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Introduction: This study used causal mediation analysis to assess the life-course associations of a
favorable childhood psychosocial environment with left ventricular mass and diastolic function in
adulthood and the extent to which adult health behaviors mediate these associations.

Methods: The sample included 880 participants (56% women) from the Young Finns Study with
data on the childhood environment from 1980, adult health behaviors (smoking, physical activity,
diet, and BMI) from 2001 and an echocardiographic assessment of the left ventricular mass (g/m2.7)
and diastolic function (E/e’ ratio; higher values indicating a lower diastolic function) from 2011. The
associations of the childhood environment with the left ventricular mass and E/e’ ratio and media-
tion pathways through health behaviors were assessed using marginal structural models that were
controlled for age, sex, and time-dependent confounding by adult socioeconomic position (measured
as educational attainment) via inverse probability weighting. The data were analyzed in 2018−2019.

Results: The mean age in 2011 was 41 (range 34−49) years. Those above versus below the median
childhood score had a 1.28 g/m2.7 lower left ventricular mass (95% CI= �2.63, 0.07) and a 0.18
lower E/e’ ratio (95% CI= �0.39, 0.03). There was no evidence for indirect effects from childhood
environments to left ventricular outcomes through adult health behaviors after controlling for
time-dependent confounding by the adult socioeconomic position (indirect effect b= �0.30, 95%
CI= �1.22, 0.63 for left ventricular mass; b= �0.04, 95% CI= �0.18, 0.11 for E/e’ ratio). The results
after multiple imputation were similar.

Conclusions: A favorable childhood environment is associated with more optimal cardiac struc-
ture and function in adulthood. After accounting for socioeconomic positions, adult health behav-
iors explain little of the associations.
Am J Prev Med 2019;57(6):e195−e202. © 2019 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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INTRODUCTION
Although several studies have shown that early-
life psychosocial adversity is associated with
cardiovascular risks in adulthood,1−3 recent

studies have turned the focus toward favorable psycho-
social factors that may help to maintain optimal car-
diac health.4−9 Adult cardiovascular health has been
linked to various early-life psychosocial factors, includ-
ing the family socioeconomic position (SEP),10,11 emo-
tional climate,12,13 health behaviors,14,15 environmental
safety and stability,2,16 and the self-regulation skills of
the child.4,17,18 In the Cardiovascular Risk in Young
Finns Study, the cumulative presence of favorable psy-
chosocial factors in childhood and adolescence was
associated with a lower risk of Type 2 diabetes9 and
coronary artery calcification,7 more optimal BMI
development,6 and a more ideal cardiovascular profile
overall.8 Similar findings have been reported in cohorts
from the U.S.4,12

A favorable childhood environment may influence
cardiovascular outcomes through direct biological
pathways; for example, by supporting the optimal reg-
ulation of immune, metabolic, neuroendocrine, and
autonomic nervous systems19 and enhancing restor-
ative physiological processes.5 The childhood environ-
ment may also influence cardiovascular health
through behavioral pathways. For instance, an adverse
childhood environment has been associated with
smoking, being overweight and physically inactive,
and engaging in substance use in adulthood,3,20 which
in turn are associated with cardiovascular outcomes.
If adult behavioral factors lie on the causal pathway
from childhood conditions to later-life cardiovascular
health, they can represent modifiable means to reverse
the adverse effects of early-life circumstances. How-
ever, the degree to which the childhood environment
causes adulthood cardiac outcomes through adult
health behaviors is not well known.
This study extends previous studies by assessing

the longitudinal associations of favorable childhood
psychosocial environment with 2 established risk fac-
tors for cardiovascular morbidity and mortality: the
adult left ventricular (LV) mass and LV diastolic
function.21−23 The aim was to identify potential
behavioral mechanisms through which the childhood
environment may be associated with adult cardiac
outcomes. To this end, a counterfactual approach was
used to assess whether ideal cardiovascular health
behaviors in adulthood explain the associations of
favorable childhood environment with more optimal
LV mass and diastolic function.
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METHODS

Study Sample
The Cardiovascular Risk in Young Finns Study is a prospective
cohort study on the precursors of atherosclerosis among Finnish
children and adolescents.24 The initial sample included 3,596 par-
ticipants aged 3−18 years in 1980. For this study, 2,067 individu-
als who had data on childhood psychosocial environment in 1980
were included. Of these 2,067 individuals, 864 were excluded
because of missing behavioral and covariate (educational attain-
ment) data in 2001, and an additional 323 were excluded owing to
missing data on the LV mass and diastolic function in 2011,
resulting in 880 participants. The study was conducted according
to the Declaration of Helsinki and was approved by the Ethics
Committee of the Hospital District of Southwest Finland. The
Harvard T.H. Chan School of Public Health IRB reviewed this
protocol and deemed this activity exempt under 45 CFR 46.101(b)
(4). All participants gave written informed consent.

Measures
Echocardiograms were performed in 2011. Standard echocardio-
graphic examinations25,26 were produced from the standardized
image planes and modes: parasternal long and short axis in two-
dimensional and M-mode and apical four-chamber view.25 The
LV mass was calculated as LV massðgÞ ¼ 0:8

�
1:04 ½ðLV end�

diastolic diameterþ posterior wall thicknessþ interventricular
septum thicknessÞ3�LV end�diastolic diameter�3

�
þ 0:6 g; and

it was indexed by height raised to the allometric power of 2.7
(indexed LV mass = LV mass/height2.7) as this indexation per-
forms better in the context of individuals who were overweight
and obese.26,27 The LV diastolic function in the LV filling pres-
sure was measured using the E/e’ ratio (higher values indicate
lower diastolic function), which was assessed with continuous
and pulsed-wave Doppler measuring transmitral flow and tissue
velocities.25,26

As described previously,6−9 the childhood environment was
assessed with 6 factors proposed as central components of child-
hood psychosocial environment28,29: socioeconomic environment,
emotional environment, parental health behaviors, stressful
events, the child’s self-regulation, and social adjustment (Appen-
dix Table 1, available online). These data were collected from
parents of the study participants via questionnaires in 1980
(Appendix Table 2, available online). The 6 psychosocial factors
were constructed from several dichotomous variables (0/1). For
this purpose, the continuous data were first dichotomized. The
selection of the cut offs is described in detail in Appendix Table 1
(available online). The scores from the 6 domains were standard-
ized (z-scores) and then added together.6−9 A favorable psychoso-
cial factor score was treated both as a continuous score and a
dichotomous variable with a cut off at the 50th percentile.

Four health behaviors—smoking, BMI, physical activity, and
diet—were assessed in 2001 following the American Heart Associ-
ation definitions of ideal cardiovascular health.30 Smoking, physi-
cal activity, and diet were self-reported. The BMI (kg/m2) was
measured during a study visit. The total number of ideal behaviors
was the count of the ideal scores on smoking (never smoked
or quit >1 year ago), BMI (<25 kg/m2), physical activity
www.ajpmonline.org
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(120 minutes/week moderate-intensity activity, 60 minutes/week
vigorous-intensity activity, or a combination), and diet (2 of the 3
following components: fruits and vegetables every day, fish 2 or
more times/week, and soft drinks 2 or fewer times/week).30,31

A dichotomized measure of ideal cardiovascular behaviors
(2 or more versus fewer than 2 ideal behaviors) was used in the
analyses.

All the analyses were adjusted for sex and age. Self-reported
educational attainment (highest level of educational attendance or
completed education in 2001; dichotomized into no college versus
college or higher) was used to assess the adult SEP.
STATISTICAL ANALYSIS

Linear regression analysis was used to examine the over-
all associations of the childhood psychosocial factors
score with the LV mass and diastolic function. The LV
mass and E/e’ ratio were examined in separate models,
both without adjustments and adjusted for age and sex.
The childhood psychosocial score was first used as a
continuous score, and the estimates were scaled to 1 SD
of the score. The childhood score was then assessed as a
dichotomous variable with a cut off at the median (50th
percentile). The associations of the adult health behav-
iors with the LV mass and E/e’ ratio were assessed in a
separate linear regression analysis adjusted for age, sex,
adult SEP, and the childhood score.
A counterfactual approach was used to assess the direct

and indirect effects of the childhood environment on the
LV outcomes through health behaviors in adulthood. The
hypothetical causal model is presented in Figure 1. In this
figure, a favorable psychosocial childhood environment is
the exposure and ideal health behaviors the proposed
mediator. Age and sex were included as potential con-
founders of both the exposure−outcome and the media-
tor−outcome associations.32−38 In addition, the adult
SEP was included as a potential exposure-induced
confounder of the mediator−outcome association.
This causal structure was hypothesized based on the
Figure 1. Directed acyclic graph depicting the conceptual model o
behaviors, and SEP in adulthood and the outcomes of LV mass and
LV, left ventricular; SEP, socioeconomic position.
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established associations of the childhood psychosocial
environment with the adult SEP and the associations
of the adult SEP with both health behaviors and LV
structure and function.39−41

In the presence of exposure-induced confounding,
natural direct and indirect effects are not identified, but
randomized interventional analogs for natural direct
and indirect effects can be estimated.42,43 In this study,
exposure-induced confounding was controlled in mar-
ginal structural models by inverse probability weighting
following the approach described by VanderWeele
et al.43 The weights were constructed based on logistic
regression models for the childhood psychosocial envi-
ronment, adult SEP, and ideal health behaviors (all
treated as dichotomous variables), and the estimates of
direct and indirect effects were obtained from weighted
linear regression models regressing the LV outcomes on
the exposure. The effect decomposition has been
described previously.43 The SEs and CIs were obtained
with robust variance estimation to account for the sam-
pling error in estimating the weights.44 The LV mass
and E/e’ ratio were analyzed in separate models.
Multiple imputation with chained equations was per-

formed to account for missing data (Appendix Table 3,
available online).45 The imputation model included the
measures of LV mass; E/e’ ratio; educational attainment
in 2001, 2007, and 2011; ideal health behaviors in 1986,
2001, 2007, and 2011; sex; age; and childhood psychoso-
cial factors in 1980. All the study variables with missing
data were imputed, and all the analyses were repeated in
10 imputed data sets. The 6 childhood psychosocial fac-
tors were imputed as separate variables. Participants
with imputed outcomes were excluded from the analysis
of imputed data.45 As sensitivity analyses, all the analyses
were repeated with data on health behaviors and educa-
tion assessed in 2007. Additionally, the analyses were
conducted after participants with self-reported diagnoses
of cardiac disease or events in 2001 had been excluded.
f the relationships between the childhood environment, health
diastolic function.
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Finally, mediation was assessed through each health
behavior separately. All the analyses were conducted in
Stata, version 13.1 in 2018−2019.
RESULTS

Table 1 and Appendix Table 4 (available online) show
the sample characteristics. Compared with those
excluded owing to missing data, the included partici-
pants were almost 1 year older, more often female (56%
vs 48%), and from more favorable childhood psychoso-
cial environments (mean, 0.7 vs 0.4) (Appendix Table 5,
available online). Descriptive statistics after multiple
imputations are presented in Appendix Table 6 (avail-
able online).
Table 1. Characteristics of 880 Participants From the Car-
diovascular Risk in Young Finns Study

Characteristics Mean (SD) n [%] n

Age (years) in 2011 41.4 (4.9) — 880

Sex (female) — 493 [56] 880

Educational attainment in 2001 — — 880

No college — 616 [70] —
College or higher — 264 [30] —

Psychosocial factors in 1980 — — —
Favorable socioeconomic
environment (range, 0‒4)

1.7 (1.2) — 880

Favorable emotional
environment (range, 0‒4)

2.5 (0.9) — 880

Favorable health behaviors of
parents (range, 0‒6)

4.9 (1.1) — 880

Lack of stressful events (range,
0‒5)

4.8 (0.5) — 880

High self-regulatory behavior
(range, 0‒7)

6.7 (0.7) — 880

High social adjustment (range,
0‒2)

1.5 (0.7) — 880

Childhood psychosocial factors
score

0.7 (2.6) — 880

Ideal health behaviors in 2001 — — 880

≥2 ideal behaviors — 613 [70] —
<2 ideal behaviors — 267 [30] —
Nonsmoking — 608 [69] —
BMI <25 kg/m2 — 519 [59] —
Ideal physical activity — 480 [55] —
Ideal diet — 231 [26] —

Left ventricular mass (g/m2.7) 30.4 (6.7) — 853

E/e’ ratio 4.8 (1.0) — 860

Note: All the values except for the left ventricular mass and E/e’ ratio
were calculated for participants with data on the LV mass, E/e’ ratio, or
both. The mean left ventricular mass (g/m2.7) 29.6 (SD=6.2) and 31.2
(7.1) among those above vs below the median of the childhood psycho-
social score. The mean E/e’ ratio 4.7 (0.9) versus 4.9 (1.0) among
those above versus below the median of the childhood psychosocial
score.
Unadjusted linear regression analyses showed that the
favorable childhood psychosocial score was associated
with a lower LV mass and E/e’ ratio. A 1-SD difference
in the childhood psychosocial score was associated with
a 0.83 g/m2.7 difference in the LV mass (95% CI= �1.27,
�0.38) and a 0.08 difference in the E/‘e ratio (95% CI=
�0.15, �0.01). These associations remained significant
after adjusting for age and sex (b= �0.66, 95% CI=
�1.09, �0.23 for LV mass; b= �0.08, 95% CI= �0.15,
�0.02 for E/’e ratio) and age, sex, and adult SEP (b=
�0.52, 95% CI= �0.96, �0.08 for LV mass; b= �0.08,
95% CI= �0.15, �0.02 for E/’e ratio). Of the 6 psychoso-
cial factors, the socioeconomic environment, parental
health behaviors, and child’s self-regulatory behavior
were associated with LV outcomes (Appendix Table 7,
available online). The associations of the childhood psy-
chosocial score with the LV mass and E/e’ ratio did not
differ according to age (psychosocial score by age inter-
action: p=0.79 for LV mass, p=0.63 for E/e’ ratio) or sex
(psychosocial score by sex interaction: p=0.52 for LV
mass, p=0.34 for E/e’ ratio). Those with a childhood psy-
chosocial score above the median had 84% higher sex-
and age-adjusted odds for having 2 or more ideal health
behaviors in adulthood compared with those below the
median (OR=1.84, 95% CI=1.35, 2.51). Having 2 or
more ideal health behaviors in adulthood was associated
with a 2.17 g/m2.7 lower LV mass (95% CI= �3.14,
�1.20) and a 0.23 lower E/e’ ratio (95% CI= �0.38,
�0.09) compared with having fewer than 2 ideal behav-
iors after adjusting for sex, age, childhood psychosocial
environment, and adult SEP.
Differences in the LV mass and E/e’ ratio above and

below the median of the childhood psychosocial score
are presented in Table 2. The age- and sex-adjusted dif-
ferences from the linear regression models coincided
with the total effect estimates from the marginal struc-
tural models that were controlled for age, sex, and time-
dependency confounding by the adult SEP (total effect
b= �1.28, 95% CI= �2.63, 0.07 for LV mass; b= �0.18,
95% CI= �0.39, 0.03 for E/e’ ratio). The marginal ran-
domized interventional analog of the direct effect indi-
cated a difference of 0.98 g/m2.7 in the LV mass among
those above the median of the childhood score versus
those below the median (95% CI=�1.97, 0.00). The ana-
log for the direct effect on the LV diastolic function indi-
cated a corresponding difference of 0.14 in the E/e’ ratio
(95% CI= �0.29, 0.01). Approximately 23% and 21% of
the associations of childhood environment with the LV
mass and E/e’ ratio were estimated to be mediated
through adult health behaviors (b= �0.30, 95% CI,
�1.22, 0.63 for LV mass; b= �0.04, 95% CI= �0.18,
0.11 for E/e’ ratio). However, these estimates were not
statistically significant (natural indirect effect: p=0.53 for
www.ajpmonline.org



Table 2. Differences in LV Outcomes Between Those Above and Below the Median of Childhood Psychosocial Score

Complete cases Multiple imputation

LV mass (g/m2.7) E/e’ ratio LV mass (g/m2.7) E/e’ ratio
Model Difference (95% CI) Difference (95% CI) Difference (95% CI) Difference (95% CI)

Linear regression

Unadjusted ‒1.61 (‒2.51, ‒0.71) ‒0.15 (‒0.28, ‒0.02) ‒1.67 (‒2.34, ‒1.01) ‒0.17 (‒0.26, ‒0.07)
Sex- and age-adjusted ‒1.16 (‒2.02, ‒0.29) ‒0.16 (‒0.29, ‒0.03) ‒1.37 (‒2.01, ‒0.72) ‒0.16 (‒0.25, ‒0.06)

Marginal structural modela

Total effect ‒1.28 (‒2.63, 0.07) ‒0.18 (‒0.39, 0.03) ‒1.36 (‒2.27, ‒0.44) ‒0.17 (‒0.31, ‒0.03)
Direct effect ‒0.98 (‒1.97, 0.00) ‒0.14 (‒0.29, 0.01) ‒1.05 (‒1.74, ‒0.36) ‒0.14 (‒0.25, ‒0.04)
Indirect effect ‒0.30 (‒1.22, 0.63) ‒0.04 (‒0.18, 0.11) ‒0.31 (‒0.90, 0.29) ‒0.02 (‒0.12, 0.07)

Note: Sample sizes differ owing to the available data (n=853 for LV mass, n=860 for E/e’ ratio in the complete case analysis, n=1,908 for the LV
mass, n=1,939 for the E/e’ ratio after multiple imputation). In the complete case analysis, those above the median of the childhood psychosocial
score had a 0.90 g/m2.7 lower LV mass (95% CI= ‒1.78, ‒0.02) and a 0.16 lower E/e’ ratio (95% CI= ‒0.29, ‒0.03) compared to those below the
median of the childhood score after adjusting for age, sex, and adult SEP. In the analyses with imputed data, those above the median of the child-
hood psychosocial score had a 1.16 g/m2.7 lower LV mass (95% CI= ‒1.34, ‒0.99) and a 0.15 lower E/e’ ratio (95% CI= ‒0.18, ‒0.12) compared to
those below the median of the childhood score after adjusting for age, sex, and adult SEP.
aEstimates from the marginal structural model adjusted for age, sex, and time-dependent confounding by adult SEP.
LV, left ventricular; SEP, socioeconomic position.
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the LV mass, p=0.61 for the E/e’ ratio) (Table 2). Results
with imputed data concurred with those from the pri-
mary analyses (Table 2). Although the estimates for LV
mass were somewhat greater, no indirect effects were
observed in the imputed data.
In the complete case analysis using health behavior

and educational data from 2007, all the associations
were somewhat stronger for the LV mass and weaker for
the E/e’ ratio compared with the primary analysis, but
no indirect associations were observed (Appendix Table
8, available online). Imputed analyses with data from
2007 yielded similar results to those from the imputed
analyses with data from 2001 (Appendix Table 8, avail-
able online). All the results were substantially similar
after excluding the participants with cardiac disease or
events (Appendix Table 9, available online). No indirect
associations were seen in the analyses that estimated the
indirect effect through each health behavior separately
(Appendix Table 10, available online).
DISCUSSION

This prospective cohort study found that a favorable
psychosocial environment in childhood and youth is
associated with better cardiovascular health 31 years
later, as measured by the cardiac structure (LV mass)
and diastolic function (E/e’ ratio). Compared with
those with childhood psychosocial scores below the
median, those above the median had a 1.2 g/m2.7 lower
LV mass and 0.2 lower E/e’ ratio. After accounting for
the adult SEP, there was no consistent evidence of
health behaviors mediating the association of child-
hood psychosocial environment with the LV mass and
E/e’ ratio; the associations of childhood environment
December 2019
are explained largely by other factors besides ideal
health behaviors.
Previous studies have demonstrated the associations

of psychosocial factors in childhood with several impor-
tant cardiometabolic risk factors in adulthood.4,6−9,12

This study extends these findings to the LV mass and
diastolic function. Increased LV mass and LV diastolic
dysfunction measured as the LV filling pressure have
been found to be prognostic of the risk of cardiovascular
events and premature morbidity, independent of cardio-
vascular comorbidities and beyond traditional risk factor
assessment, and thus, they are clinically relevant markers
for cardiovascular risk stratification.21−23 A 1 g/m2.7

increase in the LV mass has been associated with a 40%
increased rate of adverse cardiovascular events.46 In this
study, the difference between those with unfavorable
versus favorable childhood scores was 1.2 g/m2.7, which
would correspond to a 3% higher rate of cardiovascular
events. Although the incubation time from childhood
exposures to disease manifestation may be long, some
evidence suggests that childhood psychosocial exposures
are associated with progression of cardiovascular risk
factors over time.2,6 Future studies with repeated meas-
urements of cardiac structure and function are needed
to elucidate the timing of etiologically relevant patho-
physiological changes.
Several pathways can connect childhood environment

with adulthood cardiac health. Childhood and youth are
developmental periods during which important regulatory
systems and physiological responses are programmed.19,47

The childhood psychosocial environment may initiate
differences in immune, metabolic, neuroendocrine, and
autonomic nervous systems relevant to cardiovascular
health across life.19 Behavioral factors are suggested as
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a potentially important, modifiable mechanism explaining
the association of childhood psychosocial environment
with cardiovascular outcomes.3,5,19 However, the extent
to which this occurs is not well understood.19 This
study used marginal structural models to assess the
associations of childhood environment with adult car-
diac outcomes through ideal cardiovascular health
behaviors while controlling for time-dependent con-
founding by the adult SEP. After accounting for age,
sex, and adult SEP, there was no evidence of an indirect
association of the childhood environment with the LV
mass and diastolic function through ideal cardiovascu-
lar health behaviors. Nevertheless, health behaviors are
considered a major contributor to the socioeconomic
gradient in health. A pathway from the childhood envi-
ronment to the LV mass and diastolic function may
involve a sequence of exposures,47 whereby the child-
hood environment influences the adult SEP, which in
turn drives the association of health behaviors with car-
diac outcomes. This is feasible given that some evidence
suggests an indirect association from childhood envi-
ronment to adult cardiovascular outcomes through the
adult SEP.12,16 Furthermore, a recent study examining
the associations of childhood psychosocial adversity
with adult cardiac outcomes suggested an indirect
association through health behaviors.16 A relevant
question is whether favorable and adverse childhood
exposures tap into different intermediate mechanisms,
with the role of health behaviors possibly accentuating
those associated with childhood adversity. Further
work recognizing potentially distinct pathways initi-
ated by favorable versus adverse early-life exposures is
needed to explain the psychosocial origins of lifetime
cardiovascular health. Future research should also
evaluate the degree to which standard cardiovascular
risk factors, for example, blood pressure or insulin
resistance, may explain the associations of childhood
psychosocial environment with adult cardiac structure
and function.

Limitations
The assessment of mediation in a life-course perspective
using longitudinal observational designs is complex. For
the estimates of direct and indirect effects to have a causal
interpretation, strong assumptions regarding confounding
are needed.42,43 In particular, longitudinal settings often
involve long time intervals between measurements of the
exposure and the mediator. This introduces the possibility
of intermediate, time-dependent confounding of the medi-
ator−outcome association.42 In this study, time-dependent
confounding was addressed using a recently developed
method for the effect decomposition in the causal mediation
framework. This approach is based on inverse probability
weighting in marginal structural models, which requires esti-
mating additional parameters, inevitably decreasing its statis-
tical power. The precision of the estimates obtained from
this analysis thus may be compromised by the methodologi-
cal approach that was chosen to accurately represent the
underlying causal structure.
Some other limitations should be noted. The analysis

is based on observational data, and the possibility of
residual or unmeasured confounding cannot be ruled
out. Causal mediation analysis helped to improve the
specification of the causal model, although the variables
were dichotomous, which decreased the precision of
measurement.48 This study is a long-running cohort
study, and loss to follow-up cannot be avoided. The
complete case and multiple imputation analyses gave
similar results for the lack of indirect effect through
health behaviors, but it is possible that selective loss to
follow-up biased the estimates. Although no established
standard currently exists for measuring childhood psy-
chosocial environment, the 6 included factors are theo-
retically sound28,29 and have been associated with
relevant cardiometabolic outcomes.2,4,10−18 Likewise, no
clear cut offs exist for defining favorable versus adverse
psychosocial experiences, and the childhood score can-
not fully differentiate the relative contributions of the
beneficial versus the adverse aspects of childhood envi-
ronment. Although the diet was measured using vali-
dated food frequency questionnaires, and the physical
activity questionnaire has shown acceptable convergent
validity against pedometric data,49−51 self-reported
health behaviors involve a risk of reporting bias based
on childhood background or adult SEP. Finally, the par-
ticipants were a white, ethnically homogeneous cohort
residing in Finland, which limits the generalizability of
these findings. The strengths of this study include pro-
spective, encompassing data on childhood psychosocial
circumstances and the application of recently developed
methods to assess mediation.
CONCLUSIONS

This study found that a favorable childhood environ-
ment is associated with more optimal LV mass and dia-
stolic function in adulthood. Findings from the causal
mediation analysis suggest that this association is not
explained by ideal cardiovascular health behaviors in
adulthood once age, sex, and adult SEP are accounted
for. Currently, these results highlight the importance of
early-life environments in initiating the pathways of
long-term cardiovascular health, and motivate the fur-
ther application of rigorous designs to assess the causal
pathways from childhood psychosocial environment to
adult cardiovascular endpoints.
www.ajpmonline.org



Komulainen et al / Am J Prev Med 2019;57(6):e195−e202 e201
ACKNOWLEDGMENTS
We gratefully acknowledge the expert technical assistance of
Irina Lisinen (University of Turku, Turku, Finland).

The Cardiovascular Risk in Young Finns Study was reviewed
and approved by the Ethics Committee of the Hospital District
of Southwest Finland. This protocol was reviewed and approved
by Harvard T.H. Chan School of Public Health Office of Human
Research Administration (exempt under 45 CFR 46.101[b][4]).
The study sponsors had no role in the study design; collection,
analysis, and interpretation of the data; writing of the report; or
in the decision to submit the report for publication.

This work was supported by the Doctoral Programme in Popu-
lation Health, University of Helsinki, Helsinki, Finland (KK); Juho
Vainio Foundation (grant 201710106) (KK); a Fulbright Finland/
Fulbright Program ASLA-Fulbright Graduate Grant sponsored by
the Bureau of Educational and Cultural Affairs of the U.S. Depart-
ment of State and administered by the Institute of International
Education (KK); Yrj€o Jahnsson Foundation (LP-R); and the Jenny
and Antti Wihuri Foundation (LP-R). The Young Finns Study has
been financially supported by the Academy of Finland (grants
286284, 134309 (Eye), 126925, 121584, 124282, 129378
(Salve), 117787 (Gendi), and 41071 (Skidi); the Social Insurance
Institution of Finland; Competitive State Research Financing of
the Expert Responsibility area of Kuopio, Tampere, and Turku
University Hospitals (grant X51001); Juho Vainio Foundation;
Paavo Nurmi Foundation; Finnish Foundation for Cardiovascular
Research; Finnish Cultural Foundation; The Sigrid Juselius Foun-
dation; Tampere Tuberculosis Foundation; Emil Aaltonen Founda-
tion; Yrj€o Jahnsson Foundation; Signe and Ane Gyllenberg
Foundation; Diabetes Research Foundation of Finnish Diabetes
Association; and European Union Horizon 2020 (grant 755320
for TAXINOMISIS); and European Research Council (grant
742927 for MULTIEPIGEN project); Tampere University Hospital
Supporting Foundation.

Author responsibilities were as follows: KK and LP-R had full
access to the data and take responsibility for the integrity of
the data and the accuracy of the data analysis. Concept and
design: KK, MAM, LP-R, and MJo. Acquisition, analysis, or inter-
pretation of data: All authors. Drafting of the article: KK. Critical
revision of the article for important intellectual content: All
authors. All authors have given final approval of the version of
the article to be published.

No financial disclosures were reported by the authors of this
paper.
SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/j.
amepre.2019.08.018.
REFERENCES
1. Danese A, Moffitt TE, Harrington H, et al. Adverse childhood experiences

and adult risk factors for age-related disease: depression, inflammation,
and clustering of metabolic risk markers. Arch Pediatr Adolesc Med.
2009;163(12):1135–1143. https://doi.org/10.1001/archpediatrics.2009.214.

2. Su S, Wang X, Pollock JS, et al. Adverse childhood experiences and
blood pressure trajectories from childhood to young adulthood: the
December 2019
Georgia stress and Heart study. Circulation. 2015;131(19):1674–1681.
https://doi.org/10.1161/CIRCULATIONAHA.114.013104.

3. Su S, Jimenez MP, Roberts CTF, Loucks EB. The role of adverse child-
hood experiences in cardiovascular disease risk: a review with empha-
sis on plausible mechanisms. Curr Cardiol Rep. 2015;17(10):88.
https://doi.org/10.1007/s11886-015-0645-1.

4. Appleton AA, Buka SL, Loucks EB, Rimm EB, Martin LT, Kubzansky
LD. A prospective study of positive early-life psychosocial factors
and favorable cardiovascular risk in adulthood. Circulation. 2013;127
(8):905–912. https://doi.org/10.1161/CIRCULATIONAHA.112.115782.

5. Boehm JK, Kubzansky LD. The heart’s content: the association
between positive psychological well-being and cardiovascular health.
Psychol Bull. 2012;138(4):655–691. https://doi.org/10.1037/a0027448.

6. Elovainio M, Pulkki-Ra
�
back L, Hakulinen C, et al. Psychosocial

environment in childhood and body mass index growth over 32 years.
Prev Med. 2017;97:50–55. https://doi.org/10.1016/j.ypmed.2016.12.023.

7. Juonala M, Pulkki-Ra
�
back L, Elovainio M, et al. Childhood psychoso-

cial factors and coronary artery calcification in adulthood: the Cardio-
vascular Risk in Young Finns Study. JAMA Pediatr. 2016;170(5):466–
472. https://doi.org/10.1001/jamapediatrics.2015.4121.

8. Pulkki-Ra
�
back L, Elovainio M, Hakulinen C, et al. Cumulative effect of

psychosocial factors in youth on ideal cardiovascular health in adulthood:
the Cardiovascular Risk in Young Finns Study. Circulation. 2015;131
(3):245–253. https://doi.org/10.1161/CIRCULATIONAHA.113.007104.

9. Pulkki-Ra
�
back L, Elovainio M, Hakulinen C, et al. Positive psychosocial

factors in childhood predicting lower risk for adult type 2 diabetes: the
Cardiovascular Risk in Young Finns Study, 1980−2012. Am J Prev Med.
2017;52(6):e157–e164. https://doi.org/10.1016/j.amepre.2017.01.042.

10. Poulton R, Caspi A, Milne BJ, et al. Association between children’s
experience of socioeconomic disadvantage and adult health: a life-
course study. Lancet. 2002;360(9346):1640–1645. https://doi.org/
10.1016/S0140-6736(02)11602-3.

11. Kaplan GA, Salonen JT. Socioeconomic conditions in childhood and
ischaemic heart disease during middle age. BMJ. 1990;301(6761):
1121–1123. https://doi.org/10.1136/bmj.301.6761.1121.

12. Slopen N, Chen Y, Guida JL, et al. Positive childhood experiences and
ideal cardiovascular health in midlife: associations and mediators. Prev
Med. 2017;97:72–79. https://doi.org/10.1016/j.ypmed.2017.01.002.

13. Lissau I, Sørensen TI. Parental neglect during childhood and increased
risk of obesity in young adulthood. Lancet. 1994;343(8893):324–327.
https://doi.org/10.1016/s0140-6736(94)91163-0.

14. Stanford KI, Lee MY, Getchell KM, So K, Hirshman MF, Goodyear LJ.
Exercise before and during pregnancy prevents the deleterious effects
of maternal high-fat feeding on metabolic health of male offspring.
Diabetes. 2015;64(2):427–433. https://doi.org/10.2337/db13-1848.

15. Palinski W. Effect of maternal cardiovascular conditions and risk factors
on offspring cardiovascular disease. Circulation. 2014;129(20):2066–
2077. https://doi.org/10.1161/CIRCULATIONAHA.113.001805.

16. Doom JR, Mason SM, Suglia SF, Clark CJ. Pathways between child-
hood/adolescent adversity, adolescent socioeconomic status, and long-
term cardiovascular disease risk in young adulthood. Soc Sci Med.
2017;188:166–175. https://doi.org/10.1016/j.socscimed.2017.06.044.

17. Appleton AA, Loucks EB, Buka SL, Rimm E, Kubzansky LD. Child-
hood emotional functioning and the developmental origins of cardio-
vascular disease risk. J Epidemiol Commun Health. 2013;67(5):405–
411. https://doi.org/10.1136/jech-2012-201008.

18. Keltikangas-J€arvinen L, Pulkki-Ra
�
back L, Puttonen S, Viikari J, Raita-

kari OT. Childhood hyperactivity as a predictor of carotid artery
intima media thickness over a period of 21 years: the Cardiovascular
Risk in Young Finns Study. Psychosom Med. 2006;68(4):509–516.
https://doi.org/10.1097/01.psy.0000227752.24292.3e.

19. Suglia SF, Koenen KC, Boynton-Jarrett R, et al. Childhood and adoles-
cent adversity and cardiometabolic outcomes: a scientific statement
from the American Heart Association. Circulation. 2018;137(5):e15–
e28. https://doi.org/10.1161/CIR.0000000000000536.

https://doi.org/10.1016/j.amepre.2019.08.018
https://doi.org/10.1016/j.amepre.2019.08.018
https://doi.org/10.1001/archpediatrics.2009.214
https://doi.org/10.1161/CIRCULATIONAHA.114.013104
https://doi.org/10.1007/s11886-015-0645-1
https://doi.org/10.1161/CIRCULATIONAHA.112.115782
https://doi.org/10.1037/a0027448
https://doi.org/10.1016/j.ypmed.2016.12.023
https://doi.org/10.1001/jamapediatrics.2015.4121
https://doi.org/10.1161/CIRCULATIONAHA.113.007104
https://doi.org/10.1016/j.amepre.2017.01.042
https://doi.org/10.1016/S0140-6736(02)11602-3
https://doi.org/10.1016/S0140-6736(02)11602-3
https://doi.org/10.1136/bmj.301.6761.1121
https://doi.org/10.1016/j.ypmed.2017.01.002
https://doi.org/10.1016/s0140-6736(94)91163-0
https://doi.org/10.2337/db13-1848
https://doi.org/10.1161/CIRCULATIONAHA.113.001805
https://doi.org/10.1016/j.socscimed.2017.06.044
https://doi.org/10.1136/jech-2012-201008
https://doi.org/10.1097/01.psy.0000227752.24292.3e
https://doi.org/10.1161/CIR.0000000000000536


e202 Komulainen et al / Am J Prev Med 2019;57(6):e195−e202
20. Hughes K, Bellis MA, Hardcastle KA, et al. The effect of multiple
adverse childhood experiences on health: a systematic review and
meta-analysis. Lancet Public Health. 2017;2(8):e356–e366. https://doi.
org/10.1016/S2468-2667(17)30118-4.

21. Kitzman DW, Little WC. Left ventricle diastolic dysfunction and
prognosis. Circulation. 2012;125(6):743–745. https://doi.org/10.1161/
CIRCULATIONAHA.111.086843.

22. Verdecchia P, Carini G, Circo A, et al. Left ventricular mass and car-
diovascular morbidity in essential hypertension: the MAVI Study. J
Am Coll Cardiol. 2001;38(7):1829–1835. https://doi.org/10.1016/
s0735-1097(01)01663-1.

23. Sharp ASP, Tapp RJ, Thom SAM, et al. Tissue Doppler E/E’ ratio is a
powerful predictor of primary cardiac events in a hypertensive popu-
lation: an ASCOT substudy. Eur Heart J. 2010;31(6):747–752. https://
doi.org/10.1093/eurheartj/ehp498.

24. Raitakari OT, Juonala M, R€onnemaa T, et al. Cohort profile: the Car-
diovascular Risk in Young Finns Study. Int J Epidemiol. 2008;37
(6):1220–1226. https://doi.org/10.1093/ije/dym225.

25. Ruohonen S, Koskenvuo JW, Wendelin-Saarenhovi M, et al. Reference
values for echocardiography in middle-aged population: the Cardio-
vascular Risk in Young Finns Study. Echocardiography. 2016;33
(2):193–206. https://doi.org/10.1111/echo.13025.

26. Laitinen TT, Puolakka E, Ruohonen S, et al. Association of socioeco-
nomic status in childhood with left ventricular structure and dia-
stolic function in adulthood: the Cardiovascular Risk in Young
Finns Study. JAMA Pediatr. 2017;171(8):781–787. https://doi.org/
10.1001/jamapediatrics.2017.1085.

27. de Simone G, Daniels SR, Devereux RB, et al. Left ventricular mass
and body size in normotensive children and adults: assessment of allo-
metric relations and impact of overweight. J Am Coll Cardiol. 1992;20
(5):1251–1260. https://doi.org/10.1016/0735-1097(92)90385-z.

28. Taylor SE, Way BM, Seeman TE. Early adversity and adult health
outcomes. Dev Psychopathol. 2011;23(3):939–954. https://doi.org/
10.1017/S0954579411000411.

29. Repetti RL, Taylor SE, Seeman TE. Risky families: family social
environments and the mental and physical health of offspring.
Psychol Bull. 2002;128(2):330–366. https://doi.org/10.1037//0033-
2909.128.2.230.

30. Lloyd-Jones DM, Hong Y, Labarthe D, et al. Defining and setting
national goals for cardiovascular health promotion and disease reduc-
tion: the American Heart Association’s strategic impact goal through
2020 and beyond. Circulation. 2010;121(4):586–613. https://doi.org/
10.1161/CIRCULATIONAHA.109.192703.

31. Laitinen TT, Pahkala K, Venn A, et al. Childhood lifestyle and clinical
determinants of adult ideal cardiovascular health: the Cardiovascular
Risk in Young Finns Study, the Childhood Determinants of Adult
Health Study, the Princeton Follow-up Study. Int J Cardiol. 2013;169
(2):126–132. https://doi.org/10.1016/j.ijcard.2013.08.090.

32. Dalen H, Thorstensen A, Vatten LJ, Aase SA, Stoylen A. Reference
values and distribution of conventional echocardiographic Doppler
measures and longitudinal tissue Doppler velocities in a population
free from cardiovascular disease. Circ Cardiovasc Imaging. 2010;3
(5):614–622. https://doi.org/10.1161/CIRCIMAGING.109.926022.

33. Cheng S, Fernandes VRS, Bluemke DA, McClelland RL, Kronmal RA,
Lima JAC. Age-related left ventricular remodeling and associated risk
for cardiovascular outcomes: the Multi-Ethnic Study of Atherosclero-
sis. Circ Cardiovasc Imaging. 2009;2(3):191–198. https://doi.org/
10.1161/CIRCIMAGING.108.819938.

34. von Bothmer MIK, Fridlund B. Gender differences in health habits
and in motivation for a healthy lifestyle among Swedish university stu-
dents. Nurs Health Sci. 2005;7(2):107–118. https://doi.org/10.1111/
j.1442-2018.2005.00227.x.
35. Deeks A, Lombard C, Michelmore J, Teede H. The effects of gender
and age on health related behaviors. BMC Public Health. 2009;9:213.
https://doi.org/10.1186/1471-2458-9-213.

36. Crouter AC, Booth A, eds. Children’s Influence on Family Dynamics:
the Neglected Side of Family Relationships. Mahwah, NJ: Lawrence
Erlbaum Associates, 2003.

37. Gardin JM, Siscovick D, Anton-Culver H, et al. Sex, age, and disease
affect echocardiographic left ventricular mass and systolic function in
the free-living elderly. The Cardiovascular Health Study. Circulation.
1995;91(6):1739–1748. https://doi.org/10.1161/01.cir.91.6.1739.

38. Official Statistics of Finland. Educational structure of population. Sta-
tistics Finland website. www.stat.fi/til/vkour/2017/vkour_2017_2018-
11-02_tie_001_en.html. Updated November 2, 2018. Accessed June 3,
2019.

39. Christensen S, Mogelvang R, Heitmann M, Prescott E. Level of educa-
tion and risk of heart failure: a prospective cohort study with echocar-
diography evaluation. Eur Heart J. 2011;32(4):450–458. https://doi.
org/10.1093/eurheartj/ehq435.

40. Pampel FC, Krueger PM, Denney JT. Socioeconomic disparities in
health behaviors. Annu Rev Sociol. 2010;36:349–370. https://doi.org/
10.1146/annurev.soc.012809.102529.

41. Savelieva K, Pulkki-Ra
�
back L, Jokela M, et al. Intergenerational trans-

mission of socioeconomic position and ideal cardiovascular health:
32-year follow-up study. Health Psychol. 2017;36(3):270–279. https://
doi.org/10.1037/hea0000441.

42. VanderWeele TJ. Explanation in Causal Inference: Methods for Media-
tion and Interaction. New York, NY: Oxford University Press, 2015.

43. VanderWeele TJ, Vansteelandt S, Robins JM. Effect decomposition
in the presence of an exposure-induced mediator-outcome con-
founder. Epidemiology. 2014;25(2):300–306. https://doi.org/10.1097/
EDE.0000000000000034.

44. Robins JM, Hern�an MA, Brumback B. Marginal structural models and
causal inference in epidemiology. Epidemiology. 2000;11(5):550–560.
https://doi.org/10.1097/00001648-200009000-00011.

45. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. 2011;30(4):377–
399. https://doi.org/10.1002/sim.4067.

46. Kuznetsova T, Haddad F, Tikhonoff V, et al. Impact and pitfalls of
scaling of left ventricular and atrial structure in population-based
studies. J Hypertens. 2016;34(6):1186–1194. https://doi.org/10.1097/
HJH.0000000000000922.

47. Power C, Kuh D, Morton S. From developmental origins of adult dis-
ease to life course research on adult disease and aging: insights from
birth cohort studies. Annu Rev Public Health. 2013;34(1):7–28.
https://doi.org/10.1146/annurev-publhealth-031912-114423.

48. Naggara O, Raymond J, Guilbert F, Roy D, Weill A, Altman DG.
Analysis by categorizing or dichotomizing continuous variables is
inadvisable: an example from the natural history of unruptured aneur-
ysms. Am J Neuroradiol. 2011;32(3):437–440. https://doi.org/10.3174/
ajnr.A2425.

49. Kaartinen NE, Tapanainen H, Valsta LM, et al. Relative validity of a
FFQ in measuring carbohydrate fractions, dietary glycaemic index
and load: exploring the effects of subject characteristics. Br J Nutr.
2012;107(9):1367–1375. https://doi.org/10.1017/S0007114511004296.

50. Mikkil€a V, R€as€anen L, Raitakari OT, Pietinen P, Viikari J. Consistent
dietary patterns identified from childhood to adulthood: the Cardio-
vascular Risk in Young Finns Study. Br J Nutr. 2005;93(6):923–931.
https://doi.org/10.1079/bjn20051418.

51. Hirvensalo M, Magnussen CG, Yang X, et al. Convergent validity of a
physical activity questionnaire against objectively measured physical
activity in adults: the Cardiovascular Risk in Young Finns Study. Adv
Physiol Educ. 2017;7(4):457–472. https://doi.org/10.4236/ape.2017.74038.
www.ajpmonline.org

https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.1161/CIRCULATIONAHA.111.086843
https://doi.org/10.1161/CIRCULATIONAHA.111.086843
https://doi.org/10.1016/s0735-1097(01)01663-1
https://doi.org/10.1016/s0735-1097(01)01663-1
https://doi.org/10.1093/eurheartj/ehp498
https://doi.org/10.1093/eurheartj/ehp498
https://doi.org/10.1093/ije/dym225
https://doi.org/10.1111/echo.13025
https://doi.org/10.1001/jamapediatrics.2017.1085
https://doi.org/10.1001/jamapediatrics.2017.1085
https://doi.org/10.1016/0735-1097(92)90385-z
https://doi.org/10.1017/S0954579411000411
https://doi.org/10.1017/S0954579411000411
https://doi.org/10.1037//0033-2909.128.2.230
https://doi.org/10.1037//0033-2909.128.2.230
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1016/j.ijcard.2013.08.090
https://doi.org/10.1161/CIRCIMAGING.109.926022
https://doi.org/10.1161/CIRCIMAGING.108.819938
https://doi.org/10.1161/CIRCIMAGING.108.819938
https://doi.org/10.1111/j.1442-2018.2005.00227.x
https://doi.org/10.1111/j.1442-2018.2005.00227.x
https://doi.org/10.1186/1471-2458-9-213
http://refhub.elsevier.com/S0749-3797(19)30371-X/sbref0036
http://refhub.elsevier.com/S0749-3797(19)30371-X/sbref0036
http://refhub.elsevier.com/S0749-3797(19)30371-X/sbref0036
https://doi.org/10.1161/01.cir.91.6.1739
http://www.stat.fi/til/vkour/2017/vkour_2017_2018-11-02_tie_001_en.html
http://www.stat.fi/til/vkour/2017/vkour_2017_2018-11-02_tie_001_en.html
https://doi.org/10.1093/eurheartj/ehq435
https://doi.org/10.1093/eurheartj/ehq435
https://doi.org/10.1146/annurev.soc.012809.102529
https://doi.org/10.1146/annurev.soc.012809.102529
https://doi.org/10.1037/hea0000441
https://doi.org/10.1037/hea0000441
http://refhub.elsevier.com/S0749-3797(19)30371-X/sbref0041
http://refhub.elsevier.com/S0749-3797(19)30371-X/sbref0041
https://doi.org/10.1097/EDE.0000000000000034
https://doi.org/10.1097/EDE.0000000000000034
https://doi.org/10.1097/00001648-200009000-00011
https://doi.org/10.1002/sim.4067
https://doi.org/10.1097/HJH.0000000000000922
https://doi.org/10.1097/HJH.0000000000000922
https://doi.org/10.1146/annurev-publhealth-031912-114423
https://doi.org/10.3174/ajnr.A2425
https://doi.org/10.3174/ajnr.A2425
https://doi.org/10.1017/S0007114511004296
https://doi.org/10.1079/bjn20051418
https://doi.org/10.4236/ape.2017.74038

