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Abstract
Background
Health and education are closely linked. However, few studies have explored the correlates of children’s academic performance in Japan. We aimed to investigate comprehensively the associations of low academic performance among school children with lifestyles, parental smoke, and socioeconomic status.

Methods
In 2016, children aged 6 to 13 years from the Super Diet Education School Project were surveyed using questionnaires. The survey explored the lifestyles and subjective academic performance of 1663 children and asked their parents about parental smoke and subjective socioeconomic status. Academic performance and socioeconomic status were divided into three levels. Then, we defined subjective academic performance in the lower two levels as low academic performance. The odds ratios (OR) were analyzed by logistic regression analysis.

Results
Among all participants, 299 (18.0%) children reported low academic performance. In general, low academic performance was significantly associated with late wakeup time (OR = 1.36 for 6:30 to < 7 a.m. and OR = 2.48 for ≥ 7 a.m.), screen time ≥ 2 h (OR = 1.35), studying at home < 1 h (OR = 1.82), paternal smoke (OR = 1.47), maternal smoke (OR = 1.87), and low socioeconomic status (OR = 1.48). Analyses stratified by grade showed stronger associations between academic performance and socioeconomic status in senior (OR = 1.62 for middle, OR = 1.52 for low in grades 4 to 6) than in junior children (OR = 1.15 for middle, OR = 1.38 for low in grades 1 to 3).

Conclusions
Children’s lifestyles, parental smoke, and socioeconomic status were significantly associated with low academic performance among Japanese children. Parents and health care providers should take these findings into consideration to prevent children from having low academic performance.
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Introduction
Health and education are closely linked. It is established that academic success in childhood is a strong predictor of future wealth, productivity, and health [1, 2], while children in families with low educational opportunities or socioeconomic status (SES) are at high risk for negative health and developmental outcomes [3, 4]. The health inequalities due to SES have emerged as a public health concern with regard to social instability and national health expenditure [5]. Given these facts, educational authorities and public health decision makers must take children’s academic performance (AP) into consideration to prevent chronic disease and reduce health inequalities.
According to previous studies, children’s AP is associated with sex; obesity; lifestyles such as physical activity, screen time, and diet; and SES [6–9]. Especially, in Western countries, SES is a well-recognized factor affecting children’s AP [10–12]. However, few studies on SES and AP have been conducted in Japan. This can be explained by the fact that historically, there has been strong concern about ranking schools by academic performance in the society and academic institutions, because identifying schools ranked low with AP would lead to prejudice of class or regional discrimination [12]. It was not until the early 2000s, when job instability and economic inequality came to the fore, that a few findings about SES and AP emerged in Japan [12]. Nevertheless, Japan still lacks studies on AP and SES.
The Japan Education Longitudinal Study demonstrated that the AP of 6th-grade elementary school children was positively associated with household income [13]. The Nippon Foundation, which conducted a population study with about 25,000 children in Osaka, also reported that children in households on welfare had lower academic scores than others and that wider score differences were seen in children aged 10 or older [14]. However, these studies mainly focused on study-related factors such as income, parental academic achievement, cram school, and study habit. Other lifestyles of children and parents that can affect children’s cognitive development were not included.
In children, secondhand smoke is thought to increase the risk of physical health problems, such as respiratory disorders and sudden death syndrome, and is also known to be associated with psychosocial problems, such as mental and neuro-behavioral developmental disorders [15, 16]. In addition, a review article showed a significant association between parental smoke and cognitive functioning among children [17]. Recent years have seen legal advances to combat secondhand smoke exposure in Japan [18]; however, no research, to our knowledge, about children’s AP and secondhand smoke to support the governmental legislation has been conducted in the country.
Thus, the purposes of our study were as follows: (1) to comprehensively investigate the associations of children’s AP with their overall lifestyles, parental smoke, and SES in Japan and (2) to conduct grade-stratified analyses to identify whether the strength of the association with AP varies according to age.

Methods
Participants and the Super Diet Education (Shokuiku) Project
The Super Diet Education (Shokuiku) Project was a food education project supported by the Japanese Ministry of Education, Culture, Science and Technology [19, 20]. The overall purposes of the project were to promote healthy lifestyles in school children and improve their health through food education. The project was evaluated using repeated questionnaire surveys before and after food education. The baseline survey (phase 1) was conducted before food education in May 2014. The follow-up surveys were conducted after food education in December 2014 (phase 2) and January 2016 (phase 3). We obtained detailed information on children’s lifestyles, AP, parental smoke, and subjective SES from phase 3 and conducted a cross-sectional study. Participants were 2129 children aged 6 to 13 years who belonged to five public elementary schools in Takaoka city, Toyama, Japan. Takaoka is the second largest city in Toyama Prefecture, which is located approximately in the center of Honshu, Hokuriku district. The city’s population is approximately 170,000.
Twenty children were excluded owing to parents’ illiteracy in Japanese. A total of 1986 children agreed to participate in our survey and returned the questionnaires (response rate 94.2%).

Instruments
We distributed a set of questionnaires to all children via their schools. Teachers explained the purpose of the survey, and the children and their parents completed the questionnaires and returned them to their schools. The questionnaires for children included information on sex; grade (from 1 to 6); overall lifestyles such as diet, sleep, physical activity, screen time, and study duration at home; cram school; and subjective AP. Questionnaires for parents included assessments of parental smoke, subjective SES, and their children’s anthropometry data.
Children’s overall lifestyles (breakfast, physical activity, screen time, and sleep and study habits), daytime sleepiness, and AP were assessed. Responses to breakfast were dichotomized into two groups as follows: “having breakfast every day” or “sometimes to usually skipping breakfast.” Physical activity was divided into three levels: “very often,” “often,” or “rarely to almost never.” We also asked for information on the total screen time and study duration at home on a weekday. Screen time included TV and DVD viewing, gaming, and Internet use. Answers on screen time were categorized from 1 to 6, as follows: 1, no or almost no screen time; 2, < 1 h; 3, 1 to < 2 h; 4, 2 to < 3 h; 5, 3 to < 4 h; and 6, ≥ 4 h. Referring to a report from the Japan Pediatric Association, which recommends a restriction of total screen time to within 2 h a day [21], children were then divided into two groups:“< 2 h” or “≥ 2 h.” The study duration at home was divided into “almost none,” “< 1 h,” “1 to < 2 h,” “2 to < 3 h,” and “≥ 3 h.” Then, the duration was dichotomized into “< 1 h” or “≥ 1 h.” Response to wakeup time and bedtime were categorized into three groups: “< 6:30 a.m.”, “6:30 to < 7:00 a.m.”, and “≥ 7:00 a.m.” for wakeup time, and “< 10:00 p.m.”, “10:00 to < 10:30 p.m.”, and “≥ 10:30 p.m.” for bedtime. In accordance with reports that the average bedtimes for Japanese elementary school children were 9:44 p.m. for grade 3 and 10:04 p.m. for grade 6 [22], we defined “≥ 10:00 p.m.” as late bedtime for children in grades 1 to 3, while “≥ 10:30 p.m.” was defined as late for grades 4 to 6. The validity of the lifestyle questionnaire that assessed physical activity and sleep was examined in our previous study [23]. In that study, frequent physical activity was significantly correlated with increased energy expenditure, mean steps, and mean activity count per day on the Actiwatch (p < 0.05 for a linear trend test). The correlation coefficient between subjective and objective records was 0.97 (p < 0.001) for assumed amount of sleep [24].
From the parents, we obtained children’s height and weight, which were measured in January 2016 by trained school nurses. The percentage of obesity is usually assessed in the School Health Statistics Research in Japan [25]. Age-, sex-, and height-based ideal body weight (BW; kg) was calculated based on the national statistics [25], from which the percentage of deviance from the ideal BW was calculated [(individual BW − ideal BW)/ideal BW]. The percentage of obesity was reported to have a strong correlation with body mass index (BMI) Z score (R2 = 0.957 for boys and 0.949 for girls) [26]. Children who are more than 20% over their ideal BW are regarded as obese in Japan, which Isojima et al. reported to be almost equivalent to those above the 95th percentile of their age- and sex-specific BMI [26].
Regarding subjective AP, we asked children, “Are you able to understand school lesson well?” The responses were on a 5-point scale and collapsed into three: “well or relatively well,” “relatively poor or poor,” and “neither.” Then, the latter two responses were defined as low AP. Self-reported grades and scores have previously been reported to be generally accurate [27]. Subjective AP is widely used as a feasible surrogate variable [1, 8, 28], especially in Japan, where access to children’s actual academic data for research is limited [12].
The question on parental smoking was answered with “yes” or “no.” Regarding SES, we asked parents about their subjective family affluence. The responses to the question were divided into three categories: “affluent,” “no affluent,” and “neither,” and we defined them as “high,” “low,” and “middle” SES, respectively.

Data analysis
Taking children’s grade (age) differences for lifestyles into consideration, we divided them into two groups, junior (1–3) and senior (4–6) grades, for descriptive data. A chi-squared test was conducted to compare variables by group. Next, univariate and multivariate logistic regression analyses were conducted to evaluate the associations between children’s lifestyles, obesity, parental smoke, SES, and low AP. Following the overall analysis, analyses stratified by grade (junior and senior) were performed to identify the age-related differences in the association with AP. The odds ratios (OR) and 95% confidence intervals (CI) were calculated. Finally, as a post hoc test, we calculated the rates of lifestyles by SES. Analyses were conducted using the Statistical Package for Social Scientists (SPSS) version 25.0 J (SPSS, Chicago, IL, USA). A two-tailed p value of less than 0.05 was considered statistically significant.


Results
Out of the 1986 participants who returned their questionnaires, 1663 school children [78.1%; 829 boys and 834 girls, mean 9.5 years old (1.75 SD)] who answered all the questions relevant to the present study were included in our analyses. In total, 18.0% of children (n = 299), who answered “relatively poor or poor AP” or “neither,” were defined as displaying low AP. In comparison with children in junior grades (1–3), those in senior grades were more likely to skip breakfast, have longer screen time, daytime sleepiness, later bedtime, and long study duration at home and were less likely to be physically active. There were no significant differences in wakeup time, obesity, cram school, parental smoke, and SES (Table 1). Compared to the children included in our analyses, those who were excluded (n = 466, 21.9%) were more likely to have low AP (30.4% vs 18.0%), low SES (44.0% vs 24.5%), screen time ≥ 2 h (50.0% vs 38.9%), and maternal smoke (23.6% vs 10.9%).Table 1Characteristics of participants by grade


	 	Junior (1–3)
	Senior (4–6)
	 
	Total n = 1663
	n = 826 (%)
	n = 837 (%)
	P value

	Sex (boy)
	50.1
	49.6
	0.83

	Wakeup time on week day

	 < 6:30 a.m.
	52.8
	48.6
	0.07

	 6:30 to < 7:00
	44.2
	46.6
	 
	 ≥ 7:00
	3.0
	4.8
	 
	Skipping breakfast (yes)
	4.5
	8.7
	< 0.001

	Screen time on week day (≥ 2 h)
	34.5
	43.2
	< 0.001

	Physical activity

	 Very often
	28.3
	28.7
	< 0.001

	 Often
	48.8
	39.7
	 
	 Rarely
	22.9
	31.7
	 
	Bedtime on week day

	 < 10 p.m.
	88.6
	53.7
	< 0.001

	 10 to < 10:30
	9.2
	31.2
	 
	 10:30 or later
	2.2
	15.2
	 
	Daytime sleepiness (yes)
	12.8
	20.9
	< 0.001

	Obesity (yes)
	8.2
	7.8
	0.73

	Cram school (yes)
	23.0
	27.0
	0.06

	Study duration at home (< 1 h)
	74.8
	50.3
	< 0.001

	Paternal smoke (yes)
	42.1
	46.2
	0.09

	Maternal smoke (yes)
	10.2
	11.7
	0.32

	Subjective SES

	 High
	28.3
	26.9
	0.73

	 Middle
	47.8
	47.9
	 
	 Low
	23.8
	25.2
	 
	Subjective academic performance
	 	 	0.20

	 Well or relatively well
	82.4
	81.6
	 
	 Neither
	11.9
	14.1
	 
	 Relatively poor or poor
	5.7
	4.3
	 

Pearson chi-square test
SES, socioeconomic status



In Table 2, logistic regression analyses were performed to determine the association between children’s lifestyles, parental smoke, SES, and low AP in overall children. For univariate analysis, late wakeup time (OR 1.49; 95% CI, 1.15–1.93 for 6:30 to < 7:00 and OR 2.77; 95% CI, 1.59–4.81 for ≥ 7:00), skipping breakfast (OR 1.70; 95% CI, 1.09–2.65), screen time ≥ 2 h (OR 1.59; 95% CI, 1.24–2.05), studying at home < 1 h (OR 1.89; 95% CI, 1.43–2.50), paternal smoke (OR 1.66; 95% CI, 1.29–2.14), maternal smoke (OR 2.34; 95% CI, 1.66–3.29), and SES (OR 1.43; 95% CI, 1.04–1.97 for middle SES and OR 1.62; 95% CI, 1.14–2.32 for low SES) were associated with low AP in children. In the multivariate analysis, late wakeup time (OR 1.36; 95% CI, 1.03–1.48 for 6:30 to < 7:00 and OR 2.48; 95% CI, 1.36–4.05 for ≥ 7:00), screen time ≥ 2 h (OR 1.35; 95% CI, 1.04–1.76), studying at home < 1 h (OR 1.82; 95% CI, 1.34–2.49), paternal smoke (OR 1.47; 95% CI, 1.12–1.92), maternal smoke (OR 1.87; 95% CI, 1.29–2.72), and low SES (OR 1.48; 95% CI, 1.03–2.14) had significant associations with low AP. Less physically active children were likely to have low AP; however, the association was not significant.Table 2Overall analyses on low academic performance n = 1663


	 	Low academic
	Univariate
	 	Multivariatea
	 
	%
	OR (95% CI)
	
                            p
                          
	OR (95% CI)
	
                            p
                          

	Sex (girl/boy)
	17.4/18.6
	0.92 (0.72–1.19)
	0.53
	1.00 (0.77–1.31)
	0.98

	Senior grade (4–6)/junior (1–3)
	18.4 / 17.6
	1.06 (0.82–1.36)
	0.65
	1.11 (0.84–1.45)
	0.47

	Wakeup time on week day

	 < 6:30 a.m.
	14.7
	1
	 	1
	 
	 6:30 to < 7:00
	20.4
	
                            1.49 (1.15–1.93)
                          
	
                            < 0.01
                          
	
                            1.36 (1.03–1.78)
                          
	
                            0.03
                          

	 ≥ 7:00
	32.3
	
                            2.77 (1.59–4.81)
                          
	
                            < 0.001
                          
	
                            2.48 (1.36–4.50)
                          
	
                            < 0.01
                          

	Skipping breakfast (yes/no)
	26.4/17.4
	
                            1.70 (1.09–2.65)
                          
	
                            0.02
                          
	1.10 (0.68–1.78)
	0.71

	Screen time on week day (≥ 2 h/< 2 h)
	22.3/15.3
	
                            1.59 (1.24–2.05)
                          
	
                            < 0.001
                          
	
                            1.35 (1.04–1.76)
                          
	
                            0.03
                          

	Physical activity
	 	 	 	 	 
	 Very often
	15.6
	1
	 	1
	 
	 Often
	18.4
	1.22 (0.89–1.66)
	0.22
	1.30 (0.94–1.79)
	0.11

	 Rarely
	19.8
	1.34 (0.95–1.88)
	0.09
	1.33 (0.93–1.90)
	0.11

	Bedtime on week day (late/not late) late: ≥ 10 for junior, and ≥ 10:30 for senior grades children
	20.8/17.5
	1.23 (0.87–1.76)
	0.24
	0.87 (0.59–1.28)
	0.49

	Daytime sleepiness (yes/no)
	21.0/17.4
	1.27 (0.92–1.74)
	0.15
	1.10 (0.78–1.54)
	0.58

	Obesity (yes/no)
	20.3/17.8
	1.18 (0.76–1.83)
	0.47
	1.07 (0.67–1.70)
	0.78

	Cram school (no/yes)
	19.1/14.7
	
                            1.37 (1.01–1.86)
                          
	
                            0.04
                          
	1.01 (0.73–1.40)
	0.96

	Study duration at home (<1 h/≥ 1 h)
	21.5/12.5
	
                            1.89 (1.43–2.50)
                          
	
                            < 0.001
                          
	
                            1.82 (1.34–2.49)
                          
	
                            < 0.001
                          

	Paternal smoke (yes/no)
	22.2/14.7
	
                            1.66 (1.29–2.14)
                          
	
                            < 0.001
                          
	
                            1.47 (1.12–1.92)
                          
	
                            < 0.01
                          

	Maternal smoke (yes/no)
	31.3/16.3
	
                            2.34 (1.66–3.29)
                          
	
                            < 0.001
                          
	
                            1.87 (1.29–2.72)
                          
	
                            < 0.001
                          

	Subjective SES

	 High
	13.9
	1
	 	
                            1
                          
	 
	 Middle
	18.8
	
                            1.43 (1.04–1.97)
                          
	
                            0.03
                          
	1.37 (0.99–1.90)
	0.06

	 Low
	20.8
	
                            1.62 (1.14–2.32)
                          
	
                            < 0.01
                          
	
                            1.48 (1.03–2.14)
                          
	
                            0.04
                          


SES socioeconomic status, OR odds ratio, CI confidence interval
aAll variables were simultaneously included in the multivariate model. The numbers in Italics showed a statistical significant



Table 3 shows the results of logistic regression analyses on low AP stratified by grade. In children in junior grades (1 to 3), fundamental lifestyles such as late wakeup time ≥ 7:00 (OR 3.47; 95% CI, 1.41–8.53), rare physical activity (OR 1.84; 95% CI, 1.09–3.21), studying at home < 1 h (OR 1.81; 95% CI, 1.08–3.02), and both parental smoke (OR 1.67; 95% CI, 1.13–2.48 for father and OR 2.28; 95% CI, 1.32–3.94 for mother) were significantly associated with low AP, while SES was not. In contrast, SES was significantly or marginally associated with low AP in children in senior grades (OR 1.62; 95% CI, 1.02–2.58 for middle SES and OR 1.52; 95% CI, 0.92–2.57 for low SES). Short study duration showed higher OR with low AP than did SES.Table 3Logistic regression analyses on low academic performance by grade n = 1663


	 	Junior grade (1 to 3)
	Senior grade (4 to 6)

	Low academic
	Univariate
	Multivariatea
	 	Univariate
	Multivariatea

	%
	OR (95% CI)
	OR (95% CI)
	%
	OR (95% CI)
	OR (95% CI)

	Sex (girl/boy)
	15.8/19.3
	0.78 (0.55–1.12)
	0.79 (0.54–1.16)
	19.0/17.8
	1.08 (0.76–1.53)
	1.30 (0.89–1.89)

	Wakeup time on week day

	 < 6:30 a.m.
	14.7
	1
	1
	14.7
	1
	1

	 6:30 to < 7:00
	19.5
	1.40 (0.97–2.03)
	1.27 (0.86–1.89)
	21.3
	
                            1.56 (1.08–2.25)
                          
	1.38 (0.94–2.03)

	 ≥ 7:00
	40.0
	
                            3.88 (1.67–9.00)
                          
	
                            3.47 (1.41–8.53)
                          
	27.5
	
                            2.19 (1.04–4.63)
                          
	1.84 (0.85–4.43)

	Skipping breakfast (yes/no)
	32.4/16.9
	
                            2.37 (1.16–4.83)
                          
	1.27 (0.56–2.87)
	23.3/17.9
	1.39 (0.78–2.47)
	0.99 (0.53–1.84)

	Screen time on week day (≥ 2 h/< 2 h)
	23.5/14.4
	
                            1.82 (1.27–2.63)
                          
	1.45 (0.98–2.15)
	21.3/16.2
	1.40 (0.98–1.98)
	1.29 (0.89–1.88)

	Physical activity

	 Very often
	14.1
	1
	1
	17.1
	1
	 
	 Often
	16.6
	1.22 (0.77–1.91)
	1.49 (0.92–2.40)
	20.5
	1.25 (0.81–1.92)
	1.22 (0.78–1.90)

	 Rarely
	23.8
	
                            1.90 (1.16–3.13)
                          
	
                            1.84 (1.09–3.12)
                          
	17.0
	0.99 (0.62–1.58)
	0.99 (0.61–1.62)

	Bedtime on week day (late/not late) late: ≥ 10 for junior and ≥ 10:30 for senior grades children
	22.3/16.9
	1.41 (0.84–2.38)
	0.92 (0.51–1.64)
	19.7/18.2
	1.10 (0.69–1.78)
	0.86 (0.51–1.46)

	Daytime sleepiness (yes/no)
	23.6/16.7
	1.54 (0.95–2.52)
	1.41 (0.83–2.40)
	19.4/18.1
	1.09 (0.71–1.66)
	0.98 (0.63–1.53)

	Obesity (yes/no)
	20.6/17.3
	1.24 (0.67–2.30)
	1.00 (0.52–1.93)
	20.0/18.3
	1.12 (0.59–2.10)
	1.17 (0.60–2.27)

	Cram school (no/yes)
	18.6/14.2
	1.38 (0.87–2.17)
	1.01 (0.62–1.66)
	19.6/15.0
	1.38 (0.91–2.09)
	1.03 (0.66–1.61)

	Study duration at home (< 1/≥ 1 h)
	19.7/11.1
	
                            1.98 (1.23–3.19)
                          
	
                            1.81 (1.08–3.02)
                          
	23.5/13.2
	
                            2.02 (1.41–2.90)
                          
	
                            1.92 (1.29–2.85)
                          

	Paternal smoke (yes/no)
	23.3/13.4
	
                            1.96 (1.37–2.82)
                          
	
                            1.67 (1.13–2.48)
                          
	21.2/16.0
	1.41 (0.99–2.00)
	1.27 (0.87–1.84)

	Maternal smoke (yes/no)
	35.7/15.5
	
                            3.03 (1.86–4.94)
                          
	
                            2.28 (1.32–3.94)
                          
	27.6/17.2
	
                            1.83 (1.13–2.97)
                          
	1.56 (0.92–2.64)

	Subjective SES
	 	 	 	 	 	 
	 High
	14.5
	1
	1
	13.3
	
                            1
                          
	
                            1
                          

	 Middle
	17.5
	1.25 (0.80–1.95)
	1.15 (0.72–1.84)
	20.2
	
                            1.65 (1.04–2.59)
                          
	
                            1.62 (1.02–2.58)
                          

	 Low
	21.3
	1.59 (0.97–2.62)
	1.38 (0.82–2.34)
	20.4
	
                            1.66 (1.00–2.77)
                          
	1.52 (0.92–2.57)


SES socioeconomic status, OR odds ratio, CI confidence interval
aAll variables were simultaneously included in the multivariate model. The numbers in Italics showed a statistical significant



As an additional test, we demonstrated lifestyle differences by SES (Table 4). Children of lower SES tended to watch screen longer, stay up late, and feel sleepy and were less likely to go to cram school. There was no significant trend in parental smoke in terms of family affluence.Table 4Subjective SES and lifestyles n = 1663


	 	Subjective SES (%)
	Chi-square
	Trend

	 	High
	Middle
	Low
	
                            p
                          
	
                            p
                          

	Wakeup time on week day ≥ 7:00 a.m.
	3.9
	3.6
	4.4
	0.55
	0.59

	Skipping breakfast (yes)
	5.0
	6.8
	8.1
	0.18
	0.07

	Screen time on week day (≥ 2 h)
	
                            34.2
                          
	
                            40.1
                          
	
                            41.9
                          
	
                            0.04*
                          
	
                            0.02*
                          

	Physical activity

	 Very often
	28.1
	28.0
	29.9
	0.82
	0.86

	 Often
	46.0
	43.6
	43.4
	 	 
	 Rarely
	25.9
	28.4
	26.7
	 	 
	Late bedtime on week day (≥ 10 for junior, and ≥ 10:30 for senior grades children)
	
                            10.9
                          
	
                            13.4
                          
	
                            15.7
                          
	
                            0.11
                          
	
                            0.04*
                          

	Daytime sleepiness (yes)
	
                            12.6
                          
	
                            17.3
                          
	
                            20.8
                          
	
                            < 0.01*
                          
	
                            < 0.01*
                          

	Obesity (yes)
	7.2
	8.4
	8.1
	0.74
	0.61

	Cram school (yes)
	
                            29.0
                          
	
                            24.2
                          
	
                            22.1
                          
	
                            0.05
                          
	
                            0.02*
                          

	Study duration at home (< 1 h)
	61.0
	61.1
	66.9
	0.10
	0.08

	Paternal smoke (yes)
	42.0
	45.6
	43.9
	0.47
	0.56

	Maternal smoke (yes)
	8.5
	11.7
	12.3
	0.14
	0.07


Chi-square and trend test
SES socioeconomic status
*p < 0.05. The numbers in Italics showed a statistical significant




Discussion
We demonstrated that 18% of children reported having subjectively low AP, which was associated with late wakeup time, prolonged screen time, short study duration at home, both parental smoke, and low SES. Moreover, our findings showed that though SES was significantly associated with AP among elementary school children, wakeup and study habits had stronger associations with low AP than did SES. In stratified analyses, fundamental lifestyles including sleep, physical activity, and study habits, and both parental smoke were significantly associated with low AP in younger children, while in older children, only study duration and lower SES were associated with low AP. Stronger associations between AP and SES were seen in senior (grades 4 to 6) than in junior children.
Basic characteristics
Compared to the national survey showing that about 30% of elementary school children had subjectively poor AP [29], the proportion in our study was a little lower (18%). In fact, the average scores of children in this prefecture in the national exam have been slightly higher than the national average [30]. Regional academic atmosphere and teachers’ attitudes might affect children’s AP. In our study, the prevalence of low AP did not differ greatly by sex. Some previous studies showed that girls were likely to have better AP than boys [8, 31, 32], but results are inconsistent. Faught et al. reported that girls had better scores in writing and reading but not in mathematics [6]. The fact that our questionnaire considered subjective AP in general and did not take into account objective scores for each subject could explain why sex differences in AP were not generated.

Breakfast and sleep
Many previous studies have shown that dietary habits such as skipping breakfast and vegetable intake are associated with low AP [7, 9]. Although there was a significant association in the univariate analysis, the association disappeared in the multivariate analysis. The possible explanations for this are that only a small proportion of children in our study skipped breakfast and that there might be a correlation between skipping breakfast and wakeup time, that is, children who wake up later tend to skip breakfast.
The association between sleep and AP among children has previously been demonstrated [33, 34]. A review by Dewald et al. showed that sleepiness and insufficient sleep were associated with low AP [34]. However, in our study, bedtime and daytime sleepiness did not have a significant association with low AP. A possible reason for this difference is that there might be a curvilinear trend: children who stay up late and experience daytime sleepiness are likely to study till late at night. Actually, in a study from 1125 Japanese 4th-grade children, Oka et al. reported that those with both low and high AP tended to go to bed later than those with average AP [35]. This might nullify the association between bedtime, daytime sleepiness, and AP. In contrast, late wakeup was strongly associated with low AP in this study. In the past, there have been studies to assess the relationship of morning preference with children’s AP [35, 36]. Gaina et al. reported that children with evening preference tended to have longer sleep latency and felt worse in the morning than those with morning preference [37]. It is probable that morning preference affects motivation and subjective AP. Thus, we suggest the importance of morning preference as a contributing factor to school performance among elementary school children.

Screen time and physical activity
There have been several studies describing the association between screen time, physical activity, and AP [6, 9, 31]. Similarly, two or more hours of screen time was significantly associated with low AP in our study, even after adjusting for other aspects of lifestyle and family environments. Our findings can support the proposal from the Japan Pediatric Association to limit screen time to 2 h a day to lead a healthy life [21], as well as to prevent low AP for elementary school children.
With regard to physical inactivity, the results of the association with AP in previous studies have been inconsistent. Although several studies showed a significant association [28, 31, 38], Faught et al. reported no association between physical activity and AP in grade 5 students [6]. In our study, while there was no significant association overall, the grade-stratified analyses demonstrated a significant association among children in junior grades and no association in senior grades. A plausible explanation for the lack of association in children in senior grades may be that SES has more of an influence on AP in senior grades than it does in junior grades, via going to quality cram school or purchasing additional textbooks. As a result, physical activity might not correlate with children’s AP in senior grades.

Parental smoke
Prenatal and postnatal secondhand smoke exposure were shown to be associated with poor cognitive parameters in children [17, 39]. A significant inverse relationship between serum cotinine level and reading and math scores has been reported [40]. In line with such studies, our results showed that both parental smoke was significantly associated with low AP, especially in the context of maternal smoke. Although the mechanisms by which secondhand smoke exerts its effects on cognitive functions are still unknown, two substances—carbon monoxide that may deplete oxygen supply to the brain and nicotine or cotinine that would affect both the survival and growth of essential nervous system components—are thought to cause low mental performance [41, 42]. Our findings pose important public health implications. In Japan, governmental tobacco control measures target mainly public places such as schools, hospitals, restaurants, and public transport, not individual homes [18]. To reduce children’s secondhand smoke exposure, additional policy measures are needed.
Analyses stratified by grade showed that in children in junior grades (1 to 3), parental smoke was strongly associated with low AP. This might stem from the amount of time spent with parents at that age. Padrón et al. demonstrated a dose-response relationship between secondhand smoke exposure and psychological distress in adolescents; those exposed to secondhand smoke for less than 1 h at a time did not display an association with psychological distress [15]. Our findings may be explained by the fact that children in junior grades spend more time with their parents, especially their mothers, than do those in senior grades. Health care providers, parents, and policymakers should be aware of younger children’s vulnerability to secondhand smoke.

Socioeconomic status
We demonstrated that SES was inversely associated with low AP, even after adjusting for sex, grade, lifestyles, and parental smoke. Our findings were in accordance with previous studies from other countries [10, 16, 43]. To date, there have been few studies clarifying children’s AP and SES in Japan [13, 14], and the ones that have been conducted have focused on learning-related activity such as attending cram school, visiting museums, and parental expectations. To the best of our knowledge, this is the first study to comprehensively clarify the association between children’s lifestyles, parental smoke, SES, and AP in Japan.
From the grade-stratified analyses, it emerged that the association between low AP and SES was stronger in senior than in junior grades. This can support the Nippon Foundation report demonstrating that the academic difference due to SES widened in children aged 10 or older [14]. In addition, we showed that late wakeup and short study duration at home had higher ORs with low AP than did SES (Table 2). These findings can encourage children belonging to less affluent households. From the additional analysis, children of lower SES were more likely to have long screen time, stay up late, and feel sleepy in the daytime (Table 4). These unhealthy lifestyles may partly account for the academic inequality. Teachers and health providers should help all children establish regular, morning preference lifestyles and limit screen time. Parents need to understand the harm secondhand smoke causes to children.

Strengths and limitations
This study involved elementary school children in a relatively homogeneous setting, owing to the lack of private schools in the prefecture. All children attend public school, thereby that can enhance the generalizability of our findings. The high response rate by children, as well as parents, should be considered as strength. We conducted a rare survey to comprehensively assess the association of low AP among school children with their lifestyles, parental smoke, and SES in Japan. However, our study has some limitations. First, SES was evaluated by only one questionnaire: subjective family affluence. This is because it is still hard to obtain SES variables, such as annual household income and parental educational level and occupation, in the school setting in Japan [12]. Instead, subjective affluence has been used in many Japanese studies [44, 45]. Further studies should use objective data to assess the economic status and children’s AP in Japan. Second, our study design was cross-sectional, so we were not able to infer causation. Longitudinal studies will be needed to clarify the effect of parental smoke, SES, and children’s lifestyles on their AP. Third, we cannot discount the possibility of a selection bias with regard to the children included in and excluded from our analysis (1663, 78.1% and 466, 21.9%, respectively), which might attenuate the association of subjective AP and independent variables because the prevalence of low AP, low SES, screen time ≥ 2 h, and maternal smoke were higher in excluded children. Our findings should be treated with caution as the associations of AP with these variables might have been underestimated.


Conclusions
Our study provides data about low AP and its correlates among Japanese elementary school children. Short study duration at home, late wakeup, prolonged screen time, parental smoke, and low SES are independently associated with low AP. Short study duration and late wakeup were more strongly associated with low AP than was low SES. Moreover, both parental smoke also had a significant association. Parents, health practitioners, and policymakers should pay more attention to SES and parental and children’s lifestyle factors to prevent low AP and to close academic inequality.

Acknowledgements
We express our great appreciation to all children and their parents participating in this study. We are indebted to the principals and school nurses in the five elementary school in Toyama Prefecture for their help and co-operation in the study. We also acknowledge for Toyama Prefecture and Takaoka City Education Committee for admitting our study implement and their help.
Funding
No funding.

Availability of data and materials
The data we used to derive our findings are unsuitable for public deposition due to ethical restrictions and specific legal framework in Japan. It is prohibited by the Act on the Protection of Personal Information (Act No. 57 of 30 May 2003, amended on 9 September 2015) to publicly deposit data containing personal information. The Ethical Guidelines for Epidemiological Research enforced by the Japan Ministry of Education, Culture, Sports, Science, and Technology and the Ministry of Health, Labor and Welfare also restrict the open sharing of the epidemiologic data.


Authors’ contributions
MY, MS, and TT designed the study, and MY and MS performed the Super Diet Education Project. MY and YA collected and analyzed the data. MY wrote the manuscript. MS, YA, and TT gave technical support and conceptual advice. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The survey was approved by the Ethics Committee of the University of Toyama (H28-137). Written informed consent was obtained from all the school children and their parents, and participation was voluntary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Øverby NC, Lüdemann E, Høigaard R. Self-reported learning difficulties and dietary intake in Norwegian adolescents. Scand J Public Health. 2013;41(7):754–60. https://​doi.​org/​10.​1177/​1403494813487449​.CrossrefPubMed

2.
Woolf SH. Potential health and economic consequences of misplaced priorities. JAMA. 2007;297(5):523–6.Crossref

3.
Duncan GJ, Brooks-Gunn J. Consequences of growing up poor. New York: Russell Sage Foundation; 1997.

4.
Bicego GT, Boerma JT. Maternal education and child survival: a comparative study of survey data from 17 countries. Soc Sci Med. 1993;36(9):1207–27.Crossref

5.
Kondo K. Surviving health inequality. Tokyo: Asahi Shimbun Publications; 2010. (in Japanese)

6.
Faught EL, Ekwaru JP, Gleddie D, Storey KE, Asbridge M, Veugelers PJ. The combined impact of diet, physical activity, sleep and screen time on academic achievement: a prospective study of elementary school students in Nova Scotia, Canada. Int J Behav Nutr Phys Act. 2017;14(1):29. https://​doi.​org/​10.​1186/​s12966-017-0476-0.CrossrefPubMedPubMedCentral

7.
Burrows T, Goldman S, Pursey K, Lim R. Is there an association between dietary intake and academic achievement: a systematic review. J Hum Nutr Diet. 2017;30(2):117–40. https://​doi.​org/​10.​1111/​jhn.​12407. Epub 2016 Sep 7.CrossrefPubMed

8.
Kohyama J. Self-reported academic performance and lifestyle habits of school children in Japan. Int J Child Health Nutr. 2017;6:90–7.Crossref

9.
Stea TH, Torstveit MK. Association of lifestyle habits and academic achievement in Norwegian adolescents: a cross-sectional study. BMC Public Health. 2014;14:829. https://​doi.​org/​10.​1186/​1471-2458-14-829.CrossrefPubMedPubMedCentral

10.
Sirin SR. Socioeconomic status and academic achievement: a meta-analytic review of research. Rev Educ Res. 2005;75:417–53.Crossref

11.
Considine G, Zappala G. The influence social and economic disadvantage in the academic performance of school children in Australia. J Sociol. 2002;38:129–48.Crossref

12.
Fukuoka Education University. Research report to analyses socioeconomic status of school children, commissioned by Ministry of Education, Culture, Sports, Science and Technology-Japan. Accessed 2 Dec 2018. http://​www.​mext.​go.​jp/​component/​a_​menu/​education/​micro_​detail/​_​_​icsFiles/​afieldfile/​2017/​11/​28/​1398296_​1.​pdf (in Japanese).

13.
Nakanishi H. Analysis in arithmetic by panel data. Report from Japan Educational Longitudinal Study 16. 2013. http://​www.​li.​ocha.​ac.​jp/​ug/​hss/​edusci/​mimizuka/​JELS_​HP/​bao_​gao_​shulun_​wen_​files/​JELSreport_​16.​pdf. (in Japanese) Accessed 27 Feb 2019.

14.
Relationship between household economic gap and cognitive and non-cognitive skill. The Nippon Foundation. Accessed 6 Dec 2018. https://​www.​nippon-foundation.​or.​jp/​what/​projects/​ending_​child_​poverty/​img/​5.​pdf#search=​'日本財団+箕面市+家庭の経済' (in Japanese).

15.
Padrón A, Galán I, Rodríguez-Artalejo F. Second-hand smoke exposure and psychological distress in adolescents. A population-based study. Tob Control. 2014;23(4):302–7. https://​doi.​org/​10.​1136/​tobaccocontrol-2012-050548.CrossrefPubMed

16.
Bandiera FC, Richardson AK, Lee DJ, He JP, Merikangas KR. Secondhand smoke exposure and mental health among children and adolescents. Arch Pediatr Adolesc Med. 2011;165(4):332–8. https://​doi.​org/​10.​1001/​archpediatrics.​2011.​30.CrossrefPubMedPubMedCentral

17.
Chen R, Clifford A, Lang L, Anstey KJ. Is exposure to secondhand smoke associated with cognitive parameters of children and adolescents?--a systematic literature review. Ann Epidemiol. 2013;23(10):652–61.Crossref

18.
Measurement for secondhand smoke exposure. Ministry of Health, Labour and welfare in Japan. Accessed 6 Dec 2018. https://​www.​mhlw.​go.​jp/​stf/​seisakunitsuite/​bunya/​0000189195.​html (in Japanese).

19.
The Super Diet Education (Shokuiku) Project. Ministry of Education, Culture, Science and Technology in Japan (MEXT). Accessed 19 Dec 2018. http://​www.​mext.​go.​jp/​a_​menu/​sports/​syokuiku/​1353368.​htm. (in Japanese).

20.
Yamada M, Sekine M, Tatsuse T. Parental internet use and lifestyle factors as correlates of prolonged screen time of children in Japan: results from the super Shokuiku school project. J Epidemiol. 2018;28(10):407–13. https://​doi.​org/​10.​2188/​jea.​JE20170100.CrossrefPubMedPubMedCentral

21.
Proposal for children’s media use. The Japan Pediatric Association. Accessed 2 Dec 2018. http://​www.​jpa-web.​org/​dcms_​media/​other/​ktmedia_​teigenzenbun.​pdf. (in Japanese).

22.
Nihon Kodomo Katei Sougoukennkyuusyo. Almanac of data on Japanese children 2016. KTC chuoshuppann, Tokyo, Japan. (in Japanese).

23.
Chen X, Sekine M, Hamanishi S, et al. Validation of a self-reported physical activity questionnaire for schoolchildren. J Epidemiol. 2003;13:278–87.Crossref

24.
Gaina A, Sekine M, Chen X, Hamanishi S, Kagamimori S. Sleep parameters recorded by Actiwatch in elementary school children and junior high school adolescents: schooldays vs weekends. Sleep Hypn. 2004;6:55–66.

25.
Manual for Health Check among school children, revised version. Nihon Gakko Hokenkyoukai, Tokyo; Nihon Gakko Hokenkyoukai. 2006. (in Japanese).

26.
Isojima G, Naiki Y, Horikawa R, Yokoya S, Tanaka T. Correlation between body mass index z score and percent obesity in Japanese children in Akita prefecture. Himankenkyu. 2008;14(2):159–65 (in Japanese).

27.
Kuncel NR, Crede M, Thomas LL. The validity of self-reported grade point average, class ranks, and test score: a meta-analysis and review of the literature. Rev Educ Res. 2005;75:62–82.Crossref

28.
Stroebele N, McNally J, Plog A, Siegfried S, Hill JO. The association of self-reported sleep, weight status, and academic performance in fifth-grade students. J Sch Health. 2013;83(2):77–84. https://​doi.​org/​10.​1111/​josh.​12001.CrossrefPubMedPubMedCentral

29.
Subjective Academic Performance. [Homepage on the internet] Ministry of Education, Culture, Sports, Science and Technology-Japan. Accessed 2 Dec 2018. http://​www.​mext.​go.​jp/​b_​menu/​shingi/​chukyo/​chukyo3/​029/​siryo/​attach/​1401834.​htm (in Japanese).

30.
National examination in 2017. Hot Hot Takaoka, Takaoka city. Accessed 2 Dec 2018. https://​www.​city.​takaoka.​toyama.​jp/​school/​documents/​takaokakekka.​pdf (in Japanese).

31.
Torrijos-Niño C, Martínez-Vizcaíno V, Pardo-Guijarro MJ, García-Prieto JC, Arias-Palencia NM, Sánchez-López M. Physical fitness, obesity, and academic achievement in schoolchildren. J Pediatr. 2014;165(1):104–9. https://​doi.​org/​10.​1016/​j.​jpeds.​2014.​02.​041.CrossrefPubMed

32.
Faught EL, Williams PL, Willows ND, Asbridge M, Veugelers PJ. The association between food insecurity and academic achievement in Canadian school-aged children. Public Health Nutr. 2017;20(15):2778–85. https://​doi.​org/​10.​1017/​S136898001700156​2. Epub 2017 Jul 20.CrossrefPubMed

33.
Schmidt RE, Van der Linden M. The relations between sleep, personality, behavioral problems, and school performance in adolescents. Sleep Med Clin. 2015;10(2):117–23. https://​doi.​org/​10.​1016/​j.​jsmc.​2015.​02.​007. Epub 2015 Mar 12.CrossrefPubMed

34.
Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, Bögels SM. The influence of sleep quality, sleep duration and sleepiness on school performance in children and adolescents: a meta-analytic review. Sleep Med Rev. 2010;14(3):179–89 doi: 0.1016/j.smrv.2009.10.004. Epub 2010 Jan 21.Crossref

35.
Oka Y, Horiuchi F. Academic performance and sleep in elementary school children. Prog Med 2015; 35:29–33. (in Japanese) http://​mol.​medicalonline.​jp/​library/​journal/​download?​ GoodsID=ai5prmda/2015/003501/005&name=0029-0033j&UserID=202.251.159.113&base=jamas_pdf. Accessed 27 Feb 2019.

36.
Tonetti L, Natale V, Randler C. Association between circadian preference and academic achievement: a systematic review and meta-analysis. Chronobiol Int. 2015;32(6):792–801. https://​doi.​org/​10.​3109/​07420528.​2015.​1049271. Epub 2015 Jun 30.CrossrefPubMed

37.
Gaina A, Sekine M, Kanayama H, et al. Morning-evening preference: sleep pattern spectrum and lifestyle habits among Japanese junior high school pupils. Chronobiol Int. 2006;23(3):607–21.Crossref

38.
García-Hermoso A, Saavedra JM, Olloquequi J, Ramírez-Vélez R. Associations between the duration of active commuting to school and academic achievement in rural Chilean adolescents. Environ Health Prev Med. 2017;22(1):31.Crossref

39.
Ho SY, Lai HK, Wang MP, Lam TH. Exposure to secondhand smoke and academic performance in non-smoking adolescents. J Pediatr. 2010;157(6):1012–1017.e1. https://​doi.​org/​10.​1016/​j.​jpeds.​2010.​06.​013. Epub 2010 Jul 16.CrossrefPubMed

40.
Yolton K, Dietrich K, Auinger P, Lanphear BP, Hornung R. Exposure to environmental tobacco smoke and cognitive abilities among U.S. children and adolescents. Environ Health Perspect. 2005;113(1):98–103.Crossref

41.
Audesirk T, Cabell L. Nanomolar concentrations of nicotine and cotinine alter the development of cultured hippocampal neurons via non-acetylcholine receptor-mediated mechanisms. Neurotoxicology. 1999;20(4):639–46.PubMed

42.
Bauman KE, Flewelling RL, LaPrelle J. Parental cigarette smoking and cognitive performance of children. Health Psychol. 1991;10(4):282–8.Crossref

43.
Kim SY, Sim S, Park B, Kong IG, Kim JH, Choi HG. Dietary habits are associated with school performance in adolescents. Medicine (Baltimore). 2016;95(12):e3096. https://​doi.​org/​10.​1097/​MD.​0000000000003096​.Crossref

44.
Tomata Y, Tanno K, Zhang S, et al. Subjective household economic status and obesity in toddlers: a cross-sectional study of daycare centers in Japan. J Epidemiol. 2019;5(29(1)):33–7. https://​doi.​org/​10.​2188/​jea.​JE20170081.Crossref

45.
Mizuta A, Fujiwara T, Ojima T. Association between economic status and body mass index among adolescents: a community-based cross-sectional study in Japan. BMC Obes. 2016;10(3):47 eCollection 2016.Crossref




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





