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 ABSTRACT

 Background Parental involvement in their children's
 studies, particularly in terms of academic socialisation,

 has been shown to predict academic achievement, and is
 thus a candidate modifiable factor influencing life course
 socioeconomic circumstances. Socioeconomic

 disadvantage is thought to impact on health over the life

 course partly by allostatic load, that is, cumulative

 biological risk. We sought to elucidate the role of

 parental involvement at age 16 on the life course
 development of allostatic load.
 Methods In a population-based cohort (365 women
 and 352 men, 67% of the eligible participants), we
 examined the association between parental involvement
 in their offspring's studies, measured by teacher and

 pupil ratings at age 16 and an allostatic load index
 summarising 12 physiological risk markers at age 43.

 Mediation through life course academic and
 occupational achievement was assessed by entering
 school grades, adult educational achievement and
 socioeconomic position at age 43 in a linear regression
 analysis in a stepwise manner and testing for mediation.
 Results Parental interest in their offspring's studies

 during the last year of compulsory school - rather than

 the parent's social class or availability of practical

 academic support - was found to predict adult allostatic
 load (ß= - 0. 1 2, 95% CI -0.20 to -0.05). Further
 adjustments indicated that academic achievement over
 the life course mediated a large part of the effect of

 parental interest on allostatic load.

 Conclusions Parental interest in their offspring's
 studies may have protective effects by decreasing the

 likelihood of a chain of risk involving low academic

 achievement, low socioeconomic position and high
 accumulated physiological stress.

 INTRODUCTION
 Most health conditions are more common in lower

 compared with higher socioeconomic strata.1 2
 Socioeconomic conditions are thought to impact on
 health over the life course partly through sustained
 and repeated activation of multiple physiological
 systems. Excessive amounts of such repeated activa-
 tion, labelled Allostatic Load (AL),3 4 is hypothesised
 to lead to physiological dysregulation, which in turn
 may increase the risk of manifest disease. Although
 early life socioeconomic disadvantage has shown
 small effects on adult AL independently of adult con-
 ditions, the accumulation of socioeconomic disadvan-
 tage over the life course is robustly related to adult

 AL5 and to other forms of health outcomes, for
 example, cardiovascular health.6 Nevertheless, the
 hardship encountered across the life course may still
 be rooted in early life conditions which set individuals
 on unfavourable life course trajectories, so-called
 social chains of risk,7 which eventually impact on
 health. It is therefore important to identify modifiable
 conditions in early life that are starting points for
 such chains of risk.

 Particular forms of parental involvement in their
 offspring's schooling have been highlighted as
 important determinants of academic achievement.
 Involvement in the form of academic socialisation,
 such as parental interest, appears to incite the off-
 spring's own interest and motivation in the aca-
 demic field and promote both academic
 achievement during school years8 9 and adult educa-
 tional attainment, beyond other factors known to
 influence academic success or failure, such as child-
 hood social class and cognitive ability.10 Other
 forms of parental involvement, such as practical
 help with homework, are less consistently, or even
 negatively, related to achievement - possibly because
 they are attempts to compensate for pre-existing
 lower achievement, or because they may interfere
 with the child's development of autonomy.8 9

 Parental interest in their offspring's schooling has
 also been shown to be an independent predictor of
 adult health; teacher-rated parental interest in the
 child's studies and parents reading to the child
 relate to better adult self-rated health in young
 adulthood,11 12 and also to a lower risk of obesity
 and indications of diabetes in middle-age.13
 Parental academic interest has also been shown to

 partially explain the inverse association between
 cognitive ability in childhood and adult mortality.14
 Although it has been suggested that parental aca-
 demic involvement may bridge the span of the life
 course through a pathway of academic achieve-
 ment,12 this has not been specifically investigated.

 We therefore sought to elucidate the role of par-
 ental involvement in their offspring's studies at age
 16 on the life course development of physiological
 stress. Our main hypothesis was that academic
 socialisation, measured by teacher-rated parental
 interest in their offspring's schooling, but not prac-
 tical support, measured by student-rated parental
 help with homework assignments, would contrib-
 ute to lower AL in adulthood by preventing a social
 chain of risk related to low socioeconomic status

 by promoting good academic achievement both
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 in compulsory school and in higher education. We furthermore
 hypothesised that parental involvement would be related to, but
 have an effect independent of, parental social class.

 METHODS

 Population
 The sample was based on the Northern Swedish Cohort, a
 27-year prospective study comprising all pupils in the ninth
 grade of compulsory school living in Luleâ in 1981, when the
 participants were 16 years of age (N=1083; 506 girls and 577
 boys).15 Follow-up surveys were conducted in 1983, 1986,
 1995 and 2008. In this report, data from the 1981 and 2008
 surveys are presented. Of the original cohort, 1071 subjects
 were still alive in 2008, of which 1003 (93.7%) agreed to par-
 ticipate. Owing to non-response on one or more key measures
 (see below), the effective sample size of the present report is
 717 (67% of those cohort members who were still alive).

 Participants completed a comprehensive questionnaire at all
 follow-ups covering health, social and socioeconomic conditions
 and school/working conditions. The majority of the items origi-
 nated from the Swedish Survey of Living Conditions16 and the

 . Low-Income Study.17 In 1983, a structured interview was per-
 formed with the participants' main teachers regarding the parti-
 cipants' school environment and achievements. In 2008, a
 health examination was conducted,5 which included blood pres-
 sure, anthropometrics and the collection of blood samples after
 an overnight fast. The participants also performed saliva sam-
 pling four times during one weekday (at awakening, 15 min
 later, before lunch and at bedtime) using Salivettes for the
 assessment of Cortisol.

 Measurements

 Parental social class was assessed by two questions put to the
 participants at age 16: What is/was your father's occupation ?
 and What is/was your mother's occupation ? Responses were
 coded according to the Swedish classification of social classes
 into working (blue-collar) class, lower white-collar class and
 upper white-collar class. We defined parental social class as the
 highest of the father's and the mother's social class, with the
 highest value indicating upper class.

 Parental interest in their offspring's studies was assessed with a
 question about Knowledge about the parents' interest in the
 pupil's studies , which was asked of the main teachers regarding
 each participant in 1981. There were five response options
 ranging from 'probably very small' to 'probably very large'.

 Help with homework assignments was based on the question
 Can you get help with homework assignments when you need
 iti with five response options from 'no, never' through
 'yes, always' asked in the questionnaire of the participants
 themselves at age 16.

 Mean grades at exit from compulsory school at age 16 were
 obtained from school records with the participants' permission.
 Grades were given on a scale from 1 through 5 and by the
 design normally distributed. The mean grades were thus also
 normally distributed and vary between 1 (the lowest possible)
 and 5 (the best possible) with 3.00 as the national mean.

 Educational achievement was assessed at age 43 by the ques-
 tion in the participant questionnaire: What is your education ì
 State your highest education, with the response options 'compul-
 sory school', coded as 1, '2 year upper secondary school', coded
 as 2, '3 or 4 years of upper secondary school', coded as 3, 'basic
 academic degree (eg, bachelor)', coded as 5, and 'other post
 upper secondary education', coded as 4.

 Socio-economic position was derived from the occupations
 stated by the respondents at age 43 and coded according to the
 socioeconomic classification system of Statistics Sweden.18
 For the purpose of this study, this was recoded into five
 categories: unskilled manual workers, skilled manual workers,
 non-manual workers, technical/lower management and
 professionals/higher managers.

 AL at age 43 was operationalised as an index used previously
 and described in detail by our research group,5 based on the fol-
 lowing 12 biological parameters: systolic and diastolic blood
 pressure, body mass index (BMI), waist circumference, fasting
 glucose, total cholesterol, high-density lipoprotein cholesterol
 (HDL-C), triglycerides, apolipoprotein Al, apolipoprotein B, C
 reactive protein and Cortisol area under the curve (AUC). Each
 parameter was divided into tertiles separately for women and
 men (coded 0, 1, 2), except for Cortisol AUC, which was
 divided into sextiles and coded symmetrically (sextile 1 and
 6=2, 2 and 5 = 1, 3 and 4=0). HDL-C was coded inversely (2,
 1,0). Subsequently, mean scores of the parameters were calcu-
 lated within six physiological systems: cardiovascular regulation,
 body fat deposition, lipid metabolism, glucose metabolism,
 inflammation and neuroendocrine regulation. Pharmacological
 treatment was coded as 2 on the affected physiological system
 categories. Since most dropout on biological parameters was
 due to the failure to complete saliva Cortisol sampling (n=130),
 those without valid Cortisol data were assigned the value 1 on
 the neuroendocrine category, which was taken into account
 when forming the tertiles. Finally, the allostatic contributions of
 the physiological systems were summed up into an approxi-
 mately normally distributed index (range 0-12), yielding the
 final measure of AL.

 Statistical analysis
 Sex differences were tested with Pearson %2 test and Student t
 test. Bivariate Pearson product moment correlation coefficients
 were calculated for all pairs of variables in the study. To
 examine if parental involvement was related to AL, we used
 hierarchical linear regression based on Z-transformed variables
 in order to obtain 95% CIs for standardised ß coefficients. Since
 the outcome had been standardised separately for men and
 women, sex was not included in the analyses (after confirmation
 that there was no association between sex and AL). To test if
 parental involvement influences AL through academic achieve-
 ment and employment grade, we entered the mediators in the
 hypothesised order of causality. If a variable reflecting a condi-
 tion later in the life course predicts AL and attenuates the asso-
 ciation between parental interest and the outcome, this is seen
 as evidence of mediation, a hypothesis we tested by the Sobel
 test of mediation. To investigate if there are differences in the
 patterns of association between women and men, we addition-
 ally performed sex stratified analyses. All analyses were carried
 out in IBM SPSS for Windows, V20.0.0, and all significance
 tests are based on two-sided tests.

 RESULTS

 There were 717 participants in the analytic sample, with
 approximately the same number of women and men (table 1).
 In total, 79% had parents whose interest in their offspring's
 education was rated as high or very high, and 55% had often or
 most of the time been able to get help with their homework
 assignment from their parent, again with no sex difference.
 Girls had significantly higher school grades than boys, whose
 average matched the national average. Women had significantly
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 Table 1 Descriptive statistics for the sample

 Total Women Men

 Total N 717 365 352 Test of sex difference

 Parental social class N (%) p=0.141
 Upper class 70(11) 36(10) 43 (12)
 Middle class 379(53) 206(56) 173 (49)

 Working class 259(36) 123 (34) 136(39)
 Parental interest in offspring's studies, N (%) p=0.921
 Probably very large 306 (43) 154 (42) 152 (43)
 Probably large 260(36) 136(37) 124(35)
 Probably neither particularly large nor particularly small 1 08 (1 5) 54 (1 5) 54 (1 5)
 Probably small 34(5) 17(5) 17(5)
 Probably very small 9 (1) 4 (1) 5 (1)

 Help with homework assignment possible, N (%) p=0.499
 Yes, always 201 (28) 1 1 1 (30) 90 (26)
 Yes, often 192 (27) 94(26) 98(28)
 Sometimes 221 (31) 111 (34) 110(31)
 No, seldom 64 (9) 33 (9) 31 (9)
 No, never 39 (5) 16 (4) 23 (6)

 Mean grade on leaving compulsory school, mean (SD) 3.14 (0.72) 3.29 (0.69) 3.00 (0.71) p<0.0001
 Educational achievement at age 43, N (%) p<0.0001
 Compulsory school, 9 years 48 (7) 21 (6) 27 (8)
 2-Year upper secondary school, 1 0-1 1 years 1 82 (25) 78 (21 ) 1 04 (30)
 3 or 4-Year upper secondary school, 1 2-1 3 years 1 37 (1 9) 53 (1 4) 84 (24)
 Other post upper secondary education 1 99 (28) 113 (31 ) 86 (24)
 Basic academic degree (eg, bachelor) 151 (21) 100(27) 51 (14)
 Socioeconomic position at age 43 pcO.001
 Unskilled manual 139 (19) 67 (18) 72 (20)
 Skilled manual 124(17) 45 (12) 79(22)
 Non-manual 103 (14) 67 (18) 36 (10)

 Technical, lower management 236 (33) 131 (36) 105 (30)
 Professionals and higher managers 1 1 5 (1 6) 55 (1 5) 60 (1 7)

 higher education and higher grade jobs, although slightly more
 men were professionals and higher managers.

 Bivariate correlations between all studied variables (table 2)
 revealed a particularly strong association between parental inter-
 est in their offspring's studies and school grades when leaving
 compulsory school at age 16 (r=0.53). In univariate regression
 analyses on the whole sample (table 3, top panel), parental
 social class, parental interest in their offspring's studies at
 age 16, school grades when leaving compulsory school at 16, as
 well as educational achievement and socioeconomic position at
 age 43, were all significantly related to lower AL at age 43,
 whereas the possibilities of getting help with homework assign-
 ments were unrelated to the outcome (table 3). When parental
 interest in their offspring's studies was entered in model 1,

 parental social class was rendered non-significant. Entering
 school grades in model 2 yielded a significant association with
 AL and also rendered parental interest non-significant. The
 Sobel test indicates highly significant mediation of the effect of
 parental interest through school grades (test statistic =-5.232,
 SE=0.020, p<0.0001). Entering highest educational achieve-
 ment at age 43 in model 3 also resulted in a significant associ-
 ation with AL and substantially attenuated the association
 between school grades and the outcome. The Sobel test indi-
 cates highly significant mediation both of the effect of school
 grades through educational achievement (test statistic =-4. 6 73,
 SE=0.019, pcO.OOOl) and of parental interest through
 educational achievement (test statistic= -4.301, SE=0.013,
 pcO.OOOl). Entering socioeconomic position at age 43 in

 Table 2 Bivariate Pearson correlations between all variables in the studies; women above the diagonal and men below

 SC IS

 Parental social class (SC) 1 0.28** 0.12* 0.23** 0.14** 0.15** -0.10
 Parental interest in offspring's studies (IS) 0.17** 1 0.08 0.53** 0.33** 0.30** -0.11*
 Help with homework assignments (HA) 0.20** 0.02 1 0.03 0.08 0.02 -0.05
 Mean grade on leaving compulsory school (GR) 0.25** 0.53** 0.06 1 0.52** 0.50** -0.22**
 Educational achievement at age 43 (ED) 0.32** 0.31** 0.04 0.43** 1 0.58** -0.13*
 Socioeconomic position at age 43 (SEP) 0.31** 0.31** 0.10* 0.53** 0.63* 1 -0.15**
 Allostatic load at age 43 (AL) -0.06 -0.15** -0.01 -0.19** -0.24** -0.20** 1
 *p<0.05; **p<0.01
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 model 4 resulted in little attenuation of the association between

 school grades and AL, but yielded non-significant estimates for
 both socioeconomic measures.

 Stratification by sex (table 3, middle and lower panels)
 showed that the main findings were consistent between women
 and men, but that the main effect of parental interest may have
 been somewhat stronger among boys. In women, the effect
 seems mainly to have been mediated through final school grades
 from compulsory school, whereas own educational achievement
 in adulthood seems to have been more important in men.

 DISCUSSION

 In this prospective, community-based cohort study, parental
 interest in their offspring's studies during the last year of com-
 pulsory school - rather than the parent's social class or availabil-
 ity of practical academic support - was found to predict adult
 AL, indicating a potential effect on physiological stress over the
 life course. Adjustment for school grades at graduation from
 compulsory school and adult educational achievement indicates
 that academic achievement over the life course mediates a large
 part of the effect of parental interest on AL. This confirms our
 hypotheses and suggests that parental interest in their offspring's
 studies, as an indicator of academic socialisation, may have long-
 term protective effects by preventing a chain of risk involving
 low academic achievement, low socioeconomic position and
 physiological dysregulation.

 Parental involvement in their offspring's schooling has previ-
 ously been a topic of interest mostly within educational and
 developmental psychology, as a determinant of academic
 achievement in childhood and adolescence,8 9 and only a few
 studies have examined prospective associations with adult edu-
 cational attainment10 or of adult health.11-14 Our results mirror

 those of the psychological literature in that parental interest, sig-
 nifying academic socialisation, but not help with homework,
 relating to practical involvement, is positively related to aca-
 demic achievement in adolescence.9 Our findings extend these
 observations by illustrating how parental interest is reflected on
 the subsequent life course, by preventing a social chain of risk
 involving later low academic and occupational attainment and,
 in the end, cumulative biological risk in adulthood.

 The virtually non-existent correlation between parental inter-
 est and help with homework might seem counterintuitive, but
 although it is impossible to know exactly what the teachers and
 students were thinking of when answering the respective ques-
 tions, it could be due to several factors influencing the rating of
 homework help in different directions: On the one hand, parents
 who are interested in their offspring's studies should be more
 motivated to give practical help if needed compared with parents
 who are less interested, and it may also be that those who are
 interested are also more able as they may have pursued a more
 academic course in their own lives. On the other hand, parental
 help might be triggered by academic problems that the student
 has, and thus actually be negatively correlated with academic
 achievement in some cases, and as suggested by the literature,
 practical involvement of the parents is not necessarily a part of
 academic socialisation but can also negatively influence the
 child's autonomy and academic development.8 9 It should also be
 pointed out that help with homework assignments could also be
 offered by others than the parents, such as peers, teachers and
 older relatives, further diluting any correlation between help
 with homework assignments and teacher-rated parental interest.
 The latter is more likely to be influenced by the parents' direct
 interactions with the teacher, which may reflect the parents' atti-
 tudes towards education and the priority that they give to it.

 Social chains of risk have been conceptualised as acting by
 trigger effects, that is, that the last link in the chain is necessary
 for health effects to manifest, and/or through additive effects,
 that is, that all links in the chain contribute to health effects,
 which is reminiscent of a cumulative risk model.7 Our results

 suggest that achievement in adolescence acts as a trigger for the
 health impact of parental involvement. Achievement in adoles-
 cence, in turn, seems to act both through triggering by setting
 an individual on an unfavourable academic trajectory, as well as
 through additive effects, possibly involving, for example, health
 behaviours or stressor exposure, which together impact on adult
 physiological functioning. Associations between parental aca-
 demic involvement and adult health have generally been found
 to be partially explained by childhood factors, including aca-
 demic test scores,11 and completely explained by childhood and
 adult factors,12 13 with educational attainment regarded as the
 most important explanatory factor.12 Previous findings are thus
 generally consistent with our results, but the lack of analyses in
 the literature explicitly examining an academic pathway makes it
 impossible to gauge whether the findings correspond in detail.

 Previous studies of social chains of risk and adult health

 have mostly focused on the cascades set off by early life socio-
 economic disadvantage.19 20 The observation that our results
 were not explained by early socioeconomic disadvantage
 emphasises that academic socialisation, for example, parents
 providing a stimulating environment and promoting academic
 motivation and aspiration, might be a means to set an individual
 on a favourable academic track and thereby counteract the
 health consequences of sustained socioeconomic disadvantage
 over the life course,5 even in the face of early disadvantage.

 A major strength of this prospective study is that it is based
 on a stable cohort with very low attrition over the 27 years of
 follow-up. The cohort is population based and has in various
 comparisons been found to be representative of this age cohort
 of the Swedish population.15 Another strength is that three dif-
 ferent types of data are used, decreasing the risk of common
 method variance: Parental interest in their offspring's studies
 was based on an interview with the main teacher at age 16.
 Availability of home assignment help in school was self-
 reported. Education and socioeconomic position were self-
 reported 27 years later. AL was operationalised as an index of
 clinically measured biological parameters which had first been
 divided into tertiles, thus emphasising variation within the
 asymptomatic spectrum, making reverse causality unlikely. Our
 study also has some limitations. Despite a very high overall
 response rate, a relatively large number of participants did not
 complete the medical screenings at age 43, which could lead to
 biased results. However, earlier analyses have shown that those
 with incomplete data were largely similar in both the history of
 adversity and SES across the life course,21 in blood pressure and
 BMI in adolescence, as well as in adult health behaviours.22
 Using teacher evaluations of parental interest in their offspring's
 studies has the advantage of avoiding some of the social desir-
 ability effects that could have been expected if the question had
 been asked of the parents or the students, and has the further
 benefit of utilising the teachers' ability to compare parental
 interest between pupils. However, despite regular scheduled
 contacts between teachers and parents, teachers may not know
 exactly how interested the parents actually are, and their ratings
 could thus be confounded by, for instance, the student's social
 background, socially conditioned behaviour or actual academic
 achievements. In addition, we cannot rule out that the observed
 associations could partly be due to third variables rather than be
 causal. It is possible, for instance, that more intelligent children,
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 who are likely to do better in school, also motivate their parents
 to become more interested in their studies, creating a spurious
 association between parental interest and academic achievement.
 However, as earlier studies have found parental interest to
 predict academic achievement,11 12 it seems reasonable to
 assume that there is an effect. Imprecision would tend to attenu-
 ate the relationship with the outcome, whereas confounding
 could either attenuate or strengthen it. Further studies are
 needed to investigate the generalisability as the importance of
 both parental interest and education may vary substantially
 depending on the context.
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 ► Parental involvement in their children's studies, particularly
 in terms of academic socialisation, has been shown to

 predict academic achievement a key factor for later
 socioeconomic circumstances. Socioeconomic disadvantage,
 in turn, is thought to impact on health over the life course
 partly by allostatic load, that is, sustained and repeated
 activation of multiple physiological systems.

 ► Parental interest in their offspring's studies - rather than
 parental social class or availability of practical academic
 support- was found to predict adult allostatic load, largely
 mediated by academic achievement over the life course. This
 suggests that early academic socialisation may prevent a
 chain of risk leading from low socioeconomic status in the
 family of origin to later life health problems.
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