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School performance as a predictor of adulthood obesity: a 21-year follow-up study
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We examined the impact of school performance measured in terms of grade point averages (GPAs) in early and middle adolescence (ages 9, 12, and 15), and the impact of school performance throughout the different school stages on adult obesity. The participants were 732 healthy women and men derived from a population-based Cardiovascular Risk in Young Finns Study. GPAs were measured at the ages of 9, 12, and 15. The body mass index (BMI; kg/m 2 ), and the waist circumference (WC) were conducted participants being aged 27 or 30. Birth weight, childhood BMI, adulthood physical activity, maternal and paternal BMI, and maternal education were controlled for. The results showed that low GPAs in each measurement and low GPAs throughout the comprehensive school were a risk factor of adulthood obesity, but only among women. The association remained when controlling for potential confounding variables (p-values in the fully adjusted models 0.026, 0.007, and 0.004 at the ages of 9, 12, and 15, respectively). The results were similar when the BMI was used as a dichotomous variable (BMI C 30 and BMI \ 30). Low school performance has previously been associated with higher rates of smoking and alcohol consumption later in life. Our result underscores that low school performance is a health risk factor that should be taken seriously in preventive health education.

Introduction

Obesity and overweight are epidemic global health threats in different generations [START_REF]The challenge of obesity in the WHO European Region and the strategies for response[END_REF]. Since early last century, the amount of obese adults has increased dramatically both in developed and developing countries [START_REF] Caballero | The global epidemic of obesity: an overview[END_REF]. In European countries, the prevalence of obesity among adults varies between 7 and 45% [START_REF] Bergho ¨fer | Obesity prevalence from a European perspective: a systematic review[END_REF]. In Finland, where the present study was conducted, 43% of women and 57% of adult men are overweight (body-mass index C 25) [START_REF] Helakorpi | Suomalaisen aikuisva ¨esto ¨n terveyska ¨ytta ¨ytyminen ja terveys, keva ¨t 2007 [Health behaviour and health among Finnish adult population, spring 2007[END_REF]. Obesity is an important risk factor for several chronic diseases, including type 2 diabetes [START_REF] Must | The disease burden associated with overweight and obesity[END_REF], heart disease [START_REF] Alexander | Obesity and coronary heart disease[END_REF], hypertension [START_REF] Field | Impact of overweight on the risk of developing common chronic diseases during a 10-year period[END_REF], certain types of cancers [START_REF] Mcmillan | ABC of obesity. Obesity and cancer[END_REF], psychological malfunctioning [START_REF] Pulkki-Ra ˚back | Temperament in childhood predicts body mass in adulthood: the cardiovascular risk in young finns study[END_REF], as well as accelerated aging and premature death [START_REF] Roth | The obesity pandemic: where have we been and where are we going?[END_REF]. Consequently, obesity and associated comorbidities have become a high-priced burden in several countries [START_REF] Mu ¨ller-Riemenschneider | Health-economic burden of obesity in Europe[END_REF].

Even though several early-life risk factors have been identified as etiological causes for later obesity [START_REF] Parsons | Childhood predictors of adult obesity: a systematic review[END_REF], not much is known about the role of timing or duration of different early-life factors to later obesity. One of the most robust predictors of adulthood obesity is exposure socioeconomic disadvantage in childhood [START_REF] Parsons | Childhood predictors of adult obesity: a systematic review[END_REF]. A disadvantaged socioeconomic environment provided by the parents is reflected by students' poor school performance among others [START_REF] Heyneman | Student background and student achievement: what is the right question?[END_REF], which in turn is related with obesity [START_REF] Taras | Obesity and student performance at school[END_REF]. Child's performance at school may thus provide a link between early-life factors and later obesity.

Previous literature suggest that poor school performance is related with obesity. Although the previous research between school performance and obesity covers school children from different ages, not much is known about the directionality of the association. In their recent review, Taras and Potts-Datema identified a direct relation between poor school performance and obesity across diverse samples of children and adolescents derived from Brazil, China, Finland, Portugal, Thailand, United Kingdom, and USA [START_REF] Taras | Obesity and student performance at school[END_REF]. The association between poor school performance (measured in terms of GPA) and obesity was found both in cross-sectional and longitudinal data, especially among girls. With one exception [START_REF] Mo-Suwan | School performance and weight status of children and young adolescents in a transitional society in Thailand[END_REF], the follow-up surveys were conducted in population-based samples the duration of follow-up periods ranging from 1 to 17 years [START_REF] Crosnoe | Body mass index, academic achievement, and school context: examining the educational experiences of adolescents at risk of obesity[END_REF][START_REF] Datar | Childhood overweight and academic performance: national study of kindergartners and firstgraders[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF][START_REF] Laitinen | Unemployment and obesity among young adults in a northern Finland 1966 birth cohort[END_REF]. Most of the longitudinal studies examined obesity as a predictor of later school performance [START_REF] Mo-Suwan | School performance and weight status of children and young adolescents in a transitional society in Thailand[END_REF][START_REF] Crosnoe | Body mass index, academic achievement, and school context: examining the educational experiences of adolescents at risk of obesity[END_REF][START_REF] Datar | Childhood overweight and academic performance: national study of kindergartners and firstgraders[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF], whereas school performance as a predictor of later obesity was examined in one previous survey [START_REF] Laitinen | Unemployment and obesity among young adults in a northern Finland 1966 birth cohort[END_REF]. To our knowledge, only a few studies have assessed school performance more than once [START_REF] Crosnoe | Body mass index, academic achievement, and school context: examining the educational experiences of adolescents at risk of obesity[END_REF][START_REF] Datar | Childhood overweight and academic performance: national study of kindergartners and firstgraders[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF], and in these studies, the follow-ups were rather short (1-4 years). Previously, it has been highlighted, that there are no studies examining school performance over multiple time points in relation to obesity [START_REF] Crosnoe | Body mass index, academic achievement, and school context: examining the educational experiences of adolescents at risk of obesity[END_REF]. In the present study, we were able to examine whether school performance assessed over several school stages predicts adulthood obesity in a representative national, population based sample.

The associations between obesity and school performance have been essentially similar regardless of how school performance was measured. Negative associations between obesity and school performance were found when GPAs [START_REF] Mo-Suwan | School performance and weight status of children and young adolescents in a transitional society in Thailand[END_REF][START_REF] Crosnoe | Body mass index, academic achievement, and school context: examining the educational experiences of adolescents at risk of obesity[END_REF][START_REF] Shore | Decreased scholastic achievement in overweight middle school students[END_REF][START_REF] Sigfusdottir | Health behaviour and academic achievement in Icelandic school children[END_REF][START_REF] Mikkila | Associates of obesity and weight dissatisfaction among Finnish adolescents[END_REF][START_REF] Bin | Weight perception, academic performance, and psychological factors in Chinese adolescents[END_REF][START_REF] Huang | Associations of adiposity with measured and self-reported academic performance in early adolescence[END_REF], standardized ability tests [START_REF] Datar | Childhood overweight and academic performance: national study of kindergartners and firstgraders[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF][START_REF] Cottrell | The extended relationship between child cardiovascular risks and academic performance measures[END_REF][START_REF] Judge | Association of overweight with academic performance and social and behavioral problems: an update from the early childhood longitudinal study[END_REF], intelligence quotient [START_REF] Li | A study of intelligence and personality in children with simple obesity[END_REF], years of education [START_REF] Lahti-Koski | Age, education and occupation as determinants of trends in body mass index in Finland from 1982 to 1997[END_REF][START_REF] Halkjaer | Intelligence test score and educational level in relation to BMI changes and obesity[END_REF], educational experiences [START_REF] Falkner | Social, educational, and psychological correlates of weight status in adolescents[END_REF], school functioning [START_REF] Schwimmer | Health-related quality of life of severely obese children and adolescents[END_REF][START_REF] Swallen | Overweight, obesity, and health-related quality of life among adolescents: the National Longitudinal Study of Adolescent[END_REF], and school attendance [START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF][START_REF] Tershakovec | Obesity, school performance and behaviour of black, urban elementary school children[END_REF] were used as an indicator. In regard to the potential mechanisms underlying the associations of school performance with obesity, it has been suggested that low performance leads into higher levels of emotional stress [START_REF] Warschburger | The unhappy obese child[END_REF]. Emotional stress, in turn, may predict unfavourable eating behaviours as a coping strategy. Another suggested link is that lower progress at school may be related to an inability to control ones eating behaviour [START_REF] Warschburger | The unhappy obese child[END_REF].

In the present study, we examined the association of school performance, measured in terms of grade point averages (GPAs), on adulthood body-mass index (BMI) and waist circumference (WC). We used a prospective design of a population-based sample of Finnish school aged children and followed them up until they were 27-30 years of age. We examined whether school performance at three school phases (at 9, 12, and 15 years of age), and changes in school performance across the school phases, predicted later obesity. We took into account the possible confounding effects of a host of early-life factors, such as birth weight, childhood BMI, adulthood physical activity, mother's and father's BMI, and maternal education, which are known to be significant predictors of both school performance and adulthood obesity [START_REF] Parsons | Childhood predictors of adult obesity: a systematic review[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF]. We hypothesized that low grade point averages (GPAs) are associated with higher adulthood BMI and WC. In line with previous evidence [START_REF] Taras | Obesity and student performance at school[END_REF], we expected the association between school performance and adulthood obesity to be stronger among women.

Methods

Participants and study design

Participants were from the Cardiovascular Risk in Young Finns study (hereafter abbreviated as The Young Finns study) which is a prospective, ongoing population based study focusing on the development of risk factors of coronary heart disease over 21 years [START_REF] Uhari | Cardiovascular risk in young Finns[END_REF]. At the baseline in 1980, a stratified random sample of 3,596 children and adolescents from age cohorts of 3, 6, 9, 12, 15, and 18 years was selected. In order to select participants that were broadly representative of Finnish children and adolescents in terms of living conditions and socioeconomic and demographic background, Finland was divided into five areas according to the location of the university cities with a medical school (Helsinki, Kuopio, Oulu, Tampere and Turku). In each area urban and rural girls and boys were randomly selected on the basis of their personal social security number from the Social Insurance Institution's population register, which covers the whole population of Finland. The study plan was approved by local ethics committees of all participating universities, and the study protocol of each study phase corresponded to the proposal by the World Health Organization. All subjects gave written informed consent and the study was conducted in accordance with the Helsinki declaration.

The present study focused on the children from two age cohorts who were 6 (cohort 1) and 9 (cohort 2) years of age at the baseline in 1980. Grade point averages were measured at three-year intervals: at the ages 9, 12, and 15 years, as shown in Table 1. The outcome measures were body-mass index (BMI) and waist circumference (WC) which were measured at the 21-year follow-up examination when the participants were 27 and 30 years of age.

All original participants of the Young Finns study belonging to the two age cohorts (N = 1229) were invited to take part in the laboratory examination. From this group, 732 participants (390 women, 342 men) had complete BMI and WC data. This group formed the eligible population of the present study. In each separate analysis, the maximum available sample was used, so that, depending on the variables used 546 (296 women and 250 men, GPAs in 3rd grade), 529 (285 women and 244 men, GPAs in 6th grade), 500 (277 women and 223 men, GPAs in 9th grade), or 458 (255 women and 203 men, GPAs throughout the measurements) participants had complete data. Participants who were pregnant (N = 26), or who had diagnosis of type I diabetes (N = 11) were excluded from the study.

School performance

The Finnish educational system consists of nine years of compulsory schooling which comprises a six year Elementary School between ages 7 and 12 and a three-year Junior High School between ages 13 and 15. At the end of each school year, students receive annual school reports which include grade point averages (GPAs). The GPAs are the means of marks in several subjects including all of the theoretical subjects, physical education, handwork and arts. School marks range from 4 to 10 (4 is fail, 5-6 poor, 7-8 good and 9-10 excellent). In the present study, GPAs were based on mother-reports at age 9 and self-report at ages 12, and 15 years.

Body mass and waist circumference

Adulthood BMI and WC were obtained at the follow-up examination in 2001 when the participants were 27 and 30 years old. Body-mass index was calculated as weight in kilograms divided by height in square meters (kg/m 2 ). Weight was measured with a Seca weight scale, and height with a Seca anthropometer. Waist circumference was measured at the level of the twelfth rib (level with the navel in thin subjects) to an accuracy of one millimeter. The measurement of waist circumference was conducted twice and the mean of the two measurements was used. The adulthood measurements of height, weight, and waist circumference were conducted by a nurse during a laboratory examination. Both BMI and WC are recommended parameters for assessing the risk associated with excess obesity [START_REF]Obesity: the prevention, identification, assessment, and management of overweight and obesity in adults and children[END_REF].

Control variables

Birth weight, childhood BMI, physical activity in adulthood, mothers and fathers BMI, and maternal education were controlled for because they are known to be significant predictors of both school performance and adulthood obesity [START_REF] Parsons | Childhood predictors of adult obesity: a systematic review[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF]. At study baseline, the mother's of the participants were contacted through postal questionnaires. They were requested to report child's birth weight (in grams) and their own completed years of education. Childhood BMI-related measurements of height and weight were conducted at the ages of 9 and 12 by a nurse during a labor examination. Weight was measured with a Seca weight scale and height with a Seca anthropometer. Physical activity was self-reported in 2001 and it was the mean value of five variables including information of the intensity, duration and the frequency of physical activity [START_REF] Telama | Physical activity from childhood to adulthood: a 21-year tracking study[END_REF].

Statistical methods

We tested for gender differences in the associations between GPAs and BMI and WC. Because the general To examine the association of GPAs at the ages 9, 12, and 15 with BMI and WC in adulthood, linear regressions were computed with BMI and WC as continuous dependent variables each in turn. Two separate regression models were conducted, i.e. a non-adjusted and a fully adjusted model including the variables of birth weight, BMI at the ages of 9 and 12, physical activity in adulthood, mothers and fathers BMI, and years of maternal education.

Additionally, logistic regression analysis was used to examine whether the GPA formed a risk factor for obesity. Obesity was used as the binary outcome variable so that the ''obese'' group consisted of individuals with BMI C 30 kg/ m 2 and the ''non-obese'' group consisted of individuals with BMI less than 30 kg/m 2 (National Institute for Health and Clinical Excellence, 2006). Odds ratios (OR) and their 95% confidence intervals (CI) were calculated for an unadjusted and a fully adjusted model (adjusted for age, birth weight, childhood BMI, physical activity in adulthood, maternal and paternal BMI, and maternal education).

Finally, we used the GLM repeated measures procedure to test whether the GPA over the three measurements (or changes in GPA) is associated with adulthood BMI and WC. A non-adjusted and a fully adjusted model (adjusted for age, birth weight, childhood BMI, physical activity in adulthood, maternal and paternal BMI, and maternal education) with the GPA measurements as dependent variable were conducted. All analyses were performed using SPSS software (version 15.0).

Results

The differences between included and excluded participants at the 2001 follow-up, analyzed with t-test and v 2test, were relatively small. From the current sample a slightly greater proportion of men was excluded than of women (43.3 Table 2 presents the means and standard deviations of the study variables. Women had significantly higher grade point averages (GPAs) than men throughout the measurements. The grade point averages increased somewhat with ascending school grade for both women and men. Mean levels of BMI and WC in adulthood were significantly higher for men than women. Men had an average adulthood BMI of borderline overweight, while in women BMI fell within the normal range (based on the criteria of National Institutes of Health and Clinical Excellence, 2006, that defines normal weight as BMI \ 25). With an exception of slightly higher birth weight among men, no significant gender differences were found for other covariates.

Table 3 shows the results of the regression analyses of GPAs predicting adulthood BMI and WC. Among women, lower GPA at each measurement phase was associated with higher adulthood BMI (b = -0.137, p = 0.018, sr 2 = 0.019 for age 9, b = -0.204, p \ 0.001, sr 2 = 0.042 for age 12, and b = -0.231, p \ 0.001, sr 2 = 0.053 for age 15). In the fully adjusted models, the associations remained significant at each measurement of GPA. No significant associations between GPA and adulthood BMI were found among men.

The results were essentially similar when WC was used as the outcome variable. Lower GPAs at the age of 9 years were associated with higher adult WC in women (b = -0.126, p = 0.035, sr 2 = 0.016). The association between GPAs at the age of 9 years with adulthood WC decreased to borderline significance in the fully adjusted model. GPAs measured at ages 12 and 15 had significant effects on adulthood WC in the unadjusted regression models (betas ranged between -0.130 and -0.242, ps between \ 0.001 and 0.026, sr 2 between 0.017 and 0.059). The associations between GPAs at the ages of 12, and 15 on adulthood WC remained significant after adjustment for the confounding variables among women. There was no relation between the grade point averages and waist circumference at any age among men.

In addition, regression analyses were conducted to test whether the associations between GPAs (at the ages of 9, 12, and 15) and adulthood BMI and WC differ among included and excluded women and men. The results showed that the associations between GPAs and BMI were significant in the 6th (b = -0.110, p = 0.042, sr 2 = 0.012) and 9th grade (b = -0.129, p = 0.022, sr 2 = 0.017) also among men. However, this was the case only for BMI, not for WC. In this connection, it was not possible to conduct a fully adjusted model, since all participants with non-missing data were already taken into the present study.

The results of the logistic regression analyses showed significant associations between GPAs and obesity (obese BMI C 30, non-obese BMI \ 30) only among women. The risk of obesity in adulthood was 1.8 or 1.7 times higher for each one standard deviation (SD) decrease in GPAs at age 12 (95% CI = 1.07-3.04) and at age 15 (95% CI = 1.09-2.62). In other words, moving one SD down in GPA increased the risk for obesity by 70 or 80%. In the fully adjusted models, however, the associations diminished into non-significance at age 12 (OR = 1.43, 95% CI = 0.74-2.75) and age 15 (OR = 1.28, 95% CI = 0.77-2.13). The logistic regression analyses showed no significant associations between obesity and GPA among men (p values varying from 0.60 to 0.90).

The results of the GLM repeated measures procedure showed a linear trend over the three GPA measurements. Lower GPAs over the three measurements were associated with higher BMIs, and accordingly higher GPAs were associated with lower adulthood BMIs (F(1,253) = 5.594, p = 0.016, g 2 = 0.001 for women, F(1,201) = 1.022, p = 0.313, g 2 = 0.000).

The association between WC and GPAs was similar to that of BMI and GPAs: low GPAs over the three measurements were associated with high WC and high GPAs were associated with low adulthood WC in both women and men (F(1,253) = 8.950, p = 0.003, g 2 = 0.001 for women, F(1,201) = 0.678, p = 0.411, g 2 = 0.000 for men), but the association was significant only among women. All of the associations for BMI and WC became non-significant when adjusted for the covariates (BMI: F(1,247) = 1.261, p = 0.263, g 2 = 0.000 for women, F(1,195) = 0.002, p = 0.961, g 2 = 0.000 for men; WC: F(1,247) = 2.941, p = 0.088, g 2 = 0.000 for women, F(1,195) = 0.065, p = 0.798, g 2 = 0.000 for men).

For illustrative purposes, we plotted the GPA means over the three measurements by adulthood obesity as a binaryoutcome variable (obese: BMI C 30; non-obese BMI \ 30) separately for women (Fig. 1) and men (Fig. 2). The figures show that non-obese (BMI \ 30) women and men had higher GPAs throughout the measurements when controlling for confounding variables. The GPA differences between the groups of non-obese and obese were significant for women in 3rd grade (p-value 0.031), but non-significant in 6th and 9th grade (p = 0.126 in 6th, and p = 0.055 in 9th grade). Among men, there were no significant GPA differences between the obesity groups at any age (p-values varying between 0.412 and 0.879).

Discussion

We found that school performance in early and middle adolescence predicted adulthood BMI and WC among women. The associations remained significant after controlling for birth weight, childhood BMI, physical activity, maternal and paternal BMI, and maternal education. The difference between the lowest and highest possible GPA was 0.62, 0.80, and 0.88 BMI units, and 0.52, 0.89, and 0.92 cm in WC, for age 9, 12, and 15, respectively, indicating an increase of the effect with transition from elementary to junior high school. The results were similar when comparing obese (BMI C 30) to non-obese (BMI \ 30) individuals. In addition to the associations with single GPA measurements, low GPAs throughout the three measurements (aged 9, 12, and 15) were significantly associated with higher mean levels in BMI and WC among women.

Previously, obesity has been shown to be a predictor of later school performance [START_REF] Mo-Suwan | School performance and weight status of children and young adolescents in a transitional society in Thailand[END_REF][START_REF] Datar | Childhood overweight and academic performance: national study of kindergartners and firstgraders[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF]. Here we showed an opposite causality: low school performance may predict obesity even until adulthood.

We found that poor school performance was a risk factor of adult obesity only among women. This is consistent with some previous studies [START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF][START_REF] Laitinen | Unemployment and obesity among young adults in a northern Finland 1966 birth cohort[END_REF][START_REF] Morrill | Teenage obesity: an academic issue[END_REF] but not all [START_REF] Mo-Suwan | School performance and weight status of children and young adolescents in a transitional society in Thailand[END_REF][START_REF] Mikkila | Associates of obesity and weight dissatisfaction among Finnish adolescents[END_REF][START_REF] Cottrell | The extended relationship between child cardiovascular risks and academic performance measures[END_REF][START_REF] Judge | Association of overweight with academic performance and social and behavioral problems: an update from the early childhood longitudinal study[END_REF][START_REF] Falkner | Social, educational, and psychological correlates of weight status in adolescents[END_REF][START_REF] Schwimmer | Health-related quality of life of severely obese children and adolescents[END_REF]. Women are known to be more conscious about their school work [START_REF] Steinmayr | Sex differences in school achievement: what are the roles of personality and achievement motivation?[END_REF]. Therefore, it is possible that females may experience poor school performance more stressful than males [START_REF] West | Fifteen, female and stressed: changing patterns of psychological distress over time[END_REF]. It is also possible that females are expected to perform better at school than males [START_REF] Entwisle | Academic expectations and the school attainment of young children[END_REF][START_REF] Entwisle | Gender and young children's expectations for performance in arithmetic[END_REF]. Thus, poor school performance may cause higher stress among females than among males. Stress, in turn, is known to be related with overeating [START_REF] Torres | Relationship between stress, eating behavior, and obesity[END_REF].

Poor school performance is a part of a problem tangle, indicating worsened social outcomes such as lower performance in subsequent education, poor work performance [START_REF] Kuncel | The validity of self-reported grade point averages, class ranks, and test scores: a meta-analysis and review of the literature[END_REF], lower grade of employment [START_REF] Kokko | Child personality characteristics and selection into long-term unemployment in Finnish and Swedish longitudinal samples[END_REF], and detrimental health behavior [START_REF] Lynch | Why do poor people behave poorly? Variation in adult health behaviours and psychosocial characteristics by stages of the socioeconomic lifecourse[END_REF]. According to this, poor school performance may be a first indicator of an extensive health behavior risk clustering that may be a cause of adulthood obesity.

Several variables, i.e. birth weight, childhood BMI, maternal and paternal BMI, physical activity, and maternal education are known to confound the associations between school performance and obesity [START_REF] Parsons | Childhood predictors of adult obesity: a systematic review[END_REF][START_REF] Datar | Childhood overweight and academic performance: national study of kindergartners and firstgraders[END_REF][START_REF] Datar | Childhood overweight and elementary school outcomes[END_REF][START_REF] Cottrell | The extended relationship between child cardiovascular risks and academic performance measures[END_REF][START_REF] Judge | Association of overweight with academic performance and social and behavioral problems: an update from the early childhood longitudinal study[END_REF]. We controlled for these variables and found that the associations between school performance and obesity remained.

We found that grade point averages at different school stages predicted obesity in adulthood independently of the used obesity measurement. The BMI is a widely used measure for assessing general obesity whereas WC reflects the quantity of abdominal fat [START_REF]The challenge of obesity in the WHO European Region and the strategies for response[END_REF], and they both contribute independently to the CVD risk.

Although the effect sizes of the GPAs in explaining BMI and WC in adulthood were rather small, they explained similar amount of the variance as health risk behavior and psychological variables in predicting CVD risk and mortality [START_REF] Loh | Effect sizes and statistical testing in the determination of clinical significance in behavioral medicine research[END_REF]. Previous research has shown that poor school performance not only predicts social exclusion [START_REF] Kokko | Child personality characteristics and selection into long-term unemployment in Finnish and Swedish longitudinal samples[END_REF] but also predicts health-related risk behavior such as smoking [START_REF] Bryant | Understanding the links among school misbehavior, academic achievement, and cigarette use: a national panel study of adolescents[END_REF] and excessive alcohol consumption [START_REF] Huurre | Adolescent risk factors for excessive alcohol use at age 32 years A 16-year prospective follow-up study[END_REF][START_REF] Pitka ¨nen | A developmental approach to alcohol drinking behaviour in adulthood: a follow-up study from age 8 to age 42[END_REF].

One limitation of the study is that self-reported grade point averages may be biased through recall problems. It has been suggested, however, that self-reported grades generally predict student outcomes to a similar extent as actual performance [START_REF] Kuncel | The validity of self-reported grade point averages, class ranks, and test scores: a meta-analysis and review of the literature[END_REF]. A further limitation is that of the original sample of 1,229 only 732 participants were included in this study. This might be a source of bias that has led to restriction in variance, possibly resulting in limited power of a statistical test to find associations. The persons lost to follow-up were more likely to be men, had lower school performance, higher childhood BMI, and were physically less active than the included participants. This may have led to distortion of the associations between school performance and obesity, i.e., the real association might be higher.

The effect of school performance on social risk factors is largely known but not much is known of its impact on health risk factors. We found that poor school performance at different school stages predicted obesity even after controlling for several variables that are known to be related with obesity. Our findings highly suggests that preventing children from drifting into poor school trajectories may be helpful in reducing obesity, which is one of the biggest health concerns among different generations in Western countries. Further research is needed to better understand the observed gender-related difference between poor school performance and adulthood obesity.
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 12 Fig. 1 Fully adjusted GPAs over the three measurements (3rd, 6th, and 9th grade) among non-obese (BMI \ 30) and obese (BMI C 30) women

Table 1

 1 Participants' age (years) at the measurements of grade point averages and obesity indexes significant gender interactions (pvalues of gender 9 grade point average as a predictor of BMI or WC ranged between 0.010 and 0.024 at ages 12 and 15; the interactions ranged between 0.490 and 0.535 at the age 9, however), all of the subsequent analyses were conducted and reported separately by gender.

	Grade point average measurements

Note Grade point average was measured at ages 9, 12, and 15. BMI and WC were measured at the 21-year follow-up when participants had reached 27 and 30 years of age linear models showed

  vs. 37.7%, v 2 [1] = 3.976, p = 0.046). The excluded participants had lower GPAs throughout the measurements (means 7.80 vs. 7.70, t = 2.775, df = 1104, p = 0.006 aged 9, 7.94 vs. 7.73, t = 4.424, df = 1035, p \ 0.001 aged 12, and 8.06 vs. 7.75, t = 5.021, df = 955, p \ 0.001 aged 15), higher BMI at age of 9 (means 16.47 vs. 16.85, t = -2.064, df = 1159, p = 0.039), and were physically less active (means 1.94 vs. 1.85, t = 2.080, df = 874, p = 0.038).

Table 2

 2 Characteristics of the study variables

		Women	Men	P value
		M ± SD	M ± SD
	Grade point averages (GPA) a		
	GPA at the age of 9	7.94 0.56 7.65 0.58 \0.001
	GPA at the age of 12	8.12 0.69 7.74 0.71 \0.001
	GPA at the age of 15	8.27 0.85 7.81 0.90 \0.001
	Adulthood outcome variables		
	BMI	24.25 4.60 25.46 4.20 \0.001
	Waist circumference (cm) 78.49 11.60 88.44 10.58 \0.001
	Covariates		
	Birth weight (kg)	3.43 0.52 3.53 0.61	0.036
	BMI at the age of 9	16.55 2.22 16.59 2.05	0.777
	BMI at the age of 12	18.43 2.82 18.16 2.72	0.225
	PAI (range from 1-5)	1.93 0.44 1.94 0.51	0.662
	Mother's BMI	23.61 3.73 23.69 3.90	0.798
	Father's BMI	25.67 3.19 25.24 2.91	0.081
	Maternal education (years) 10.53 3.16 10.81 3.38	0.247
	Note P value is for the statistical difference between women and men

a Possible values are 4-10

Table 3

 3 Standardized beta coefficients of grade point averages (GPAs) at the ages of 9, 12, and 15 in predicting adulthood body mass index (BMI) and waist circumference (WC) in adulthood for women and men separately Note Analyses of the GPAs at the ages of 9, 12, and 15 in predicting adulthood BMI and WC are conducted separately # sr 2 is for the squared semi-partial correlation coefficient a Adjusted for age, birth weight, childhood BMI, physical activity, mother's and father's BMI, and maternal education

	BMI
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