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Abstract

Aims: Childhood family environment is associated with adulthood health behaviours and cardiovascular health, but limited
data are available concerning the relationship between childhood family environment and adulthood haemodynamic
determinants of blood pressure. We evaluated how childhood family environment predicts adulthood systemic
haemodynamics. Methods: The sample came from the Cardiovascular Risk in Young Finns Study (#=1554-1620). Childhood
family environment (1980) was assessed with four cumulative risk scores: socioeconomic family risk, risky emotional family
atmosphere, stressful life events, and parents’ risky health behaviours. Haemodynamic outcomes in 2007 (participants
being 30-45 year-olds) included stroke volume index, systemic vascular resistance index, cardiac output index and heart
rate. Analyses were adjusted for childhood (1980) cardiovascular risk factors (high-density lipoprotein and low-density
lipoprotein cholesterol, triglycerides, insulin, body mass index and systolic blood pressure); and adulthood (2007) health
behaviours (alcohol consumption, smoking, physical activity); and finally for adulthood cardiovascular risk factors. Resulzs:
When adjusted for age and sex, high socioeconomic family risk predicted lower stroke volume index (P=0.001), higher
heart rate (’=0.001) and higher systemic vascular resistance index (P=0.030). These associations remained after controlling
for childhood cardiovascular covariates or adulthood health behaviours (P<0.02 for all) but diluted after controlling for
adulthood cardiovascular risk factors. The other childhood cumulative risk scores (stressful life events, risky emotional
atmosphere, or parents’ risky health behaviour) did not predict adulthood haemodynamic outcomes. Conclusions: High
childhood socioeconomic family risk predicted adulthood haemodynamic outcomes independently of childhood
cardiovascular risk factors and adulthood health behaviours, while other childhood psychosocial adversities
were not associated with cardiovascular function in adulthood.
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Introduction outcomes such as coronary artery calcification [2].
Childhood family environment has been found to Of the components of childhood family environment,
predict adulthood diabetes [1] and cardiovascular low socioeconomic status [3-5], adverse events [6]
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and poor parenting practices [7] have been found to
predict later cardiovascular outcomes. Considering
systemic haemodynamics, lower parental socioeco-
nomic position has been shown to be associated with
higher blood pressure from childhood to adulthood
[8] and higher heart rate in adulthood [9]. Low child-
hood socioeconomic status has been reported to pre-
dict increased blood pressure by way of negative
emotionality and health behaviour [10].

Blood pressure is mainly determined by cardiac
output (heart rate X stroke volume) and systemic
vascular resistance. High systemic vascular resistance
often causes elevated blood pressure [11]. We have
recently shown that childhood cardiovascular risk
factors such as childhood body mass index (BMI)
and lifestyle factors such as physical activity predict
systemic vascular resistance in adulthood [12].

To the best of our knowledge, however, very limited
evidence has been published concerning the associa-
tion of childhood family environment and systemic
haemodynamic determinants of blood pressure,
namely, cardiac output and systemic vascular resist-
ance. There are several potential mechanisms from
childhood family environment to systemic haemody-
namics later in life. First, childhood family environ-
ment may lead to: (a) alterations in childhood
cardiovascular risk factors such as blood pressure; (b)
certain (un)favourable health behaviours in adulthood
such as lack of physical activity, smoking, or consump-
tion of alcoholic beverages; or (¢) changes in adulthood
cardiovascular factors. Any of these alterations, in turn,
may modify systemic haemodynamics later in life.

In the current study, we aimed to investigate the
association of childhood family environment with
adulthood systemic haemodynamics, taking simulta-
neously into consideration the afore-mentioned possi-
ble mediating factors. For this purpose, we investigated
the effects of childhood family environment on cardiac
output and systemic vascular resistance in the prospec-
tive Cardiovascular Risk in Young Finns Study.
Although the study cohort has a 27-year follow-up
from childhood to adulthood, the incidence of cardio-
vascular events is still quite low due to the young age of
the cohort. Therefore, we focused on systemic haemo-
dynamics in adulthood in the current study. Childhood
family environment was assessed through cumulative
scores of socioeconomic family risk, disadvantageous
emotional family atmosphere, stress-prone life events,
and parents’ risky health behaviours.

Methods
Parncipants

The sample came from the Cardiovascular Risk in
Young Finns Study (YFS) that is an on-going follow-
up study. The baseline measurement was conducted

in 1980 (r=3596, composed of six age cohorts born
in 1962-1977), and follow-up studies have been con-
ducted since then. The sampling was designed to
include a population-based sample of non-institu-
tionalised Finnish children, representative with
regard to sex (male vs. female), rural versus urban
environment, and eastern versus western regions in
Finland. The design of the YFS is described with fur-
ther details elsewhere [13].

The study design was approved by the ethical
committees of all Finnish universities with a medical
faculty (Universities of Helsinki, Turku, Tampere,
Kuopio and Oulu). All the participants or their par-
ents (if participants were aged <18 years) provided
informed consent before participation. The
Declaration of Helsinki has been followed through-
out the study.

In the analyses of the present study, we included
all the YFS participants who had data available on
the study variables: childhood family environment in
1980/1983 (participants were 3-18 year-olds),
haemodynamic variables in 2007 (participants were
30-45 year-olds), cardiovascular covariates in child-
hood (1980) and adulthood (2007), and health
behaviour covariates in adulthood (2007). Thus, the
final sample size was 1554—1620 participants in the
analyses (with different blocks of covariates).

Measures

Childhood family environment. Childhood family envi-
ronment was assessed with four cumulative scores: (a)
socioeconomic family risk; (b) disadvantageous emo-
tional family atmosphere; (c) stress-prone life events;
and (d) parents’ risky health behaviours.

All the questionnaires related to childhood family
environment were completed by a parent (mostly
mother) in 1980. In case there were missing values in
1980, we imputed them using data from the closest
possible follow-up point (in 1983). We prioritised the
year 1980 variables because we wanted to measure
family environment as early as possible. In case a par-
ticipant had missing data both in 1980 and 1983, the
participant was dropped out from the analyses.

The cumulative risk score of socioeconomic fam-
ily risk included the following factors: parents’ occu-
pational status (1 = upper-grade non-manual worker;
2 = lower-grade non-manual worker; 3 = manual
worker manual worker); parents’ educational level (1
= academic level; 2 = high school or occupational
school; 3 = comprehensive school; i.e. the first 9
years of school); family income before tax (1 =
>100 000 Finnish marks, 4 = 45001-55000
Finnish marks, 8 = <15 000 Finnish marks; one
euro corresponded to 5.94 Finnish marks when
Finland changed its currency in 1999); unstable



employment situation (1 = at least one parent was
unemployed or on a long-term sick leave; 0 = other
employment situations); and over-crowded apart-
ment (family size in relation to number of rooms at
home). Each item was standardised by age cohort
(mean (M) = 0, standard deviation (SD) = 1 within
each age cohort), and we calculated a mean score of
the standardised items.

The cumulative risk score of adverse emotional
family atmosphere included the following factors:
emotional distance between the child and parent;
parental intolerance towards the child; strict disci-
pline towards the child; parental life dissatisfaction;
mother’s or father’s self-reported mental disorder
(no/yes); and mother’s or father’s self-reported fre-
quent alcohol intoxication (1 = never; 8 = daily).
Parental life dissatisfaction was assessed with a ques-
tionnaire adapted from the operation family study
questionnaire [14]. Emotional distance between the
child and parent, parental intolerance towards the
child, and strict discipline towards the child were
assessed with scales that are described more thor-
oughly elsewhere [15-17]. Each factor was standard-
ised by age cohort (M = 0, SD = 1 within each age
cohort), and we calculated a mean score of the stand-
ardised items.

The cumulative risk score of stressful life events
included the following factors: number of changes of
residence (a continuous response); number of
changes of school (a continuous response); parental
divorce (whether parents living together or had sepa-
rated); mother’s or father’s death (yes/no); mother’s
or father’s hospitalisation within the past 12 months
(number of days in hospital, ranging from ‘1 = no
days’ to ‘5 = more than 30 days’); and child’s hospi-
talisation due to sickness or accident (yes/no). Each
item was first standardised by age cohort (M = 0,SD
= 1 within each age cohort) and, then, we calculated
a mean score of the standardised items.

The cumulative risk score of parents’ risky health
behaviours included the following factors: mother’s
and father’s smoking (1 = never, 2 = every now and
then, 3 = daily); alcohol consumption (1 = never, 8
= daily); regular physical activity (1 = no regular
physical activity, 8 = daily); and BMI. Each type of
health behaviour was calculated separately for both
the mother and father. Each item was standardised
by age cohort (M = 0, SD = 1 within each age
cohort), and we calculated a mean score of the stand-
ardised items.

Thus, our cumulative risk scores include a range
of strengths: (a) a maximally broad scope of family
environmental factors; (b) a large sample size (we
combined data from the measurements of 1980 and
1983); (c) a utilisation of the original scales of the
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variables (no cut-off points, no dichotomisations);
(d) the factors were standardised within age cohorts
in order to control for possible cohort-specific differ-
ences. The same scores have also been used previ-
ously [15, 18, 19].

Haemodynamic outcomes. Haemodynamic outcome
variables included stroke volume index (SI), systemic
vascular resistance index (SVRI), cardiac output
index (CI) and heart rate (HR). Participants were
instructed to avoid heavy exercise and alcohol on the
previous evening and smoking, caffeine-containing
products and heavy meals on the investigation day.
Participants lay in the supine position for at least
15 min before the measurement, during which period
electrodes for whole-body impedance cardiography
were placed on the body surface. A whole-body
impedance cardiography device (CircMon B202, JR
Medical Ltd., Tallinn, Estonia) was used to deter-
mine beat-to-beat HR, SI (stroke volume/body sur-
face area, ml/m?2), CI (cardiac output/body surface
area, 1/min/m?) and SVRI (systemic vascular resis-
tance/body surface area, dyn-s/cm>/m?). Briefly, Cir-
cMon records the continuous changes in body
electrical impedance during a cardiac cycle. The
stroke volume and cardiac output values measured
with CircMon agree well with the values measured
by the thermodilution method and three-dimen-
sional echocardiography [20-22], and the repeatabil-
ity of measurements by the impedance method has
been reported to be better than by the thermodilu-
tion method [20]. For further details, please see pre-
vious publications [20, 21].

Childhood and adulthood cardiovascular risk factors and
adulthood health behaviours as covariates. Standard
methods were used to determine childhood and
adulthood blood pressure, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LLDL)
cholesterol, triglycerides and insulin after an over-
night fast, as previously described in detail [23]. BMI
was calculated as weight in kilograms divided by
height in meters squared. Adulthood health behav-
iours included physical activity, alcohol consumption
and smoking status. Physical activity was evaluated
with self-reported frequency and intensity of physical
activity, frequency of vigorous physical activity, hours
spent on vigorous physical activity, average duration
of a physical activity session, and participation in
organised physical activity. Alcohol consumption was
assessed as self-reported consumption of /5 litre cans
or bottles of beer, glasses (12 cl) of wine, and 4 cl
shots of liquor or strong alcohol (these portions are
comparable to ¢. 14 g of alcohol) within the past
week. A sum score of the consumption of different
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Figure 1. Childhood family environment and systemic haemodynamics in adulthood: the Cardiovascular Risk in Young Finns Study. Esti-
mated means of (a) stroke volume index (SI); (b) systemic vascular resistance index (SVRI); (c) heart rate (HR); and (d) cardiac output
index (CI) at low (-1 standard deviation (SD)), average, and high (+1 SD) levels of family socioeconomic risk.

beverages was calculated. Smoking status was dichot-
omised (1 = daily smoking, 0 = not daily smoking)
as has also been done in previous YFS studies [15].
For further details, please see previous publications
[24].

Startistical analyses

We used linear regression analyses to investigate the
associations of childhood family environment (1980)
with haemodynamic outcomes in adulthood (2007).
We predicted each haemodynamic variable separately
(SI, SVRI, CI and HR). The childhood cumulative
risk scores were added as predictors simultaneously
(socioeconomic family risk, adverse emotional family
atmosphere, stressful life events, parents’ risky health
behaviours). Age and sex were controlled for in all the
analyses. In addition, we added other covariates as
separate blocks to the analyses: block 1 included only
age and sex; block 2 included childhood cardiovascu-
lar covariates (HDL and LDL cholesterol, triglycer-
ides, insulin, BMI and systolic blood pressure in
1980); block 3 included adulthood health behaviours
(alcohol consumption, daily smoking status, physical
activity in 2007); and block 4 included adulthood car-
diovascular covariates (HDL and LDL cholesterol,
triglycerides, insulin, BMI and systolic blood pressure
in 2007). In order to determine whether adulthood
BMI and systolic blood pressure mediated the asso-
ciations between childhood family environment and
adulthood systolic haemodynamics, block 4 was ana-
lysed also including only adulthood HDL and LDL

cholesterol, triglycerides and insulin as covariates,
and including adulthood HDL and LLDL cholesterol,
triglycerides, insulin and BMI as covariates, and
finally including adulthood HDL and LDL choles-
terol, triglycerides, insulin, BMI and systolic blood
pressure as covariates.

In addition, we examined attrition between
included and dropped out participants (who were
not included due to missing values in the study vari-
ables or non-participation in the follow-up study in
2007).This was done using chi square tests (categor-
ical variables) or independent samples t-tests (con-
tinuous variables).

The data were analysed using STATA MP version
17.0.

Results

Descriptive statistics of the study sample (7 = 1620)
are presented in Table I. First, we examined whether
participant attrition over the follow-up measure-
ments resulted in biases in the study variables. The
results can be found in Supplemental Table I. To
summarise, when compared with dropped out par-
ticipants, included participants were more likely to
be women (55.8% vs. 47.0%) and had a slightly more
favourable childhood family environment (in terms
of lower socioeconomic family risk, less adverse emo-
tional family atmosphere, and fewer stressful life
events). In addition, included participants had
slightly better cardiovascular health in adulthood:
lower SVRI (2685.8 vs. 2782.4), lower systolic blood
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Table I. Childhood family environment and systemic haemodynamics in adulthood: the Cardiovascular Risk in Young Finns Study, descrip-
tive statistics of the study variables.

Mean (SD) Frequency (%) Range (min; max)
Age (years) 37.3 (5.0) 30; 45
Sex (female) 904 (55.8)
Haemodynamics in adulthood (2007)
Stroke volume index (ml/m?) 42.6 (6.0) 25; 66
Systemic vascular resistance index (dyn-s/cm>/m2) 2685.8 (538.0) 1327; 4984
Heart rate (beats/min) 65.6 (9.7) 40; 106
Cardiac output index (/min/m?) 2.8 (0.5) 1; 48
Cumulative risk scores of family environment (1980)
Socioeconomic family risk —-0.1 (0.6) -1.3;2.9
Adverse emotional family atmosphere -0.1 (0.4) -1.05; 2.7
Stressful life events —-0.1 (0.3) -0.5; 2.0
Parents’ risky health behaviours 0.0 (0.4) -1.1; 1.5
Cardiovascular health in childhood (1980)
Systolic blood pressure (mmHg) 111.9 (11.8) 68; 174
HDL cholesterol (mmol/l) 1.5 (0.3) 0.7; 2.6
LDL cholesterol (mmol/l) 3.3 (0.7) 1.1;6.2
Triglycerides (mmol/l) 0.6 (0.3) 0.1;2.6
Insulin (mU/1) 9.6 (6.1) 0; 40
BMI (kg/m?) 17.8 (3.0) 9.2;36.9
Cardiovascular health in adulthood (2007)
Systolic blood pressure (mmHg) 120.2 (14.2) 77; 199
HDL cholesterol (mmol/l) 1.3 (0.3) 0.6; 3.5
LDL cholesterol (mmol/l) 3.1 (0.8) 0.5; 6.6
Triglycerides (mmol/l) 1.4 (0.8) 0.3; 8.7
Insulin (mU/1) 9.5 (18.4) 0; 654
BMI (kg/m?) 25.9 (4.6) 16.6; 53.1
Health behaviours in adulthood (2007)
Alcohol use (units/week) 0.9 (1.5) 0; 28.6
Physical activity index (points) 8.8 (1.8) 5; 15
Daily smoking (yes) 304 (18.9)

n=1620.

BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; SD: standard deviation.
In this table, we included all the participants who were included in at least one analysis.

pressure (120.2 vs. 122.4), lower HDL cholesterol
(1.3 vs. 1.4), lower LDL cholesterol (3.1 vs. 3.2) and
a lower level of triglycerides (1.35 vs. 1.53) than
dropped out participants. We did not find any attri-
tion bias in SI, HR, CI or in most of the childhood
cardiovascular covariates, or in adulthood health
behaviours.

Estimated means of SI, SVRI, HR and CI at low
(-1 standard deviation (SD)), average, and high (+1
SD) levels of socioeconomic risk are shown in
Figure 1. The results of linear regression analyses
are presented in Table II. When adjusted for age
and sex (model 1), socioeconomic family risk pre-
dicted lower SI (P=0.001), higher HR (=0.001)
and higher SVRI (P=0.030). These associations
survived after controlling for childhood cardiovas-
cular covariates in model 2 (P=0.001 for SI,
P=0.002 for HR and P=0.038 for SVRI) and after
controlling for adulthood health behaviours in
model 3 (P=0.001, P=0.001 and P=0.022 for SI,
HR and SVRI, respectively). However, all these
associations diluted to non-significant after adjust-
ing for adulthood cardiovascular covariates in

model 4 (P=0.08, P=0.09 and P=0.78 for SI, HR
and SVRI, respectively) (Table II).

We performed additional analyses to determine
whether adulthood BMI and systolic blood pressure
partially mediated the associations between child-
hood family environment and adulthood systolic
haemodynamics. When block 4 was analysed includ-
ing only adulthood HDL and LDL cholesterol, tri-
glycerides and insulin as covariates, socioeconomic
family risk predicted lower SI (P=0.006), higher HR
(P=0.004) but not SVRI (P=0.082) (Supplemental
Table II). When block 4 was analysed including
adulthood HDL and LDL cholesterol, triglycerides,
insulin and BMI as covariates, socioeconomic family
risk still predicted lower SI (P=0.04), higher HR
(P=0.014) but not SVRI (P=0.378) (Supplemental
Table III). Adjustment for adulthood BMI reduced
the regression coefficient between socioeconomic
family risk and SI by 26% (from B=-0.621 to B=—
0.46) and between socioeconomic family risk and
HR by 14% (from B=1.086 to B=0.93). Further
adjustment of model 4 for adulthood systolic blood
pressure reduced the regression coefficient between
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Table II. Childhood family environment and systemic haemodynamics in adulthood: the Cardiovascular Risk in Young Finns Study, results
of regression analyses when predicting haemodynamic outcomes in 2007 by cumulative risk scores of family environment in 1980.

Model 1 (7=1620)

Model 2 (r=1580)

Model 3 (n=1554) Model 4 (n=1573)

B SE Pvalue B SE Pvalue B SE Pvalue B SE Pvalue

Stroke volume index (SI)

Socioeconomic family risk -0.78 0.23  0.001 -0.79 0.20 0.001 -0.76 0.23 0.001 -0.39 0.23 0.080

Stressful life events -0.42 0.43  0.329 -0.41 0.44 0.351 -0.34 0.44 0.442 -0.05 0.42 0.914

Risky emotional atmosphere 0.56 0.35 0.105 0.57 0.35 0.105 0.55 0.36 0.124 042 0.34 0.219

Parents’ risky health behaviour —0.08 0.40 0.836 -0.07 0.40 0.856 -0.34 0.41 0.409 0.31 0.39 0.427
Systemic vascular resistance index (SVRI)

Socioeconomic family risk 45.43 20.92 0.030 43.89 21.17 0.038 49.39 21.55 0.022 -5.65 20.09 0.779

Stressful life events -21.81 39.18 0.578 27.02 40.06 0.500 -24.78 40.09 0.537 -34.05 37.42  0.363

Risky emotional atmosphere —48.23 31.93 0.130 -36.84 32.26 0.254 -54.64 32.82 0.096 -26.56 30.16 0.379

Parents’ risky health behaviour 33.08 36.36 0.363 23.47 37.12  0.527 46.49 37.55 0.216 17.17 34.67 0.621
Heart rate (HR)

Socioeconomic family risk 1.27 0.38 0.001 1.18 0.38 0.002 1.25 0.38 0.001 0.64 0.37 0.087

Stressful life events 0.94 0.71 0.184 0.91 0.72  0.207 0.96 0.72 0.181 0.39 0.69 0.575

Risky emotional atmosphere —0.15 0.57 0.801 -0.07 0.58 0.901 -0.24 0.59 0.679 -0.00 0.56 0.998

Parents’ risky health behaviour -0.34 0.66 0.604 -0.21 0.67 0.756 -0.16 0.67 0.811 -0.61 0.64 0.344
Cardiac output index (CI)

Socioeconomic risk 0.00 0.02 0.840 0.00 0.02 0.980 0.00 0.02 0.840 0.00 0.02 0.857

Stressful life events 0.01 0.04 0.851 0.01 0.04 0.868 0.01 0.04 0.744 0.01 0.04 0.830

Risky emotional atmosphere 0.04 0.03 0.207 0.04 0.03 0.177 0.03 0.03 0.280 0.03 0.03 0.262

Parents’ risky health behaviour —-0.02 0.03 0.463 -0.02 0.03 0.544 —-0.03 0.03 0.315 -0.01 0.03  0.747

Model 1: Adjusted for age and sex.

Model 2: Adjusted for age, sex and childhood cardiovascular covariates (systolic blood pressure, high-density lipoprotein (HDL) and low-density lipoprotein

(LDL) cholesterol, triglycerides, insulin and body mass index (BMI)).

Model 3: Adjusted for age, sex and adulthood health behaviours (alcohol consumption, daily smoking status, physical activity).
Model 4: Adjusted for age, sex and adulthood cardiovascular covariates (systolic blood pressure, HDL and LDL cholesterol, triglycerides, insulin and BMI).

socioeconomic family risk and SI by 15% (from B=-
0.46 to B=-0.39) and between socioeconomic family
risk and HR by 31% (from B=0.93 to B=0.64).

Socioeconomic family risk did not predict CI in
adulthood with any block of control variables
(P=0.177-0.980 in models 1-4).

The other childhood cumulative risk scores, that
is, stressful life events, risky emotional atmosphere,
or parents’ risky health behaviour did not predict any
of the haemodynamic outcomes (P=0.096-0.998 in
models 1-4).

As additional analyses, we re-ran the main analy-
ses so that each childhood cumulative risk score was
included as a predictor separately. The results are
shown in Supplemental Table IV. To summarise, all
the results were replicated: socioeconomic family risk
predicted SI, SVRI and HR but not CI. The other
childhood cumulative risk scores did not predict any
of the haemodynamic outcomes.

As second additional analyses, we re-ran full-
adjusted analyses: that is, we adjusted the associa-
tions for all the blocks simultaneously. The results
can be found in Supplemental Table V. Briefly, socio-
economic family risk predicted SI and HR but not
SVRI or CI. Any other childhood cumulative risk
score did not predict the haemodynamic outcomes.

As final additional analyses, we examined possible
sex differences in the associations between childhood
cumulative risk scores and haemodynamic outcomes.

That is, we added sex interaction separately with
each childhood cumulative risk score as a predictor
in the model. All the sex interactions were non-signif-
icant (P=0.086-0.983).Thus, the association seemed
to be similar in men and women and we did not run
the analyses separately in both sexes.

Discussion

The current study showed that high socioeconomic
family risk predicted adulthood lower SI, higher HR
and higher SVRI. The associations with SI and HR
remained after controlling for childhood cardiovascu-
lar risk factors and adulthood health behaviour, but
diluted after adjusting for adulthood cardiovascular
risk factors. However, socioeconomic family risk did
not predict CI in adulthood. The other childhood
cumulative risk scores (stressful life events, risky emo-
tional atmosphere, or parents’ risky health behaviour)
did not predict adulthood haemodynamic outcomes.

To the best of our knowledge, no evidence has
been published concerning the association of child-
hood family environment and main determinants of
adulthood blood pressure (systemic vascular resist-
ance and cardiac output). Some Nordic studies have
addressed similar questions using different outcomes.
For example, social adversity in adolescence (in
women) and young adulthood (in men) was related



to allostatic load, independently of cumulative socio-
economic disadvantage and later adversities in adult-
hood [25]. The present study adds to the current
knowledge by showing that high childhood socioeco-
nomic family risk is associated with adulthood small
artery status (systemic vascular resistance) and com-
ponents of cardiac output (stoke volume and HR)
but not with cardiac output itself.

Increased resting HR is known to predict several
cardiovascular outcomes such as myocardial infarc-
tion, stroke, mortality and sudden cardiac death [26,
27]. A previous study reported that disadvantaged
childhood socioeconomic position predicts higher
adulthood HR independently of smoking status [9].
Interestingly, the current study extended this finding
by showing that high socioeconomic family risk pre-
dicted adulthood higher resting HR independently of
several adulthood health behaviour factors known to
have influence on heart rate (physical activity, alco-
hol consumption, and smoking status).

In the current study, high socioeconomic family
risk also predicted lower adulthood SI independently
of several childhood and adulthood cardiovascular
risk factors and adulthood health behaviour factors.
Although the mechanism behind this association is
not clear, high socioeconomic family risk could pro-
duce cardiac structural and functional alterations
leading to diminished SI, or lower SI could just be
caused by increased arterial load due to increased
systemic vascular resistance. The former mechanism
seems more likely as a previous report from the same
study cohort showed that low family socioeconomic
status (based on annual income) predicts increased
left ventricular mass and impaired diastolic perfor-
mance more than three decades later [28].

As high childhood socioeconomic family risk pre-
dicted lower SI and higher HR in adulthood, we con-
sistently did not find any significant effect on
adulthood CI (calculated as SI X HR). As socioeco-
nomic family risk predicted SVRI but not CI in
adulthood, the present findings suggest that socioec-
onomic family risk may have a more consistent
impact on blood pressure regulation through influ-
ences on vascular resistance than on cardiac output.

A previous study from the same cohort showed
that early socioeconomic disadvantage influences
later blood pressure, in part through blood pressure
in early life (that tracks into adulthood) and in part
through adulthood BMI [8]. Interestingly, the pre-
sent study showed that childhood socioeconomic
family risk predicted adulthood haemodynamic out-
comes also after controlling for childhood cardiovas-
cular risk factors (such as blood pressure) and
adulthood health behaviours, suggesting that these
factors did not mediate the association between
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childhood socioeconomic risk and adulthood haemo-
dynamics. However, the findings indicated that the
associations between childhood socioeconomic risk
and adulthood haemodynamics were at least partially
mediated by adulthood cardiovascular risk factors.
That is, the association of childhood socioeconomic
risk with SVRI diluted to non-significant already
after adjustment with adulthood HDL and LDL
cholesterol, triglycerides and insulin, while the asso-
ciations with SI and HR still remained significant. A
further adjustment for adulthood BMI reduced the
regression coefficient between socioeconomic family
risk and SI by 26%, and between socioeconomic
family risk and HR by 14%, but the association
between socioeconomic family risk and the haemo-
dynamic variables remained significant. A further
adjustment for adulthood systolic blood pressure
reduced the regression coefficient between socioeco-
nomic family risk and SI by 15% and between socio-
economic family risk and HR by 31%, and diluted
these associations to non-significant. Thus, adult-
hood cardiovascular risk factors, especially BMI and
systolic blood pressure, appeared at least partially to
mediate the association between socioeconomic fam-
ily risk and these haemodynamic variables.
Interestingly, the other childhood cumulative risk
scores such as stressful life events or risky emotional
atmosphere did not predict adulthood haemody-
namic outcomes. This is in accordance with previous
studies using the same cohort, showing that child-
hood emotional atmosphere does not predict cardio-
vascular health index in adulthood [29], or carotid
intima-media thickness (a structural marker of early
atherosclerosis) in adulthood [30]. On the other
hand, adverse childhood family environment in terms
of, for example, maltreatment or mother’s expres-
siveness have been linked to haemodynamic responses
to stress in children [31, 32]. Therefore, the present
findings provide hopeful evidence that childhood
psychosocial adversities may not have long-lasting or
stable influences on adulthood systemic haemody-
namics. On the other hand, when life events were
analysed in a long-term perspective, a cohort study
showed that 18 and 30-year-old men with high blood
pressure reported few positive life events during their
lives or life events in general within the past year [33,
34]. Also, of note, the aim of the current study was to
evaluate the associations of childhood ordinary life
(i.e. not traumatic level) psychosocial environment
with adulthood haemodynamics in a large popula-
tion cohort. More severe types of childhood stress
such as abuse may have longer-lasting influences on
adulthood haemodynamics. Altogether, the present
findings significantly expand current knowledge
regarding the influences of childhood psychosocial
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risk on cardiovascular health, especially on systemic
haemodynamics.

Concerning study limitations, non-invasive haemo-
dynamic measurement findings should always be
interpreted with caution. The current method, how-
ever, is carefully validated [25—27] and, therefore, well
suited for the evaluation of systemic haemodynamics
in an epidemiological study setting. Second, our study
cohort was ethnically homogenous, consisting solely
of white European subjects. As ethnic differences in
the haemodynamic mechanisms of blood pressure
regulation have been reported [35], the results may
not be generalisable to other ethnicities. The strength
of our study is the large cohort of young adults fol-
lowed for 27 years since childhood. Other strengths of
the current study include a comprehensive evaluation
of the childhood psychosocial environment and a
detailed collection potentially confounding lifestyle
and cardiovascular risk factors.

The present study has demonstrated that high
childhood socioeconomic family risk predicted sev-
eral haemodynamic outcomes, such as heart rate and
systemic vascular resistance in adulthood, indepen-
dently of childhood cardiovascular risk factors and
adulthood health behaviours. The association was
diluted after further controlling with adulthood car-
diovascular risk factors, suggesting that the associa-
tion was at least partially mediated through influences
onadulthood cardiovascularrisk factors. Interestingly,
childhood stressful life events, risky emotional atmos-
phere, or parents’ risky health behaviour did not pre-
dict adulthood haemodynamic outcomes.
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