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Abstract

Objective—Adverse experiences in childhood may influence cardiovascular risk in adulthood. 

We examined the prospective associations between types of psychosocial adversity as well as 

having multiple adversities (e.g., cumulative risk) with carotid intima-media thickness (IMT) and 

its progression among young adults. Higher cumulative risk score in childhood was expected to be 

associated with higher IMT and its progression.

Methods—Participants were 2265 men and women (age range: 24-39 years in 2001) from the 

on-going Cardiovascular Risk in Young Finns study whose carotid IMT were measured in 2001 

and 2007. A cumulative psychosocial risk score, assessed at the study baseline in 1980, was 

derived from four separate aspects of the childhood environment that may impose risk (childhood 

stressful life-events, parental health behavior family, socioeconomic status, and childhood 

emotional environment).

Results—The cumulative risk score was associated with higher IMT in 2007 (b=.004; se=.001; 

p<.001) and increased IMT progression from 2001 to 2007 (b=.003; se=.001; p=.001). The 
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associations were robust to adjustment for conventional cardiovascular risk factors in childhood 

and adulthood, including adulthood health behavior, adulthood socioeconomic status and 

depressive symptoms. Among the individual childhood psychosocial risk categories, having more 

stressful life-events was associated with higher IMT in 2001 (b=.007; se=.003; p=.016) and poorer 

parental health behavior predicted higher IMT in 2007 (b=.004; se=.002; p=.031) after adjustment 

for age, sex and childhood cardiovascular risk factors.

Conclusions—Early life psychosocial environment influences cardiovascular risk later in life 

and considering cumulative childhood risk factors may be more informative than individual factors 

in predicting progression of preclinical atherosclerosis in adulthood.
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Atherosclerotic diseases such coronary heart disease and stroke are leading causes of death 

in the world. Such diseases start to develop early in life and thus have a long preclinical 

phase. Carotid artery intima-media thickness (IMT) has been shown to be a surrogate 

measure of preclinical atherosclerosis (1). Childhood biological risk factors such as obesity 

and high LDL-cholesterol predict increased IMT (2-4) and IMT progression (5-7) in 

adulthood, suggesting that the risk for the development of atherosclerosis begins relatively 

early in life. In addition to the established biological risk factors, exposure to adverse 

psychosocial environment during childhood has been suggested to contribute to poor 

cardiovascular health in adulthood (8). Low socioeconomic status (SES) (9-11) poor 

parenting practices, (12, 13) and adverse events (14) during childhood or adolescence have 

been found to predict later cardiovascular risks.

Instead of concentrating on single risk factors, researchers have increasingly started to 

investigate the possible effects of an cumulation of psychosocial risk factors (15). In a cross-

sectional study, co-occurrence of stress related factors was found to be associated with 

higher IMT at least in African American women (16). In addition, in a longitudinal study of 

large cohort, a cumulative psychosocial risk factor score was related to increased risk of 

coronary heart disease (17). However, we are not aware of any prospective studies that have 

examined the accumulation of childhood psychosocial risk factors as predictor of preclinical 

atherosclerosis.

The aim of the current study was to investigate whether early childhood psychosocial 

environmental risks are associated with adult IMT, a marker of pre-clinical atherosclerosis. 

A ‘risky families’ model (13) that characterizes ‘risky families’ as aggressive and 

conflictive, and having negative and unsupportive relationships between family members, is 

used as a theoretical basis for the current study. Family SES has been tied to most of the 

risky family attributes (13), whereas stressful events, such as parental divorce, contribute to 

(or partly define) level of conflict in the family. Additionally, parental health behaviors can 

be seen as a part of psychosocial risk factors as they reflect parental modeling and unhealthy 

environment, i.e., they are an integral part of the childhood environment affecting future 

health and health behavior of their children (e.g., parental smoking has been associated with 

increased risk of offspring’s smoking initiation (18)). Thus, the following four categories of 
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psychosocial risk were used to measure childhood environment: emotional environment, 

socioeconomic environment, stressful events, and parental health behaviors. We examined 

whether these individual risk categories and their composite score during childhood predict 

IMT and IMT progression during early adulthood over and above well-established biological 

risk factors for IMT (5). In addition, we examined whether associations would persist after 

controlling for four possible pathways, i.e., adult biological risk factors, adult health 

behavior, adulthood SES, and adulthood depressive symptoms, that have been hypothesized 

to link early psychosocial adversity with IMT (5, 19, 20). Based on previous findings, we 

hypothesized that childhood psychosocial cumulative risk score would be associated with 

higher IMT and its progression in a linear fashion and that these associations would persist 

after controlling traditional cardiovascular risk factors in childhood and adulthood.

Methods

Participants

Participants were selected from the ongoing population based Cardiovascular Risk in Young 

Finns study that began in 1980 (21, 22). The original sample included 3596 children and 

adolescents (aged 3 – 18 in 1980) and participants of the original sample were randomly 

selected from the national register that covers the whole population of Finland. Follow-up 

data collections have been conducted in 1983, 1986, 1989, 2001, 2007, and 2010/2011. 

Written informed consent was obtained from participants who were at least 9 years old and 

from the parents of younger participants. Research plan and data collection procedures were 

accepted by five universities (Helsinki, Turku, Tampere, Kuopio and Oulu) review boards, 

and data collection was conducted according to WHO standards as well as the Helsinki 

Declaration.

For the present study follow-up examinations from years 2001 and 2007 were used. 2265 

participants (mean age 31.7 years in 2001; age range 24-39) had complete IMT data from 

the year 2001, and thus these participants formed the current study sample. Multiple 

imputation method was used to keep the maximum number of participants in the analyses. 

Imputation model, which contained demographics, dichotomized childhood psychosocial 

risk factors, childhood and adulthood biological risk factors, and adulthood measures in 

2001 and 2007, was created to impute any missing data in childhood risk factors in 1980, 

adulthood covariates in 2001, and adulthood measures in 2007. Except for two variables, 

hospitalization of the father and father’s obesity, which contained 16% and 14% missing 

data, respectively, most childhood variables had only small amount of missing data (between 

0% and 5%). Adulthood variables in 2001 contained only small proportion of missing data 

(between 0% and 7%), whereas between 19% and 22% of data was missing in 2007. Thus, 

456 missing IMT values from 2007 were imputed. Multiple imputation was done using 

chained equations procedure in Stata 13.1 to obtain 25 imputed datasets (23).

Attrition analysis showed that the excluded participants had had higher number of parental 

health behavior and socioemotional risks (p < .05) than included participants, but there were 

no differences in the amount of other childhood risks or childhood covariates.
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Measures

Childhood psychosocial risk factors—Childhood risk factors were assessed by 

parental reports at the baseline examination in 1980. Four separate psychosocial risk 

categories were formed: (1) stressful life-events, (2) parental health behaviors, (3) family 

socioeconomic factors, and (4) socioemotional factors. Scores for each psychosocial risk 

category were derived by summing up the components using the following logic: 1 point 

was assigned when a component conferred risk and 0 points when the component did not 

confer risk. In addition to developing a score for each individual risk category, a total 

cumulative risk score was calculated by summing together scores from all the individual 

psychosocial risk categories. Because there are no clinically established thresholds for many 

of the components used to indicate risk in the current study, the cut-off points were defined 

based on theoretical and empirical knowledge. For example, the cut-off points for SES were 

based on a previous suggestion of suitable cut-off points for childhood SES (24), and the 

cut-off points for emotional scales (life satisfaction, parental nurturance) were based on the 

highest quartile as is conventional in psychosocial health studies examining the association 

of psychosocial factors with health (15). The naturally occurring cut-off points were, for 

instance, having a mental disorder (no/yes), being a smoker (no/yes) (25), or having a life 

event (no/yes) (14). Similar approach has also been used in two recent studies (26, 27). 

Specific components of the risk categories are shown in Table 1 and described in detail 

below.

(1) Stressful life events were derived based on scores for the following six 

experiences: moving residence, school changes, divorce in the family, deaths of 

significant persons (parents, siblings) and hospitalization and/or serious illness 

in the family. School change was included as a component of stressful life 

events as it captures possible peer group change. Presence of each event during 

participant’s childhood was assigned 1 point, otherwise the experience was 

assigned 0.

(2) Parental health behaviors included the following six behaviors: mothers’ and 

fathers’ body mass index (BMI), smoking status, and levels of regular physical 

activity. The following cut-off points were used to establish the presence of 

high risk level each category: either or both mother and father were obese 

(BMI>30 kg/m2), mother or father or both were current smokers, either father 

and mother or both reported no regular physical activity.

(3) Four components were used to derive a risk score for family socioeconomic 

factors: education (number of completed school years), occupational status 

(high non-manual, lower non –manual and manual), family income, and 

parents’ employment history. The following cut-off points were used to define 

high risk levels: low education (less than 9 years), manual occupation, low 

income (lowest 25%), and unsteady employment history (unemployment 

spells, long-term sickness absences spells, retired parents due to sickness). 

Family education and family occupational status were defined according to the 

parent with the highest education or occupational status.
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(4) Socioemotional factors were derived based on four factors, including parent’s 

mental health status, parents’ child-rearing style, parents’ life satisfaction and 

parents’ alcohol abuse. Mental health status was measured with the following 

question: “Have you ever been diagnosed by a health professional as having a 

mental health problem? (no/yes)”. Responding “yes” was considered as high 

risk, i.e. 0=low risk, 1=high risk. Parents’ child-rearing style was measured 

using a five-point scale that was derived from the Operation Family study (28). 

This scale contains seven items assessing two different child-rearing 

dimensions, i.e. emotional significance (e.g., “I enjoy spending time with my 

child” (1=all the time…5=very seldom) and tolerance (“My child prevents me 

from fulfilling my needs” (1=all the time…5=very seldom), which form a 

uniform scale. Details of the scale have been reported elsewhere (29). 

Providing a negative response, i.e. 4 or 5 in a five-point scale, to any item of 

the scale was used to indicate high risk. Parents’ life satisfaction scale was also 

based on the Operation Family study (28), and it contains three questions that 

measure parental satisfaction as a mother/father, as a spouse, and with her/his 

work role (e.g. “I am satisfied as a mother”; 1=not at all, 5=very much). A 

response of being dissatisfied with any of the three life areas was classified as 

high risk. Parent’s heavy alcohol use was included as a component of the 

socioemotional environment because of evidence indicating that unhealthy 

drinking is harmful to emotional development (30). Parent’s heavy alcohol use 

was measured as a number of heavy drinking occasions during year and an 

answer “Once a week” was used as the cut-off point for high risk.

Childhood and adulthood biological risk factors—At the baseline and follow-ups, 

weight and height were measured, and BMI was calculated by dividing participants’ weight 

in kilograms by their squared height in meters. In 1980, blood pressure was measured using 

a standard mercury sphygmomanometer. However, an ultrasound device was used among 3-

year-olds. Adulthood clinic measurements were performed in 2001 and 2007. Clinic staff 

using a random zero sphygmomanometer measured systolic blood pressure. A mean of three 

measures was used. Standard enzymatic methods were used to measure serum HDL-

cholesterol from blood samples. The Friedewald’s equation was used to calculate the LDL-

cholesterol concentration. Details of the used methods have been described and reported 

previously (21)

Adulthood carotid artery ultrasound studies—B-mode ultrasound studies of the left 

carotid artery were performed in 2001 and 2007 with standardized protocols that have been 

described previously (2, 5). At least 4 measurements of the far wall were taken 

approximately 10 mm proximal to the bifurcation to derive maximum carotid IMT during 

both study years. IMT progression was measured by subtracting the 2001 value from the 

2007 value.

Adulthood health behavior—All health behaviors were self-reported in 2001 and 2007. 

Current smoking (yes/no) was assessed and information on alcohol consumption was 

assessed by asking individuals to report the frequency with which they consumed at least six 
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portions of alcohol (one portion equals 12 g of alcohol) at a time (6-point scale ranging from 

0 = once a year or never to 5 = at least twice a week). Physical activity was measured using 

Physical Activity Index (31), which measures intensity, frequency, and duration of physical 

activity during leisure time.

Adulthood SES—Educational level and occupational status were self-reported in 2001 

and 2007, and used as indicators of SES. Educational level was classified as follows: 1=low 

(comprehensive school); 2=intermediate (secondary education): 3=high (academic, 

graduated from a polytechnic or studying at or graduated from a university). Occupational 

status was based on the Central Statistical Office of Finland classification: 1 = manual (e.g., 

factory worker, waiter, cleaner); 2 = lower grade non-manual (e.g., clerical employee, sales 

representative, secretary); 3 = higher grade non-manual (e.g., general manager, lawyer, 

physician, secondary school teacher).

Adulthood depressive symptoms—Depressive symptoms were assessed in 2001 and 

2007 using a modified version of the Beck Depression Inventory (BDI) (32). Whereas the 

original BDI is a 21-item questionnaire that offers four alternative response statements for 

each item, the modified version of the BDI consists of 21 items presenting the second 

mildest response statements of the original BDI. Respondents are asked to rate each 

statement on a 5-point scale (1=not at all; 5= very much). Overall mean score was then 

calculated. Internal consistency of the modified version of the BDI was good (Cronbach’s 

alpha ranging from 0.92 to 0.93) and it has been shown that the modified version of the BDI 

provides more information on less severe depression than the clinical Beck Depression 

Inventory II (33).

Statistical Analyses

Linear regression analysis was used to analyze the association between the cumulative risk 

score, each psychosocial risk category, and IMT thickness in 2001 and 2007, and IMT 

progression from 2001 to 2007. All analyses were adjusted for age and sex. In addition, four 

separate adjustment models (childhood biological conditions, adulthood biological 

conditions, adulthood health behaviors and adulthood psychological functioning) were used 

to examine the extent to which different sets of covariates may attenuate the association 

between childhood risk categories and adulthood IMT. Thus, additional adjustments were 

done for [1] childhood cardiovascular risk factors (BMI, systolic blood pressure and LDL 

cholesterol), [2] adulthood cardiovascular risk factors (BMI, systolic blood pressure, and 

LDL cholesterol), [3] adulthood health behavior (smoking, alcohol consumption and 

physical activity), [4] adulthood SES and depressive symptoms, and in these analyses 

covariates from the same year as the IMT measure were used. However, in the analysis of 

IMT progression, changes in covariates were used instead. IMT in 2001 was used as a 

covariate in the IMT progression analyses as the IMT in 2001 may affect the magnitude of 

change. To avoid possible multicollinearity, we only used cardiovascular covariates that have 

been shown to be associated with IMT or its progression (5). Exposure and outcomes 

measures were not standardized.
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Results

Characteristics of the study participants are shown in Table 2. Older age was associated with 

higher IMT in 2001 (b=.006; se=.0004; p<0.001) and 2007 (b=.007; se=.0004; p<0.001), 

and with more rapid IMT progression (b=.003; se=.0003; p<0.001). Men had higher levels 

of IMT in 2001 (b=.021; se=.004; p<0.001) and 2007 (b=.033; se=.004; p<0.001), and their 

IMT progression was faster (b=.020; se=.004; p<0.001) when compared to women.

Higher cumulative psychosocial risk score predicted higher IMT in 2007 and faster IMT 

progression after adjusting for age and sex (Table 3). Adjustment for childhood 

cardiovascular risk factors did not affect the association between the cumulative risk score 

and IMT in 2007, but slightly attenuated the association between the cumulative risk score 

and IMT progression. Additional adjustment for adulthood cardiovascular risk factors 

slightly attenuated the association between the cumulative risk score and IMT in 2007, but 

did not affect the association between the cumulative risk score and IMT progression. 

Further adjustment for adulthood health behaviors, depressive symptoms, and SES did not 

attenuate the associations. The associations between the cumulative risk score with IMT in 

2007 and IMT progression are illustrated in Figure 1.

Multivariate associations, i.e., all childhood risk categories were inserted simultaneously in 

the same regression model, between each childhood psychosocial risk category and the IMT 

measures are presented in Table 3. Higher exposure to stressful life events predicted higher 

IMT in 2001, worse parental health behavioral predicted higher IMT in 2007, and poorer 

family socioeconomic environment predicted IMT progression (Base Model: adjusted for 

age and sex). When adjusted for childhood cardiovascular risk factors, the association 

between parent health behaviors and IMT in 2007 was slightly attenuated, whereas the 

association between the family socioeconomic environment and IMT progression did not 

remain statistically significant (Model 1: adjusted for childhood cardiovascular risk factors). 

When additionally adjusted for adulthood cardiovascular risks, the association between 

childhood stressful life events and IMT in 2001 was slightly attenuated, whereas the 

association between parent health behaviors and IMT in 2007 was significantly diluted 

(Model 2). Further adjustment for adulthood health behavior did not affect the association 

between stressful life-events and IMT in 2001 (Model 3.)

Additional analyses

A significant interaction between the cumulative psychosocial risk score and sex in relation 

to adult IMT in 2001 was found (p=.033). Higher psychosocial risk score predicted higher 

2001 IMT in men (b=.003; se=.001; p=.017), but not in women (p=.87). However, a similar 

interaction was not found in relation to adult IMT in 2007 (p=.14) or to IMT progression 

(p=.68).

Correlations between individual childhood risk factors, childhood risk categories, childhood 

cumulative risk score and adulthood IMT measures using non-imputed data are presented in 

Table S1, Supplemental Digital Content 1. From the individual childhood risk factors, 

change of school, low educational level and occupational instability had the highest 

correlations (r > .08) with IMT in 2001 and 2007. Additionally, low occupational level was 
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correlated with higher IMT in 2007. Correlations between psychosocial risk categories were 

low (r’s range between −.03 and .22), and the correlations between IMT measures were: r=.

61 between IMT in 2001 and IMT in 2007, r=−.39 between IMT in 2001 and IMT 

progression, and r=.48 between IMT in 2007 and IMT progression.

To examine whether the imputation of IMT values in 2007 affected the results, additional 

analyses were performed using data where imputation for adulthood variables was not used. 

Results of these analyses are presented in Table S2, Supplemental Digital Content 2, and 

they are similar in direction and magnitude when compared to results in Table 3.

Discussion

The current study demonstrates that cumulative childhood psychosocial risk factors in youth 

predict higher IMT and increased IMT progression in adulthood in a sample from general 

population followed up over 27 years. Whereas some individual categories of psychosocial 

risk factors were associated with higher IMT and IMT progression, these associations were 

not consistent over the IMT measurement points, and they were also attenuated after the 

models were adjusted for adulthood cardiovascular factors and health behaviors. These 

findings suggest that it might be more informative to consider childhood risk factors 

cumulatively than individually in predicting IMT and its progression in adulthood.

Current findings are in line with previous suggestion that considering a combination of 

psychosocial factors provides a better indicator of total psychosocial risk burden than any 

single risk factor (15), and that exposure to several psychosocial factors may have greater 

health-impacts than exposure to single factors (15, 17, 34). A recent prospective study 

presented such a cumulative effect; children who had experienced several psychosocial 

disadvantages during their childhood had higher metabolic risk 32 years later in adulthood 

(12). Taken together, these findings suggest that a future focus should be to examine 

accumulated risk across multiple domains, in addition to concentrating on individual risk 

factors.

There is a vast amount of literature showing that childhood socioeconomic factors are 

connected to cardiovascular health in adulthood (24, 35), and specific studies have shown 

that both childhood and adulthood socioeconomic position are associated with IMT and IMT 

progression in adulthood (20, 36, 37). In a previous study using the same dataset, the 

association between childhood SES and IMT in 2001 was not found (9). Here, higher family 

socioeconomic risk was associated with higher IMT in 2007 and its progression; these 

associations were attenuated when models were adjusted for other cardiovascular risk factors 

and health behaviors, which may be in part because these conditions and behaviors both 

result from childhood socioeconomic risk and increase risk of preclinical atherosclerosis. 

Thus, these variables may in fact indicate pathways linking psychosocial risk to preclinical 

atherosclerosis.

There is strong evidence that parental cardiovascular disease is a risk factor for offspring 

cardiovascular disease (38, 39), and parental history of cardiovascular disease has also been 

found to be associated with subclinical atherosclerosis (40-42). Prior work has also indicated 
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that parental smoking is associated with increased IMT (43). In fact, parental health 

behavior most likely reflects both genetic and environmental effects. Most of the observed 

associations in the current study were attenuated when adulthood cardiovascular risk factors 

and health behavior were controlled for. This suggests that one pathway from childhood 

psychosocial risk factors to the development of atherosclerosis might go through adult health 

behavior (2, 44).

The current study also reported an association between stressful life events and preclinical 

atherosclerosis was found, however, this result did not replicate at the later time when IMT 

was measured. Previous studies have shown contradicting evidence on whether life-events 

may contribute to the development of atherosclerotic diseases. Death of a child has been 

associated with future myocardial infarction (45), but accumulated life events have not been 

consistently demonstrated to be associated with heart disease (46). It is possible that more 

recent stressful life events could have stronger health effects than the distal ones, which may 

partly explain the current finding.

Whereas it has been hypothesized that childhood emotional environment is a strong 

predictor of cardiovascular health (13), no association between childhood emotional 

environment risks and adulthood IMT was found in the current study. There are number of 

studies that have found connection between childhood adversity and adulthood general 

cardiovascular health (47). Although, there are limited number of studies that have examined 

the specific association between childhood adversity and adulthood IMT (48), recently, in a 

sample of 1402 middle-aged women, retrospectively reported history of childhood sexual 

abuse was associated with higher IMT (49). Childhood emotional environment has been 

typically found to highly correlate with SES (13), thus emotional environment might not 

have independent effects on subclinical atherosclerosis in adulthood.

The effect of cumulative psychosocial risk score on IMT was evident earlier in men than in 

women. Whereas previous studies using the same data have shown that psychosocial risk 

factors are typically more strongly associated with IMT among men (19, 50), there is also 

some evidence that cumulative psychosocial risk factors are stronger predictors of CHD in 

women (17). Thus, future research should examine in more detail whether psychosocial risk 

factors are differently associated with preclinical atherosclerosis between men and women.

Current findings may have important clinical significance. It has been shown in older adults 

that increase of 0.1 mm in common carotid IMT over five years may increase the subsequent 

risk of coronary events by around 50% (51), and being a smoker has been associated with 

0.009 mm progression of IMT over average of 6 years follow-up (7). In the current study, 

increase of one risk factor in total childhood psychosocial risk score was associated with 

0.002 mm increase in IMT. Thus, for example 5 risk factors would turn into 5% increase the 

risk of coronary events and have the same impact to IMT progression than being a current 

smoker.

Although this study did not directly test the mechanisms by which childhood adversity 

might lead to development of atherosclerosis, several plausible mechanisms were implicated. 

First of all, in the current study, the associations between individual risk categories and IMT 
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and its progression were largely attenuated when the analysis were controlled for adulthood 

biological risk factors and health behaviors. This suggests that these adult behaviors and 

conditions may be potential mediating mechanisms. Second, allostatic load, which refers to 

physiologic wear and tear created by exposure to repeated or chronic stressful experiences, 

has been proposed to be one of the pathways explaining how exposure to adverse 

experiences can influence health and alter biological functioning (52, 53). Chronic stress has 

also been associated with higher food intake (54), which indicates that exposure to adverse 

psychosocial environment during childhood could lead poorer eating habits later in life. 

Third, a number of biological mechanisms linking childhood adversity to atherosclerosis 

have also been suggested. Numerous studies have demonstrated an association between high 

levels of adversity and higher inflammation (55), suggesting that inflammation is a key 

process linking early adversity and later cardiovascular health. Exposure to adversity has 

been also shown to alter hypothalamic-pituitary-adrenal axis function (56), and sympathetic 

activation (57).

Study limitations

The strength of the current study is its population based sample and longitudinal design with 

27-year follow-up. However, the current study naturally also has some limitations. First, the 

measures of the childhood psychosocial risk categories were formulated in a rather simple 

way, i.e., continuous factors were dichotomized. It has been shown that dichotomizing 

continuous variables reduces information – and thus it is not often recommended (58). 

However, in a recent review on cumulative risk factors, it was concluded that in some cases 

dichotomizing is the best option to form a cumulative risk score as it is parsimonious, does 

not make assumptions about the relative strengths of multiple risk factors or their 

collinearity, and enables testing of cumulative effects (15). Although there are other ways to 

form risk scores (e.g., factor analytic methods), they are rather complicated and do not 

necessarily produce more reliable results than the traditional dichotomizing (15).

Secondly, some of the participants were already 18 years old when their parents answered 

the childhood psychosocial risk questionnaires. Thus, it is possible that their answers reflect, 

for example, their attitudes toward their teenage children rather than small children. Third, 

for some of the variables used in the risk score, the cut-offs points could be easily justified, 

whereas for some variables it was more difficult.

Fourth, our measurement battery did not include assessment of a number of childhood 

exposures, such as physical, sexual, or emotional abuse, family violence, or drug use. Most 

of the families that participated in the current study were not ‘risky families’ – but instead 

they represented the normal range of Finnish families with rather minor differences in child-

rearing practices. Our measurement battery might produce misclassification as families with 

severe abuse or neglect might have been classified as non-risky. Thus, future studies need to 

examine whether exposure to more adverse child-rearing practices in childhood is associated 

with future cardiovascular health.

Fifth, due to long follow-up time, over 30% of the original participants were lost. It has been 

previously shown that this attrition is partly systematic, i.e., participants who dropped out 
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were more often men and younger than those who continued, (21), and in the current study 

participants lost to follow-up had higher emotional risks than the included participants. 

Thus, it is possible that some effect sizes were underestimated due to attrition. Last, the large 

number of analyses may have increased Type 1 error. In addition to false positive findings, 

this could also produce inconsistencies between different time points.

Conclusions

The current prospective study shows that cumulative childhood psychosocial risks are 

associated with higher IMT 27-years later and that it may also contribute to 6-year 

progression of IMT. These results highlight the potential importance of early psychosocial 

and behavioral factors in the social environment in primary prevention of atherosclerotic 

diseases.
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Figure 1. 
Predicted values of IMT in 2007 and IMT progression by childhood cumulative risk score. 

Values are adjusted for age, sex, childhood and adulthood cardiovascular risk factors (BMI, 

LDL cholesterol, systolic blood pressure, smoking, alcohol consumption, physical activity, 

depressive symptoms, and socioeconomic status. See Table 3 for statistical details.
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Table 1

Childhood risk categories and their components

Risk category and component Measure/scale

Stressful life-events

  Moving Change of residence at least three times during childhood

  Change of school Change of school at least once during childhood

  Family break-up Parental divorce or separation

  Loss Death of family member/significant person

  Hospitalization and/or serious illness Long-term hospitalization (>2 weeks) or serious disease in the family

Risky parental health behavior

  Excess energy intake (mother) Body-mass index ≥30.0

  Excess energy intake (father) Body-mass index ≥30.0

  Smoking (mother) Daily smoking

  Smoking (father) Daily smoking

  Physical inactivity (mother) < 3 times per week

  Physcial inactivity (father) < 3 times per week

Unfavorable socioeconomic environment

   Low occupational status
Manual occupation

a

   Low educational level
Comprehensive school

a

   Low family income Annual income in lowest quartile

   Occupational instability
Unemployment, long-term sick-leave, disability pension

b

Unfavorable emotional family environment

  Parental mental disorder
Any diagnosis for mental disorder

b

  Emotionally distant caregiving
The nurturance scale

c

  High parental dissatisfaction
The dissatisfaction scale

c

  Heavy alcohol use pattern
Heavy intoxication (>6 units) weekly

b

a
Both parents had to fulfill this criterion.

b
Either parent had to fulfill this criterion.

c
Main caregiver in the household replied; in single parent-households, the available parent replied
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Table 2

Characteristics of the study group (n=2265). Values are means or proportions and standard errors (SE).

Male SE Range Female SE Range

Number of participants 1018 1247

Age (2001) 31.69 5.01 24-39 31.67 4.97 24-39

Childhood measures

 Stressful life events 0.41 0.02 0-3 0.42 0.02 0-3

 Health behavioral risks 1.06 0.04 0-5 1.16 0.03 0-6

 Socioeconomic risks 1.10 0.04 0-5 1.14 0.04 0-5

 Socioemotional risks 0.39 0.02 0-3 0.39 0.02 0-3

 Cumulative risk score 2.97 0.07 0-10 3.11 0.06 0-10

 LDL cholesterol, mmol/L 3.28 0.02 9.2-36.9 3.41 0.02 1.7-7.6

 Systolic blood pressure, mm|Hg 113.79 0.41 78-174 112.06 0.31 68-144

 Body mass index, kg/m2 18.00 0.10 9.2-36.9 17.85 0.09 9.9-35.6

Adulthood measures (2001)

 Carotid intima-media thickness, mm 0.59 0.00 0.4-1.3 0.57 0.00 0.4-1

 Body mass index, kg/m2 25.73 0.13 15.7-47.8 24.53 0.13 15.7-47.3

 LDL cholesterol, mmol/L 3.42 0.03 −0.7-7.9 3.16 0.02 0-6.7

 Systolic blood pressure, mm|Hg 121.56 0.39 86.7-180 112.60 0.35 80.7-166.7

 Smoking

  Yes 0.57 0.02 0.71 0.01

  No 0.43 0.02 0.29 0.01

 Alcohol consumption 2.15 0.04 0-5 1.08 0.03 0-5

 Physical activity index
a 8.93 0.07 5-15 8.81 0.05 5-15

 Educational level
b 2.16 0.02 1-3 2.19 0.02 1-3

 Occupational status
c 1.91 0.03 1-3 2.13 0.02 1-3

 Depressive symptoms
d 1.95 0.02 1-4.6 2.13 0.02 1-4.6

Note. Except for childhood risk factors, body mass index in childhood, physical activity and educational level, there were differences between men 
and women (p < .01).

a
Physical activity was measured using Physical Activity Index.

b
Educational level was classified as follows: 1=low; 2=intermediate; 3=high.

c
Occupational status was classified as follows: 1=manual; 2=lower grade non-manual; 3=higher grade non-manual.

d
Depressive symptoms were assessed using modified BDI
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Table 3

Associations (non-standardized betas, standard errors and p-values) between cumulative risk score and 

childhood risk categories (stressful life events, health behavioral risks, socioeconomic risks and 

socioemotional risks) with adulthood IMT measures

IMT 2001 IMT 2007 IMT change

Cumulative risk score b se p b se p b se p

Base Model 0.002 0.001 0.066 0.004 0.001 <0.001 0.003 0.001 0.001

Model 1 0.001 0.001 0.16 0.003 0.001 0.002 0.002 0.001 0.004

Model 2 0.001 0.001 0.34 0.002 0.001 0.026 0.002 0.001 0.005

Model 3 0.001 0.001 0.43 0.002 0.001 0.027 0.002 0.001 0.007

Model 4 0.001 0.001 0.24 0.002 0.001 0.034 0.002 0.001 0.009

Stressful life-events b se p b se p b se p

Base Model 0.006 0.003 0.020 0.005 0.003 0.11 0.001 0.003 0.65

Model 1 0.007 0.003 0.016 0.005 0.003 0.10 0.001 0.003 0.64

Model 2 0.006 0.003 0.021 0.004 0.003 0.21 0.001 0.003 0.70

Model 3 0.006 0.003 0.028 0.004 0.003 0.21 0.001 0.003 0.71

Model 4 0.006 0.003 0.032 0.004 0.003 0.21 0.001 0.003 0.72

Health behavioral risks b se p b se p b se p

Base Model 0.003 0.002 0.12 0.005 0.002 0.010 0.004 0.002 0.035

Model 1 0.002 0.002 0.22 0.004 0.002 0.031 0.003 0.002 0.074

Model 2 0.002 0.002 0.31 0.003 0.002 0.13 0.003 0.002 0.095

Model 3 0.002 0.002 0.35 0.003 0.002 0.14 0.003 0.002 0.098

Model 4 0.002 0.002 0.27 0.003 0.002 0.14 0.003 0.002 0.11

Socioeconomic risks b se p b se p b se p

Base Model 0.000 0.002 0.98 0.004 0.002 0.039 0.004 0.002 0.015

Model 1 −0.001 0.002 0.60 0.002 0.002 0.16 0.003 0.002 0.054

Model 2 −0.002 0.002 0.35 0.001 0.002 0.41 0.003 0.002 0.061

Model 3 −0.002 0.002 0.35 0.002 0.002 0.39 0.003 0.002 0.064

Model 4 −0.001 0.002 0.56 0.002 0.002 0.38 0.003 0.002 0.068

Socioemotional risks b se p b se p b se p

Base Model −0.001 0.003 0.81 −0.001 0.003 0.80 −0.001 0.003 0.85

Model 1 0.000 0.003 0.97 0.000 0.003 0.934 0.000 0.003 0.91

Model 2 0.001 0.003 0.84 0.001 0.003 0.84 0.000 0.003 0.94

Model 3 0.000 0.003 0.97 0.001 0.003 0.87 0.000 0.003 0.92

Model 4 0.000 0.003 0.96 0.000 0.003 0.89 0.000 0.003 0.93

Note. Childhood risk categories were inserted simultaneously in the same regression model and the following four adjustment models (childhood 
biological risk factors, adulthood biological risk factors, adulthood health behaviors and adulthood psychological functioning) were used to 
examine the extent to which different sets of covariates may attenuate the association between childhood risk categories and adulthood IMT:
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Base model. Adjusted for age and sex

Model 1 (childhood biological risk factors). Base model + childhood BMI, LDL cholesterol, and systolic blood pressure

Model 2 (adulthood biological risk factors). Model 1 + adulthood BMI, LDL cholesterol, and systolic blood pressure

Model 3 (adulthood health behavior). Model 2 + adulthood smoking, alcohol consumption, and physical activity

Model 4 (adulthood psychological functioning). Model 3 + adulthood depressive symptoms and socioeconomic status
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