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Background: Adverse childhood experience (ACE) is a major risk factor for obesity in both adults and adolescents. Although, arguably, peer isolation and low household income could be conceived as of ACEs, few studies have included these experiences as ACEs.

Objectives: This study aims to examine whether ACEs, including peer isolation and low household income, are associated with obesity in adolescents.

Methods: We used pooled data from the Adachi Child Health Impact of Living Difficulty (A-CHILD) study in 2016 and 2018, which is a school-based cross-sectional study in Adachi City, Tokyo, Japan, N = 6,946, 4th (9–10 years old), 6th (11–12 years old), and 8th (13–14 years old) grades. Among the eight items of ACEs, adolescents assessed one item, including peer isolation, and their caregivers assessed seven other items using questionnaires. The adolescents' body mass index (BMI) was measured in school health checkups and calculated to fit the World Health Organization (WHO) standards. Multinomial logistic regression was applied to investigate the association of the cumulative ACEs and each type of ACE with BMI, in which the study was conducted in 2020.

Results: The number of ACEs was not associated with overweight or obesity among adolescents after adjusting for covariates. As for each type of ACE, single parenthood and low household income showed a significant independent association with obesity.

Conclusions: The number of ACEs was not associated with overweight or obesity in Japanese adolescents, while single parenthood and low household income showed a significant positive association with obesity. Further longitudinal studies are needed to replicate this association among adolescents.
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INTRODUCTION

Overweight and obesity among adolescents are worldwide public health issues (1), which lead to adverse health outcomes in adolescents, such as poor lung function and asthma (2, 3), psychological and behavioral problems, and (4) poor health-related quality of life (5). Furthermore, obesity in adolescents is associated with an increased risk of adverse health outcomes in adulthood, including severe obesity (6), diabetes (7), cardiovascular disease (8), and psychological problems (9).

Adverse childhood experiences (ACEs), including parental loss; household dysfunction, such as parental psychiatric disorders; and child maltreatment, such as physical abuse and neglect before the age of 18 years (10), are some of the well-established risk factors for overweight and obesity in both adults and adolescents (11). A longitudinal cohort study found that adolescents aged 15 years with many ACEs before 11 years of age were more likely to be overweight than those without ACEs (12). Another population-based prospective cohort study has shown that ACEs before 9 years of age are related to overweight and obesity at 13 years of age, which is the age of early adolescence (13). However, knowledge about the association between ACEs, overweight, and obesity among adolescents in Asian cultures is scarce because overweight and obesity are less prevalent than that in Western countries (14–16). Although other studies have shown similar associations between ACEs and health among older adults (17), ACEs may have differential impacts on overweight and obesity in Japan because psychical abuse is more common in Asian countries than in Western countries (18).

Despite these findings, a meta-analysis that examined the association between ACEs and overweight and obesity in childhood, including adolescents (19), suggested that further studies are needed due to heterogeneity in the measurement of ACEs. Peer isolation and low household income, in particular, can be especially influential ACEs for adolescents, as they have a significant role in determining the psychological and physical health not only in adolescence but also in adulthood. Moreover, these exposure categories were recently added to the original ACE scale (20). Peer isolation is an important part of adolescence (21) because of the shift in social support from family members to friends (22). Hall-Lande et al. (22) indicated that peer relationships nurture group alliances to provide psychological support and a sense of belonging at a time when adolescents develop their personal identity (23), social competence, and self-worth. Peer isolation in adolescence, which means the lack of the above benefits of close peer relationships, is associated with poor psychological health (22), including smoking behavior (24) in adolescence. Additionally, peer isolation in adolescence induces poor psychological health, poor health behaviors, increased metabolic syndrome (25), and the risk of premature mortality (26) in adulthood.

A low household income is considered an important ACE (20). However, there is controversy regarding whether low household income in childhood itself is considered as ACE (27) because low household income can be a root cause of ACEs (28). Contrarily, previous studies have found that the association between ACEs and health outcomes remains even after adjusting for socioeconomic positions in childhood (29, 30). Furthermore, socioeconomic deprivation is independently associated with a high risk of overweight and obesity among adolescents after adjustment of ACEs (31). These findings may indicate that low household income may have a direct impact on adolescent health, independent of ACEs. Thus, in this study, low household income was considered as ACE, and the impact of low household income on body mass index (BMI) was examined.

In this study, we examined whether the accumulation of ACEs, including peer isolation and low household income, is associated with BMI in adolescents. Furthermore, we assessed the association between each type of ACE and BMI.



METHODS


Study Sample

Pooled data were obtained from the Adachi Child Health Impact of Living Difficulty (A-CHILD) study in 2016 and 2018, which is a school-based cross-sectional study that examines the living environment and health of elementary and junior high school students and their caregivers in Adachi City, Tokyo, Japan. Details of the A-CHILD study are reported in the protocol paper (32).

We used data from children aged 9–10 years, such as 4th grade, in 9 representative elementary schools collected in 2016, and all 69 elementary schools surveyed in 2018 (N = 4,790), 11–12 years, such as 6th grade in 9 representative elementary schools (N = 1,028), and 13–14 years, such as 8th grade in 7 representative junior high schools (N = 1,128). The cross-sectional data were pooled to maximize the sample size. Adolescents brought anonymous self-reported questionnaires with unique identifications (IDs) home to their caregivers. The questionnaires were distributed to 2,014 and 6,605 adolescents in 2016 and 2018, respectively. The number of adolescents who returned both adolescent and caregiver questionnaires with valid responses, such as with at least one response, obtained informed consent, and linked with school health checkup, was 1,652 (response rate = 82.8%) in 2016 and 5,382 (response rate = 81.2%) in 2018. Among the valid responses, we excluded participants who missed exposure and outcome variables in this study, including the ACEs and BMI. Finally, our analytical sample comprised 6,949 adolescents (Figure 1).
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FIGURE 1. Participants flow chart.




Measures

Adverse childhood experiences consist of eight items, namely, single parenthood, parental history of psychiatric disorders, physical and/or psychological abuse, witnessing domestic violence, neglect, peer isolation, and low household income (20). Peer isolation was self-assessed by the adolescents, and the other seven items were assessed by their caregivers using questionnaires. Single parenthood was assessed by the question of “living with family members.” Parental history of psychiatric disorders was assessed by two questions, namely, maternal history of psychiatric disorders and paternal history of psychiatric disorders. As for low household income, the caregivers were asked about their annual household income (<500,000 yen, 500,000 to <1,000,000 yen, 1,000,000 to <2,000,000 yen, 2,000,000 to <3,000,000 yen, 3,000,000 to <4,000,000 yen, 4,000,000 to <5,000,000 yen, 5,000,000 to <6,000,000 yen, 6,000,000 to <7,500,000 yen, 7,500,000 to <10,000,000 yen, 10,000,000+ yen, or unknown, where 1,000,000 yen is equivalent to US$ 10,000). The responses were dichotomized with “ <500,000 yen,” “500,000 to <1,000,000 yen,” “1,000,000 to <2,000,000 yen,” and “2,000,000 to <3,000,000 yen” equated to a “yes” response.

Physical abuse, psychological abuse, witnessing domestic violence, and neglect were assessed using seven questions on a scale of 1 = “often,” 2 = “sometimes,” 3 = “rarely,” and 4 = “not at all.” Physical abuse was assessed with two questions, namely, “hit the child's body (buttocks, hand, head, or face),” in which the responses were dichotomized with “often” equated to a “yes” response, and “beat the child,” in which the responses were dichotomized with “rarely,” “sometimes,” or “often” equated to a “yes” response. We coded physical abuse as 1 (yes) when either item was classified as “yes.” Psychological abuse was assessed according to two inquiries, namely, “yell at the child,” in which the responses were dichotomized with “often” equated to a “yes” response, and “insult the child repeatedly,” in which the responses were dichotomized with “sometimes” or “often” both of which equated to a “yes” response. We coded psychological abuse as 1 (yes) when either question was classified as “yes”. We coded psychological abuse as 1 (yes) when either item was classified as “yes.” Witness of domestic violence was assessed as “have a big fight in front of the child,” in which the responses were dichotomized with “sometimes” or “often” which were equated to a “yes” response. Neglect was assessed by: “shut the child outside” and “do not feed the child,” in which the responses were dichotomized with “rarely,” “sometimes” or “often” which were equated to a “yes” yes response. We coded neglect as 1 (yes) when either experience was classified as “yes.” These coding guidelines were developed in a previous study (33).

The adolescents' BMI was calculated to fit the World Health Organization (WHO) standards (34) using height and weight measured during school health checkups. BMI was further categorized as underweight (< -1 SD), normal (≥-1 SD, <1 SD), overweight (≥1 SD, <2 SD), and obese (≥2 SD).

Covariates, such as child's sex (“male” or “female”), grade, and maternal age, were measured using the questionnaire. Additionally, other environmental factors, including maternal and paternal BMI calculated using their height and weight (<18.5, 18.5 <25, 25 <30, or 30+), child's screen time on weekdays per day (“0 min,” “30 min <2.5 h,” or “3 h +”), physical activity on weekdays (“not at all,” or “sometimes or more”), and frequency of having breakfast (“every day,” “sometimes,” or “not at all”), were measured using the questionnaire.



Ethics

This study was approved by the Ethics Committee of the Tokyo Medical and Dental University (M2016-284).



Statistical Analysis

First, the correlation coefficients among the characteristics, exposure, and outcome variables were estimated. Second, multinomial logistic regression was applied to investigate the association of cumulative ACEs and each type of ACE with BMI categories. In the analyses, we used a cumulative ACE total score (0, 1, 2, or, 3+), which was calculated using all eight items for categorical variables and each type of ACE. Third, linear regression analysis was used for BMI z scores. All analyses were weighted by the number of participants in each grade. Model 1 included maternal age (<30, 30–34, 35–39, 40–44, and 45+ years), child's sex, grade, year of survey, and school in Adachi City, which were decided based on a previous study (35). Furthermore, Model 2 added parental obesity, defined as either mother or father with obesity, into Model 1. There were missing data in only maternal age and parental obesity, which were treated as dummy variables. All analyses were conducted in 2020 using the STATA version 15.0 SE.




RESULTS

Table 1 shows the distribution of characteristics by ACE score among the participants. Among all the participants, 60.2% had no ACEs, 19.4% had one ACE, 13.9% had two ACEs, and 6.5% had three or more ACEs. Adolescents with three or more ACEs were more likely to be male and young. Mothers who had children with three or more ACEs were more likely to be young. Regarding BMI, 13.4% were overweight, and 5.3% were obese. In terms of other environmental factors, mothers who had children with three or more ACEs were more likely to be obese, such as with a BMI <30, and fathers who had children with a high number of ACE were less likely to have a normal BMI, such as with a BMI of 18.5 <25. Furthermore, children with three or more ACEs were more likely to report no screen time or excessive screen time, such as 3 h or more per day, report less physical activity, and report not having breakfast every day.


Table 1. Characteristics of the sample (N = 6,946).
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The distribution of each type of ACE by grade is presented in Table S1. Among the total participants, over 10% had experienced single parenthood, peer isolation, and low household income. In each grade, approximately 10% of the adolescents experienced these three types of ACEs. Table S1 also shows the relationship between each type of ACE. We found a high comorbidity of ACEs. Single-parent households also had low household incomes in 61.8% of the adolescents. Furthermore, 42.0% of the adolescents who experienced psychological abuse from their parents also experienced physical abuse from their parents.

The distribution of BMI categories by grade is shown in Table S2. Among all participants, 63.9% of the adolescents were in the normal range, 17.4% were underweight, 13.4% were overweight, and 5.3% were obese. The proportion of overweight and obesity decreased as adolescent age increased (overweight: 4th = 14.3%, 6th = 12.0%, 8th = 10.6%: obesity: 4th = 5.7%, 6th = 5.1%, and 8th grade = 3.7%).

After estimating the correlation coefficients (Table S3), we conducted a multinomial logistic regression (Table 2). In the crude model, adolescents who experienced two ACEs were 32% more likely to be overweight (relative risk ratio [RRR] = 1.32; 95% confidence interval [CI] = 1.06–1.64) and 55% more likely to be obese (RRR = 1.55; 95% CI = 1.13–2.12) compared with those without ACEs. However, three or more ACEs showed no significant associations, which could be due to a lack of power. In Model 1, in which maternal age, child's sex, grade, year of survey, and schools in Adachi City were added, the associations were not significant (overweight: RRR = 1.24; 95% CI = 0.98–1.55; obesity: RRR = 1.28; 95% CI = 0.92–1.78). In Model 2, in which parental obesity was added, we also found no significant association (overweight: RRR = 1.22; 95% CI = 0.97–1.54; obesity: RRR = 1.29; 95% CI = 0.92–1.80). As for each type of ACE, only low household income (RRR = 1.31; 95% CI = 1.04–1.66) was associated with overweight, which remained in Model 1 (RRR = 1.32; 95% CI = 1.03–1.70) and Model 2 (RRR = 1.34; 95% CI = 1.05–1.72). Single parenthood (RRR = 1.65; 95% CI = 1.23–2.20), peer isolation (RRR = 1.50; 95% CI = 1.09–1.98), and low household income (RRR = 1.65; 95% CI = 1.19–2.29) were significantly associated with obesity in the crude model. In Models 1 and 2, the significant association of single parenthood (Model 1: RRR = 1.60; 95% CI = 1.18–2.18; Model 2: RRR = 1.72; 95% CI = 1.23–2.50) and low household income (Model 1: RRR = 1.64; 95% CI = 1.16–2.33; Model 2: RRR = 1.75; 95% CI = 1.23–2.50) with obesity remained.


Table 2. Results of multinomial logistic regression to examine the associations between ACEs and BMI (N = 6,946).
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Table S4 shows the results of linear regression analysis. Adolescents who experienced two ACEs and three or more ACEs showed a higher BMI z score (2 ACEs: β = 0.13, 95% CI = 0.04–0.22; 3 or more ACEs: β = 0.12, 95% CI = 0.01–0.24) compared to those without ACEs in the crude model. The adjusted model showed no significant association. For each type of ACE, single parenthood (β = 0.15, 95% CI = 0.07–0.24), peer isolation (β = 0.13, 95% CI = 0.04–0.22), and low household income (β = 0.14, 95% CI = 0.05–0.24) showed a high BMI z score in the crude model. In terms of single parenthood and low household income, the significant association remained in both Model 1 (single parenthood: β = 0.14, 95% CI = 0.05–0.23; low household income: β = 0.14, 95% CI = 0.04–0.24) and Model 2 (single parenthood: β = 0.16, 95% CI = 0.07–0.25; low household income: β = 0.15, 95% CI = 0.05–0.25).



DISCUSSION

In this study, we examined the association of ACEs, including peer isolation and low household income, with BMI in Japanese adolescents. We found that the number of ACEs was not associated with being overweight or obese after adjusting for covariates. However, single parenthood and low household income are associated with obesity. The childhood experiences of single parenthood and low household income might predict obesity in Japanese adolescents.

As for the accumulation of ACEs, the significant association of two ACEs with overweight and obesity became nonsignificant after adjusting for maternal age, child's sex, grade, year conducted a survey, school, and parental obesity. Although some studies have found an association between the accumulation of ACEs and increased BMI in adolescents (12, 13, 19), other studies have shown no significant association between child abuse and increased BMI (36, 37). Sokol et al. (37) who examined the association between child abuse and BMI across adolescence found that adolescents who experienced abuse, who did not experience physical abuse, and who experienced both physical abuse and neglect all exhibited stable BMIs. However, adolescents who experienced sexual abuse and co-occurring physical abuse and neglect showed a rapid increase in BMI. In this study, we did not assess sexual abuse or the combination of each type of child abuse and neglect. Further study is needed to examine the impact of sexual abuse and co-occurring child abuse on BMI in adolescents.

We found a significant positive association between single parenthood and overweight, which is consistent with previous studies (12, 13, 19). In previous studies, single parenthood and low household income were strong predictors of obesity in children (38, 39). Furthermore, adolescents living in single-parent households were 60% more likely to be obese, and adolescents living in poverty were 32% more likely to be overweight and 63% more likely to be obese. Single parenthood and low household income overlapped by ~60% (see Table S1), which indicates that the pathways of single parenthood and low household income to overweight may be similar. Single-parent families are more likely to face financial problems and are less likely to have time and capacity to support their children's healthy eating and physical activity. Similarly, parents with low incomes were less likely to have money and time to prepare healthy food for their children (40), which was confirmed in Japan (41). Moreover, adolescents living in poverty are more likely to engage in unhealthy behaviors, such as irregular exercise and excessive screen time (42).

Peer isolation was found to be associated with obesity in the crude model but was not significant in the adjusted model. Nonetheless, peer isolation is a remarkable childhood experience because peer isolation in adolescence is associated with not only obesity but also other adverse health outcomes in adulthood (43). The association between peer isolation and obesity in adolescents can be explained by two possible pathways. First, peer isolation may induce a critical state for children by biological changes. Previous studies have found that social isolation is associated with a high cholesterol response to stress (24), elevated blood pressure, fibrinogen, and C-reactive protein (44, 45), which increases the risk of diseases such as cardiovascular disease (46). Although these studies included participants who were in adulthood and old age, biological changes related to overweight and obesity due to peer isolation may also appear in children. Second, social isolation is associated with low levels of physical activity, which leads to overweight and obesity. Among older adults, the association between social isolation and low levels of physical activity is well established (47). The study examining this association in adolescents is growing (48, 49). According to the results of the adjusted model, further study to examine the different impacts of peer isolation by children's age and sex is needed.

According to our findings, the association of single parenthood and low household income with overweight and obesity already appeared among adolescents. Even though there is a controversy regarding whether socioeconomic positions in childhood, such as single parenthood and low household income, are considered as ACE (27), our results indicate the need to focus not only on child maltreatment but also on socioeconomic positions to prevent overweight and obesity among adolescents. Additionally, our findings may contribute to policymaking, such as a combination approach of providing parenting skills for parents, establishing a child's healthy lifestyle, and providing financial support for single-parent families and parents living in poverty. These policies may prevent not only overweight and obesity but also child maltreatment because socioeconomic positions in childhood can be a root cause of child maltreatment (28).

This study has several limitations. First, as this is a cross-sectional study, we cannot indicate the causal relationship between ACE and BMI, as adolescents with high BMI might be more likely to be isolated from peers (50). Additionally, there might be recall bias because of the retrospective reporting of ACEs. Further longitudinal studies are needed to examine the causal relationship between ACE and BMI in adolescents. Second, there might be unmeasured confounders in this study, such as maternal education level, parental employment status, and child birth weight (37). Third, sampling bias related to responses to the questionnaire might exist, even though the response rate in this study was high. Adolescents who had experiences of peer isolation and caregivers who lived in poverty had mental health problems or reported child maltreatment might be less likely to respond to the questionnaire. Thus, our results may have been underestimated by this selection bias. Fourth, the ACE did not include the experience of sexual abuse in this study. Sexual abuse is considered to be a sensitive issue, and its prevalence is low, approximately 0.5% (51), but may still lead to a low response rate.



CONCLUSION

We found no association between the number of ACEs and being overweight. Specific ACEs, single parenthood, and low household income showed a significant risk of being overweight among Japanese adolescents. To date, interventions for single-parent families and parents living in poverty have been developed to prevent childhood overweight and obesity (52, 53). However, families with low socioeconomic status are less likely to participate in these prevention interventions (54). Thus, population approach programs to prevent overweight and obesity in adolescents need to be developed. Further longitudinal studies are needed to replicate the causal relationship between ACE and BMI in adolescents and to develop a population approach program to prevent overweight and obesity in adolescents.
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