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ABSTRACT

Background Low socioeconomic position (SEP) is associated with increased cardiovascular (CV) disease risk, but the relative importance of SEP in

childhood and adulthood, and of changes in SEP between these two life stages, remains unclear. Studies of families may help clarify these issues.

We aimed to assess whether SEP in young adulthood, or change in SEP from childhood to young adulthood, was associated with five

continuously measured CV risk factors.

Methods We used data from 286 adult Australian families from the Victorian Family Heart Study (VFHS), in which some offspring have left home

(n ¼ 364) and some remained at home (n ¼ 199). SEP (defined as the Index of Relative Socioeconomic Disadvantage) was matched to addresses.

We fitted variance components models to test whether young adult SEP and/or change in SEP was associated with systolic blood pressure,

diastolic blood pressure, body mass index (BMI), total cholesterol or high-density lipoprotein cholesterol, after adjustment for parental SEP and

within-family correlation.

Results An increase in SEP of 100 SEIFA units from childhood to adulthood was associated with a lower BMI (b ¼ 20.49 kg/m2, P , 0.01) only.

Conclusions These results suggest that a change in SEP in young adulthood is an important predictor of BMI, independent of childhood SEP.

Keywords blood pressure, cardiovascular risk, cardiovascular risk factors, family study, within-family correlation, young adults

Introduction

Cardiovascular (CV) disease is a major global cause of death
and disability. Considered multifactorial in origin, CV disease
represents the singular and combined effects of genes and en-
vironment. Low socioeconomic position (SEP) in adulthood
has consistently been associated with deaths from CV disease
and CV risk factors such as body mass index (BMI), blood
pressure and cholesterol.1 – 6

Barker and others7 – 10 have pointed to the importance of
environmental exposures in early life and their impact on
adult CV disease. Early life SEP correlates with adult CV
disease and risk factors. However, there is uncertainty as to
the relative importance of SEP in adulthood for CV risk inde-
pendent of early life SEP, as the two are correlated11 and few

studies have the appropriate data to account for early life SEP.
If adult SEP has little proportional influence on CV risk, over
and above early life SEP, then efforts should be directed
towards understanding and, indeed, intervening in early life
exposures.

Appropriate study design is key to adequately accounting
for early life SEP and accounting for factors that cannot be
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measured but are likely to be confounding observed relation-
ships between adult SEP and CV disease. Families provide a
useful setting in which to address this issue because family
members will have shared childhood exposure to SEP and
other factors. Family members who have changed their SEP
circumstances in adult life provide a useful source of compari-
son with members who remain in the same socioeconomic
setting in which they grew up. Most previous studies have
investigated relationships between SEP and CV risk factors in
older adults, but assessment of the relationships in young
adults would allow investigation of whether or not changes
occur quickly after leaving home. The Victorian Family Heart
Study (VFHS) comprises adult, two-generation families in
which some young adult offspring moved away from the
home environment. The aim of this study was to determine
whether SEP in young adults is associated with CV risk
factors, after adjustment for parental SEP and unmeasured
shared familial genetic and environmental effects.

Methods

Study population

The details of the recruitment of subjects for the VFHS have
been published previously.12 In brief, a volunteer sample of
767 Caucasian adult families enriched with families containing
twins (65 monozygotic pairs, 84 dizygotic pairs) was recruited
from a variety of community-based sources. A family history of
heart disease was not a prerequisite for recruitment. Families
comprised both parents aged between 40 and 70 years and at
least one natural offspring aged between 18 and 30 years.

The Ethics Review Committee of the Alfred Hospital,
Melbourne approved the study and informed consent was
obtained from all participants. Participants attended research
clinics where trained research nurses obtained relevant infor-
mation regarding drug treatment and smoking, measured CV
and other outcomes such as height and weight, and took
blood samples as detailed previously.12

After resting for 10 min, three measurements of both systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were
taken in the supine position, the last two of which were recorded.
Subjects then stood for 2 min and three further measurements
of SBP and DBP were taken, the last two of which were
recorded. For subjects receiving antihypertensive treatments, we
adjusted the recorded pressures by adding 10 and 5 mmHg to
SBP and DBP, respectively, as justified previously.13,14 In this
study, lying and standing measurements were averaged.

Following phenotypic measurements, venous blood was
collected for biochemical analysis. After insertion of a butter-
fly needle, the tourniquet was released before collection of
7 ml of blood into lithium heparin anticoagulant. Total

cholesterol and high-density lipoprotein (HDL) cholesterol
were measured by automated biochemical analysis systems.

Offspring whose recorded addresses were the same as their
parents’ were classified as ‘dependent’ individuals; all other
offspring were classified as ‘independent’. This is because we
assume the group not living at the same address as their
parents are responsible for their own diets and lifestyle.

Socioeconomic indices

The Australian Bureau of Statistics (ABS) uses principal com-
ponents analysis to derive five Socio-Economic Indexes for
Areas (SEIFA, or SEIFA indexes) based on census data.15 We
used the most commonly used Index of Relative Socio-
Economic Disadvantage (IRSD), which is derived from attri-
butes such as low income, low educational attainment and
high unemployment. Lower IRSD scores reflect more socio-
economically disadvantaged areas.

The IRSD score assigned to respondents was based on their
census collector district (CCD). CCD boundaries from 1996
were used and at this time a CCD was the smallest geographic
area used for census data output. Each CCD included 225
dwellings on average in urban areas16 and there were 7889
Victorian CCDs in total.15 CCD level SEIFA measures are
commonly used as a proxy for individual SEP in Australian
studies and have consistently been found to demonstrate
strong socioeconomic gradients, provide a good reflection of
individuals’ SEP17 and be highly correlated with individual be-
havioural factors such as physical activity levels.18

Geocoding methods

Geocoding of all 2999 participants in the VFHS was under-
taken using ArcGIS (v 9.1).19 Initial geocoding resulted in a
90% match. The remaining 270 unmatched cases were mainly
due to spelling errors or addresses on suburb borders. In the
cases (n ¼ 42) where it could be determined where the re-
spondent lived but no address point existed, they were geo-
coded to the next point provided there was no ambiguity as to
which CCD the address point should be within. This final
interactive match resulted in only 70 (2%) study participants
being unmatched. Many common geocoding errors were
avoided20 using this meticulous process.

Addresses were matched to their corresponding CCD,
using a spatial join of the geocoded address points and the
CCD polygons. SEIFA IRSD scores for the respondents’
CCD were then joined to the geocoded address table, which
was then exported for analysis.

For independent offspring, two SEIFA IRSD variables
were available: IRSD based on the CCD of their current
address (referred to as current or adult SEP), and the IRSD
based on the CCD of their father’s current address (referred to
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as parental IRSD or parental SEP). For dependent offspring,
own IRSD was identical to parent IRSD.

Study sample

Both CV risk factor and IRSD data were available for 1135
individuals (including parents) in 286 families where both
parents lived at the same address but at least one adult off-
spring had a different address from that of his/her parents.
There were 220 families with one independent offspring, 55
families with two independent offspring and 11 families with
three or four independent offspring. One hundred ‘families’
consisted of only one independent young adult. In total, these
families comprised 563 offspring (364 independent and 199
dependent). Included in the dataset were 20 pairs of MZ twins
(2 dependent pairs, 10 independent pairs and 8 discordant
pairs) and 41 pairs of DZ twins (14 dependent pairs, 15 inde-
pendent pairs and 12 discordant pairs). Of the 385 total pairs,
211 were same-sex pairs and 174 were opposite-sex pairs.

Statistical methods

SEP within families: general approach

To assess the association of SEP, and change in SEP, with CV
risk factors within families, variance components models
were fitted using maximum likelihood estimation in the soft-
ware package Solar21 to the five outcomes: SBP, DBP, BMI,
total cholesterol and HDL cholesterol.

Fixed covariates included age (centred), sex, and age–sex
interaction (included in all models). The basic fixed effects
model for each individual j within family i was as follows:

ŷij ¼ b0 þ bage � ageij þ bsex �Maleij þ bage�sex �Maleij

� ageij

where ŷij is the expected value for each CV risk factor, betas
are regression coefficients and the variable Maleij takes the
value 1 if individual j within family i is male and 0 otherwise.

Within each family (sibship) i, a multivariate normal distribu-
tion was assumed for the vector of outcomes yi conditional on
covariates; y

i
�NðbT Xi ;ViÞ, where bT is the vector of

regression coefficients, Xi is the covariate matrix and Vi is
the covariance matrix, with elements Vi,jk. For some models, a
multivariate t distribution was assumed, and in this case
y

i
�MVTðbT Xi ;Vi ;dÞ; where d is the number of degrees of

freedom of the t distribution and is estimated during model
fitting.

The general form of the covariance between nuclear family
relatives j and k was taken to be Vjk defined by the following:

V jk ¼
r jks

2; j = k

s2; j ¼ k

�

where rjk is one of rSIB, rDZ and rMZ, depending on whether
j and k are from a sibling, DZ or MZ twin pair. In some
models, these three correlations were constrained to be equal.
This general model has been used for previous analyses of
data from this study.12

SEP change in dependent and independent offspring

The variance components models described above were used to
assess association of the exposure ‘current IRSD minus child-
hood IRSD’ (referred to as ‘SEPchange’) with CV by including
this exposure in the model for the mean. For dependent off-
spring, the value of SEPchange was equal to 0. The analyses also
adjusted for parental IRSD by including this as a covariate in the
model. Both SEPchange and parental IRSD were modelled as
either continuous (linear effect) or categorical (three tertiles) to
allow for detection of non-linear effects. Dependency status
(dependent¼ 0, independent¼ 1) was also included in the
model for the mean in this analysis to allow for differences in
means between dependent and independent individuals.

By including both independent and dependent siblings
from the same families, we were able to model shared but un-
measured early life environmental effects, shared but unmeas-
ured genetic effects, one shared measured early life effect
(parental IRSD) and one measured effect from young adult-
hood (current IRSD). The models can also account for
several different relationship types (MZ twin pairs, DZ twin
pairs and sibling pairs).

Results

In the complete VFHS cohort, the unadjusted average IRSD
was 1049.0 (SD ¼ 84.0). ISRD values are centred around
1000, indicating that the VFHS was of slightly higher SEP
than that of the general community. We have previously
reported that the CV risk profile of VFHS was closely repre-
sentative of the community as ascertained through the
Australian National Heart Foundation Risk Factor Prevalence
Survey at the same period. In the complete VFHS sample
(767 2 generation families), after adjustment for age, sex, gen-
eration and the two-way and three-way interactions of these,
IRSD was strongly linearly associated with BMI (b ¼ 20.58,
P , 0.001), total cholesterol (b ¼ 20.061, P ¼ 0.009) and
DBP (b ¼ 20.59, P ¼ 0.012), weakly associated with SBP
(b ¼ 20.59, P ¼ 0.080) and not associated with HDL chol-
esterol (b ¼ 0.088, P ¼ 0.20).

The characteristics of the parents and offspring in the main
analyses were representative of the complete VFHS (see12 for
full VFHS results) and are summarized in Table 1. Among the
offspring, independent offspring were more often female and
older than dependent offspring (Table 1). The mean difference
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between current SEP and parental SEP was 24.4 SEIFA units
for independent offspring (Table 1), indicating that the inde-
pendent young adults in the study tended to move to areas
with lower SEP than their parents’ current home. This change
in SEP associated with leaving home was distributed such that
43% of independent young adults moved to areas with IRSD
more than 25 SEIFA units lower than their parents’ home,
21% stayed in areas with similar IRSD (,25 SEIFA units ab-
solute difference) and 36% moved to areas with IRSD more
than 25 SEIFA units higher than their parents’ current home.

Current SEP was strongly inversely associated with BMI
(Table 2) in all and in independent offspring, and the associ-
ation in independent offspring remained after adjustment
for parental SEP. No other linear (Table 2) or categorical
(Supplementary data, Table S1) associations of SEP with CV
risk factors were detected.

Table 3 shows associations between CV risk factors and
change in SEP. The linear modelling revealed an inverse asso-
ciation between BMI and change in SEP, with a 100 unit in-
crease in SEP from the family home and current environment
associated with a 0.49 kg/m2 decrease in BMI (P ¼ 0.008,
Table 3). The categorical analyses for BMI revealed a similar
but weaker trend (P ¼ 0.063, Table 3). Change in SEP was
not associated with any of the other 4 CV risk factors, when
included as either a continuous or a three-level categorical
exposure (all P . 0.25, Table 3).

Discussion

Main findings of this study

We first estimated the association between current SEP and
CV risk factors in adult offspring, focusing on those adult

offspring who had left home, and then we analysed social mo-
bility in all offspring to determine the association between
changes in SEP and CV risk factors. The overall findings were
consistent and revealed independent effects of SEP in early
adulthood on BMI after adjustment for familial influences,
particularly the parental (and assumed childhood) SEP.
However, no significant independent effects of adult SEP on
other CV risk factors were observed.

What is already known on this topic

SEP is associated with CV risk, but there is some inconsistency
among the published twin and family studies regarding the
influence of adult SEP. These studies differ in the modelling
approach, measured outcomes, ages of participants, sample
size, the precise measures of SEP and adjustments for relevant
covariates, in particular childhood SEP. Most previous
within-family studies were performed in the USA22–25 and the
Scandinavian countries,26–30 with one study of twins from
the UK,31 one Chinese study,32 one Indian study33 and one
Australian study.34 All the above studies of twins and siblings
have focused on SEP and CV risk in middle or older age.
Previous studies have used either adult education or adult occu-
pation as the main SEP measure, treated as a continuous (linear
or non-linear), binary or ordinal exposure. Krieger et al. found
that results differed for different indicators of SEP, with stron-
ger results for occupation than for education.23 Within-family
effects have also been modelled in a variety of ways, including
differences models, generalized estimating equations models,
propensity matching and random effects models.

Some twin studies have been unable to detect significant
differences in BMI for twins discordant for their adult SEP30

Table 1 Demographics of study participants and summary statistics for IRSD

Variable Mean (SD) for:

Parents (n ¼ 572) All offspring (n ¼ 563) Offspring living at

home (n ¼ 199)

Offspring living away from

home (n ¼ 364)

Age 56.00 (5.67) 25.98 (3.21) 24.01 (3.08) 27.07 (2.72)

Sex (proportion of males) 0.50 0.45 0.54 0.40

Height (cm) 167.64 (8.93) 170.87 (9.45) 172.12 (9.45) 170.22 (9.24)

SBP (mmHg) 130.51 (16.83) 117.74 (11.21) 118.78 (11.40) 117.23 (11.01)

DBP (mmHg) 81.56 (9.75) 70.86 (9.22) 71.03 (9.72) 70.76 (9.06)

BMI (kg/m2) 26.36 (4.03) 23.33 (3.41) 23.02 (3.22) 23.53 (3.51)

Total cholesterol (g/l) 5.86 (1.02) 4.79 (0.86) 4.67 (0.93) 4.87 (0.82)

HDL cholesterol (g/l) 1.42 (0.58) 1.38 (0.40) 1.38 (0.41) 1.38 (0.40)

Own IRSD 1042.51 (79.42) 1043.27 (75.92) 1054.82 (73.01) 1036.96 (76.83)

Parental IRSD 1046.55 (77.81) 1054.82 (73.01) 1041.33 (79.98)
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or education level.22,25 In other studies,22,24,26,28,30,35 the
effects of adult SEP were reduced or became non-significant
when adjustment for shared early life effects was made (in
sibpairs, twinpairs or using propensity score matching), sug-
gesting that factors shared by siblings may explain at least
some of the effects of SEP on adult CV. However, other
authors25,27,36 have concluded that such factors explain only a
minor part of the association.

What this study adds

By studying young adult sibling pairs discordant for current
SEP, we found that current SEP was strongly associated with
BMI after adjusting for childhood SEP and unmeasured
factors shared within families, but was not associated with
blood pressure or cholesterol. This suggests that adult SEP is
important and that the strength and/or timing of the effect
varies between CV risk factors.

Table 2 Association of current SEP treated as continuous (linear) exposure with CV risk factors

CV risk factors All offspring Dependent offspring Independent offspring

(unadjusted)

Independent offspring (adjusted

for parental SEP)

SBP (mmHg) 20.23 0.65 20.64 20.77

95% CI (21.37, 0.91) (21.33, 2.63) (22.00, 0.72) (22.17, 0.62)

P 0.69 0.52 0.36 0.28

DBP (mmHg) 20.33 1.25 21.05 20.97

95% CI (21.33, 0.67) (20.45, 2.95) (22.22, 0.12) (22.17, 0.22)

P 0.51 0.15 0.079 0.11

BMI (kg/m2) 20.47 0.05 20.71 20.70

95% CI (20.81, 20.13) (20.52, 0.62) (21.11, 20.31) (21.1, 20.29)

P 0.006 0.87 ,0.001 0.001

Total cholesterol (g/l) 20.05 20.05 20.05 20.05

95% CI (20.14, 0.03) (20.21, 0.10) (20.15, 0.05) (20.16, 0.05)

P 0.23 0.48 0.32 0.32

HDL cholesterol (g/l) 20.01 0.05 20.04 20.01

95% CI (20.28, 0.26) (20.40, 0.49) (20.35, 0.28) (20.33, 0.31)

P 0.93 0.84 0.81 0.95

Table 3 Association of SEP change (current minus parental SEP) and CV risk factors.

CV risk factor Beta-coefficient for linear association

(per 100 SEIFA units)

Effect of SEP tertile LRT P-value

Low- versus mid-tertile High- versus mid-tertile

SBP (mmHg) 20.53 (21.78, 0.71) 20.54 (23.28, 2.20) 21.72 (24.66, 1.21) 0.48

0.40 0.70 0.25

DBP (mmHg) 20.35 (21.43, 0.73) 0.10 (22.27, 2.46) 20.30 (22.85, 2.25) 0.94

0.53 0.94 0.82

BMI (kg/m2) 20.49 (20.86, 20.13) 0.64 (20.17, 1.44) 20.20 (21.05, 0.65) 0.063

0.008 0.12 0.64

Total cholesterol (g/l) 20.054 (20.15, 0.04) 0.004 (20.21, 0.22) 20.07 (20.29, 0.15) 0.73

0.25 0.97 0.54

HDL cholesterol (g/l) 0.027 (20.27, 0.32) 0.14 (20.48, 0.75) 0.45 (20.22, 1.12) 0.39

0.86 0.66 0.19

Numbers in table are estimates, SEs, P-values. The middle tertile, [225, 25], has been chosen as the reference since it includes all dependent offspring and

is the largest category. All estimates are in comparison with this category.
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It is worth reflecting on the relative magnitude of the esti-
mated effect of adult SEP on BMI. Other studies have noted
that the variation in adult BMI as a result of disparity in SEP
is less than the variation that can be attributed to secular
trends37 and in the case of twins, that which can be attributed
to their zygosity.30 In our analyses, we estimated an effect of
0.5 kg/m2 of BMI for 1 SD change in current (early adult-
hood) SEP. In contrast, there was no effect of parental SEP
on offspring BMI. The effect of current SEP was of similar
magnitude (albeit in the opposite direction) to the effect of
parental BMI on offspring BMI (Fig. 1A). This suggests the
influence of early adulthood SEP is relatively large in the fa-
milial analysis of BMI. The same is not true for SBP, where
there exists a significant influence of parental SBP but no ap-
parent association with current SEP (Fig. 1B).

The discrepancy between various CV risk factors suggests
that the influence of SEP in early adulthood varies in either
the strength or timing of the effect. Blood pressure and chol-
esterol might be less susceptible to SEP or their effects might
take longer to become apparent. For example, environmental

effects accompanying migration seem to affect body fat more
than other cardiometabolic risk factors.38 Burke et al. detected
significant changes in BMI and other CV risk factors in
Australians between age 18 and 25,39 and in particular, the
increases in BMI were higher for those living away from the
family home, and even higher for those living with a partner
(although the authors do not appear to have adjusted specific-
ally for either childhood or current SEP).

Limitations of this study

Our study had some limitations. We used small area SEP as a
proxy for individual SEP measurements, and assumed that
each individual has an SEP close to the average for their area.
Although this has been shown to be a reasonable assump-
tion,17,18 particularly when very small areas are used to obtain
the aggregate level measure as has been done here with the use
of CCDs including �225 households, the approach may result
in non-differential misclassification, as area-level SEP may not
match individuals’ SEP for some individuals.40 We would
expect that if using area-level SEP as a proxy for individual
SEP were to have an effect it would be most likely to bias
results towards the null. We also assumed that current parental
SEP is equal to childhood SEP for the young adults in this
study, and that all siblings and parents within a family shared a
household throughout each individual’s childhood. If these
assumptions were not met, results may be biased towards the
null. The length of time spent living away from one’s parents,
the reason for moving away from the family home (for
example, study, work or marriage), whether individuals are
working or studying (and if studying, their housing choice),
may also be relevant but this information was not available.

Conclusion

In this first study of SEP and CV risk in young Australian
adult siblings, we have shown that a decrease in SEP is asso-
ciated with higher BMI, after adjusting for shared family
factors. This is important as the aetiology of CV risk factors
including blood pressure and BMI remains somewhat un-
clear, consequently, elucidating the contribution of genes
and environmental factors is important for development of
targeted interventions.

Supplementary data

Supplementary data are available at PUBMED online.
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