal cognitive influence on behavior,” “social and environmental influence on behavior,” and “supporting behavior factors” (4). Parents and schoolteachers must mitigate and influence children’s behaviors and environments to facilitate the adoption of healthy behaviors during their growth and development (i.e., “social and environmental influence on behavior”). However, continuously overseeing all aspects of a child’s life is not advisable, as children need to develop the capacity to autonomously control their lifestyle behaviors.

In prior studies, the term “self-control” has been used interchangeably with self-regulation (5, 6). In this study, we have used the term self-control. Higher self-control skills are associated with healthy lifestyle behavior performance, such as reduced screen time (7), even in the absence of parental oversight. In these studies, self-control was evaluated through the management of emotions, impulsivity, and delayed gratification tasks. Research indicates that self-control in dietary behavior encompasses the suppression of the inclination to select unhealthy foods in favor of healthier alternatives (6, 8, 9), postponement or avoidance of the immediate impulse to consume food, and restraint from eating beyond energy requirements (9). Given the interconnected nature of lifestyle behaviors, a comprehensive examination is required. Nonetheless, to the best of our knowledge, no study has investigated self-control in the context of multiple lifestyle behaviors.

The preadolescent stage is a transitional period during which children begin to develop autonomy in their lifestyle behaviors. As children grow and develop, management gradually shifts from the parents to the children themselves (5). However, in the latter half of puberty, children’s resistance to adult authority can make it difficult for parents to manage their children’s daily lifestyle behaviors. In addition, “unhealthy” behaviors, such as prolonged sitting or screen time, insufficient physical activity, and the consumption of high-fat foods, which are less influenced by parental oversight, often begin and persist thereafter (10). Therefore, enhancing awareness among children and promoting self-control in health behaviors and recognizing at ages 9–10 during preadolescence are important for sustained control of lifestyle behaviors.

The specific behaviors that preadolescent children should control and the extent of control necessary for optimal health behavior performance remain unclear. Identifying which behaviors among the various lifestyle behaviors warrant particular control will facilitate more effective education and intervention strategies. The current study is the first to comprehensively examine the control of serum lipid levels, a significant determinant of current and future health outcomes, in conjunction with healthy lifestyle behaviors. Furthermore, the study extracted lifestyle behavior variables crucial for current and future health outcomes and inferred the level of self-control over these behaviors utilizing children’s responses to a lifestyle survey. Modifiable behaviors and recommended standards for children’s health behaviors were duly considered during the selection of lifestyle behavior variables (11, 12). Furthermore, acknowledging that children’s self-control over daily behaviors is influenced by parents and teachers, items incorporating social and environmental factors in line with social cognitive theory (4) were also extracted.

This study aimed to comprehensively examine the relationship between low serum lipid levels and healthy lifestyle behavior control in preadolescent children. In addition, the study aimed to specify items that should be prioritized in education and intervention, particularly for children transitioning to self-control of their lifestyle behaviors, by identifying the lifestyle behaviors that should be particular control.



2 Methods


2.1 Study design

This quantitative, cross-sectional study analyzed secondary data from a health promotion program conducted in City B, Hiroshima Prefecture, Japan.



2.2 Study sample

This study is a secondary analysis of data collected from 2014 to 2016 as part of a health promotion program conducted by the local government and included serum lipid levels, physical measurements, and lifestyle survey responses from fourth-grade children (aged 9–10 years). The program targeted all students in the fourth grade children attending public elementary schools in the city and aimed to promote healthy lifestyle habit development in children during a critical period of habit formation, to prevent the onset of lifestyle-related diseases in adulthood. A questionnaire survey was administered to assess daily lifestyle habits and evaluate the health education provided. Blood tests were conducted to objectively assess the children’s health status. Data were obtained from 227 children in 2014, 243 in 2015, and 232 in 2016, for a total of 702 children. All data were combined and analyzed as a single dataset because no significant differences were observed between the years.


2.2.1 Inclusion and exclusion criteria for analysis

The inclusion criteria for the subjects analyzed in this study were lifestyle survey responses and blood data. The following exclusions were applied: participants of unknown sex (n = 1), missing blood data (n = 125), incomplete responses to questions regarding daily lifestyle management (n = 29), and extremely high non–high-density lipoprotein cholesterol (non-HDL-C) levels (≥200 mg/dL, n = 2). After exclusion, the final sample size was 545 participants (77.6%). A flowchart outlining participant inclusion is shown in Figure 1.

[image: Flow diagram showing the attrition of study subjects, decreasing from seven hundred two to five hundred forty-five. Exclusions include unknown gender (one), no blood data (one hundred twenty-five), no lifestyle behavior data (twenty-nine), and non-HDL-C greater than or equal to two hundred milligrams per deciliter (two).]

FIGURE 1
 Flowchart depicting the inclusion of study sample.




2.2.2 Sample size evaluation

Regarding the rationale for the sample size, the minimum effective sample size was calculated based on the number of variables in the final model of logistic regression analysis. The number of events per variable was considered to be at least 20 (13). In this study, 13 variables were finally included in the logistic regression model; the minimum effective sample size was n = 13 × 20 = 260 cases. Therefore, n = 270 for less than the 50th percentile of non-HDL-C and n = 275 for more than the median, both exceeding n = 260, thus meeting the sample size requirement. These data were deemed usable because they can withstand analysis.



2.2.3 Target sample

The study included fourth-grade students aged 9–10 years. This age range represents a critical transitional period during which children begin to independently control healthy lifestyle behaviors, making it an ideal group for examining the relationship between self-control of healthy lifestyle behaviors and serum lipid levels. Although serum lipid levels generally increase with age, they temporarily decrease during puberty (14–16). Therefore, serum lipid levels at ages 9–10 years may more accurately reflect the influence of children’s daily lifestyle behaviors.




2.3 Self-control of healthy lifestyle behaviors

This study used responses from a lifestyle survey completed by the children to assess children’s self-control of healthy lifestyle behaviors. The lifestyle survey was designed to assess health education initiatives implemented in elementary schools and to reflect lifestyle habits. The original questionnaire consisted of 57 items. The response scale was set according to the question, either as a four-point scale (e.g., “very much,” “somewhat,” “not much,” “not at all”) or a two-point scale (yes/no). The researchers originally drafted the questionnaire, which was reviewed by local public health nurses, the Board of Education, principals, and school nurses. Elementary school teachers confirmed that the content was understandable to the children to ensure its suitability for the target age group. Then, children who were not part of the main survey were asked to answer the questionnaire on a trial basis, and the wording was adjusted as required. The questionnaire contents were finalized by the local government’s health promotion program; therefore, internal consistency was not assessed. However, before analysis, the Cronbach’s alpha for the survey items in Tables 1, 2 used in this study was 0.66. The questionnaires were distributed and collected by homeroom teachers.


TABLE 1 Non-HDL-C levels and self-control of healthy lifestyle behaviors.


	Self-control of lifestyle behaviors
	Non-HDL-C < 111 mg/dL
	Non-HDL-C ≥ 111 mg/dL



	
n

	(%)
	
n

	(%)

 

 	Screen time (hours per day)


 	<2 h 	172 	49.4 	176 	50.6


 	≥2 h 	103 	52.3 	94 	47.7


 	Sleep time (hours per day)


 	<9 h 	164 	52.6 	148 	47.4


 	≥9 h 	111 	47.6 	122 	52.4


 	Exercise


 	Exercise time (hours per day)


 	≥1 h 	180 	51.0 	173 	49.0


 	<1 h 	95 	49.5 	97 	50.5


 	Having time for exercise


 	Sufficient time 	132 	46.8 	150 	53.2


 	Not so much 	143 	54.4 	120 	45.6


 	Do you want to exercise more?


 	Yes 	168 	51.1 	161 	48.9


 	No 	107 	49.5 	109 	50.5


 	Physical condition and mood on Mondays


 	Very good 	130 	54.9 	107 	45.1


 	Not good/poor 	145 	47.1 	163 	52.9





Non-HDL-C, non–high-density lipoprotein cholesterol.
 


TABLE 2 Non-HDL-C levels and self-control of eating behaviors.


	Self-control of eating behaviors
	Non-HDL-C < 111 mg/dL
	Non-HDL-C ≥ 111 mg/dL



	n
	(%)
	n
	(%)

 

 	Breakfast


 	Every day 	217 	47.8 	237 	52.2


 	Missed meals 	58 	63.7 	33 	36.3


 	Second helping of school lunch


 	Rarely 	114 	50.9 	110 	49.1


 	Sometimes 	161 	50.2 	160 	49.8


 	Frequency of fried food consumption


 	Not much 	96 	54.2 	81 	45.8


 	Frequently or sometimes 	179 	48.6 	189 	51.4


 	Snacks after dinner


 	Rarely 	153 	52.0 	141 	48.0


 	Sometimes eat 	122 	48.6 	129 	51.4


 	Being mindful not snacking while watching television


 	Always 	127 	47.9 	138 	52.1


 	Sometimes or never 	148 	52.9 	132 	47.1


 	Thinking about food habits for health


 	Always 	61 	51.7 	57 	48.3


 	Sometimes or never 	214 	50.1 	213 	49.9


 	Taking care to chew meals


 	Always 	81 	52.3 	74 	47.7


 	Sometimes or never 	194 	49.7 	196 	50.3


 	Being mindful of eating various foods


 	Always 	94 	51.6 	88 	48.4


 	Sometimes or never 	181 	49.9 	182 	50.1


 	Avoiding too much juice


 	Always 	97 	49.7 	98 	50.3


 	Sometimes or never 	178 	50.9 	172 	49.1


 	Avoiding too much sweets


 	Always 	127 	49.8 	128 	50.2


 	Sometimes or never 	148 	51.0 	142 	49.0


 	Avoiding highly salty foods


 	Always 	144 	53.9 	123 	46.1


 	Sometimes or never 	131 	47.1 	147 	52.9


 	Not being picky about food


 	Always 	122 	50.8 	118 	49.2


 	Sometimes or never 	153 	50.2 	152 	49.8


 	Being mindful of eating vegetables


 	Always 	137 	50.7 	133 	49.3


 	Sometimes or never 	138 	50.2 	137 	49.8





Non-HDL-C, non–high-density lipoprotein cholesterol.
 

Based on the survey results, items related to self-control of healthy lifestyle behaviors that were considered relevant for children’s current and future health were identified. During the extraction, items indicated in the guidelines for healthy lifestyle behaviors in children (11, 12), as well as factors considered as social/environmental influences on behavior according to the social cognitive theory (4) were included. Tables 1, 2 present the extracted lifestyle variables, including physical activity (exercise time hours/per day, having sufficient exercise time, and wanting more exercise), eating behaviors (frequency of fried food consumption, eating vegetables, avoid being picky, chewing thoroughly, and thinking about meals for health), rules for snacking (avoid eating snacks while watching television, avoid snacks after dinner, and avoid too much juice), screen time, sleep time, and Monday’s physical condition or mood. These variables are important for the current and future health outcomes of the child. The variable “physical condition and mood on Mondays” was included because it was considered to reflect children’s self-control status over the weekend behavior.



2.4 Physical measurements

Elementary school teachers measured the height and weight of the children using standardized scales at each school and recorded the lifestyle questionnaire. In accordance with the School Health and Safety Act Enforcement Regulations in Japan, children’s height and weight are measured and recorded annually, and these recorded values were used in this study.



2.5 Blood data

Blood samples were collected via venipuncture at each elementary school. Blood tests were conducted by a contractor commissioned by the local government. All blood test costs were fully covered by the local government. In Japan, children are encouraged from early childhood to eat breakfast daily. Given the educational emphasis on this habit, children and their parents were instructed to eat breakfast as usual on the day of the blood test. Blood samples were collected at approximately 11:00 h, before lunch, to minimize the impact of breakfast on the test results.


2.5.1 Non-HDL-C as a serum lipid levels assessment

In this study, serum lipid data, which are important for assessing the risk of atherosclerotic diseases, were analyzed using the collected blood samples. Non-HDL-C is the value obtained by subtracting high density lipoprotein cholesterol levels from total cholesterol levels. Non-HDL-C contains all remnants that cause arteriosclerosis, making it superior for assessing the risk of arteriosclerosis. Low non-HDL-C levels reduce the risk of arteriosclerosis and improve health outcomes.

In addition, non-HDL-C levels are less affected by diet than low-density lipoprotein cholesterol levels (17, 18). The use of non-HDL-C, which is relatively unaffected by food intake, is recommended, because blood sampling during childhood, a period of growth and development, is difficult to conduct under fasting conditions (2, 17, 19, 20). Therefore, non-HDL-C was evaluated in this study.




2.6 Analysis method


2.6.1 Physical measurements

The body mass index was calculated using height and weight values. The participants’ height and weight data were aggregated by sex, considering sex differences in growth and development.



2.6.2 Relationship between non-HDL-C levels and self-control of healthy lifestyle behavior

The hypothesis of this study was: “Self-control of healthy lifestyle behaviors among preadolescent children is associated with maintaining low serum lipid levels.” The following analyses were performed to test this hypothesis.



2.6.3 Testing difference in non-HDL-C levels based on self-control of healthy lifestyle status

The differences in serum lipid levels between the two groups classified by daily lifestyle management status were examined. The two groups for self-control status of healthy lifestyle behaviors were divided so that each group contained half of the participants. Screen time and duration of sleep were categorized according to the children’s health behavior guidelines (11, 12). Normality was tested using the Shapiro–Wilk test and histograms of non-HDL-C. If the distribution of non-HDL-C in each of the two groups was assumed to be normal, then an independent t-test was used; if normality was rejected, the Wilcoxon rank-sum test (Mann–Whitney U test) was applied. For the independent t-test, mean ± standard deviation, 95% confidence interval (95% CI), and p-value of non-HDL-C in each group were calculated. For the Wilcoxon rank-sum test, the median and interquartile range (IQR) and the effect size and p-value were calculated for each group.



2.6.4 Logistic regression analysis

As lifestyle behaviors are interrelated, comprehensive assessment is necessary. Therefore, logistic regression analysis was chosen. This study targeted “healthy” children living in the community, and as most of these children had “standard” serum lipid levels and their self-control status of lifestyle behaviors was being evaluated, logistic regression analysis was used instead of multiple regression analysis, with which the “values” of serum lipids would be predicted. The dependent variable for logistic regression analysis was set as non-HDL-C values (below median = 1, median or above = 0.) Independent variable included the self-control status of healthy lifestyle behaviors. In this study, if all variables related to daily lifestyle management were converted into dummy variables for each of the four response options, the number of independent variables would have been too large to perform logistic regression analysis (13). Therefore, the self-control status of healthy lifestyle behaviors was converted into two categories based on the distribution of responses. Moreover, serum lipid levels tend to increase with weight gain, because there are sex differences in these levels; hence, sex (male = 1, female = 0) and weight (below median = 1, median or above = 0) were also included in the analysis. Odds ratios (OR) and 95% CI were calculated.


2.6.4.1 Multicollinearity

In selecting independent variables, if the correlation coefficient between two independent variables was r > 0.8, the content of the self-control of lifestyle behaviors was similar, or the variance inflation factor (VIF) exceeded five, then multicollinearity was considered a potential issue (21). In such cases, one of the correlated variables was excluded from the analysis. The variables “avoiding too much snacks” and “avoiding too much juice” were significantly correlated (r = 0.515, p < 0.001) and were judged to have similar content in terms of self-control of lifestyle behavior. Therefore, “avoiding too much snacks” was removed from the set of independent variables. All VIFs for the maintained variables were checked, and the VIF values were within the range of 1–2, indicating no concerns regarding multicollinearity based on VIF.



2.6.4.2 Determination of independent variables

Logistic regression analysis was conducted using a variable reduction method based on likelihood ratio tests. The optimal model was selected through discussion among the authors, accounting for model fit indicators (positive predictive rate, Hosmer-Lemeshow test, and Nagelkerke R2). In addition, in the selected model, variables previously reported as key lifestyle behaviors associated with serum lipids, such as screen time, sleep duration, physical activity, dietary management, body weight, and sex, were confirmed to be included as independent variables (2, 5, 6, 11, 12, 22). During the analysis, if a variable was removed through the reduction process, then such a variable was manually re-entered as an independent variable. All analyses were performed using IBM SPSS Statistics version 25. The significance level was set at p < 0.05.





2.7 Ethical considerations

This study was conducted in accordance with the Declaration of Helsinki and was approved approval from the Ethical Committee for Epidemiology of Hiroshima University (protocol code: E-535-2). All data were anonymized, with physical measurements, blood test results, and lifestyle survey response linked through identification numbers to prevent the identification of individuals. This study is a based on the secondary use of data derived from a health promotion program. Before implementing the health promotion program, local government officials written and oral briefings to children and their parents. For blood testing, a video demonstrating the blood collection procedure was also provided to help prepare the children. Participation in the blood tests was voluntary, and it was clearly explained that those non-participation would entail no disadvantages. Both parental and child consent were required for participation in the blood test. Furthermore, participants were informed that all data would be anonymized, detailed analysis would be conducted at the authors’ affiliated institutions, and that personal information would be protected. Consent for the secondary use of data obtained from the health promotion program was obtained from local government officials.




3 Results


3.1 Basic information

The median for non-HDL-C in the study population was 111 mg/dL. Among the study subjects, 270 had non-HDL-C levels below the median, whereas 275 had levels at or above the median.

The self-control status of lifestyle behaviors of the two groups (non-HDL-C below vs. at or above the median) is presented in Table 1. The self-control status of eating behaviors is presented in Table 2. The physical measurements and serum lipid levels of the subjects are presented in Table 3.


TABLE 3 Physical measurements and serum lipid levels of study subjects.


	Physical measurements and serum lipids
	Male (n = 262)
	Female (n = 283)



	Mean ± SD
	Median
	Mean ± SD
	Median

 

 	Somatometry


 	Height (cm) 	135.53 ± 6.01 	135.60 	135.75 ± 6.68 	135.50


 	Weight (kg) 	32.63 ± 6.68 	31.20 	31.72 ± 6.63 	30.60


 	Body mass index (kg/m2) 	17.6 ± 2.79 	16.90 	17.11 ± 2.63 	16.67


 	Serum lipid levels


 	Total cholesterol (mg/dL) 	172.57 ± 24.80 	170.50 	175.41 ± 24.63 	175.00


 	Triglycerides (mg/dL) 	79.24 ± 46.72 	70.00 	78.69 ± 38.89 	70.00


 	HDL cholesterol (mg/dL) 	61.29 ± 10.75 	61.00 	61.32 ± 12.16 	60.00


 	LDL cholesterol (mg/dL) 	94.84 ± 22.50 	91.50 	97.58 ± 23.07 	96.00


 	*Non-HDL cholesterol (mg/dL) 	111.27 ± 23.57 	109.00 	114.09 ± 23.25 	113.00





*Non-HDL cholesterol = Total cholesterol − HDL cholesterol (mg/dL). SD, standard deviation; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
 



3.2 Differences in non-HDL-C levels based on self-control status of lifestyle behaviors

Non-HDL-C levels were compared between two groups based on the self-control status of lifestyle behaviors. The Shapiro–Wilk test indicated that data were not normally distributed; therefore, the Wilcoxon rank-sum test was used. The group that reported “often” or “sometimes” eating fried foods (median = 110 mg/dL, IQR = 94–124 mg/dL) had significant lower non-HDL-C levels compared with those who reported “not often” or “rarely” consuming fried foods (median = 113 mg/dL, IQR = 100–130 mg/dL; p = 0.008, r = 0.11) (Figure 2A) and in those who reported “not good” or “poor” physical condition or mood on Mondays (median = 108, IQR = 94–125) compared with those who reported “very good” (median = 113, IQR = 99–129; p = 0.010, r = 0.11) (Figure 2B).

[image: Two box plots labeled A and B display non-HDL-C levels in milligrams per deciliter. Plot A compares individuals who consume fried food "often/sometimes" versus "not often/rarely", with the "not often/rarely" group higher than the "often/sometimes" group. Plot B compares non-HDL-C levels concerning physical condition and mood on Monday between “not very good” and “very good,” with the “very good” group higher than “not very good” group.]

FIGURE 2
 Difference in non-HDL-C levels between the two groups based on (A) frequency of fried food consumption and (B) physical condition and mood on Mondays.




3.3 Relationship between non-HDL-C levels and self-control status of lifestyle behavior by logistic regression analysis

Table 4 shows the results of logistic regression analysis examining the relationship between non-HDL-C levels and the self-control status of lifestyle behaviors. The Hosmer–Lemeshow test indicated a good model fit (p = 0.171), positive predictive rate was 59.8%, and Nagelkerke R2 was 0.068.


TABLE 4 The serum lipid levels and the self-control of healthy lifestyle behavior status in logistic regression analysis.


	Variable
	B
	OR
	95% CI
	
p


 

 	Screen time (1: ≤ 2 h per day) 	0.095 	1.10 	0.757–1.599 	0.617


 	Exercise time (1: ≥1 h per day) 	−0.122 	0.885 	0.606–1.293 	0.528


 	Having time for exercise (1: enough time) 	0.423 	1.527 	1.049–2.223 	0.027*


 	Want to exercise more (1: yes) 	−0.193 	0.825 	0.560–1.207 	0.322


 	Being mindful not to snacking while watching television (1: always mindful) 	0.373 	1.452 	0.991–2.127 	0.055


 	Snacking after dinner (1: rarely) 	−0.116 	0.890 	0.615–1.289 	0.539


 	Avoiding too much juice (1: always careful) 	0.128 	1.136 	0.764–1.691 	0.528


 	Avoiding highly salty foods (1: always careful) 	−0.266 	0.766 	0.526–1.115 	0.164


 	Frequency of fried food consumption (1: not much/rarely) 	−0.261 	0.771 	0.528–1.124 	0.176


 	Sleep duration (1: ≥9 h per day) 	−0.193 	0.825 	0.580–1.173 	0.284


 	Physical condition and mood on Mondays (1: very good) 	−0.423 	0.655 	0.454–0.947 	0.024*


 	Weight (1: below the 50th percentile) 	0.451 	1.570 	1.103–2.235 	0.012*


 	Sex (1: male) 	0.371 	1.449 	1.007–2.086 	0.046*





Dependent variable: non-HDL cholesterol level (1 = below the median). *p < 0.05. HDL, high-density lipoprotein; OR, odds ratio; CI, confidence interval.
 

Non-HDL-C levels below the median were significantly associated with the following lifestyle management factors: “having sufficient exercise time” [B = 0.423, OR: 1.527, 95% confidence interval (CI): 1.049–2.223, p = 0.027], “physical condition and mood on Mondays are very good” (B = − 0.423, OR: 0.655, 95% CI: 0.454–0.947, p = 0.024), “body weight below the median” (B = 0.451, OR: 1.570, 95% CI: 1.103–2.235, p = 0.012), and “being male” (B = 0.371, OR: 1.449, 95% CI: 1.007–2.086, p = 0.046), and “mindful not to snack while watching TV” (B = 0.373, OR: 1.452, 95% CI: 0.991–2.127, p = 0.055) may also be associated.




4 Discussion


4.1 Main findings

In this study, participants who frequently consumed fried foods (compared with those who rarely ate them) and those who reported poor physical condition or mood on Mondays (compared with those who reported very good condition) had significantly lower non-HDL-C levels than those in the comparison groups. In addition, logistic regression analysis revealed the following factors as being associated with non-HDL-C levels below the median of the study population: “having sufficient exercise time,” “poor physical or mental condition on Mondays,” “body weight below median” and “being male,” and “mindful not to snack while watching television (adherence to the rules for snacking)” may also be associated.



4.2 Interpretation


4.2.1 Physical measurements

In a previous study, non-HDL-C levels in Japanese 9-year-olds were as follows: male (n = 26,654) had a median of 104 mg/dL, whereas female (n = 51,503) had a median of 109 mg/dL (18). In the present study population, the median non-HDL-C levels were 109 mg/dL for males and 113 mg/dL for females, which are roughly the same values reported in broader studies of Japanese children.



4.2.2 Differences in non-HDL-C levels based on self-control status of lifestyle behaviors

Non-HDL-C levels were significantly lower in children who frequently consumed fried foods compared to those who rarely consumed such foods. Furthermore, children who reported feeling in poor physical condition or mood on Mondays exhibited lower non-HDL-C levels than those who reported feeling very well. We have discussed the key lifestyle factors that 9- to 10-year-old children should manage for maintaining optimal health.


4.2.2.1 Fried food consumption

Non-HDL-C levels were significantly lower in children who consumed fried foods often or sometimes compared with those who rarely ate them. This finding contrasts with those of a previous study, which showed that consuming fried foods four or more times per week is associated with an increased risk of lifestyle-related diseases (23, 24). The relatively low effect size observed in this study may be attributed to the reliance on self-reported data from children, which raises the possibility of recall bias, as 9- to 10-year-olds may not accurately remember their dietary intake (9). Previous studies highlighted the need to consider the complexities of fried food consumption. For instance, meals using polyunsaturated fats, such as olive oil, are considered beneficial for health (23, 25). The control of eating behavior is subject to a multitude of influences, including an individual’s physiological constitution, dietary restrictions, eating patterns and quantities consumed by peers (normative influence), emotional states and stress levels, distracting stimuli, caloric deficits, and food insecurity (hunger) (9). This study did not account for these confounding factors; thus, it cannot definitively determine whether the frequency of fried food consumption should be controlled or adjusted for individuals with low serum lipid levels. Future research should incorporate an analysis of parental responses and the associated factors influencing the consumption of fried foods.



4.2.2.2 Physical condition and mood on Mondays

Children who reported poor physical condition and mood on Mondays had significantly lower non-HDL-C levels. Their physical condition and mood on Monday reflected the self-control status of lifestyle behavior over the weekend, which contradicts our hypothesis that those who feel well on Mondays would have lower serum lipid levels. The effect size observed was minimal, and the analysis indicated the potential influence of confounding variables in the relationship between Monday’s physical condition or mood and serum lipid values. Compared with other days of the week, people are more likely to feel unwell on Mondays (26). Although high non-HDL-C levels including remnant cholesterol, may increase the long-term risk of atherosclerotic disease, from a short-term perspective, they may contribute to improved subjective mood and physical condition. Based on the results of this study, drawing conclusions about the relationship between self-control of weekend healthy lifestyle behavior and serum lipids is not possible. Further analysis incorporating additional data on weekend behaviors is required.




4.2.3 Comprehensive relationship between non-HDL-C levels and self-control of healthy lifestyle behaviors

Logistic regression analysis showed that lower non-HDL-C levels are associated with “having sufficient exercise time,” “poor physical condition and mood on Mondays,” and “Being mindful not to eat snacks while watching television (adhering to rules for snacking)” may be related.


4.2.3.1 Having sufficient exercise time

Sufficient exercise time was associated with lower non-HDL-C levels. Longer exercise duration is associated with lower serum lipid levels and improved health outcomes in children (3, 27, 28). Previous studies have highlighted the importance of exercise in children’s health outcomes (3, 27, 29). This study demonstrates that effective control and adaptation to allocate time for exercise is correlated with reduced serum lipid levels. For the self-control of having sufficient time for exercise, providing knowledge to children on the relationship between health and exercise, adjusting the environment and schedule to make it possible or easier to exercise by parents (4, 5) and supporting children’s efforts to reduce sedentary time and engage in physical activity are important (30). Furthermore, children aged 9–10 years need to transition from parental control to self-control (5), which warrants substantial attention. Self-control for sufficient exercise time is necessary to maintain low serum lipid levels. We believe that focused intervention and education should be provided in preadolescence to foster self-control skills for securing exercise time.



4.2.3.2 Rules for snacking

Proactively ensuring to not eat snacks while watching television may be associated with non-HDL-C levels below the median. Snacking while watching television undermines the intention to eat healthily (8). Moreover, consuming food while watching television and engaging in prolonged snacking leads to an increase in the quantity of food intake (31, 32). In Japan, eating snacks or meals while watching television is repeatedly emphasized as an “unhealthy behavior” from an early age. The absence of significant differences may be attributed to self-reporting bias, as children may perceive these behaviors as undesirable and respond accordingly. Adherence to snacking rules may contribute to maintaining low serum lipid levels. The study does not consider social and environmental factors such as snacks available at home or parental support to help children adhere to the rules for snacking, because it does not include the parents’ responses. Analyses incorporating this information will likely be necessary to further elucidate the relationship between adherence to the rules of children’s snacking and serum lipid levels. Although the association was borderline, we conclude that limiting snacking while watching television may be considered a feasible form of self-control strategy during the critical preadolescent period. Therefore, we conclude that the self-control of snacking among preadolescent children.



4.2.3.3 Physical condition and mood on Mondays

Logistic regression analysis also showed a similar pattern as observed in the difference in non-HDL-C between Monday’s physical condition and mood, which was categorized as either very good or poor. While elevated serum lipid levels are commonly associated with an increased risk of disease, they may also contribute to alleviating discomfort on Mondays. Our hypothesis suggested that favorable conditions on Mondays are indicative of self-control of lifestyle behaviors over the weekend. We anticipated that a sense of wellbeing on Monday would correlate with lower serum lipid levels. However, the data did not support this hypothesis. Although a relationship between physical condition on Mondays and serum lipid levels was observed, this study was unable to conclusively determine that self-control of weekend lifestyle behaviors is a significant factor influencing preadolescent serum lipid levels. To low explanatory power (Nagelkerke R2) and potential unmeasured may have influenced this relationship.



4.2.3.4 Weight and sex

Non-HDL-C levels below the median were associated with body weight below the median and with being male. This finding is consistent with previous studies showing that lower body weight and male sex are associated with lower serum lipid levels (14, 20). Supporting children in evaluating their serum lipid levels, given the biological characteristics of serum lipids is crucial. This support is essential for fostering the self-control of lifestyle behaviors to maintain low serum lipid values.




4.2.4 Self-control of healthy lifestyle behaviors that should be focused on for preadolescence

In children aged 9–10 years, lifestyle behaviors associated with low serum lipid levels included ensuring sufficient exercise time; setting and adhering to rules for snacking may also be associated. These results support our hypothesis that self-control of lifestyle behaviors in preadolescent children contributes to maintaining low-serum lipid levels. Previous research has highlighted the significance of exercise among various lifestyle behaviors in enhancing health outcomes (28). Ensuring sufficient exercise time is beneficial for adults and children, because it aids in maintaining low serum lipid levels. The skill of controlling and ensuring time for exercise is instrumental in improving children’s current and future health outcomes. Furthermore, assisting children in setting and adhering to the rules for snacking is likely a crucial initial step in fostering self-control over their eating behaviors. Acquiring these self-control skills can contribute to the maintenance of low serum lipid levels in children and enhance their current and future health outcomes. These skills are crucial for fostering an independent and healthy lifestyle in the future and should be explicitly taught and reinforced during the preadolescent period.

This study is the first to identify specific daily lifestyle behaviors for children aged 9–10 years for maintaining low serum lipid levels that should be prioritized via self-control.




4.3 Limitations

First, this study relied on a self-administered questionnaire completed by children that has the possibility of self-reporting bias, because children may select exemplary answers of “healthy” behaviors as well as recall bias, as it may be difficult for children to recall and answer about behaviors from a few days ago (9). Measurement bias may occur due to the binary categorization of complex behaviors. This study used secondary data and did not include information about the parents that could influence children’s serum lipid levels, including parental responses regarding children’s lifestyle behaviors. The low effect size and explanatory power may be due to the inability to consider and adjust for confounding factors in the analysis. Second, as a cross-sectional study, a long-term longitudinal survey of the subjects in this study is needed to clarify the long-term effects of self-control of lifestyle behaviors on serum lipid levels. Third, the use of secondary data in this study, which were obtained through a municipal project, original questionnaires, and data, cannot be made public, thereby limiting the reproducibility of the research. The project targeted all fourth-grade children enrolled in public elementary schools within the municipality, to ensure equitable access to benefits and fairness in municipal services. Consequently, the findings of this study are reflective of the children in the targeted area. However, the results may not be directly applicable to urban areas or private elementary schools in other regions, because the project was conducted in public elementary schools located in depopulated regions. The findings can be further generalized by considering the characteristics of different regions and school types (public and private) and analyzing data from children in various regions or private schools.



4.4 Implications for clarity enhancement

This study is notable as it examined the self-control status of healthy lifestyle behaviors associated with serum lipid levels and identified specific behaviors that preadolescent children should focus on for their current and future health from among many lifestyle factors. In addition, at elementary schools or within communities, accurately gathering information such as information about their family, is often challenging due to privacy concerns. Therefore, health education or intervention typically focuses on a child’s response to the self-control status of lifestyle behaviors. Moreover, this study conducted a detailed analysis using data that can be collected on-site, and the findings of this research can be used in elementary schools or communities.

The findings of this study have substantial implications for public health and school health initiatives. In the realm of public health practice, continuing comprehensive educational efforts aimed at increasing residents’ awareness of the importance of having sufficient time for exercise and setting and adherence to the rules for snacking is imperative to maintain optimal serum lipid levels. Concurrently, cultivating environments that promote healthy behaviors, considering both “social and environmental influences, and implementing interventions and health education programs that enhance individuals’ skills in controlling and adapting healthy behaviors are essential. These initiatives are vital for advancing the overall health of the country’s population. Comprehensive enhancements in the social environment have been proposed to facilitate increased physical activity at the community level (4, 33). Moreover, the results underscore the importance of fostering self-control of lifestyle behavior among adults and children. Integrating knowledge and skills in elementary school health education can enhance children’s current and long-term health outcomes. Furthermore, interventions targeting social and environmental influences on behavior, such as raising parental awareness and organizing school events, can extend the impact of educational institutions to the wider community.




5 Conclusion

For preadolescent children, the lifestyle behaviors that should be managed to contribute to low serum lipid levels include ensuring and adjusting exercise time as well as setting and adhering to the rules for snacking. Supporting children to acquire the self-control skills of these lifestyle behaviors may maintain their serum lipid levels at low levels and improve their current and future outcomes.
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