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ORIGINAL ARTICLE
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ABSTRACT
Introduction: Low adiponectin levels may predict the development of atherosclerosis. We exam-
ined the association of childhood adiponectin with preclinical carotid atherosclerosis that is
defined as plaque and/or high (�95th percentile) intima-media thickness (IMT) at the carotid
bifurcation in adulthood.
Methods: The Cardiovascular Risk in Young Finns Study is a cohort study on cardiovascular risk
factors. We used risk factor data from the baseline study (1980) and ultrasound findings from
the follow-ups (2001 and 2007). The study population included 1708 participants, aged 3–18
years at baseline.
Results: In multivariate analysis, childhood adiponectin was inversely associated with preclinical
carotid atherosclerosis: odds ratio 0.68, 95% confidence interval (CI) 0.53–0.86, p¼ .001, for 1-SD
increase in childhood adiponectin after adjusting for childhood non-high-density lipoprotein
cholesterol, body mass index, and blood pressure. When examining the incremental predictive
ability, we observed that compared to an approach utilizing only conventional risk factors, the
model additionally including adiponectin levels improved c-statistics area under curve from
0.733 (95% Cl 0.694–0.771) to 0.748 (95% Cl 0.710–0.786), p¼ .02.
Conclusions: Childhood adiponectin levels improve the prediction of carotid atherosclerosis in
adulthood over conventional risk factors. This supports the idea that low adiponectin levels may
have a role in the development of preclinical atherosclerosis.

KEY MESSAGES
� Childhood adiponectin levels improve the prediction of increased carotid intima-media thick-
ness in adulthood over conventional cardiovascular risk factors.

� These results suggest that adiponectin levels measured in childhood may have a role in the
atherosclerotic process.
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Introduction

Adipose tissue dysregulation in obesity is thought in
part to explain the connection between obesity and
cardiovascular diseases (1). Adipose tissue derived adi-
pokines affect the development of atherosclerosis
both directly by influencing endothelial function, vas-
cular homeostasis, and atherogenesis and indirectly via

insulin resistance (2–4). Whether adipokines have
importance in the prediction of cardiovascular events
or in pharmacological treatment of cardiovascular dis-
eases is controversial (5,6).

Adiponectin is involved in the inflammatory process
and has been recognized as a marker of insulin sensi-
tivity and glucose metabolism (2). In contrast to most
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other adipokines, circulating adiponectin levels
are negatively correlated with body mass index
(BMI) (7).

Experimental studies indicate that adiponectin may
possess atheroprotective properties. In vitro, treatment
of human monocyte-derived macrophages with adipo-
nectin suppresses macrophage-to-foam cell transform-
ation (8). In apolipoprotein E-deficient mice, treatment
with recombinant adenovirus expressing adiponectin
has been shown to attenuate the progression of ath-
erosclerotic lesions (9). In humans, low adiponectin
levels have been associated with increased risk of
myocardial infarction (10,11).

Clinical complications of atherosclerotic diseases,
such as coronary artery disease, stroke, and peripheral
artery disease, occur mainly among elderly people.
However, there is evidence indicating that the athero-
sclerotic process begins in childhood. Several studies
have shown that conventional risk factors, such as
serum lipids, blood pressure, cigarette smoking, and
obesity identified in childhood track from childhood to
adulthood (12,13). They are related with atheroscler-
otic lesions such as fatty streaks and fibrous plaques in
young people (14,15) and predict increased carotid
artery intima-media thickness (16,17) and decreased
carotid artery elasticity in adulthood (18). Nevertheless,
conventional childhood risk factors explain subsequent
cardiovascular risk incompletely. Therefore, identifica-
tion of novel childhood risk factors would be helpful
to better recognize young individuals at high risk of
future atherosclerosis. These children might benefit
from life-style counseling leading to improved cardio-
vascular health (19,20).

In our previous study, we found in cross-sectional
analyses that low serum adiponectin levels were
independently related with increased carotid intima-
media thickness (IMT) and attenuated brachial flow-
mediated dilatation in young adults (21). Already in
childhood, low-adiponectin levels are related with
increased IMT, both in obese (22,23) and normal
weight children (24). To our knowledge, there are
no prior publications concerning the longitudinal
effects of childhood adiponectin levels on future ath-
erosclerosis risk in addition to more established
childhood risk factors.

Therefore, the main objective of the present study
was to assess the role of childhood adiponectin as a
novel pediatric risk factor for adult subclinical athero-
sclerosis. The analyses were based on Cardiovascular
Risk in Young Finns Study including data on 1708 sub-
jects aged 3–18 years at baseline (in 1980) followed-
up for 27 years.

Materials and methods

Subjects and study design

Cardiovascular Risk in Young Finns Study included 3596
children and adolescents aged 3–18 years at original
baseline in 1980 (25). Five university hospital regions in
Finland (Turku, Tampere, Helsinki, Kuopio and Oulu)
participate in the study. The original cohort has been
followed-up in repeated examinations between 3 and 6
year intervals. The present study included those partici-
pants who had adiponectin measurements done from
the stored baseline serum samples (1980) and partici-
pated in the carotid ultrasound studies in the 2001 and
2007 follow-ups. A total of 1708 males and females
were included in the present analyses. Subjects gave
written informed consent and the study was approved
by local ethics committees.

Biochemical assays

Venous blood samples were drawn after a 12-h fast. In
adulthood (study years 2001 and 2007), serum total
adiponectin was measured from serum stored in
�70 �C. In 2013, childhood total adiponectin was
measured from the serum samples taken in 1980 and
stored in �20 �C. Serum total adiponectin concentra-
tions were analyzed with a radioimmunoassay (Human
Adiponectin RIA kit, Linco Research Inc, MO). The inter-
assay coefficient of variation was 5.5–11.9%. Total chol-
esterol, high-density lipoprotein cholesterol (HDL
cholesterol) and serum triglycerides were measured as
described previously (12). Low-density lipoprotein
cholesterol (LDL cholesterol) was calculated using the
Friedewald formula for participants with triglyceri-
des<4mmol/l. Non-HDL cholesterol was calculated as
total cholesterol – HDL cholesterol. Childhood serum
insulin was measured with immunoassay (26).

Clinical measurements and questionnaires

Height, weight and waist circumference were meas-
ured (25). Body mass index was calculated using the
formula: weight [kg]/(height [m])2. Blood pressure was
measured with a standard mercury sphygmomanom-
eter in 1980 and with a random-zero sphygmomanom-
eter (Hawksley & Sons Ltd, Lancin, UK) in 2001 and
2007. In 1980, blood pressure from 3-year-old children
was measured with an ultrasound scanning device
(Arteriosonde 1020, Roche, Branchburg, NJ). The aver-
age of three measurements was used in statistical ana-
lysis. Participants were also asked to complete
questionnaires that included questions on smoking
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habits from the age of 12 years. Daily smokers were
classified as smokers.

Carotid IMT

Ultrasound studies were performed using Sequoia 512
ultrasound mainframes (Acuson, CA) with 13.0MHz lin-
ear array transducers (17). Carotid IMT was measured
from the carotid artery bifurcation (bulb region) and
evident plaque lesions were documented (defined as
distinct area of the carotid vessel wall protruding into
the lumen>50% of the adjacent intima-media layer).
All plaques were observed in the carotid bulb. As a
marker of pre-clinical atherosclerosis, we defined a bin-
ary outcome variable as carotid IMT �95th percentile at
the bifurcation (bulb) and/or plaque lesion evident in
carotid scans either in 2001 or 2007. In addition to the
binary outcome variable, a continuous variable carotid
IMT was measured on the posterior (far) wall of the left
common carotid artery. Three measurements were per-
formed to derive maximal common carotid IMT. The
digitally stored scans were manually analyzed by one
reader blinded to subjects’ details. The between-visit
coefficient of variation of IMT measurements was 6.4%
and the intra-observer coefficient of variation was 3.4%
in our laboratory. In statistical analyses, the mean value
of maximal carotid IMT levels in 2001 and 2007 was
used as a continuous outcome variable.

Statistical methods

The tracking of adiponectin from childhood to adult-
hood was estimated by calculating Spearman’s rank
order correlation coefficients. Bivariate correlations
between childhood adiponectin levels with BMI were
examined with Spearman’s correlation analysis. To
study whether childhood adiponectin level is an inde-
pendent determinant of adult IMT, we used multivari-
ate modeling. The effect of adiponectin was adjusted
for childhood risk factors that have been shown to
predict IMT in this cohort: sex, age, BMI, non-HDL chol-
esterol, and systolic blood pressure (17). With the bin-
ary outcome variable, we used logistic regression
modeling. With the continuous IMT outcome variable,
a linear regression analysis was used. The incremental
value of adding risk variables to predict the binary
outcome (plaque and/or high bulb IMT) was examined
based on multivariate logistic regression models. The
ability of several models to predict binary IMT risk was
estimated using C statistics by calculating the area
under the receiver operating characteristic curve
(AUC) and the integrated discrimination index.
Model calibration was tested by the

Hosmer–Lemeshow X2 test (27). We also divided sub-
jects in subgroups by having adiponectin levels below
or above sex and age-specific median in childhood
and adulthood and compared percentage of subjects
with the binary outcome variable with logistic regres-
sion. All analyses were performed using Statistical
Analysis System, SAS (version 9.4) (SAS Institute Inc.,
Cary, NC) and statistical significance was inferred at a
2-tailed p value <.05.

Results

Levels and tracking of childhood adiponectin
levels

As shown in Table 1, girls had higher adiponectin lev-
els than boys in all age groups except in 3-year-olds.
In both sexes, there was an inverse age trend in adipo-
nectin levels. Childhood adiponectin levels correlated
with adiponectin levels in adulthood (1980 vs 2001,
r¼ .53, p< .0001, 1980 vs 2007, r¼ .51, p< .0001). The
6-year tracking correlation for adiponectin levels
between 2001 and 2007 was r¼ .77, p< .0001.

The cross-sectional correlation of adiponectin with
BMI was similar in childhood (in 1980, r¼�.38,
p< .0001) and adulthood (in 2007, r¼�.35, p< .0001).
The correlation of childhood adiponectin with adult
BMI was significant, but weaker (r¼�.12, p< .0001).

Childhood adiponectin and adult carotid IMT

Adiponectin levels in childhood were inversely associ-
ated with the binary IMT variable (n¼ 160). The age
and sex adjusted odds ratio was 0.70 (CI 0.55–0.86) for
one SD increase in childhood adiponectin level. This
relationship remained similar (odds ratio 0.68, CI
0.53–0.86) after adjustments for conventional

Table 1. Mean adiponectin levels (lg/mL) according to study
year, age and sex.

1980 2001 2007

Sex Na Age Mean ± SD Age Mean ± SD Age Mean± SD

Females 118 3 17.4 ± 5.6 24 11.1 ± 4.5 30 11.8 ± 4.8
158 6 16.5 ± 5.3 27 11.8 ± 4.8 33 12.9 ± 5.1
150 9 14.4 ± 4.8 30 10.7 ± 4.3 36 12.4 ± 6.2
194 12 12.7 ± 4.6 33 11.0 ± 4.4 39 12.2 ± 5.5
188 15 12.0 ± 4.3 36 10.3 ± 4.0 42 12.3 ± 5.7
164 18 11.9 ± 4.1 39 10.9 ± 4.0 45 12.3 ± 5.2
972 All 13.9 ± 5.2 10.9 ± 4.3 12.3 ± 5.5

Males 97 3 19.5 ± 6.4 24 8.0 ± 4.0 30 8.1 ± 5.1
106 6 13.7 ± 4.6 27 7.2 ± 3.2 33 7.8 ± 3.5
127 9 13.3 ± 4.6 30 7.2 ± 2.9 36 7.6 ± 3.5
143 12 11.8 ± 4.6 33 7.2 ± 3.2 39 7.5 ± 3.7
141 15 9.0 ± 3.3 36 6.9 ± 3.2 42 7.1 ± 3.0
122 18 8.7 ± 3.5 39 7.4 ± 3.4 45 7.9 ± 3.8
736 All 12.3 ± 5.6 7.3 ± 3.3 7.6 ± 3.7

aN at baseline in 1980.
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childhood risk factors (Table 2). The result remained
similar when additionally adjusted for insulin levels in
childhood, early life smoking and adiponectin levels in
adulthood. We found no evidence for either age or
sex interactions (interaction term p values > .6) sug-
gesting that the association between adiponectin and
adult IMT is not modified by age or sex. The result
remained similar also when sex and age-specific adipo-
nectin quartiles were used in the analysis instead of
adiponectin level.

When examining the incremental predictive ability,
we observed that compared to an approach utilizing
only conventional risk factors, the model additionally
including childhood adiponectin levels improved AUC
significantly from 0.733 (95% Cl 0.694–0.771) to 0.748
(95% Cl 0.710–0.786), p¼ .02. Similarly, the integrated
discrimination index improved significantly (p< .0001).
The Hosmer–Lemeshow goodness of fit test p values
were non-significant for both models (p> .4) indicat-
ing that there was no evidence for poor fit.

In subgroups, according to adiponectin level below
or above sex and age specific median in childhood
and/or adulthood, the percentage of subjects with pla-
que and/or high bulb IMT was highest in those sub-
jects with adiponectin level below median in both
childhood and adulthood (Figure 1).

In bivariate analyses childhood adiponectin levels
were significantly associated with the continuous adult
IMT (b¼�3.9, p< .0001). The association diluted, but
remained statistically significant after adjustment for
age and sex (b¼�1.1, p¼ .009). In multivariate analy-
ses adjusted for age, sex and conventional childhood
risk factors, the effect of childhood adiponectin was
not further diluted and remained statistically signifi-
cant (Table 3). The result remained similar when sex
and age specific adiponectin quartiles were used in
the analysis instead of adiponectin level. The associ-
ation became non-significant when additionally
adjusted for adiponectin levels in adulthood (adipo-
nectin 2001 in the model, b¼�0.19 for childhood

adiponectin, p¼ .70, b¼�1.98 for adulthood adipo-
nectin, p¼ .0009; adiponectin 2007 in the model,
b¼�.40 for childhood adiponectin, p¼ .41, b¼�1.26
for adulthood adiponectin, p¼ .01).

Discussion

Previous reports from The Cardiovascular Risk in
Young Finns Study and other longitudinal cohorts
have shown that several childhood risk factors are pre-
dictive of preclinical markers of atherosclerosis in
adulthood (16,17,28–30). Of different childhood varia-
bles, elevated blood pressure levels, overweight/obes-
ity and dyslipidemia have been most consistently
associated with subclinical atherosclerosis. In the pre-
sent study, we observed that adiponectin levels meas-
ured in childhood were related with high carotid IMT
in adulthood independent of these conventional risk
factors. The effect of adiponectin was approximately
comparable to that of non-HDL cholesterol, an estab-
lished causal risk factor for atherosclerosis. When ana-
lyzing risk factors’ association with the binary adult

Table 2. Multivariable associations between childhood risk
factors (in 1980) and adult carotid plaque.
Variable OR (95% CI) p value

Male sex 2.18 (1.52–3.13) <.0001
Age (yrs) 1.11 (1.05–1.17) .0004
BMI (SD) 1.01 (0.82–1.25) .93
non-HDL cholesterol (SD) 1.45 (1.23–1.71) <.0001
Systolic blood pressure (SD) 1.19 (0.97–1.45) .10
Adiponectin (SD) 0.68 (0.53–0.86) .001

N¼ 1708.
Carotid bulb IMT �95th percentile and/or plaque, n¼ 160.
OR: odds ratio.
OR for a 1-SD increase in continuous variables (lg/mL for adiponectin,
kg/m2 for BMI, mmol/L for non-HDL cholesterol, mmHg for systolic blood
pressure) and 1-unit increase in age (years) and sex.

Table 3. Multivariable associations between
childhood risk factors (in 1980) and adult carotid
IMT.
Variable b± SE p value

Male sex 24.6 ± 4.1 <.0001
Age (yrs) 3.7 ± 0.6 <.0001
BMI (kg/m2) 2.7 ± 0.9 .003
non-HDL cholesterol (mmol/L) 7.1 ± 2.4 .003
Systolic blood pressure(mmHg) 1.0 ± 0.2 <.0001
Adiponectin (lg/mL) �1.1 ± 0.4 <.01

N¼ 1708.
R2¼18.1%.
b¼ change in IMT (lm) for one unit change in explana-
tory variable.

Figure 1. Subjects (%) with carotid IMT �95th percentile at
the bifurcation (bulb) and/or plaque lesion evident in carotid
scans in subgroups according to serum adiponectin level
below (low) or above (high) sex and age-specific median in
childhood/adulthood.
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outcome carotid plaque and/or abnormal bulb IMT,
the addition of adiponectin data to prediction analyses
improved the model performance statistically
significantly.

We used two statistical measures, AUC and inte-
grated discrimination index, to assess the performance
of the risk prediction models. The AUC describes the
overall performance of the model in discriminating
individuals with and without the outcome. Pencina
et al. (31) have shown that the improvement in the
AUC depends strongly on the baseline model. They
found that when started with a poor model that had
an AUC of 0.60, a new predictor with a strong effect
(using effect sizes classified as weak-medium-strong),
could raise the AUC by 0.13. The same predictor
added to a very good baseline model with an AUC of
0.85 would raise that AUC by only 0.03. In our data,
adding adiponectin levels to the baseline model
increased AUC from 0.733 to 0.748 (dAUC ¼ 0.015).
This suggests that the effect size of adiponectin levels
in our data could be considered as medium.
Consistently, we found significant improvement in the
integrated discrimination index indicating that the dif-
ference in average predicted risks between the individ-
uals with and without the outcome increased
significantly when adiponectin levels were included in
the prediction model. A relatively small, statistically
significant increase in AUC or improvement in the inte-
grated discrimination index does not necessarily mean
that childhood adiponectin level would prove to be a
clinically significant tool for cardiovascular risk assess-
ment. However, together they imply that including
adiponectin level in the prediction model with estab-
lished risk factors merits further research.

In the present analyses, we used two carotid IMT
variables as markers of pre-clinical atherosclerosis. A
binary variable was defined as a local plaque and/or
increased (�95%) IMT in the carotid bifurcation (bulb).
In addition, we used common carotid IMT as a con-
tinuous variable. Adiponectin levels in childhood were
significantly associated with both outcomes, and these
associations were not diluted after adjustments for
conventional risk factors. When adult adiponectin lev-
els were taken into account, we observed that child-
hood adiponectin still had a residual independent
effect on adult binary IMT outcome, whereas the asso-
ciation with the continuous outcome was diluted to
non-significant. These results are open to two interpre-
tations, not necessarily mutually exclusive: (1) that
exposure to low levels of adiponectin in childhood has
a role in the initiation of atherosclerosis or (2) that
childhood adiponectin levels are strongly associated
with adult adiponectin levels that have a more

important role in the pathophysiology. Tracking of adi-
ponectin from childhood to adulthood was similar to
previously reported tracking of total, HDL and LDL
cholesterol (12,32,33), and higher than previously
reported tracking of blood pressure and triglycerides
(32). Such high correlation between childhood and
adulthood values may lead to multicollinearity that
hampers the interpretation of statistical models. It is
noteworthy, that the multivariable model explaining
adult common carotid IMT only explained 18% of the
variance in IMT in concordance with previous studies
(34). Thus, there evidently are other unknown factors
influencing adult IMT. Nevertheless, the results were
consistent and robust with both outcomes showing
that adiponectin levels measured in childhood may
have a role in the pathophysiology of atherosclerosis
that is independent of conventional risk markers,
including excess adiposity, adverse lipids, elevated
blood pressure and high insulin.

The role of adiponectin in the pathophysiology of
cardiovascular diseases is not fully established.
Evidence from preclinical studies suggests that adipo-
nectin is involved in many of the key events in the
development of atherosclerosis. In vitro, adiponectin
treatment increases nitric oxide production in bovine
endothelial cells (35). Preincubation with adiponectin
inhibits tumor necrosis factor a induced monocyte
adhesion to human aortic endothelial cells and adhe-
sion molecule expression (36). Furthermore, adiponec-
tin suppresses the transformation of human
monocyte-derived macrophages to foam cells (8).
In vivo, overexpression of adiponectin attenuates the
progression of atherosclerotic lesion in apolipoprotein
E (ApoE) knockout (KO) mice (9), and compared to
ApoE KO mice, ApoE/adiponectin double-KO mice
show accelerated atherogenesis (37).

In humans, the association between adiponectin
and carotid IMT has been well established in all age
groups. In pediatric populations, inverse correlation
between adiponectin and IMT has previously been
reported for obese juveniles (22,23). Recently, Jaakkola
et al. reported a similar association in a cohort of>500
healthy adolescents (24). In young adults, we previ-
ously reported a cross-sectional inverse association
between adiponectin and IMT(21), and Lo et al. found
a similar association in a population of 100 healthy
women aged 24–59 years (38). In middle-aged popula-
tions, there are several publications reporting associ-
ation between low adiponectin levels and increased
IMT (39–41). In non-diabetic postmenopausal women,
St€ork et al. found an inverse association with baseline
adiponectin level and IMT and age-adjusted adiponec-
tin in the lowest quartile to be related to progression
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of IMT after 12 months (42). In our previous study on
young adults, 6-year change in adiponectin levels was
inversely correlated with IMT progression (43). Recent
results from the longitudinal international multicenter
IMPROVE study showed an independent association
with adiponectin levels and baseline mean bifurcation
IMT and progression of mean carotid IMT in men but
not in women. Moreover, a gene score of adiponectin-
raising alleles was inversely associated with baseline
mean bifurcation IMT in men (44).

More controversial results have been seen in studies
relating adiponectin levels with clinical end-points.
There are studies suggesting low adiponectin levels to
be associated with increased risk of coronary artery
disease prevalence (45) and myocardial infarction in
men (11,46), as well as studies reporting no associa-
tions (47,48). In 2013, three meta-analysis on
adiponectin’s connection with cardiovascular events
were published. Hao et al. (49) analyzed 17 prospect-
ive studies on association of adiponectin levels with
coronary heart disease and stroke. They found
increased adiponectin levels to be related with an ele-
vated risk of ischemic stroke, but no clear relationship
between adiponectin levels and the risk of coronary
heart disease. On the other hand, Zhang et al. (50)
included 12 prospective studies and found higher lev-
els of adiponectin to associate with lower risk of cor-
onary heart disease. The meta-analysis by Kanhai et al.
(51) included 14 studies on coronary heart disease and
2 studies on stroke. In contrast to the previous meta-
analyses, Kanhai et al. found no association between
adiponectin levels and risk for future coronary heart
disease or stroke events. Thus, although it has been
consistently reported that low-adiponectin level is a
risk factor for preclinical atherosclerosis in young pop-
ulations, the connection between adiponectin levels
and cardiovascular events in middle-aged and elderly
populations remains controversial.

Limitations

Adipose tissue secretes hundreds of proteins affecting
inflammation, immune system, satiety, and energy
expenditure, glucose metabolism, and insulin sensitiv-
ity as well as heart and vasculature (6). In these analy-
ses, we used only adiponectin levels to represent
adipose tissue secretion. It is clear, that actions of adi-
ponectin on vasculature are modified by proinflamma-
tory adipokines, of which we have no data. Moreover,
there are other adipokines thought to have positive
effects on vasculature, such as adipolin and omentin-1
(52). The relationship between adiponectin levels and
pre-clinical atherosclerosis is only a part of the

complex interaction between adipose tissue and vas-
culature (1).

We analyzed childhood total adiponectin levels
from serum samples that had been collected in 1980
and stored for 32–33 years in �20 �C. During long-
term storage, protein levels may be reduced as a result
of proteolysis and aggregation. However, the adipo-
nectin levels from 1980 in the older age groups are
very similar to those of the younger age groups in
2001, suggesting no major inaccuracy in childhood
adiponectin measurements. Higher adiponectin levels
for boys in the youngest age group are in concord-
ance with previous data from Chile describing adipo-
nectin levels in 1- to 2-year-old children (53). The
inverse age trend and lower adiponectin levels in
older boys compared to girls are also similar to previ-
ous reports of adiponectin levels according to pubertal
development in German (54) and Danish populations
(55). In this study population, 90% of the children
were prepubertal at the age of 9 years. The difference
in adiponectin levels during and after puberty was
related to serum androgen levels in previous studies
(54,55). Similar correlation of adiponectin and BMI in
childhood and adulthood, as well as strong tracking
correlations between childhood and adulthood adipo-
nectin values also support the validity of our data. A
Norwegian group studying colorectal cancer found no
influence by prolonged sample storage in �25 �C on
the association of adiponectin with colorectal cancer,
based on similar mean adiponectin concentrations and
risk estimates in analyses stratified by median storage
time of 28.7 years (56). Thus, although the stability of
adiponectin in serum samples stored long-term is
unknown, we consider it to be unlikely that our results
were substantially influenced by sample degradation.

Adiponectin circulates in three different isoforms:
low molecular weight (trimer), medium molecular
weight (hexamer), and high molecular weight (multi-
meric) form (57). Total adiponectin levels and high
molecular weight form levels have both been used in
epidemiological studies. The three isoforms may have
different biological effects due to differences in bind-
ing to their receptors (57) and some studies have sug-
gested low levels of especially high molecular weight
adiponectin to be associated with coronary artery dis-
ease (58). Since, we only measured total adiponectin
levels, our results do not provide any information on
the effect of the different isoforms on pre-clinical
atherosclerosis.

Our study cohort is comprised of racially homogen-
ous young adults. Therefore, the generalizability of our
results is limited to white European populations.
Our cohort is without clinical manifestations of
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cardiovascular disease and therefore we are not able
to study associations between risk factors and cardio-
vascular events. However, because this is a well-
established ongoing cohort study, in the future we will
have the potential to evaluate whether subjects with
low-adiponectin levels subsequently develop prema-
ture cardiovascular events. The strength of this study
is the large randomly selected cohort of young men
and women with comprehensive cardiovascular risk
factor data from childhood to adulthood.

There is an evident need to identify individuals at
high cardiovascular risk early in childhood in order to
reduce cardiovascular morbidity. Childhood adiponec-
tin improves prediction of high adult carotid IMT over
childhood conventional risk factors. Measuring adipo-
nectin might help in identifying young individuals at
high risk for later atherosclerosis – these results should
be replicated in other populations.
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